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Abstract This is the second part of the new evaluation of atomic masses, Ame2020. Using least-squares adjustments
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their uncertainties. It is followed by a table of the influences of data on primary nuclides, a table of various reaction
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provides all input data references that were used in the Ame2020 and the Nubase2020 evaluations.
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1 Introduction

In this paper, tables with numerical values and
graphs derived from the evaluation of the input data
given in Part I [1] are presented.

Firstly, we present a table that contains the values
of atomic masses and their uncertainties (Table I), fol-
lowed by a table containing the influences for primary
nuclides (Table II) and a table of twelve reaction and
decay energies (Table III).

The tabular information is followed by a series of
graphs that include the two-neutron separation energies
and total α-decay energies as a function of the neutron
number, and the two-proton separation energies as a
function of the proton number.

Finally, references of the input data used in the
Ame2020 [1] and the Nubase2020 [2] evaluations are
given at the end of this article.

2 Atomic mass table

Table I presents the atomic masses expressed as mass
excess in keV, together with the binding energy per nu-

cleon, the beta-decay energy and the total atomic mass
in the unified atomic mass unit, similar to those pub-
lished in the earlier Ame editions [3–9]. Traditionally,
the masses of nuclides are measured for electrically neu-
tral atoms or single-charged ions. At present, the highest
precision masses are measured using Penning traps for a
single-charged ion. This is the main reason why atomic
masses, rather than nuclear masses, are presented in the
Ame.

In general, the nuclear masses MN can be calculated
from the atomic ones MA as:

MN(A,Z)=MA(A,Z)−Z×me+Be(Z), (1)

where Be(Z) is the electron binding energy. The ioniza-
tion energy is generally (much) smaller than the uncer-
tainty of the mass and, for a small number of very precise
mass measurements, corrections for the first- and second-
ionization potentials can be applied without much loss of
accuracy. The same is true for the electron mass, me; see
Table A in Part I [1].

Nowadays, several mass measurements are conducted
with fully or almost fully ionized atoms. In such cases,
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Table A. The most precisely known masses.

Mass excess (keV) Uncertainty (keV) Atomic mass (µu) Uncertainty (µu)

1n 8 071.318 062 0.000 440 1 008 664.915 904 0.000 473
1H 7 288.971 064 0.000 013 1 007 825.031 898 0.000 014
2H 13 135.722 895 0.000 015 2 014 101.777 844 0.000 015
3H 14 949.810 898 0.000 075 3 016 049.281 320 0.000 081
3He 14 931.218 878 0.000 056 3 016 029.321 967 0.000 060
4He 2 424.915 869 0.000 147 4 002 603.254 130 0.000 158

13C 3 125.009 330 0.000 235 13 003 354.835 336 0.000 252
14N 2 863.416 831 0.000 224 14 003 074.004 251 0.000 241
15N 101.438 093 0.000 582 15 000 108.898 266 0.000 625
16O –4 737.002 171 0.000 297 15 994 914.619 257 0.000 319
17O –808.764 209 0.000 645 16 999 131.755 953 0.000 692
18O –782.816 339 0.000 642 17 999 159.612 136 0.000 690
19F –1 487.445 118 0.000 823 18 998 403.162 067 0.000 883
28Si –21 492.797 109 0.000 514 27 976 926.534 422 0.000 552
29Si –21 895.081 543 0.000 562 28 976 494.664 339 0.000 604
31P –24 440.544 423 0.000 746 30 973 761.997 677 0.000 800

a correction must be made for the total binding energy
of all the removed electrons Be(Z). Unfortunately, the
precision of the calculated Be(Z) values is not well es-
tablished, since this quantity (approximately 760 keV for

92U) cannot be easily measured. However, we can state
with a high confidence that the precision for 92U is better
compared to that for the best known masses of the ura-
nium isotopes, which is about 1.1 keV. An approximate
formula for Be can be found in the review of Lunney,
Pearson and Thibault [10]:

Be(Z)= 14.4381Z2.39+1.55468×10−6Z5.35 eV. (2)

The atomic masses are given in mass units and the
derived quantities in energy units. For the atomic mass
unit we use the “unified atomic mass unit”, symbol “u”,
defined as 1/12 of the atomic mass of one 12C atom in
its electronic and nuclear ground states and in its rest
coordinate system. The energy values are expressed as
electron-volt, using the international volt V (see discus-
sion in Part I, Section 2).

Due to the dramatic increase in the mass accuracy for
some light nuclides, the printing format of the mass ta-
ble is not adequate for the most precisely known masses,
which require additional digits. Table A gives mass
excess and atomic mass values for 16 nuclides, whose
masses are known with the highest precision, with an
uncertainty below 1 eV.

3 Influences on primary nuclides

Table II lists all primary nuclides, together with the
main data that contribute to their mass determination
(up to the three most important ones) and the influences
of these data on their masses. It complements the infor-
mation given in the main table (Part I, Table I) where the
significance (total flux) and the main flux of each datum
are displayed. In other words, the flow-of-information
matrix F, defined in Part I, Section 4.3, is (partly) dis-
played once along lines and once along columns.

4 Nuclear reaction and decay energies

The linear combinations involving neighboring nu-
clides with small differences in atomic number and mass
number, and particles such as n, p, d, t, 3He and α, are
important for studies of the trends in the nuclear energy
surface and for Q-values of frequently used reactions and
decays. In Table III, values for 12 such combinations and
their uncertainties are presented.

With the help of the instructions given in the ex-
planation of Table III, values for 28 additional reactions
and their uncertainties can be derived. The derived val-
ues will be correct, but in a few cases (when reactions
involving light nuclei measured with very high precision)
the uncertainties will be slightly larger than those ob-
tained when correlations are taken into account.
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Table B. Correlation matrices for the most precisely known very light nuclei (in squared nano atomic mass units).

n H D 4He 13C 14N 15N 16O 28Si

n 0.223271

H –0.000128 0.000196

D 0.000161 0.000068 0.000229
4He 0.000000 0.000000 0.000000 0.025069

13C –0.000123 0.000214 0.000091 0.000000 0.063406
14N –0.000251 0.000409 0.000159 0.000000 0.055803 0.058042
15N –0.000128 0.000393 0.000265 0.000000 0.009958 0.009448 0.390416
16O –0.000500 0.000821 0.000322 0.000000 0.045852 0.047347 0.011367 0.101771
28Si –0.000469 0.000781 0.000313 0.000000 0.072213 0.066225 0.041849 0.075975 0.304901

n H D 3H 3He 16O 20Ne 23Na 28Si

n 0.223271

H –0.000128 0.000196

D 0.000161 0.000068 0.000229
3H –0.000064 0.000339 0.000275 0.006483
3He –0.000088 0.000358 0.000270 0.003050 0.003656

16O –0.000500 0.000821 0.000322 0.001449 0.001525 0.101771
20Ne 0.000315 0.000326 0.000641 0.000970 0.000970 0.004583 2.722009
23Na 0.000046 0.000001 0.000000 0.000002 0.000002 0.000017 0.000027 3.780717
28Si –0.000469 0.000781 0.000313 0.001384 0.001456 0.075975 0.004877 0.000057 0.304901

In cases where any combination of the most precise
mass values are involved, the uncertainties can be ob-
tained with the help of the correlation coefficients given
in Table B, where the variances and covariances for the
most precisely known light nuclei are listed. As an exam-
ple, if one considers the mass difference between 3H and
3He, it can be easily obtained from the values listed in Ta-
ble A. However, the corresponding uncertainty cannot be
simply determined from the square root of the quadratic
sum of the individual uncertainties, which would be：

√
0.0812+0.0602 =0.10 nu. (3)

Since there is a strong correlation between these two nu-
clides, the uncertainty of the mass difference should be
calculated using the correlation information provided in
Table B. Thus, its uncertainty can be obtained from the
square root of the sum of the variances minus twice the
covariance:

√
0.006483+0.003656−2×0.003050=0.064 nu. (4)

As a result, the final uncertainty is smaller when the
correlations are taken into account.

For all other cases, the correlation coefficients are
made available at the Amdc websites [11].

5 Graphs of separation and decay ener-
gies

All the information contained in the mass table (Ta-
ble I) and in the nuclear reaction and separation energy
table (Table III) can be displayed in plots of the bind-
ing energy (or mass) versus Z, N , or A. The atomic

mass surface as a function of Z and N splits into four
sheets due to the pairing energy, as discussed in Ref. [3].
The even-even sheet lies lowest, the odd-odd highest,
and the other two nearly halfway in-between. These
sheets are nearly parallel almost everywhere in this three-
dimensional space and have remarkably regular trends,
as one may convince oneself by making various cuts (e.g.
Z or N or A constant). Any derivative of the binding
energies also defines four sheets. In this context, deriva-
tive means a specified difference between the masses of
two nearby nuclides. For a derivative specified in such
a way where the differences are between nuclides in the
same mass sheet, the nearly parallelism of these sheets
leads to an almost unified surface for the derivative, thus
allowing a single display. The derivatives are also smooth
and have the advantage of displaying much smaller varia-
tions in data. Therefore, in order to illustrate the regular
trends in the mass surface, three derivatives of this last
type were chosen:

1. the two-neutron separation energies versus N , with
lines connecting the isotopes of a given element
(Figs. 1–9);

2. the two-proton separation energies versus Z, with
lines connecting the isotones (nuclides with the
same number of neutrons) (Figs. 10–17);

3. the Qα values versus N , with lines connecting the
isotopes of a given element (Figs. 18–26).

Clearly showing the trends from the mass surface
(TMS), these graphs can be quite useful for checking
the quality of any interpolation or extrapolation (if not
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too far). When some masses deviate from the regular
TMS in a specific mass region, there could be a serious
physical cause, like a shell or subshell closure or an on-
set of deformation. However, if only one mass exhibits
an irregular pattern, thus violating the general smooth
trends, then one may seriously question the correctness
of the related input data.

6 List of references

A complete list of references related to the input data
used in the Ame2020 and the Nubase2020 evaluations
are presented at the end of this paper. The individual
references are given using the “Nuclear Science Refer-
ence” (NSR) database [12] keynumbers and identified by
the corresponding CODEN style [12]. There is only one
exception for the Eur. Phys. A journal, where instead
of the ‘ZAANE’ identifier [12], we have used ‘EPJAA’.
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Table I. The 2020 Atomic mass table

EXPLANATION OF TABLE

N Neutron number.
Z Proton number.
A Mass number A = N +Z.
Elt. Element symbol

Orig. Origin of values for secondary nuclides.
zp nn mass of AZ derived from mass of A+z+n(Z + z).

Special notations:
IT when z = 0,n = 0;
+ when z =+1,n =−1;
− when z =−1,n =+1;
++ when z =+2,n =−2;
−− when z =−2,n =+2;
εp when z =−2,n =+1;
+α when z =+2,n =+2;
−α when z =−2,n =−2;
x for distant connection.

Mass excess Mass excess [M(in u)−A], in keV, and its uncertainty (one-standard deviation).
In cases where the furthest-left significant digit in the uncertainty was larger than 3,
values and uncertainties were rounded off, but not to more than tens of keV. (Exam-
ples: 2345.67±2.78→ 2345.7±2.8,2345.67±4.68→ 2346±5, but 2346.7±468.2→
2350±470).

# in place of decimal point: value and uncertainty derived not from purely experimental
data, but at least partly from TMS (see Part I, Section 5, p. 030002-19).

Binding energy per Tabulated binding energy per nucleon (in keV):
nucleon B/A = 1/A[ZM(1H)+NM(n)−M(A,Z)].

and its uncertainty.

# in place of decimal point: see above.
a in place of uncertainty : uncertainty smaller than 0.5 eV. Full precisions are available

in the ASCII format at the AMDC website [12].

Beta-decay energy Direction of decay, value and uncertainty in keV:
for β−: Q− = M(A,Z)−M(A,Z +1);
for β+: Q+ = M(A,Z)−M(A,Z−1).

For a few odd-odd nuclides near maximum β -stability decaying both β− and β+, the Q+

values are given as negative Q− values for the preceding even-even isobar.

∗ in place of value: not calculable.
# in place of decimal point: see above.
a in place of uncertainty : uncertainty smaller than 0.5 eV. Full precisions are available

in the ASCII format at the AMDC website [12] .

Atomic mass Atomic mass M and its uncertainty in µu.

# in place of decimal point: see above.
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Table I. The 2020 Atomic mass table (Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

1 0 1 n 8071.3181 0.0004 0.0 0.0 β− 782.347 a 1 008664.9159 0.0005
0 1 H 7288.97106 0.00001 0.0 0.0 * 1 007825.03190 0.00001

1 1 2 H 13135.72290 0.00002 1112.283 a * 2 014101.77784 0.00002

2 1 3 H 14949.81090 0.00008 2827.265 a β− 18.592 a 3 016049.28132 0.00008
1 2 He 14931.21888 0.00006 2572.680 a * 3 016029.32197 0.00006
0 3 Li -pp 28670# 2000# -2270# 670# β+ 13740# 2000# 3 030780# 2150#

3 1 4 H -n 24620 100 1720 25 β− 22200 100 4 026430 110
2 2 He 2424.91587 0.00015 7073.916 a * 4 002603.25413 0.00016
1 3 Li -p 25320 210 1150 50 β+ 22900 210 4 027190 230

4 1 5 H -nn 32890 90 1336 18 β− 21660 90 5 035310 100
3 2 He -n 11231 20 5512 4 * 5 012057 21
2 3 Li -p 11680 50 5266 10 β+ 450 50 5 012540 50
1 4 Be x 37140# 2000# 20# 400# β+ 25460# 2000# 5 039870# 2150#

5 1 6 H -3n 41880 250 960 40 β− 24280 250 6 044960 270
4 2 He 17592.10 0.05 4878.520 0.009 β− 3505.21 0.05 6 018885.89 0.06
3 3 Li 14086.8804 0.0014 5332.331 a * 6 015122.8874 0.0015
2 4 Be − 18375 5 4487.2 0.9 β+ 4288 5 6 019726 6
1 5 B x 47320# 2000# -470# 330# β+ 28950# 2000# 6 050800# 2150#

6 1 7 H -nn 49140# 1000# 940# 140# β− 23060# 1000# 7 052750# 1080#
5 2 He -n 26073 8 4123.1 1.1 β− 11166 8 7 027991 8
4 3 Li 14907.105 0.004 5606.440 0.001 * 7 016003.434 0.004
3 4 Be 15769.00 0.07 5371.549 0.010 β+ 861.89 0.07 7 016928.71 0.08
2 5 B p4n 27677 25 3559 4 β+ 11908 25 7 029712 27

6 2 8 He 31609.68 0.09 3924.521 0.011 β− 10663.88 0.10 8 033934.39 0.10
5 3 Li 20945.80 0.05 5159.712 0.006 β− 16004.13 0.06 8 022486.24 0.05
4 4 Be −α 4941.67 0.04 7062.436 0.004 * 8 005305.10 0.04
3 5 B 22921.6 1.0 4717.16 0.12 β+ 17979.9 1.0 8 024607.3 1.1
2 6 C 35064 18 3101.5 2.3 β+ 12143 18 8 037643 20

7 2 9 He 40940 50 3349 5 β− 15980 50 9 043950 50
6 3 Li -3n 24954.91 0.19 5037.769 0.021 β− 13606.45 0.20 9 026790.19 0.20
5 4 Be 11348.45 0.08 6462.669 0.009 * 9 012183.06 0.08
4 5 B − 12416.5 0.9 6257.07 0.10 β+ 1068.0 0.9 9 013329.6 1.0
3 6 C -pp 28911.0 2.1 4337.42 0.24 β+ 16494.5 2.3 9 031037.2 2.3

8 2 10 He -nn 49200 90 2995 9 β− 16140 90 10 052820 100
7 3 Li -n 33053 13 4531.4 1.3 β− 20445 13 10 035483 14
6 4 Be 12607.49 0.08 6497.631 0.008 β− 556.88 0.08 10 013534.69 0.09
5 5 B 12050.611 0.015 6475.083 0.002 * 10 012936.862 0.016
4 6 C 15698.67 0.07 6032.043 0.007 β+ 3648.06 0.07 10 016853.22 0.08
3 7 N −− 38800 400 3640 40 β+ 23100 400 10 041650 430

8 3 11 Li x 40728.3 0.6 4155.38 0.06 β− 20551.1 0.7 11 043723.6 0.7
7 4 Be 20177.17 0.24 5952.540 0.022 β− 11509.46 0.24 11 021661.08 0.26
6 5 B 8667.708 0.012 6927.732 0.001 * 11 009305.167 0.013
5 6 C 10649.40 0.06 6676.456 0.005 β+ 1981.69 0.06 11 011432.60 0.06
4 7 N -p 24366 5 5358.4 0.5 β+ 13716 5 11 026158 5
3 8 O -pp 47740 60 3162 5 β+ 23370 60 11 051250 60

9 3 12 Li -n 49010 30 3791.6 2.5 β− 23930 30 12 052610 30
8 4 Be 25077.8 1.9 5720.72 0.16 β− 11708.4 2.3 12 026922.1 2.0
7 5 B 13369.4 1.3 6631.22 0.11 β− 13369.4 1.3 12 014352.6 1.4
6 6 C 0.0 0.0 7680.145 a * 12 000000.0 0.0
5 7 N 17338.1 1.0 6170.11 0.08 β+ 17338.1 1.0 12 018613.2 1.1
4 8 O -pp 32013 12 4882.0 1.0 β+ 14675 12 12 034368 13
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

10 3 13 Li -nn 56980 70 3508 5 β− 23320 70 13 061170 80
9 4 Be -n 33659 10 5241.4 0.8 β− 17097 10 13 036135 11
8 5 B -nn 16561.9 1.0 6496.42 0.08 β− 13436.9 1.0 13 017780.0 1.1
7 6 C 3125.00933 0.00023 7469.850 a * 13 003354.83534 0.00025
6 7 N -p 5345.48 0.27 7238.863 0.021 β+ 2220.47 0.27 13 005738.61 0.29
5 8 O +3n 23115 10 5811.8 0.7 β+ 17770 10 13 024815 10
4 9 F x 42030# 500# 4300# 40# β+ 18920# 500# 13 045120# 540#

10 4 14 Be x 39950 130 4994 9 β− 16290 130 14 042890 140
9 5 B 23664 21 6101.6 1.5 β− 20644 21 14 025404 23
8 6 C 3019.893 0.004 7520.320 a β− 156.476 0.004 14 003241.989 0.004
7 7 N 2863.41683 0.00022 7475.615 a * 14 003074.00425 0.00024
6 8 O 8007.781 0.025 7052.278 0.002 β+ 5144.364 0.025 14 008596.706 0.027
5 9 F -p 31960 40 5285.2 2.9 β+ 23960 40 14 034320 40

11 4 15 Be -n 49830 170 4541 11 β− 20870 170 15 053490 180
10 5 B 28957 21 5880.0 1.4 β− 19084 21 15 031087 23
9 6 C -n 9873.1 0.8 7100.17 0.05 β− 9771.7 0.8 15 010599.3 0.9
8 7 N 101.4381 0.0006 7699.460 a * 15 000108.8983 0.0006
7 8 O 2855.6 0.5 7463.69 0.03 β+ 2754.2 0.5 15 003065.6 0.5
6 9 F -p 16567 14 6497.5 0.9 β+ 13711 14 15 017785 15
5 10 Ne -pp 40220 70 4869 4 β+ 23650 70 15 043170 70

12 4 16 Be -nn 57450 170 4285 10 β− 20340 170 16 061670 180
11 5 B 37112 25 5507.4 1.5 β− 23418 25 16 039841 26
10 6 C -nn 13694 4 6922.05 0.22 β− 8010 4 16 014701 4
9 7 N -n 5683.9 2.3 7373.80 0.14 β− 10420.9 2.3 16 006101.9 2.5
8 8 O -4737.00217 0.00030 7976.207 a * 15 994914.6193 0.0003
7 9 F 10675 5 6964.0 0.3 β+ 15412 5 16 011460 6
6 10 Ne −− 23987 20 6083.2 1.3 β+ 13312 21 16 025751 22

12 5 17 B x 43720 200 5270 12 β− 22680 200 17 046930 220
11 6 C 2p−n 21032 17 6558.0 1.0 β− 13162 23 17 022579 19
10 7 N +p 7870 15 7286.2 0.9 β− 8679 15 17 008449 16
9 8 O -808.7642 0.0006 7750.729 a * 16 999131.7560 0.0007
8 9 F 1951.70 0.25 7542.328 0.015 β+ 2760.47 0.25 17 002095.24 0.27
7 10 Ne 16500.5 0.4 6640.499 0.021 β+ 14548.8 0.4 17 017714.0 0.4
6 11 Na x 34720 60 5523 4 β+ 18220 60 17 037270 60

13 5 18 B -n 51790 200 4977 11 β− 26870 210 18 055600 220
12 6 C ++ 24920 30 6426.1 1.7 β− 11810 40 18 026750 30
11 7 N + 13113 19 7038.6 1.0 β− 13896 19 18 014078 20
10 8 O -782.8163 0.0006 7767.098 a * 17 999159.6121 0.0007
9 9 F 873.1 0.5 7631.638 0.026 β+ 1655.9 0.5 18 000937.3 0.5
8 10 Ne 5317.6 0.4 7341.258 0.020 β+ 4444.5 0.6 18 005708.7 0.4
7 11 Na 25040 90 6202 5 β+ 19720 90 18 026880 100

14 5 19 B x 59770 530 4720 28 β− 27360 530 19 064170 560
13 6 C -n 32410 100 6118 5 β− 16560 100 19 034800 110
12 7 N p−2n 15856 16 6948.5 0.9 β− 12523 17 19 017022 18
11 8 O -n 3332.9 2.6 7566.50 0.14 β− 4820.3 2.6 19 003578.0 2.8
10 9 F -1487.4451 0.0008 7779.019 a * 18 998403.1621 0.0009

9 10 Ne +3n 1752.05 0.16 7567.343 0.008 β+ 3239.50 0.16 19 001880.91 0.17
8 11 Na 12929 11 6937.9 0.6 β+ 11177 11 19 013880 11
7 12 Mg -pp 31840 60 5901 3 β+ 18910 60 19 034180 60

030003-7



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

15 5 20 B -n 69400 550 4406 27 β− 31900 590 20 074510 590
14 6 C x 37500 230 5961 12 β− 15740 240 20 040260 250
13 7 N x 21770 80 6709 4 β− 17970 80 20 023370 80
12 8 O -nn 3796.2 0.9 7568.57 0.04 β− 3813.6 0.9 20 004075.4 0.9
11 9 F -n -17.463 0.030 7720.135 0.002 β− 7024.469 0.030 19 999981.25 0.03
10 10 Ne -7041.9322 0.0015 8032.241 a * 19 992440.1753 0.0016
9 11 Na 6850.5 1.1 7298.50 0.06 β+ 13892.4 1.1 20 007354.3 1.2
8 12 Mg +t 17477.7 1.9 6728.03 0.09 β+ 10627.2 2.2 20 018763.1 2.0

16 5 21 B -nn 78380 560 4153 27 β− 32740# 820# 21 084150 600
15 6 C x 45640# 600# 5674# 28# β− 20410# 610# 21 049000# 640#
14 7 N x 25230 130 6609 6 β− 17170 130 21 027090 140
13 8 O -3n 8062 12 7389.4 0.6 β− 8110 12 21 008655 13
12 9 F -nn -47.6 1.8 7738.29 0.09 β− 5684.2 1.8 20 999948.9 1.9
11 10 Ne -5731.78 0.04 7971.714 0.002 * 20 993846.69 0.04
10 11 Na -2184.86 0.04 7765.558 0.002 β+ 3546.919 0.018 20 997654.46 0.05
9 12 Mg x 10903.9 0.8 7105.03 0.04 β+ 13088.7 0.8 21 011705.8 0.8
8 13 Al x 27090# 600# 6297# 29# β+ 16190# 600# 21 029080# 640#

16 6 22 C -nn 53610 230 5421 11 β− 21850 310 22 057550 250
15 7 N x 31760 210 6379 9 β− 22480 220 22 034100 220
14 8 O -4n 9280 60 7364.9 2.6 β− 6490 60 22 009970 60
13 9 F + 2793 12 7624.3 0.6 β− 10818 12 22 002999 13
12 10 Ne -8024.716 0.018 8080.466 0.001 * 21 991385.114 0.019
11 11 Na -5181.39 0.13 7915.662 0.006 β+ 2843.32 0.13 21 994437.55 0.14
10 12 Mg -399.99 0.16 7662.765 0.007 β+ 4781.41 0.16 21 999570.60 0.17
9 13 Al x 18200# 400# 6782# 18# β+ 18600# 400# 22 019540# 430#
8 14 Si x 33640# 500# 6044# 23# β+ 15440# 640# 22 036110# 540#

17 6 23 C x 64170# 1000# 5080# 40# β− 27450# 1080# 23 068890# 1070#
16 7 N x 36720 420 6237 18 β− 22100 440 23 039420 450
15 8 O x 14620 120 7163 5 β− 11340 130 23 015700 130
14 9 F 3290 30 7622.3 1.4 β− 8440 30 23 003530 40
13 10 Ne -n -5154.05 0.10 7955.256 0.005 β− 4375.81 0.10 22 994466.91 0.11
12 11 Na -9529.8535 0.0018 8111.494 a * 22 989769.2820 0.0019
11 12 Mg − -5473.67 0.03 7901.123 0.001 β+ 4056.18 0.03 22 994123.77 0.03
10 13 Al −− 6748.1 0.3 7335.728 0.015 β+ 12221.7 0.3 23 007244.4 0.4
9 14 Si x 23950# 500# 6554# 22# β+ 17200# 500# 23 025710# 540#

17 7 24 N x 46940# 400# 5887# 17# β− 28440# 430# 24 050390# 430#
16 8 O x 18500 160 7040 7 β− 10960 190 24 019860 180
15 9 F x 7540 100 7464 4 β− 13500 100 24 008100 100
14 10 Ne -nn -5951.6 0.5 7993.325 0.021 β− 2466.3 0.5 23 993610.6 0.6
13 11 Na -n -8417.901 0.017 8063.488 0.001 β− 5515.677 0.021 23 990963.012 0.018
12 12 Mg -13933.578 0.013 8260.710 0.001 * 23 985041.689 0.014
11 13 Al -48.81 0.23 7649.581 0.009 β+ 13884.77 0.23 23 999947.60 0.24
10 14 Si −− 10745 19 7167.2 0.8 β+ 10794 19 24 011535 21
9 15 P x 34020# 500# 6165# 21# β+ 23280# 500# 24 036520# 540#

18 7 25 N x 55980# 500# 5613# 20# β− 28650# 530# 25 060100# 540#
17 8 O -n 27330 170 6728 7 β− 15990 190 25 029340 180
16 9 F x 11330 100 7336 4 β− 13370 100 25 012170 100
15 10 Ne -2036 29 7839.8 1.2 β− 7322 29 24 997810 30
14 11 Na -nn -9357.8 1.2 8101.40 0.05 β− 3835.0 1.2 24 989954.0 1.3
13 12 Mg -13192.78 0.05 8223.503 0.002 * 24 985836.97 0.05
12 13 Al -8915.97 0.06 8021.137 0.003 β+ 4276.81 0.04 24 990428.31 0.07
11 14 Si +3n 3827 10 7480.1 0.4 β+ 12743 10 25 004109 11
10 15 P x 20190# 400# 6794# 16# β+ 16360# 400# 25 021680# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

18 8 26 O -nn 34660 160 6497 6 β− 15990 200 26 037210 180
17 9 F 18670 110 7082 4 β− 18190 110 26 020050 110
16 10 Ne x 481 18 7751.9 0.7 β− 7342 19 26 000516 20
15 11 Na x -6861 4 8004.20 0.13 β− 9354 4 25 992635 4
14 12 Mg -16214.544 0.029 8333.871 0.001 * 25 982592.97 0.03
13 13 Al -12210.14 0.07 8149.765 0.003 β+ 4004.40 0.06 25 986891.88 0.07
12 14 Si − -7141.00 0.11 7924.708 0.004 β+ 5069.14 0.08 25 992333.82 0.12
11 15 P x 10970# 200# 7198# 8# β+ 18110# 200# 26 011780# 210#
10 16 S x 27680# 600# 6525# 23# β+ 16710# 630# 26 029720# 640#

19 8 27 O x 44670# 500# 6185# 19# β− 19540# 510# 27 047960# 540#
18 9 F 25130 120 6880 4 β− 18080 150 27 026980 130
17 10 Ne x 7050 90 7520 3 β− 12570 90 27 007570 100
16 11 Na ++ -5518 4 7956.95 0.14 β− 9069 4 26 994076 4
15 12 Mg -14586.59 0.05 8263.853 0.002 β− 2610.27 0.07 26 984340.65 0.05
14 13 Al -17196.86 0.05 8331.553 0.002 * 26 981538.41 0.05
13 14 Si − -12384.51 0.11 8124.342 0.004 β+ 4812.36 0.10 26 986704.69 0.12
12 15 P -p -659 9 7661.1 0.3 β+ 11725 9 26 999292 10
11 16 S − 17490# 400# 6960# 15# β+ 18150# 400# 27 018780# 430#

20 8 28 O x 52080# 700# 5988# 25# β− 18680# 710# 28 055910# 750#
19 9 F -n 33400 120 6627 4 β− 22100 170 28 035860 130
18 10 Ne x 11300 130 7388 5 β− 12290 130 28 012130 140
17 11 Na x -988 10 7799.3 0.4 β− 14032 10 27 998939 11
16 12 Mg x -15019.95 0.26 8272.453 0.009 β− 1830.77 0.27 27 983875.43 0.28
15 13 Al -n -16850.72 0.05 8309.897 0.002 β− 4642.08 0.05 27 981910.01 0.05
14 14 Si -21492.7971 0.0005 8447.744 a * 27 976926.5344 0.0006
13 15 P -7147.9 1.1 7907.48 0.04 β+ 14344.9 1.1 27 992326.5 1.2
12 16 S −− 4070 160 7479 6 β+ 11220 160 28 004370 170
11 17 Cl -p 28270# 500# 6587# 18# β+ 24200# 530# 28 030350# 540#

20 9 29 F x 40150 530 6444 18 β− 21750 550 29 043100 560
19 10 Ne x 18400 150 7167 5 β− 15720 150 29 019750 160
18 11 Na 2680 7 7682.15 0.25 β− 13292 7 29 002877 8
17 12 Mg -10612.4 0.3 8113.532 0.012 β− 7595.4 0.5 28 988607.2 0.4
16 13 Al x -18207.8 0.3 8348.465 0.012 β− 3687.3 0.3 28 980453.2 0.4
15 14 Si -21895.0815 0.0006 8448.636 a * 28 976494.6643 0.0006
14 15 P -16952.8 0.4 8251.237 0.012 β+ 4942.2 0.4 28 981800.4 0.4
13 16 S x -3094 13 7746.4 0.4 β+ 13858 13 28 996678 14
12 17 Cl -p 14020# 190# 7129# 7# β+ 17120# 190# 29 015050# 200#
11 18 Ar -pp 37970# 440# 6276# 15# β+ 23950# 480# 29 040760# 470#

21 9 30 F x 48960# 500# 6205# 17# β− 25680# 560# 30 052560# 540#
20 10 Ne 23280 250 7035 8 β− 14810 250 30 024990 270
19 11 Na 8475 5 7501.97 0.16 β− 17356 5 30 009098 5
18 12 Mg -8881.4 1.3 8054.43 0.04 β− 6982.7 2.3 29 990465.5 1.4
17 13 Al -15864.1 1.9 8261.10 0.06 β− 8568.8 1.9 29 982969.2 2.1
16 14 Si -n -24432.962 0.022 8520.655 0.001 * 29 973770.137 0.023
15 15 P − -20200.86 0.07 8353.506 0.002 β+ 4232.11 0.06 29 978313.49 0.07
14 16 S − -14059.25 0.21 8122.708 0.007 β+ 6141.60 0.20 29 984906.77 0.22
13 17 Cl -p 4675 24 7472.2 0.8 β+ 18734 24 30 005018 26
12 18 Ar -pp 22070# 180# 6866# 6# β+ 17400# 180# 30 023690# 190#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

22 9 31 F -nn 56840# 540# 6011# 17# β− 25660# 600# 31 061020# 570#
21 10 Ne 31180 270 6813 9 β− 18940 270 31 033470 290
20 11 Na x 12246 14 7398.7 0.5 β− 15368 14 31 013147 15
19 12 Mg x -3122 3 7869.19 0.10 β− 11829 4 30 996648 3
18 13 Al x -14950.7 2.2 8225.52 0.07 β− 7998.3 2.2 30 983949.8 2.4
17 14 Si -n -22949.04 0.04 8458.292 0.001 β− 1491.51 0.04 30 975363.20 0.05
16 15 P -24440.5444 0.0007 8481.168 a * 30 973761.9977 0.0008
15 16 S -19042.53 0.23 8281.801 0.007 β+ 5398.01 0.23 30 979557.00 0.25
14 17 Cl −− -7035 3 7869.21 0.11 β+ 12008 3 30 992448 4
13 18 Ar − 11330# 200# 7252# 6# β+ 18360# 200# 31 012160# 220#
12 19 K x 34260# 300# 6487# 10# β+ 22940# 360# 31 036780# 320#

22 10 32 Ne x 37000# 500# 6671# 16# β− 18360# 500# 32 039720# 540#
21 11 Na x 18640 40 7219.9 1.2 β− 19470 40 32 020010 40
20 12 Mg x -829 3 7803.84 0.10 β− 10270 8 31 999110 4
19 13 Al x -11099 7 8100.34 0.22 β− 12978 7 31 988084 8
18 14 Si x -24077.69 0.30 8481.469 0.009 β− 227.2 0.3 31 974151.5 0.3
17 15 P -n -24304.88 0.04 8464.120 0.001 β− 1710.66 0.04 31 973907.64 0.04
16 16 S -26015.5371 0.0013 8493.130 a * 31 972071.1735 0.0014
15 17 Cl -13334.7 0.6 8072.406 0.018 β+ 12680.8 0.6 31 985684.6 0.6
14 18 Ar x -2200.4 1.8 7700.01 0.06 β+ 11134.4 1.9 31 997637.8 1.9
13 19 K x 21990# 400# 6920# 12# β+ 24190# 400# 32 023610# 430#

23 10 33 Ne x 46130# 600# 6436# 18# β− 22350# 750# 33 049520# 640#
22 11 Na x 23780 450 7090 14 β− 18820 450 33 025530 480
21 12 Mg 4962.9 2.7 7636.44 0.08 β− 13460 7 33 005327.9 2.9
20 13 Al x -8497 7 8020.62 0.21 β− 12017 7 32 990878 8
19 14 Si x -20514.3 0.7 8361.060 0.021 β− 5823.0 1.3 32 977977.0 0.8
18 15 P + -26337.4 1.1 8513.81 0.03 β− 248.5 1.1 32 971725.7 1.2
17 16 S -26585.8583 0.0013 8497.630 a * 32 971458.9086 0.0014
16 17 Cl -21003.3 0.4 8304.756 0.012 β+ 5582.5 0.4 32 977452.0 0.4
15 18 Ar x -9384.3 0.4 7928.956 0.012 β+ 11619.0 0.6 32 989925.5 0.4
14 19 K x 7540# 200# 7392# 6# β+ 16930# 200# 33 008100# 220#
13 20 Ca x 31030# 400# 6657# 12# β+ 23490# 450# 33 033310# 430#

24 10 34 Ne -nn 52840# 510# 6287# 15# β− 21160# 790# 34 056730# 550#
23 11 Na x 31680 600 6886 18 β− 23360 600 34 034010 640
22 12 Mg x 8323 7 7550.39 0.20 β− 11321 7 34 008935 7
21 13 Al x -2997.6 2.1 7860.35 0.06 β− 16994.1 2.3 33 996781.9 2.3
20 14 Si x -19991.7 0.8 8337.166 0.024 β− 4557.0 1.1 33 978538.0 0.9
19 15 P x -24548.7 0.8 8448.186 0.024 β− 5383.0 0.8 33 973645.9 0.9
18 16 S -29931.69 0.04 8583.499 0.001 * 33 967867.01 0.05
17 17 Cl -24440.09 0.05 8398.971 0.001 β+ 5491.60 0.04 33 973762.49 0.05
16 18 Ar -18378.29 0.08 8197.672 0.002 β+ 6061.79 0.06 33 980270.09 0.08
15 19 K x -1220# 200# 7670# 6# β+ 17160# 200# 33 998690# 210#
14 20 Ca x 14890# 300# 7173# 9# β+ 16110# 360# 34 015990# 320#

24 11 35 Na -n 37830# 670# 6745# 19# β− 22190# 720# 35 040610# 720#
23 12 Mg x 15640 270 7356 8 β− 15860 270 35 016790 290
22 13 Al x -224 7 7787.12 0.21 β− 14170 40 34 999760 8
21 14 Si 2p−n -14390 40 8169.6 1.0 β− 10470 40 34 984550 40
20 15 P +p -24857.8 1.9 8446.25 0.05 β− 3988.4 1.9 34 973314.0 2.0
19 16 S -28846.21 0.04 8537.851 0.001 β− 167.322 0.026 34 969032.32 0.04
18 17 Cl -29013.53 0.04 8520.279 0.001 * 34 968852.69 0.04
17 18 Ar − -23047.3 0.7 8327.462 0.019 β+ 5966.2 0.7 34 975257.7 0.7
16 19 K 4n -11172.9 0.5 7965.841 0.015 β+ 11874.4 0.9 34 988005.4 0.6
15 20 Ca x 5190# 200# 7476# 6# β+ 16360# 200# 35 005570# 220#
14 21 Sc x 27100# 400# 6828# 11# β+ 21910# 450# 35 029090# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

25 11 36 Na -n 45900# 690# 6557# 19# β− 25520# 970# 36 049280# 740#
24 12 Mg x 20380 690 7244 19 β− 14430 710 36 021880 740
23 13 Al x 5950 150 7624 4 β− 18390 170 36 006390 160
22 14 Si x -12440 70 8112.5 2.0 β− 7810 70 35 986650 80
21 15 P + -20251 13 8307.9 0.4 β− 10413 13 35 978260 14
20 16 S -30664.14 0.19 8575.390 0.005 β− -1142.13 0.19 35 967080.69 0.20
19 17 Cl -29522.01 0.04 8521.932 0.001 β− 709.53 0.04 35 968306.82 0.04
18 18 Ar -30231.542 0.027 8519.910 0.001 * 35 967545.106 0.029
17 19 K -17417.2 0.3 8142.223 0.009 β+ 12814.4 0.3 35 981301.9 0.3
16 20 Ca 4n -6450 40 7815.9 1.1 β+ 10970 40 35 993070 40
15 21 Sc x 16150# 300# 7166# 8# β+ 22600# 300# 36 017340# 320#

26 11 37 Na -nn 53130# 690# 6403# 19# β− 24920# 980# 37 057040# 740#
25 12 Mg -n 28210 700 7055 19 β− 18400 720 37 030290 750
24 13 Al x 9810 180 7531 5 β− 16380 210 37 010530 190
23 14 Si x -6570 110 7953 3 β− 12420 120 36 992950 120
22 15 P p−2n -19000 40 8267.6 1.0 β− 7900 40 36 979610 40
21 16 S -n -26896.43 0.20 8459.936 0.005 β− 4865.13 0.20 36 971125.50 0.21
20 17 Cl -31761.55 0.05 8570.282 0.001 * 36 965902.57 0.06
19 18 Ar − -30947.68 0.21 8527.141 0.006 β+ 813.87 0.20 36 966776.30 0.22
18 19 K -p -24800.20 0.09 8339.848 0.003 β+ 6147.48 0.23 36 973375.89 0.10
17 20 Ca x -13136.1 0.6 8003.457 0.017 β+ 11664.1 0.6 36 985897.8 0.7
16 21 Sc x 3780# 300# 7525# 8# β+ 16920# 300# 37 004060# 320#
15 22 Ti x 25170# 400# 6926# 11# β+ 21390# 500# 37 027020# 430#

27 11 38 Na -n 61910# 720# 6216# 19# β− 27830# 880# 38 066460# 770#
26 12 Mg x 34070# 500# 6928# 13# β− 17600# 530# 38 036580# 540#
25 13 Al x 16470# 150# 7370# 4# β− 20640# 180# 38 017680# 160#
24 14 Si x -4170 100 7892.8 2.8 β− 10450 130 37 995520 110
23 15 P x -14620 70 8147.3 1.9 β− 12240 70 37 984300 80
22 16 S + -26861 7 8448.78 0.19 β− 2937 7 37 971163 8
21 17 Cl -n -29798.12 0.10 8505.482 0.003 β− 4916.71 0.22 37 968010.41 0.11
20 18 Ar -34714.83 0.19 8614.281 0.005 * 37 962732.10 0.21
19 19 K -28800.76 0.20 8438.059 0.005 β+ 5914.07 0.04 37 969081.11 0.21
18 20 Ca -22058.50 0.19 8240.043 0.005 β+ 6742.26 0.06 37 976319.22 0.21
17 21 Sc x -4250# 200# 7751# 5# β+ 17810# 200# 37 995440# 220#
16 22 Ti x 11370# 300# 7319# 8# β+ 15620# 360# 38 012210# 320#

28 11 39 Na -n 69980# 740# 6056# 19# β− 27200# 900# 39 075120# 800#
27 12 Mg -n 42780# 510# 6734# 13# β− 21290# 590# 39 045920# 550#
26 13 Al x 21490# 300# 7260# 8# β− 19170# 330# 39 023070# 320#
25 14 Si x 2320 140 7731 3 β− 15090 180 39 002490 150
24 15 P x -12770 110 8098.0 2.9 β− 10390 120 38 986290 120
23 16 S 2p−n -23160 50 8344.3 1.3 β− 6640 50 38 975130 50
22 17 Cl -nn -29800.2 1.7 8494.40 0.04 β− 3442 5 38 968008.2 1.9
21 18 Ar + -33242 5 8562.60 0.13 β− 565 5 38 964313 5
20 19 K -33807.195 0.005 8557.026 a * 38 963706.485 0.005
19 20 Ca -27282.7 0.6 8369.671 0.015 β+ 6524.5 0.6 38 970710.8 0.6
18 21 Sc 2n−p -14173 24 8013.5 0.6 β+ 13110 24 38 984785 26
17 22 Ti x 2500# 200# 7566# 5# β+ 16670# 200# 39 002680# 220#
16 23 V x 22570# 400# 7031# 10# β+ 20070# 450# 39 024230# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

28 12 40 Mg x 49550# 500# 6598# 13# β− 20730# 580# 40 053190# 540#
27 13 Al x 28820# 300# 7097# 7# β− 23150# 320# 40 030940# 320#
26 14 Si x 5670 120 7656 3 β− 13810 150 40 006080 130
25 15 P x -8140 80 7981.4 2.1 β− 14700 80 39 991260 90
24 16 S -22838 4 8329.33 0.10 β− 4720 30 39 975483 4
23 17 Cl + -27560 30 8427.8 0.8 β− 7480 30 39 970420 30
22 18 Ar -35039.9000 0.0022 8595.259 a β− -1504.40 0.06 39 962383.1220 0.0023
21 19 K -33535.50 0.06 8538.091 0.001 β− 1310.91 0.06 39 963998.17 0.06
20 20 Ca -34846.402 0.020 8551.305 0.001 * 39 962590.851 0.022
19 21 Sc − -20523.4 2.8 8173.67 0.07 β+ 14323.0 2.8 39 977967 3
18 22 Ti -8990 70 7865.9 1.7 β+ 11530 70 39 990350 70
17 23 V x 12470# 300# 7310# 7# β+ 21460# 310# 40 013390# 320#

29 12 41 Mg x 58100# 500# 6425# 12# β− 23510# 640# 41 062370# 540#
28 13 Al x 34590# 400# 6980# 10# β− 21390# 500# 41 037130# 430#
27 14 Si x 13200# 300# 7482# 7# β− 18180# 320# 41 014170# 320#
26 15 P x -4980 120 7906.6 2.9 β− 14030 120 40 994650 130
25 16 S x -19009 4 8229.64 0.10 β− 8300 70 40 979593 4
24 17 Cl x -27310 70 8413.0 1.7 β− 5760 70 40 970680 70
23 18 Ar -n -33067.5 0.3 8534.373 0.008 β− 2492.0 0.3 40 964500.6 0.4
22 19 K -35559.549 0.004 8576.073 a * 40 961825.256 0.004
21 20 Ca -35137.91 0.14 8546.708 0.003 β+ 421.64 0.14 40 962277.91 0.15
20 21 Sc -28642.36 0.08 8369.198 0.002 β+ 6495.55 0.16 40 969251.16 0.08
19 22 Ti x -15698 28 8034.4 0.7 β+ 12945 28 40 983150 30
18 23 V x 310# 200# 7625# 5# β+ 16010# 200# 41 000330# 220#
17 24 Cr x 20410# 400# 7116# 10# β+ 20100# 450# 41 021910# 430#

29 13 42 Al x 41990# 500# 6829# 12# β− 25150# 580# 42 045080# 540#
28 14 Si x 16840# 300# 7410# 7# β− 15750# 320# 42 018080# 320#
27 15 P x 1090 100 7765.9 2.3 β− 18730 100 42 001170 100
26 16 S x -17637.7 2.8 8193.23 0.07 β− 7190 60 41 981065 3
25 17 Cl x -24830 60 8345.9 1.4 β− 9590 60 41 973340 60
24 18 Ar x -34423 6 8555.61 0.14 β− 599 6 41 963046 6
23 19 K -n -35022.03 0.11 8551.257 0.003 β− 3525.26 0.18 41 962402.31 0.11
22 20 Ca -38547.29 0.15 8616.565 0.004 * 41 958617.78 0.16
21 21 Sc -32121.00 0.15 8444.930 0.004 β+ 6426.29 0.05 41 965516.69 0.17
20 22 Ti -25104.35 0.27 8259.240 0.006 β+ 7016.65 0.22 41 973049.37 0.29
19 23 V x -7620# 200# 7824# 5# β+ 17490# 200# 41 991820# 210#
18 24 Cr x 7060# 300# 7456# 7# β+ 14680# 360# 42 007580# 320#

30 13 43 Al x 48270# 600# 6712# 14# β− 23940# 720# 43 051820# 640#
29 14 Si x 24330# 400# 7251# 9# β− 19290# 500# 43 026120# 430#
28 15 P x 5040# 300# 7681# 7# β− 17240# 300# 43 005410# 320#
27 16 S x -12195 5 8063.83 0.12 β− 11960 60 42 986908 5
26 17 Cl x -24160 60 8323.9 1.4 β− 7850 60 42 974060 70
25 18 Ar x -32010 5 8488.24 0.12 β− 4566 5 42 965636 6
24 19 K -4n -36575.4 0.4 8576.220 0.010 β− 1833.5 0.5 42 960734.7 0.4
23 20 Ca -38408.87 0.23 8600.665 0.005 * 42 958766.38 0.24
22 21 Sc -p -36188.1 1.9 8530.83 0.04 β+ 2220.7 1.9 42 961150.4 2.0
21 22 Ti -29316 6 8352.81 0.13 β+ 6873 6 42 968528 6
20 23 V x -17920 40 8069.5 1.0 β+ 11400 40 42 980770 50
19 24 Cr x -1970# 200# 7680# 5# β+ 15950# 210# 42 997890# 220#
18 25 Mn x 17370# 400# 7213# 9# β+ 19340# 450# 43 018650# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

30 14 44 Si x 29310# 500# 7156# 11# β− 18200# 640# 44 031470# 540#
29 15 P x 11110# 400# 7552# 9# β− 20310# 400# 44 011930# 430#
28 16 S x -9204 5 7996.02 0.12 β− 11270 90 43 990119 6
27 17 Cl x -20480 90 8234.5 1.9 β− 12190 90 43 978010 90
26 18 Ar x -32673.3 1.6 8493.84 0.04 β− 3108.2 1.6 43 964923.8 1.7
25 19 K x -35781.5 0.4 8546.702 0.010 β− 5687.2 0.5 43 961587.0 0.5
24 20 Ca -41468.7 0.3 8658.177 0.007 * 43 955481.5 0.3
23 21 Sc -p -37816.0 1.8 8557.38 0.04 β+ 3652.7 1.8 43 959402.8 1.9
22 22 Ti −α -37548.6 0.7 8533.522 0.016 β+ 267.4 1.9 43 959689.9 0.8
21 23 V -23808 7 8203.46 0.17 β+ 13741 7 43 974441 8
20 24 Cr x -13420 50 7949.6 1.2 β+ 10390 50 43 985590 60
19 25 Mn x 7460# 300# 7457# 7# β+ 20880# 300# 44 008010# 320#

31 14 45 Si x 37090# 600# 7004# 13# β− 21130# 780# 45 039820# 640#
30 15 P x 15960# 500# 7456# 11# β− 19300# 580# 45 017130# 540#
29 16 S x -3340# 300# 7867# 7# β− 14920# 330# 44 996410# 320#
28 17 Cl x -18260 140 8182 3 β− 11510 140 44 980390 150
27 18 Ar x -29770.8 0.5 8419.953 0.011 β− 6844.8 0.7 44 968039.7 0.6
26 19 K x -36615.6 0.5 8554.675 0.012 β− 4196.6 0.6 44 960691.5 0.6
25 20 Ca -40812.2 0.4 8630.547 0.008 β− 260.1 0.7 44 956186.3 0.4
24 21 Sc -41072.3 0.7 8618.941 0.015 * 44 955907.1 0.7
23 22 Ti -39010.3 0.8 8555.732 0.019 β+ 2062.1 0.5 44 958120.8 0.9
22 23 V -31886.4 0.9 8380.039 0.019 β+ 7123.82 0.21 44 965768.5 0.9
21 24 Cr x -19510 40 8087.7 0.8 β+ 12370 40 44 979050 40
20 25 Mn x -4980# 300# 7747# 7# β+ 14540# 300# 44 994650# 320#
19 26 Fe -pp 14410# 280# 7299# 6# β+ 19390# 410# 45 015470# 300#

31 15 46 P x 22840# 500# 7320# 11# β− 22200# 640# 46 024520# 540#
30 16 S x 640# 400# 7785# 9# β− 14380# 410# 46 000690# 430#
29 17 Cl x -13730 100 8080.8 2.1 β− 16040 100 45 985250 100
28 18 Ar x -29771.3 2.3 8412.38 0.05 β− 5642.7 2.4 45 968039.2 2.5
27 19 K x -35413.9 0.7 8518.043 0.016 β− 7725.7 2.3 45 961981.6 0.8
26 20 Ca -43139.6 2.2 8668.98 0.05 β− -1378.0 2.3 45 953687.7 2.4
25 21 Sc -n -41761.6 0.7 8622.021 0.015 β− 2366.6 0.7 45 955167.0 0.7
24 22 Ti -44128.27 0.09 8656.462 0.002 * 45 952626.36 0.10
23 23 V -37075.90 0.13 8486.142 0.003 β+ 7052.37 0.09 45 960197.39 0.14
22 24 Cr -29472 11 8303.82 0.25 β+ 7604 11 45 968361 12
21 25 Mn x -12420 90 7916.1 1.9 β+ 17050 90 45 986670 90
20 26 Fe x 1210# 300# 7603# 7# β+ 13630# 310# 46 001300# 320#

32 15 47 P x 28810# 600# 7209# 13# β− 21610# 720# 47 030930# 640#
31 16 S x 7200# 400# 7652# 9# β− 16780# 450# 47 007730# 430#
30 17 Cl x -9580# 200# 7992# 4# β− 15790# 200# 46 989720# 220#
29 18 Ar x -25367.3 1.2 8311.425 0.026 β− 10344.7 1.8 46 972767.1 1.3
28 19 K x -35712.0 1.4 8514.880 0.030 β− 6632.7 2.6 46 961661.6 1.5
27 20 Ca -42344.7 2.2 8639.35 0.05 β− 1992.2 1.2 46 954541.1 2.4
26 21 Sc -44336.8 1.9 8665.10 0.04 β− 600.8 1.9 46 952402.4 2.1
25 22 Ti -44937.61 0.08 8661.233 0.002 * 46 951757.49 0.09
24 23 V -42007.07 0.11 8582.235 0.002 β+ 2930.54 0.09 46 954903.56 0.12
23 24 Cr -34563 5 8407.21 0.11 β+ 7444 5 46 962895 6
22 25 Mn x -22570 30 8135.3 0.7 β+ 12000 30 46 975770 30
21 26 Fe x -7130# 500# 7790# 11# β+ 15440# 500# 46 992350# 540#
20 27 Co x 10620# 600# 7396# 13# β+ 17750# 780# 47 011400# 640#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

32 16 48 S x 12390# 500# 7552# 10# β− 16670# 710# 48 013300# 540#
31 17 Cl x -4280# 500# 7883# 10# β− 18080# 500# 47 995410# 540#
30 18 Ar x -22355 17 8243.7 0.3 β− 9930 17 47 976001 18
29 19 K x -32284.5 0.8 8434.232 0.016 β− 11940.4 0.8 47 965341.2 0.8
28 20 Ca -44224.868 0.018 8666.692 a β− 279 5 47 952522.654 0.019
27 21 Sc -44504 5 8656.21 0.10 β− 3989 5 47 952223 5
26 22 Ti -48492.95 0.07 8723.012 0.002 * 47 947940.68 0.08
25 23 V -44478.0 1.0 8623.069 0.020 β+ 4014.9 1.0 47 952250.9 1.0
24 24 Cr +nn -42821 7 8572.26 0.15 β+ 1657 7 47 954029 8
23 25 Mn -29297 7 8274.19 0.14 β+ 13525 10 47 968549 7
22 26 Fe x -18010 90 8022.7 1.9 β+ 11290 90 47 980670 100
21 27 Co x 1730# 500# 7595# 10# β+ 19740# 510# 48 001860# 540#
20 28 Ni -pp 18180# 420# 7236# 9# β+ 16450# 660# 48 019520# 460#

33 16 49 S -n 20390# 580# 7400# 12# β− 19650# 710# 49 021890# 630#
32 17 Cl x 740# 400# 7785# 8# β− 17800# 570# 49 000790# 430#
31 18 Ar x -17060# 400# 8132# 8# β− 12550# 400# 48 981690# 430#
30 19 K x -29611.5 0.8 8372.275 0.016 β− 11688.5 0.8 48 968210.8 0.9
29 20 Ca -n -41300.00 0.18 8594.850 0.004 β− 5262.4 2.3 48 955662.63 0.19
28 21 Sc -46562.4 2.3 8686.28 0.05 β− 2001.6 2.3 48 950013.2 2.4
27 22 Ti -48564.01 0.08 8711.163 0.002 * 48 947864.39 0.08
26 23 V − -47962.2 0.8 8682.913 0.017 β+ 601.9 0.8 48 948510.5 0.9
25 24 Cr -45332.4 2.2 8613.28 0.04 β+ 2629.8 2.3 48 951333.7 2.4
24 25 Mn -37619.9 2.2 8439.92 0.05 β+ 7712.43 0.23 48 959613.4 2.4
23 26 Fe x -24751 24 8161.3 0.5 β+ 12869 24 48 973429 26
22 27 Co x -9780# 500# 7840# 10# β+ 14970# 500# 48 989500# 540#
21 28 Ni x 8530# 600# 7450# 12# β+ 18310# 780# 49 009160# 640#

33 17 50 Cl x 7700# 400# 7651# 8# β− 20930# 640# 50 008270# 430#
32 18 Ar x -13230# 500# 8054# 10# β− 12500# 500# 49 985800# 540#
31 19 K x -25728 8 8288.58 0.15 β− 13861 8 49 972380 8
30 20 Ca x -39589.2 1.6 8550.16 0.03 β− 4947.9 3.0 49 957499.2 1.7
29 21 Sc -44537.1 2.5 8633.47 0.05 β− 6894.7 2.5 49 952187.4 2.7
28 22 Ti -51431.87 0.08 8755.723 0.002 β− -2208.63 0.06 49 944785.62 0.09
27 23 V -49223.24 0.09 8695.903 0.002 β− 1038.12 0.06 49 947156.68 0.10
26 24 Cr -50261.36 0.09 8701.019 0.002 * 49 946042.21 0.10
25 25 Mn -42626.89 0.12 8532.682 0.002 β+ 7634.48 0.07 49 954238.16 0.12
24 26 Fe x -34476 8 8354.03 0.17 β+ 8150 8 49 962988 9
23 27 Co x -17590 130 8000.6 2.5 β+ 16890 130 49 981120 140
22 28 Ni x -3460# 500# 7702# 10# β+ 14130# 520# 49 996290# 540#

34 17 51 Cl x 14290# 700# 7530# 14# β− 20780# 810# 51 015340# 750#
33 18 Ar x -6490# 400# 7922# 8# β− 16030# 400# 50 993030# 430#
32 19 K x -22515 13 8221.33 0.26 β− 13817 13 50 975829 14
31 20 Ca x -36332.3 0.5 8476.914 0.010 β− 6918.0 2.6 50 960995.7 0.6
30 21 Sc -43250.4 2.5 8597.22 0.05 β− 6482.6 2.6 50 953568.8 2.7
29 22 Ti -49733.0 0.5 8708.991 0.009 β− 2470.1 0.5 50 946609.5 0.5
28 23 V -52203.11 0.10 8742.085 0.002 * 50 943957.66 0.10
27 24 Cr -51450.71 0.17 8711.992 0.003 β+ 752.39 0.15 50 944765.39 0.18
26 25 Mn -48243.2 0.3 8633.760 0.006 β+ 3207.5 0.3 50 948208.8 0.3
25 26 Fe x -40189.2 1.4 8460.498 0.027 β+ 8054.0 1.4 50 956855.1 1.5
24 27 Co x -27340 50 8193.3 0.9 β+ 12850 50 50 970650 50
23 28 Ni x -11650# 500# 7870# 10# β+ 15690# 500# 50 987490# 540#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

35 17 52 Cl x 22360# 700# 7386# 13# β− 23740# 920# 52 024000# 750#
34 18 Ar x -1380# 600# 7827# 12# β− 15760# 600# 51 998520# 640#
33 19 K x -17140 30 8115.0 0.6 β− 17130 30 51 981600 40
32 20 Ca x -34266.3 0.7 8429.382 0.013 β− 6257 3 51 963213.6 0.7
31 21 Sc -40524 3 8534.67 0.06 β− 8954 4 51 956496 3
30 22 Ti -49477.7 2.7 8691.82 0.05 β− 1965.3 2.8 51 946883.5 2.9
29 23 V -n -51443.03 0.16 8714.569 0.003 β− 3976.48 0.16 51 944773.64 0.17
28 24 Cr -55419.51 0.11 8775.995 0.002 * 51 940504.71 0.12
27 25 Mn − -50711.39 0.13 8670.409 0.003 β+ 4708.12 0.06 51 945559.09 0.14
26 26 Fe −− -48332.10 0.18 8609.608 0.003 β+ 2379.29 0.15 51 948113.36 0.19
25 27 Co -34344 5 8325.56 0.10 β+ 13988 5 51 963130 6
24 28 Ni x -22560 80 8083.9 1.6 β+ 11780 80 51 975780 90
23 29 Cu x -1880# 600# 7671# 12# β+ 20680# 610# 51 997980# 640#

35 18 53 Ar x 6790# 700# 7677# 13# β− 19090# 710# 53 007290# 750#
34 19 K x -12300 110 8022.8 2.1 β− 17090 120 52 986800 120
33 20 Ca x -29390 40 8330.6 0.8 β− 9380 50 52 968450 50
32 21 Sc -38770 18 8492.8 0.3 β− 8112 18 52 958379 19
31 22 Ti x -46881.4 2.9 8631.13 0.05 β− 4970 4 52 949671 3
30 23 V +p -51852 3 8710.14 0.06 β− 3436 3 52 944335 3
29 24 Cr -55287.62 0.12 8760.210 0.002 * 52 940646.30 0.12
28 25 Mn -54690.3 0.3 8734.180 0.007 β+ 597.3 0.3 52 941287.5 0.4
27 26 Fe -50947.5 1.7 8648.80 0.03 β+ 3742.9 1.7 52 945305.6 1.8
26 27 Co -42659.4 1.7 8477.66 0.03 β+ 8288.1 0.4 52 954203.3 1.9
25 28 Ni x -29631 25 8217.1 0.5 β+ 13029 25 52 968190 27
24 29 Cu x -13140# 500# 7891# 9# β+ 16490# 500# 52 985890# 540#

36 18 54 Ar x 12560# 800# 7578# 15# β− 17710# 890# 54 013480# 860#
35 19 K x -5150# 400# 7891# 7# β− 20010# 400# 53 994470# 430#
34 20 Ca x -25160 50 8247.5 0.9 β− 9280 50 53 972990 50
33 21 Sc x -34438 14 8404.81 0.26 β− 11306 21 53 963029 15
32 22 Ti x -45744 16 8599.69 0.29 β− 4154 19 53 950892 17
31 23 V -49898 11 8662.14 0.21 β− 7037 11 53 946432 12
30 24 Cr -56935.38 0.13 8777.967 0.003 β− -1377.1 1.0 53 938877.36 0.14
29 25 Mn -p -55558.2 1.0 8737.977 0.019 β− 696.4 1.1 53 940355.8 1.1
28 26 Fe -56254.6 0.3 8736.385 0.006 * 53 939608.2 0.4
27 27 Co -48010.1 0.4 8569.220 0.007 β+ 8244.55 0.09 53 948459.1 0.4
26 28 Ni x -39278 5 8393.03 0.09 β+ 8732 5 53 957833 5
25 29 Cu x -21240# 400# 8045# 7# β+ 18040# 400# 53 977200# 430#
24 30 Zn -pp -5700# 220# 7742# 4# β+ 15540# 450# 53 993880# 230#

36 19 55 K x 470# 500# 7792# 9# β− 19120# 530# 55 000510# 540#
35 20 Ca x -18650 160 8125.9 2.9 β− 12190 170 54 979980 170
34 21 Sc x -30840 60 8333.4 1.1 β− 10990 70 54 966890 70
33 22 Ti x -41832 29 8519.0 0.5 β− 7290 40 54 955090 30
32 23 V x -49125 27 8637.3 0.5 β− 5985 27 54 947262 29
31 24 Cr -n -55110.32 0.23 8731.936 0.004 β− 2602.2 0.3 54 940836.64 0.25
30 25 Mn -57712.54 0.26 8765.025 0.005 * 54 938043.04 0.28
29 26 Fe -57481.4 0.3 8746.598 0.006 β+ 231.12 0.18 54 938291.2 0.3
28 27 Co -54030.0 0.4 8669.620 0.007 β+ 3451.4 0.3 54 941996.4 0.4
27 28 Ni − -45336.0 0.7 8497.323 0.013 β+ 8694.0 0.6 54 951329.8 0.8
26 29 Cu x -31640 160 8234.0 2.8 β+ 13700 160 54 966040 170
25 30 Zn x -14270# 400# 7904# 7# β+ 17370# 430# 54 984680# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

37 19 56 K x 7980# 600# 7663# 11# β− 21490# 650# 56 008570# 640#
36 20 Ca x -13510 250 8033 4 β− 12010 360 55 985500 270
35 21 Sc x -25520 260 8234 5 β− 13910 280 55 972610 280
34 22 Ti -39420 100 8467.9 1.8 β− 6760 190 55 957680 110
33 23 V -46180 180 8575 3 β− 9100 180 55 950420 190
32 24 Cr ++ -55285.1 0.6 8723.261 0.010 β− 1626.5 0.6 55 940649.0 0.6
31 25 Mn -n -56911.67 0.29 8738.336 0.005 β− 3695.50 0.21 55 938902.8 0.3
30 26 Fe -60607.16 0.27 8790.356 0.005 * 55 934935.54 0.29
29 27 Co -56040.5 0.5 8694.839 0.008 β+ 4566.6 0.4 55 939838.0 0.5
28 28 Ni -53907.6 0.4 8642.781 0.007 β+ 2132.9 0.4 55 942127.8 0.4
27 29 Cu x -38630 6 8355.99 0.11 β+ 15278 6 55 958529 7
26 30 Zn x -25390# 400# 8106# 7# β+ 13240# 400# 55 972740# 430#
25 31 Ga x -3840# 500# 7707# 9# β+ 21550# 640# 55 995880# 540#

38 19 57 K x 14130# 600# 7563# 11# β− 20690# 720# 57 015170# 640#
37 20 Ca x -6560# 400# 7912# 7# β− 14820# 440# 56 992960# 430#
36 21 Sc x -21380 180 8158 3 β− 13020 270 56 977050 190
35 22 Ti x -34400 210 8373 4 β− 10030 220 56 963070 220
34 23 V x -44440 80 8535.2 1.5 β− 8090 80 56 952300 90
33 24 Cr x -52525.0 1.9 8663.40 0.03 β− 4961.3 2.4 56 943612.1 2.0
32 25 Mn -57486.3 1.5 8736.715 0.026 β− 2695.7 1.5 56 938285.9 1.6
31 26 Fe -60182.02 0.27 8770.283 0.005 * 56 935391.95 0.29
30 27 Co -59345.7 0.5 8741.885 0.009 β+ 836.4 0.4 56 936289.8 0.6
29 28 Ni -56084.0 0.6 8670.936 0.010 β+ 3261.7 0.6 56 939791.4 0.6
28 29 Cu -47309.0 0.5 8503.265 0.009 β+ 8774.9 0.4 56 949211.7 0.5
27 30 Zn x -32550# 200# 8231# 4# β+ 14760# 200# 56 965060# 220#
26 31 Ga x -15410# 400# 7916# 7# β+ 17140# 450# 56 983460# 430#

39 19 58 K x 21930# 700# 7437# 12# β− 23460# 860# 58 023540# 750#
38 20 Ca x -1530# 500# 7828# 9# β− 13950# 540# 57 998360# 540#
37 21 Sc x -15480 190 8055 3 β− 15440 260 57 983380 200
36 22 Ti x -30920 180 8308 3 β− 9510 210 57 966810 200
35 23 V x -40430 100 8458.2 1.7 β− 11560 100 57 956600 100
34 24 Cr x -51991.8 3.0 8644.00 0.05 β− 3836 4 57 944185 3
33 25 Mn x -55827.6 2.7 8696.64 0.05 β− 6327.7 2.7 57 940066.6 2.9
32 26 Fe -62155.3 0.3 8792.253 0.005 β− -2308.0 1.1 57 933273.6 0.3
31 27 Co -59847.3 1.2 8738.972 0.020 β− 381.6 1.1 57 935751.3 1.2
30 28 Ni -60228.9 0.3 8732.062 0.006 * 57 935341.7 0.4
29 29 Cu -51667.9 0.6 8570.970 0.010 β+ 8561.0 0.4 57 944532.3 0.6
28 30 Zn −− -42300 50 8395.9 0.9 β+ 9370 50 57 954590 50
27 31 Ga x -23540# 300# 8059# 5# β+ 18760# 300# 57 974730# 320#
26 32 Ge x -7580# 500# 7770# 9# β+ 15960# 580# 57 991860# 540#

40 19 59 K x 28750# 800# 7332# 14# β− 22940# 1000# 59 030860# 860#
39 20 Ca x 5810# 600# 7708# 10# β− 16640# 650# 59 006240# 640#
38 21 Sc x -10830 250 7976 4 β− 15050# 390# 58 988370 270
37 22 Ti x -25880# 300# 8218# 5# β− 11730# 330# 58 972220# 320#
36 23 V x -37610 140 8403.8 2.3 β− 10510 140 58 959620 150
35 24 Cr x -48115.9 0.7 8568.599 0.011 β− 7409.4 2.4 58 948345.4 0.7
34 25 Mn x -55525.3 2.3 8680.92 0.04 β− 5139.6 2.4 58 940391.1 2.5
33 26 Fe -60665.0 0.3 8754.775 0.006 β− 1564.9 0.4 58 934873.5 0.4
32 27 Co -62229.8 0.4 8768.038 0.007 * 58 933193.5 0.4
31 28 Ni -61156.8 0.4 8736.591 0.006 β+ 1073.00 0.19 58 934345.4 0.4
30 29 Cu -56358.5 0.5 8642.003 0.009 β+ 4798.4 0.4 58 939496.7 0.6
29 30 Zn -47215.7 0.8 8473.780 0.013 β+ 9142.8 0.6 58 949311.9 0.8
28 31 Ga x -33760# 170# 8232# 3# β+ 13460# 170# 58 963760# 180#
27 32 Ge x -16370# 400# 7924# 7# β+ 17390# 430# 58 982430# 430#

030003-16



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

40 20 60 Ca x 11000# 700# 7627# 12# β− 15550# 860# 60 011810# 750#
39 21 Sc x -4550# 500# 7873# 8# β− 17550# 560# 59 995120# 540#
38 22 Ti x -22100 240 8153 4 β− 10990 300 59 976280 260
37 23 V x -33090 180 8323 3 β− 13820 180 59 964480 200
36 24 Cr x -46908.5 1.1 8540.188 0.019 β− 6059.4 2.6 59 949641.7 1.2
35 25 Mn x -52967.9 2.3 8628.14 0.04 β− 8445 4 59 943136.6 2.5
34 26 Fe -nn -61413 3 8755.85 0.06 β− 237 3 59 934070 4
33 27 Co -n -61650.4 0.4 8746.769 0.007 β− 2822.81 0.21 59 933815.5 0.4
32 28 Ni -64473.2 0.4 8780.777 0.006 * 59 930785.1 0.4
31 29 Cu − -58345.3 1.6 8665.605 0.027 β+ 6128.0 1.6 59 937363.8 1.7
30 30 Zn -54174.5 0.5 8583.052 0.009 β+ 4170.8 1.6 59 941841.3 0.6
29 31 Ga x -39590# 200# 8327# 3# β+ 14580# 200# 59 957500# 220#
28 32 Ge x -27530# 300# 8113# 5# β+ 12060# 360# 59 970450# 320#
27 33 As x -5640# 400# 7735# 7# β+ 21890# 500# 59 993950# 430#

41 20 61 Ca x 19010# 800# 7503# 13# β− 18510# 1000# 61 020410# 860#
40 21 Sc x 500# 600# 7794# 10# β− 16870# 670# 61 000540# 640#
39 22 Ti x -16370# 300# 8058# 5# β− 13810# 380# 60 982430# 320#
38 23 V x -30180 230 8271 4 β− 12320 230 60 967600 250
37 24 Cr x -42496.5 1.9 8460.17 0.03 β− 9245.6 3.0 60 954378.1 2.0
36 25 Mn x -51742.1 2.3 8598.92 0.04 β− 7178 3 60 944452.5 2.5
35 26 Fe x -58920.5 2.6 8703.77 0.04 β− 3977.7 2.7 60 936746.2 2.8
34 27 Co p2n -62898.2 0.8 8756.151 0.014 β− 1323.9 0.8 60 932476.0 0.9
33 28 Ni -64222.0 0.4 8765.028 0.006 * 60 931054.8 0.4
32 29 Cu p2n -61984.1 1.0 8715.515 0.016 β+ 2238.0 1.0 60 933457.4 1.0
31 30 Zn -56349 16 8610.31 0.26 β+ 5635 16 60 939507 17
30 31 Ga -47130 40 8446.4 0.6 β+ 9210 40 60 949400 40
29 32 Ge x -33790# 300# 8215# 5# β+ 13350# 300# 60 963730# 320#
28 33 As x -17200# 300# 7930# 5# β+ 16590# 420# 60 981540# 320#

41 21 62 Sc x 7310# 600# 7688# 10# β− 19510# 720# 62 007850# 640#
40 22 Ti x -12200# 400# 7990# 6# β− 13010# 480# 61 986900# 430#
39 23 V x -25210 260 8188 4 β− 15640 260 61 972930 280
38 24 Cr x -40853 3 8427.39 0.06 β− 7671 7 61 956143 4
37 25 Mn IT -48524 7 8538.50 0.11 β− 10354 7 61 947907 7
36 26 Fe x -58878.1 2.8 8692.88 0.05 β− 2546 19 61 936792 3
35 27 Co + -61424 19 8721.33 0.30 β− 5322 19 61 934058 20
34 28 Ni -66746.4 0.4 8794.556 0.007 * 61 928344.8 0.5
33 29 Cu − -62787.5 0.6 8718.084 0.010 β+ 3958.9 0.5 61 932594.8 0.7
32 30 Zn -61168.1 0.6 8679.345 0.010 β+ 1619.5 0.7 61 934333.4 0.7
31 31 Ga -51987.0 0.6 8518.645 0.010 β+ 9181.1 0.4 61 944189.6 0.7
30 32 Ge x -42140# 140# 8347# 2# β+ 9850# 140# 61 954760# 150#
29 33 As x -24420# 300# 8049# 5# β+ 17720# 330# 61 973780# 320#

42 21 63 Sc x 13070# 700# 7603# 11# β− 18930# 860# 63 014030# 750#
41 22 Ti x -5860# 500# 7891# 8# β− 15880# 610# 62 993710# 540#
40 23 V x -21740 340 8131 5 β− 14440 350 62 976660 370
39 24 Cr x -36180 70 8347.5 1.2 β− 10710 70 62 961160 80
38 25 Mn x -46887 4 8505.10 0.06 β− 8749 6 62 949665 4
37 26 Fe -55636 4 8631.55 0.07 β− 6216 19 62 940273 5
36 27 Co -61852 19 8717.80 0.29 β− 3661 19 62 933600 20
35 28 Ni -65512.9 0.4 8763.495 0.007 β− 66.977 0.015 62 929669.0 0.5
34 29 Cu -65579.9 0.4 8752.140 0.007 * 62 929597.1 0.5
33 30 Zn -62213.4 1.6 8686.287 0.025 β+ 3366.4 1.5 62 933211.1 1.7
32 31 Ga x -56547.1 1.3 8583.927 0.021 β+ 5666.3 2.0 62 939294.2 1.4
31 32 Ge x -46920 40 8418.7 0.6 β+ 9630 40 62 949630 40
30 33 As x -33500# 200# 8193# 3# β+ 13420# 200# 62 964040# 220#
29 34 Se x -16850# 500# 7917# 8# β+ 16650# 540# 62 981910# 540#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

42 22 64 Ti x -1480# 600# 7826# 9# β− 14840# 720# 63 998410# 640#
41 23 V x -16320# 400# 8045# 6# β− 17320# 500# 63 982480# 430#
40 24 Cr x -33640 300 8304 5 β− 9350 300 63 963890 320
39 25 Mn x -42989 4 8437.42 0.06 β− 11981 6 63 953849 4
38 26 Fe x -54970 5 8612.39 0.08 β− 4823 21 63 940988 5
37 27 Co + -59792 20 8675.5 0.3 β− 7307 20 63 935810 21
36 28 Ni -67099.0 0.5 8777.464 0.007 β− -1674.62 0.21 63 927966.2 0.5
35 29 Cu -65424.4 0.4 8739.074 0.007 β− 579.6 0.6 63 929764.0 0.5
34 30 Zn -66004.0 0.6 8735.906 0.010 * 63 929141.8 0.7
33 31 Ga -58832.8 1.4 8611.632 0.022 β+ 7171.2 1.5 63 936840.4 1.5
32 32 Ge x -54316 4 8528.82 0.06 β+ 4517 4 63 941690 4
31 33 As -p -39530# 200# 8286# 3# β+ 14780# 200# 63 957560# 220#
30 34 Se x -26860# 500# 8075# 8# β+ 12670# 540# 63 971170# 540#

43 22 65 Ti x 5210# 700# 7726# 11# β− 17320# 860# 65 005590# 750#
42 23 V x -12110# 500# 7981# 8# β− 16200# 540# 64 987000# 540#
41 24 Cr x -28310# 200# 8218# 3# β− 12660# 200# 64 969610# 220#
40 25 Mn x -40967 4 8400.68 0.06 β− 10251 6 64 956020 4
39 26 Fe x -51218 5 8546.35 0.08 β− 7967 6 64 945015 5
38 27 Co x -59185.2 2.1 8656.88 0.03 β− 5940.6 2.1 64 936462.1 2.2
37 28 Ni -n -65125.8 0.5 8736.242 0.007 β− 2137.9 0.7 64 930084.6 0.5
36 29 Cu -67263.7 0.6 8757.097 0.010 * 64 927789.5 0.7
35 30 Zn -65912.0 0.6 8724.266 0.010 β+ 1351.7 0.4 64 929240.5 0.7
34 31 Ga -62657.5 0.8 8662.160 0.012 β+ 3254.5 0.6 64 932734.4 0.8
33 32 Ge -56478.2 2.2 8555.06 0.03 β+ 6179.3 2.3 64 939368.1 2.3
32 33 As x -46940 80 8396.2 1.3 β+ 9540 80 64 949610 90
31 34 Se x -33020# 300# 8170# 5# β+ 13920# 310# 64 964550# 320#
30 35 Br x -16490# 500# 7904# 8# β+ 16530# 580# 64 982300# 540#

43 23 66 V x -6300# 500# 7894# 8# β− 18840# 580# 65 993240# 540#
42 24 Cr x -25140# 300# 8168# 5# β− 11610# 300# 65 973010# 320#
41 25 Mn x -36750 11 8331.80 0.17 β− 13317 12 65 960547 12
40 26 Fe x -50068 4 8521.72 0.06 β− 6341 15 65 946250 4
39 27 Co x -56409 14 8605.94 0.21 β− 9598 14 65 939443 15
38 28 Ni x -66006.3 1.4 8739.509 0.021 β− 252.0 1.5 65 929139.3 1.5
37 29 Cu -66258.3 0.6 8731.473 0.010 β− 2640.9 0.9 65 928868.8 0.7
36 30 Zn -68899.2 0.7 8759.633 0.011 * 65 926033.6 0.8
35 31 Ga − -63723.7 1.1 8669.363 0.017 β+ 5175.5 0.8 65 931589.8 1.2
34 32 Ge x -61607.0 2.4 8625.44 0.04 β+ 2116.7 2.6 65 933862.1 2.6
33 33 As x -52025 6 8468.40 0.09 β+ 9582 6 65 944149 6
32 34 Se x -41660# 200# 8300# 3# β+ 10370# 200# 65 955280# 220#
31 35 Br x -23570# 400# 8014# 6# β+ 18090# 450# 65 974700# 430#

44 23 67 V x -1740# 600# 7829# 9# β− 17530# 720# 66 998130# 640#
43 24 Cr x -19270# 400# 8079# 6# β− 14310# 450# 66 979310# 430#
42 25 Mn x -33580# 200# 8281# 3# β− 12130# 200# 66 963950# 220#
41 26 Fe x -45708 4 8449.94 0.06 β− 9613 7 66 950930 4
40 27 Co x -55322 6 8581.74 0.10 β− 8421 7 66 940610 7
39 28 Ni x -63742.7 2.9 8695.75 0.04 β− 3577 3 66 931569 3
38 29 Cu -67319.6 0.9 8737.460 0.013 β− 560.8 0.8 66 927729.5 1.0
37 30 Zn -67880.4 0.8 8734.153 0.011 * 66 927127.4 0.8
36 31 Ga -66879.2 1.2 8707.533 0.018 β+ 1001.2 1.1 66 928202.3 1.3
35 32 Ge -62674 4 8633.09 0.06 β+ 4205 4 66 932717 5
34 33 As -56587.2 0.4 8530.569 0.007 β+ 6086 4 66 939251.1 0.5
33 34 Se x -46580 70 8369.5 1.0 β+ 10010 70 66 949990 70
32 35 Br x -32530# 300# 8148# 4# β+ 14050# 310# 66 965080# 320#
31 36 Kr -pp -15550# 420# 7883# 6# β+ 16980# 520# 66 983310# 460#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

44 24 68 Cr x -15690# 500# 8026# 7# β− 13230# 580# 67 983160# 540#
43 25 Mn x -28920# 300# 8209# 4# β− 14980# 360# 67 968950# 320#
42 26 Fe x -43900# 190# 8418# 3# β− 7750# 190# 67 952880# 210#
41 27 Co -51643 4 8520.13 0.06 β− 11821 5 67 944559 4
40 28 Ni x -63463.8 3.0 8682.47 0.04 β− 2103 3 67 931869 3
39 29 Cu x -65567.0 1.6 8701.891 0.023 β− 4440.1 1.8 67 929610.9 1.7
38 30 Zn -70007.2 0.8 8755.682 0.011 * 67 924844.2 0.8
37 31 Ga − -67086.1 1.4 8701.219 0.021 β+ 2921.1 1.2 67 927980.2 1.5
36 32 Ge x -66978.8 1.9 8688.137 0.028 β+ 107.3 2.4 67 928095.3 2.0
35 33 As -58894.5 1.8 8557.746 0.027 β+ 8084.3 2.6 67 936774.1 2.0
34 34 Se x -54189.4 0.5 8477.048 0.007 β+ 4705.1 1.9 67 941825.2 0.5
33 35 Br -p -38790# 260# 8239# 4# β+ 15400# 260# 67 958360# 280#
32 36 Kr x -25630# 500# 8034# 7# β+ 13170# 560# 67 972490# 540#

45 24 69 Cr x -9630# 500# 7939# 7# β− 15730# 640# 68 989660# 540#
44 25 Mn x -25360# 400# 8155# 6# β− 13840# 450# 68 972780# 430#
43 26 Fe x -39200# 200# 8345# 3# β− 11190# 220# 68 957920# 220#
42 27 Co x -50390 90 8495.4 1.2 β− 9590 90 68 945910 90
41 28 Ni x -59979 4 8623.10 0.05 β− 5758 4 68 935610 4
40 29 Cu x -65736.2 1.4 8695.204 0.020 β− 2681.7 1.6 68 929429.3 1.5
39 30 Zn -n -68417.9 0.8 8722.731 0.012 β− 909.9 1.4 68 926550.4 0.9
38 31 Ga -69327.8 1.2 8724.580 0.017 * 68 925573.5 1.3
37 32 Ge -67100.7 1.3 8680.964 0.019 β+ 2227.1 0.5 68 927964.5 1.4
36 33 As -63110 30 8611.8 0.5 β+ 3990 30 68 932250 30
35 34 Se -56434.7 1.5 8503.708 0.022 β+ 6680 30 68 939414.8 1.6
34 35 Br -p -46260 40 8344.9 0.6 β+ 10180 40 68 950340 50
33 36 Kr x -32140# 300# 8129# 4# β+ 14120# 300# 68 965500# 320#

46 24 70 Cr x -5640# 600# 7884# 9# β− 14810# 780# 69 993950# 640#
45 25 Mn x -20450# 500# 8084# 7# β− 16440# 580# 69 978050# 540#
44 26 Fe x -36890# 300# 8308# 4# β− 9640# 300# 69 960400# 320#
43 27 Co x -46525 11 8434.20 0.16 β− 12689 11 69 950053 12
42 28 Ni x -59213.9 2.1 8604.29 0.03 β− 3762.5 2.4 69 936431.3 2.3
41 29 Cu x -62976.4 1.1 8646.865 0.015 β− 6588.4 2.2 69 932392.1 1.2
40 30 Zn -69564.7 1.9 8729.809 0.027 β− -654.6 1.6 69 925319.2 2.1
39 31 Ga -68910.2 1.2 8709.281 0.017 β− 1651.9 1.5 69 926021.9 1.3
38 32 Ge -70562.0 0.8 8721.703 0.012 * 69 924248.5 0.9
37 33 As x -64334.0 1.4 8621.554 0.020 β+ 6228.1 1.6 69 930934.6 1.5
36 34 Se x -61929.9 1.6 8576.034 0.023 β+ 2404.1 2.1 69 933515.5 1.7
35 35 Br x -51426 15 8414.80 0.21 β+ 10504 15 69 944792 16
34 36 Kr x -41100# 200# 8256# 3# β+ 10330# 200# 69 955880# 220#

46 25 71 Mn x -16620# 500# 8030# 7# β− 15310# 640# 70 982160# 540#
45 26 Fe x -31930# 400# 8235# 6# β− 12440# 610# 70 965720# 430#
44 27 Co x -44370 470 8399 7 β− 11040 470 70 952370 500
43 28 Ni x -55406.2 2.2 8543.16 0.03 β− 7304.9 2.7 70 940519.0 2.4
42 29 Cu x -62711.1 1.5 8635.023 0.021 β− 4618 3 70 932676.8 1.6
41 30 Zn -67328.8 2.7 8689.04 0.04 β− 2810.3 2.8 70 927719.6 2.8
40 31 Ga -70139.1 0.8 8717.605 0.011 * 70 924702.6 0.9
39 32 Ge -69906.7 0.8 8703.312 0.011 β+ 232.47 0.09 70 924952.1 0.9
38 33 As − -67893 4 8663.94 0.06 β+ 2013 4 70 927114 4
37 34 Se x -63146.5 2.8 8586.06 0.04 β+ 4747 5 70 932209 3
36 35 Br -56502 5 8481.46 0.08 β+ 6644 6 70 939342 6
35 36 Kr -46330 130 8327.1 1.8 β+ 10180 130 70 950270 140
34 37 Rb x -32290# 400# 8118# 6# β+ 14040# 420# 70 965340# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

47 25 72 Mn x -11170# 600# 7955# 8# β− 18080# 780# 71 988010# 640#
46 26 Fe x -29250# 500# 8195# 7# β− 11050# 580# 71 968600# 540#
45 27 Co x -40300# 300# 8338# 4# β− 13930# 300# 71 956740# 320#
44 28 Ni x -54226.1 2.2 8520.21 0.03 β− 5556.9 2.6 71 941785.9 2.4
43 29 Cu x -59783.0 1.4 8586.526 0.019 β− 8362.5 2.6 71 935820.3 1.5
42 30 Zn x -68145.5 2.1 8691.805 0.030 β− 442.8 2.3 71 926842.8 2.3
41 31 Ga -68588.3 0.8 8687.089 0.011 β− 3997.6 0.8 71 926367.5 0.9
40 32 Ge -72585.91 0.08 8731.746 0.001 * 71 922075.82 0.08
39 33 As − -68230 4 8660.38 0.06 β+ 4356 4 71 926752 4
38 34 Se x -67868.2 2.0 8644.490 0.027 β+ 362 5 71 927140.5 2.1
37 35 Br x -59061.8 1.0 8511.313 0.014 β+ 8806.4 2.2 71 936594.6 1.1
36 36 Kr x -53941 8 8429.32 0.11 β+ 5121 8 71 942092 9
35 37 Rb x -38330# 500# 8202# 7# β+ 15610# 500# 71 958850# 540#

48 25 73 Mn x -6700# 600# 7895# 8# β− 17290# 780# 72 992810# 640#
47 26 Fe x -23990# 500# 8121# 7# β− 13980# 580# 72 974250# 540#
46 27 Co x -37970# 300# 8302# 4# β− 12140# 300# 72 959240# 320#
45 28 Ni x -50108.2 2.4 8457.65 0.03 β− 8879 3 72 946206.7 2.6
44 29 Cu -58987.4 1.9 8568.570 0.027 β− 6606.0 2.7 72 936674.4 2.1
43 30 Zn x -65593.4 1.9 8648.345 0.026 β− 4105.9 2.5 72 929582.6 2.0
42 31 Ga x -69699.3 1.7 8693.874 0.023 β− 1598.2 1.7 72 925174.7 1.8
41 32 Ge -71297.53 0.06 8705.050 0.001 * 72 923458.95 0.06
40 33 As -70953 4 8689.61 0.05 β+ 345 4 72 923829 4
39 34 Se -68227 7 8641.56 0.10 β+ 2725 7 72 926755 8
38 35 Br -63646 7 8568.08 0.09 β+ 4582 10 72 931673 7
37 36 Kr x -56552 7 8460.18 0.09 β+ 7094 9 72 939289 7
36 37 Rb -p -46010 40 8305.1 0.6 β+ 10540 40 72 950600 40
35 38 Sr x -31950# 400# 8102# 5# β+ 14060# 400# 72 965700# 430#

48 26 74 Fe x -20660# 500# 8076# 7# β− 12880# 640# 73 977820# 540#
47 27 Co x -33540# 400# 8239# 5# β− 15160# 450# 73 963990# 430#
46 28 Ni x -48700# 200# 8433# 3# β− 7310# 200# 73 947720# 220#
45 29 Cu x -56006 6 8521.56 0.08 β− 9751 7 73 939875 7
44 30 Zn x -65756.7 2.5 8642.75 0.03 β− 2293 4 73 929407.3 2.7
43 31 Ga x -68049.6 3.0 8663.17 0.04 β− 5372.8 3.0 73 926946 3
42 32 Ge -73422.451 0.013 8725.201 a β− -2562.4 1.7 73 921177.761 0.013
41 33 As -70860.1 1.7 8680.002 0.023 β− 1353.1 1.7 73 923928.6 1.8
40 34 Se -72213.210 0.015 8687.716 a * 73 922475.934 0.016
39 35 Br -65288 6 8583.56 0.08 β+ 6925 6 73 929910 6
38 36 Kr -62331.8 2.0 8533.039 0.027 β+ 2956 6 73 933084.0 2.2
37 37 Rb -51916 3 8381.71 0.04 β+ 10416 3 73 944266 3
36 38 Sr x -40830# 100# 8221# 1# β+ 11090# 100# 73 956170# 110#

49 26 75 Fe x -14700# 600# 7996# 8# β− 15860# 720# 74 984220# 640#
48 27 Co x -30560# 400# 8197# 5# β− 13680# 450# 74 967190# 430#
47 28 Ni x -44240# 200# 8369# 3# β− 10230# 200# 74 952510# 220#
46 29 Cu -54470.2 0.7 8495.080 0.010 β− 8088.7 2.1 74 941523.8 0.8
45 30 Zn x -62558.9 2.0 8592.498 0.026 β− 5901.7 2.1 74 932840.2 2.1
44 31 Ga x -68460.6 0.7 8660.756 0.009 β− 3396.3 0.7 74 926504.5 0.7
43 32 Ge -n -71856.97 0.05 8695.610 0.001 β− 1177.2 0.9 74 922858.37 0.06
42 33 As -73034.2 0.9 8700.875 0.012 * 74 921594.6 0.9
41 34 Se -72169.49 0.07 8678.914 0.001 β+ 864.7 0.9 74 922522.87 0.08
40 35 Br x -69107 4 8627.65 0.06 β+ 3062 4 74 925811 5
39 36 Kr x -64324 8 8553.44 0.11 β+ 4783 9 74 930946 9
38 37 Rb x -57218.7 1.2 8448.276 0.016 β+ 7105 8 74 938573.2 1.3
37 38 Sr − -46620 220 8296.5 2.9 β+ 10600 220 74 949950 240
36 39 Y x -31820# 300# 8089# 4# β+ 14800# 370# 74 965840# 320#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

50 26 76 Fe x -10590# 600# 7943# 8# β− 15070# 780# 75 988630# 640#
49 27 Co x -25660# 500# 8131# 7# β− 16530# 580# 75 972450# 540#
48 28 Ni x -42190# 300# 8338# 4# β− 8790# 300# 75 954710# 320#
47 29 Cu x -50981.6 0.9 8443.602 0.012 β− 11321.4 1.7 75 945269.0 1.0
46 30 Zn -62303.0 1.5 8582.274 0.019 β− 3993.6 2.4 75 933115.0 1.6
45 31 Ga x -66296.6 2.0 8624.527 0.026 β− 6916.3 2.0 75 928827.6 2.1
44 32 Ge -73212.898 0.018 8705.236 a β− -921.5 0.9 75 921402.725 0.019
43 33 As -n -72291.4 0.9 8682.817 0.012 β− 2960.6 0.9 75 922392.0 1.0
42 34 Se -75251.959 0.016 8711.478 a * 75 919213.703 0.017
41 35 Br − -70289 9 8635.88 0.12 β+ 4963 9 75 924542 10
40 36 Kr -69014 4 8608.81 0.05 β+ 1275 10 75 925911 4
39 37 Rb x -60479.1 0.9 8486.216 0.012 β+ 8535 4 75 935073.0 1.0
38 38 Sr x -54250 30 8393.9 0.5 β+ 6230 30 75 941760 40
37 39 Y x -38250# 300# 8173# 4# β+ 16000# 300# 75 958940# 320#

50 27 77 Co x -21910# 600# 8082# 8# β− 15440# 720# 76 976480# 640#
49 28 Ni x -37350# 400# 8272# 5# β− 11510# 400# 76 959900# 430#
48 29 Cu x -48862.8 1.2 8411.250 0.016 β− 9926.4 2.3 76 947543.6 1.3
47 30 Zn -58789.2 2.0 8530.004 0.026 β− 7203 3 76 936887.2 2.1
46 31 Ga x -65992.4 2.4 8613.39 0.03 β− 5220.5 2.4 76 929154.3 2.6
45 32 Ge -n -71212.87 0.05 8671.029 0.001 β− 2703.5 1.7 76 923549.84 0.06
44 33 As -73916.3 1.7 8695.979 0.022 β− 683.2 1.7 76 920647.6 1.8
43 34 Se -74599.50 0.06 8694.691 0.001 * 76 919914.15 0.07
42 35 Br − -73234.8 2.8 8666.81 0.04 β+ 1364.7 2.8 76 921379 3
41 36 Kr x -70169.5 2.0 8616.837 0.025 β+ 3065 3 76 924670.0 2.1
40 37 Rb x -64830.5 1.3 8537.340 0.017 β+ 5339.0 2.4 76 930401.6 1.4
39 38 Sr x -57803 8 8435.92 0.10 β+ 7027 8 76 937945 9
38 39 Y -p -46440# 200# 8278# 3# β+ 11370# 200# 76 950150# 220#
37 40 Zr x -31600# 400# 8075# 5# β+ 14840# 450# 76 966080# 430#

51 27 78 Co x -15320# 700# 7997# 9# β− 19560# 810# 77 983550# 750#
50 28 Ni x -34880# 400# 8238# 5# β− 9910# 400# 77 962560# 430#
49 29 Cu -44789 13 8354.67 0.17 β− 12694 13 77 951917 14
48 30 Zn -57483.2 1.9 8507.380 0.025 β− 6220.8 2.2 77 938289.2 2.1
47 31 Ga -63704.1 1.1 8577.104 0.013 β− 8158 4 77 931610.9 1.1
46 32 Ge -nn -71862 4 8671.66 0.05 β− 955 10 77 922853 4
45 33 As +pn -72817 10 8673.88 0.13 β− 4209 10 77 921828 10
44 34 Se -77025.95 0.18 8717.807 0.002 β− -3574 4 77 917309.24 0.19
43 35 Br − -73452 4 8661.96 0.05 β− 726 4 77 921146 4
42 36 Kr -74178.3 0.3 8661.238 0.004 * 77 920366.3 0.3
41 37 Rb x -66935 3 8558.35 0.04 β+ 7243 3 77 928142 3
40 38 Sr x -63174 7 8500.10 0.10 β+ 3761 8 77 932180 8
39 39 Y x -52170# 300# 8349# 4# β+ 11000# 300# 77 943990# 320#
38 40 Zr x -40850# 400# 8194# 5# β+ 11320# 500# 77 956150# 430#

51 28 79 Ni x -28160# 500# 8150# 6# β− 14250# 510# 78 969770# 540#
50 29 Cu x -42410 100 8320.9 1.3 β− 11020 110 78 954470 110
49 30 Zn -53432.3 2.2 8450.583 0.028 β− 9116.1 2.5 78 942638.1 2.4
48 31 Ga -62548.4 1.2 8556.072 0.015 β− 6980 40 78 932851.6 1.3
47 32 Ge -69530 40 8634.5 0.5 β− 4110 40 78 925360 40
46 33 As -73636 5 8676.62 0.07 β− 2281 5 78 920948 6
45 34 Se -n -75917.47 0.22 8695.592 0.003 β− 150.6 1.0 78 918499.25 0.24
44 35 Br -76068.1 1.0 8687.596 0.013 * 78 918337.6 1.1
43 36 Kr − -74442 3 8657.11 0.04 β+ 1626 3 78 920083 4
42 37 Rb -70802.8 1.9 8601.140 0.025 β+ 3640 4 78 923990.1 2.1
41 38 Sr -65480 7 8523.86 0.09 β+ 5323 8 78 929705 8
40 39 Y x -57800 80 8416.8 1.0 β+ 7680 80 78 937950 90
39 40 Zr x -46770# 300# 8267# 4# β+ 11030# 310# 78 949790# 320#
38 41 Nb x -31650# 500# 8066# 6# β+ 15120# 580# 78 966020# 540#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

52 28 80 Ni x -23240# 600# 8088# 7# β− 13440# 670# 79 975050# 640#
51 29 Cu x -36680# 300# 8246# 4# β− 14970# 300# 79 960620# 320#
50 30 Zn -51648.6 2.6 8423.55 0.03 β− 7575 4 79 944552.9 2.8
49 31 Ga x -59223.7 2.9 8508.45 0.04 β− 10312 4 79 936421 3
48 32 Ge x -69535.3 2.1 8627.571 0.026 β− 2679 4 79 925350.8 2.2
47 33 As x -72215 3 8651.28 0.04 β− 5545 3 79 922474 4
46 34 Se -77759.5 0.9 8710.814 0.012 β− -1870.5 0.3 79 916521.8 1.0
45 35 Br -75889.0 1.0 8677.654 0.012 β− 2004.4 1.1 79 918529.8 1.1
44 36 Kr -77893.5 0.7 8692.930 0.009 * 79 916377.9 0.7
43 37 Rb x -72175.5 1.9 8611.676 0.023 β+ 5718.0 2.0 79 922516.4 2.0
42 38 Sr x -70311 3 8578.60 0.04 β+ 1864 4 79 924518 4
41 39 Y x -61148 6 8454.28 0.08 β+ 9163 7 79 934355 7
40 40 Zr x -54760# 300# 8365# 4# β+ 6390# 300# 79 941210# 320#
39 41 Nb x -38420# 400# 8151# 5# β+ 16340# 500# 79 958750# 430#

53 28 81 Ni x -16090# 700# 8000# 9# β− 15820# 760# 80 982730# 750#
52 29 Cu x -31910# 300# 8185# 4# β− 14290# 300# 80 965740# 320#
51 30 Zn x -46200 5 8351.93 0.06 β− 11428 6 80 950403 5
50 31 Ga x -57628 3 8483.36 0.04 β− 8664 4 80 938134 4
49 32 Ge x -66291.7 2.1 8580.659 0.025 β− 6242 3 80 928832.9 2.2
48 33 As -72533.3 2.6 8648.06 0.03 β− 3855.7 2.8 80 922132.3 2.8
47 34 Se -76389.0 1.0 8686.000 0.012 β− 1588.0 1.4 80 917993.0 1.0
46 35 Br -77977.1 1.0 8695.947 0.012 * 80 916288.2 1.0
45 36 Kr -77696.2 1.1 8682.821 0.013 β+ 280.9 0.5 80 916589.7 1.2
44 37 Rb -75457 5 8645.51 0.06 β+ 2239 5 80 918994 5
43 38 Sr x -71528 3 8587.35 0.04 β+ 3929 6 80 923211 3
42 39 Y x -65713 5 8505.90 0.07 β+ 5815 6 80 929454 6
41 40 Zr x -57520 90 8395.2 1.1 β+ 8190 90 80 938250 100
40 41 Nb x -46360# 400# 8248# 5# β+ 11160# 410# 80 950230# 430#
39 42 Mo x -31460# 500# 8054# 6# β+ 14900# 640# 80 966230# 540#

54 28 82 Ni x -10720# 800# 7935# 10# β− 15010# 890# 81 988490# 860#
53 29 Cu x -25730# 400# 8108# 5# β− 16580# 400# 81 972380# 430#
52 30 Zn x -42314 3 8301.12 0.04 β− 10617 4 81 954574 3
51 31 Ga x -52930.7 2.4 8421.049 0.030 β− 12484 3 81 943176.5 2.6
50 32 Ge x -65415.1 2.2 8563.757 0.027 β− 4690 4 81 929774.0 2.4
49 33 As x -70105 4 8611.42 0.05 β− 7488 4 81 924739 4
48 34 Se -77593.9 0.5 8693.197 0.006 β− -95.2 1.1 81 916699.5 0.5
47 35 Br -77498.7 1.0 8682.495 0.012 β− 3093.1 1.0 81 916801.8 1.0
46 36 Kr -80591.795 0.006 8710.675 a * 81 913481.154 0.006
45 37 Rb IT -76188 3 8647.43 0.04 β+ 4404 3 81 918209 3
44 38 Sr -76010 6 8635.72 0.07 β+ 178 7 81 918400 6
43 39 Y x -68064 5 8529.28 0.07 β+ 7946 8 81 926930 6
42 40 Zr x -63614.1 1.6 8465.467 0.019 β+ 4450 6 81 931707.5 1.7
41 41 Nb x -51810# 300# 8312# 4# β+ 11800# 300# 81 944380# 320#
40 42 Mo x -40370# 400# 8163# 5# β+ 11440# 500# 81 956660# 430#

54 29 83 Cu x -20390# 500# 8044# 6# β− 15900# 580# 82 978110# 540#
53 30 Zn x -36290# 300# 8226# 4# β− 12970# 300# 82 961040# 320#
52 31 Ga x -49257.1 2.6 8372.58 0.03 β− 11719 4 82 947120.3 2.8
51 32 Ge x -60976.4 2.4 8504.346 0.029 β− 8693 4 82 934539.1 2.6
50 33 As x -69669.3 2.8 8599.65 0.03 β− 5671 4 82 925207 3
49 34 Se -n -75341 3 8658.56 0.04 β− 3673 5 82 919119 3
48 35 Br -79014 4 8693.39 0.05 β− 977 4 82 915175 4
47 36 Kr -79990.643 0.009 8695.730 a * 82 914126.517 0.010
46 37 Rb -79070.6 2.3 8675.219 0.028 β+ 920.0 2.3 82 915114.2 2.5
45 38 Sr -76798 7 8638.41 0.08 β+ 2273 6 82 917554 7
44 39 Y x -72206 19 8573.66 0.22 β+ 4592 20 82 922484 20
43 40 Zr x -65912 6 8488.40 0.08 β+ 6294 20 82 929241 7
42 41 Nb x -57610 160 8379.0 2.0 β+ 8300 160 82 938150 170
41 42 Mo x -46340# 400# 8234# 5# β+ 11270# 430# 82 950250# 430#
40 43 Tc x -31320# 500# 8043# 6# β+ 15020# 640# 82 966380# 540#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

55 29 84 Cu x -13720# 500# 7965# 6# β− 18110# 640# 83 985270# 540#
54 30 Zn x -31830# 400# 8171# 5# β− 12260# 400# 83 965830# 430#
53 31 Ga x -44094 30 8307.5 0.4 β− 14054 30 83 952660 30
52 32 Ge x -58148 3 8465.52 0.04 β− 7705 4 83 937575 3
51 33 As x -65854 3 8547.94 0.04 β− 10094 4 83 929303 3
50 34 Se -75947.7 2.0 8658.793 0.023 β− 1835 26 83 918466.8 2.1
49 35 Br -77783 26 8671.3 0.3 β− 4656 26 83 916496 28
48 36 Kr -82439.345 0.004 8717.447 a β− -2680.4 2.2 83 911497.727 0.004
47 37 Rb -79759.0 2.2 8676.224 0.026 β− 890.6 2.3 83 914375.2 2.4
46 38 Sr -80649.6 1.2 8677.513 0.015 * 83 913419.1 1.3
45 39 Y -73894 4 8587.78 0.05 β+ 6755 4 83 920671 5
44 40 Zr x -71422 5 8549.03 0.07 β+ 2473 7 83 923326 6
43 41 Nb x -61193.8 0.4 8417.956 0.005 β+ 10228 6 83 934305.7 0.4
42 42 Mo x -54170# 300# 8325# 4# β+ 7020# 300# 83 941850# 320#
41 43 Tc x -37700# 400# 8120# 5# β+ 16470# 500# 83 959530# 430#

55 30 85 Zn x -25100# 500# 8090# 6# β− 14640# 500# 84 973050# 540#
54 31 Ga x -39740 40 8253.6 0.4 β− 13380 40 84 957330 40
53 32 Ge x -53123 4 8401.77 0.04 β− 10066 5 84 942970 4
52 33 As x -63189 3 8510.99 0.04 β− 9224 4 84 932164 3
51 34 Se +3p -72413.6 2.6 8610.30 0.03 β− 6162 4 84 922260.8 2.8
50 35 Br +n2p -78575 3 8673.59 0.04 β− 2905 4 84 915646 3
49 36 Kr + -81480.3 2.0 8698.563 0.024 β− 687.0 2.0 84 912527.3 2.1
48 37 Rb -82167.341 0.005 8697.442 a * 84 911789.736 0.005
47 38 Sr -81103.3 2.8 8675.72 0.03 β+ 1064.1 2.8 84 912932 3
46 39 Y x -77842 19 8628.15 0.22 β+ 3261 19 84 916433 20
45 40 Zr x -73175 6 8564.04 0.08 β+ 4667 20 84 921443 7
44 41 Nb x -66280 4 8473.71 0.05 β+ 6896 8 84 928846 4
43 42 Mo x -57510 16 8361.33 0.19 β+ 8770 16 84 938261 17
42 43 Tc x -45850# 400# 8215# 5# β+ 11660# 400# 84 950780# 430#
41 44 Ru x -30630# 500# 8027# 6# β+ 15220# 640# 84 967120# 540#

56 30 86 Zn x -20060# 500# 8032# 6# β− 13700# 640# 85 978460# 540#
55 31 Ga x -33760# 400# 8182# 5# β− 15640# 590# 85 963760# 430#
54 32 Ge x -49400 440 8355 5 β− 9560 440 85 946970 470
53 33 As x -58962 3 8456.72 0.04 β− 11541 4 85 936702 4
52 34 Se x -70503.2 2.5 8581.822 0.029 β− 5129 4 85 924311.7 2.7
51 35 Br +pp -75632 3 8632.37 0.04 β− 7633 3 85 918805 3
50 36 Kr -83265.676 0.004 8712.030 a β− -518.67 0.20 85 910610.625 0.004
49 37 Rb -n -82747.00 0.20 8696.901 0.002 β− 1776.10 0.20 85 911167.44 0.21
48 38 Sr -84523.100 0.005 8708.457 a * 85 909260.725 0.006
47 39 Y − -79283 14 8638.43 0.16 β+ 5240 14 85 914886 15
46 40 Zr -77969 4 8614.05 0.04 β+ 1314 15 85 916297 4
45 41 Nb x -69134 5 8502.22 0.06 β+ 8835 7 85 925782 6
44 42 Mo x -64110.9 2.9 8434.72 0.03 β+ 5023 6 85 931174 3
43 43 Tc x -51570# 300# 8280# 3# β+ 12540# 300# 85 944640# 320#
42 44 Ru x -39770# 400# 8133# 5# β+ 11800# 500# 85 957310# 430#

56 31 87 Ga x -28870# 500# 8124# 6# β− 14720# 580# 86 969010# 540#
55 32 Ge x -43590# 300# 8285# 3# β− 12030# 300# 86 953200# 320#
54 33 As x -55617.9 3.0 8413.85 0.03 β− 10808 4 86 940292 3
53 34 Se x -66426.1 2.2 8529.092 0.026 β− 7466 4 86 928688.6 2.4
52 35 Br 2p−n -73892 3 8605.91 0.04 β− 6818 3 86 920674 3
51 36 Kr -n -80709.53 0.25 8675.284 0.003 β− 3888.27 0.25 86 913354.76 0.26
50 37 Rb -84597.802 0.006 8710.984 a β− 282.275 0.006 86 909180.529 0.006
49 38 Sr -84880.076 0.005 8705.236 a * 86 908877.495 0.006
48 39 Y − -83018.4 1.1 8674.845 0.013 β+ 1861.7 1.1 86 910876.1 1.2
47 40 Zr -79347 4 8623.65 0.05 β+ 3671 4 86 914817 4
46 41 Nb x -73874 7 8551.76 0.08 β+ 5473 8 86 920692 7
45 42 Mo -66884.8 2.9 8462.42 0.03 β+ 6990 7 86 928196 3
44 43 Tc x -57690 4 8347.74 0.05 β+ 9195 5 86 938067 5
43 44 Ru x -45730# 400# 8201# 5# β+ 11960# 400# 86 950910# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

57 31 88 Ga x -22390# 500# 8050# 6# β− 17130# 640# 87 975960# 540#
56 32 Ge x -39520# 400# 8236# 5# β− 10930# 450# 87 957570# 430#
55 33 As x -50450# 200# 8351# 2# β− 13430# 200# 87 945840# 220#
54 34 Se x -63884 3 8495.00 0.04 β− 6832 5 87 931417 4
53 35 Br ++ -70716 3 8563.75 0.04 β− 8975 4 87 924083 3
52 36 Kr x -79691.3 2.6 8656.850 0.030 β− 2917.7 2.6 87 914447.9 2.8
51 37 Rb -82609.00 0.16 8681.115 0.002 β− 5312.62 0.16 87 911315.59 0.17
50 38 Sr -87921.629 0.006 8732.596 a * 87 905612.254 0.006
49 39 Y − -84299.0 1.5 8682.540 0.017 β+ 3622.6 1.5 87 909501.3 1.6
48 40 Zr -83629 5 8666.03 0.06 β+ 670 6 87 910221 6
47 41 Nb -76170 60 8572.4 0.7 β+ 7460 60 87 918230 60
46 42 Mo x -72687 4 8523.91 0.04 β+ 3490 60 87 921968 4
45 43 Tc x -61670 4 8389.83 0.05 β+ 11016 6 87 933794 4
44 44 Ru x -54340# 300# 8298# 3# β+ 7330# 300# 87 941660# 320#
43 45 Rh x -36860# 400# 8090# 5# β+ 17480# 500# 87 960430# 430#

57 32 89 Ge x -33040# 400# 8161# 4# β− 13490# 500# 88 964530# 430#
56 33 As x -46530# 300# 8304# 3# β− 12460# 300# 88 950050# 320#
55 34 Se x -58992 4 8435.28 0.04 β− 9282 5 88 936669 4
54 35 Br x -68274 3 8530.78 0.04 β− 8262 4 88 926705 4
53 36 Kr x -76535.8 2.1 8614.816 0.024 β− 5177 6 88 917835.4 2.3
52 37 Rb -81712 5 8664.19 0.06 β− 4497 5 88 912278 6
51 38 Sr -86209.03 0.09 8705.923 0.001 β− 1502.2 0.4 88 907450.81 0.10
50 39 Y -87711.2 0.3 8714.011 0.004 * 88 905838.2 0.4
49 40 Zr -84878.0 2.8 8673.39 0.03 β+ 2833.2 2.8 88 908879.8 3.0
48 41 Nb -80626 24 8616.82 0.27 β+ 4252 24 88 913445 25
47 42 Mo x -75015 4 8544.99 0.04 β+ 5611 24 88 919468 4
46 43 Tc x -67395 4 8450.58 0.04 β+ 7620 5 88 927649 4
45 44 Ru x -58369 24 8340.38 0.27 β+ 9025 25 88 937338 26
44 45 Rh -p -45650# 360# 8189# 4# β+ 12720# 360# 88 950990# 390#

58 32 90 Ge x -28470# 500# 8109# 6# β− 12520# 640# 89 969440# 540#
57 33 As x -40990# 400# 8240# 4# β− 14810# 520# 89 956000# 430#
56 34 Se x -55800 330 8396 4 β− 8200 330 89 940100 350
55 35 Br x -64000 3 8478.19 0.04 β− 10959 4 89 931293 4
54 36 Kr x -74959.3 1.9 8591.260 0.021 β− 4406 7 89 919527.9 2.0
53 37 Rb -79366 6 8631.53 0.07 β− 6585 6 89 914798 7
52 38 Sr -85950.9 1.4 8696.004 0.016 β− 546.0 1.4 89 907727.9 1.6
51 39 Y -86496.9 0.4 8693.378 0.004 β− 2275.6 0.4 89 907141.7 0.4
50 40 Zr -88772.55 0.12 8709.970 0.001 * 89 904698.76 0.13
49 41 Nb -82662 3 8633.38 0.04 β+ 6111 3 89 911259 4
48 42 Mo -80173 3 8597.03 0.04 β+ 2489 3 89 913931 4
47 43 Tc x -70724.7 1.0 8483.360 0.011 β+ 9448 4 89 924073.9 1.1
46 44 Ru -64884 4 8409.77 0.04 β+ 5841 4 89 930344 4
45 45 Rh − -51630# 200# 8254# 2# β+ 13250# 200# 89 944570# 220#
44 46 Pd x -39710# 400# 8113# 4# β+ 11920# 450# 89 957370# 430#

58 33 91 As x -36500# 400# 8189# 4# β− 14080# 590# 90 960820# 430#
57 34 Se x -50580 430 8335 5 β− 10530 430 90 945700 470
56 35 Br -n2p -61107 4 8441.92 0.04 β− 9867 4 90 934399 4
55 36 Kr x -70974.0 2.2 8541.752 0.025 β− 6771 8 90 923806.3 2.4
54 37 Rb -77745 8 8607.56 0.09 β− 5907 9 90 916537 8
53 38 Sr -83652 5 8663.88 0.06 β− 2699 5 90 910196 6
52 39 Y -86351.3 1.8 8684.942 0.020 β− 1544.3 1.8 90 907298.0 2.0
51 40 Zr -87895.59 0.09 8693.315 0.001 * 90 905640.21 0.10
50 41 Nb -86638.0 2.9 8670.90 0.03 β+ 1257.6 2.9 90 906990 3
49 42 Mo -82209 6 8613.63 0.07 β+ 4429 7 90 911745 7
48 43 Tc -75986.7 2.4 8536.656 0.026 β+ 6222 7 90 918425.0 2.5
47 44 Ru -68239.8 2.2 8442.929 0.024 β+ 7747 3 90 926741.5 2.4
46 45 Rh x -58570# 300# 8328# 3# β+ 9670# 300# 90 937120# 320#
45 46 Pd − -46170# 420# 8183# 5# β+ 12400# 300# 90 950440# 450#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

59 33 92 As x -30380# 500# 8121# 5# β− 16340# 640# 91 967390# 540#
58 34 Se x -46720# 400# 8290# 4# β− 9510# 400# 91 949840# 430#
57 35 Br x -56233 7 8384.91 0.07 β− 12537 7 91 939632 7
56 36 Kr x -68769.3 2.7 8512.675 0.029 β− 6003 7 91 926173.1 2.9
55 37 Rb -74772 6 8569.42 0.07 β− 8095 6 91 919728 7
54 38 Sr -82867 3 8648.91 0.04 β− 1949 9 91 911038 4
53 39 Y -84816 9 8661.59 0.10 β− 3643 9 91 908946 10
52 40 Zr -88459.02 0.09 8692.678 0.001 β− -2005.7 1.8 91 905035.34 0.10
51 41 Nb -86453.3 1.8 8662.373 0.019 β− 355.3 1.8 91 907188.6 1.9
50 42 Mo -86808.59 0.16 8657.731 0.002 * 91 906807.15 0.17
49 43 Tc -78926 3 8563.54 0.03 β+ 7883 3 91 915270 3
48 44 Ru -74301.2 2.7 8504.774 0.030 β+ 4624 4 91 920234.4 2.9
47 45 Rh x -62999 4 8373.42 0.05 β+ 11302 5 91 932368 5
46 46 Pd − -54780 350 8276 4 β+ 8220 350 91 941190 370
45 47 Ag x -37530# 400# 8080# 4# β+ 17250# 530# 91 959710# 430#

59 34 93 Se x -40860# 400# 8225# 4# β− 12030# 590# 92 956140# 430#
58 35 Br x -52890 430 8346 5 β− 11250 430 92 943220 460
57 36 Kr x -64136.0 2.5 8458.108 0.027 β− 8484 8 92 931147.2 2.7
56 37 Rb -72620 8 8540.92 0.08 β− 7466 9 92 922039 8
55 38 Sr -80086 8 8612.79 0.08 β− 4141 12 92 914024 8
54 39 Y -84227 10 8648.91 0.11 β− 2895 10 92 909578 11
53 40 Zr -87122.0 0.5 8671.621 0.005 β− 90.8 1.5 92 906470.7 0.5
52 41 Nb -87212.8 1.5 8664.185 0.016 * 92 906373.2 1.6
51 42 Mo -n -86807.08 0.18 8651.409 0.002 β+ 405.8 1.5 92 906808.77 0.19
50 43 Tc -p -83606.1 1.0 8608.578 0.011 β+ 3201.0 1.0 92 910245.1 1.1
49 44 Ru -77216.7 2.1 8531.463 0.022 β+ 6389.4 2.3 92 917104.4 2.2
48 45 Rh -69011.8 2.6 8434.826 0.028 β+ 8205 3 92 925912.8 2.8
47 46 Pd − -58980 370 8319 4 β+ 10030 370 92 936680 400
46 47 Ag x -46400# 400# 8175# 4# β+ 12580# 550# 92 950190# 430#

60 34 94 Se x -36800# 500# 8180# 5# β− 10850# 540# 93 960490# 540#
59 35 Br x -47650# 200# 8287# 2# β− 13700# 200# 93 948850# 220#
58 36 Kr x -61348 12 8424.33 0.13 β− 7215 12 93 934140 13
57 37 Rb -68562.8 2.0 8492.764 0.022 β− 10282.9 2.6 93 926394.8 2.2
56 38 Sr -78845.7 1.7 8593.834 0.018 β− 3506 6 93 915355.6 1.8
55 39 Y -82351 6 8622.81 0.07 β− 4918 6 93 911592 7
54 40 Zr -87269.33 0.16 8666.802 0.002 β− -900.3 1.5 93 906312.52 0.18
53 41 Nb -86369.1 1.5 8648.901 0.016 β− 2045.0 1.5 93 907279.0 1.6
52 42 Mo -88414.08 0.14 8662.334 0.002 * 93 905083.59 0.15
51 43 Tc − -84158 4 8608.74 0.04 β+ 4256 4 93 909652 4
50 44 Ru -82584 3 8583.66 0.03 β+ 1575 5 93 911343 3
49 45 Rh -72908 3 8472.40 0.04 β+ 9676 5 93 921730 4
48 46 Pd x -66102 4 8391.68 0.05 β+ 6805 5 93 929036 5
47 47 Ag − -52400# 400# 8238# 4# β+ 13700# 400# 93 943740# 430#
46 48 Cd x -40440# 500# 8102# 5# β+ 11960# 640# 93 956590# 540#

61 34 95 Se x -30460# 500# 8112# 5# β− 13390# 580# 94 967300# 540#
60 35 Br x -43850# 300# 8245# 3# β− 12310# 300# 94 952930# 320#
59 36 Kr x -56159 19 8366.00 0.20 β− 9731 28 94 939711 20
58 37 Rb -65890 20 8460.20 0.21 β− 9227 20 94 929264 22
57 38 Sr -75117 6 8549.09 0.06 β− 6091 7 94 919358 6
56 39 Y -81208 7 8604.96 0.07 β− 4452 7 94 912820 7
55 40 Zr -85659.9 0.9 8643.592 0.009 β− 1126.3 1.0 94 908040.3 0.9
54 41 Nb -86786.3 0.5 8647.213 0.005 β− 925.6 0.5 94 906831.1 0.5
53 42 Mo -87711.87 0.12 8648.721 0.001 * 94 905837.44 0.13
52 43 Tc -86021 5 8622.69 0.05 β+ 1691 5 94 907652 5
51 44 Ru -83458 10 8587.47 0.10 β+ 2564 11 94 910404 10
50 45 Rh -78341 4 8525.37 0.04 β+ 5117 10 94 915898 4
49 46 Pd x -69966 3 8428.98 0.03 β+ 8375 5 94 924889 3
48 47 Ag − -59910# 400# 8315# 4# β+ 10060# 400# 94 935690# 430#
47 48 Cd − -47060# 570# 8171# 6# β+ 12850# 400# 94 949480# 610#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

61 35 96 Br x -38210# 300# 8184# 3# β− 14870# 300# 95 958980# 320#
60 36 Kr -53082 19 8330.87 0.20 β− 8273 20 95 943014 21
59 37 Rb -61354 3 8408.90 0.03 β− 11564 9 95 934133 4
58 38 Sr -72918 8 8521.20 0.09 β− 5412 10 95 921719 9
57 39 Y -78330 6 8569.43 0.06 β− 7109 6 95 915909 7
56 40 Zr -85438.86 0.11 8635.328 0.001 β− 163.97 0.10 95 908277.62 0.12
55 41 Nb -85602.83 0.15 8628.887 0.002 β− 3192.06 0.11 95 908101.59 0.16
54 42 Mo -88794.89 0.12 8653.988 0.001 β− -2973 5 95 904674.77 0.13
53 43 Tc − -85822 5 8614.87 0.05 β− 259 5 95 907867 6
52 44 Ru -86080.39 0.17 8609.413 0.002 * 95 907588.91 0.18
51 45 Rh − -79688 10 8534.67 0.10 β+ 6393 10 95 914452 11
50 46 Pd x -76183 4 8490.02 0.04 β+ 3504 11 95 918214 5
49 47 Ag εp -64510 90 8360.3 0.9 β+ 11670 90 95 930740 100
48 48 Cd − -55570# 410# 8259# 4# β+ 8940# 400# 95 940340# 440#
47 49 In x -38090# 500# 8069# 5# β+ 17480# 650# 95 959110# 540#

62 35 97 Br x -34000# 400# 8140# 4# β− 13420# 420# 96 963500# 430#
61 36 Kr x -47420 130 8269.9 1.3 β− 11100 130 96 949090 140
60 37 Rb -58519.1 1.9 8376.187 0.020 β− 10062 4 96 937177.1 2.1
59 38 Sr -68581 3 8471.85 0.03 β− 7535 8 96 926376 4
58 39 Y + -76115 7 8541.46 0.07 β− 6821 7 96 918287 7
57 40 Zr -82936.69 0.12 8603.718 0.001 β− 2666 4 96 910963.80 0.13
56 41 Nb -85603 4 8623.14 0.04 β− 1942 4 96 908102 5
55 42 Mo -87544.70 0.16 8635.093 0.002 * 96 906016.90 0.18
54 43 Tc -87224 4 8623.73 0.04 β+ 320 4 96 906361 4
53 44 Ru -n -86120.6 2.8 8604.280 0.028 β+ 1104 5 96 907545.8 3.0
52 45 Rh − -82600 40 8559.9 0.4 β+ 3520 40 96 911330 40
51 46 Pd x -77806 5 8502.43 0.05 β+ 4790 40 96 916472 5
50 47 Ag x -70904 12 8423.21 0.12 β+ 6902 13 96 923881 13
49 48 Cd − -60730 420 8310 4 β+ 10170 420 96 934800 450
48 49 In x -47390# 400# 8165# 4# β+ 13340# 580# 96 949130# 430#

63 35 98 Br x -28050# 400# 8078# 4# β− 16070# 500# 97 969890# 430#
62 36 Kr x -44120# 300# 8234# 3# β− 10250# 300# 97 952640# 320#
61 37 Rb -54369 16 8330.73 0.16 β− 12053 16 97 941632 17
60 38 Sr -66422 3 8445.74 0.03 β− 5866 9 97 928693 3
59 39 Y p−2n -72289 8 8497.62 0.08 β− 8993 12 97 922395 9
58 40 Zr -81282 8 8581.40 0.09 β− 2243 10 97 912740 9
57 41 Nb -pn -83525 5 8596.30 0.05 β− 4591 5 97 910333 5
56 42 Mo -88115.98 0.17 8635.169 0.002 β− -1684 3 97 905403.61 0.19
55 43 Tc -86432 3 8610.00 0.03 β− 1793 7 97 907211 4
54 44 Ru -88225 6 8620.31 0.07 * 97 905287 7
53 45 Rh − -83175 12 8560.80 0.12 β+ 5050 10 97 910708 13
52 46 Pd -81321 5 8533.90 0.05 β+ 1854 13 97 912698 5
51 47 Ag -73070 30 8441.7 0.3 β+ 8250 30 97 921560 40
50 48 Cd − -67640 50 8378.3 0.5 β+ 5430 40 97 927390 60
49 49 In − -53910# 300# 8230# 3# β+ 13730# 300# 97 942130# 330#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

63 36 99 Kr x -38400# 400# 8175# 4# β− 12720# 400# 98 958780# 430#
62 37 Rb x -51121 4 8295.30 0.04 β− 11397 6 98 945119 4
61 38 Sr -62519 5 8402.52 0.05 β− 8125 8 98 932884 5
60 39 Y x -70644 7 8476.69 0.07 β− 6973 12 98 924161 7
59 40 Zr -77617 10 8539.23 0.11 β− 4719 16 98 916675 11
58 41 Nb +p -82335 12 8578.99 0.12 β− 3635 12 98 911609 13
57 42 Mo -85970.11 0.23 8607.798 0.002 β− 1357.8 0.9 98 907707.30 0.25
56 43 Tc -87327.9 0.9 8613.610 0.009 β− 297.5 0.9 98 906249.7 1.0
55 44 Ru -87625.4 0.3 8608.713 0.003 * 98 905930.3 0.4
54 45 Rh -85585 19 8580.20 0.20 β+ 2041 19 98 908121 21
53 46 Pd -82183 5 8537.93 0.05 β+ 3402 19 98 911773 5
52 47 Ag x -76712 6 8474.77 0.06 β+ 5470 8 98 917646 7
51 48 Cd x -69931.1 1.6 8398.373 0.016 β+ 6781 6 98 924925.8 1.7
50 49 In x -61380# 300# 8304# 3# β+ 8560# 300# 98 934110# 320#
49 50 Sn − -47980# 580# 8161# 6# β+ 13400# 500# 98 948500# 630#

64 36 100 Kr x -34470# 400# 8134# 4# β− 11800# 400# 99 963000# 430#
63 37 Rb -46266 13 8244.51 0.13 β− 13552 15 99 950332 14
62 38 Sr -59818 7 8372.20 0.07 β− 7504 13 99 935783 7
61 39 Y x -67321 11 8439.42 0.11 β− 9051 14 99 927728 12
60 40 Zr -76373 8 8522.11 0.08 β− 3419 11 99 918010 9
59 41 Nb IT -79791 8 8548.47 0.08 β− 6402 8 99 914341 9
58 42 Mo -86193.0 0.3 8604.663 0.003 β− -172.1 1.4 99 907468.0 0.3
57 43 Tc -n -86021.0 1.4 8595.118 0.014 β− 3206.4 1.4 99 907652.7 1.5
56 44 Ru -89227.4 0.3 8619.359 0.003 * 99 904210.5 0.4
55 45 Rh -85591 18 8575.17 0.18 β+ 3636 18 99 908114 19
54 46 Pd -85213 18 8563.57 0.18 β+ 378 25 99 908520 19
53 47 Ag x -78138 5 8484.99 0.05 β+ 7075 18 99 916115 5
52 48 Cd x -74194.6 1.7 8437.737 0.017 β+ 3943 5 99 920348.8 1.8
51 49 In x -64178.1 2.2 8329.749 0.022 β+ 10016.4 2.8 99 931101.9 2.4
50 50 Sn − -57150 240 8251.6 2.4 β+ 7030 240 99 938650 260

65 36 101 Kr x -28580# 500# 8075# 5# β− 13990# 500# 100 969320# 540#
64 37 Rb x -42567 20 8206.18 0.20 β− 12757 22 100 954302 22
63 38 Sr x -55325 8 8324.74 0.08 β− 9730 11 100 940606 9
62 39 Y x -65055 7 8413.33 0.07 β− 8106 11 100 930161 8
61 40 Zr -73161 8 8485.84 0.08 β− 5731 9 100 921458 9
60 41 Nb x -78891 4 8534.84 0.04 β− 4628 4 100 915307 4
59 42 Mo -n -83520.0 0.3 8572.916 0.003 β− 2825 24 100 910337.6 0.3
58 43 Tc + -86345 24 8593.14 0.24 β− 1614 24 100 907305 26
57 44 Ru -87958.1 0.4 8601.366 0.004 * 100 905573.1 0.4
56 45 Rh -87412 6 8588.22 0.06 β+ 546 6 100 906159 6
55 46 Pd -85432 5 8560.86 0.05 β+ 1980 4 100 908285 5
54 47 Ag x -81334 5 8512.55 0.05 β+ 4098 7 100 912684 5
53 48 Cd x -75836.5 1.5 8450.366 0.015 β+ 5498 5 100 918586.2 1.6
52 49 In x -68545 12 8370.43 0.12 β+ 7292 12 100 926414 13
51 50 Sn εp -60310 300 8281.1 3.0 β+ 8240 300 100 935260 320
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

65 37 102 Rb x -37250 80 8152.7 0.8 β− 14910 110 101 960010 90
64 38 Sr x -52160 70 8291.2 0.7 β− 9010 70 101 944000 70
63 39 Y x -61173 4 8371.92 0.04 β− 10409 10 101 934328 4
62 40 Zr -71581 9 8466.29 0.09 β− 4717 9 101 923154 9
61 41 Nb -76298.3 2.5 8504.867 0.025 β− 7263 9 101 918090.4 2.7
60 42 Mo -83561 8 8568.40 0.08 β− 1012 12 101 910294 9
59 43 Tc -84573 9 8570.65 0.09 β− 4534 9 101 909207 10
58 44 Ru -89106.4 0.4 8607.428 0.004 β− -2323 6 101 904340.3 0.4
57 45 Rh − -86783 6 8576.98 0.06 β− 1120 6 101 906834 7
56 46 Pd -87903.0 0.4 8580.289 0.004 * 101 905632.3 0.4
55 47 Ag + -82247 8 8517.17 0.08 β+ 5656 8 101 911705 9
54 48 Cd -79659.7 1.7 8484.132 0.016 β+ 2587 8 101 914481.8 1.8
53 49 In -70695 5 8388.57 0.04 β+ 8965 5 101 924106 5
52 50 Sn − -64930 100 8324.4 1.0 β+ 5760 100 101 930290 110
51 51 Sb x -51100# 400# 8181# 4# β+ 13840# 410# 101 945140# 430#

66 37 103 Rb x -33160# 400# 8112# 4# β− 14120# 450# 102 964400# 430#
65 38 Sr x -47280# 200# 8242# 2# β− 11180# 200# 102 949240# 220#
64 39 Y x -58457 11 8342.63 0.11 β− 9352 15 102 937244 12
63 40 Zr x -67809 9 8425.83 0.09 β− 7220 10 102 927204 10
62 41 Nb x -75029 4 8488.33 0.04 β− 5926 10 102 919453 4
61 42 Mo x -80954 9 8538.27 0.09 β− 3650 13 102 913092 10
60 43 Tc +p -84604 10 8566.10 0.10 β− 2663 10 102 909174 11
59 44 Ru -87267.2 0.4 8584.366 0.004 β− 764.5 2.3 102 906314.8 0.5
58 45 Rh -88031.7 2.3 8584.193 0.022 * 102 905494.1 2.5
57 46 Pd -n -87457.0 0.9 8571.017 0.009 β+ 574.7 2.4 102 906111.1 0.9
56 47 Ag x -84803 4 8537.65 0.04 β+ 2654 4 102 908961 4
55 48 Cd -80651.6 1.8 8489.755 0.018 β+ 4151 4 102 913416.9 1.9
54 49 In -74632 9 8423.72 0.09 β+ 6019 9 102 919879 10
53 50 Sn − -67090# 100# 8343# 1# β+ 7540# 100# 102 927970# 110#
52 51 Sb x -56670# 300# 8234# 3# β+ 10420# 320# 102 939160# 320#

67 37 104 Rb x -27450# 500# 8057# 5# β− 16310# 580# 103 970530# 540#
66 38 Sr x -43760# 300# 8206# 3# β− 10320# 360# 103 953020# 320#
65 39 Y x -54080# 200# 8298# 2# β− 11640# 200# 103 941940# 220#
64 40 Zr x -65718 9 8402.32 0.09 β− 6093 9 103 929449 10
63 41 Nb x -71811.0 1.8 8453.383 0.017 β− 8533 9 103 922907.7 1.9
62 42 Mo -80344 9 8527.91 0.09 β− 2155 24 103 913747 10
61 43 Tc -82499 25 8541.11 0.24 β− 5597 25 103 911434 27
60 44 Ru -88095.8 2.5 8587.400 0.024 β− -1136 3 103 905425.3 2.7
59 45 Rh -n -86959.3 2.3 8568.950 0.022 β− 2435.8 2.7 103 906645.3 2.5
58 46 Pd +n -89395.1 1.3 8584.848 0.013 * 103 904030.4 1.4
57 47 Ag − -85116 4 8536.18 0.04 β+ 4279 4 103 908624 5
56 48 Cd -83968.4 1.7 8517.623 0.016 β+ 1148 5 103 909856.2 1.8
55 49 In x -76183 6 8435.24 0.06 β+ 7786 6 103 918215 6
54 50 Sn -71627 6 8383.91 0.06 β+ 4556 8 103 923105 6
53 51 Sb +α -59300# 100# 8258# 1# β+ 12330# 100# 103 936340# 110#
52 52 Te −α -49630 320 8157 3 β+ 9670# 330# 103 946720 340
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

67 38 105 Sr x -38190# 500# 8152# 5# β− 12380# 640# 104 959000# 540#
66 39 Y x -50570# 400# 8262# 4# β− 10890# 400# 104 945710# 430#
65 40 Zr x -61458 12 8358.60 0.12 β− 8457 13 104 934022 13
64 41 Nb x -69916 4 8431.69 0.04 β− 7415 10 104 924943 4
63 42 Mo -77331 9 8494.86 0.09 β− 4960 40 104 916982 10
62 43 Tc -82290 40 8534.6 0.3 β− 3650 40 104 911660 40
61 44 Ru -85934.5 2.5 8561.902 0.024 β− 1916.7 2.9 104 907745.5 2.7
60 45 Rh -87851.3 2.5 8572.705 0.024 β− 566.6 2.3 104 905687.8 2.7
59 46 Pd -88417.9 1.1 8570.651 0.011 * 104 905079.5 1.2
58 47 Ag -87071 5 8550.37 0.04 β+ 1347 5 104 906526 5
57 48 Cd -84333.8 1.4 8516.853 0.013 β+ 2737 4 104 909463.9 1.5
56 49 In x -79641 10 8464.70 0.10 β+ 4693 10 104 914502 11
55 50 Sn -73338 4 8397.23 0.04 β+ 6303 11 104 921268 4
54 51 Sb +α -64015 22 8300.99 0.21 β+ 9323 22 104 931277 23
53 52 Te −α -52810 300 8186.8 2.9 β+ 11200 300 104 943300 320

68 38 106 Sr x -34300# 600# 8114# 6# β− 11490# 780# 105 963180# 640#
67 39 Y x -45790# 500# 8215# 5# β− 12960# 540# 105 950840# 540#
66 40 Zr x -58750# 200# 8330# 2# β− 7450# 200# 105 936930# 220#
65 41 Nb -66202.7 1.4 8393.266 0.013 β− 9925 9 105 928928.5 1.5
64 42 Mo x -76128 9 8479.52 0.09 β− 3648 15 105 918273 10
63 43 Tc + -79776 12 8506.56 0.12 β− 6547 11 105 914357 13
62 44 Ru -86323 5 8560.94 0.05 β− 39.40 0.21 105 907328 6
61 45 Rh -86363 5 8553.93 0.05 β− 3545 5 105 907286 6
60 46 Pd -89907.5 1.1 8579.993 0.010 β− -2965.1 2.8 105 903480.3 1.2
59 47 Ag -86942 3 8544.640 0.028 β− 189.8 2.8 105 906663 3
58 48 Cd -87132.2 1.1 8539.049 0.010 * 105 906459.8 1.2
57 49 In − -80608 12 8470.12 0.12 β+ 6524 12 105 913464 13
56 50 Sn -77354 5 8432.04 0.05 β+ 3254 13 105 916957 5
55 51 Sb x -66473 7 8322.01 0.07 β+ 10880 9 105 928638 8
54 52 Te −α -58220 100 8236.8 0.9 β+ 8250 100 105 937500 110
53 53 I x -43300# 400# 8089# 4# β+ 14920# 410# 105 953520# 430#

69 38 107 Sr x -28250# 700# 8057# 7# β− 13720# 860# 106 969670# 750#
68 39 Y x -41970# 500# 8178# 5# β− 12050# 580# 106 954940# 540#
67 40 Zr x -54020# 300# 8284# 3# β− 9700# 300# 106 942010# 320#
66 41 Nb x -63724 8 8367.09 0.07 β− 8821 12 106 931590 9
65 42 Mo x -72545 9 8442.22 0.09 β− 6205 13 106 922120 10
64 43 Tc x -78750 9 8492.90 0.08 β− 5113 12 106 915458 9
63 44 Ru -nn -83863 9 8533.37 0.08 β− 3001 15 106 909970 9
62 45 Rh +p -86864 12 8554.10 0.11 β− 1509 12 106 906748 13
61 46 Pd -88372.7 1.2 8560.895 0.011 β− 34.0 2.3 106 905128.1 1.3
60 47 Ag -88406.7 2.4 8553.901 0.022 * 106 905091.5 2.6
59 48 Cd -86990.3 1.7 8533.352 0.016 β+ 1416.4 2.6 106 906612.0 1.8
58 49 In -83567 10 8494.04 0.09 β+ 3424 10 106 910287 10
57 50 Sn x -78512 5 8439.49 0.05 β+ 5054 11 106 915714 6
56 51 Sb -70653 4 8358.73 0.04 β+ 7859 7 106 924151 4
55 52 Te −α -60660# 100# 8258# 1# β+ 10000# 100# 106 934880# 110#
54 53 I x -49430# 300# 8146# 3# β+ 11230# 320# 106 946940# 320#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

69 39 108 Y x -36780# 600# 8129# 6# β− 14170# 720# 107 960520# 640#
68 40 Zr x -50950# 400# 8253# 4# β− 8600# 400# 107 945300# 430#
67 41 Nb x -59545 8 8325.66 0.08 β− 11204 12 107 936076 9
66 42 Mo x -70749 9 8422.16 0.09 β− 5174 13 107 924048 10
65 43 Tc x -75923 9 8462.82 0.08 β− 7739 12 107 918493 9
64 44 Ru -3n -83661 9 8527.23 0.08 β− 1370 16 107 910186 9
63 45 Rh x -85031 14 8532.67 0.13 β− 4493 14 107 908715 15
62 46 Pd -89524.2 1.1 8567.024 0.010 β− -1917.4 2.6 107 903891.8 1.2
61 47 Ag -n -87606.8 2.4 8542.026 0.022 β− 1645.6 2.6 107 905950.2 2.6
60 48 Cd -89252.4 1.1 8550.020 0.010 * 107 904183.6 1.2
59 49 In -84120 9 8495.25 0.08 β+ 5133 9 107 909694 9
58 50 Sn -82070 5 8469.03 0.05 β+ 2050 10 107 911894 6
57 51 Sb x -72445 5 8372.67 0.05 β+ 9625 8 107 922227 6
56 52 Te -65782 5 8303.72 0.05 β+ 6664 8 107 929380 6
55 53 I -p -52770# 100# 8176# 1# β+ 13010# 100# 107 943350# 110#
54 54 Xe −α -42630 380 8075 4 β+ 10140# 390# 107 954230 410

70 39 109 Y x -32480# 700# 8089# 6# β− 13250# 860# 108 965130# 750#
69 40 Zr x -45730# 500# 8204# 5# β− 10960# 660# 108 950910# 540#
68 41 Nb x -56690 430 8297 4 β− 9970 430 108 939140 460
67 42 Mo x -66659 11 8381.42 0.10 β− 7624 15 108 928438 12
66 43 Tc x -74283 10 8444.18 0.09 β− 6456 13 108 920254 10
65 44 Ru -4n -80738 9 8496.23 0.08 β− 4261 10 108 913324 10
64 45 Rh -84999 4 8528.14 0.04 β− 2607 4 108 908750 4
63 46 Pd -87606.5 1.1 8544.882 0.010 β− 1112.9 1.4 108 905950.6 1.2
62 47 Ag -88719.4 1.3 8547.916 0.012 * 108 904755.8 1.4
61 48 Cd -88504.3 1.5 8538.765 0.014 β+ 215.1 1.8 108 904986.7 1.6
60 49 In -86490 4 8513.10 0.04 β+ 2015 4 108 907150 4
59 50 Sn -82630 8 8470.52 0.07 β+ 3859 9 108 911293 9
58 51 Sb -76251 5 8404.82 0.05 β+ 6379 9 108 918141 6
57 52 Te -67715 4 8319.33 0.04 β+ 8536 7 108 927305 5
56 53 I -p -57673 7 8220.02 0.06 β+ 10043 8 108 938086 7
55 54 Xe −α -46170 300 8107.3 2.8 β+ 11500 300 108 950430 320

70 40 110 Zr x -42220# 500# 8171# 5# β− 10090# 980# 109 954680# 540#
69 41 Nb x -52310 840 8255 8 β− 12230 840 109 943840 900
68 42 Mo x -64536 24 8359.29 0.22 β− 6499 26 109 930718 26
67 43 Tc x -71035 9 8411.26 0.09 β− 9038 13 109 923741 10
66 44 Ru -80073 9 8486.31 0.08 β− 2756 19 109 914039 10
65 45 Rh -82829 18 8504.26 0.16 β− 5502 18 109 911080 19
64 46 Pd -88330.9 0.6 8547.163 0.006 β− -873.6 1.4 109 905172.9 0.7
63 47 Ag -87457.3 1.3 8532.109 0.012 β− 2890.7 1.3 109 906110.7 1.4
62 48 Cd -90348.0 0.4 8551.275 0.003 * 109 903007.5 0.4
61 49 In − -86470 12 8508.91 0.11 β+ 3878 12 109 907171 12
60 50 Sn x -85842 14 8496.09 0.13 β+ 628 18 109 907845 15
59 51 Sb x -77450 6 8412.68 0.05 β+ 8392 15 109 916854 6
58 52 Te -72230 7 8358.12 0.06 β+ 5220 9 109 922458 7
57 53 I −α -60470 60 8244.1 0.6 β+ 11760 60 109 935090 70
56 54 Xe −α -51920 100 8159.3 0.9 β+ 8550 120 109 944260 110
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

71 40 111 Zr x -36480# 600# 8118# 5# β− 12480# 670# 110 960840# 640#
70 41 Nb x -48960# 300# 8223# 3# β− 10980# 300# 110 947440# 320#
69 42 Mo + -59940 13 8315.29 0.11 β− 9085 7 110 935652 14
68 43 Tc x -69025 11 8390.09 0.10 β− 7761 14 110 925899 11
67 44 Ru x -76785 10 8452.96 0.09 β− 5519 12 110 917568 10
66 45 Rh -82304 7 8495.63 0.06 β− 3682 7 110 911643 7
65 46 Pd -n -85985.9 0.7 8521.750 0.007 β− 2229.6 1.6 110 907690.4 0.8
64 47 Ag + -88215.4 1.5 8534.788 0.013 β− 1036.8 1.4 110 905296.8 1.6
63 48 Cd -89252.2 0.4 8537.080 0.003 * 110 904183.8 0.4
62 49 In -88392 3 8522.28 0.03 β+ 860 3 110 905107 4
61 50 Sn +n -85939 5 8493.13 0.05 β+ 2453 6 110 907741 6
60 51 Sb x -80837 9 8440.12 0.08 β+ 5102 10 110 913218 10
59 52 Te x -73587 6 8367.76 0.06 β+ 7249 11 110 921001 7
58 53 I -64954 5 8282.93 0.04 β+ 8634 8 110 930269 5
57 54 Xe −α -54520# 120# 8182# 1# β+ 10430# 120# 110 941470# 120#
56 55 Cs x -42900# 200# 8070# 2# β+ 11620# 230# 110 953950# 220#

72 40 112 Zr x -32420# 700# 8081# 6# β− 11650# 760# 111 965200# 750#
71 41 Nb x -44070# 300# 8178# 3# β− 13410# 360# 111 952690# 320#
70 42 Mo x -57480# 200# 8291# 2# β− 7780# 200# 111 938290# 220#
69 43 Tc x -65259 6 8353.62 0.05 β− 10372 11 111 929942 6
68 44 Ru x -75631 10 8439.24 0.09 β− 4100 50 111 918807 10
67 45 Rh -79730 40 8468.9 0.4 β− 6590 40 111 914410 50
66 46 Pd -86321 7 8520.72 0.06 β− 263 7 111 907331 7
65 47 Ag x -86583.7 2.4 8516.081 0.022 β− 3991.1 2.4 111 907048.5 2.6
64 48 Cd -90574.86 0.25 8544.731 0.002 β− -2585 4 111 902763.90 0.27
63 49 In -87990 4 8514.67 0.04 β− 665 4 111 905539 5
62 50 Sn -88655.05 0.29 8513.619 0.003 * 111 904824.9 0.3
61 51 Sb x -81599 18 8443.63 0.16 β+ 7056 18 111 912400 19
60 52 Te x -77568 8 8400.65 0.07 β+ 4031 20 111 916728 9
59 53 I x -67063 10 8299.88 0.09 β+ 10504 13 111 928005 11
58 54 Xe −α -60026 8 8230.06 0.07 β+ 7037 13 111 935559 9
57 55 Cs -p -46420# 120# 8102# 1# β+ 13610# 120# 111 950170# 120#

73 40 113 Zr x -26340# 300# 8027# 3# β− 13870# 500# 112 971720# 320#
72 41 Nb x -40210# 400# 8143# 4# β− 12440# 500# 112 956830# 430#
71 42 Mo x -52650# 300# 8246# 3# β− 10160# 300# 112 943480# 320#
70 43 Tc x -62812 3 8329.465 0.030 β− 9060 40 112 932569 4
69 44 Ru -71870 40 8402.7 0.3 β− 6900 40 112 922850 40
68 45 Rh x -78767 7 8456.82 0.06 β− 4824 10 112 915440 8
67 46 Pd x -83590 7 8492.58 0.06 β− 3436 18 112 910262 7
66 47 Ag + -87027 17 8516.07 0.15 β− 2016 17 112 906573 18
65 48 Cd -89043.29 0.24 8526.987 0.002 β− 323.84 0.27 112 904408.11 0.26
64 49 In -89367.12 0.19 8522.930 0.002 * 112 904060.45 0.20
63 50 Sn -88328.1 1.6 8506.812 0.014 β+ 1039.0 1.6 112 905175.9 1.7
62 51 Sb − -84417 17 8465.28 0.15 β+ 3911 17 112 909375 18
61 52 Te x -78347 28 8404.64 0.25 β+ 6070 30 112 915890 30
60 53 I x -71120 8 8333.75 0.07 β+ 7228 29 112 923650 9
59 54 Xe -62204 7 8247.93 0.06 β+ 8916 11 112 933222 7
58 55 Cs -p -51765 9 8148.62 0.08 β+ 10439 11 112 944428 9
57 56 Ba x -39710# 300# 8035# 3# β+ 12060# 300# 112 957370# 320#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

73 41 114 Nb x -34960# 500# 8097# 4# β− 14720# 580# 113 962470# 540#
72 42 Mo x -49680# 300# 8219# 3# β− 8920# 530# 113 946670# 320#
71 43 Tc x -58600 430 8290 4 β− 11620 430 113 937090 470
70 44 Ru x -70221 4 8385.34 0.03 β− 5490 70 113 924614 4
69 45 Rh -75710 70 8426.6 0.6 β− 7780 70 113 918720 80
68 46 Pd x -83490 7 8488.01 0.06 β− 1440 8 113 910369 7
67 47 Ag x -84931 5 8493.78 0.04 β− 5084 5 113 908823 5
66 48 Cd -90014.93 0.28 8531.513 0.002 β− -1445.1 0.4 113 903365.00 0.30
65 49 In -88569.8 0.3 8511.974 0.003 β− 1989.9 0.3 113 904916.4 0.3
64 50 Sn -90559.735 0.029 8522.567 a * 113 902780.13 0.03
63 51 Sb -84497 20 8462.52 0.17 β+ 6063 20 113 909289 21
62 52 Te x -81890 24 8432.79 0.21 β+ 2610 30 113 912088 26
61 53 I x -72639 20 8344.78 0.18 β+ 9250 30 113 922019 22
60 54 Xe x -67086 11 8289.21 0.10 β+ 5553 23 113 927980 12
59 55 Cs −α -54690 90 8173.6 0.7 β+ 12400 90 113 941290 90
58 56 Ba −α -45910 100 8089.7 0.9 β+ 8780 130 113 950720 110

74 41 115 Nb x -30880# 500# 8061# 4# β− 13670# 640# 114 966850# 540#
73 42 Mo x -44550# 400# 8173# 3# β− 11250# 450# 114 952170# 430#
72 43 Tc x -55800# 200# 8264# 2# β− 10310# 200# 114 940100# 210#
71 44 Ru x -66105 25 8346.81 0.22 β− 8124 26 114 929033 27
70 45 Rh x -74229 7 8410.65 0.06 β− 6197 15 114 920312 8
69 46 Pd -80426 14 8457.73 0.12 β− 4557 22 114 913659 15
68 47 Ag -84983 18 8490.56 0.16 β− 3102 18 114 908767 20
67 48 Cd -88084.5 0.7 8510.725 0.006 β− 1451.9 0.7 114 905437.4 0.7
66 49 In -89536.357 0.012 8516.547 a β− 497.489 0.010 114 903878.773 0.012
65 50 Sn -90033.846 0.015 8514.070 a * 114 903344.696 0.016
64 51 Sb x -87003 16 8480.92 0.14 β+ 3030 16 114 906598 17
63 52 Te x -82063 28 8431.15 0.24 β+ 4940 30 114 911900 30
62 53 I x -76338 29 8374.57 0.25 β+ 5720 40 114 918050 30
61 54 Xe x -68657 12 8300.97 0.11 β+ 7680 30 114 926294 13
60 55 Cs x -59700# 100# 8216# 1# β+ 8960# 100# 114 935910# 110#
59 56 Ba x -48920# 200# 8116# 2# β+ 10780# 230# 114 947480# 220#

75 41 116 Nb x -25230# 300# 8012# 3# β− 15980# 580# 115 972910# 320#
74 42 Mo x -41210# 500# 8143# 4# β− 10000# 580# 115 955760# 540#
73 43 Tc x -51210# 300# 8223# 3# β− 12860# 300# 115 945020# 320#
72 44 Ru x -64069 4 8326.88 0.03 β− 6670 70 115 931219 4
71 45 Rh -70740 70 8377.6 0.6 β− 9100 70 115 924060 80
70 46 Pd x -79831 7 8449.28 0.06 β− 2712 8 115 914298 8
69 47 Ag x -82543 3 8465.907 0.028 β− 6170 3 115 911387 4
68 48 Cd -88712.49 0.16 8512.351 0.001 β− -462.73 0.27 115 904763.23 0.17
67 49 In -n -88249.76 0.22 8501.618 0.002 β− 3276.22 0.24 115 905259.99 0.24
66 50 Sn -91525.98 0.10 8523.117 0.001 * 115 901742.83 0.10
65 51 Sb -86822 5 8475.82 0.04 β+ 4704 5 115 906793 6
64 52 Te -85264 24 8455.64 0.21 β+ 1558 25 115 908466 26
63 53 I -77420 80 8381.3 0.6 β+ 7840 80 115 916890 80
62 54 Xe -73047 13 8336.84 0.11 β+ 4370 80 115 921581 14
61 55 Cs ea -62040# 100# 8235# 1# β+ 11000# 100# 115 933400# 110#
60 56 Ba x -54380# 200# 8162# 2# β+ 7660# 220# 115 941620# 220#
59 57 La −α -40050# 320# 8032# 3# β+ 14330# 380# 115 957010# 350#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

75 42 117 Mo x -35690# 500# 8096# 4# β− 12450# 640# 116 961690# 540#
74 43 Tc x -48140# 400# 8195# 3# β− 11350# 590# 116 948320# 430#
73 44 Ru x -59490 430 8286 4 β− 9410 430 116 936140 470
72 45 Rh x -68897 9 8359.28 0.08 β− 7527 11 116 926036 10
71 46 Pd -76424 7 8416.92 0.06 β− 5758 15 116 917956 8
70 47 Ag -82182 14 8459.45 0.12 β− 4236 14 116 911774 15
69 48 Cd -n -86418.4 1.0 8488.974 0.009 β− 2525 5 116 907226.0 1.1
68 49 In -88943 5 8503.87 0.04 β− 1455 5 116 904516 5
67 50 Sn -90397.7 0.5 8509.612 0.004 * 116 902954.0 0.5
66 51 Sb -88640 8 8487.90 0.07 β+ 1758 8 116 904842 9
65 52 Te -85096 13 8450.92 0.12 β+ 3544 13 116 908646 14
64 53 I -80439 26 8404.43 0.22 β+ 4657 28 116 913646 27
63 54 Xe x -74185 10 8344.30 0.09 β+ 6253 28 116 920359 11
62 55 Cs x -66490 60 8271.9 0.5 β+ 7690 60 116 928620 70
61 56 Ba εp -57460 250 8188.0 2.1 β+ 9040 260 116 938320 270
60 57 La -p -46270# 200# 8086# 2# β+ 11190# 320# 116 950330# 220#

76 42 118 Mo x -32370# 500# 8067# 4# β− 10920# 640# 117 965250# 540#
75 43 Tc x -43290# 400# 8153# 3# β− 13710# 450# 117 953530# 430#
74 44 Ru x -57000# 200# 8263# 2# β− 7890# 200# 117 938810# 220#
73 45 Rh x -64887 24 8322.85 0.21 β− 10502 24 117 930341 26
72 46 Pd -75388.4 2.5 8405.220 0.021 β− 4165 4 117 919067.3 2.7
71 47 Ag x -79553.8 2.5 8433.890 0.021 β− 7148 20 117 914595.5 2.7
70 48 Cd -nn -86702 20 8487.83 0.17 β− 527 21 117 906922 21
69 49 In -87228 8 8485.67 0.07 β− 4425 8 117 906357 8
68 50 Sn -91652.8 0.5 8516.534 0.004 * 117 901606.6 0.5
67 51 Sb − -87996 3 8478.916 0.026 β+ 3656.6 3.0 117 905532 3
66 52 Te +nn -87691 18 8469.70 0.16 β+ 305 19 117 905860 20
65 53 I x -80971 20 8406.12 0.17 β+ 6720 27 117 913074 21
64 54 Xe x -78079 10 8374.98 0.09 β+ 2892 22 117 916179 11
63 55 Cs IT -68409 13 8286.41 0.11 β+ 9670 16 117 926560 14
62 56 Ba x -62200# 200# 8227# 2# β+ 6210# 200# 117 933230# 220#
61 57 La x -49620# 300# 8114# 3# β+ 12580# 360# 117 946730# 320#

77 42 119 Mo x -26580# 300# 8019# 3# β− 13590# 580# 118 971470# 320#
76 43 Tc x -40170# 500# 8126# 4# β− 11910# 580# 118 956880# 540#
75 44 Ru x -52080# 300# 8220# 3# β− 10740# 300# 118 944090# 320#
74 45 Rh x -62823 9 8303.40 0.08 β− 8584 12 118 932557 10
73 46 Pd x -71407 8 8368.96 0.07 β− 7238 17 118 923341 9
72 47 Ag -78646 15 8423.21 0.12 β− 5330 40 118 915570 16
71 48 Cd -83980 40 8461.4 0.3 β− 3720 40 118 909850 40
70 49 In -87699 7 8486.14 0.06 β− 2366 7 118 905852 8
69 50 Sn -90065.0 0.7 8499.449 0.006 * 118 903311.3 0.8
68 51 Sb -89476 7 8487.92 0.06 β+ 589 7 118 903944 8
67 52 Te − -87183 7 8462.08 0.06 β+ 2293.0 2.0 118 906406 8
66 53 I x -83778 22 8426.89 0.18 β+ 3405 23 118 910061 23
65 54 Xe -78794 10 8378.44 0.09 β+ 4983 24 118 915411 11
64 55 Cs IT -72305 14 8317.33 0.12 β+ 6489 17 118 922377 15
63 56 Ba εp -64590 200 8245.9 1.7 β+ 7710 200 118 930660 210
62 57 La x -55020# 300# 8159# 3# β+ 9570# 360# 118 940930# 320#
61 58 Ce x -43820# 500# 8058# 4# β+ 11200# 580# 118 952960# 540#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

77 43 120 Tc x -35000# 500# 8083# 4# β− 14720# 640# 119 962430# 540#
76 44 Ru x -49720# 400# 8199# 3# β− 8900# 450# 119 946620# 430#
75 45 Rh x -58620# 200# 8266# 2# β− 11660# 200# 119 937070# 220#
74 46 Pd -70279.6 2.3 8357.082 0.019 β− 5372 5 119 924551.7 2.5
73 47 Ag x -75652 4 8395.33 0.04 β− 8306 6 119 918785 5
72 48 Cd x -83957 4 8458.02 0.03 β− 1770 40 119 909868 4
71 49 In + -85730 40 8466.3 0.3 β− 5370 40 119 907970 40
70 50 Sn -91097.7 0.9 8504.488 0.008 β− -2681 7 119 902202.6 1.0
69 51 Sb − -88417 7 8475.63 0.06 β− 945 7 119 905080 8
68 52 Te -89362.2 1.8 8476.986 0.015 * 119 904065.8 1.9
67 53 I − -83747 15 8423.67 0.13 β+ 5615 15 119 910094 16
66 54 Xe x -82172 12 8404.03 0.10 β+ 1575 19 119 911784 13
65 55 Cs IT -73889 10 8328.48 0.08 β+ 8284 15 119 920677 11
64 56 Ba − -68890 300 8280.3 2.5 β+ 5000 300 119 926040 320
63 57 La x -57570# 300# 8179# 2# β+ 11320# 420# 119 938200# 320#
62 58 Ce x -49730# 500# 8108# 4# β+ 7840# 580# 119 946610# 540#

78 43 121 Tc x -31540# 500# 8054# 4# β− 13080# 640# 120 966140# 540#
77 44 Ru x -44620# 400# 8156# 3# β− 11630# 740# 120 952100# 430#
76 45 Rh x -56250 620 8245 5 β− 9930 620 120 939610 670
75 46 Pd x -66182 3 8320.858 0.028 β− 8220 13 120 928950 4
74 47 Ag x -74403 12 8382.33 0.10 β− 6671 12 120 920125 13
73 48 Cd x -81073.8 1.9 8430.997 0.016 β− 4761 27 120 912963.7 2.1
72 49 In +p -85835 27 8463.88 0.23 β− 3362 27 120 907853 29
71 50 Sn -89196.6 1.0 8485.196 0.008 β− 402.5 2.5 120 904243.5 1.1
70 51 Sb -89599.2 2.5 8482.057 0.021 * 120 903811.4 2.7
69 52 Te -88543 26 8466.86 0.21 β+ 1056 26 120 904945 28
68 53 I -86246 5 8441.41 0.04 β+ 2297 26 120 907411 5
67 54 Xe -82481 10 8403.83 0.08 β+ 3765 11 120 911453 11
66 55 Cs -77102 14 8352.92 0.12 β+ 5379 14 120 917227 15
65 56 Ba − -70740 140 8293.9 1.2 β+ 6360 140 120 924050 150
64 57 La x -62190# 300# 8217# 2# β+ 8560# 330# 120 933240# 320#
63 58 Ce x -52690# 400# 8132# 3# β+ 9500# 500# 120 943440# 430#
62 59 Pr -p -41550# 500# 8033# 4# β+ 11140# 640# 120 955390# 540#

79 43 122 Tc x -26310# 300# 8011# 2# β− 15480# 580# 121 971760# 320#
78 44 Ru x -41780# 500# 8132# 4# β− 10100# 580# 121 955150# 540#
77 45 Rh x -51880# 300# 8208# 2# β− 12740# 300# 121 944310# 320#
76 46 Pd x -64616 20 8305.98 0.16 β− 6490 40 121 930632 21
75 47 Ag x -71110 40 8352.8 0.3 β− 9510 40 121 923660 40
74 48 Cd -80612.4 2.3 8424.267 0.019 β− 2960 50 121 913459.1 2.5
73 49 In + -83570 50 8442.1 0.4 β− 6370 50 121 910280 50
72 50 Sn -89940.0 2.4 8487.897 0.020 β− -1606 3 121 903445.5 2.6
71 51 Sb -88334.2 2.5 8468.322 0.021 β− 1979.1 2.1 121 905169.3 2.7
70 52 Te -90313.3 1.4 8478.131 0.011 * 121 903044.7 1.5
69 53 I − -86079 5 8437.01 0.04 β+ 4234 5 121 907590 6
68 54 Xe x -85355 11 8424.66 0.09 β+ 724 12 121 908368 12
67 55 Cs -78140 30 8359.15 0.28 β+ 7210 40 121 916110 40
66 56 Ba x -74609 28 8323.76 0.23 β+ 3540 40 121 919900 30
65 57 La x -64540# 300# 8235# 2# β+ 10070# 300# 121 930710# 320#
64 58 Ce x -57870# 400# 8174# 3# β+ 6670# 500# 121 937870# 430#
63 59 Pr x -44780# 500# 8060# 4# β+ 13090# 640# 121 951930# 540#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

79 44 123 Ru x -36550# 500# 8089# 4# β− 12640# 640# 122 960760# 540#
78 45 Rh x -49190# 400# 8185# 3# β− 11240# 890# 122 947190# 430#
77 46 Pd x -60430 790 8270 6 β− 9140 790 122 935130 850
76 47 Ag x -69570 30 8337.97 0.27 β− 7850 30 122 925320 40
75 48 Cd -77414.2 2.7 8395.396 0.022 β− 6015 20 122 916892.5 2.9
74 49 In -83429 20 8437.94 0.16 β− 4386 20 122 910435 21
73 50 Sn -87814.7 2.5 8467.231 0.020 β− 1408.2 2.4 122 905727.1 2.7
72 51 Sb -89222.9 1.4 8472.320 0.011 * 122 904215.3 1.5
71 52 Te -89171.0 1.4 8465.537 0.011 β+ 51.91 0.07 122 904271.0 1.5
70 53 I -87943 4 8449.190 0.030 β+ 1228 3 122 905590 4
69 54 Xe -85248 10 8420.92 0.08 β+ 2694 10 122 908482 10
68 55 Cs x -81044 12 8380.38 0.10 β+ 4205 15 122 912996 13
67 56 Ba x -75655 12 8330.21 0.10 β+ 5389 17 122 918781 13
66 57 La x -68650# 200# 8267# 2# β+ 7000# 200# 122 926300# 210#
65 58 Ce x -60290# 300# 8193# 2# β+ 8370# 360# 122 935280# 320#
64 59 Pr x -50230# 400# 8104# 3# β+ 10060# 500# 122 946080# 430#

80 44 124 Ru x -33590# 600# 8065# 5# β− 11120# 720# 123 963940# 640#
79 45 Rh x -44710# 400# 8148# 3# β− 13690# 500# 123 952000# 430#
78 46 Pd x -58400# 300# 8252# 2# β− 7830# 390# 123 937310# 320#
77 47 Ag x -66230 250 8308.9 2.0 β− 10470 250 123 928900 270
76 48 Cd -76699.4 2.6 8387.018 0.021 β− 4170 30 123 917659.8 2.8
75 49 In -80870 30 8414.32 0.25 β− 7360 30 123 913180 30
74 50 Sn -88231.5 1.3 8467.400 0.011 β− -612.4 0.4 123 905279.6 1.4
73 51 Sb -n -87619.1 1.4 8456.152 0.011 β− 2905.07 0.13 123 905937.1 1.5
72 52 Te -90524.1 1.4 8473.270 0.011 β− -3159.6 1.9 123 902818.3 1.5
71 53 I − -87364.6 2.3 8441.481 0.019 β− 302.9 1.9 123 906210.3 2.5
70 54 Xe -87667.4 1.4 8437.614 0.011 * 123 905885.2 1.5
69 55 Cs x -81741 9 8383.51 0.07 β+ 5926 9 123 912247 10
68 56 Ba x -79090 12 8355.82 0.10 β+ 2651 15 123 915094 13
67 57 La x -70260 60 8278.3 0.5 β+ 8830 60 123 924570 60
66 58 Ce x -64920# 300# 8229# 2# β+ 5340# 300# 123 930310# 320#
65 59 Pr x -53150# 400# 8128# 3# β+ 11770# 500# 123 942940# 430#
64 60 Nd x -44830# 500# 8054# 4# β+ 8320# 640# 123 951870# 540#

81 44 125 Ru x -28370# 300# 8023# 2# β− 13460# 580# 124 969540# 320#
80 45 Rh x -41830# 500# 8124# 4# β− 12130# 640# 124 955090# 540#
79 46 Pd x -53960# 400# 8215# 3# β− 10560# 590# 124 942070# 430#
78 47 Ag x -64520 430 8293 3 β− 8830 430 124 930740 470
77 48 Cd x -73348.1 2.9 8357.682 0.023 β− 7064 3 124 921258 3
76 49 In x -80412.3 1.8 8407.937 0.014 β− 5481.3 2.2 124 913673.8 1.9
75 50 Sn -n -85893.7 1.3 8445.529 0.011 β− 2361.4 2.2 124 907789.4 1.4
74 51 Sb + -88255.1 2.5 8458.161 0.020 β− 766.7 2.1 124 905254.3 2.7
73 52 Te -89021.8 1.4 8458.036 0.011 * 124 904431.2 1.5
72 53 I − -88836.0 1.4 8450.291 0.011 β+ 185.77 0.06 124 904630.6 1.5
71 54 Xe -87199.4 1.4 8430.939 0.011 β+ 1636.7 0.4 124 906387.6 1.5
70 55 Cs -84090 8 8399.80 0.06 β+ 3110 8 124 909726 8
69 56 Ba -79669 11 8358.18 0.09 β+ 4421 13 124 914472 12
68 57 La -73759 26 8304.64 0.21 β+ 5909 28 124 920816 28
67 58 Ce x -66660# 200# 8242# 2# β+ 7100# 200# 124 928440# 210#
66 59 Pr x -58070# 300# 8167# 2# β+ 8590# 360# 124 937660# 320#
65 60 Nd x -48070# 400# 8080# 3# β+ 10000# 500# 124 948400# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

81 45 126 Rh x -37200# 500# 8087# 4# β− 14590# 640# 125 960060# 540#
80 46 Pd x -51790# 400# 8197# 3# β− 8930# 450# 125 944400# 430#
79 47 Ag x -60720# 200# 8261# 2# β− 11540# 200# 125 934810# 220#
78 48 Cd -72255.7 2.3 8346.739 0.018 β− 5554 5 125 922430.3 2.5
77 49 In x -77809 4 8384.61 0.03 β− 8206 11 125 916468 5
76 50 Sn -nn -86015 11 8443.52 0.08 β− 378 30 125 907659 11
75 51 Sb − -86390 30 8440.31 0.25 β− 3670 30 125 907250 30
74 52 Te -90064.2 1.4 8463.240 0.011 β− -2154 4 125 903312.1 1.5
73 53 I -87910 4 8439.938 0.030 β− 1236 4 125 905624 4
72 54 Xe -89146.387 0.006 8443.538 a * 125 904297.422 0.006
71 55 Cs -84351 10 8399.27 0.08 β+ 4796 10 125 909446 11
70 56 Ba x -82670 12 8379.72 0.10 β+ 1681 16 125 911250 13
69 57 La x -74970 90 8312.4 0.7 β+ 7700 90 125 919510 100
68 58 Ce x -70821 28 8273.26 0.22 β+ 4150 90 125 923970 30
67 59 Pr x -60320# 200# 8184# 2# β+ 10500# 200# 125 935240# 210#
66 60 Nd x -53380# 300# 8122# 2# β+ 6940# 360# 125 942690# 320#
65 61 Pm x -39750# 500# 8008# 4# β+ 13630# 580# 125 957330# 540#

82 45 127 Rh x -33730# 600# 8060# 5# β− 13490# 780# 126 963790# 640#
81 46 Pd x -47220# 500# 8160# 4# β− 11430# 540# 126 949310# 540#
80 47 Ag x -58650# 200# 8244# 2# β− 10090# 200# 126 937040# 220#
79 48 Cd x -68741 6 8316.90 0.05 β− 8139 12 126 926203 7
78 49 In -76880 10 8374.82 0.08 β− 6590 12 126 917466 11
77 50 Sn -83470 9 8420.55 0.07 β− 3229 10 126 910392 10
76 51 Sb -86698 5 8439.81 0.04 β− 1582 5 126 906926 5
75 52 Te -88280.5 1.4 8446.109 0.011 β− 703 4 126 905227.0 1.5
74 53 I -88983 4 8445.482 0.029 * 126 904473 4
73 54 Xe -88321 4 8434.11 0.03 β+ 662.3 2.0 126 905184 4
72 55 Cs -86240 6 8411.56 0.04 β+ 2081 6 126 907418 6
71 56 Ba -82818 11 8378.46 0.09 β+ 3422 13 126 911091 12
70 57 La -77896 26 8333.54 0.20 β+ 4922 28 126 916375 28
69 58 Ce x -71979 29 8280.79 0.23 β+ 5920 40 126 922730 30
68 59 Pr x -64540# 200# 8216# 2# β+ 7440# 200# 126 930710# 210#
67 60 Nd x -55910# 300# 8142# 2# β+ 8630# 360# 126 939980# 320#
66 61 Pm x -45310# 400# 8052# 3# β+ 10600# 500# 126 951360# 430#

83 45 128 Rh x -27340# 300# 8010# 2# β− 17050# 580# 127 970650# 320#
82 46 Pd x -44390# 500# 8137# 4# β− 10320# 580# 127 952350# 540#
81 47 Ag x -54710# 300# 8211# 2# β− 12530# 300# 127 941270# 320#
80 48 Cd -67238 6 8303.24 0.05 β− 6952 7 127 927817 7
79 49 In x -74190.1 1.3 8351.436 0.010 β− 9171 18 127 920353.6 1.4
78 50 Sn -83361 18 8416.97 0.14 β− 1268 13 127 910508 19
77 51 Sb IT -84630 19 8420.77 0.15 β− 4364 19 127 909146 20
76 52 Te -88993.8 0.7 8448.754 0.006 β− -1256 4 127 904461.2 0.8
75 53 I -87738 4 8432.831 0.028 β− 2123 4 127 905809 4
74 54 Xe -89860.534 0.005 8443.301 a * 127 903530.753 0.006
73 55 Cs -85932 5 8406.50 0.04 β+ 3929 5 127 907748 6
72 56 Ba -85369.2 1.6 8395.988 0.013 β+ 563 6 127 908352.4 1.7
71 57 La x -78630 50 8337.2 0.4 β+ 6740 50 127 915590 60
70 58 Ce x -75534 28 8306.93 0.22 β+ 3090 60 127 918910 30
69 59 Pr x -66331 30 8228.91 0.23 β+ 9200 40 127 928790 30
68 60 Nd x -60530# 200# 8177# 2# β+ 5800# 200# 127 935020# 220#
67 61 Pm x -48220# 300# 8075# 2# β+ 12310# 360# 127 948230# 320#
66 62 Sm x -39150# 500# 7998# 4# β+ 9070# 580# 127 957970# 540#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

83 46 129 Pd x -37880# 600# 8086# 5# β− 13990# 720# 128 959330# 640#
82 47 Ag x -51870# 400# 8188# 3# β− 11250# 400# 128 944320# 430#
81 48 Cd x -63122 5 8269.53 0.04 β− 9713 6 128 932236 6
80 49 In -72834.9 2.0 8338.759 0.015 β− 7756 17 128 921808.5 2.1
79 50 Sn -80591 17 8392.82 0.13 β− 4039 27 128 913482 19
78 51 Sb + -84629 21 8418.06 0.16 β− 2375 21 128 909147 23
77 52 Te -87004.9 0.7 8430.410 0.006 β− 1502 3 128 906596.4 0.8
76 53 I -88507 3 8435.991 0.024 β− 189 3 128 904984 3
75 54 Xe -88696.070 0.005 8431.390 a * 128 904780.857 0.005
74 55 Cs -87499 5 8416.05 0.04 β+ 1197 5 128 906066 5
73 56 Ba -85061 11 8391.08 0.08 β+ 2438 11 128 908683 11
72 57 La -81324 21 8356.04 0.17 β+ 3737 22 128 912696 23
71 58 Ce x -76288 28 8310.94 0.22 β+ 5040 40 128 918100 30
70 59 Pr x -69774 30 8254.38 0.23 β+ 6510 40 128 925100 30
69 60 Nd εp -62380# 200# 8191# 2# β+ 7400# 200# 128 933040# 220#
68 61 Pm x -53180# 300# 8114# 2# β+ 9200# 360# 128 942910# 320#
67 62 Sm x -42330# 500# 8023# 4# β+ 10850# 580# 128 954560# 540#

84 46 130 Pd x -32730# 300# 8046# 2# β− 13170# 520# 129 964860# 320#
83 47 Ag -nn -45900# 420# 8142# 3# β− 15220# 430# 129 950730# 460#
82 48 Cd x -61118 22 8252.59 0.17 β− 8789 22 129 934388 24
81 49 In -69906.5 1.8 8314.176 0.014 β− 10225.7 2.6 129 924952.3 1.9
80 50 Sn -80132.2 1.9 8386.817 0.014 β− 2153 14 129 913974.5 2.0
79 51 Sb -82286 14 8397.36 0.11 β− 5067 14 129 911663 15
78 52 Te -87352.960 0.011 8430.325 a β− -417 3 129 906222.745 0.012
77 53 I -n -86936 3 8421.101 0.024 β− 2944 3 129 906670 3
76 54 Xe -89880.474 0.009 8437.731 a β− -2981 8 129 903509.347 0.010
75 55 Cs -86900 8 8408.78 0.06 β− 357 8 129 906709 9
74 56 Ba -87256.78 0.29 8405.513 0.002 * 129 906326.0 0.3
73 57 La x -81627 26 8356.19 0.20 β+ 5629 26 129 912369 28
72 58 Ce x -79423 28 8333.22 0.21 β+ 2200 40 129 914740 30
71 59 Pr x -71180 60 8263.8 0.5 β+ 8250 70 129 923590 70
70 60 Nd x -66596 28 8222.51 0.21 β+ 4580 70 129 928510 30
69 61 Pm x -55470# 200# 8131# 2# β+ 11130# 200# 129 940450# 220#
68 62 Sm x -47700# 400# 8065# 3# β+ 7770# 450# 129 948790# 430#
67 63 Eu -p -33510# 540# 7950# 4# β+ 14190# 670# 129 964020# 580#

85 46 131 Pd x -25740# 300# 7993# 2# β− 15010# 580# 130 972370# 320#
84 47 Ag x -40750# 500# 8102# 4# β− 14460# 500# 130 956250# 540#
83 48 Cd -55212 19 8206.12 0.15 β− 12813 19 130 940728 21
82 49 In -68024.4 2.2 8297.954 0.017 β− 9240 4 130 926972.8 2.4
81 50 Sn -77265 4 8362.518 0.028 β− 4717 4 130 917053 4
80 51 Sb -81981.4 2.1 8392.553 0.016 β− 3229.6 2.1 130 911989.3 2.2
79 52 Te -n -85211.02 0.06 8411.234 0.001 β− 2231.7 0.6 130 908522.21 0.07
78 53 I + -87442.7 0.6 8422.298 0.005 β− 970.8 0.6 130 906126.4 0.6
77 54 Xe -88413.575 0.005 8423.737 a * 130 905084.128 0.005
76 55 Cs +nn -88055.57 0.18 8415.032 0.001 β+ 358.00 0.18 130 905468.46 0.19
75 56 Ba -n -86679.0 0.4 8398.551 0.003 β+ 1376.6 0.5 130 906946.3 0.4
74 57 La x -83769 28 8370.37 0.21 β+ 2910 28 130 910070 30
73 58 Ce -79710 30 8333.40 0.25 β+ 4060 40 130 914430 40
72 59 Pr -74300 50 8286.1 0.4 β+ 5410 60 130 920230 50
71 60 Nd -67768 28 8230.30 0.21 β+ 6530 50 130 927248 30
70 61 Pm x -59770# 200# 8163# 2# β+ 8000# 200# 130 935830# 220#
69 62 Sm x -50280# 400# 8085# 3# β+ 9490# 450# 130 946020# 430#
68 63 Eu -p -39460# 400# 7996# 3# β+ 10820# 570# 130 957630# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

85 47 132 Ag x -34400# 500# 8053# 4# β− 16070# 500# 131 963070# 540#
84 48 Cd x -50470 60 8169.1 0.5 β− 11950 80 131 945820 60
83 49 In + -62410 60 8253.7 0.5 β− 14140 60 131 933000 60
82 50 Sn -76546.6 2.0 8354.873 0.015 β− 3089 3 131 917823.9 2.1
81 51 Sb -79635.3 2.5 8372.345 0.019 β− 5553 4 131 914508.0 2.6
80 52 Te -85188 3 8408.486 0.026 β− 515 3 131 908547 4
79 53 I -85704 4 8406.46 0.03 β− 3575 4 131 907994 4
78 54 Xe -89278.975 0.005 8427.623 a β− -2126.3 1.0 131 904155.083 0.005
77 55 Cs -87152.7 1.0 8405.588 0.008 β− 1282.2 1.5 131 906437.7 1.1
76 56 Ba -88434.9 1.1 8409.375 0.008 * 131 905061.2 1.1
75 57 La -83720 40 8367.76 0.28 β+ 4710 40 131 910120 40
74 58 Ce -82469 20 8352.32 0.15 β+ 1250 40 131 911466 22
73 59 Pr x -75227 29 8291.54 0.22 β+ 7240 40 131 919240 30
72 60 Nd x -71426 24 8256.81 0.18 β+ 3800 40 131 923321 26
71 61 Pm x -61630# 150# 8177# 1# β+ 9800# 150# 131 933840# 160#
70 62 Sm x -55140# 300# 8122# 2# β+ 6490# 340# 131 940810# 320#
69 63 Eu x -42200# 400# 8018# 3# β+ 12940# 500# 131 954700# 430#

86 47 133 Ag x -29080# 500# 8013# 4# β− 15060# 540# 132 968780# 540#
85 48 Cd x -44140# 200# 8121# 2# β− 13550# 280# 132 952610# 220#
84 49 In x -57690# 200# 8217# 2# β− 13180# 200# 132 938070# 220#
83 50 Sn -70873.9 1.9 8310.089 0.014 β− 8050 4 132 923913.8 2.0
82 51 Sb -78924 3 8364.730 0.024 β− 4014 4 132 915272 3
81 52 Te -82937.1 2.1 8389.025 0.016 β− 2920 6 132 910963.3 2.2
80 53 I -85857 6 8405.10 0.04 β− 1786 6 132 907828 6
79 54 Xe + -87643.6 2.4 8412.648 0.018 β− 427.4 2.4 132 905910.7 2.6
78 55 Cs -88070.943 0.008 8409.979 a * 132 905451.959 0.009
77 56 Ba -87553.5 1.0 8400.206 0.007 β+ 517.4 1.0 132 906007.4 1.1
76 57 La x -85494 28 8378.84 0.21 β+ 2059 28 132 908220 30
75 58 Ce x -82418 16 8349.83 0.12 β+ 3080 30 132 911520 18
74 59 Pr x -77938 12 8310.26 0.09 β+ 4481 21 132 916331 13
73 60 Nd x -72330 50 8262.2 0.4 β+ 5610 50 132 922350 50
72 61 Pm x -65410 50 8204.3 0.4 β+ 6920 70 132 929780 50
71 62 Sm x -57230# 300# 8137# 2# β+ 8180# 300# 132 938560# 320#
70 63 Eu x -47240# 300# 8056# 2# β+ 10000# 420# 132 949290# 320#
69 64 Gd x -36060# 500# 7966# 4# β+ 11180# 580# 132 961290# 540#

86 48 134 Cd x -39460# 300# 8086# 2# β− 12510# 360# 133 957640# 320#
85 49 In x -51970# 200# 8173# 1# β− 14460# 200# 133 944210# 220#
84 50 Sn x -66434 3 8275.172 0.024 β− 7585 4 133 928680 3
83 51 Sb x -74019 3 8325.940 0.023 β− 8515 4 133 920537 3
82 52 Te -82533.8 2.7 8383.644 0.020 β− 1510 5 133 911396.4 2.9
81 53 I -84043 5 8389.07 0.04 β− 4082 5 133 909776 5
80 54 Xe -88125.834 0.006 8413.699 a β− -1234.669 0.016 133 905393.030 0.006
79 55 Cs -86891.165 0.016 8398.647 a β− 2058.84 0.25 133 906718.502 0.018
78 56 Ba -88950.00 0.25 8408.173 0.002 * 133 904508.25 0.27
77 57 La x -85219 20 8374.49 0.15 β+ 3731 20 133 908514 21
76 58 Ce x -84833 20 8365.77 0.15 β+ 386 29 133 908928 22
75 59 Pr x -78528 20 8312.88 0.15 β+ 6305 29 133 915697 22
74 60 Nd x -75646 12 8285.54 0.09 β+ 2882 24 133 918790 13
73 61 Pm x -66760 40 8213.4 0.3 β+ 8880 40 133 928330 50
72 62 Sm x -61380# 200# 8167# 1# β+ 5390# 200# 133 934110# 210#
71 63 Eu x -49800# 300# 8075# 2# β+ 11580# 360# 133 946540# 320#
70 64 Gd x -41530# 400# 8008# 3# β+ 8270# 500# 133 955420# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

87 48 135 Cd x -32820# 400# 8036# 3# β− 14290# 500# 134 964770# 430#
86 49 In x -47110# 300# 8136# 2# β− 13520# 300# 134 949430# 320#
85 50 Sn x -60632 3 8230.688 0.023 β− 9058 4 134 934909 3
84 51 Sb -69690.3 2.6 8291.989 0.020 β− 8038 3 134 925184.4 2.8
83 52 Te -77728.8 1.7 8345.738 0.013 β− 6050.4 2.7 134 916554.7 1.8
82 53 I -83779.2 2.1 8384.761 0.015 β− 2634 4 134 910059.4 2.2
81 54 Xe -86413 4 8398.478 0.027 β− 1169 4 134 907231 4
80 55 Cs -87582.0 0.4 8401.339 0.003 β− 268.70 0.29 134 905976.9 0.4
79 56 Ba -87850.65 0.25 8397.534 0.002 * 134 905688.45 0.26
78 57 La -86643 9 8382.80 0.07 β+ 1207 9 134 906984 10
77 58 Ce -84616 10 8361.99 0.08 β+ 2027 5 134 909161 11
76 59 Pr x -80936 12 8328.93 0.09 β+ 3680 16 134 913112 13
75 60 Nd x -76214 19 8288.15 0.14 β+ 4722 22 134 918181 21
74 61 Pm x -70060 80 8236.8 0.6 β+ 6150 90 134 924790 90
73 62 Sm x -62860 150 8177.6 1.1 β+ 7210 180 134 932520 170
72 63 Eu x -54150# 200# 8107# 1# β+ 8710# 250# 134 941870# 210#
71 64 Gd x -44250# 400# 8028# 3# β+ 9900# 450# 134 952500# 430#
70 65 Tb -p -33050# 400# 7939# 3# β+ 11200# 570# 134 964520# 430#

87 49 136 In x -40970# 300# 8091# 2# β− 15200# 360# 135 956020# 320#
86 50 Sn x -56170# 200# 8197# 1# β− 8340# 200# 135 939700# 220#
85 51 Sb -64507 6 8252.25 0.04 β− 9918 6 135 930749 6
84 52 Te -74425.3 2.3 8319.430 0.017 β− 5120 14 135 920101.2 2.4
83 53 I -79545 14 8351.32 0.10 β− 6884 14 135 914605 15
82 54 Xe -86429.170 0.007 8396.189 a β− -90.3 1.9 135 907214.474 0.007
81 55 Cs + -86338.9 1.9 8389.772 0.014 β− 2548.2 1.9 135 907311.4 2.0
80 56 Ba -88887.08 0.24 8402.757 0.002 β− -2850 50 135 904575.80 0.26
79 57 La x -86040 50 8376.1 0.4 β− 470 50 135 907630 60
78 58 Ce -86508.5 0.3 8373.762 0.002 * 135 907129.3 0.3
77 59 Pr -81340 11 8330.01 0.08 β+ 5168 11 135 912677 12
76 60 Nd x -79199 12 8308.51 0.09 β+ 2141 16 135 914976 13
75 61 Pm x -71170 70 8243.7 0.5 β+ 8030 70 135 923600 70
74 62 Sm x -66811 12 8205.92 0.09 β+ 4360 70 135 928276 13
73 63 Eu x -56240# 200# 8122# 1# β+ 10570# 200# 135 939620# 210#
72 64 Gd x -49090# 300# 8064# 2# β+ 7150# 360# 135 947300# 320#
71 65 Tb x -35900# 500# 7961# 4# β+ 13190# 580# 135 961460# 540#

88 49 137 In x -35830# 400# 8053# 3# β− 14320# 500# 136 961540# 430#
87 50 Sn x -50150# 300# 8152# 2# β− 9910# 300# 136 946160# 320#
86 51 Sb x -60060 50 8218.5 0.4 β− 9240 50 136 935520 60
85 52 Te -69303.8 2.1 8280.236 0.015 β− 7053 9 136 925599.4 2.3
84 53 I p−2n -76356 8 8326.00 0.06 β− 6027 8 136 918028 9
83 54 Xe -n -82383.41 0.10 8364.287 0.001 β− 4162.4 0.3 136 911557.77 0.11
82 55 Cs + -86545.8 0.3 8388.958 0.002 β− 1175.63 0.17 136 907089.3 0.3
81 56 Ba -87721.40 0.25 8391.829 0.002 * 136 905827.21 0.27
80 57 La + -87140.9 1.6 8381.881 0.012 β+ 580.5 1.6 136 906450.4 1.8
79 58 Ce -85918.8 0.4 8367.250 0.003 β+ 1222.1 1.6 136 907762.4 0.4
78 59 Pr -83202 8 8341.71 0.06 β+ 2717 8 136 910679 9
77 60 Nd -79584 12 8309.59 0.09 β+ 3618 14 136 914563 13
76 61 Pm x -74073 13 8263.65 0.10 β+ 5511 18 136 920480 14
75 62 Sm -67992 29 8213.55 0.21 β+ 6080 30 136 927010 30
74 63 Eu x -60146 4 8150.57 0.03 β+ 7846 29 136 935431 5
73 64 Gd x -51210# 300# 8080# 2# β+ 8930# 300# 136 945020# 320#
72 65 Tb x -40970# 400# 7999# 3# β+ 10250# 500# 136 956020# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

88 50 138 Sn x -45510# 400# 8118# 3# β− 9140# 500# 137 951140# 430#
87 51 Sb x -54650# 300# 8178# 2# β− 11050# 300# 137 941330# 320#
86 52 Te -65696 4 8252.579 0.027 β− 6284 7 137 929472 4
85 53 I x -71980 6 8292.45 0.04 β− 7992 7 137 922726 6
84 54 Xe -79972.2 2.8 8344.691 0.020 β− 2915 10 137 914146 3
83 55 Cs -82887 9 8360.14 0.07 β− 5375 9 137 911017 10
82 56 Ba -88261.81 0.25 8393.422 0.002 β− -1748.4 0.3 137 905247.06 0.27
81 57 La -86513.4 0.4 8375.083 0.003 β− 1052.5 0.4 137 907124.0 0.4
80 58 Ce -87565.9 0.5 8377.041 0.004 * 137 905994.2 0.5
79 59 Pr − -83129 10 8339.22 0.07 β+ 4437 10 137 910757 11
78 60 Nd -82017 12 8325.49 0.08 β+ 1112 15 137 911951 12
77 61 Pm -74914 12 8268.36 0.08 β+ 7103 16 137 919576 12
76 62 Sm x -71498 12 8237.93 0.09 β+ 3417 17 137 923244 13
75 63 Eu x -61750 28 8161.62 0.20 β+ 9750 30 137 933710 30
74 64 Gd x -55660# 200# 8112# 1# β+ 6090# 200# 137 940250# 220#
73 65 Tb x -43600# 300# 8019# 2# β+ 12060# 360# 137 953190# 320#
72 66 Dy x -34930# 500# 7950# 4# β+ 8670# 590# 137 962500# 540#

89 50 139 Sn x -39310# 400# 8073# 3# β− 10740# 570# 138 957800# 430#
88 51 Sb x -50050# 400# 8144# 3# β− 10160# 400# 138 946270# 430#
87 52 Te x -60205 4 8211.772 0.025 β− 8266 5 138 935367 4
86 53 I x -68471 4 8265.610 0.029 β− 7174 5 138 926493 4
85 54 Xe x -75644.6 2.1 8311.590 0.015 β− 5057 4 138 918792.2 2.3
84 55 Cs + -80701 3 8342.340 0.023 β− 4213 3 138 913364 3
83 56 Ba -n -84913.92 0.25 8367.019 0.002 β− 2308.5 0.7 138 908841.16 0.27
82 57 La -87222.4 0.6 8377.999 0.004 * 138 906362.9 0.7
81 58 Ce -86957.7 2.1 8370.466 0.015 β+ 264.6 2.0 138 906647.0 2.2
80 59 Pr -84829 4 8349.521 0.026 β+ 2129.1 3.0 138 908933 4
79 60 Nd -82017 28 8323.66 0.20 β+ 2812 28 138 911951 30
78 61 Pm -77501 14 8285.55 0.10 β+ 4516 26 138 916799 15
77 62 Sm x -72380 11 8243.08 0.08 β+ 5121 17 138 922297 12
76 63 Eu x -65398 13 8187.22 0.09 β+ 6982 17 138 929792 14
75 64 Gd x -57630# 200# 8126# 1# β+ 7770# 200# 138 938130# 210#
74 65 Tb x -48130# 300# 8052# 2# β+ 9500# 360# 138 948330# 320#
73 66 Dy x -37700# 500# 7971# 4# β+ 10430# 580# 138 959530# 540#

90 50 140 Sn x -34490# 300# 8038# 2# β− 9900# 670# 139 962970# 320#
89 51 Sb x -44390# 600# 8103# 4# β− 11980# 600# 139 952350# 640#
88 52 Te -56367 14 8183.36 0.10 β− 7239 19 139 939487 15
87 53 I x -63606 12 8229.47 0.09 β− 9380 12 139 931716 13
86 54 Xe x -72986.5 2.3 8290.888 0.017 β− 4063 9 139 921645.8 2.5
85 55 Cs -77050 8 8314.32 0.06 β− 6218 10 139 917284 9
84 56 Ba -83268 8 8353.15 0.06 β− 1044 8 139 910608 8
83 57 La -84312.1 0.6 8355.020 0.004 β− 3762.2 1.3 139 909487.3 0.7
82 58 Ce -88074.2 1.3 8376.304 0.009 * 139 905448.4 1.4
81 59 Pr − -84686 6 8346.52 0.04 β+ 3388 6 139 909086 7
80 60 Nd x -84257 3 8337.864 0.023 β+ 429 7 139 909546 4
79 61 Pm − -78212 24 8289.10 0.17 β+ 6045 24 139 916036 26
78 62 Sm x -75456 12 8263.82 0.09 β+ 2756 27 139 918995 13
77 63 Eu − -66990 50 8197.7 0.4 β+ 8470 50 139 928090 60
76 64 Gd x -61782 28 8154.98 0.20 β+ 5200 60 139 933670 30
75 65 Tb − -50480 800 8069 6 β+ 11300 800 139 945810 860
74 66 Dy x -42830# 400# 8008# 3# β+ 7650# 900# 139 954020# 430#
73 67 Ho -p -29320# 500# 7906# 4# β+ 13510# 640# 139 968530# 540#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

90 51 141 Sb x -39540# 500# 8069# 4# β− 11130# 640# 140 957550# 540#
89 52 Te x -50670# 400# 8142# 3# β− 9260# 400# 140 945600# 430#
88 53 I x -59927 16 8202.26 0.11 β− 8271 16 140 935666 17
87 54 Xe x -68197.3 2.9 8255.365 0.020 β− 6280 10 140 926787 3
86 55 Cs -74477 9 8294.36 0.07 β− 5255 10 140 920045 10
85 56 Ba -79732 5 8326.08 0.04 β− 3197 7 140 914404 6
84 57 La -82930 4 8343.205 0.029 β− 2501 4 140 910971 4
83 58 Ce -85431.1 1.3 8355.396 0.009 β− 583.5 1.2 140 908286.0 1.4
82 59 Pr -86014.5 1.5 8353.985 0.011 * 140 907659.6 1.6
81 60 Nd − -84192 3 8335.507 0.023 β+ 1823.0 2.8 140 909617 3
80 61 Pm x -80523 14 8303.94 0.10 β+ 3669 14 140 913555 15
79 62 Sm -75934 9 8265.85 0.06 β+ 4589 16 140 918482 9
78 63 Eu -69926 13 8217.69 0.09 β+ 6008 14 140 924932 14
77 64 Gd x -63224 20 8164.61 0.14 β+ 6701 23 140 932126 21
76 65 Tb x -54540 110 8097.5 0.7 β+ 8680 110 140 941450 110
75 66 Dy x -45380# 300# 8027# 2# β+ 9160# 320# 140 951280# 320#
74 67 Ho -p -34360# 400# 7943# 3# β+ 11020# 500# 140 963110# 430#

91 51 142 Sb x -33610# 300# 8027# 2# β− 12940# 580# 141 963920# 320#
90 52 Te x -46550# 500# 8113# 4# β− 8250# 500# 141 950030# 540#
89 53 I x -54803 5 8165.25 0.03 β− 10427 6 141 941167 5
88 54 Xe x -65229.6 2.7 8233.170 0.019 β− 5285 8 141 929973.1 2.9
87 55 Cs -70515 7 8264.88 0.05 β− 7328 8 141 924300 8
86 56 Ba -77842 6 8310.97 0.04 β− 2182 8 141 916433 6
85 57 La -80024 6 8320.83 0.04 β− 4509 6 141 914091 7
84 58 Ce -84532.9 2.4 8347.070 0.017 β− -746.5 2.5 141 909250.2 2.6
83 59 Pr -83786.4 1.5 8336.303 0.011 β− 2163.7 1.4 141 910051.6 1.6
82 60 Nd -85950.1 1.3 8346.031 0.009 * 141 907728.8 1.3
81 61 Pm -81142 24 8306.66 0.17 β+ 4809 24 141 912891 25
80 62 Sm -78981.9 1.9 8285.941 0.013 β+ 2160 24 141 915209.4 2.0
79 63 Eu − -71310 30 8226.40 0.21 β+ 7673 30 141 923450 30
78 64 Gd x -66960 28 8190.26 0.20 β+ 4350 40 141 928120 30
77 65 Tb − -56560 700 8112 5 β+ 10400 700 141 939280 750
76 66 Dy − -50120# 730# 8061# 5# β+ 6440# 200# 141 946190# 780#
75 67 Ho x -37250# 400# 7965# 3# β+ 12870# 830# 141 960010# 430#
74 68 Er x -27930# 500# 7893# 4# β+ 9320# 640# 141 970020# 540#

91 52 143 Te x -40530# 500# 8070# 3# β− 10260# 540# 142 956490# 540#
90 53 I x -50790# 200# 8137# 1# β− 9410# 200# 142 945480# 220#
89 54 Xe x -60203 5 8196.89 0.03 β− 7473 9 142 935370 5
88 55 Cs -67676 8 8243.67 0.05 β− 6262 10 142 927347 8
87 56 Ba -73937 7 8281.99 0.05 β− 4234 10 142 920625 7
86 57 La -78171 7 8306.13 0.05 β− 3435 8 142 916079 8
85 58 Ce -81606.4 2.4 8324.676 0.017 β− 1461.8 1.9 142 912392.0 2.6
84 59 Pr -83068.2 1.8 8329.428 0.013 β− 934.1 1.4 142 910822.6 1.9
83 60 Nd -84002.3 1.3 8330.489 0.009 * 142 909819.8 1.3
82 61 Pm -82960.7 2.9 8317.734 0.021 β+ 1041.6 2.7 142 910938 3
81 62 Sm -79517.1 2.7 8288.183 0.019 β+ 3444 4 142 914634.8 3.0
80 63 Eu x -74241 11 8245.82 0.08 β+ 5276 11 142 920299 12
79 64 Gd − -68230 200 8198.3 1.4 β+ 6010 200 142 926750 220
78 65 Tb x -60420 50 8138.2 0.4 β+ 7810 210 142 935140 60
77 66 Dy x -52169 13 8075.05 0.09 β+ 8250 50 142 943994 14
76 67 Ho x -42050# 300# 7999# 2# β+ 10120# 300# 142 954860# 320#
75 68 Er x -31160# 400# 7917# 3# β+ 10890# 500# 142 966550# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

92 52 144 Te x -36220# 300# 8040# 2# β− 9110# 500# 143 961120# 320#
91 53 I x -45330# 400# 8098# 3# β− 11540# 400# 143 951340# 430#
90 54 Xe x -56872 5 8172.88 0.04 β− 6399 21 143 938945 6
89 55 Cs -63271 20 8211.89 0.14 β− 8496 20 143 932075 22
88 56 Ba -71767 7 8265.45 0.05 β− 3083 15 143 922955 8
87 57 La x -74850 13 8281.43 0.09 β− 5582 13 143 919646 14
86 58 Ce + -80431.9 2.8 8314.761 0.020 β− 318.6 0.8 143 913653 3
85 59 Pr + -80750.6 2.7 8311.541 0.019 β− 2997.4 2.4 143 913310.7 2.9
84 60 Nd -83748.0 1.3 8326.924 0.009 β− -2331.9 2.6 143 910092.8 1.3
83 61 Pm -81416.1 2.9 8305.297 0.020 β− 549.5 2.7 143 912596 3
82 62 Sm -81965.6 1.5 8303.680 0.010 * 143 912006.3 1.6
81 63 Eu -75619 11 8254.17 0.07 β+ 6346 11 143 918819 12
80 64 Gd x -71760 28 8221.94 0.19 β+ 3860 30 143 922960 30
79 65 Tb x -62368 28 8151.29 0.19 β+ 9390 40 143 933050 30
78 66 Dy x -56570 7 8105.59 0.05 β+ 5798 29 143 939270 8
77 67 Ho x -44610 8 8017.10 0.06 β+ 11961 11 143 952110 9
76 68 Er x -36610# 200# 7956# 1# β+ 8000# 200# 143 960700# 210#
75 69 Tm -p -22160# 400# 7850# 3# β+ 14450# 450# 143 976210# 430#

93 52 145 Te x -30010# 300# 7998# 2# β− 11120# 580# 144 967780# 320#
92 53 I x -41130# 500# 8069# 3# β− 10360# 500# 144 955850# 540#
91 54 Xe x -51493 11 8135.09 0.08 β− 8561 14 144 944720 12
90 55 Cs -60054 9 8188.73 0.06 β− 7462 12 144 935529 10
89 56 Ba x -67516 8 8234.80 0.06 β− 5319 15 144 927518 9
88 57 La -72835 12 8266.09 0.08 β− 4230 40 144 921808 13
87 58 Ce -77070 30 8289.88 0.23 β− 2560 30 144 917270 40
86 59 Pr -79626 7 8302.13 0.05 β− 1806 7 144 914518 8
85 60 Nd -81432.0 1.3 8309.188 0.009 * 144 912579.2 1.4
84 61 Pm -81267.5 2.8 8302.658 0.019 β+ 164.5 2.5 144 912756 3
83 62 Sm -80651.4 1.5 8293.014 0.010 β+ 616.1 2.5 144 913417.2 1.6
82 63 Eu -77992 3 8269.274 0.021 β+ 2659.9 2.7 144 916273 3
81 64 Gd -72927 20 8228.95 0.14 β+ 5065 20 144 921710 21
80 65 Tb -66400 110 8178.5 0.8 β+ 6530 110 144 928720 120
79 66 Dy x -58243 7 8116.89 0.04 β+ 8160 110 144 937474 7
78 67 Ho x -49120 7 8048.58 0.05 β+ 9122 10 144 947267 8
77 68 Er x -39240# 200# 7975# 1# β+ 9880# 200# 144 957870# 220#
76 69 Tm -p -27580# 200# 7889# 1# β+ 11660# 280# 144 970390# 210#

93 53 146 I x -35540# 300# 8031# 2# β− 12420# 300# 145 961850# 320#
92 54 Xe x -47955 24 8110.42 0.17 β− 7355 24 145 948518 26
91 55 Cs x -55310.4 2.9 8155.437 0.020 β− 9556 3 145 940622 3
90 56 Ba x -64866.3 1.8 8215.529 0.012 β− 4354.9 2.4 145 930363.2 1.9
89 57 La -69221.2 1.7 8239.999 0.011 β− 6405 15 145 925688.0 1.8
88 58 Ce -75626 15 8278.51 0.10 β− 1050 30 145 918812 16
87 59 Pr -76670 30 8280.33 0.24 β− 4250 30 145 917690 40
86 60 Nd -80925.9 1.3 8304.093 0.009 β− -1472 4 145 913122.5 1.4
85 61 Pm + -79454 4 8288.655 0.029 β− 1542 3 145 914702 5
84 62 Sm -80996 3 8293.858 0.021 * 145 913047 3
83 63 Eu -77118 6 8261.93 0.04 β+ 3879 6 145 917211 6
82 64 Gd -76086 4 8249.507 0.028 β+ 1032 7 145 918319 4
81 65 Tb -67760 40 8187.1 0.3 β+ 8320 40 145 927250 50
80 66 Dy -62555 7 8146.11 0.05 β+ 5210 50 145 932845 7
79 67 Ho -51238 7 8063.24 0.05 β+ 11317 9 145 944994 7
78 68 Er -44322 7 8010.51 0.05 β+ 6916 9 145 952418 7
77 69 Tm -p -31060# 200# 7914# 1# β+ 13270# 200# 145 966660# 220#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

94 53 147 I x -31200# 300# 8001# 2# β− 11200# 360# 146 966510# 320#
93 54 Xe x -42400# 200# 8072# 1# β− 9520# 200# 146 954480# 220#
92 55 Cs x -51920 8 8131.80 0.06 β− 8344 21 146 944262 9
91 56 Ba x -60264 20 8183.24 0.13 β− 6414 22 146 935304 21
90 57 La x -66678 11 8221.55 0.07 β− 5336 14 146 928418 12
89 58 Ce -72014 9 8252.53 0.06 β− 3430 16 146 922690 9
88 59 Pr -75444 16 8270.54 0.11 β− 2703 16 146 919007 17
87 60 Nd -78146.8 1.3 8283.604 0.009 β− 895.2 0.6 146 916106.0 1.4
86 61 Pm -79042.0 1.3 8284.371 0.009 β− 224.06 0.29 146 915144.9 1.4
85 62 Sm -79266.0 1.3 8280.573 0.009 * 146 914904.4 1.4
84 63 Eu -77544.6 2.6 8263.541 0.017 β+ 1721.4 2.3 146 916752.4 2.8
83 64 Gd -75356.9 1.9 8243.337 0.013 β+ 2187.7 2.5 146 919101.0 2.0
82 65 Tb -70743 8 8206.62 0.06 β+ 4614 8 146 924055 9
81 66 Dy x -64196 9 8156.77 0.06 β+ 6547 12 146 931083 10
80 67 Ho -55757 5 8094.04 0.03 β+ 8439 10 146 940142 5
79 68 Er x -46610 40 8026.48 0.26 β+ 9150 40 146 949960 40
78 69 Tm -35974 7 7948.82 0.05 β+ 10630 40 146 961380 7

94 54 148 Xe x -38650# 300# 8047# 2# β− 8260# 300# 147 958510# 320#
93 55 Cs x -46911 13 8097.55 0.09 β− 10634 13 147 949639 14
92 56 Ba x -57544.9 1.5 8164.112 0.010 β− 5164 20 147 938223.0 1.6
91 57 La x -62709 19 8193.72 0.13 β− 7690 22 147 932679 21
90 58 Ce -70398 11 8240.39 0.08 β− 2137 13 147 924424 12
89 59 Pr -72535 15 8249.54 0.10 β− 4873 15 147 922130 16
88 60 Nd -77408.1 2.1 8277.178 0.014 β− -542 6 147 916899.0 2.2
87 61 Pm +p -76866 6 8268.23 0.04 β− 2470 6 147 917481 6
86 62 Sm -79336.1 1.2 8279.633 0.008 * 147 914829.2 1.3
85 63 Eu -76297 10 8253.82 0.07 β+ 3039 10 147 918091 11
84 64 Gd -76269.4 1.5 8248.340 0.010 β+ 28 10 147 918121.4 1.6
83 65 Tb -70537 12 8204.32 0.08 β+ 5732 13 147 924275 13
82 66 Dy -67859 9 8180.94 0.06 β+ 2678 10 147 927150 9
81 67 Ho x -57990 80 8109.0 0.6 β+ 9870 80 147 937740 90
80 68 Er x -51479 10 8059.69 0.07 β+ 6510 80 147 944735 11
79 69 Tm x -38765 10 7968.50 0.07 β+ 12714 14 147 958384 11
78 70 Yb x -30230# 400# 7906# 3# β+ 8540# 400# 147 967550# 430#

95 54 149 Xe x -33000# 300# 8009# 2# β− 10300# 500# 148 964570# 320#
94 55 Cs x -43300# 400# 8073# 3# β− 9530# 400# 148 953520# 430#
93 56 Ba x -52830.6 2.5 8131.850 0.017 β− 7390 200 148 943284.0 2.7
92 57 La + -60220 200 8176.2 1.3 β− 6450 200 148 935350 210
91 58 Ce x -66670 10 8214.23 0.07 β− 4369 14 148 928427 11
90 59 Pr x -71039 10 8238.30 0.07 β− 3336 10 148 923736 11
89 60 Nd -n -74375.5 2.1 8255.444 0.014 β− 1688.9 2.5 148 920154.6 2.2
88 61 Pm -76064.4 2.2 8261.528 0.015 β− 1071.5 1.9 148 918341.5 2.3
87 62 Sm -77135.9 1.2 8263.468 0.008 * 148 917191.2 1.2
86 63 Eu -76441 4 8253.556 0.026 β+ 695 4 148 917937 4
85 64 Gd -75127 3 8239.486 0.022 β+ 1314 4 148 919348 4
84 65 Tb -71489 4 8209.815 0.024 β+ 3639 4 148 923254 4
83 66 Dy -67694 9 8179.10 0.06 β+ 3795 9 148 927328 10
82 67 Ho -61646 12 8133.26 0.08 β+ 6048 13 148 933820 13
81 68 Er x -53742 28 8074.96 0.19 β+ 7900 30 148 942310 30
80 69 Tm x -43940# 200# 8004# 1# β+ 9800# 200# 148 952830# 220#
79 70 Yb x -33330# 300# 7927# 2# β+ 10610# 360# 148 964220# 320#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

96 54 150 Xe x -28990# 300# 7983# 2# β− 9180# 500# 149 968880# 320#
95 55 Cs x -38170# 400# 8039# 3# β− 11720# 400# 149 959020# 430#
94 56 Ba x -49890 6 8111.84 0.04 β− 6421 6 149 946441 6
93 57 La x -56311.1 2.5 8149.434 0.017 β− 8536 12 149 939547.5 2.7
92 58 Ce -64847 12 8201.12 0.08 β− 3454 14 149 930384 13
91 59 Pr -68301 9 8218.93 0.06 β− 5379 9 149 926676 10
90 60 Nd -73680.0 1.1 8249.579 0.008 β− -83 20 149 920901.3 1.2
89 61 Pm + -73597 20 8243.81 0.13 β− 3454 20 149 920990 22
88 62 Sm -77051.3 1.1 8261.624 0.007 β− -2259 6 149 917282.0 1.2
87 63 Eu -74792 6 8241.35 0.04 β− 972 4 149 919707 7
86 64 Gd -75764 6 8242.61 0.04 * 149 918664 7
85 65 Tb -71106 7 8206.34 0.05 β+ 4658 8 149 923665 8
84 66 Dy -69310 4 8189.150 0.029 β+ 1796 8 149 925593 5
83 67 Ho -61946 14 8134.84 0.09 β+ 7364 14 149 933498 15
82 68 Er -57831 17 8102.20 0.11 β+ 4115 14 149 937916 18
81 69 Tm x -46490# 200# 8021# 1# β+ 11340# 200# 149 950090# 210#
80 70 Yb x -38830# 300# 7965# 2# β+ 7660# 360# 149 958310# 320#
79 71 Lu -p -24770# 300# 7866# 2# β+ 14060# 420# 149 973410# 320#

96 55 151 Cs x -34280# 500# 8013# 3# β− 10660# 640# 150 963200# 540#
95 56 Ba x -44940# 400# 8079# 3# β− 8370# 590# 150 951760# 430#
94 57 La x -53310 440 8129.0 2.9 β− 7910 440 150 942770 470
93 58 Ce x -61225 18 8176.28 0.12 β− 5555 21 150 934272 19
92 59 Pr -66780 12 8207.88 0.08 β− 4164 12 150 928309 13
91 60 Nd -70943.2 1.1 8230.274 0.008 β− 2443 4 150 923839.4 1.2
90 61 Pm -73386 5 8241.27 0.03 β− 1190 4 150 921217 5
89 62 Sm -74576.5 1.1 8243.973 0.007 β− 76.6 0.5 150 919938.9 1.2
88 63 Eu -74653.1 1.2 8239.300 0.008 * 150 919856.6 1.3
87 64 Gd -74188.9 3.0 8231.045 0.020 β+ 464.2 2.8 150 920355 3
86 65 Tb -71624 4 8208.874 0.027 β+ 2565 4 150 923109 4
85 66 Dy −α -68752 3 8184.679 0.022 β+ 2871 5 150 926191 3
84 67 Ho −α -63623 8 8145.53 0.05 β+ 5130 9 150 931698 9
83 68 Er x -58266 16 8104.87 0.11 β+ 5356 18 150 937449 18
82 69 Tm -50772 19 8050.06 0.13 β+ 7495 25 150 945494 21
81 70 Yb εp -41540 300 7983.8 2.0 β+ 9230 300 150 955400 320
80 71 Lu -p -30300# 300# 7904# 2# β+ 11240# 430# 150 967470# 320#

97 55 152 Cs x -29130# 500# 7980# 3# β− 12480# 640# 151 968730# 540#
96 56 Ba x -41610# 400# 8057# 3# β− 7680# 500# 151 955330# 430#
95 57 La x -49290# 300# 8102# 2# β− 9690# 360# 151 947090# 320#
94 58 Ce x -58980# 200# 8161# 1# β− 4780# 200# 151 936680# 220#
93 59 Pr x -63758 19 8187.10 0.12 β− 6390 30 151 931553 20
92 60 Nd -70150 24 8224.01 0.16 β− 1105 19 151 924691 26
91 61 Pm -71254 26 8226.13 0.17 β− 3509 26 151 923505 28
90 62 Sm -74763.0 1.0 8244.065 0.007 β− -1874.5 0.7 151 919738.6 1.1
89 63 Eu -72888.5 1.2 8226.585 0.008 β− 1818.8 0.7 151 921751.0 1.3
88 64 Gd -74707.3 1.0 8233.404 0.007 * 151 919798.4 1.1
87 65 Tb − -70720 40 8202.01 0.26 β+ 3990 40 151 924080 40
86 66 Dy −α -70118 5 8192.92 0.03 β+ 600 40 151 924725 5
85 67 Ho -63605 13 8144.92 0.08 β+ 6513 13 151 931718 13
84 68 Er -60500 9 8119.35 0.06 β+ 3104 10 151 935050 9
83 69 Tm -51720 50 8056.4 0.4 β+ 8780 50 151 944480 60
82 70 Yb -46270 150 8015.4 1.0 β+ 5450 140 151 950330 160
81 71 Lu x -33420# 200# 7926# 1# β+ 12850# 250# 151 964120# 210#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

97 56 153 Ba x -36470# 400# 8023# 3# β− 9590# 500# 152 960850# 430#
96 57 La x -46060# 300# 8081# 2# β− 8850# 360# 152 950550# 320#
95 58 Ce x -54910# 200# 8134# 1# β− 6660# 200# 152 941050# 220#
94 59 Pr -61568 12 8172.04 0.08 β− 5762 12 152 933904 13
93 60 Nd -67330.4 2.7 8204.583 0.018 β− 3318 9 152 927717.9 2.9
92 61 Pm -70648 9 8221.15 0.06 β− 1912 9 152 924156 10
91 62 Sm -n -72560.1 1.0 8228.537 0.007 β− 807.4 0.7 152 922103.6 1.1
90 63 Eu -73367.5 1.2 8228.701 0.008 * 152 921236.8 1.3
89 64 Gd -72882.9 1.0 8220.421 0.007 β+ 484.5 0.7 152 921756.9 1.1
88 65 Tb -71314 4 8205.050 0.026 β+ 1569 4 152 923442 4
87 66 Dy -69143 4 8185.751 0.026 β+ 2170.4 1.9 152 925772 4
86 67 Ho −α -65012 5 8153.64 0.03 β+ 4131 6 152 930207 5
85 68 Er -60467 9 8118.82 0.06 β+ 4545 10 152 935086 10
84 69 Tm -53973 12 8071.26 0.08 β+ 6494 13 152 942058 13
83 70 Yb x -47160# 200# 8022# 1# β+ 6810# 200# 152 949370# 220#
82 71 Lu +α -38380 150 7959.1 1.0 β+ 8780# 250# 152 958800 160
81 72 Hf x -27300# 300# 7882# 2# β+ 11080# 340# 152 970690# 320#

98 56 154 Ba x -32920# 500# 8001# 3# β− 8610# 580# 153 964660# 540#
97 57 La x -41530# 300# 8051# 2# β− 10690# 360# 153 955420# 320#
96 58 Ce x -52220# 200# 8116# 1# β− 5640# 220# 153 943940# 220#
95 59 Pr + -57860 100 8147.3 0.6 β− 7720 100 153 937890 110
94 60 Nd x -65579.6 1.0 8192.349 0.007 β− 2687 25 153 929597.4 1.1
93 61 Pm − -68267 25 8204.72 0.16 β− 4189 25 153 926713 27
92 62 Sm -72455.6 1.3 8226.838 0.008 β− -717.2 1.1 153 922215.8 1.4
91 63 Eu -71738.4 1.2 8217.101 0.008 β− 1968.0 0.8 153 922985.7 1.3
90 64 Gd -73706.4 1.0 8224.800 0.006 β− -3550 50 153 920873.0 1.1
89 65 Tb − -70160 50 8196.67 0.29 β− 240 50 153 924680 50
88 66 Dy -70394 7 8193.13 0.05 * 153 924429 8
87 67 Ho −α -64639 8 8150.68 0.05 β+ 5755 10 153 930607 9
86 68 Er -62605 5 8132.39 0.03 β+ 2034 9 153 932791 5
85 69 Tm −α -54427 14 8074.21 0.09 β+ 8178 15 153 941570 15
84 70 Yb -49932 17 8039.94 0.11 β+ 4495 14 153 946396 19
83 71 Lu +α -39670# 200# 7968# 1# β+ 10270# 200# 153 957420# 220#
82 72 Hf x -32730# 300# 7918# 2# β+ 6940# 360# 153 964860# 320#

98 57 155 La x -37930# 400# 8028# 3# β− 9850# 500# 154 959280# 430#
97 58 Ce x -47780# 300# 8087# 2# β− 7640# 300# 154 948710# 320#
96 59 Pr -55415 17 8131.04 0.11 β− 6868 19 154 940509 18
95 60 Nd -62284 9 8170.31 0.06 β− 4656 10 154 933136 10
94 61 Pm -66940 5 8195.30 0.03 β− 3251 5 154 928137 5
93 62 Sm -n -70191.2 1.3 8211.226 0.009 β− 1627.1 1.2 154 924646.6 1.4
92 63 Eu -71818.3 1.3 8216.676 0.008 β− 252.0 0.9 154 922899.8 1.3
91 64 Gd -72070.3 1.0 8213.254 0.006 * 154 922629.4 1.1
90 65 Tb + -71250 10 8202.92 0.06 β+ 820 10 154 923510 11
89 66 Dy -69156 10 8184.36 0.06 β+ 2094.5 1.9 154 925758 10
88 67 Ho -66040 17 8159.21 0.11 β+ 3116 17 154 929103 19
87 68 Er −α -62209 6 8129.44 0.04 β+ 3831 18 154 933216 7
86 69 Tm −α -56626 10 8088.38 0.06 β+ 5583 12 154 939210 11
85 70 Yb −α -50503 17 8043.82 0.11 β+ 6123 19 154 945783 18
84 71 Lu -42545 19 7987.44 0.12 β+ 7958 25 154 954326 21
83 72 Hf x -34310# 300# 7929# 2# β+ 8240# 300# 154 963170# 320#
82 73 Ta -p -23990# 300# 7858# 2# β+ 10320# 420# 154 974250# 320#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

99 57 156 La x -33050# 400# 7997# 3# β− 11770# 500# 155 964520# 430#
98 58 Ce x -44820# 300# 8068# 2# β− 6630# 300# 155 951880# 320#
97 59 Pr x -51449.3 1.0 8105.234 0.007 β− 8752.8 1.7 155 944766.9 1.1
96 60 Nd x -60202.1 1.3 8156.326 0.008 β− 3964.7 1.8 155 935370.4 1.4
95 61 Pm -64166.8 1.2 8176.726 0.008 β− 5194 9 155 931114.1 1.3
94 62 Sm -69361 9 8205.01 0.05 β− 722 8 155 925538 9
93 63 Eu -70083 4 8204.619 0.023 β− 2452 3 155 924763 4
92 64 Gd -72535.3 1.0 8215.325 0.006 β− -2444 4 155 922130.1 1.1
91 65 Tb -70091 4 8194.641 0.024 β− 438 4 155 924754 4
90 66 Dy -70529.4 1.0 8192.437 0.006 * 155 924283.6 1.1
89 67 Ho − -65540 40 8155.43 0.25 β+ 4990 40 155 929640 40
88 68 Er -64212 25 8141.91 0.16 β+ 1330 50 155 931066 26
87 69 Tm -56834 14 8089.60 0.09 β+ 7377 27 155 938986 15
86 70 Yb -53266 9 8061.71 0.06 β+ 3569 13 155 942817 10
85 71 Lu −α -43700 50 7995.4 0.3 β+ 9570 50 155 953090 60
84 72 Hf -37820 150 7952.7 1.0 β+ 5880 140 155 959400 160
83 73 Ta -p -26000# 300# 7872# 2# β+ 11820# 340# 155 972090# 320#

100 57 157 La x -29070# 300# 7972# 2# β− 10860# 500# 156 968790# 320#
99 58 Ce x -39930# 400# 8037# 3# β− 8500# 400# 156 957130# 430#
98 59 Pr x -48435 3 8085.817 0.020 β− 8059 4 156 948003 3
97 60 Nd -56494.1 2.1 8132.167 0.014 β− 5803 7 156 939351.1 2.3
96 61 Pm -62297 7 8164.15 0.04 β− 4381 8 156 933121 8
95 62 Sm -66678 4 8187.064 0.028 β− 2781 6 156 928419 5
94 63 Eu -69459 4 8199.798 0.027 β− 1365 4 156 925433 5
93 64 Gd -70823.9 1.0 8203.507 0.006 * 156 923967.4 1.0
92 65 Tb -70763.8 1.0 8198.142 0.006 β+ 60.05 0.30 156 924031.9 1.1
91 66 Dy -69425 5 8184.63 0.03 β+ 1339 5 156 925470 6
90 67 Ho -66833 23 8163.14 0.15 β+ 2592 24 156 928252 25
89 68 Er -63414 27 8136.38 0.17 β+ 3420 30 156 931923 28
88 69 Tm x -58709 28 8101.43 0.18 β+ 4700 40 156 936970 30
87 70 Yb -53420 11 8062.76 0.07 β+ 5289 30 156 942651 12
86 71 Lu -46440 12 8013.31 0.08 β+ 6980 14 156 950145 13
85 72 Hf −α -38860# 200# 7960# 1# β+ 7590# 200# 156 958290# 220#
84 73 Ta IT -29600 150 7896.1 1.0 β+ 9260# 250# 156 968230 160
83 74 W x -19690# 400# 7828# 3# β+ 9910# 430# 156 978860# 430#

100 58 158 Ce x -36540# 400# 8015# 3# β− 7610# 500# 157 960770# 430#
99 59 Pr x -44150# 300# 8059# 2# β− 9690# 300# 157 952600# 320#
98 60 Nd x -53835.1 1.3 8114.953 0.008 β− 5271.0 1.6 157 942205.6 1.4
97 61 Pm -59106.1 0.9 8143.362 0.006 β− 6146 5 157 936546.9 1.0
96 62 Sm -65252 5 8177.31 0.03 β− 2019 5 157 929949 5
95 63 Eu -67270.5 2.0 8185.132 0.013 β− 3419.5 2.3 157 927782.2 2.2
94 64 Gd -70690.0 1.0 8201.823 0.006 β− -1219.1 1.0 157 924111.2 1.0
93 65 Tb -69470.9 1.3 8189.156 0.008 β− 936.3 2.5 157 925419.9 1.4
92 66 Dy -70407.2 2.3 8190.130 0.015 * 157 924414.8 2.5
91 67 Ho − -66187 27 8158.47 0.17 β+ 4220 27 157 928945 29
90 68 Er -65304 25 8147.93 0.16 β+ 880 40 157 929893 27
89 69 Tm -58703 25 8101.20 0.16 β+ 6600 30 157 936980 27
88 70 Yb -56010 8 8079.20 0.05 β+ 2694 26 157 939871 9
87 71 Lu −α -47212 15 8018.57 0.10 β+ 8797 17 157 949316 16
86 72 Hf -42102 17 7981.28 0.11 β+ 5110 15 157 954801 19
85 73 Ta +α -31120# 200# 7907# 1# β+ 10980# 200# 157 966590# 220#
84 74 W −α -23690# 300# 7855# 2# β+ 7430# 360# 157 974570# 320#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

101 58 159 Ce x -31340# 500# 7983# 3# β− 9430# 640# 158 966360# 540#
100 59 Pr x -40770# 400# 8037# 3# β− 8950# 400# 158 956230# 430#
99 60 Nd x -49724 30 8088.82 0.19 β− 6830 30 158 946620 30
98 61 Pm -56554 10 8126.86 0.06 β− 5653 12 158 939286 11
97 62 Sm -62208 6 8157.50 0.04 β− 3836 7 158 933217 6
96 63 Eu -66043 4 8176.699 0.027 β− 2518 4 158 929100 5
95 64 Gd -68561.9 1.0 8187.618 0.006 β− 970.7 0.7 158 926395.8 1.1
94 65 Tb -69532.6 1.1 8188.803 0.007 * 158 925353.7 1.2
93 66 Dy -69167.2 1.4 8181.584 0.009 β+ 365.4 1.2 158 925745.9 1.5
92 67 Ho − -67330 3 8165.107 0.019 β+ 1837.6 2.7 158 927719 3
91 68 Er − -64561 4 8142.774 0.023 β+ 2768.5 2.0 158 930691 4
90 69 Tm x -60570 28 8112.75 0.18 β+ 3991 28 158 934980 30
89 70 Yb x -55834 18 8078.04 0.11 β+ 4740 30 158 940060 19
88 71 Lu x -49710 40 8034.60 0.24 β+ 6120 40 158 946640 40
87 72 Hf −α -42853 17 7986.56 0.11 β+ 6860 40 158 953996 18
86 73 Ta IT -34439 20 7928.73 0.12 β+ 8413 26 158 963028 21
85 74 W −α -25430# 300# 7867# 2# β+ 9010# 300# 158 972700# 320#
84 75 Re IT -14810# 310# 7795# 2# β+ 10630# 430# 158 984110# 330#

101 59 160 Pr x -36200# 400# 8009# 2# β− 10530# 400# 159 961140# 430#
100 60 Nd x -46720 50 8069.97 0.29 β− 6170 50 159 949840 50
99 61 Pm x -52894.6 2.0 8103.640 0.013 β− 7338.5 2.8 159 943215.3 2.2
98 62 Sm x -60233.2 2.0 8144.616 0.012 β− 3260.3 2.2 159 935337.0 2.1
97 63 Eu x -63493.4 0.9 8160.103 0.006 β− 4448.6 1.4 159 931837.0 1.0
96 64 Gd -67942.1 1.1 8183.017 0.007 β− -105.6 1.0 159 927061.2 1.2
95 65 Tb -67836.5 1.1 8177.468 0.007 β− 1836.0 1.1 159 927174.6 1.2
94 66 Dy -69672.4 0.7 8184.053 0.004 * 159 925203.6 0.8
93 67 Ho − -66382 15 8158.60 0.09 β+ 3290 15 159 928736 16
92 68 Er -66064 24 8151.72 0.15 β+ 318 29 159 929077 26
91 69 Tm -60300 30 8110.81 0.20 β+ 5760 40 159 935260 40
90 70 Yb x -58163 5 8092.56 0.03 β+ 2140 30 159 937559 6
89 71 Lu x -50270 60 8038.3 0.4 β+ 7890 60 159 946030 60
88 72 Hf -45939 10 8006.38 0.06 β+ 4330 60 159 950683 10
87 73 Ta −α -35820 50 7938.3 0.3 β+ 10120 60 159 961540 60
86 74 W -29330 150 7892.8 0.9 β+ 6490 140 159 968510 160
85 75 Re −α -16880# 300# 7810# 2# β+ 12450# 340# 159 981880# 320#

102 59 161 Pr x -32490# 500# 7986# 3# β− 9740# 640# 160 965120# 540#
101 60 Nd x -42230# 400# 8042# 2# β− 7860# 400# 160 954660# 430#
100 61 Pm x -50087 9 8086.00 0.06 β− 6585 11 160 946230 10
99 62 Sm -56672 7 8122.04 0.04 β− 5120 12 160 939160 7
98 63 Eu -61792 10 8148.98 0.06 β− 3715 11 160 933664 11
97 64 Gd -n -65506.1 1.5 8167.193 0.009 β− 1955.6 1.4 160 929676.3 1.6
96 65 Tb -67461.8 1.2 8174.481 0.008 β− 593.7 1.2 160 927576.8 1.3
95 66 Dy -68055.5 0.7 8173.309 0.004 * 160 926939.4 0.7
94 67 Ho -67196.3 2.2 8163.113 0.013 β+ 859.2 2.1 160 927861.8 2.3
93 68 Er +n -65201 9 8145.86 0.05 β+ 1995 9 160 930004 9
92 69 Tm x -61899 28 8120.49 0.17 β+ 3303 29 160 933550 30
91 70 Yb x -57834 15 8090.39 0.09 β+ 4060 30 160 937912 16
90 71 Lu x -52562 28 8052.78 0.17 β+ 5270 30 160 943570 30
89 72 Hf -46316 23 8009.12 0.15 β+ 6250 40 160 950278 25
88 73 Ta +α -38779 24 7957.45 0.15 β+ 7540 30 160 958369 26
87 74 W −α -30510# 200# 7901# 1# β+ 8270# 200# 160 967250# 220#
86 75 Re -20840 150 7836.3 0.9 β+ 9660# 250# 160 977620 160
85 76 Os −α -10200# 400# 7765# 2# β+ 10650# 430# 160 989050# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

102 60 162 Nd x -39010# 400# 8022# 2# β− 7030# 500# 161 958120# 430#
101 61 Pm x -46040# 300# 8061# 2# β− 8340# 300# 161 950570# 320#
100 62 Sm -54379 4 8107.574 0.022 β− 4344 4 161 941622 4
99 63 Eu -58722.9 1.3 8129.559 0.008 β− 5558 4 161 936958.3 1.4
98 64 Gd -nn -64281 4 8159.037 0.024 β− 1599 4 161 930992 4
97 65 Tb x -65879.5 2.0 8164.077 0.013 β− 2301.6 2.2 161 929275.4 2.2
96 66 Dy -68181.2 0.7 8173.456 0.004 β− -2141 3 161 926804.5 0.7
95 67 Ho -66041 3 8155.413 0.019 β− 294 3 161 929103 3
94 68 Er -66334.2 0.8 8152.396 0.005 * 161 928787.3 0.8
93 69 Tm − -61477 26 8117.59 0.16 β+ 4857 26 161 934001 28
92 70 Yb x -59821 15 8102.53 0.09 β+ 1660 30 161 935779 16
91 71 Lu x -52830 80 8054.6 0.5 β+ 6990 80 161 943280 80
90 72 Hf -49168 9 8027.12 0.06 β+ 3660 80 161 947216 10
89 73 Ta −α -39780 60 7964.3 0.4 β+ 9390 60 161 957290 70
88 74 W -33999 18 7923.82 0.11 β+ 5780 60 161 963500 19
87 75 Re +α -22450# 200# 7848# 1# β+ 11550# 200# 161 975900# 220#
86 76 Os −α -14500# 300# 7794# 2# β+ 7950# 360# 161 984430# 320#

103 60 163 Nd x -34080# 500# 7992# 3# β− 8880# 640# 162 963410# 540#
102 61 Pm x -42960# 400# 8042# 2# β− 7640# 400# 162 953880# 430#
101 62 Sm x -50600 7 8084.17 0.05 β− 5974 7 162 945679 8
100 63 Eu x -56573.8 0.9 8116.017 0.006 β− 4814.8 1.2 162 939265.5 1.0
99 64 Gd -61388.6 0.8 8140.756 0.005 β− 3207 4 162 934096.6 0.9
98 65 Tb +p -64596 4 8155.632 0.025 β− 1785 4 162 930654 4
97 66 Dy -66380.9 0.7 8161.784 0.004 * 162 928737.2 0.7
96 67 Ho -66378.0 0.7 8156.967 0.004 β+ 2.831 0.022 162 928740.3 0.7
95 68 Er -65167 5 8144.740 0.028 β+ 1211 5 162 930040 5
94 69 Tm − -62728 6 8124.98 0.03 β+ 2439 3 162 932658 6
93 70 Yb x -59294 15 8099.11 0.09 β+ 3435 16 162 936345 16
92 71 Lu x -54791 28 8066.68 0.17 β+ 4500 30 162 941180 30
91 72 Hf -49269 26 8028.01 0.16 β+ 5520 40 162 947107 28
90 73 Ta −α -42530 40 7981.89 0.23 β+ 6730 50 162 954340 40
89 74 W −α -34910 60 7930.3 0.4 β+ 7630 70 162 962520 60
88 75 Re +α -26002 19 7870.87 0.11 β+ 8910 60 162 972085 20
87 76 Os −α -16340# 300# 7807# 2# β+ 9670# 300# 162 982460# 320#
86 77 Ir x -5310# 400# 7734# 2# β+ 11030# 500# 162 994300# 430#

103 61 164 Pm x -38360# 400# 8014# 2# β− 9570# 400# 163 958820# 430#
102 62 Sm x -47925 4 8067.780 0.025 β− 5307 5 163 948550 4
101 63 Eu -53232.1 2.1 8095.369 0.013 β− 6461.5 2.3 163 942852.9 2.2
100 64 Gd -59693.7 1.0 8129.998 0.006 β− 2411.3 2.1 163 935916.2 1.1
99 65 Tb x -62105.0 1.9 8139.930 0.011 β− 3862.7 2.0 163 933327.6 2.0
98 66 Dy -65967.6 0.7 8158.713 0.004 β− -987.1 1.4 163 929180.8 0.7
97 67 Ho -64980.5 1.4 8147.923 0.008 β− 962.1 1.4 163 930240.5 1.5
96 68 Er -65942.6 0.7 8149.019 0.004 * 163 929207.7 0.8
95 69 Tm -61909 25 8119.65 0.15 β+ 4034 25 163 933538 27
94 70 Yb x -61012 15 8109.41 0.09 β+ 897 29 163 934501 16
93 71 Lu x -54642 28 8065.80 0.17 β+ 6370 30 163 941340 30
92 72 Hf -51818 16 8043.81 0.10 β+ 2820 30 163 944371 17
91 73 Ta x -43283 28 7987.00 0.17 β+ 8540 30 163 953530 30
90 74 W -38236 10 7951.45 0.06 β+ 5047 30 163 958952 10
89 75 Re −α -27470 50 7881.1 0.3 β+ 10760 60 163 970510 60
88 76 Os -20420 150 7833.3 0.9 β+ 7050 140 163 978070 160
87 77 Ir −α -7480# 320# 7750# 2# β+ 12940# 350# 163 991970# 340#

030003-48



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

104 61 165 Pm x -34670# 500# 7992# 3# β− 8840# 640# 164 962780# 540#
103 62 Sm x -43510# 400# 8041# 2# β− 7220# 400# 164 953290# 430#
102 63 Eu -50729 5 8080.05 0.03 β− 5797 5 164 945540 6
101 64 Gd -56525.8 1.3 8110.443 0.008 β− 4063.1 2.0 164 939317.1 1.4
100 65 Tb -60588.8 1.5 8130.326 0.009 β− 3023.4 1.7 164 934955.2 1.7
99 66 Dy -n -63612.3 0.7 8143.908 0.004 β− 1285.7 0.8 164 931709.4 0.7
98 67 Ho -64898.0 0.8 8146.959 0.005 * 164 930329.1 0.8
97 68 Er -64521.4 0.9 8139.935 0.006 β+ 376.7 1.0 164 930733.5 1.0
96 69 Tm -62930.0 1.7 8125.549 0.010 β+ 1591.3 1.5 164 932441.8 1.8
95 70 Yb -60295 27 8104.84 0.16 β+ 2635 27 164 935270 28
94 71 Lu -56442 27 8076.75 0.16 β+ 3850 40 164 939407 28
93 72 Hf x -51636 28 8042.87 0.17 β+ 4810 40 164 944570 30
92 73 Ta -45848 14 8003.05 0.08 β+ 5790 30 164 950780 15
91 74 W -38861 26 7955.97 0.16 β+ 6987 29 164 958281 28
90 75 Re +α -30659 24 7901.52 0.14 β+ 8200 30 164 967086 25
89 76 Os −α -21750# 200# 7843# 1# β+ 8910# 200# 164 976650# 220#
88 77 Ir IT -11600# 160# 7776# 1# β+ 10150# 260# 164 987550# 170#
87 78 Pt −α -320# 400# 7703# 2# β+ 11280# 430# 164 999660# 430#

104 62 166 Sm x -40450# 400# 8023# 2# β− 6300# 410# 165 956580# 430#
103 63 Eu + -46750# 100# 8056# 1# β− 7620# 100# 165 949810# 110#
102 64 Gd x -54370.9 1.6 8097.226 0.010 β− 3437.9 2.2 165 941630.4 1.7
101 65 Tb -57808.8 1.5 8113.223 0.009 β− 4775.7 1.7 165 937939.7 1.6
100 66 Dy -n -62584.5 0.8 8137.279 0.005 β− 485.9 0.9 165 932812.8 0.9
99 67 Ho -63070.3 0.8 8135.493 0.005 β− 1853.8 0.8 165 932291.2 0.8
98 68 Er -64924.1 0.3 8141.948 0.002 * 165 930301.1 0.4
97 69 Tm − -61886 12 8118.94 0.07 β+ 3038 12 165 933562 12
96 70 Yb +nn -61594 7 8112.46 0.04 β+ 293 14 165 933876 8
95 71 Lu x -56021 30 8074.18 0.18 β+ 5570 30 165 939860 30
94 72 Hf x -53859 28 8056.44 0.17 β+ 2160 40 165 942180 30
93 73 Ta x -46098 28 8004.97 0.17 β+ 7760 40 165 950510 30
92 74 W -41887 9 7974.90 0.06 β+ 4210 30 165 955032 10
91 75 Re −α -31840 90 7909.6 0.5 β+ 10050 90 165 965820 90
90 76 Os -25432 18 7866.34 0.11 β+ 6410 90 165 972698 19
89 77 Ir -p -13310# 200# 7789# 1# β+ 12130# 200# 165 985720# 220#
88 78 Pt −α -4780# 300# 7733# 2# β+ 8520# 360# 165 994870# 320#

105 62 167 Sm x -35330# 500# 7992# 3# β− 8440# 640# 166 962070# 540#
104 63 Eu x -43770# 400# 8038# 2# β− 7010# 400# 166 953010# 430#
103 64 Gd -50776 5 8075.54 0.03 β− 5107 6 166 945490 6
102 65 Tb -55883.1 1.9 8101.441 0.012 β− 4028 4 166 940007.0 2.1
101 66 Dy x -59911 4 8120.878 0.024 β− 2368 7 166 935682 4
100 67 Ho p2n -62279 5 8130.37 0.03 β− 1010 5 166 933140 6
99 68 Er -63289.26 0.29 8131.735 0.002 * 166 932056.2 0.3
98 69 Tm -62543.1 1.3 8122.583 0.008 β+ 746.1 1.3 166 932857.2 1.4
97 70 Yb -60590 4 8106.202 0.024 β+ 1953 4 166 934954 4
96 71 Lu x -57530 40 8083.17 0.22 β+ 3060 40 166 938240 40
95 72 Hf x -53468 28 8054.18 0.17 β+ 4060 50 166 942600 30
94 73 Ta x -48351 28 8018.86 0.17 β+ 5120 40 166 948090 30
93 74 W -42093 19 7976.70 0.11 β+ 6260 30 166 954811 20
92 75 Re +α -34830# 40# 7929# 0# β+ 7260# 40# 166 962600# 40#
91 76 Os −α -26500 80 7874.0 0.5 β+ 8340# 90# 166 971550 90
90 77 Ir -17072 18 7812.83 0.11 β+ 9430 80 166 981672 20
89 78 Pt −α -6750# 310# 7746# 2# β+ 10320# 310# 166 992750# 330#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

106 62 168 Sm x -31640# 300# 7971# 2# β− 7610# 500# 167 966030# 320#
105 63 Eu x -39250# 400# 8012# 2# β− 8900# 500# 167 957860# 430#
104 64 Gd x -48150# 300# 8060# 2# β− 4630# 300# 167 948310# 320#
103 65 Tb x -52781 4 8082.798 0.025 β− 5780 140 167 943337 5
102 66 Dy +pp -58560 140 8112.5 0.8 β− 1500 140 167 937130 150
101 67 Ho + -60060 30 8116.81 0.18 β− 2930 30 167 935520 30
100 68 Er -62989.23 0.26 8129.590 0.002 β− -1676.9 1.7 167 932378.28 0.28

99 69 Tm -61312.4 1.7 8114.952 0.010 β− 267.5 1.7 167 934178.5 1.8
98 70 Yb -61579.87 0.09 8111.887 0.001 * 167 933891.30 0.10
97 71 Lu -57070 40 8080.40 0.23 β+ 4510 40 167 938730 40
96 72 Hf x -55361 28 8065.55 0.17 β+ 1710 50 167 940570 30
95 73 Ta x -48394 28 8019.43 0.17 β+ 6970 40 167 948050 30
94 74 W -44893 13 7993.93 0.08 β+ 3500 30 167 951805 14
93 75 Re −α -35790 30 7935.12 0.18 β+ 9100 30 167 961570 30
92 76 Os -29995 10 7895.94 0.06 β+ 5800 30 167 967799 11
91 77 Ir −α -18670 60 7823.9 0.3 β+ 11330 60 167 979960 60
90 78 Pt −α -11010 150 7773.6 0.9 β+ 7660 140 167 988180 160
89 79 Au x 2530# 400# 7688# 2# β+ 13540# 430# 168 002720# 430#

106 63 169 Eu x -35660# 500# 7991# 3# β− 8230# 640# 168 961720# 540#
105 64 Gd x -43890# 400# 8035# 2# β− 6590# 500# 168 952880# 430#
104 65 Tb x -50480# 300# 8069# 2# β− 5120# 430# 168 945810# 320#
103 66 Dy + -55600 300 8094.8 1.8 β− 3200 300 168 940320 320
102 67 Ho +p -58796 20 8109.06 0.12 β− 2125 20 168 936880 22
101 68 Er -n -60921.2 0.3 8117.008 0.002 β− 353.5 0.8 168 934598.4 0.3
100 69 Tm -61274.7 0.7 8114.470 0.004 * 168 934219.0 0.8

99 70 Yb -n -60375.53 0.18 8104.521 0.001 β+ 899.1 0.8 168 935184.21 0.19
98 71 Lu − -58083 3 8086.323 0.018 β+ 2293 3 168 937646 3
97 72 Hf x -54717 28 8061.78 0.17 β+ 3366 28 168 941260 30
96 73 Ta x -50290 28 8030.96 0.17 β+ 4430 40 168 946010 30
95 74 W -44918 15 7994.54 0.09 β+ 5370 30 168 951779 17
94 75 Re +α -38409 11 7951.40 0.07 β+ 6509 19 168 958766 12
93 76 Os −α -30723 26 7901.29 0.15 β+ 7686 28 168 967018 28
92 77 Ir +α -22093 23 7845.59 0.14 β+ 8630 30 168 976282 25
91 78 Pt −α -12460# 200# 7784# 1# β+ 9630# 200# 168 986620# 220#
90 79 Au x -1790# 300# 7716# 2# β+ 10680# 360# 168 998080# 320#

107 63 170 Eu x -30860# 500# 7963# 3# β− 9990# 710# 169 966870# 540#
106 64 Gd x -40850# 500# 8017# 3# β− 5860# 580# 169 956150# 540#
105 65 Tb x -46710# 300# 8047# 2# β− 7000# 360# 169 949860# 320#
104 66 Dy x -53710# 200# 8084# 1# β− 2530# 210# 169 942340# 220#
103 67 Ho + -56240 50 8093.79 0.29 β− 3870 50 169 939630 50
102 68 Er -60107.5 1.4 8111.953 0.008 β− -312.2 1.8 169 935471.9 1.5
101 69 Tm -59795.3 0.7 8105.514 0.004 β− 968.6 0.7 169 935807.1 0.8
100 70 Yb -60763.929 0.010 8106.610 a * 169 934767.243 0.011
99 71 Lu − -57306 17 8081.67 0.10 β+ 3458 17 169 938479 18
98 72 Hf x -56254 28 8070.88 0.16 β+ 1050 30 169 939610 30
97 73 Ta x -50138 28 8030.30 0.16 β+ 6120 40 169 946180 30
96 74 W -47291 13 8008.95 0.08 β+ 2850 30 169 949231 14
95 75 Re -38904 11 7955.01 0.07 β+ 8387 17 169 958235 12
94 76 Os -33926 10 7921.13 0.06 β+ 4978 15 169 963579 10
93 77 Ir −α -23180# 100# 7853# 1# β+ 10740# 100# 169 975110# 110#
92 78 Pt -16299 18 7808.24 0.11 β+ 6880# 100# 169 982502 20
91 79 Au -p -3700# 200# 7730# 1# β+ 12600# 200# 169 996020# 220#
90 80 Hg −α 5420# 300# 7671# 2# β+ 9120# 360# 170 005810# 320#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

107 64 171 Gd x -36210# 500# 7990# 3# β− 7560# 640# 170 961130# 540#
106 65 Tb x -43770# 400# 8030# 2# β− 6240# 450# 170 953010# 430#
105 66 Dy x -50010# 200# 8062# 1# β− 4510# 630# 170 946310# 220#
104 67 Ho + -54520 600 8084 4 β− 3200 600 170 941470 640
103 68 Er -57717.8 1.4 8097.740 0.008 β− 1492.4 1.1 170 938037.4 1.5
102 69 Tm -59210.3 1.0 8101.893 0.006 β− 96.5 1.0 170 936435.2 1.0
101 70 Yb -59306.818 0.013 8097.883 a * 170 936331.515 0.014
100 71 Lu -57828.5 1.9 8084.662 0.011 β+ 1478.4 1.9 170 937918.6 2.0

99 72 Hf x -55431 29 8066.07 0.17 β+ 2397 29 170 940490 30
98 73 Ta x -51720 28 8039.79 0.16 β+ 3710 40 170 944480 30
97 74 W x -47086 28 8008.12 0.16 β+ 4630 40 170 949450 30
96 75 Re x -41250 28 7969.41 0.16 β+ 5840 40 170 955720 30
95 76 Os -34297 18 7924.18 0.11 β+ 6950 30 170 963180 20
94 77 Ir −α -26410 40 7873.49 0.22 β+ 7890 40 170 971650 40
93 78 Pt −α -17470 80 7816.6 0.5 β+ 8950 90 170 981250 90
92 79 Au -p -7562 21 7754.11 0.12 β+ 9900 80 170 991882 22
91 80 Hg −α 3340# 310# 7686# 2# β+ 10900# 310# 171 003590# 330#

108 64 172 Gd x -32970# 300# 7972# 2# β− 6720# 580# 171 964610# 320#
107 65 Tb x -39690# 500# 8006# 3# β− 8070# 580# 171 957390# 540#
106 66 Dy x -47760# 300# 8049# 2# β− 3720# 360# 171 948730# 320#
105 67 Ho x -51480# 200# 8066# 1# β− 5000# 200# 171 944730# 210#
104 68 Er -56483 4 8090.405 0.023 β− 891 5 171 939363 4
103 69 Tm -57374 5 8091.04 0.03 β− 1882 5 171 938407 6
102 70 Yb -59255.456 0.014 8097.430 a * 171 936386.654 0.015
101 71 Lu -56736.1 2.3 8078.233 0.014 β+ 2519.4 2.3 171 939091.3 2.5
100 72 Hf x -56402 24 8071.74 0.14 β+ 334 25 171 939450 26

99 73 Ta x -51330 28 8037.71 0.16 β+ 5070 40 171 944900 30
98 74 W x -49097 28 8020.18 0.16 β+ 2230 40 171 947290 30
97 75 Re -41570 40 7971.85 0.21 β+ 7530 50 171 955380 40
96 76 Os -37244 13 7942.16 0.07 β+ 4320 40 171 960017 14
95 77 Ir −α -27380 30 7880.26 0.19 β+ 9860 30 171 970610 30
94 78 Pt -21107 10 7839.25 0.06 β+ 6270 30 171 977341 11
93 79 Au −α -9320 60 7766.2 0.3 β+ 11790 60 171 990000 60
92 80 Hg −α -1060 150 7713.6 0.9 β+ 8260 140 171 998860 160

108 65 173 Tb x -36510# 500# 7988# 3# β− 7230# 640# 172 960810# 540#
107 66 Dy x -43740# 400# 8026# 2# β− 5610# 500# 172 953040# 430#
106 67 Ho x -49350# 300# 8054# 2# β− 4300# 360# 172 947020# 320#
105 68 Er x -53650# 200# 8074# 1# β− 2600# 200# 172 942400# 210#
104 69 Tm p2n -56256 4 8084.463 0.025 β− 1295 4 172 939607 5
103 70 Yb -57551.234 0.011 8087.428 a * 172 938216.212 0.012
102 71 Lu -56881.0 1.6 8079.031 0.009 β+ 670.2 1.6 172 938935.7 1.7
101 72 Hf x -55412 28 8066.02 0.16 β+ 1469 28 172 940510 30
100 73 Ta x -52397 28 8044.06 0.16 β+ 3020 40 172 943750 30
99 74 W x -48727 28 8018.33 0.16 β+ 3670 40 172 947690 30
98 75 Re x -43554 28 7983.91 0.16 β+ 5170 40 172 953240 30
97 76 Os -37438 15 7944.03 0.09 β+ 6120 30 172 959808 16
96 77 Ir -30268 11 7898.07 0.06 β+ 7170 18 172 967505 11
95 78 Pt −α -21940 60 7845.4 0.4 β+ 8330 60 172 976450 70
94 79 Au +α -12832 23 7788.23 0.13 β+ 9100 70 172 986224 24
93 80 Hg −α -2660# 200# 7725# 1# β+ 10170# 200# 172 997140# 220#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

109 65 174 Tb x -31970# 500# 7963# 3# β− 9160# 710# 173 965680# 540#
108 66 Dy x -41130# 500# 8011# 3# β− 4740# 580# 173 955850# 540#
107 67 Ho x -45870# 300# 8034# 2# β− 6080# 420# 173 950760# 320#
106 68 Er x -51950# 300# 8064# 2# β− 1920# 300# 173 944230# 320#
105 69 Tm + -53860 40 8070.64 0.26 β− 3080 40 173 942170 50
104 70 Yb -56944.521 0.011 8083.848 a β− -1374.2 1.6 173 938867.546 0.012
103 71 Lu -55570.3 1.6 8071.454 0.009 β− 274.3 2.2 173 940342.8 1.7
102 72 Hf -55844.6 2.3 8068.534 0.013 * 173 940048.4 2.4
101 73 Ta x -51741 28 8040.45 0.16 β+ 4104 28 173 944450 30
100 74 W x -50227 28 8027.26 0.16 β+ 1510 40 173 946080 30

99 75 Re x -43673 28 7985.09 0.16 β+ 6550 40 173 953120 30
98 76 Os -39995 10 7959.46 0.06 β+ 3678 30 173 957063 11
97 77 Ir +α -30786 11 7902.04 0.06 β+ 9209 15 173 966950 12
96 78 Pt −α -25318 10 7866.11 0.06 β+ 5468 15 173 972820 11
95 79 Au −α -14060# 100# 7797# 1# β+ 11260# 100# 173 984910# 110#
94 80 Hg −α -6641 19 7749.79 0.11 β+ 7420# 100# 173 992871 21

109 66 175 Dy x -36730# 500# 7986# 3# β− 6570# 640# 174 960570# 540#
108 67 Ho x -43300# 400# 8019# 2# β− 5350# 570# 174 953520# 430#
107 68 Er x -48650# 400# 8045# 2# β− 3660# 400# 174 947770# 430#
106 69 Tm + -52310 50 8061.77 0.29 β− 2390 50 174 943840 50
105 70 Yb -54695.56 0.07 8070.925 0.001 β− 470.1 1.2 174 941281.91 0.08
104 71 Lu -55165.7 1.2 8069.141 0.007 * 174 940777.2 1.3
103 72 Hf -54481.8 2.3 8060.763 0.013 β+ 683.9 2.0 174 941511.4 2.5
102 73 Ta x -52409 28 8044.45 0.16 β+ 2073 28 174 943740 30
101 74 W x -49633 28 8024.11 0.16 β+ 2780 40 174 946720 30
100 75 Re x -45288 28 7994.82 0.16 β+ 4340 40 174 951380 30

99 76 Os -40105 12 7960.73 0.07 β+ 5180 30 174 956945 13
98 77 Ir -33395 12 7917.91 0.07 β+ 6711 17 174 964150 13
97 78 Pt -25709 19 7869.52 0.11 β+ 7686 22 174 972401 20
96 79 Au −α -17400 40 7817.59 0.22 β+ 8300 40 174 981320 40
95 80 Hg −α -7970 80 7759.2 0.5 β+ 9430 90 174 991440 90

110 66 176 Dy x -33610# 500# 7969# 3# β− 5780# 710# 175 963920# 540#
109 67 Ho x -39390# 500# 7997# 3# β− 7240# 640# 175 957710# 540#
108 68 Er x -46630# 400# 8034# 2# β− 2740# 410# 175 949940# 430#
107 69 Tm + -49370 100 8045.1 0.6 β− 4120 100 175 947000 110
106 70 Yb -53491.322 0.014 8064.085 a β− -109.0 1.2 175 942574.706 0.016
105 71 Lu -53382.3 1.2 8059.021 0.007 β− 1194.1 0.9 175 942691.7 1.3
104 72 Hf -54576.4 1.5 8061.360 0.008 * 175 941409.8 1.6
103 73 Ta x -51370 30 8038.67 0.17 β+ 3210 30 175 944860 30
102 74 W x -50642 28 8030.11 0.16 β+ 720 40 175 945630 30
101 75 Re x -45063 28 7993.97 0.16 β+ 5580 40 175 951620 30
100 76 Os -42131 11 7972.87 0.06 β+ 2930 30 175 954770 12

99 77 Ir -33882 8 7921.55 0.05 β+ 8249 14 175 963626 9
98 78 Pt -28934 13 7888.99 0.07 β+ 4948 15 175 968938 14
97 79 Au −α -18520 30 7825.38 0.19 β+ 10410 40 175 980120 40
96 80 Hg -11785 11 7782.66 0.06 β+ 6740 30 175 987349 12
95 81 Tl -p 580 80 7707.9 0.5 β+ 12370 80 176 000630 90
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

110 67 177 Ho x -36280# 500# 7980# 3# β− 6580# 710# 176 961050# 540#
109 68 Er x -42860# 500# 8013# 3# β− 4710# 540# 176 953990# 540#
108 69 Tm x -47570# 200# 8035# 1# β− 3420# 200# 176 948930# 220#
107 70 Yb -n -50986.40 0.22 8049.974 0.001 β− 1397.5 1.2 176 945263.85 0.24
106 71 Lu -52383.9 1.2 8053.450 0.007 β− 496.8 0.8 176 943763.6 1.3
105 72 Hf -52880.7 1.4 8051.836 0.008 * 176 943230.2 1.5
104 73 Ta − -51715 3 8040.829 0.019 β+ 1166 3 176 944482 4
103 74 W x -49702 28 8025.04 0.16 β+ 2013 28 176 946640 30
102 75 Re x -46269 28 8001.22 0.16 β+ 3430 40 176 950330 30
101 76 Os +α -41956 15 7972.44 0.08 β+ 4310 30 176 954958 16
100 77 Ir x -36047 20 7934.63 0.11 β+ 5909 25 176 961302 21
99 78 Pt -29370 15 7892.49 0.08 β+ 6677 25 176 968470 16
98 79 Au -21546 10 7843.86 0.06 β+ 7825 18 176 976870 11
97 80 Hg −α -12780 80 7789.9 0.5 β+ 8770 90 176 986280 90
96 81 Tl IT -3340 22 7732.17 0.12 β+ 9440 90 176 996414 23

111 67 178 Ho x -32130# 500# 7957# 3# β− 8130# 780# 177 965510# 540#
110 68 Er x -40260# 600# 7999# 3# β− 3980# 670# 177 956780# 640#
109 69 Tm x -44240# 300# 8017# 2# β− 5440# 300# 177 952510# 320#
108 70 Yb -49677 7 8042.74 0.04 β− 661 7 177 946669 7
107 71 Lu -50337.9 2.3 8042.055 0.013 β− 2097.5 2.1 177 945960.1 2.4
106 72 Hf -52435.4 1.4 8049.444 0.008 * 177 943708.3 1.5
105 73 Ta IT -50600# 50# 8035# 0# β+ 1840# 50# 177 945680# 60#
104 74 W − -50407 15 8029.26 0.09 β+ 190# 50# 177 945886 16
103 75 Re x -45653 28 7998.16 0.16 β+ 4750 30 177 950990 30
102 76 Os -43544 14 7981.91 0.08 β+ 2110 30 177 953253 15
101 77 Ir -36254 19 7936.56 0.11 β+ 7290 23 177 961079 20
100 78 Pt -31997 10 7908.25 0.06 β+ 4257 21 177 965649 11
99 79 Au x -22303 10 7849.39 0.06 β+ 9694 14 177 976057 11
98 80 Hg −α -16315 11 7811.36 0.06 β+ 5988 15 177 982485 12
97 81 Tl −α -4610# 100# 7741# 1# β+ 11700# 100# 177 995050# 110#
96 82 Pb −α 3573 23 7690.84 0.13 β+ 8190# 100# 178 003836 25

111 68 179 Er x -36080# 500# 7976# 3# β− 5820# 640# 178 961270# 540#
110 69 Tm x -41900# 400# 8004# 2# β− 4740# 450# 178 955020# 430#
109 70 Yb x -46640# 200# 8026# 1# β− 2420# 200# 178 949930# 220#
108 71 Lu -49059 5 8035.074 0.029 β− 1404 5 178 947333 6
107 72 Hf -50463.0 1.4 8038.547 0.008 * 178 945825.7 1.5
106 73 Ta -50357.5 1.5 8033.587 0.008 β+ 105.6 0.4 178 945939.1 1.6
105 74 W -49295 15 8023.28 0.08 β+ 1062 15 178 947079 16
104 75 Re -46584 25 8003.77 0.14 β+ 2711 27 178 949990 26
103 76 Os -43020 16 7979.48 0.09 β+ 3564 29 178 953816 17
102 77 Ir -38082 10 7947.52 0.05 β+ 4938 18 178 959118 10
101 78 Pt -32268 8 7910.68 0.04 β+ 5814 13 178 965359 9
100 79 Au -24989 12 7865.64 0.07 β+ 7280 14 178 973174 13
99 80 Hg -16933 28 7816.26 0.16 β+ 8060 30 178 981820 30
98 81 Tl −α -8270 40 7763.49 0.22 β+ 8660 50 178 991120 40
97 82 Pb −α 2050 80 7701.5 0.5 β+ 10320 90 179 002200 90
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

112 68 180 Er x -33180# 500# 7960# 3# β− 4990# 640# 179 964380# 540#
111 69 Tm x -38170# 400# 7983# 2# β− 6550# 500# 179 959020# 430#
110 70 Yb x -44720# 300# 8016# 2# β− 1960# 310# 179 951990# 320#
109 71 Lu + -46680 70 8022.0 0.4 β− 3100 70 179 949890 80
108 72 Hf -49779.5 1.4 8034.932 0.008 β− -845.8 2.3 179 946559.5 1.5
107 73 Ta +n -48933.6 2.1 8025.886 0.011 β− 702.6 2.4 179 947467.6 2.2
106 74 W -49636.2 1.4 8025.443 0.008 * 179 946713.3 1.5
105 75 Re x -45837 21 7999.99 0.12 β+ 3799 21 179 950792 23
104 76 Os -44356 16 7987.42 0.09 β+ 1481 27 179 952382 17
103 77 Ir x -37978 22 7947.63 0.12 β+ 6379 27 179 959229 23
102 78 Pt -34430 10 7923.58 0.06 β+ 3548 24 179 963038 11
101 79 Au -25626 5 7870.319 0.026 β+ 8804 11 179 972490 5
100 80 Hg -20251 13 7836.11 0.07 β+ 5375 14 179 978260 14
99 81 Tl −α -9390 70 7771.4 0.4 β+ 10860 70 179 989920 80
98 82 Pb −α -1941 12 7725.70 0.07 β+ 7450 70 179 997916 13

112 69 181 Tm x -35440# 500# 7969# 3# β− 5650# 580# 180 961950# 540#
111 70 Yb x -41090# 300# 7996# 2# β− 3710# 320# 180 955890# 320#
110 71 Lu x -44800 130 8011.9 0.7 β− 2610 130 180 951910 140
109 72 Hf -n -47403.0 1.4 8022.003 0.008 β− 1036.1 1.9 180 949110.8 1.5
108 73 Ta -48439.1 1.6 8023.405 0.009 * 180 947998.5 1.7
107 74 W -n -48233.9 1.4 8017.949 0.008 β+ 205.1 1.9 180 948218.7 1.6
106 75 Re 4n -46517 13 8004.14 0.07 β+ 1717 13 180 950062 13
105 76 Os -43550 25 7983.43 0.14 β+ 2967 28 180 953247 27
104 77 Ir +α -39463 5 7956.524 0.029 β+ 4087 26 180 957635 6
103 78 Pt -34381 14 7924.13 0.08 β+ 5082 15 180 963090 15
102 79 Au −α -27871 20 7883.84 0.11 β+ 6510 24 180 970079 21
101 80 Hg -20661 15 7839.68 0.08 β+ 7210 25 180 977819 17
100 81 Tl -12799 9 7791.92 0.05 β+ 7862 18 180 986260 10
99 82 Pb −α -3110 90 7734.1 0.5 β+ 9690 90 180 996660 90

113 69 182 Tm x -31490# 500# 7948# 3# β− 7410# 640# 181 966190# 540#
112 70 Yb x -38900# 400# 7984# 2# β− 2870# 450# 181 958240# 430#
111 71 Lu x -41770# 200# 7996# 1# β− 4280# 200# 181 955160# 220#
110 72 Hf -nn -46050 6 8014.84 0.03 β− 381 6 181 950564 7
109 73 Ta -46430.7 1.6 8012.633 0.009 β− 1815.5 1.5 181 950154.6 1.7
108 74 W -48246.1 0.7 8018.310 0.004 * 181 948205.6 0.8
107 75 Re IT -45450 100 7998.6 0.6 β+ 2800 100 181 951210 110
106 76 Os -44609 22 7989.73 0.12 β+ 840 100 181 952110 23
105 77 Ir -39052 21 7954.89 0.12 β+ 5560 30 181 958076 23
104 78 Pt -36168 13 7934.75 0.07 β+ 2883 25 181 961172 14
103 79 Au -28304 19 7887.24 0.10 β+ 7864 23 181 969614 20
102 80 Hg -23577 10 7856.97 0.05 β+ 4727 21 181 974689 11
101 81 Tl −α -13327 12 7796.36 0.07 β+ 10250 15 181 985693 13
100 82 Pb −α -6825 12 7756.33 0.07 β+ 6503 17 181 992674 13

113 70 183 Yb x -35000# 400# 7963# 2# β− 4720# 410# 182 962430# 430#
112 71 Lu x -39720 80 7984.8 0.4 β− 3570 90 182 957360 90
111 72 Hf + -43280 30 8000.03 0.16 β− 2010 30 182 953530 30
110 73 Ta -n -45293.5 1.6 8006.740 0.009 β− 1072.1 1.5 182 951375.4 1.7
109 74 W -46365.7 0.7 8008.323 0.004 * 182 950224.4 0.8
108 75 Re − -45810 8 8001.01 0.04 β+ 556 8 182 950821 9
107 76 Os -43660 50 7985.01 0.27 β+ 2150 50 182 953130 50
106 77 Ir -40202 25 7961.82 0.13 β+ 3460 50 182 956841 26
105 78 Pt -35773 14 7933.34 0.08 β+ 4429 28 182 961596 15
104 79 Au -30191 9 7898.56 0.05 β+ 5582 17 182 967588 10
103 80 Hg -23805 7 7859.39 0.04 β+ 6387 12 182 974445 8
102 81 Tl -16587 9 7815.67 0.05 β+ 7217 12 182 982193 10
101 82 Pb −α -7580 29 7762.18 0.16 β+ 9010 30 182 991860 30
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

114 70 184 Yb x -32600# 500# 7951# 3# β− 3700# 540# 183 965000# 540#
113 71 Lu x -36300# 200# 7967# 1# β− 5200# 200# 183 961030# 220#
112 72 Hf + -41500 40 7990.72 0.22 β− 1340 30 183 955450 40
111 73 Ta + -42839 26 7993.75 0.14 β− 2866 26 183 954010 28
110 74 W -45705.5 0.7 8005.078 0.004 β− -1486 4 183 950933.2 0.8
109 75 Re -44220 4 7992.752 0.023 β− 33 4 183 952528 5
108 76 Os -44252.6 0.8 7988.678 0.005 * 183 952492.9 0.9
107 77 Ir x -39611 28 7959.20 0.15 β+ 4642 28 183 957480 30
106 78 Pt -37332 15 7942.56 0.08 β+ 2280 30 183 959922 16
105 79 Au −α -30319 22 7900.19 0.12 β+ 7014 27 183 967452 24
104 80 Hg -26345 10 7874.35 0.05 β+ 3974 24 183 971718 10
103 81 Tl -16883 10 7818.67 0.05 β+ 9461 14 183 981875 11
102 82 Pb -11052 13 7782.73 0.07 β+ 5832 16 183 988136 14
101 83 Bi −α 1250# 120# 7712# 1# β+ 12310# 120# 184 001350# 130#

115 70 185 Yb x -28480# 500# 7929# 3# β− 5480# 580# 184 969430# 540#
114 71 Lu x -33960# 300# 7955# 2# β− 4360# 310# 184 963540# 320#
113 72 Hf x -38320 60 7974.0 0.3 β− 3070 70 184 958860 70
112 73 Ta + -41394 14 7986.36 0.08 β− 1994 14 184 955561 15
111 74 W -43387.9 0.7 7992.908 0.004 β− 431.2 0.7 184 953421.2 0.8
110 75 Re -43819.0 0.8 7991.010 0.004 * 184 952958.3 0.9
109 76 Os -42805.9 0.8 7981.305 0.005 β+ 1013.1 0.4 184 954046.0 0.9
108 77 Ir x -40336 28 7963.72 0.15 β+ 2470 28 184 956700 30
107 78 Pt -36688 26 7939.78 0.14 β+ 3650 40 184 960614 28
106 79 Au x -31858.1 2.6 7909.441 0.014 β+ 4830 26 184 965798.9 2.8
105 80 Hg -26184 14 7874.54 0.07 β+ 5674 14 184 971891 15
104 81 Tl IT -19758 21 7835.58 0.11 β+ 6426 25 184 978789 22
103 82 Pb −α -11541 16 7786.93 0.09 β+ 8217 26 184 987610 17
102 83 Bi IT -2240# 80# 7732# 0# β+ 9310# 80# 184 997600# 90#

115 71 186 Lu x -30320# 400# 7936# 2# β− 6100# 400# 185 967450# 430#
114 72 Hf x -36420 50 7964.30 0.28 β− 2180 80 185 960900 60
113 73 Ta + -38610 60 7971.8 0.3 β− 3900 60 185 958550 60
112 74 W -42508.6 1.2 7988.603 0.007 β− -581.3 1.2 185 954365.1 1.3
111 75 Re -41927.3 0.8 7981.271 0.004 β− 1072.7 0.8 185 954989.2 0.9
110 76 Os -43000.0 0.8 7982.832 0.004 * 185 953837.6 0.8
109 77 Ir x -39172 17 7958.05 0.09 β+ 3828 17 185 957947 18
108 78 Pt -37864 22 7946.81 0.12 β+ 1308 27 185 959351 23
107 79 Au -31715 21 7909.54 0.11 β+ 6150 30 185 965953 23
106 80 Hg -28539 12 7888.26 0.06 β+ 3176 24 185 969362 13
105 81 Tl -19883 21 7837.52 0.11 β+ 8656 24 185 978655 22
104 82 Pb −α -14681 11 7805.34 0.06 β+ 5202 23 185 984239 12
103 83 Bi −α -3145 17 7739.12 0.09 β+ 11535 20 185 996623 18
102 84 Po −α 4102 18 7695.95 0.10 β+ 7247 25 186 004403 20

116 71 187 Lu x -27770# 400# 7923# 2# β− 5230# 450# 186 970190# 430#
115 72 Hf x -33000# 200# 7947# 1# β− 3900# 210# 186 964570# 220#
114 73 Ta x -36900 60 7963.21 0.30 β− 3010 60 186 960390 60
113 74 W -39904.0 1.2 7975.117 0.006 β− 1312.5 1.1 186 957161.2 1.3
112 75 Re -41216.5 0.7 7977.952 0.004 β− 2.467 0.002 186 955752.2 0.8
111 76 Os -41219.0 0.7 7973.781 0.004 * 186 955749.6 0.8
110 77 Ir x -39549 28 7960.67 0.15 β+ 1670 28 186 957540 30
109 78 Pt -36685 24 7941.17 0.13 β+ 2860 40 186 960617 26
108 79 Au -33029 22 7917.43 0.12 β+ 3657 27 186 964542 24
107 80 Hg -28119 13 7886.99 0.07 β+ 4910 26 186 969814 14
106 81 Tl -22445 8 7852.47 0.04 β+ 5674 15 186 975905 9
105 82 Pb -14987 5 7808.401 0.027 β+ 7458 10 186 983911 5
104 83 Bi −α -6383 10 7758.21 0.05 β+ 8604 11 186 993147 11
103 84 Po −α 2820 30 7704.79 0.17 β+ 9210 30 187 003030 40
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

117 71 188 Lu x -23820# 400# 7903# 2# β− 7010# 500# 187 974430# 430#
116 72 Hf x -30830# 300# 7936# 2# β− 3080# 360# 187 966900# 320#
115 73 Ta x -33910# 200# 7948# 1# β− 4760# 200# 187 963600# 220#
114 74 W + -38668 3 7969.053 0.016 β− 349 3 187 958488 3
113 75 Re -n -39016.9 0.7 7966.748 0.004 β− 2120.42 0.15 187 958113.7 0.8
112 76 Os -41137.3 0.7 7973.866 0.004 * 187 955837.3 0.8
111 77 Ir -38345 9 7954.85 0.05 β+ 2792 9 187 958835 10
110 78 Pt -37821 5 7947.903 0.028 β+ 524 9 187 959398 6
109 79 Au x -32371.3 2.7 7914.754 0.014 β+ 5450 6 187 965248.0 2.9
108 80 Hg -30198 7 7899.03 0.04 β+ 2173 7 187 967581 7
107 81 Tl x -22336 30 7853.05 0.16 β+ 7860 30 187 976020 30
106 82 Pb −α -17811 10 7824.82 0.05 β+ 4530 30 187 980879 11
105 83 Bi −α -7195 11 7764.19 0.06 β+ 10616 15 187 992276 12
104 84 Po −α -544 20 7724.65 0.11 β+ 6650 23 187 999416 21

117 72 189 Hf x -27150# 300# 7917# 2# β− 4810# 360# 188 970850# 320#
116 73 Ta x -31960# 200# 7938# 1# β− 3850# 280# 188 965690# 220#
115 74 W + -35810# 200# 7954# 1# β− 2170# 200# 188 961560# 220#
114 75 Re +p -37979 8 7961.81 0.04 β− 1008 8 188 959228 9
113 76 Os -38986.8 0.7 7963.003 0.004 * 188 958145.9 0.7
112 77 Ir -38450 13 7956.02 0.07 β+ 537 13 188 958723 14
111 78 Pt -36469 10 7941.40 0.05 β+ 1980 14 188 960848 11
110 79 Au x -33582 20 7921.99 0.11 β+ 2887 22 188 963948 22
109 80 Hg -29630 30 7896.92 0.17 β+ 3960 40 188 968190 30
108 81 Tl -24616 8 7866.27 0.04 β+ 5010 30 188 973574 9
107 82 Pb -17844 14 7826.30 0.07 β+ 6772 16 188 980844 15
106 83 Bi −α -10065 21 7781.00 0.11 β+ 7779 25 188 989195 22
105 84 Po −α -1422 22 7731.13 0.12 β+ 8640 30 188 998473 24

118 72 190 Hf x -24800# 400# 7905# 2# β− 3920# 450# 189 973380# 430#
117 73 Ta x -28720# 200# 7922# 1# β− 5650# 200# 189 969170# 220#
116 74 W -34370 40 7947.50 0.19 β− 1210 40 189 963100 40
115 75 Re -35583 5 7949.776 0.026 β− 3125 5 189 961800 5
114 76 Os -38707.8 0.6 7962.105 0.003 β− -1954.2 1.2 189 958445.4 0.7
113 77 Ir +n -36753.6 1.4 7947.702 0.007 β− 552.9 1.3 189 960543.4 1.5
112 78 Pt -37306.5 0.7 7946.494 0.003 * 189 959949.8 0.7
111 79 Au x -32834 3 7918.835 0.018 β+ 4473 4 189 964752 4
110 80 Hg -31371 16 7907.02 0.08 β+ 1463 16 189 966322 17
109 81 Tl +α -24366 7 7866.03 0.04 β+ 7004 17 189 973842 8
108 82 Pb −α -20417 13 7841.13 0.07 β+ 3950 14 189 978082 13
107 83 Bi −α -10596 21 7785.32 0.11 β+ 9821 24 189 988625 23
106 84 Po −α -4563 13 7749.45 0.07 β+ 6033 25 189 995102 14

118 73 191 Ta x -26520# 300# 7911# 2# β− 4660# 300# 190 971530# 320#
117 74 W x -31180 40 7931.44 0.22 β− 3170 40 190 966530 50
116 75 Re +p -34350 10 7943.96 0.05 β− 2045 10 190 963123 11
115 76 Os -36395.2 0.7 7950.569 0.003 β− 313.6 1.1 190 960928.1 0.7
114 77 Ir -36708.8 1.3 7948.114 0.007 * 190 960591.5 1.4
113 78 Pt -35698 4 7938.728 0.022 β+ 1010 4 190 961676 4
112 79 Au -33798 5 7924.682 0.026 β+ 1900 6 190 963716 5
111 80 Hg -30592 22 7903.80 0.12 β+ 3206 23 190 967158 24
110 81 Tl +α -26283 7 7877.14 0.04 β+ 4309 23 190 971784 8
109 82 Pb -20291 7 7841.68 0.03 β+ 5992 10 190 978216 7
108 83 Bi -13239 7 7800.66 0.04 β+ 7052 10 190 985787 8
107 84 Po -5069 7 7753.79 0.04 β+ 8171 10 190 994558 8
106 85 At −α 3864 16 7702.92 0.08 β+ 8933 18 191 004148 17
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

119 73 192 Ta x -23100# 400# 7894# 2# β− 6520# 450# 191 975200# 430#
118 74 W x -29620# 200# 7924# 1# β− 1970# 210# 191 968200# 220#
117 75 Re x -31590 70 7930.2 0.4 β− 4290 70 191 966090 80
116 76 Os -35882.3 2.3 7948.526 0.012 β− -1046.7 2.4 191 961478.8 2.5
115 77 Ir -34835.6 1.3 7939.000 0.007 β− 1452.9 2.3 191 962602.4 1.4
114 78 Pt -36288.5 2.6 7942.492 0.013 * 191 961042.7 2.8
113 79 Au − -32772 16 7920.10 0.08 β+ 3516 16 191 964818 17
112 80 Hg x -32011 16 7912.07 0.08 β+ 761 22 191 965634 17
111 81 Tl x -25870 30 7876.02 0.16 β+ 6140 40 191 972230 30
110 82 Pb -22552 6 7854.648 0.030 β+ 3320 30 191 975790 6
109 83 Bi −α -13530 30 7803.61 0.16 β+ 9020 30 191 985470 30
108 84 Po −α -8066 11 7771.05 0.06 β+ 5470 30 191 991340 11
107 85 At −α 2926 28 7709.73 0.15 β+ 10992 30 192 003141 30

120 73 193 Ta x -20810# 400# 7883# 2# β− 5380# 450# 192 977660# 430#
119 74 W x -26190# 200# 7907# 1# β− 4040# 200# 192 971880# 220#
118 75 Re x -30230 40 7923.94 0.20 β− 3160 40 192 967550 40
117 76 Os -33394.4 2.3 7936.272 0.012 β− 1141.9 2.4 192 964149.6 2.5
116 77 Ir -34536.3 1.3 7938.135 0.007 * 192 962923.8 1.4
115 78 Pt -34479.7 1.4 7933.788 0.007 β+ 56.63 0.30 192 962984.5 1.5
114 79 Au -33405 9 7924.16 0.04 β+ 1075 9 192 964138 9
113 80 Hg -31062 16 7907.97 0.08 β+ 2343 14 192 966653 17
112 81 Tl x -27477 7 7885.34 0.03 β+ 3585 17 192 970502 7
111 82 Pb -22229 10 7854.10 0.05 β+ 5248 12 192 976136 11
110 83 Bi -15885 8 7817.17 0.04 β+ 6345 13 192 982947 8
109 84 Po −α -8325 15 7773.95 0.08 β+ 7559 16 192 991062 16
108 85 At −α -67 22 7727.11 0.11 β+ 8258 26 192 999928 23
107 86 Rn −α 9043 25 7675.85 0.13 β+ 9110 30 193 009708 27

121 73 194 Ta x -17130# 500# 7865# 3# β− 7280# 580# 193 981610# 540#
120 74 W x -24410# 300# 7899# 2# β− 2850# 360# 193 973800# 320#
119 75 Re x -27260# 200# 7909# 1# β− 5180# 200# 193 970740# 220#
118 76 Os + -32435.2 2.4 7932.023 0.012 β− 96.6 2.0 193 965179.4 2.6
117 77 Ir -n -32531.8 1.3 7928.488 0.007 β− 2228.3 1.3 193 965075.7 1.4
116 78 Pt -34760.1 0.5 7935.942 0.003 * 193 962683.5 0.5
115 79 Au +3n -32211.9 2.1 7918.774 0.011 β+ 2548.2 2.1 193 965419.1 2.3
114 80 Hg x -32184.0 2.9 7914.597 0.015 β+ 28 4 193 965449 3
113 81 Tl x -26937 14 7883.52 0.07 β+ 5246 14 193 971081 15
112 82 Pb -24208 17 7865.42 0.09 β+ 2730 22 193 974012 19
111 83 Bi +α -16023 5 7819.195 0.027 β+ 8185 18 193 982799 6
110 84 Po −α -11005 13 7789.29 0.07 β+ 5018 14 193 988186 14
109 85 At −α -716 24 7732.23 0.12 β+ 10288 27 193 999231 25
108 86 Rn −α 5725 17 7695.00 0.09 β+ 6441 29 194 006146 18

121 74 195 W x -20740# 300# 7881# 2# β− 4820# 420# 194 977740# 320#
120 75 Re x -25560# 300# 7901# 2# β− 3950# 310# 194 972560# 320#
119 76 Os x -29510 60 7917.74 0.29 β− 2180 60 194 968320 60
118 77 Ir -n -31692.3 1.3 7924.916 0.007 β− 1101.6 1.3 194 965976.9 1.4
117 78 Pt -32793.9 0.5 7926.553 0.003 * 194 964794.3 0.5
116 79 Au -32567.1 1.1 7921.378 0.006 β+ 226.8 1.0 194 965037.8 1.2
115 80 Hg -31013 23 7909.40 0.12 β+ 1554 23 194 966706 25
114 81 Tl -28155 11 7890.73 0.06 β+ 2858 26 194 969774 12
113 82 Pb -23738 5 7864.065 0.026 β+ 4417 12 194 974516 5
112 83 Bi -18026 5 7830.758 0.027 β+ 5712 7 194 980649 6
111 84 Po -11117 6 7791.32 0.03 β+ 6909 8 194 988066 6
110 85 At −α -3470 10 7748.09 0.05 β+ 7646 11 194 996274 10
109 86 Rn −α 5050 50 7700.38 0.27 β+ 8520 50 195 005420 60
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

122 74 196 W x -18740# 400# 7872# 2# β− 3620# 500# 195 979880# 430#
121 75 Re x -22360# 300# 7886# 2# β− 5920# 300# 195 976000# 320#
120 76 Os +pp -28280 40 7912.23 0.20 β− 1160 60 195 969640 40
119 77 Ir + -29440 40 7914.15 0.20 β− 3210 40 195 968400 40
118 78 Pt -32644.5 0.5 7926.530 0.003 β− -1505.8 3.0 195 964954.6 0.5
117 79 Au -31138.7 3.0 7914.855 0.015 β− 687 3 195 966571 3
116 80 Hg -31825.9 2.9 7914.370 0.015 * 195 965833 3
115 81 Tl x -27497 12 7888.29 0.06 β+ 4329 12 195 970481 13
114 82 Pb -25348 8 7873.34 0.04 β+ 2148 14 195 972788 8
113 83 Bi x -18009 24 7831.90 0.12 β+ 7339 26 195 980667 26
112 84 Po -13469 5 7804.745 0.027 β+ 4540 25 195 985541 6
111 85 At −α -3910 30 7752.00 0.15 β+ 9560 30 195 995800 30
110 86 Rn −α 1975 14 7717.97 0.07 β+ 5890 30 196 002120 15

123 74 197 W x -14870# 400# 7853# 2# β− 5480# 500# 196 984040# 430#
122 75 Re x -20350# 300# 7877# 2# β− 4730# 360# 196 978150# 320#
121 76 Os x -25080# 200# 7897# 1# β− 3190# 200# 196 973080# 220#
120 77 Ir +p -28264 20 7909.00 0.10 β− 2156 20 196 969657 22
119 78 Pt -30419.8 0.5 7915.971 0.003 β− 720.0 0.5 196 967343.0 0.6
118 79 Au -31139.8 0.5 7915.655 0.003 * 196 966570.1 0.6
117 80 Hg -30540 3 7908.640 0.016 β+ 600 3 196 967214 3
116 81 Tl +α -28354 14 7893.57 0.07 β+ 2186 14 196 969560 15
115 82 Pb -24745 5 7871.282 0.024 β+ 3609 14 196 973435 5
114 83 Bi +α -19687 8 7841.63 0.04 β+ 5058 10 196 978865 9
113 84 Po -13393 10 7805.71 0.05 β+ 6294 13 196 985622 11
112 85 At -6355 8 7766.02 0.04 β+ 7038 13 196 993177 9
111 86 Rn −α 1510 16 7722.12 0.08 β+ 7866 18 197 001621 17
110 87 Fr −α 10250 60 7673.76 0.29 β+ 8740 60 197 011010 60

123 75 198 Re x -16990# 400# 7861# 2# β− 6610# 450# 197 981760# 430#
122 76 Os x -23600# 200# 7890# 1# β− 2110# 280# 197 974660# 220#
121 77 Ir x -25710# 200# 7897# 1# β− 4190# 200# 197 972400# 220#
120 78 Pt -29904.0 2.1 7914.151 0.011 β− -323.2 2.1 197 967896.7 2.3
119 79 Au -29580.8 0.5 7908.568 0.003 β− 1373.5 0.5 197 968243.7 0.6
118 80 Hg -30954.3 0.5 7911.553 0.002 * 197 966769.2 0.5
117 81 Tl x -27529 8 7890.30 0.04 β+ 3426 8 197 970447 8
116 82 Pb -26067 9 7878.97 0.04 β+ 1461 12 197 972015 9
115 83 Bi -19374 28 7841.21 0.14 β+ 6694 29 197 979201 30
114 84 Po -15473 17 7817.56 0.09 β+ 3900 30 197 983389 19
113 85 At -6709 5 7769.345 0.025 β+ 8765 18 197 992798 5
112 86 Rn −α -1230 13 7737.72 0.07 β+ 5478 14 197 998679 14
111 87 Fr −α 9580 30 7679.19 0.16 β+ 10810 30 198 010280 30

124 75 199 Re x -14730# 400# 7850# 2# β− 5540# 450# 198 984190# 430#
123 76 Os x -20270# 200# 7874# 1# β− 4130# 200# 198 978240# 220#
122 77 Ir p−2n -24400 40 7891.21 0.21 β− 2990 40 198 973810 40
121 78 Pt -n -27388.7 2.2 7902.301 0.011 β− 1705.1 2.1 198 970597.0 2.3
120 79 Au -29093.8 0.5 7906.938 0.003 β− 452.3 0.6 198 968766.6 0.6
119 80 Hg -29546.1 0.5 7905.279 0.003 * 198 968281.0 0.6
118 81 Tl x -28059 28 7893.88 0.14 β+ 1487 28 198 969880 30
117 82 Pb +α -25232 7 7875.74 0.03 β+ 2828 29 198 972913 7
116 83 Bi -20798 11 7849.52 0.05 β+ 4434 13 198 977673 11
115 84 Po −α -15239 5 7817.658 0.027 β+ 5559 12 198 983640 6
114 85 At -8823 5 7781.488 0.027 β+ 6415 8 198 990528 6
113 86 Rn −α -1560 7 7741.06 0.04 β+ 7264 9 198 998325 8
112 87 Fr −α 6771 14 7695.26 0.07 β+ 8331 16 199 007269 15
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

124 76 200 Os x -18550# 300# 7867# 1# β− 3020# 360# 199 980090# 320#
123 77 Ir x -21570# 200# 7878# 1# β− 5030# 200# 199 976840# 210#
122 78 Pt -nn -26599 20 7899.20 0.10 β− 640 30 199 971445 22
121 79 Au -27240 27 7898.49 0.13 β− 2263 27 199 970757 29
120 80 Hg -29503.3 0.5 7905.896 0.003 * 199 968326.9 0.6
119 81 Tl − -27047 6 7889.704 0.029 β+ 2456 6 199 970964 6
118 82 Pb -26251 10 7881.81 0.05 β+ 796 12 199 971819 11
117 83 Bi +α -20371 23 7848.50 0.11 β+ 5880 25 199 978131 24
116 84 Po -16942 8 7827.44 0.04 β+ 3429 24 199 981812 8
115 85 At −α -8988 24 7783.76 0.12 β+ 7954 26 199 990351 26
114 86 Rn −α -4000 6 7754.911 0.029 β+ 4987 25 199 995705 6
113 87 Fr −α 6130 30 7700.33 0.15 β+ 10130 30 200 006580 30

125 76 201 Os x -14840# 300# 7849# 1# β− 5000# 360# 200 984070# 320#
124 77 Ir x -19840# 200# 7870# 1# β− 3900# 210# 200 978700# 220#
123 78 Pt + -23740 50 7885.83 0.25 β− 2660 50 200 974510 50
122 79 Au -26401 3 7895.175 0.016 β− 1262 3 200 971658 3
121 80 Hg -27662.5 0.7 7897.561 0.004 * 200 970303.1 0.8
120 81 Tl -27181 14 7891.27 0.07 β+ 482 14 200 970820 15
119 82 Pb -25271 14 7877.88 0.07 β+ 1910 19 200 972870 15
118 83 Bi +α -21429 12 7854.87 0.06 β+ 3842 18 200 976995 13
117 84 Po -16521 5 7826.562 0.025 β+ 4908 13 200 982264 5
116 85 At +α -10789 8 7794.15 0.04 β+ 5732 10 200 988417 9
115 86 Rn −α -4107 10 7757.02 0.05 β+ 6682 13 200 995591 11
114 87 Fr −α 3589 9 7714.84 0.05 β+ 7696 14 201 003852 10
113 88 Ra −α 11937 20 7669.41 0.10 β+ 8348 22 201 012815 22

126 76 202 Os x -12530# 400# 7839# 2# β− 4110# 500# 201 986550# 430#
125 77 Ir x -16640# 300# 7855# 1# β− 6050# 300# 201 982140# 320#
124 78 Pt x -22692 25 7881.56 0.12 β− 1660 30 201 975639 27
123 79 Au x -24353 23 7885.91 0.12 β− 2992 23 201 973856 25
122 80 Hg -27345.3 0.7 7896.850 0.004 * 201 970643.6 0.8
121 81 Tl -25980.4 1.8 7886.221 0.009 β+ 1364.9 1.8 201 972108.9 2.0
120 82 Pb -25941 4 7882.151 0.019 β+ 40 4 201 972152 4
119 83 Bi -20751 14 7852.59 0.07 β+ 5190 15 201 977723 15
118 84 Po -17942 9 7834.81 0.04 β+ 2809 16 201 980739 9
117 85 At -10595 28 7794.56 0.14 β+ 7346 29 201 988626 30
116 86 Rn −α -6275 18 7769.30 0.09 β+ 4320 30 201 993264 19
115 87 Fr −α 3102 6 7719.012 0.030 β+ 9376 19 202 003330 6
114 88 Ra −α 9075 15 7685.57 0.07 β+ 5973 16 202 009742 16

127 76 203 Os x -7270# 400# 7814# 2# β− 7100# 570# 202 992200# 430#
126 77 Ir x -14370# 400# 7845# 2# β− 5140# 450# 202 984570# 430#
125 78 Pt x -19510# 200# 7867# 1# β− 3630# 200# 202 979060# 220#
124 79 Au -23143 3 7880.865 0.015 β− 2126 3 202 975154 3
123 80 Hg -25269.2 1.6 7887.483 0.008 β− 492.1 1.2 202 972872.4 1.8
122 81 Tl -25761.3 1.2 7886.053 0.006 * 202 972344.1 1.3
121 82 Pb -24786 7 7877.40 0.03 β+ 975 6 202 973391 7
120 83 Bi +α -21525 13 7857.48 0.06 β+ 3262 14 202 976892 14
119 84 Po -17311 5 7832.863 0.023 β+ 4214 14 202 981416 5
118 85 At -12163 11 7803.65 0.05 β+ 5148 12 202 986943 11
117 86 Rn −α -6184 6 7770.344 0.029 β+ 5979 12 202 993361 6
116 87 Fr 876 6 7731.71 0.03 β+ 7060 9 203 000941 7
115 88 Ra −α 8601 10 7689.80 0.05 β+ 7725 12 203 009234 10
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

127 77 204 Ir x -9570# 400# 7823# 2# β− 8050# 450# 203 989730# 430#
126 78 Pt x -17620# 200# 7859# 1# β− 2770# 280# 203 981080# 220#
125 79 Au + -20390# 200# 7868# 1# β− 4300# 200# 203 978110# 220#
124 80 Hg -24690.1 0.5 7885.546 0.003 β− -344.1 1.2 203 973494.0 0.5
123 81 Tl -24346.1 1.2 7880.024 0.006 β− 763.75 0.18 203 973863.4 1.2
122 82 Pb -25109.8 1.1 7879.933 0.006 * 203 973043.5 1.2
121 83 Bi +α -20646 9 7854.22 0.04 β+ 4464 9 203 977836 10
120 84 Po -18341 10 7839.08 0.05 β+ 2305 14 203 980310 11
119 85 At -11875 23 7803.55 0.11 β+ 6466 25 203 987251 24
118 86 Rn -7970 7 7780.57 0.04 β+ 3905 24 203 991444 8
117 87 Fr −α 607 25 7734.69 0.12 β+ 8577 26 204 000652 26
116 88 Ra −α 6061 9 7704.12 0.04 β+ 5454 26 204 006507 10

128 77 205 Ir x -5600# 500# 7805# 2# β− 7220# 580# 204 993990# 540#
127 78 Pt x -12820# 300# 7836# 1# β− 5750# 360# 204 986240# 320#
126 79 Au x -18570# 200# 7860# 1# β− 3720# 200# 204 980060# 220#
125 80 Hg -22288 4 7874.732 0.018 β− 1533 4 204 976073 4
124 81 Tl -23820.8 1.2 7878.395 0.006 * 204 974427.3 1.3
123 82 Pb -23770.2 1.1 7874.331 0.006 β+ 50.6 0.5 204 974481.7 1.2
122 83 Bi -21066 5 7857.322 0.023 β+ 2705 5 204 977385 5
121 84 Po -17521 10 7836.22 0.05 β+ 3544 11 204 981190 11
120 85 At +α -12985 12 7810.27 0.06 β+ 4537 16 204 986061 13
119 86 Rn -7710 5 7780.723 0.025 β+ 5275 13 204 991723 5
118 87 Fr x -1310 8 7745.69 0.04 β+ 6400 9 204 998594 8
117 88 Ra −α 5804 23 7707.17 0.11 β+ 7114 24 205 006231 24
116 89 Ac −α 14110 60 7662.85 0.29 β+ 8300 60 205 015140 60

128 78 206 Pt x -9240# 300# 7820# 1# β− 4950# 420# 205 990080# 320#
127 79 Au x -14190# 300# 7840# 1# β− 6760# 300# 205 984770# 320#
126 80 Hg +α -20946 20 7869.17 0.10 β− 1308 20 205 977514 22
125 81 Tl -22253.3 1.3 7871.722 0.006 β− 1532.2 0.6 205 976110.1 1.4
124 82 Pb -23785.5 1.1 7875.362 0.006 * 205 974465.2 1.2
123 83 Bi − -20028 8 7853.32 0.04 β+ 3757 8 205 978499 8
122 84 Po −α -18189 4 7840.597 0.019 β+ 1840 9 205 980474 4
121 85 At -12439 14 7808.89 0.07 β+ 5749 14 205 986646 15
120 86 Rn -9133 9 7789.04 0.04 β+ 3306 16 205 990195 9
119 87 Fr -1247 28 7746.96 0.14 β+ 7886 29 205 998661 30
118 88 Ra −α 3566 18 7719.80 0.09 β+ 4810 30 206 003828 19
117 89 Ac −α 13480 70 7667.9 0.3 β+ 9920 70 206 014480 70

129 78 207 Pt x -4140# 400# 7797# 2# β− 6500# 500# 206 995560# 430#
128 79 Au x -10640# 300# 7824# 1# β− 5850# 300# 206 988580# 320#
127 80 Hg x -16487 30 7848.61 0.14 β− 4550 30 206 982300 30
126 81 Tl -21034 5 7866.798 0.026 β− 1418 5 206 977419 6
125 82 Pb -22452.0 1.1 7869.866 0.006 * 206 975896.8 1.2
124 83 Bi -20054.6 2.4 7854.505 0.012 β+ 2397.4 2.1 206 978470.6 2.6
123 84 Po -17146 7 7836.67 0.03 β+ 2909 7 206 981593 7
122 85 At +α -13227 12 7813.97 0.06 β+ 3918 14 206 985800 13
121 86 Rn -8635 5 7787.999 0.023 β+ 4593 13 206 990730 5
120 87 Fr -2849 18 7756.27 0.08 β+ 5786 18 206 996941 19
119 88 Ra −α 3510 60 7721.75 0.28 β+ 6360 60 207 003770 60
118 89 Ac −α 11150 60 7681.10 0.27 β+ 7630 80 207 011970 60
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

130 78 208 Pt x -500# 400# 7780# 2# β− 5410# 500# 207 999460# 430#
129 79 Au x -5910# 300# 7803# 1# β− 7360# 300# 207 993660# 320#
128 80 Hg x -13270 30 7834.19 0.15 β− 3480 30 207 985760 30
127 81 Tl +α -16750.1 1.9 7847.184 0.009 β− 4998.4 1.7 207 982018.0 2.0
126 82 Pb -21748.5 1.1 7867.453 0.006 * 207 976652.0 1.2
125 83 Bi +n -18870.2 2.3 7849.853 0.011 β+ 2878.4 2.0 207 979742.1 2.5
124 84 Po -17469.2 1.7 7839.357 0.008 β+ 1400.9 2.4 207 981246.0 1.8
123 85 At +α -12470 9 7811.56 0.04 β+ 4999 9 207 986613 10
122 86 Rn -9655 10 7794.27 0.05 β+ 2815 14 207 989635 11
121 87 Fr -2665 12 7756.90 0.06 β+ 6990 15 207 997139 13
120 88 Ra −α 1728 9 7732.02 0.04 β+ 4393 15 208 001855 10
119 89 Ac −α 10760 60 7684.8 0.3 β+ 9030 70 208 011550 70
118 90 Th −α 16690 30 7652.57 0.15 β+ 5930 70 208 017920 30

130 79 209 Au x -2230# 400# 7786# 2# β− 6380# 430# 208 997610# 430#
129 80 Hg x -8610# 150# 7813# 1# β− 5040# 150# 208 990760# 160#
128 81 Tl +α -13645 6 7833.398 0.029 β− 3970 6 208 985352 7
127 82 Pb -17614.6 1.7 7848.649 0.008 β− 644.0 1.1 208 981090.0 1.9
126 83 Bi -18258.6 1.4 7847.987 0.007 * 208 980398.6 1.5
125 84 Po −α -16366.0 1.8 7835.188 0.009 β+ 1892.6 1.6 208 982430.4 1.9
124 85 At -12884 5 7814.784 0.023 β+ 3482 5 208 986169 5
123 86 Rn -8941 10 7792.18 0.05 β+ 3943 11 208 990401 11
122 87 Fr -3782 12 7763.75 0.06 β+ 5159 15 208 995940 12
121 88 Ra −α 1858 6 7733.018 0.027 β+ 5640 13 209 001995 6
120 89 Ac −α 8840 60 7695.85 0.27 β+ 6990 60 209 009500 60
119 90 Th IT 16400# 100# 7656# 0# β+ 7550# 120# 209 017600# 110#

131 79 210 Au x 2680# 400# 7764# 2# β− 7980# 450# 210 002880# 430#
130 80 Hg x -5300# 200# 7799# 1# β− 3950# 200# 209 994310# 220#
129 81 Tl +α -9247 12 7813.59 0.06 β− 5481 12 209 990073 12
128 82 Pb -14728.4 1.4 7835.966 0.007 β− 63.5 0.5 209 984188.4 1.6
127 83 Bi -14791.9 1.4 7832.542 0.006 β− 1161.2 0.8 209 984120.2 1.5
126 84 Po -15953.1 1.1 7834.346 0.005 * 209 982873.7 1.2
125 85 At −α -11972 8 7811.66 0.04 β+ 3981 8 209 987147 8
124 86 Rn −α -9605 5 7796.665 0.022 β+ 2367 9 209 989689 5
123 87 Fr -3344 13 7763.12 0.06 β+ 6261 14 209 996411 14
122 88 Ra −α 443 9 7741.37 0.04 β+ 3786 16 210 000475 10
121 89 Ac 8760 60 7698.02 0.30 β+ 8320 60 210 009410 70
120 90 Th −α 14060 19 7669.08 0.09 β+ 5300 70 210 015094 20

131 80 211 Hg x -390# 200# 7777# 1# β− 5690# 210# 210 999580# 220#
130 81 Tl x -6080 40 7799.79 0.20 β− 4420 40 210 993480 50
129 82 Pb -10493.0 2.3 7817.008 0.011 β− 1366 5 210 988735.3 2.4
128 83 Bi -11859 5 7819.775 0.026 β− 573 5 210 987269 6
127 84 Po −α -12432.5 1.3 7818.784 0.006 * 210 986653.2 1.3
126 85 At −α -11647.2 2.7 7811.355 0.013 β+ 785.3 2.5 210 987496.2 2.9
125 86 Rn −α -8755 7 7793.94 0.03 β+ 2892 7 210 990601 7
124 87 Fr -4140 12 7768.36 0.06 β+ 4615 14 210 995555 13
123 88 Ra 832 5 7741.089 0.024 β+ 4972 13 211 000893 5
122 89 Ac 7140 50 7707.47 0.25 β+ 6310 50 211 007670 60
121 90 Th −α 13880 90 7671.9 0.4 β+ 6730 100 211 014900 90
120 91 Pa −α 22050 70 7629.4 0.3 β+ 8180 110 211 023670 70
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

132 80 212 Hg x 3020# 300# 7762# 1# β− 4570# 360# 212 003240# 320#
131 81 Tl +α -1550# 200# 7780# 1# β− 6000# 200# 211 998340# 220#
130 82 Pb -7548.9 1.8 7804.320 0.009 β− 569.0 1.8 211 991895.9 2.0
129 83 Bi -8117.9 1.9 7803.314 0.009 β− 2251.5 1.7 211 991285.0 2.0
128 84 Po -10369.4 1.2 7810.244 0.005 β− -1741.3 2.1 211 988868.0 1.2
127 85 At −α -8628.1 2.4 7798.340 0.011 β− 31 4 211 990737.3 2.6
126 86 Rn −α -8659 3 7794.796 0.015 * 211 990704 3
125 87 Fr -3516 9 7766.85 0.04 β+ 5143 9 211 996225 9
124 88 Ra -199 10 7747.51 0.05 β+ 3317 13 211 999787 11
123 89 Ac 7300 22 7708.45 0.10 β+ 7498 24 212 007836 23
122 90 Th −α 12111 10 7682.06 0.05 β+ 4811 24 212 013002 11
121 91 Pa −α 21600 90 7633.6 0.4 β+ 9490 90 212 023180 90

133 80 213 Hg x 8200# 300# 7739# 1# β− 6420# 300# 213 008800# 320#
132 81 Tl x 1784 27 7765.43 0.13 β− 4987 28 213 001915 29
131 82 Pb +α -3204 7 7785.17 0.03 β− 2028 8 212 996561 7
130 83 Bi -5232 5 7791.022 0.024 β− 1422 5 212 994384 5
129 84 Po -6654 3 7794.024 0.014 * 212 992857 3
128 85 At −α -6580 5 7790.004 0.023 β+ 74 5 212 992937 5
127 86 Rn −α -5696 3 7782.182 0.016 β+ 884 6 212 993885 4
126 87 Fr -3554 5 7768.454 0.022 β+ 2142 6 212 996184 5
125 88 Ra 346 10 7746.47 0.05 β+ 3900 11 213 000371 11
124 89 Ac 6141 12 7715.59 0.05 β+ 5795 15 213 006593 13
123 90 Th −α 12120 9 7683.85 0.04 β+ 5979 15 213 013011 10
122 91 Pa −α 19650 60 7644.80 0.27 β+ 7530 60 213 021100 60

134 80 214 Hg x 11770# 400# 7724# 2# β− 5310# 450# 214 012640# 430#
133 81 Tl x 6470# 200# 7745# 1# β− 6650# 200# 214 006940# 210#
132 82 Pb -183.0 2.0 7772.395 0.009 β− 1018 11 213 999803.5 2.1
131 83 Bi -1201 11 7773.50 0.05 β− 3269 11 213 998711 12
130 84 Po -4470.0 1.4 7785.116 0.007 β− -1091 4 213 995201.3 1.6
129 85 At -3379 4 7776.363 0.019 β− 941 10 213 996372 4
128 86 Rn −α -4320 9 7777.10 0.04 * 213 995363 10
127 87 Fr −α -958 9 7757.74 0.04 β+ 3361 12 213 998971 9
126 88 Ra −α 93 5 7749.172 0.025 β+ 1051 10 214 000100 6
125 89 Ac 6433 14 7715.89 0.06 β+ 6341 15 214 006906 15
124 90 Th −α 10695 11 7692.32 0.05 β+ 4262 17 214 011481 11
123 91 Pa −α 19460 80 7647.7 0.4 β+ 8760 80 214 020890 90

135 80 215 Hg x 17110# 400# 7701# 2# β− 7080# 500# 215 018370# 430#
134 81 Tl x 10030# 300# 7730# 1# β− 5690# 310# 215 010770# 320#
133 82 Pb +α 4340 50 7752.74 0.25 β− 2710 50 215 004660 60
132 83 Bi 1629 6 7761.718 0.026 β− 2171 6 215 001749 6
131 84 Po -541.8 2.1 7768.177 0.010 β− 715 7 214 999418.4 2.3
130 85 At −α -1257 7 7767.86 0.03 * 214 998651 7
129 86 Rn −α -1169 6 7763.816 0.028 β+ 88 9 214 998745 7
128 87 Fr −α 318 7 7753.26 0.03 β+ 1487 9 215 000342 8
127 88 Ra −α 2532 7 7739.32 0.03 β+ 2214 10 215 002718 8
126 89 Ac −α 6031 12 7719.41 0.06 β+ 3499 14 215 006474 13
125 90 Th −α 10921 6 7693.027 0.029 β+ 4891 14 215 011725 7
124 91 Pa −α 17800 80 7657.4 0.4 β+ 6880 80 215 019110 90
123 92 U −α 24890 100 7620.8 0.5 β+ 7080 130 215 026720 110
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

136 80 216 Hg x 20920# 400# 7685# 2# β− 6050# 500# 216 022460# 430#
135 81 Tl x 14870# 300# 7709# 1# β− 7360# 360# 216 015960# 320#
134 82 Pb x 7510# 200# 7740# 1# β− 1640# 200# 216 008060# 220#
133 83 Bi x 5874 11 7743.50 0.05 β− 4092 11 216 006306 12
132 84 Po 1782.3 1.8 7758.820 0.008 β− -474 4 216 001913.4 1.9
131 85 At −α 2257 4 7753.002 0.017 β− 2003 7 216 002423 4
130 86 Rn −α 253 6 7758.655 0.027 * 216 000272 6
129 87 Fr −α 2971 4 7742.451 0.019 β+ 2718 7 216 003190 4
128 88 Ra −α 3291 8 7737.35 0.04 β+ 320 9 216 003534 9
127 89 Ac 8150 9 7711.23 0.04 β+ 4858 12 216 008749 10
126 90 Th −α 10299 11 7697.66 0.05 β+ 2149 14 216 011056 12
125 91 Pa −α 17824 25 7659.20 0.11 β+ 7525 27 216 019135 26
124 92 U −α 23066 28 7631.31 0.13 β+ 5240 40 216 024760 30

136 81 217 Tl x 18660# 400# 7693# 2# β− 6400# 500# 217 020030# 430#
135 82 Pb x 12260# 300# 7719# 1# β− 3530# 300# 217 013160# 320#
134 83 Bi x 8730 18 7731.85 0.08 β− 2847 19 217 009372 19
133 84 Po +α 5883 7 7741.36 0.03 β− 1489 8 217 006316 7
132 85 At 4395 5 7744.617 0.023 β− 736 6 217 004718 5
131 86 Rn −α 3659 4 7744.404 0.019 * 217 003928 5
130 87 Fr −α 4315 7 7737.77 0.03 β+ 656 8 217 004632 7
129 88 Ra −α 5890 7 7726.91 0.03 β+ 1575 9 217 006323 8
128 89 Ac −α 8702 11 7710.34 0.05 β+ 2813 13 217 009342 12
127 90 Th −α 12206 11 7690.59 0.05 β+ 3503 15 217 013103 11
126 91 Pa −α 17055 12 7664.64 0.06 β+ 4849 16 217 018309 13
125 92 U −α 22970# 80# 7634# 0# β+ 5920# 80# 217 024660# 90#

137 81 218 Tl x 23710# 400# 7672# 2# β− 8080# 500# 218 025450# 430#
136 82 Pb x 15630# 300# 7705# 1# β− 2410# 300# 218 016780# 320#
135 83 Bi x 13216 27 7712.83 0.12 β− 4859 27 218 014188 29
134 84 Po 8356.7 2.0 7731.530 0.009 β− 256 12 218 008971.2 2.1
133 85 At −α 8100 12 7729.12 0.05 β− 2883 12 218 008696 12
132 86 Rn 5217.4 2.3 7738.753 0.011 β− -1842 4 218 005601.1 2.5
131 87 Fr −α 7059 4 7726.714 0.019 β− 414 11 218 007579 5
130 88 Ra −α 6646 10 7725.02 0.04 * 218 007134 11
129 89 Ac −α 10850 60 7702.14 0.26 β+ 4210 60 218 011650 60
128 90 Th −α 12367 11 7691.60 0.05 β+ 1520 60 218 013276 11
127 91 Pa −α 18650 18 7659.19 0.08 β+ 6283 21 218 020021 19
126 92 U −α 21895 14 7640.72 0.06 β+ 3245 23 218 023505 15

137 82 219 Pb x 20620# 400# 7684# 2# β− 4300# 450# 219 022140# 430#
136 83 Bi x 16320# 200# 7700# 1# β− 3640# 200# 219 017520# 220#
135 84 Po x 12681 16 7713.33 0.07 β− 2285 16 219 013614 17
134 85 At 10396 3 7720.197 0.015 β− 1566.7 2.9 219 011161 3
133 86 Rn 8829.3 2.1 7723.778 0.010 β− 212 7 219 009478.7 2.3
132 87 Fr −α 8617 7 7721.18 0.03 * 219 009251 7
131 88 Ra −α 9394 7 7714.06 0.03 β+ 777 10 219 010085 7
130 89 Ac −α 11570 50 7700.55 0.24 β+ 2180 50 219 012420 60
129 90 Th −α 14460 60 7683.77 0.26 β+ 2890 80 219 015530 60
128 91 Pa −α 18580 70 7661.4 0.3 β+ 4120 90 219 019950 70
127 92 U −α 23296 13 7636.29 0.06 β+ 4710 70 219 025009 14
126 93 Np −α 29440 90 7604.7 0.4 β+ 6140 90 219 031600 100
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

138 82 220 Pb x 24130# 400# 7670# 2# β− 3170# 500# 220 025910# 430#
137 83 Bi x 20960# 300# 7681# 1# β− 5700# 300# 220 022500# 320#
136 84 Po x 15263 18 7703.22 0.08 β− 888 23 220 016386 19
135 85 At x 14376 14 7703.70 0.06 β− 3764 14 220 015433 15
134 86 Rn 10612.0 1.8 7717.255 0.008 β− -870 4 220 011392.4 1.9
133 87 Fr −α 11482 4 7709.743 0.018 β− 1210 8 220 012327 4
132 88 Ra −α 10272 8 7711.69 0.03 * 220 011028 8
131 89 Ac −α 13744 6 7692.352 0.028 β+ 3472 10 220 014755 7
130 90 Th −α 14690 14 7684.50 0.06 β+ 946 15 220 015770 15
129 91 Pa −α 20278 15 7655.54 0.07 β+ 5589 20 220 021770 16
128 92 U −α 23010# 100# 7640# 0# β+ 2740# 100# 220 024710# 110#
127 93 Np −α 30480 30 7602.08 0.14 β+ 7460# 110# 220 032720 30

138 83 221 Bi x 24200# 300# 7668# 1# β− 4430# 300# 221 025980# 320#
137 84 Po x 19774 20 7684.48 0.09 β− 2991 24 221 021228 21
136 85 At x 16783 14 7694.48 0.06 β− 2311 15 221 018017 15
135 86 Rn +α 14471 6 7701.394 0.026 β− 1194 7 221 015536 6
134 87 Fr 13277 5 7703.257 0.022 β− 313 6 221 014254 5
133 88 Ra −α 12964 5 7701.135 0.021 * 221 013917 5
132 89 Ac −α 14530 60 7690.50 0.26 β+ 1570 60 221 015600 60
131 90 Th −α 16940 8 7676.06 0.04 β+ 2410 60 221 018186 9
130 91 Pa −α 20370 60 7656.98 0.27 β+ 3440 60 221 021870 60
129 92 U −α 24520 70 7634.7 0.3 β+ 4150 90 221 026320 80
128 93 Np x 29910# 200# 7607# 1# β+ 5390# 210# 221 032110# 220#
127 94 Pu x 35930# 300# 7576# 1# β+ 6020# 360# 221 038570# 320#

139 83 222 Bi x 28950# 300# 7648# 1# β− 6460# 300# 222 031080# 320#
138 84 Po x 22490 40 7674.01 0.18 β− 1530 40 222 024140 40
137 85 At x 20953 16 7677.39 0.07 β− 4581 16 222 022494 17
136 86 Rn 16372.0 1.9 7694.499 0.009 β− -6 8 222 017576.0 2.1
135 87 Fr x 16378 7 7690.95 0.03 β− 2058 9 222 017583 8
134 88 Ra 14320 4 7696.693 0.020 * 222 015373 5
133 89 Ac −α 16622 5 7682.801 0.021 β+ 2302 6 222 017844 5
132 90 Th −α 17203 10 7676.66 0.05 β+ 581 11 222 018468 11
131 91 Pa −α 22060 90 7651.2 0.4 β+ 4860 90 222 023690 90
130 92 U −α 24270 50 7637.77 0.23 β+ 2210 100 222 026060 60
129 93 Np −α 31270 40 7602.70 0.17 β+ 7000 60 222 033570 40
128 94 Pu x 35060# 300# 7582# 1# β+ 3790# 300# 222 037640# 320#

140 83 223 Bi x 32240# 400# 7636# 2# β− 5160# 450# 223 034610# 430#
139 84 Po x 27080# 200# 7655# 1# β− 3650# 200# 223 029070# 210#
138 85 At x 23428 14 7668.06 0.06 β− 3038 16 223 025151 15
137 86 Rn 20390 8 7678.17 0.04 β− 2007 8 223 021889 8
136 87 Fr 18382.3 1.9 7683.666 0.009 β− 1149.1 0.8 223 019734.2 2.1
135 88 Ra 17233.2 2.1 7685.310 0.009 * 223 018500.6 2.2
134 89 Ac −α 17825 7 7679.15 0.03 β+ 592 7 223 019136 7
133 90 Th −α 19385 8 7668.64 0.04 β+ 1560 10 223 020811 9
132 91 Pa −α 22340 80 7651.9 0.3 β+ 2950 80 223 023980 80
131 92 U −α 26050 60 7631.76 0.26 β+ 3710 100 223 027960 60
130 93 Np −α 30660 80 7607.6 0.4 β+ 4610 100 223 032910 90
129 94 Pu x 36120# 300# 7580# 1# β+ 5460# 310# 223 038780# 320#
128 95 Am x 42700# 300# 7547# 1# β+ 6580# 420# 223 045840# 320#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

141 83 224 Bi x 37070# 400# 7616# 2# β− 7160# 450# 224 039800# 430#
140 84 Po x 29910# 200# 7644# 1# β− 2200# 200# 224 032110# 210#
139 85 At x 27711 22 7650.74 0.10 β− 5266 24 224 029749 24
138 86 Rn 22445 10 7670.75 0.04 β− 696 15 224 024096 11
137 87 Fr x 21749 11 7670.37 0.05 β− 2923 11 224 023348 12
136 88 Ra 18825.8 1.8 7679.924 0.008 β− -1408 4 224 020210.4 1.9
135 89 Ac −α 20234 4 7670.144 0.018 β− 239 10 224 021722 4
134 90 Th −α 19996 10 7667.72 0.04 * 224 021466 10
133 91 Pa −α 23862 8 7646.96 0.03 β+ 3867 12 224 025617 8
132 92 U −α 25743 15 7635.07 0.07 β+ 1880 17 224 027636 16
131 93 Np 32032 29 7603.50 0.13 β+ 6290 30 224 034390 30
130 94 Pu x 35280# 300# 7586# 1# β+ 3250# 300# 224 037880# 320#
129 95 Am x 43260# 400# 7546# 2# β+ 7980# 500# 224 046440# 430#

141 84 225 Po x 34580# 300# 7626# 1# β− 4280# 420# 225 037120# 320#
140 85 At x 30300# 300# 7641# 1# β− 3770# 300# 225 032530# 320#
139 86 Rn 26534 11 7654.36 0.05 β− 2714 16 225 028486 12
138 87 Fr 23821 12 7662.94 0.05 β− 1828 12 225 025572 13
137 88 Ra 21993.0 2.6 7667.587 0.012 β− 356 5 225 023610.5 2.8
136 89 Ac 21637 5 7665.691 0.021 * 225 023229 5
135 90 Th −α 22310 5 7659.223 0.023 β+ 673 7 225 023951 5
134 91 Pa −α 24360 80 7646.7 0.4 β+ 2050 80 225 026150 90
133 92 U −α 27372 10 7629.77 0.04 β+ 3020 80 225 029385 11
132 93 Np −α 31620 90 7607.4 0.4 β+ 4250 90 225 033940 100
131 94 Pu x 36300# 300# 7583# 1# β+ 4680# 310# 225 038970# 320#
130 95 Am x 42390# 400# 7553# 2# β+ 6090# 500# 225 045510# 430#

142 84 226 Po x 37550# 400# 7614# 2# β− 2890# 500# 226 040310# 430#
141 85 At x 34660# 300# 7624# 1# β− 5910# 300# 226 037210# 320#
140 86 Rn 28747 10 7646.41 0.05 β− 1227 12 226 030861 11
139 87 Fr 27521 6 7648.377 0.028 β− 3853 7 226 029545 7
138 88 Ra 23667.6 1.9 7661.964 0.009 β− -642 3 226 025408.2 2.1
137 89 Ac 24309 3 7655.663 0.014 β− 1112 5 226 026097 3
136 90 Th 23198 4 7657.119 0.020 * 226 024904 5
135 91 Pa −α 26034 11 7641.11 0.05 β+ 2836 12 226 027948 12
134 92 U −α 27329 11 7631.92 0.05 β+ 1295 16 226 029339 12
133 93 Np −α 32820 100 7604.2 0.5 β+ 5490 100 226 035230 110
132 94 Pu x 35630# 200# 7588# 1# β+ 2810# 230# 226 038250# 220#
131 95 Am x 42970# 300# 7552# 1# β+ 7340# 360# 226 046130# 320#

143 84 227 Po x 42280# 400# 7596# 2# β− 4850# 500# 227 045390# 430#
142 85 At x 37430# 300# 7613# 1# β− 4540# 300# 227 040180# 320#
141 86 Rn 32886 14 7630.05 0.06 β− 3203 15 227 035304 15
140 87 Fr 29682 6 7640.716 0.026 β− 2505 6 227 031865 6
139 88 Ra -n 27177.5 1.9 7648.305 0.009 β− 1327.9 2.3 227 029176.2 2.1
138 89 Ac 25849.5 1.9 7650.708 0.008 β− 44.8 0.8 227 027750.6 2.1
137 90 Th 25804.8 2.1 7647.459 0.009 * 227 027702.5 2.2
136 91 Pa −α 26830 7 7639.49 0.03 β+ 1026 7 227 028804 8
135 92 U −α 29045 9 7626.29 0.04 β+ 2215 11 227 031181 9
134 93 Np −α 32580 80 7607.3 0.3 β+ 3530 80 227 034980 80
133 94 Pu x 36770# 100# 7585# 0# β+ 4190# 130# 227 039470# 110#
132 95 Am x 42180# 200# 7558# 1# β+ 5410# 220# 227 045280# 220#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

143 85 228 At x 41880# 400# 7596# 2# β− 6640# 400# 228 044960# 430#
142 86 Rn 35243 18 7621.65 0.08 β− 1859 19 228 037835 19
141 87 Fr 33384 7 7626.369 0.030 β− 4444 7 228 035839 7
140 88 Ra +α 28940.2 2.0 7642.429 0.009 β− 45.5 0.6 228 031068.6 2.1
139 89 Ac − 28894.7 2.1 7639.197 0.009 β− 2123.8 2.6 228 031019.7 2.2
138 90 Th 26770.9 1.8 7645.081 0.008 * 228 028739.7 1.9
137 91 Pa −α 28924 4 7632.208 0.019 β+ 2153 4 228 031051 5
136 92 U −α 29220 13 7627.48 0.06 β+ 296 14 228 031369 14
135 93 Np −α 33830# 100# 7604# 0# β+ 4610# 100# 228 036310# 110#
134 94 Pu −α 36108 23 7590.40 0.10 β+ 2280# 100# 228 038763 25
133 95 Am x 42850# 200# 7557# 1# β+ 6740# 200# 228 046000# 220#

144 85 229 At x 44890# 400# 7585# 2# β− 5530# 400# 229 048190# 430#
143 86 Rn x 39362 13 7605.62 0.06 β− 3694 14 229 042257 14
142 87 Fr 35668 5 7618.338 0.022 β− 3106 16 229 038291 5
141 88 Ra x 32562 15 7628.49 0.07 β− 1872 20 229 034957 17
140 89 Ac x 30690 12 7633.24 0.05 β− 1104 12 229 032947 13
139 90 Th 29585.5 2.4 7634.651 0.011 * 229 031761.4 2.6
138 91 Pa 29897 3 7629.875 0.014 β+ 311 4 229 032096 4
137 92 U −α 31211 6 7620.722 0.026 β+ 1314 7 229 033506 6
136 93 Np −α 33800 100 7606.0 0.4 β+ 2590 100 229 036290 110
135 94 Pu −α 37390 60 7586.88 0.26 β+ 3590 120 229 040150 70
134 95 Am −α 42180 110 7562.6 0.5 β+ 4790 120 229 045280 110

144 86 230 Rn x 42170# 200# 7595# 1# β− 2680# 200# 230 045270# 220#
143 87 Fr 39487 7 7603.705 0.028 β− 4970 12 230 042391 7
142 88 Ra x 34516 10 7621.91 0.04 β− 678 19 230 037055 11
141 89 Ac x 33838 16 7621.46 0.07 β− 2976 16 230 036327 17
140 90 Th 30862.5 1.2 7630.997 0.005 β− -1311.0 2.8 230 033132.3 1.3
139 91 Pa 32174 3 7621.896 0.013 β− 559 5 230 034540 3
138 92 U −α 31615 5 7620.923 0.020 * 230 033940 5
137 93 Np −α 35240 60 7601.78 0.24 β+ 3620 60 230 037830 60
136 94 Pu −α 36932 14 7591.00 0.06 β+ 1700 60 230 039648 16
135 95 Am −α 42870# 140# 7562# 1# β+ 5940# 140# 230 046030# 150#

145 86 231 Rn x 46550# 300# 7579# 1# β− 4470# 300# 231 049970# 320#
144 87 Fr x 42081 8 7594.50 0.03 β− 3864 14 231 045175 8
143 88 Ra 38216 11 7607.84 0.05 β− 2454 17 231 041027 12
142 89 Ac x 35763 13 7615.08 0.06 β− 1947 13 231 038393 14
141 90 Th 33815.8 1.2 7620.119 0.005 β− 391.5 1.5 231 036302.8 1.3
140 91 Pa 33424.3 1.8 7618.427 0.008 * 231 035882.5 1.9
139 92 U −α 33806.0 2.7 7613.388 0.012 β+ 381.6 2.0 231 036292.2 2.9
138 93 Np −α 35620 50 7602.13 0.22 β+ 1820 50 231 038240 50
137 94 Pu −α 38309 22 7587.12 0.10 β+ 2680 60 231 041126 24
136 95 Am x 42410# 300# 7566# 1# β+ 4100# 300# 231 045530# 320#
135 96 Cm x 47270# 300# 7542# 1# β+ 4860# 420# 231 050750# 320#

145 87 232 Fr x 46073 14 7579.35 0.06 β− 5576 17 232 049461 15
144 88 Ra 40497 9 7600.01 0.04 β− 1343 16 232 043475 10
143 89 Ac x 39154 13 7602.42 0.06 β− 3708 13 232 042034 14
142 90 Th 35446.7 1.4 7615.034 0.006 β− -500 8 232 038053.6 1.5
141 91 Pa + 35947 8 7609.51 0.03 β− 1337 7 232 038590 8
140 92 U 34609.4 1.8 7611.898 0.008 * 232 037154.8 1.9
139 93 Np − 37360# 100# 7597# 0# β+ 2750# 100# 232 040110# 110#
138 94 Pu −α 38361 17 7588.98 0.07 β+ 1000# 100# 232 041182 18
137 95 Am x 43420# 300# 7564# 1# β+ 5060# 300# 232 046610# 320#
136 96 Cm −α 46330# 200# 7548# 1# β+ 2910# 360# 232 049740# 220#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

146 87 233 Fr x 48920 20 7569.24 0.08 β− 4586 21 233 052518 21
145 88 Ra 44334 9 7585.56 0.04 β− 3026 16 233 047595 9
144 89 Ac x 41308 13 7595.19 0.06 β− 2576 13 233 044346 14
143 90 Th 38731.6 1.4 7602.894 0.006 β− 1242.2 1.1 233 041580.1 1.5
142 91 Pa 37489.4 1.3 7604.867 0.006 β− 570.3 2.0 233 040246.5 1.4
141 92 U 36919.1 2.3 7603.957 0.010 * 233 039634.3 2.4
140 93 Np −α 37950 50 7596.18 0.22 β+ 1030 50 233 040740 50
139 94 Pu −α 40050 50 7583.80 0.23 β+ 2100 70 233 043000 60
138 95 Am −α 43290# 110# 7567# 0# β+ 3230# 130# 233 046470# 120#
137 96 Cm −α 47290 80 7546.0 0.3 β+ 4010# 140# 233 050770 90
136 97 Bk −α 52770# 230# 7519# 1# β+ 5480# 250# 233 056650# 250#

146 88 234 Ra x 46931 8 7576.54 0.04 β− 2089 16 234 050382 9
145 89 Ac x 44841 14 7582.13 0.06 β− 4228 14 234 048139 15
144 90 Th +α 40613.0 2.6 7596.856 0.011 β− 274 3 234 043599.8 2.8
143 91 Pa IT 40339 4 7594.684 0.017 β− 2194 4 234 043306 4
142 92 U 38145.0 1.1 7600.716 0.005 * 234 040950.3 1.2
141 93 Np − 39955 8 7589.64 0.04 β+ 1810 8 234 042893 9
140 94 Pu −α 40350 7 7584.606 0.029 β+ 395 11 234 043317 7
139 95 Am −α 44460# 160# 7564# 1# β+ 4110# 160# 234 047730# 170#
138 96 Cm −α 46722 17 7550.69 0.07 β+ 2260# 160# 234 050159 18
137 97 Bk −α 53400# 150# 7519# 1# β+ 6670# 150# 234 057320# 160#

147 88 235 Ra x 51130# 300# 7561# 1# β− 3770# 300# 235 054890# 320#
146 89 Ac x 47357 14 7573.51 0.06 β− 3339 19 235 050840 15
145 90 Th x 44018 13 7584.39 0.06 β− 1729 19 235 047255 14
144 91 Pa x 42289 14 7588.41 0.06 β− 1370 14 235 045399 15
143 92 U 40918.8 1.1 7590.915 0.005 * 235 043928.1 1.2
142 93 Np 41043.0 1.4 7587.057 0.006 β+ 124.3 0.9 235 044061.5 1.5
141 94 Pu −α 42182 21 7578.88 0.09 β+ 1139 20 235 045285 22
140 95 Am −α 44620 50 7565.16 0.22 β+ 2440 60 235 047910 60
139 96 Cm −α 48010# 100# 7547# 0# β+ 3390# 120# 235 051550# 110#
138 97 Bk x 52770# 400# 7524# 2# β+ 4760# 410# 235 056650# 430#

147 89 236 Ac x 51220 40 7559.24 0.16 β− 4970 40 236 054990 40
146 90 Th x 46255 14 7576.97 0.06 β− 921 20 236 049657 15
145 91 Pa x 45334 14 7577.56 0.06 β− 2889 14 236 048668 15
144 92 U 42444.6 1.1 7586.485 0.005 β− -930 50 236 045566.1 1.2
143 93 Np IT 43380 50 7579.21 0.21 β− 480 50 236 046570 50
142 94 Pu 42901.5 1.8 7577.919 0.008 * 236 046056.7 1.9
141 95 Am −α 46040# 120# 7561# 1# β+ 3140# 120# 236 049430# 130#
140 96 Cm −α 47853 18 7550.31 0.07 β+ 1810# 120# 236 051372 19
139 97 Bk −α 53540# 360# 7523# 2# β+ 5690# 360# 236 057480# 390#

148 89 237 Ac x 54020# 400# 7550# 2# β− 4070# 400# 237 057990# 430#
147 90 Th x 49955 16 7563.44 0.07 β− 2427 21 237 053629 17
146 91 Pa x 47528 13 7570.38 0.06 β− 2137 13 237 051023 14
145 92 U 45390.1 1.2 7576.103 0.005 β− 518.5 0.5 237 048728.3 1.3
144 93 Np 44871.6 1.1 7574.989 0.005 * 237 048171.6 1.2
143 94 Pu 45091.7 1.7 7570.760 0.007 β+ 220.1 1.3 237 048407.9 1.8
142 95 Am −α 46570# 60# 7561# 0# β+ 1480# 60# 237 050000# 60#
141 96 Cm −α 49250 70 7546.6 0.3 β+ 2680# 100# 237 052870 80
140 97 Bk −α 53210# 230# 7527# 1# β+ 3960# 240# 237 057120# 250#
139 98 Cf −α 57940 100 7503.4 0.4 β+ 4730# 250# 237 062200 100
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

148 90 238 Th +α 52530# 280# 7555# 1# β− 1630# 280# 238 056390# 300#
147 91 Pa x 50894 16 7558.34 0.07 β− 3586 16 238 054637 17
146 92 U 47307.7 1.5 7570.126 0.006 β− -146.9 1.2 238 050786.9 1.6
145 93 Np -n 47454.6 1.1 7566.222 0.005 β− 1291.4 0.5 238 050944.6 1.2
144 94 Pu 46163.1 1.1 7568.361 0.005 * 238 049558.2 1.2
143 95 Am −α 48420 60 7555.59 0.25 β+ 2260 60 238 051980 60
142 96 Cm −α 49445 12 7548.00 0.05 β+ 1020 60 238 053082 13
141 97 Bk −α 54220# 260# 7525# 1# β+ 4770# 260# 238 058200# 280#
140 98 Cf x 57280# 300# 7509# 1# β+ 3060# 390# 238 061490# 320#

149 90 239 Th x 56500# 400# 7540# 2# β− 3160# 450# 239 060660# 430#
148 91 Pa x 53340# 200# 7550# 1# β− 2770# 200# 239 057260# 210#
147 92 U -n 50572.7 1.5 7558.562 0.006 β− 1261.7 1.5 239 054292.0 1.6
146 93 Np 49311.0 1.3 7560.568 0.005 β− 722.8 0.9 239 052937.5 1.4
145 94 Pu 48588.2 1.1 7560.319 0.005 * 239 052161.6 1.2
144 95 Am −α 49390.4 2.0 7553.689 0.008 β+ 802.1 1.7 239 053022.7 2.1
143 96 Cm −α 51150 150 7543.1 0.6 β+ 1760 150 239 054910 160
142 97 Bk −α 54250# 210# 7527# 1# β+ 3100# 260# 239 058240# 220#
141 98 Cf −α 58200# 120# 7507# 1# β+ 3950# 240# 239 062480# 130#
140 99 Es x 63630# 300# 7481# 1# β+ 5430# 320# 239 068310# 320#

149 91 240 Pa x 57010# 200# 7537# 1# β− 4300# 200# 240 061200# 220#
148 92 U 52715.5 2.6 7551.770 0.011 β− 399 17 240 056592.4 2.7
147 93 Np 52316 17 7550.17 0.07 β− 2191 17 240 056164 18
146 94 Pu 50125.3 1.1 7556.043 0.005 * 240 053811.7 1.2
145 95 Am +n 51510 14 7547.01 0.06 β+ 1385 14 240 055298 15
144 96 Cm 51724.2 1.9 7542.862 0.008 β+ 214 14 240 055528.2 2.0
143 97 Bk − 55660# 150# 7523# 1# β+ 3940# 150# 240 059760# 160#
142 98 Cf −α 57989 18 7510.24 0.08 β+ 2320# 150# 240 062253 19
141 99 Es −α 64230# 370# 7481# 2# β+ 6240# 370# 240 068950# 390#

150 91 241 Pa x 59740# 300# 7528# 1# β− 3540# 360# 241 064130# 320#
149 92 U x 56200# 200# 7539# 1# β− 1880# 220# 241 060330# 210#
148 93 Np + 54320 100 7544.0 0.4 β− 1360 100 241 058310 110
147 94 Pu 52955.1 1.1 7546.440 0.005 β− 20.78 0.17 241 056849.7 1.2
146 95 Am 52934.3 1.1 7543.279 0.005 * 241 056827.3 1.2
145 96 Cm 53701.8 1.6 7536.849 0.007 β+ 767.4 1.2 241 057651.2 1.7
144 97 Bk +α 55980# 170# 7524# 1# β+ 2280# 170# 241 060100# 180#
143 98 Cf −α 59330# 170# 7507# 1# β+ 3350# 240# 241 063690# 180#
142 99 Es −α 63890# 230# 7485# 1# β+ 4570# 290# 241 068590# 250#
141 100 Fm x 69220# 300# 7459# 1# β+ 5330# 380# 241 074310# 320#

150 92 242 U +α 58620# 200# 7532# 1# β− 1200# 280# 242 062930# 220#
149 93 Np + 57420 200 7533.4 0.8 β− 2700 200 242 061640 210
148 94 Pu 54716.9 1.2 7541.328 0.005 β− -751.1 0.7 242 058741.0 1.3
147 95 Am -n 55468.0 1.1 7534.992 0.005 β− 664.3 0.4 242 059547.4 1.2
146 96 Cm 54803.7 1.1 7534.504 0.005 * 242 058834.2 1.2
145 97 Bk IT 57750# 140# 7519# 1# β+ 2950# 140# 242 062000# 140#
144 98 Cf −α 59387 13 7509.10 0.05 β+ 1640# 140# 242 063755 14
143 99 Es −α 64800# 260# 7483# 1# β+ 5410# 260# 242 069570# 280#
142 100 Fm x 68400# 400# 7465# 2# β+ 3600# 480# 242 073430# 430#

151 92 243 U x 62480# 300# 7518# 1# β− 2670# 300# 243 067080# 320#
150 93 Np IT 59810# 30# 7526# 0# β− 2050# 30# 243 064200# 30#
149 94 Pu 57754.6 2.5 7531.009 0.010 β− 579.6 2.6 243 062002.1 2.7
148 95 Am 57175.0 1.4 7530.174 0.006 * 243 061379.9 1.5
147 96 Cm −α 57181.9 1.5 7526.926 0.006 β+ 6.9 1.6 243 061387.3 1.6
146 97 Bk −α 58690 5 7517.502 0.019 β+ 1508 5 243 063006 5
145 98 Cf −α 60990# 180# 7505# 1# β+ 2300# 180# 243 065480# 190#
144 99 Es −α 64750# 210# 7486# 1# β+ 3760# 280# 243 069510# 220#
143 100 Fm −α 69320# 130# 7464# 1# β+ 4570# 250# 243 074410# 140#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

151 93 244 Np x 63240# 100# 7514# 0# β− 3430# 100# 244 067890# 110#
150 94 Pu 59806.0 2.3 7524.815 0.010 β− -73.1 2.7 244 064204.4 2.5
149 95 Am + 59879.1 1.5 7521.309 0.006 β− 1427.3 1.0 244 064282.9 1.6
148 96 Cm −α 58451.8 1.1 7523.953 0.005 * 244 062750.6 1.2
147 97 Bk −α 60714 14 7511.48 0.06 β+ 2262 14 244 065179 15
146 98 Cf 61478.1 2.6 7505.137 0.011 β+ 764 15 244 065999.4 2.8
145 99 Es −α 66030# 180# 7483# 1# β+ 4550# 180# 244 070880# 200#
144 100 Fm −α 68960# 200# 7468# 1# β+ 2940# 270# 244 074040# 220#
143 101 Md −α 75600# 370# 7438# 2# β+ 6630# 430# 244 081160# 400#

152 93 245 Np x 65850# 200# 7506# 1# β− 2670# 200# 245 070690# 220#
151 94 Pu -n 63178 14 7513.28 0.06 β− 1278 14 245 067825 15
150 95 Am +α 61900.4 1.9 7515.304 0.008 β− 895.9 1.5 245 066452.8 2.0
149 96 Cm 61004.5 1.1 7515.768 0.005 * 245 065491.0 1.2
148 97 Bk −α 61813.8 1.8 7509.271 0.007 β+ 809.3 1.5 245 066359.8 1.9
147 98 Cf 63385.2 2.4 7499.664 0.010 β+ 1571.4 2.6 245 068046.8 2.6
146 99 Es IT 66320# 170# 7485# 1# β+ 2930# 170# 245 071190# 180#
145 100 Fm −α 70190# 200# 7465# 1# β+ 3880# 260# 245 075350# 210#
144 101 Md −α 75330# 260# 7441# 1# β+ 5130# 330# 245 080860# 280#

152 94 246 Pu 65395 15 7506.54 0.06 β− 401# 14# 246 070204 16
151 95 Am IT 64994# 18# 7505# 0# β− 2377# 18# 246 069774# 19#
150 96 Cm 62616.9 1.5 7511.472 0.006 * 246 067222.0 1.6
149 97 Bk − 63970 60 7502.80 0.24 β+ 1350 60 246 068670 60
148 98 Cf 64090.2 1.5 7499.122 0.006 β+ 120 60 246 068803.7 1.6
147 99 Es 67820 90 7480.8 0.4 β+ 3730 90 246 072810 100
146 100 Fm −α 70191 14 7467.96 0.06 β+ 2370 90 246 075353 15
145 101 Md −α 76120# 260# 7441# 1# β+ 5920# 260# 246 081710# 280#

153 94 247 Pu x 69210# 200# 7493# 1# β− 2060# 220# 247 074300# 220#
152 95 Am + 67150# 100# 7499# 0# β− 1620# 100# 247 072090# 110#
151 96 Cm 65533 4 7501.932 0.015 β− 44 6 247 070353 4
150 97 Bk −α 65490 5 7498.941 0.021 * 247 070306 6
149 98 Cf +α 66109 14 7493.26 0.06 β+ 620 15 247 070971 15
148 99 Es +α 68578 19 7480.10 0.08 β+ 2469 24 247 073622 21
147 100 Fm +α 71670# 180# 7464# 1# β+ 3090# 180# 247 076940# 190#
146 101 Md −α 75940# 210# 7444# 1# β+ 4260# 280# 247 081520# 220#

153 95 248 Am + 70560# 200# 7487# 1# β− 3170# 200# 248 075750# 220#
152 96 Cm 67392.7 2.4 7496.729 0.010 β− -740 50 248 072349.1 2.5
151 97 Bk +α 68130 50 7490.60 0.20 β− 890 50 248 073140 50
150 98 Cf −α 67238 5 7491.044 0.021 * 248 072183 5
149 99 Es −α 70300# 50# 7476# 0# β+ 3060# 50# 248 075470# 60#
148 100 Fm 71898 8 7465.95 0.03 β+ 1600# 50# 248 077185 9
147 101 Md −α 76950# 180# 7442# 1# β+ 5050# 180# 248 082610# 200#
146 102 No −α 80690# 220# 7424# 1# β+ 3740# 290# 248 086620# 240#

154 95 249 Am x 73100# 300# 7479# 1# β− 2350# 300# 249 078480# 320#
153 96 Cm -n 70750.7 2.4 7485.551 0.010 β− 904.4 2.6 249 075954.0 2.5
152 97 Bk + 69846.3 1.2 7486.041 0.005 β− 123.6 0.4 249 074983.1 1.3
151 98 Cf 69722.7 1.2 7483.395 0.005 * 249 074850.4 1.3
150 99 Es −α 71180# 30# 7474# 0# β+ 1450# 30# 249 076410# 30#
149 100 Fm 73519 6 7461.865 0.025 β+ 2340# 30# 249 078926 7
148 101 Md 77180 160 7444.0 0.7 β+ 3660 160 249 082860 180
147 102 No −α 81790# 280# 7422# 1# β+ 4610# 320# 249 087800# 300#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

154 96 250 Cm -nn 72990 10 7478.94 0.04 β− 38 11 250 078358 11
153 97 Bk +α 72952.0 2.9 7475.959 0.012 β− 1781.7 2.5 250 078317 3
152 98 Cf −α 71170.3 1.5 7479.957 0.006 * 250 076404.5 1.7
151 99 Es − 73230# 100# 7469# 0# β+ 2060# 100# 250 078610# 110#
150 100 Fm 74072 8 7462.09 0.03 β+ 850# 100# 250 079520 8
149 101 Md 78400 90 7441.7 0.4 β+ 4330 90 250 084160 100
148 102 No −α 81570# 200# 7426# 1# β+ 3170# 220# 250 087570# 220#

155 96 251 Cm + 76648 23 7466.72 0.09 β− 1420 20 251 082285 24
154 97 Bk + 75228 11 7469.26 0.04 β− 1093 10 251 080761 12
153 98 Cf −α 74135 4 7470.501 0.016 * 251 079587 4
152 99 Es −α 74512 5 7465.884 0.021 β+ 377 6 251 079991 6
151 100 Fm 75959 14 7457.00 0.06 β+ 1447 15 251 081545 15
150 101 Md +α 78967 19 7441.90 0.08 β+ 3008 24 251 084774 20
149 102 No IT 82850# 180# 7423# 1# β+ 3880# 180# 251 088940# 190#
148 103 Lr x 87830# 200# 7400# 1# β+ 4980# 270# 251 094290# 220#

156 96 252 Cm x 79060# 300# 7460# 1# β− 520# 360# 252 084870# 320#
155 97 Bk + 78540# 200# 7459# 1# β− 2500# 200# 252 084310# 220#
154 98 Cf −α 76034.6 2.4 7465.347 0.009 β− -1260 50 252 081626.5 2.5
153 99 Es − 77290 50 7457.24 0.20 β− 480 50 252 082980 50
152 100 Fm −α 76817 5 7456.035 0.021 * 252 082466 6
151 101 Md x 80470 90 7438.4 0.4 β+ 3650 90 252 086390 100
150 102 No 82871 9 7425.80 0.04 β+ 2400 90 252 088966 10
149 103 Lr −α 88540# 190# 7400# 1# β+ 5670# 190# 252 095050# 200#

156 97 253 Bk −α 80930# 360# 7451# 1# β− 1630# 360# 253 086880# 390#
155 98 Cf −α 79302 4 7454.830 0.017 β− 291 4 253 085134 5
154 99 Es −α 79010.5 1.2 7452.888 0.005 * 253 084821.2 1.3
153 100 Fm −α 79345.5 1.5 7448.471 0.006 β+ 335.1 1.1 253 085180.9 1.7
152 101 Md −α 81170# 30# 7438# 0# β+ 1830# 30# 253 087140# 30#
151 102 No 84359 7 7422.472 0.027 β+ 3190# 30# 253 090563 7
150 103 Lr 88520 160 7402.9 0.7 β+ 4160 160 253 095030 180
149 104 Rf −α 93640# 410# 7380# 2# β+ 5120# 440# 253 100530# 440#

157 97 254 Bk x 84390# 300# 7440# 1# β− 3050# 300# 254 090600# 320#
156 98 Cf −α 81341 11 7449.23 0.05 β− -653 12 254 087324 12
155 99 Es −α 81994.2 2.9 7443.576 0.012 β− 1091.6 2.3 254 088024 3
154 100 Fm −α 80902.5 1.8 7444.794 0.007 * 254 086852.4 2.0
153 101 Md − 83450# 100# 7432# 0# β+ 2550# 100# 254 089590# 110#
152 102 No 84723 10 7423.59 0.04 β+ 1270# 100# 254 090954 10
151 103 Lr −α 89650 90 7401.1 0.4 β+ 4920 90 254 096240 100
150 104 Rf −α 93200# 280# 7384# 1# β+ 3560# 300# 254 100060# 300#

157 98 255 Cf + 84810# 200# 7438# 1# β− 720# 200# 255 091050# 220#
156 99 Es −α 84089 11 7437.82 0.04 β− 289 10 255 090274 12
155 100 Fm −α 83800 4 7435.886 0.015 * 255 089963 4
154 101 Md −α 84842 6 7428.733 0.022 β+ 1042 7 255 091082 6
153 102 No 86812 14 7417.94 0.06 β+ 1970 15 255 093196 15
152 103 Lr x 89947 18 7402.58 0.07 β+ 3135 23 255 096562 19
151 104 Rf −α 94330# 180# 7382# 1# β+ 4380# 180# 255 101270# 190#
150 105 Db −α 99600# 280# 7359# 1# β+ 5270# 340# 255 106920# 300#

158 98 256 Cf −α 87040# 310# 7432# 1# β− -140# 330# 256 093440# 340#
157 99 Es + 87190# 100# 7428# 0# β− 1700# 100# 256 093600# 110#
156 100 Fm −α 85485 3 7431.789 0.012 * 256 091772 3
155 101 Md IT 87460# 120# 7421# 0# β+ 1970# 120# 256 093890# 130#
154 102 No −α 87823 8 7416.543 0.029 β+ 370# 120# 256 094282 8
153 103 Lr x 91750 80 7398.2 0.3 β+ 3920 80 256 098490 90
152 104 Rf −α 94222 18 7385.43 0.07 β+ 2480 80 256 101151 19
151 105 Db −α 100300# 190# 7359# 1# β+ 6080# 190# 256 107670# 200#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

158 99 257 Es −α 89400# 410# 7422# 2# β− 810# 410# 257 095980# 440#
157 100 Fm −α 88590 4 7422.194 0.017 * 257 095105 5
156 101 Md −α 88992.5 1.6 7417.585 0.006 β+ 402 5 257 095537.3 1.7
155 102 No −α 90247 6 7409.659 0.024 β+ 1255 6 257 096884 7
154 103 Lr −α 92670# 40# 7397# 0# β+ 2420# 50# 257 099480# 50#
153 104 Rf −α 95866 11 7381.71 0.04 β+ 3200# 50# 257 102917 12
152 105 Db 100150 160 7362.0 0.6 β+ 4290 160 257 107520 180

159 99 258 Es x 92700# 400# 7412# 2# β− 2280# 450# 258 099520# 430#
158 100 Fm −α 90430# 200# 7418# 1# β− -1260# 200# 258 097080# 220#
157 101 Md −α 91690 3 7409.661 0.013 β− 210# 100# 258 098434 4
156 102 No −α 91480# 100# 7407# 0# * 258 098210# 110#
155 103 Lr −α 94780# 100# 7392# 0# β+ 3300# 140# 258 101750# 110#
154 104 Rf −α 96344 16 7382.53 0.06 β+ 1560# 100# 258 103430 17
153 105 Db −α 101510 90 7359.5 0.4 β+ 5160 90 258 108970 100
152 106 Sg −α 105300# 410# 7342# 2# β+ 3790# 420# 258 113040# 440#

159 100 259 Fm −α 93700# 280# 7407# 1# β− 140# 300# 259 100600# 300#
158 101 Md −α 93560# 100# 7405# 0# * 259 100450# 110#
157 102 No −α 94079 6 7399.971 0.025 β+ 520# 100# 259 100998 7
156 103 Lr −α 95850# 70# 7390# 0# β+ 1770# 70# 259 102900# 80#
155 104 Rf −α 98370# 70# 7377# 0# β+ 2520# 100# 259 105600# 80#
154 105 Db −α 101990 60 7360.36 0.22 β+ 3620# 90# 259 109490 60
153 106 Sg −α 106520# 180# 7340# 1# β+ 4530# 190# 259 114350# 190#

160 100 260 Fm −α 95770# 440# 7402# 2# β− -780# 540# 260 102810# 470#
159 101 Md −α 96550# 320# 7396# 1# β− 940# 370# 260 103650# 340#
158 102 No −α 95610# 200# 7397# 1# * 260 102640# 220#
157 103 Lr −α 98280# 130# 7383# 0# β+ 2670# 240# 260 105500# 130#
156 104 Rf −α 99150# 200# 7377# 1# β+ 870# 240# 260 106440# 220#
155 105 Db −α 103670# 90# 7357# 0# β+ 4530# 220# 260 111300# 100#
154 106 Sg −α 106547 21 7342.56 0.08 β+ 2880# 100# 260 114383 22
153 107 Bh −α 113120# 200# 7314# 1# β+ 6580# 200# 260 121440# 210#

160 101 261 Md −α 98580# 510# 7391# 2# β− 120# 550# 261 105830# 550#
159 102 No −α 98460# 200# 7388# 1# * 261 105700# 220#
158 103 Lr −α 99560# 200# 7381# 1# β+ 1100# 280# 261 106880# 220#
157 104 Rf −α 101320 70 7371.39 0.25 β+ 1760# 210# 261 108770 70
156 105 Db −α 104310# 110# 7357# 0# β+ 2990# 130# 261 111980# 120#
155 106 Sg −α 108005 18 7339.77 0.07 β+ 3700# 110# 261 115948 20
154 107 Bh −α 113080 180 7317.3 0.7 β+ 5070 180 261 121400 190

161 101 262 Md −α 101670# 450# 7382# 2# β− 1570# 580# 262 109140# 480#
160 102 No −α 100100# 360# 7385# 1# * 262 107460# 390#
159 103 Lr −α 102110# 200# 7374# 1# β+ 2000# 410# 262 109620# 220#
158 104 Rf −α 102390# 220# 7370# 1# β+ 290# 300# 262 109920# 240#
157 105 Db −α 106250# 140# 7352# 1# β+ 3860# 270# 262 114070# 150#
156 106 Sg −α 108369 22 7341.17 0.08 β+ 2120# 150# 262 116339 24
155 107 Bh −α 114250 90 7315.7 0.4 β+ 5880 100 262 122650 100

161 102 263 No −α 103130# 490# 7376# 2# * 263 110710# 530#
160 103 Lr −α 103670# 220# 7371# 1# β+ 540# 540# 263 111290# 240#
159 104 Rf −α 104760# 150# 7364# 1# β+ 1090# 270# 263 112460# 160#
158 105 Db −α 107110# 170# 7352# 1# β+ 2350# 230# 263 114990# 180#
157 106 Sg −α 110200# 100# 7337# 0# β+ 3090# 190# 263 118300# 100#
156 107 Bh −α 114500# 310# 7318# 1# β+ 4300# 320# 263 122920# 330#
155 108 Hs −α 119680# 200# 7295# 1# β+ 5180# 360# 263 128480# 210#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

162 102 264 No −α 105010# 590# 7371# 2# β− -1360# 730# 264 112730# 630#
161 103 Lr −α 106380# 440# 7363# 2# β− 300# 570# 264 114200# 470#
160 104 Rf −α 106080# 360# 7361# 1# * 264 113880# 390#
159 105 Db −α 109260# 240# 7346# 1# β+ 3190# 430# 264 117300# 250#
158 106 Sg −α 110780# 280# 7338# 1# β+ 1520# 370# 264 118930# 300#
157 107 Bh −α 115960# 180# 7315# 1# β+ 5180# 330# 264 124490# 190#
156 108 Hs −α 119563 29 7298.38 0.11 β+ 3610# 180# 264 128360 30

162 103 265 Lr −α 108230# 550# 7359# 2# * 265 116190# 590#
161 104 Rf −α 108690# 360# 7354# 1# β+ 460# 660# 265 116680# 390#
160 105 Db −α 110380# 220# 7345# 1# β+ 1690# 420# 265 118500# 240#
159 106 Sg −α 112790# 140# 7333# 1# β+ 2410# 260# 265 121090# 150#
158 107 Bh −α 116400# 240# 7316# 1# β+ 3600# 280# 265 124960# 260#
157 108 Hs −α 120900 24 7296.25 0.09 β+ 4510# 240# 265 129792 26
156 109 Mt −α 126620# 440# 7272# 2# β+ 5720# 440# 265 135940# 470#

163 103 266 Lr −α 111660# 540# 7349# 2# β− 1530# 680# 266 119870# 580#
162 104 Rf −α 110140# 410# 7351# 2# * 266 118240# 440#
161 105 Db −α 112740# 280# 7339# 1# β+ 2600# 500# 266 121030# 300#
160 106 Sg −α 113620# 250# 7332# 1# β+ 880# 370# 266 121970# 260#
159 107 Bh −α 118100# 160# 7313# 1# β+ 4490# 290# 266 126790# 180#
158 108 Hs −α 121140 27 7298.26 0.10 β+ 3040# 170# 266 130049 29
157 109 Mt −α 127670 100 7270.8 0.4 β+ 6530 100 266 137060 100

163 104 267 Rf −α 113440# 580# 7342# 2# * 267 121790# 620#
162 105 Db −α 114010# 370# 7337# 1# β+ 570# 690# 267 122400# 400#
161 106 Sg −α 115810# 260# 7327# 1# β+ 1790# 460# 267 124320# 280#
160 107 Bh −α 118770# 260# 7313# 1# β+ 2960# 370# 267 127500# 280#
159 108 Hs −α 122660# 100# 7295# 0# β+ 3890# 280# 267 131680# 100#
158 109 Mt −α 127790# 500# 7273# 2# β+ 5130# 510# 267 137190# 540#
157 110 Ds −α 133880# 200# 7248# 1# β+ 6090# 540# 267 143730# 220#

164 104 268 Rf −α 115480# 660# 7337# 2# β− -1580# 850# 268 123970# 710#
163 105 Db −α 117060# 530# 7328# 2# β− 260# 710# 268 125670# 570#
162 106 Sg −α 116800# 470# 7326# 2# * 268 125390# 500#
161 107 Bh −α 120710# 380# 7309# 1# β+ 3910# 610# 268 129580# 410#
160 108 Hs −α 122970# 300# 7297# 1# β+ 2260# 490# 268 132010# 320#
159 109 Mt −α 129150# 230# 7271# 1# β+ 6180# 380# 268 138650# 250#
158 110 Ds −α 133650# 300# 7252# 1# β+ 4500# 380# 268 143480# 320#

164 105 269 Db −α 119150# 620# 7323# 2# * 269 127910# 670#
163 106 Sg −α 119690# 370# 7318# 1# β+ 540# 720# 269 128500# 400#
162 107 Bh −α 121480# 370# 7309# 1# β+ 1790# 530# 269 130410# 400#
161 108 Hs −α 124490# 130# 7294# 0# β+ 3020# 400# 269 133650# 140#
160 109 Mt −α 129300# 310# 7274# 1# β+ 4810# 340# 269 138810# 340#
159 110 Ds −α 134830 30 7250.16 0.12 β+ 5540# 310# 269 144750 30

165 105 270 Db −α 122400# 580# 7314# 2# β− 970# 740# 270 131400# 620#
164 106 Sg −α 121430# 460# 7314# 2# * 270 130360# 490#
163 107 Bh −α 124230# 300# 7301# 1# β+ 2800# 550# 270 133370# 320#
162 108 Hs −α 125110# 250# 7295# 1# β+ 880# 390# 270 134310# 270#
161 109 Mt −α 130710# 190# 7271# 1# β+ 5600# 310# 270 140320# 210#
160 110 Ds −α 134680 40 7253.76 0.15 β+ 3970# 200# 270 144590 40

165 106 271 Sg −α 124620# 590# 7305# 2# * 271 133780# 630#
164 107 Bh −α 125860# 380# 7298# 1# β+ 1240# 710# 271 135120# 410#
163 108 Hs −α 127690# 280# 7288# 1# β+ 1830# 470# 271 137080# 300#
162 109 Mt −α 131100# 330# 7273# 1# β+ 3410# 430# 271 140740# 350#
161 110 Ds −α 135950# 100# 7252# 0# β+ 4850# 340# 271 145950# 100#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

166 106 272 Sg −α 126520# 690# 7301# 3# * 272 135830# 740#
165 107 Bh −α 128790# 530# 7290# 2# β+ 2270# 870# 272 138260# 570#
164 108 Hs −α 129000# 510# 7286# 2# β+ 220# 740# 272 138490# 550#
163 109 Mt −α 133480# 490# 7267# 2# β+ 4480# 700# 272 143300# 520#
162 110 Ds −α 136080# 420# 7255# 2# β+ 2600# 650# 272 146090# 460#
161 111 Rg −α 142770# 230# 7227# 1# β+ 6690# 480# 272 153270# 250#

167 106 273 Sg x 129920# 400# 7292# 1# * 273 139480# 430#
166 107 Bh −α 130680# 660# 7286# 2# β+ 760# 770# 273 140290# 700#
165 108 Hs −α 131770# 370# 7279# 1# β+ 1080# 750# 273 141460# 400#
164 109 Mt −α 134780# 420# 7265# 2# β+ 3020# 570# 273 144700# 460#
163 110 Ds −α 138290# 140# 7250# 1# β+ 3500# 450# 273 148460# 150#
162 111 Rg −α 142890# 400# 7230# 1# β+ 4600# 420# 273 153390# 430#

167 107 274 Bh −α 133760# 580# 7278# 2# β− 360# 740# 274 143600# 620#
166 108 Hs −α 133410# 470# 7276# 2# * 274 143220# 500#
165 109 Mt −α 137250# 380# 7259# 1# β+ 3840# 600# 274 147340# 400#
164 110 Ds −α 139200# 390# 7249# 1# β+ 1950# 540# 274 149430# 420#
163 111 Rg −α 144610# 210# 7227# 1# β+ 5420# 440# 274 155250# 230#

168 107 275 Bh x 135780# 600# 7273# 2# * 275 145770# 640#
167 108 Hs −α 136490# 590# 7268# 2# β+ 710# 840# 275 146530# 640#
166 109 Mt −α 138770# 390# 7257# 1# β+ 2280# 710# 275 148970# 420#
165 110 Ds −α 141670# 340# 7243# 1# β+ 2900# 520# 275 152090# 370#
164 111 Rg −α 145400# 450# 7227# 2# β+ 3730# 560# 275 156090# 480#

169 107 276 Bh x 138950# 600# 7265# 2# β− 770# 940# 276 149170# 640#
168 108 Hs −α 138190# 720# 7265# 3# * 276 148350# 770#
167 109 Mt −α 141310# 530# 7250# 2# β+ 3130# 900# 276 151710# 570#
166 110 Ds −α 142540# 550# 7243# 2# β+ 1230# 760# 276 153020# 590#
165 111 Rg −α 147390# 630# 7223# 2# β+ 4850# 830# 276 158230# 680#
164 112 Cn x 150360# 500# 7209# 2# β+ 2970# 800# 276 161420# 540#

170 107 277 Bh x 141100# 600# 7260# 2# * 277 151480# 640#
169 108 Hs −α 141380# 450# 7256# 2# β+ 280# 750# 277 151770# 480#
168 109 Mt −α 143010# 660# 7247# 2# β+ 1630# 800# 277 153530# 710#
167 110 Ds −α 145090# 390# 7237# 1# β+ 2080# 770# 277 155760# 420#
166 111 Rg −α 148410# 470# 7222# 2# β+ 3320# 610# 277 159320# 500#
165 112 Cn −α 152330# 150# 7205# 1# β+ 3930# 490# 277 163540# 170#

171 107 278 Bh x 144370# 400# 7251# 1# β− 1150# 500# 278 154990# 430#
170 108 Hs x 143220# 300# 7252# 1# * 278 153750# 320#
169 109 Mt −α 145770# 580# 7240# 2# β+ 2550# 650# 278 156490# 620#
168 110 Ds −α 146250# 510# 7236# 2# β+ 480# 770# 278 157010# 550#
167 111 Rg −α 150520# 390# 7218# 1# β+ 4270# 640# 278 161590# 420#
166 112 Cn −α 152840# 440# 7206# 2# β+ 2320# 590# 278 164080# 470#
165 113 Nh −α 159030# 220# 7181# 1# β+ 6190# 490# 278 170730# 240#

171 108 279 Hs x 146500# 600# 7243# 2# * 279 157270# 640#
170 109 Mt −α 147590# 670# 7237# 2# β+ 1090# 900# 279 158440# 720#
169 110 Ds −α 149020# 610# 7229# 2# β+ 1440# 900# 279 159980# 650#
168 111 Rg −α 151720# 420# 7216# 2# β+ 2700# 740# 279 162880# 450#
167 112 Cn −α 155020# 400# 7202# 1# β+ 3300# 580# 279 166420# 420#
166 113 Nh x 159460# 600# 7183# 2# β+ 4440# 720# 279 171190# 640#

172 108 280 Hs x 148420# 600# 7239# 2# β− -2090# 850# 280 159340# 640#
171 109 Mt x 150510# 600# 7229# 2# β− 190# 960# 280 161580# 640#
170 110 Ds −α 150320# 750# 7227# 3# * 280 161380# 800#
169 111 Rg −α 153890# 530# 7212# 2# β+ 3570# 920# 280 165200# 570#
168 112 Cn −α 155650# 580# 7202# 2# β+ 1770# 790# 280 167100# 630#
167 113 Nh x 161240# 400# 7180# 1# β+ 5590# 710# 280 173100# 430#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

172 109 281 Mt x 152400# 600# 7225# 2# * 281 163610# 640#
171 110 Ds −α 153270# 490# 7220# 2# β+ 870# 780# 281 164550# 530#
170 111 Rg −α 155330# 770# 7209# 3# β+ 2060# 920# 281 166760# 830#
169 112 Cn −α 157950# 400# 7197# 1# β+ 2610# 870# 281 169560# 430#
168 113 Nh x 161810# 300# 7181# 1# β+ 3860# 500# 281 173710# 320#

173 109 282 Mt −α 155460# 450# 7218# 2# β− 670# 540# 282 166890# 480#
172 110 Ds x 154790# 300# 7217# 1# * 282 166170# 320#
171 111 Rg −α 157740# 590# 7204# 2# β+ 2950# 660# 282 169340# 630#
170 112 Cn −α 158830# 550# 7197# 2# β+ 1080# 800# 282 170510# 590#
169 113 Nh −α 163730# 400# 7177# 1# β+ 4900# 680# 282 175770# 430#

173 110 283 Ds x 157830# 500# 7210# 2# * 283 169440# 540#
172 111 Rg −α 159380# 680# 7201# 2# β+ 1550# 840# 283 171100# 730#
171 112 Cn −α 161340# 620# 7192# 2# β+ 1960# 920# 283 173200# 660#
170 113 Nh −α 164560# 440# 7177# 2# β+ 3230# 750# 283 176670# 470#

174 110 284 Ds x 159460# 500# 7207# 2# * 284 171190# 540#
173 111 Rg x 161970# 500# 7195# 2# β+ 2510# 710# 284 173880# 540#
172 112 Cn −α 162420# 760# 7191# 3# β+ 450# 910# 284 174360# 820#
171 113 Nh −α 166590# 530# 7173# 2# β+ 4180# 930# 284 178840# 570#
170 114 Fl −α 168780# 660# 7163# 2# β+ 2190# 850# 284 181190# 700#

174 111 285 Rg x 163730# 600# 7192# 2# * 285 175770# 640#
173 112 Cn −α 165090# 510# 7185# 2# β+ 1360# 790# 285 177230# 540#
172 113 Nh −α 167770# 780# 7172# 3# β+ 2680# 930# 285 180110# 830#
171 114 Fl −α 170930# 400# 7159# 1# β+ 3160# 870# 285 183500# 430#

175 111 286 Rg −α 166510# 460# 7185# 2# β− 60# 840# 286 178760# 490#
174 112 Cn x 166450# 700# 7183# 2# * 286 178690# 750#
173 113 Nh −α 169960# 590# 7168# 2# β+ 3510# 920# 286 182460# 630#
172 114 Fl −α 171610# 550# 7159# 2# β+ 1650# 810# 286 184230# 590#

175 112 287 Cn x 169370# 700# 7176# 2# * 287 181830# 750#
174 113 Nh −α 171460# 710# 7166# 2# β+ 2090# 1000# 287 184060# 760#
173 114 Fl −α 173930# 620# 7155# 2# β+ 2470# 940# 287 186720# 660#
172 115 Mc −α 177750# 440# 7139# 2# β+ 3820# 760# 287 190820# 480#

176 112 288 Cn x 170930# 700# 7174# 2# * 288 183500# 750#
175 113 Nh x 173970# 700# 7160# 2# β+ 3040# 990# 288 186760# 750#
174 114 Fl −α 174920# 760# 7154# 3# β+ 950# 1040# 288 187780# 820#
173 115 Mc −α 179670# 540# 7135# 2# β+ 4750# 930# 288 192880# 580#

176 113 289 Nh x 175550# 500# 7158# 2# * 289 188460# 540#
175 114 Fl −α 177470# 510# 7149# 2# β+ 1920# 720# 289 190520# 550#
174 115 Mc −α 180680# 780# 7135# 3# β+ 3220# 930# 289 193970# 830#
173 116 Lv −α 184460# 500# 7119# 2# β+ 3770# 930# 289 198020# 540#

177 113 290 Nh −α 178320# 470# 7152# 2# * 290 191430# 500#
176 114 Fl −α 178730# 700# 7147# 2# β+ 420# 840# 290 191880# 750#
175 115 Mc −α 182790# 590# 7131# 2# β+ 4060# 920# 290 196240# 640#
174 116 Lv −α 185030# 550# 7120# 2# β+ 2240# 810# 290 198640# 590#

177 114 291 Fl x 181500# 700# 7141# 2# * 291 194850# 750#
176 115 Mc −α 184180# 740# 7129# 3# β+ 2680# 1020# 291 197730# 790#
175 116 Lv −α 187240# 620# 7116# 2# β+ 3060# 960# 291 201010# 670#
174 117 Ts −α 191650# 600# 7098# 2# β+ 4410# 860# 291 205750# 640#

177 115 292 Mc x 186600# 700# 7124# 2# * 292 200320# 750#
176 116 Lv −α 188130# 760# 7116# 3# β+ 1530# 1040# 292 201970# 820#
175 117 Ts −α 193620# 670# 7095# 2# β+ 5490# 1010# 292 207860# 720#
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Table I. The 2020 Atomic mass table (continued, Explanation of Table on p. 030003-5)

N Z A Elt. Orig. Mass excess Binding energy Beta-decay energy Atomic mass
(keV) per nucleon (keV) (keV) µu

177 116 293 Lv −α 190570# 520# 7111# 2# * 293 204580# 550#
176 117 Ts −α 194430# 780# 7095# 3# β+ 3860# 930# 293 208730# 840#
175 118 Og −α 198800# 710# 7078# 2# β+ 4370# 1050# 293 213420# 760#

177 117 294 Ts −α 196400# 590# 7092# 2# * 294 210840# 640#
176 118 Og −α 199320# 550# 7079# 2# β+ 2920# 810# 294 213980# 590#

177 118 295 Og −α 201370# 660# 7076# 2# * 295 216180# 700#
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Table II. Influences on primary nuclides

EXPLANATION OF TABLE

For each of the 1304 primary nuclides, this table presents up to three most important contributing data and their influences
(×100) on its mass, as determined by the flow-of-information matrix..

Nuclide Nuclide name (primaries only)

Influence Influence (×100) of a particular input data on the mass of a nuclide, as determined by the flow-
of-information matrix.

Equation Km, Csm, Csn, In nuclear reactions: In mass-doublet equation: In mass-triplet equation:
Inp, Tlq: ε = electron capture, H =1H, N =14N, Rbx, Rby: different
higher isomers, D =2H, O =16O, mixtures of isomers
see NUBASE2020 [2]. C =12C, or contaminants.

u = absolute mass-doublet.

Nuclide Infl. Equation Infl. Equation Infl. Equation

0π+ 100.0 π+

0π− 99.9 π+(2β+)π−

1 n 99.9 1H(n,γ)2H
1H 58.5 H2−D 21.8 H12−C 7.8 16O−H16
2H 82.5 D6−C 8.5 H2−D 8.2 H D−C
3H 70.1 3H−3He 29.9 3H−H D
3He 61.8 3He−H D 25.8 H3−3He 12.4 3H−3He
4He 100.0 4He3−C
6He 100.0 6He−7Li.857
6Li 100.0 6Li2−C
7Li 99.8 7Li−H7 0.1 7Li(n,γ)8Li 0.1 8He−7Li1.143
7Lii 61.0 9Be(p,3He)7Lii 39.0 6Li(n,γ)7Lii
7Be 100.0 7Li(p,n)7Be
8He 74.9 8He−7Li1.143 25.1 8He−6Li1.333
8Li 78.7 7Li(n,γ)8Li 21.3 8Li−6Li1.333
8Be j 57.1 10Be(p,t)8Be j 42.9 6Li(d,γ)8Be j

8B 100.0 6Li(3He,n)8B
8C 62.5 12C(α ,8He)8C 37.5 8C−u
9He 56.2 9He(γ ,n)8He 43.8 9Be(π−,π+)9He
9Be 67.1 9Be−7Li1.286 32.9 9Be(n,γ)10Be
10Be 55.6 9Be(n,γ)10Be 44.4 10Be−7Li1.429
10B 100.0 10B−u
10C 67.2 10C−10B 32.8 10B(p,n)10C
11Be 83.1 11Be−6Li1.833 16.9 11Be−7Li1.571
11B 100.0 11B−u
11Bi 79.1 9Be(3He,p)11Bi 20.9 7Li(α ,γ)11Bi

11C 100.0 11C−14N.786
11Ci 50.0 11B(3He,t)11Ci 50.0 9Be(3He,n)11Ci

12Be 79.4 12Be−C 20.6 10Be(t,p)12Be
12B 89.1 14C(d,α)12B 10.9 11B(d,p)12B
12Bi 86.3 14C(p,3He)12Bi 13.7 9Be(7Li,α)12Bi

12Ci 69.2 11B(d,n)12Ci 30.8 10B(3He,p)12Ci
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

12N 100.0 14N(p,t)12N
13C 78.2 13C H−14N 21.8 13C2 H2−28Si 0.2 136Xe−13C3 O6
14B 100.0 14C(7Li,7Be)14B
14C 80.0 14C H2−N D 20.0 C D2−14C H2
14N 77.9 N2−C O 18.3 13C H−14N 1.4 86Kr−N6
14O 100.0 14O−14N
15B 88.4 18O(48Ca,51V)15B 11.6 16B(γ ,n)15B
15N 60.9 C D H−15N 25.6 15N2−28Si H2 13.5 C H3−15N
15O 70.1 15N(p,n)15O 29.7 14N(p,γ)15O 0.2 16F(p)15O
16B 83.2 16B(γ ,n)15B 16.8 14C(14C,12N)16B
16O 50.3 C4−O3 18.6 16O−H16 16.2 O2−31P H
16Oi 54.4 14N(3He,p)16Oi 45.6 15N(p,γ)16Oi

16O j 77.0 14N(d,γ)16O j 23.0 14C(3He,n)16O j

16F 58.4 16F(p)15O 41.6 16O(3He,t)16F
17O 83.2 17O2−28Si D3 16.8 17O−16O H
17F 100.0 16O(p,γ)17F
17Ne 100.0 17Ne−22Ne.773
18O 86.8 C D3−18O 13.2 C3−18O2
18F 59.6 17O(p,γ)18F 40.4 18O(p,n)18F
18Ne 99.9 18Ne−22Ne.818 0.1 22Mgi(α)18Ne
18Na 69.7 18Na(p)17Ne 30.3 18Na−u
19F 86.1 13C D3−19F 13.9 28Si H3−C 19F
19Na 77.1 24Mg(3He,8Li)19Na 22.9 19Na(p)18Ne
20Ne 59.8 20Ne2−40Ar 40.2 C D4−20Ne
20Na 100.0 20Ne(3He,t)20Na−36Ar()36K
21Ne 100.0 20Ne(n,γ)21Ne
21Na 100.0 21Na−21Ne
22Ne 99.7 22Ne−u 0.3 22Na−22Ne 0.1 22Mg−22Ne
22Na 42.6 22Na−23Na.957 20.0 22Mg−22Na 18.3 22Na−22Ne
22Mg 46.8 22Mg−23Na.957 37.2 22Mg−22Na 10.6 22Mg−39K.564
22Mgi 60.1 22Mgi(α)18Ne 22.8 22Mgi(2p)20Ne 17.1 22Mgi(p)21Na
23F 86.3 23F−u 13.7 22Ne(18O,17F)23F
23Na 100.0 23Na−u
23Ali 55.8 23Ali(p)22Mg 44.2 23Ali(2p)21Na
24Mg 98.0 24Mg−H24 1.9 24Mg(n,γ)25Mg 0.1 22Na−24Mg.917
24Al 95.7 24Al−23Na1.043 4.3 24Mg(3He,t)24Al−36Ar()36K
25Ne 57.8 25Ne−u 42.2 26Mg(7Li,8B)25Ne
25Mg 45.9 25Mg(n,γ)26Mg 42.7 24Mg(n,γ)25Mg 11.4 25Mg(p,γ)26Al
25Al 100.0 25Al−25Mg
25Ali 84.7 25Ali(IT)25Al 15.3 27Al(p,t)25Ali
26F 92.6 26F−u 7.4 27F(γ ,n)26F
26Mg 85.3 26Mg−H26 8.5 25Mg(n,γ)26Mg 4.0 26Mg(n,γ)27Mg
26Al 63.5 25Mg(p,γ)26Al 14.9 26Al−26Mg 14.8 26Alm(IT)26Al
26Alm 84.6 26Alm(IT)26Al 15.4 26Alm−26Mg
27F 90.5 27F(γ ,n)26F 9.5 27F−u
27Mg 88.6 26Mg(n,γ)27Mg 11.4 27Mg−23Na1.174
27Al 88.5 27Al−23Na1.174 11.4 27Al(p,γ)28Si
27Sii 78.7 28Si(3He,α)27Sii 21.3 29Si(p,t)27Sii
28Si 48.4 C2 H4−28Si 31.5 13C2 H2−28Si 10.2 31P−28Si H3
28P 100.0 28Si(3He,t)28P−36Ar()36K
29Na 63.3 29Na−39K.744 36.7 29Na−u
29Mg 99.9 29Mg−23Na1.261 0.1 29Mg−u
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

29Si 100.0 29Si−28Si H
29P 59.4 29P 40Ar−u 40.2 28Si(p,γ)29P 0.4 29Pi(IT)29P
29Pi 75.8 29Pi(IT)29P 24.2 28Si(p,γ)29Pi

30Ne 72.5 30Ne−u 27.5 30Ne(n,γ)31Ne
30Na 82.1 30Na−O1.876 17.9 30Na−39K.769
30Mg 85.9 30Mg−39K.769 14.1 30Mg−O1.876
30Al 55.1 30Al−O1.875 44.9 30Al−39K.769
31Ne 67.3 30Ne(n,γ)31Ne 32.7 31Ne−u
31P 51.8 31P−28Si H3 48.2 O2−31P H
31S 96.9 31S−31P 3.1 32Cl(p)31S
32S 55.1 32S−C2 D4 44.9 32S−O2
32Cl 76.2 32Cl(p)31S 23.8 32S(3He,t)32Cl−36Ar()36K
33Mg 85.1 33Mg−O2.062 14.9 33Mg−39K.846
33S 100.0 33S−32S H
33Cl 79.9 32S(p,γ)33Cl 20.1 33Cli(IT)33Cl
33Cli 63.1 33Cli(IT)33Cl 36.9 32S(p,γ)33Cli
34S 46.4 34S(n,γ)35S 23.7 33S(n,γ)34S 18.0 34Cl−34S
34Cl 48.4 33S(p,γ)34Cl 31.0 34Cl−34S 18.4 34Clm(IT)34Cl
34Clm 65.1 34Clm(IT)34Cl 30.7 34Clm−34S 4.2 34Clm−34Ar
34Ar 52.0 34Ar−34Cl 35.1 34Clm−34Ar 12.9 34S−34Ar
35S 71.4 35S(β−)35Cl 28.6 34S(n,γ)35S
35Cl 55.8 C3−35Cl H 19.5 35S(β−)35Cl 15.3 C5 H10−35Cl2
36S 63.6 36S(p,γ)37Cl 36.4 36S(p,n)36Cl
36Cl 99.1 35Cl(n,γ)36Cl 0.9 36S(p,n)36Cl
36Ar 99.9 36Ar−u 0.1 24Mg(3He,t)24Al−36Ar()36K
36K 84.4 36K−39K.923 9.1 24Mg(3He,t)24Al−36Ar()36K 6.5 32S(3He,t)32Cl−36Ar()36K
37Cl 85.8 C3 H6 O2−37Cl2 9.3 C5 H12−35Cl 37Cl 1.8 36S(p,γ)37Cl
38Ar 32.0 38Ar−39K.974 27.4 38Km−38Ar 23.5 38K−38Ar
38K 26.5 38K−38Ar 26.1 38Km−38K 24.6 38Ca−38K
38Km 44.5 38Km−38Ar 34.0 38Km−38K 21.5 38Km−38Ca
38Ca 48.4 38Ca−H6 O2 20.5 38Ca−38K 15.8 38Km−38Ca
39K 99.8 39K−40Ar 0.1 39K(n,γ)40K
39Ca 100.0 39Ca 19F−39K1.487
40S 79.3 40S−40Ar 20.7 40S−41K.976
40Ar 44.7 C3 H4−40Ar 34.2 C2 D8−40Ar 14.1 20Ne2−40Ar
40K 60.9 39K(n,γ)40K 39.1 40K(n,γ)41K
40Ca 100.0 40Ca−H40
40Ti 81.8 40Ti−u 18.2 40Ca(π+,π−)40Ti
41K 99.9 41K−40Ar H 0.1 40K(n,γ)41K
41Ca 99.6 40Ca(n,γ)41Ca 0.4 41Ca(n,γ)42Ca 0.1 41Ca(p,γ)42Scr−40Ca()41Scr
41Sc 68.7 40Ca(p,γ)41Sc 31.3 41Scr(IT)41Sc
41Scr 58.4 41Scr(IT)41Sc 41.6 41Ca(p,γ)42Scr−40Ca()41Scr

42Ca 85.7 41Ca(n,γ)42Ca 10.2 42Sc−42Ca 3.0 42Scm−42Ca
42Sc 56.0 42Sc−42Ca 24.0 42Scr(IT)42Sc 15.9 42Scm−42Sc
42Scm 59.3 42Scm−42Ca 39.4 42Scm−42Sc 1.3 42Ti−42Scm
42Scr 51.3 42Scr(IT)42Sc 48.7 41Ca(p,γ)42Scr−40Ca()41Scr

42Ti 49.3 42Ti−42Sc 39.1 42Ti−42Scm 11.6 42Ti−42Ca
43Ca 98.8 42Ca(n,γ)43Ca 1.1 43Ca(n,γ)44Ca
43Cai 76.8 44Ca(p,d)43Cai 23.2 41K(3He,p)43Cai

43Sci 83.3 43Ca(3He,t)43Sci 16.7 42Ca(3He,d)43Sci

43Ti 39.6 40Ca(α ,n)43Ti 37.7 43Ti−u 22.7 46Ti(3He,6He)43Ti
43Vi 88.8 43Vi(2p)41Sc 11.2 43Vi(p)42Ti
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

44Ca 97.5 43Ca(n,γ)44Ca 2.3 44Ca(n,γ)45Ca 0.2 44Ca(3He,t)44Sci
44Sci 75.6 44Ca(3He,t)44Sci 24.4 43Ca(3He,d)44Sci

44V 86.2 44V−32S 13.8 44V−u
45Ca 97.0 44Ca(n,γ)45Ca 3.0 45Ca(β−)45Sc
45Sc 88.3 45Sc(p,γ)46Ti 10.6 45Ca(β−)45Sc 1.1 45Sc(3He,t)45Tii
45Ti 100.0 45Sc(p,n)45Ti
45Tii 60.3 45Sc(3He,t)45Tii 39.7 46Ti(p,d)45Tii
45V 100.0 45V−45Ti
46Ca 90.4 46Ca(n,γ)47Ca 9.6 46Ca(3He,t)46Sci

46Sci 62.6 46Ca(3He,t)46Sci 37.4 48Ti(p,3He)46Sci

46Ti 94.2 46Ti−48Ti.958 5.6 46Ti(3He,t)46V−47Ti()47V 5.6 46Ti(p,γ)47V
46V 86.8 46V−46Ti 13.1 46Ti(3He,t)46V−47Ti()47V 0.1 46Ti(3He,t)46V−48Ti()48Vxi
46Cr 67.2 46Cr−u 32.8 32S(16O,2n)46Cr
47Ca 90.5 47Ca(β−)47Sc 9.5 46Ca(n,γ)47Ca
47Sc 93.0 47Sc(β−)47Ti 7.0 47Ca(β−)47Sc
47Ti 60.7 47Ti(n,γ)48Ti 37.2 47Ti−48Ti.979 2.2 46Ti(3He,t)46V−47Ti()47V
47V 85.6 46Ti(p,γ)47V 14.4 46Ti(3He,t)46V−47Ti()47V
47Cr 67.8 47Cr−u 18.4 48Mni(p)47Cr 13.8 50Cr(3He,6He)47Cr
48Ca 99.1 48Ca−C4 0.9 48Ti−48Ca
48Sc 50.0 48Ca(p,n)48Sc 50.0 48Sc(β−)48Ti
48Ti 81.3 48Ti−48Ca 11.9 48Ti−N 18O O 4.7 50Ti−48Ti1.042
48V 89.6 48Vi(IT)48V 10.4 48V(β+)48Ti
48Vi 99.5 46Ti(3He,t)46V−48Ti()48Vi 0.5 48Vi(IT)48V
48Mn 51.7 48Mn−u 48.3 48Mni(IT)48Mn
48Mni 51.3 48Mni(IT)48Mn 48.7 48Mni(p)47Cr
49Sc 50.2 48Ca(p,γ)49Sc 29.3 49Sc−u 20.6 49Sc(β−)49Ti
49Ti 68.1 48Ti(n,γ)49Ti 20.4 49Ti−48Ti1.021 11.4 49Ti(n,γ)50Ti
49Cr 100.0 50Cr(d,t)49Cr
49Mn 100.0 49Mn−49Cr
50Sc 100.0 50Sc O−19F 35Cl
50Ti 49.0 49Ti(n,γ)50Ti 45.1 50Ti−48Ti1.042 5.8 50V−50Ti
50V 29.9 50V−50Cr 26.2 50V−48Ti1.042 22.9 50V(n,γ)51V
50Vi 100.0 46Ti(3He,t)46V−50Ti()50Vi

50Cr 63.7 50Cr−48Ti1.042 32.3 50V−50Cr 3.6 50Cr(n,γ)51Cr
50Mn 52.0 50Mn−50Cr 36.5 50Mnm−50Mn 11.5 50Cr(3He,t)50Mn−54Fe()54Co
50Mnm 81.2 50Mnm−50Cr 18.8 50Mnm−50Mn
51Sc 100.0 51Sc H−19F 33S
51Ti 94.9 50Ti(n,γ)51Ti 5.1 51Ti−39K1.308
51V 58.0 51V−48Ti1.063 34.7 50V(n,γ)51V 3.5 51V(p,n)51Cr
51Cr 51.0 50Cr(n,γ)51Cr 35.3 51V(p,n)51Cr 7.5 51Cr−39K1.308
51Mn 93.3 50Cr(p,γ)51Mn 6.7 54Fe(p,α)51Mn
52Sc 100.0 52Sc−33S 19F
52Ti 84.9 52Ti−39K1.333 15.1 50Ti(t,p)52Ti
52Cr 77.9 52Cr−48Ti1.083 20.7 52Cr(n,γ)53Cr 1.1 52Cr(p,γ)53Mn
52Co 60.3 52Co−52Cr 39.7 52Co−u
52Com 54.3 52Com−u 45.7 52Com−52Cr
53Sc 100.0 53Sc−34S 19F
53Cr 55.4 53Cr−48Ti1.104 24.9 52Cr(n,γ)53Cr 19.7 53Cr(n,γ)54Cr
53Mn 83.7 52Cr(p,γ)53Mn 16.3 56Fe(p,α)53Mn
53Fe 100.0 54Fe(d,t)53Fe
53Co 94.3 53Co−53Fe 5.7 53Com−53Co
53Com 59.6 53Com−53Fe 40.4 53Com−53Co
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

54V 55.5 54Cr(t,3He)54V 44.5 54V−u
54Cr 49.0 54Cr−48Ti1.125 45.1 53Cr(n,γ)54Cr 5.9 54Cr(p,γ)55Mn
54Mni 51.3 52Cr(3He,p)54Mni 48.7 54Cr(3He,t)54Mni

54Fe 73.4 54Fe(n,γ)55Fe 17.8 54Fe(p,γ)55Co 8.8 54Fe(p,α)51Mn
54Co 46.9 54Co−54Fe 29.7 54Com−54Co 23.5 50Cr(3He,t)50Mn−54Fe()54Co
54Com 80.8 54Com−54Fe 19.2 54Com−54Co
55Mn 37.3 54Cr(p,γ)55Mn 36.1 55Mn(p,γ)56Fe 12.2 55Mn−85Rb.647
55Fe 83.9 55Fe(ε)55Mn 16.1 54Fe(n,γ)55Fe
55Co 55.8 54Fe(p,γ)55Co 32.7 56Ni−55Co1.018 11.5 58Ni(p,α)55Co
56Ti 93.3 56Ti−u 6.7 56Ti(β−)56V
56V 74.1 56V−u 25.9 56Ti(β−)56V
56Fe 49.2 55Mn(p,γ)56Fe 22.9 56Fe−85Rb.659 11.6 56Fe(n,γ)57Fe
56Co 50.5 56Co−58Ni.966 49.5 56Ni−56Co
56Ni 39.8 56Ni−56Fe 27.4 56Ni−55Co1.018 17.5 56Ni−56Co
57Mn 49.3 57Mn−85Rb.671 33.3 57Mn−39K1.462 17.4 55Mn(t,p)57Mn
57Fe 88.2 56Fe(n,γ)57Fe 6.7 57Fe(n,γ)58Fe 4.1 57Fe−58Ni.983
57Co 33.0 60Ni(p,α)57Co 28.6 56Fe(p,γ)57Co 28.4 58Fe(p,γ)59Co−56Fe()57Co
57Ni 50.1 57Cu−57Ni 49.9 57Ni−58Ni.983
57Cu 48.0 57Cu−56Ni1.018 28.6 57Cu−57Fe 23.4 57Cu−57Ni
58Fe 86.4 57Fe(n,γ)58Fe 9.4 58Fe(n,γ)59Fe 4.2 58Fe(p,γ)59Co−56Fe()57Co
58Co 60.9 59Co(d,t)58Co 25.1 60Ni(d,α)58Co 14.0 57Fe(p,γ)58Co
58Ni 29.2 57Fe−58Ni.983 26.5 56Fe−58Ni.966 25.4 58Ni(n,γ)59Ni
58Cu 90.2 58Cu−58Ni 9.8 59Zn−58Cu1.017
59Fe 89.6 58Fe(n,γ)59Fe 10.4 59Fe−85Rb.694
59Co 90.4 59Co(p,n)59Ni 8.5 58Fe(p,γ)59Co−56Fe()57Co 1.1 59Co(d,t)58Co
59Ni 74.1 58Ni(n,γ)59Ni 21.8 59Ni(n,γ)60Ni 4.1 59Co(p,n)59Ni
59Cu 62.4 58Ni(p,γ)59Cu 30.4 60Zn−59Cu1.017 7.2 59Zn−59Cu
59Zn 73.3 59Zn−59Cu 26.7 59Zn−58Cu1.017
60Ni 77.6 59Ni(n,γ)60Ni 18.1 60Ni(n,γ)61Ni 4.1 60Ni(p,α)57Co
60Cui 73.5 60Ni(3He,t)60Cui 26.5 58Ni(3He,p)60Cui

60Zn 65.1 60Zn−58Ni1.034 34.9 60Zn−59Cu1.017
61Ni 81.7 60Ni(n,γ)61Ni 18.3 61Ni(n,γ)62Ni
61Zn 95.4 64Zn(3He,6He)61Zn 4.6 61Ga(β+)61Zn
61Ga 52.2 61Ga(β+)61Zn 47.8 61Ga−u
62Ni 68.9 61Ni(n,γ)62Ni 14.9 62Ni(p,γ)63Cu 13.1 62Ni(n,γ)63Ni
62Zn 67.7 62Zn−62Ni 32.3 62Ga−62Zn
62Ga 51.7 62Ga−62Ni 48.3 62Ga−62Zn
63Fe 57.3 63Fe−39K1.615 21.3 63Fe−H C2 F2 21.3 63Fe−C 32S F
63Co 86.2 64Ni(t,α)63Co 13.8 63Co(β−)63Ni
63Ni 55.1 63Ni(β−)63Cu 34.4 62Ni(n,γ)63Ni 10.4 63Ni(n,γ)64Ni
63Cu 43.2 63Ni(β−)63Cu 38.8 62Ni(p,γ)63Cu 9.1 63Cu(n,γ)64Cu
63Zn 72.7 64Zn(d,t)63Zn 27.3 63Cu(p,n)63Zn
64Com 86.8 H C2 F2−64Com

.984 13.2 64Com−32S O2
64Ni 87.4 63Ni(n,γ)64Ni 12.6 64Ni−85Rb.753
64Cu 90.8 63Cu(n,γ)64Cu 9.2 64Cu(β−)64Zn
64Zn 43.4 64Zn(n,γ)65Zn 32.4 64Cu(β−)64Zn 16.7 64Zn(p,γ)65Ga
64Ga 37.6 64Ga−85Rb.753 32.7 C5 H2−64Ga.969 13.1 64Ga−64Zn
64Gai 83.2 64Gai(IT)64Ga 16.8 64Zn(3He,t)64Gai

65Cu 43.1 65Cu(p,n)65Zn 33.1 65Cu−85Rb.765 10.3 65Cu(p,α)62Ni
65Zn 54.3 64Zn(n,γ)65Zn 45.7 65Cu(p,n)65Zn
65Ga 59.0 64Zn(p,γ)65Ga 32.1 65Ga−85Rb.765 8.9 65Ga−65Cu
65Ge 56.7 C5 H2−65Ge.939 29.2 65Ge O H−85Rb.965 14.0 65Ge H−85Rb.776
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

66Cu 90.0 65Cu(n,γ)66Cu 10.0 66Cu−85Rb.776
66Zn 66.0 66Zn(p,α)63Cu 34.0 66Zn(n,γ)67Zn
67Cu 54.3 67Cu−85Rb.788 45.7 67Cu(β−)67Zn
67Zn 63.7 66Zn(n,γ)67Zn 23.1 67Cu(β−)67Zn 11.5 67Zn(p,n)67Ga
67Ga 54.3 67Zn(p,n)67Ga 45.7 70Ge(p,α)67Ga
67Ge 87.1 67Ge−67Zn 12.9 64Zn(α ,n)67Ge
67As 77.4 67As−85Rb.788 22.6 67As O−85Rb.976
68Co 74.5 O 18O−68Co.5 25.5 68Co−34S2.000
68Zn 98.6 67Zn(n,γ)68Zn 1.4 70Zn 35Cl−68Zn 37Cl
68As 87.5 68As−C5 H8 12.5 C F3−68As1.015
69Com 92.8 69Com−39K1.769 7.2 69Com−u
69Ga 64.5 69Ga−85Rb.812 35.4 69Ga(n,γ)70Ga
69Ge 100.0 69Ga(p,n)69Ge
69As 81.8 69As(β+)69Ge 18.2 69Se(β+)69As
69Se 100.0 C F3−69Se
70Zn 87.6 70Zn(p,n)70Ga 9.0 70Zn 35Cl−68Zn 37Cl 3.4 70Zn(d,p)71Zn
70Ga 64.1 69Ga(n,γ)70Ga 31.4 70Ga−85Rb.824 4.5 70Zn(p,n)70Ga
70Ge 86.0 70Ge(n,γ)71Ge 14.0 70Ge(p,α)67Ga
71Zn 93.2 71Znm(IT)71Zn 6.8 70Zn(d,p)71Zn
71Znm 94.7 71Znm−85Rb.835 5.3 71Znm(IT)71Zn
71Ga 53.3 71Ga−85Rb.835 33.1 71Ga(n,γ)72Ga 12.2 71Ga−71Ge
71Ge 77.2 71Ga−71Ge 13.8 70Ge(n,γ)71Ge 9.0 71Ge(ε)71Ga
71Br 100.0 71Br H2−C4 H9 O
71Kr 83.8 71Kr−u 16.2 71Kr(ε)71Br
72Ga 65.7 71Ga(n,γ)72Ga 34.3 72Ga−85Rb.847
72Ge 99.9 72Ge(n,γ)73Ge 0.1 75Cu−72Ge1.042
73Cu 75.4 73Cu−72Ge1.014 24.6 73Cu−85Rb.859
73Ge 99.9 73Ge(n,γ)74Ge 0.1 72Ge(n,γ)73Ge
73As 92.8 72Ge(3He,d)73As 7.2 73Se(β+)73As
73Se 52.5 73Se−85Rb.859 47.5 73Se(β+)73As
73Br 86.1 73Br 27Al−85Rb1.176 13.9 73Br−u
74Ge 100.0 74Ge−84Kr
74As 82.1 74As(β+)74Ge 17.9 74As(β−)74Se
74Se 100.0 74Se−74Ge
74Br 84.9 74Br 27Al−85Rb1.188 15.1 74Se(p,n)74Br
74Kr 93.3 74Kr−85Rb.871 6.7 74Rb(β+)74Kr
74Rb 82.8 74Rb−85Rb.871 17.2 74Rb(β+)74Kr
75Cu 90.5 75Cu−85Rb.882 9.5 75Cu−72Ge1.042
75As 85.3 75As(p,n)75Se 14.7 78Se(p,α)75As
75Se 99.9 74Se(n,γ)75Se 0.1 75As(p,n)75Se
76Zn 61.1 76Zn−85Rb.894 38.9 76Zn−88Rb.864
76Ge 100.0 76Ge−76Se
76Se 100.0 76Se−84Kr
76Kr 84.0 76Kr−85Rb.894 16.0 80Kr(α ,6He)78Kr−78Kr()76Kr
77Zn 77.9 77Zn−85Rb.906 22.1 77Zn−88Rb.875
77As 32.5 80Se(p,α)77As 31.8 76Ge(3He,d)77As 17.9 77As(β−)77Se
77Se 99.4 76Se(n,γ)77Se 0.5 77Se(n,γ)78Se
78Cu 63.2 78Cu−85Rb.918 36.8 78Cu−u
78Zn 51.6 78Zn−88Rb.886 48.4 78Zn−85Rb.918
78Ga 88.3 78Ga−85Rb.918 11.7 78Ga−88Rb.886
78Se 95.3 77Se(n,γ)78Se 3.5 78Kr−78Se 0.6 80Se(p,t)78Se
78Kr 88.8 78Kr−78Se 10.9 78Kr−86Kr.907 0.3 80Kr(α ,6He)78Kr−78Kr()76Kr
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

79Zn 67.7 79Zn−88Rb.898 32.3 79Zn−85Rb.929
79Ga 58.2 79Ga−85Rb.929 41.8 79Ga−88Rb.898
79Ge 86.2 79Ga(β−)79Ge 13.8 79Ge(β−)79As
79As 99.8 80Se(d,3He)79As 0.2 79Ge(β−)79As
79Br 96.2 79Br(n,γ)80Br 3.8 79Br−79Rb
79Rb 82.2 79Rb−85Rb.929 16.6 79Br−79Rb 1.2 79Sr−79Rb
79Sr 78.4 79Sr−85Rb.929 21.6 79Sr−79Rb
80Zn 85.6 80Zn−85Rb.941 14.4 80Zn−88Rb.909
80Se 35.8 82Se 35Cl−80Se 37Cl 25.1 80Se(n,γ)81Se 19.8 80Se(p,t)78Se
80Br 96.2 80Se(p,n)80Br 3.8 79Br(n,γ)80Br
80Kr 46.0 80Kr−86Kr.930 19.2 80Kr−85Rb.941 8.0 81Se−80Kr1.013
81As 73.8 81As−88Rb.920 26.2 82Se(d,3He)81As
81Se 72.1 80Se(n,γ)81Se 17.3 81Se−80Kr1.013 10.6 82Se(p,d)81Se
81Br 94.3 81Br(n,γ)82Br 5.1 81Kr(ε)81Br 0.6 87Rb(3He,t)87Sr−81Br()81Kr
81Kr 83.7 81Kr(ε)81Br 9.3 87Rb(3He,t)87Sr−81Br()81Kr 7.0 80Kr(d,p)81Kr
81Rb 76.1 81Rb−85Rb.953 23.9 80Kr(3He,d)81Rb
82Se 92.5 82Se−82Kr 4.3 82Se 35Cl−80Se 37Cl 1.2 82Se(p,d)81Se
82Br 94.4 82Br(β−)82Kr 5.6 81Br(n,γ)82Br
82Kr 75.4 82Kr−84Kr.976 24.6 82Kr−86Kr.953
82Sr 64.7 82Sr−85Rb.965 35.3 84Sr(p,t)82Sr
83Br 54.4 83Br(β−)83Kr 45.6 82Se(3He,d)83Br
83Kr 100.0 83Kr−84Kr.988
83Rb 100.0 83Rb−85Rb.976
83Sr 58.7 83Sr−83Rb 41.3 83Sr(β+)83Rb
84Se 99.9 84Se−88Rb.955 0.1 84Se(β−)84Br
84Br 73.6 84Br(β−)84Kr 26.4 84Se(β−)84Br
84Kr 21.0 84Kr−N6 19.7 86Kr−84Kr1.024 14.6 86Kr−84Kr
84Rb 72.7 84Rb(β+)84Kr 27.3 84Rb(β−)84Sr
84Sr 88.8 84Sr−85Rb.988 6.8 84Rb(β−)84Sr 2.1 84Sr(d,p)85Sr
84Y 81.8 84Y O−97Mo1.031 18.2 84Y(β+)84Sr
85Rb 65.9 86Kr−85Rb 34.1 85Rb−84Kr
85Sr 87.9 85Rb(3He,t)85Sr 12.1 84Sr(d,p)85Sr
86Kr 26.7 86Kr−N6 16.1 129Xe2−86Kr3 11.7 C2 O4−86Kr
86Sr 53.5 86Sr−84Kr1.024 46.5 86Sr−86Kr
86Zr 69.2 86Zr−85Rb1.012 30.8 86Zr O−98Mo1.041
87Rb 81.0 87Rb−86Kr 18.6 87Rb−C6 H14 0.1 91Zr−87Rb1.046
87Sr 58.9 87Sr−86Kr1.012 41.1 87Sr−84Kr1.036
87Zr 73.2 87Zr O−97Mo1.062 26.8 90Zr(3He,6He)87Zr
87Mo 53.3 87Mo−85Rb1.024 46.7 87Mo1.069−C7 H9
88Rb 98.6 87Rb(n,γ)88Rb 0.3 79Ga−88Rb.898 0.2 76Zn−88Rb.864
88Sr 58.3 88Sr−86Kr1.023 41.7 88Sr−84Kr1.048
88Zr 70.6 88Zr O−98Mo1.061 29.2 90Zr(p,t)88Zr 0.2 88Nb(β+)88Zr
88Nb 66.7 88Nb O−98Mo1.061 33.3 88Nb(β+)88Zr
89Rb 56.8 89Rb(β−)89Sr 41.9 89Rb−85Rb1.047 1.3 91Rb−93Rb.489

89Rb.511
89Sr 100.0 88Sr(n,γ)89Sr
89Y 50.8 89Y−87Rb1.023 48.9 89Y−85Rb1.047 0.2 89Zr(β+)89Y
89Zr 84.4 89Zr(β+)89Y 15.3 90Zr(d,t)89Zr 0.2 89Nb(β+)89Zr
89Nb 77.7 89Nb−u 22.3 89Nb(β+)89Zr
90Rb 59.2 90Rb−85Rb1.059 40.8 90Rb(β−)90Sr
90Sr 98.8 90Sr(β−)90Y 1.2 90Rb(β−)90Sr
90Y 99.9 89Y(n,γ)90Y 0.1 90Sr(β−)90Y
90Zr 62.4 90Zr−87Rb1.034 30.2 90Zr−u 7.3 90Zr(n,γ)91Zr

030003-82



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

90Nb 68.7 90Nb(β+)90Zr 31.3 90Mo(β+)90Nb
90Mo 62.6 90Mo−C7 H6 37.4 90Mo(β+)90Nb
90Ru 85.9 90Ru−85Rb1.059 14.1 90Ru1.033−C7 H9
91Rb 70.1 91Rb−85Rb1.071 18.4 91Rb(β−)91Sr 11.5 91Rb−93Rb.489

89Rb.511
91Sr 81.0 91Sr(β−)91Y 11.1 92Rb(β−n)91Sr 8.0 91Rb(β−)91Sr
91Y 98.2 91Y(β−)91Zr 1.8 91Sr(β−)91Y
91Zr 50.3 91Zr(n,γ)92Zr 28.5 91Zr−87Rb1.046 16.5 91Zr−u
91Nb 97.7 91Zr(p,n)91Nb 2.3 91Mo(β+)91Nb
91Mo 65.1 91Mo−C7 H7 23.5 92Mo(p,d)91Mo 11.4 91Mo(β+)91Nb
91Tc 44.7 91Tc−C7 H7 33.2 91Tc−94Mo.968 22.1 91Tc−85Rb1.071
91Ru 37.4 91Ru−C7 H7 36.9 91Ru−85Rb1.071 25.7 91Ru−94Mo.968
92Rb 53.3 92Rb−85Rb1.082 31.7 92Rb(β−)92Sr 14.5 92Rb(β−n)91Sr
92Sr 89.7 92Sr−85Rb1.082 7.3 92Rb(β−)92Sr 3.0 92Sr(β−)92Y
92Y 57.8 92Y(β−)92Zr 28.8 92Sr(β−)92Y 13.3 94Zr(d,α)92Y
92Zr 45.2 91Zr(n,γ)92Zr 31.6 92Zr−u 23.1 92Zr−87Rb1.057
92Nb 72.7 92Zr(p,n)92Nb 27.3 93Nb(γ ,n)92Nb
92Mo 87.2 92Mo−87Rb1.057 12.8 92Mo−u
92Tc 60.0 92Tc−85Rb1.082 40.0 92Tc.989−C7 H7
92Ru 72.3 92Ru−85Rb1.082 27.7 92Ru1.011−C7 H9
93Rb 70.7 93Rb−85Rb1.094 26.5 93Rb(β−)93Sr 2.5 91Rb−93Rb.489

89Rb.511
93Sr 65.8 93Sr−85Rb1.094 23.7 93Rb(β−)93Sr 10.5 93Sr(β−)93Y
93Y 76.3 93Y(β−)93Zr 23.7 93Sr(β−)93Y
93Zr 97.6 92Zr(n,γ)93Zr 2.4 93Zr(β−)93Nb
93Nb 52.7 93Zr(β−)93Nb 30.7 93Nb(n,γ)94Nb 16.6 93Nb(γ ,n)92Nb
93Ru 73.4 93Ru−C7 H9 26.6 93Ru−85Rb1.094
93Rh 55.1 93Rh−C7 H9 44.9 93Rh−85Rb1.094
94Rb 70.2 94Rb−85Rb1.106 29.6 94Rb−88Rb1.068 0.3 94Rb−95Rb.660

92Rb.341
94Sr 98.3 94Sr−85Rb1.106 1.7 94Sr(β−)94Y
94Y 50.2 94Y(β−)94Zr 39.6 94Sr(β−)94Y 10.2 96Zr(d,α)94Y
94Zr 77.2 94Zr−u 22.5 94Zr−87Rb1.080 0.3 94Zr(n,γ)95Zr
94Nb 69.2 93Nb(n,γ)94Nb 30.8 94Nb(β−)94Mo
94Mo 67.9 94Mo(n,γ)95Mo 18.7 94Mo−87Rb1.080 13.0 94Mo−u
94Ru 56.2 94Ru−85Rb1.106 43.8 94Ru−C7 H10
94Rh 62.2 94Rh−85Rb1.106 37.8 94Rh−C7 H10
95Rb 51.4 95Rb(β−)95Sr 25.5 95Rb−96Rb.742

92Rb.258 12.7 94Rb−95Rb.660
92Rb.341

95Sr 38.9 95Sr−85Rb1.118 38.9 95Sr−97Zr.979 20.1 95Sr(β−)95Y
95Y 56.2 95Y(β−)95Zr 32.3 95Sr(β−)95Y 11.5 96Zr(t,α)95Y
95Zr 91.4 94Zr(n,γ)95Zr 8.2 95Zr(β−)95Nb 0.4 95Y(β−)95Zr
95Nb 97.4 95Nb(β−)95Mo 2.6 95Zr(β−)95Nb
95Mo 66.5 95Mo(n,γ)96Mo 21.1 94Mo(n,γ)95Mo 12.2 95Mo−u
95Tc 97.4 95Tc(β+)95Mo 2.6 95Ru(β+)95Tc
95Ru 90.3 96Ru(p,d)95Ru 9.7 95Ru(β+)95Tc
95Rh 85.9 95Rh−85Rb1.118 14.1 95Rh.989−C7 H10
96Kr 88.5 96Kr−85Rb1.129 11.5 96Kr−u
96Rb 99.7 96Rb−88Rb1.091 0.3 95Rb−96Rb.742

92Rb.258
96Sr 82.6 96Sr−97Zr.990 17.4 96Sr(β−)96Y
96Y 92.0 96Y−97Zr.990 8.0 96Sr(β−)96Y
96Zr 52.2 96Zr−u 29.3 96Zr−96Mo 13.0 96Zr−87Rb1.103
96Nb 62.8 96Zr−96Nb 37.2 96Nb−96Mo
96Mo 46.1 96Zr−96Mo 29.8 95Mo(n,γ)96Mo 15.4 96Mo(n,γ)97Mo
96Ru 100.0 96Ru−96Mo
97Rb 87.0 97Rb−85Rb1.141 13.0 97Rb−88Rb1.102
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

97Sr 86.8 97Sr−85Rb1.141 13.2 97Sr−97Zr
97Zr 99.9 96Zr(n,γ)97Zr
97Nb 50.0 97Zr(β−)97Nb 50.0 97Nb(β−)97Mo
97Mo 43.8 96Mo(n,γ)97Mo 24.1 97Mo−u 20.5 97Mo−87Rb1.115
97Tc 52.9 96Mo(3He,d)97Tc 47.1 97Mo(p,n)97Tc
98Rb 70.9 98Rb−u 29.1 98Rb−85Rb1.153
98Sr 88.0 98Sr−85Rb1.153 12.0 98Sr−97Zr1.010
98Zr 82.2 98Zr−97Zr1.010 17.8 96Zr(t,p)98Zr
98Mo 86.9 97Mo(n,γ)98Mo 12.4 98Mo−u 0.6 98Mo(n,γ)99Mo
98Tc 57.2 99Tc(p,d)98Tc 29.2 97Mo(3He,d)98Tc 11.4 98Mo(p,n)98Tc
98Ru 91.6 C7 H14−98Ru 8.4 98Tc(β−)98Ru
98Pd 99.6 98Pd−85Rb1.153 0.4 98Ag(β+)98Pd
98Ag 78.0 98Ag−85Rb1.153 22.0 98Ag(β+)98Pd
99Sr 52.8 99Sr−85Rb1.165 47.2 99Sr−97Zr1.021
99Zr 64.8 99Zr−97Zr1.021 35.2 99Zr−u
99Mo 98.9 98Mo(n,γ)99Mo 1.1 99Mo(β−)99Tc
99Tc 78.2 99Mo(β−)99Tc 20.0 99Tc(β−)99Ru 1.8 99Tc(p,d)98Tc
99Ru 97.7 99Ru(n,γ)100Ru 2.3 99Tc(β−)99Ru
99Rh 88.8 99Pd(β+)99Rh 11.2 99Rh(β+)99Ru
99Pd 99.3 99Pd−96Mo1.031 0.7 99Pd(β+)99Rh
100Rb 55.0 100Rb−u 45.0 100Rb−85Rb1.176
100Sr 55.1 100Sr−97Zr1.031 44.9 100Sr−85Rb1.176
100Zr 76.4 100Zr−97Zr1.031 23.6 100Zr−u
100Mo 65.2 100Mo−u 32.1 100Mo−87Rb1.149 2.7 100Mo−100Ru
100Ru 96.5 100Mo−100Ru 2.3 99Ru(n,γ)100Ru 1.1 100Ru(n,γ)101Ru
100Rh 82.1 100Rh(β+)100Ru 17.9 100Rh−u
100Pd 54.0 102Pd(p,t)100Pd 46.0 96Ru(16O,12C)100Pd
101Zr 80.0 101Zr−97Zr1.041 20.0 101Zr−u
101Ru 98.3 100Ru(n,γ)101Ru 1.7 101Ru(n,γ)102Ru
101Rh 88.4 101Pd(β+)101Rh 11.6 103Rh(p,t)101Rh
101Pd 93.2 101Pd−96Mo1.052 6.8 101Pd(β+)101Rh
102Zr 92.0 102Zr−97Zr1.052 8.0 102Zr(β−)102Nbm

102Nb 99.4 102Nb−97Zr1.052 0.6 102Nbm−102Nb
102Nbm 94.2 102Nbm−102Nb 5.8 102Zr(β−)102Nbm

102Mo 82.8 102Mo−97Zr1.052 17.2 100Mo(t,p)102Mo
102Tc 79.0 104Ru(d,α)102Tc 21.0 100Mo(3He,p)102Tc
102Ru 98.3 101Ru(n,γ)102Ru 1.0 106Nb−102Ru1.039 0.7 102Ru(n,γ)103Ru
102Pd 100.0 102Pd−102Ru
102Cd 88.2 102Cd−85Rb1.200 11.8 102Cd−96Mo1.063
102In 85.7 102In−96Mo1.063 14.3 102In−85Rb1.200
103Ru 99.2 102Ru(n,γ)103Ru 0.8 104Ru(d,t)103Ru−148Gd()147Gd 0.1 103Ru(β−)103Rh
103Rh 98.4 103Ru(β−)103Rh 1.6 103Rh(p,t)101Rh
103Cd 85.7 103Cd−85Rb1.212 14.0 103Cd−96Mo1.073 0.4 103In(β+)103Cd
103In 76.8 103In−85Rb1.212 12.9 103In−u 10.2 103In(β+)103Cd
104Mo 97.2 104Mo−97Zr1.072 2.8 104Mo(β−)104Tc
104Tc 70.2 104Mo(β−)104Tc 29.8 104Tc(β−)104Ru
104Ru 57.7 104Ru(d,t)103Ru−148Gd()147Gd 30.9 104Ru(n,γ)105Ru 10.0 C8 H8−104Ru
104Cd 89.3 104Cd−85Rb1.224 10.7 104Cd−96Mo1.083
104Sn 92.9 104Sn−87Rb1.195 7.1 108Te(α)104Sn
105Mo 98.4 105Mo−97Zr1.082 1.6 105Mo(β−)105Tc
105Tc 59.0 105Mo(β−)105Tc 41.0 105Tc(β−)105Ru
105Ru 69.1 104Ru(n,γ)105Ru 25.4 105Ru(β−)105Rh 5.1 106Ru−105Ru1.010
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

105Rh 74.6 105Rh(β−)105Pd 25.4 105Ru(β−)105Rh
105Pd 96.0 105Pd(n,γ)106Pd 3.9 105Rh(β−)105Pd 0.2 105Pd(3He,d)106Ag
105Ag 91.1 105Cd(β+)105Ag 8.9 107Ag(p,t)105Ag
105Cd 99.2 105Cd−85Rb1.235 0.8 105Cd(β+)105Ag
105Sn 58.0 105Sn−87Rb1.207 36.1 105Sn−85Rb1.235 6.0 109Te(α)105Sn
106Nb 88.2 106Nb−52Cr2.038 11.8 106Nb−102Ru1.039
106Ru 63.3 106Ru(β−)106Rh 36.7 106Ru−105Ru1.010
106Rh 63.3 106Rh(β−)106Pd 36.7 106Ru(β−)106Rh
106Pd 69.9 106Cd−106Pd 20.2 106Pd−u 5.2 106Pd(n,γ)107Pd
106Ag 81.0 106Ag(ε)106Pd 12.3 105Pd(3He,d)106Ag 6.6 107Ag(p,d)106Ag
106Cd 43.3 106Cd−85Rb1.247 29.9 106Cd−106Pd 26.8 106Cd−u
106Sn 51.7 106Sn−87Rb1.218 39.5 106Sn−85Rb1.247 8.8 110Te(α)106Sn
107Pd 93.7 106Pd(n,γ)107Pd 6.3 107Pd(β−)107Ag
107Ag 53.3 107Pd(β−)107Ag 29.7 107Cd(β+)107Ag 10.9 C8 H11−107Ag
107Cd 88.0 107Cd−85Rb1.259 11.5 107Cd(β+)107Ag 0.6 107In(β+)107Cd
107In 75.3 107In(β+)107Cd 24.7 107In−u
107Sb 58.9 107Sb−87Rb1.230 21.1 107Sb−133Cs.805 20.0 111I(α)107Sb
108Pd 40.8 108Pd−108Cd 40.0 108Pd−u 19.1 108Pd(n,γ)109Pd
108Cd 45.7 108Pd−108Cd 27.5 108Cd−85Rb1.271 25.1 108Cd−u
108In 88.6 108In(β+)108Cd 11.4 108Sn(β+)108In
108Sn 95.9 108Sn−87Rb1.241 4.1 108Sn(β+)108In
108Te 93.7 108Te−87Rb1.241 6.3 108Te(α)104Sn
109Rh 64.3 110Pd(d,3He)109Rh 35.7 109Rh−120Sn.908
109Pd 80.6 108Pd(n,γ)109Pd 19.4 109Pd(β−)109Ag
109Ag 56.6 109Ag(n,γ)110Ag 29.8 109Pd(β−)109Ag 13.7 109Cd(ε)109Ag
109Cd 75.3 109Cd−85Rb1.282 21.5 109Cd(ε)109Ag 3.1 109In(β+)109Cd
109In 70.0 108Cd(3He,d)109In−110Cd()111In 30.0 109In(β+)109Cd
109Sn 77.9 112Sn(3He,6He)109Sn 22.1 109Sb(β+)109Sn
109Sb 91.8 109Sb−87Rb1.253 8.2 109Sb(β+)109Sn
109Te 54.0 109Te−87Rb1.253 32.1 109Te−133Cs.820 7.4 109Te(α)105Sn
110Ru 97.2 110Ru−105Ru1.048 2.8 110Ru(β−)110Rh
110Rh 87.7 110Rh(β−)110Pd 12.3 110Ru(β−)110Rh
110Pd 71.4 110Pd−110Cd 28.0 110Pd−u 0.5 110Pd(d,3He)109Rh
110Ag 56.7 110Ag(β−)110Cd 43.3 109Ag(n,γ)110Ag
110Cd 77.2 110Cd(n,γ)111Cd 12.0 110Cd−u 8.6 110Pd−110Cd
110Te 84.0 110Te−133Cs.827 16.0 110Te(α)106Sn
111Cd 80.7 111Cd(n,γ)112Cd 19.3 110Cd(n,γ)111Cd
111In 69.0 113In(p,t)111In−112Cd()110Cd 19.3 108Cd(3He,d)109In−110Cd()111In 11.7 113In(p,t)111In−115In()113In
111I 70.0 111I−87Rb1.276 30.0 111I(α)107Sb
112Rh 65.7 112Rh(β−)112Pd 18.5 112Rh−120Sn.933 15.8 112Rh−u
112Pd 88.8 112Pd−120Sn.933 10.7 110Pd(t,p)112Pd 0.5 112Rh(β−)112Pd
112Cd 48.4 113In−112Cd1.009 35.2 113Cd−112Cd1.009 8.3 111Cd(n,γ)112Cd
112In 50.0 112Cd(p,n)112In 50.0 112In(β−)112Sn
112Sn 97.2 112Sn−112Cd 2.1 112Sn−120Sn.933 0.7 112Sn(n,γ)113Sn
113Ru 79.5 113Ru−105Ru1.076 20.5 113Ru−u
113Cd 59.5 113Cd−115In.983 29.7 113Cd−112Cd1.009 5.4 113Cd(n,γ)114Cd
113In 77.1 113In−115In.983 16.6 113In−112Cd1.009 6.2 113In(n,γ)114In
113Sn 69.3 112Sn(n,γ)113Sn 16.7 113Sn(β+)113In 14.1 114Sn(d,t)113Sn
113Xe 82.2 113Xe−133Cs.850 17.8 113Xe(α)109Te
114Rh 59.0 114Rh−120Sn.950 41.0 114Rh−u
114Cd 92.9 113Cd(n,γ)114Cd 7.1 116Cd 35Cl−114Cd 37Cl
114In 81.9 113In(n,γ)114In 18.1 114In(β−)114Sn
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

114Sn 99.9 114Sn(n,γ)115Sn 0.1 114In(β−)114Sn
114Sb 68.1 114Sb−u 31.9 114Sn(p,n)114Sb
115Pd 93.6 115Pd−120Sn.958 6.4 115Pd(β−)115Ag
115Ag 66.8 115Ag−133Cs.865 20.9 115Ag(β−)115Cd 12.4 115Pd(β−)115Ag
115Cd 100.0 114Cd(d,p)115Cd
115In 100.0 115In−129Xe
115Sn 100.0 115In−115Sn
116Rh 62.8 116Rh−120Sn.967 37.2 116Rh−u
116Cd 97.8 116Cd−116Sn 2.2 116Cd 35Cl−114Cd 37Cl
116Sn 99.1 115Sn(n,γ)116Sn 0.8 116Cd−116Sn 0.1 116Sn(n,γ)117Sn
116Sb 75.1 116Sn(p,n)116Sb 24.9 115Sn(3He,d)116Sb−120Sn()121Sb
116Te 97.4 116Te−u 2.6 116I(β+)116Te
116I 45.1 116I(β+)116Te 40.9 116I−u 14.0 116Xe(β+)116I
116Xe 99.6 116Xe−133Cs.872 0.4 116Xe(β+)116I
117Pd 95.8 117Pd−120Sn.975 4.2 117Pd(β−)117Ag
117Ag 82.9 117Ag−133Cs.880 17.1 117Pd(β−)117Ag
117In 94.3 117In(β−)117Sn 5.7 120Sn(t,α)119In−118Sn()117In
117Sn 96.8 116Sn(n,γ)117Sn 3.2 117Sn(n,γ)118Sn
117Sb 71.2 116Sn(3He,d)117Sb 17.8 117Sn(p,n)117Sb 11.0 117Te(β+)117Sb
117Te 50.7 117Te(β+)117Sb 46.4 117Te−u 2.9 117I(β+)117Te
117I 88.5 117I−u 11.5 117I(β+)117Te
118Pd 61.2 118Pd−120Sn.983 38.8 118Pd−129Xe.915
118In 100.0 119Sn(t,α)118In−118Sn()117In
118Sn 96.6 117Sn(n,γ)118Sn 3.3 118Sn(n,γ)119Sn
119Ag 97.3 119Ag−133Cs.895 2.7 119Ag(β−)119Cd
119Cd 78.0 119Ag(β−)119Cd 22.0 119Cd(β−)119In
119In 86.2 120Sn(t,α)119In−118Sn()117In 13.1 120Sn(d,3He)119In 0.6 119Cd(β−)119In
119Sn 92.5 118Sn(n,γ)119Sn 7.3 120Sn(d,t)119Sn 0.2 119Sb(ε)119Sn
119Sb 48.8 118Sn(3He,d)119Sb 33.8 119Sb(ε)119Sn 17.4 119Sb−u
119Xe 86.2 119Xe−133Cs.895 13.8 119Xe−u
120Pd 68.6 120Pd−120Sn 31.4 120Pd−129Xe.930
120Sn 22.9 112Sn−120Sn.933 22.4 115Sn−120Sn.958 19.6 129Xe−120Sn1.075
120Te 98.0 122Te(p,t)120Te−132Ba()130Ba 2.0 122Te(p,t)120Te−144Sm()142Sm
121Sn 97.5 120Sn(n,γ)121Sn 2.5 122Sn(d,t)121Sn
121Sb 95.5 121Sb(n,γ)122Sb 4.3 115Sn(3He,d)116Sb−120Sn()121Sb 0.1 121Te(β+)121Sb
121Te 73.6 121Te(β+)121Sb 26.4 121I(β+)121Te
121I 99.4 120Te(3He,d)121I 0.6 121I(β+)121Te
121Xe 85.0 121Xe−133Cs.910 15.0 121Cs(β+)121Xe
121Cs 46.0 121Cs(β+)121Xe 37.7 121Cs−133Cs.910 16.3 121Cs−u
122Cd 72.4 122Cd−130Xe.938 27.6 122Cd−133Cs.917
122Sn 58.5 122Sn(d,t)121Sn 41.5 122Sn(n,γ)123Sn
122Sb 67.6 122Sb(β−)122Te 28.0 123Sb(γ ,n)122Sb 4.4 121Sb(n,γ)122Sb
122Te 98.8 122Te(n,γ)123Te 0.7 122Sb(β−)122Te 0.5 122Te(3He,d)123I
122Cs 56.8 122Cs−133Cs.917 43.2 122Cs−u
123Cd 99.6 123Cd−130Xe.946 0.4 123Cd(β−)123In
123In 43.4 123In(β−)123Sn 31.9 123Cd(β−)123In 24.7 124Sn(d,3He)123In
123Sn 52.3 122Sn(n,γ)123Sn 37.1 124Sn(d,t)123Sn 10.2 123Sn(β−)123Sb
123Sb 98.1 123Te−123Sb 1.6 123Sn(β−)123Sb 0.3 123Sb(γ ,n)122Sb
123Te 97.0 123Te(n,γ)124Te 1.8 123Te−123Sb 1.2 122Te(n,γ)123Te
123I 96.3 122Te(3He,d)123I 3.7 123Xe(β+)123I
123Xe 62.0 123Xe−133Cs.925 38.0 123Xe(β+)123I
124Cd 67.8 124Cd−130Xe.954 32.0 124Cd−133Cs.932 0.2 124Cd(β−)124In
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

124In 61.1 124Cd(β−)124In 38.9 124In(β−)124Sn
124Sn 45.1 124Sn−129Xe.961 33.8 124Sn−120Sn1.033 16.1 124Sn−124Te
124Te 82.5 124Sn−124Te 13.8 124Te(n,γ)125Te 3.0 123Te(n,γ)124Te
124Xe 99.4 124Xe−124Te 0.6 124Xe(n,γ)125Xe
125Te 86.2 124Te(n,γ)125Te 13.8 125Te(n,γ)126Te
125Xe 99.3 124Xe(n,γ)125Xe 0.7 125Cs(β+)125Xe
125Cs 70.4 125Cs−133Cs.940 29.6 125Cs(β+)125Xe
125Ba 97.9 125Ba−133Cs.940 2.1 125La(β+)125Ba
125La 86.5 125La−u 13.5 125La(β+)125Ba
126Cd 56.2 126Cd−130Xe.969 43.8 126Cd−133Cs.947
126Te 86.1 125Te(n,γ)126Te 10.1 128Te 35Cl−126Te 37Cl 2.1 126I(β+)126Te
126I 51.8 126I(β+)126Te 48.2 127I(γ ,n)126I
126Xe 100.0 126Xe−128Xe.984
126Cs 73.2 126Cs−133Cs.947 26.8 126Cs(β+)126Xe
127In 80.1 127In−133Cs.955 19.9 127In(β−)127Sn
127Inn 57.9 127Inn−133Cs.955 42.1 127Inn(β−)127Sn
127Sn 68.1 127Sn 34S−133Cs1.211 16.2 127In(β−)127Sn 14.1 127Sn(β−)127Sb
127Sb 96.2 127Sb(β−)127Te 3.8 127Sn(β−)127Sb
127Te 98.3 126Te(n,γ)127Te 1.5 127Te(β−)127I 0.3 127Sb(β−)127Te
127I 35.3 127I(γ ,n)126I 24.0 127Te(β−)127I 20.9 C10 H7−127I
127Xe 91.2 127Xe(ε)127I 8.8 127Cs(β+)127Xe
127Cs 81.7 127Cs−133Cs.955 18.3 127Cs(β+)127Xe
127Ba 97.7 127Ba−133Cs.955 2.3 127La(β+)127Ba
127La 86.6 127La−u 13.4 127La(β+)127Ba
128Cd 60.6 128Cd−133Cs.962 39.4 128Cd−130Xe.985
128Sn 57.7 128Sn−u 42.3 128Sn(β−)128Sbm

128Sbm 55.0 128Sbm(β−)128Te 45.0 128Sn(β−)128Sbm

128Te 49.1 130Te 35Cl−128Te 37Cl 47.1 128Te−128Xe 2.6 128Te 35Cl−126Te 37Cl
128I 86.8 127I(n,γ)128I 13.1 128I(β−)128Xe
128Xe 100.0 128Xe−129Xe.992
128Cs 80.3 128Cs(β+)128Xe 19.7 128Cs−133Cs.962
128Ba 98.2 130Ba(p,t)128Ba−144Sm()142Sm 1.8 128Ba−133Cs.962
129In 53.3 129In−130Xe.992 36.6 129Inm(IT)129In 10.0 129In−133Cs.970
129Inm 63.3 129Inm(IT)129In 36.6 129Inm−130Xe.992 0.1 129Inm(β−)129Sn
129Sn 43.8 129In(β−)129Sn 35.8 129Sn−u 20.5 129Inm(β−)129Sn
129Te 98.8 128Te(n,γ)129Te 1.2 129Te(β−)129I
129I 60.2 129Te(β−)129I 39.8 129I(β−)129Xe
129Xe 47.6 131Xe−129Xe1.016 13.6 C10 H10−129Xe 11.9 129Xe2−86Kr3
129Cs 82.9 129Cs(β+)129Xe 12.2 129Cs−133Cs.970 4.9 129Ba(β+)129Cs
129Ba 49.0 130Ba(d,t)129Ba 44.7 129Ba(β+)129Cs 6.3 129La(β+)129Ba
129La 58.3 129La−u 41.7 129La(β+)129Ba
130In 92.3 130In−133Cs.977 7.7 130In−130Inn

130Inm 79.4 130Inm−133Cs.977 11.0 130Inm−130Inn 9.6 130Inm−130Te
130Inn 59.7 130Inn−133Cs.977 17.6 130Inn−130Te 12.0 130Inm−130Inn
130Sn 73.3 130Sn−130Xe 26.6 130Sn−133Cs.977 0.2 130Sn(β−)130Sb
130Sb 90.0 130Sn(β−)130Sb 10.0 130Sb(β−)130Te
130Te 77.9 130Te−129Xe 22.1 130Te−130Xe
130Xe 50.2 130Xe−129Xe 37.1 132Xe−130Xe 12.7 130Te−130Xe
130Cs 47.6 130Cs−133Cs.977 34.9 130Cs(β+)130Xe 17.5 129Xe(3He,d)130Cs
130Ba 98.9 130Ba−130Xe 0.8 130Ba−85Rb1.529 0.2 122Te(p,t)120Te−132Ba()130Ba
131Cd 63.1 131Cd−u 36.9 131Cd−133Cs.985
131In 66.7 131In−130Xe1.008 33.3 131In−133Cs.985
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

131Inm 88.3 131Inm−133Cs.985 11.7 131Inm−130Xe1.008
131Sn 80.9 131Sn 34S−133Cs1.241 19.1 131Sn(β−)131Sb
131Sb 94.6 131Sb−130Xe1.008 5.4 131Sn(β−)131Sb
131Xe 58.5 131Xe−132Xe.992 41.5 131Xe−129Xe1.016
131Ce 95.7 131Ce−u 4.3 131Pr(β+)131Ce
131Pr 81.2 131Pr−u 9.5 131Nd(β+)131Pr 9.3 131Pr(β+)131Ce
131Nd 97.0 131Nd−u 3.0 131Nd(β+)131Pr
132Sn 61.1 132Sn−133Cs.992 38.9 132Sn−132Xe
132Sb 83.4 132Sb−130Xe1.015 16.6 132Sb−133Cs.992
132Te 75.8 132Te−130Xe1.015 24.2 132Te(β−)132I
132I 51.6 132Te(β−)132I 48.4 132I(β−)132Xe
132Xe 32.8 132Xe−C10 H10 25.8 131Xe−132Xe.992 14.2 132Xe−C3 O6
132Cs 73.2 132Cs−133Cs.992 26.8 133Cs(γ ,n)132Cs
132Ba 98.2 132Ba(n,γ)133Ba 1.8 122Te(p,t)120Te−132Ba()130Ba
132La 66.1 132La(β+)132Ba 33.9 132La−u
132Ce 53.3 132Ce−u 46.7 132Ce O−142Sm1.042
133Sn 72.5 133Sn−134Xe.993 27.5 133Sn−133Cs
133Sb 70.5 133Sb−130Xe1.023 18.3 133Sb(β−)133Te 11.3 133Sb−136Xe.978
133Te 93.0 133Te−130Xe1.023 7.0 133Sb(β−)133Te
133I 84.3 133I−133Cs 15.7 133I−u
133Cs 44.7 133Cs−129Xe 44.6 133Cs−132Xe 10.7 133Cs−C3 O6
133Ba 98.4 133Ba(ε)133Cs 1.6 132Ba(n,γ)133Ba
134Te 71.0 134Te−130Xe1.031 20.6 134Te−136Xe.985 8.5 134Te(β−)134I
134I 58.8 134I−133Cs1.008 41.2 134Te(β−)134I
134Xe 100.0 134Xe−132Xe1.015
134Cs 99.9 133Cs(n,γ)134Cs 0.1 134Cs(β−)134Ba
134Ba 60.8 134Ba(n,γ)135Ba 39.2 134Cs(β−)134Ba
135Sb 83.6 135Sb−130Xe1.038 16.4 135Sb−133Cs1.015
135Te 59.4 135Te−133Cs1.015 40.6 135Te−130Xe1.038
135I 92.4 135I−133Cs1.015 7.6 135I(β−)135Xe
135Xe 66.8 135Xe(β−)135Cs 33.2 135I(β−)135Xe
135Cs 86.6 135Cs−135Ba 13.2 134Cs(n,γ)135Cs 0.2 135Xe(β−)135Cs
135Ba 59.1 135Ba(n,γ)136Ba 35.3 134Ba(n,γ)135Ba 5.6 135Cs−135Ba
135La 88.9 135La(β+)135Ba 11.1 135Ce(β+)135La
135Ce 86.5 135Ce(β+)135La 13.5 135Ce−u
136Sb 84.7 136Sb−130Xe1.046 15.3 136Sb−133Cs1.023
136Te 62.4 136Te−130Xe1.046 24.0 136Te−136Xe 13.0 136Te−133Cs1.023
136I 50.3 136I(β−)136Xe 49.7 136Te(β−)136I
136Xe 80.9 136Xe−13C3 O6 19.1 136Xe−28Si4 D12
136Ba 40.3 135Ba(n,γ)136Ba 31.1 136Ba(n,γ)137Ba 28.6 136Xe−136Ba
136Ce 99.9 136Ce−136Ba
136Pr 67.2 136Pr−133Cs1.023 32.8 136Pr(β+)136Ce
137Te 69.8 137Te−130Xe1.054 30.2 137Te−133Cs1.030
137Ba 67.2 136Ba(n,γ)137Ba 32.8 137Ba(n,γ)138Ba
137Ce 100.0 136Ce(n,γ)137Ce
137Pr 66.1 137Pr(β+)137Ce 33.9 137Pr−133Cs1.030
137Nd 80.8 137Nd−133Cs1.030 17.6 137Nd−u 1.6 137Pmm(β+)137Nd
137Pmm 65.2 137Pmm(β+)137Nd 34.8 137Sm(β+)137Pmm

137Sm 53.5 137Sm−133Cs1.030 36.3 137Sm−u 10.2 137Sm(β+)137Pmm

138Te 74.8 138Te−130Xe1.062 25.2 138Te−133Cs1.038
138Xe 74.0 138Xe−133Cs1.038 26.0 138Xe−136Xe1.015
138Cs 50.7 138Cs(β−)138Ba 49.3 138Cs−133Cs1.038

030003-88



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

138Ba 66.6 137Ba(n,γ)138Ba 31.1 138Ba−136Xe1.015 1.3 138La−138Ba
138La 81.2 138La−138Ba 18.8 138La−138Ce
138Ce 52.7 138La−138Ce 37.3 138Ce−138Ba 9.9 138Ce−136Xe1.015
138Prm 66.1 138Prm(β+)138Ce 33.9 138Prm−u
138Nd 96.4 138Nd−133Cs1.038 3.6 138Pm(β+)138Nd
138Pm 79.2 138Pm−133Cs1.038 17.2 138Pm−u 3.6 138Pm(β+)138Nd
139La 94.5 139La−136Xe1.022 5.5 139La(n,γ)140La
139Ce 99.9 139Ce(β+)139La 0.1 139Pr(β+)139Ce
139Pr 99.6 139Pr(β+)139Ce 0.4 139Nd(β+)139Pr
139Nd 69.9 139Pm(β+)139Nd 30.1 139Nd(β+)139Pr
139Pm 94.6 139Pm−133Cs1.045 5.4 139Pm(β+)139Nd
140Te 73.5 140Te−133Cs1.053 26.5 140Te−130Xe1.077
140Cs 79.1 140Cs−133Cs1.053 20.9 140Cs(β−)140Ba
140Ba 38.0 140Ba(β−)140La 36.7 140Ba−133Cs1.053 19.0 140Cs(β−)140Ba
140La 94.5 139La(n,γ)140La 5.4 140La(β−)140Ce 0.1 140Ba(β−)140La
140Ce 39.3 140La(β−)140Ce 31.8 140Ce O−133Cs1.173 25.3 140Ce(n,γ)141Ce
140Pmm 77.9 140Pmm−133Cs1.053 22.1 140Pmm−u
141Cs 38.1 141Cs−133Cs1.060 33.1 141Cs(β−)141Ba 20.1 141Cs−136Xe1.037
141Ba 58.0 141Ba−u 27.2 141Ba−133Cs1.060 8.1 141Cs(β−)141Ba
141La 96.0 141La(β−)141Ce 4.0 141Ba(β−)141La
141Ce 74.6 140Ce(n,γ)141Ce 25.0 141Ce(β−)141Pr 0.4 141La(β−)141Ce
141Pr 54.4 141Ce(β−)141Pr 45.6 141Pr(n,γ)142Pr
141Sm 49.8 144Sm(3He,6He)141Sm 42.8 141Sm−133Cs1.060 7.3 141Eu(β+)141Sm
141Eu 81.8 141Eu−133Cs1.060 18.2 141Eu(β+)141Sm
142Cs 47.6 142Cs−136Xe1.044 33.4 142Cs−133Cs1.068 18.8 142Cs(β−)142Ba
142Ba 48.8 142Ba−u 33.7 142Ba−133Cs1.068 12.2 142Cs(β−)142Ba
142La 94.0 142La(β−)142Ce 6.0 142Ba(β−)142La
142Ce 78.5 142Ce(n,γ)143Ce 20.7 140Ce(t,p)142Ce 0.9 142La(β−)142Ce
142Pr 54.3 141Pr(n,γ)142Pr 45.7 142Pr(β−)142Nd
142Nd 77.4 142Nd(n,γ)143Nd 21.6 142Pr(β−)142Nd 0.6 146Sm(α)142Nd
142Pm 88.6 142Pm−u 11.4 142Sm(β+)142Pm
142Sm 96.8 122Te(p,t)120Te−144Sm()142Sm 1.0 130Ba(p,t)128Ba−144Sm()142Sm 0.8 148Eu−142Sm1.042
143Cs 91.5 143Cs−133Cs1.075 8.5 143Cs(β−)143Ba
143Ba 72.8 143Ba−u 20.5 143Ba−133Cs1.075 6.6 143Cs(β−)143Ba
143La 81.8 143La−u 18.2 143La(β−)143Ce
143Ce 76.8 143Ce(β−)143Pr 21.5 142Ce(n,γ)143Ce 1.7 143La(β−)143Ce
143Pr 89.8 143Pr(β−)143Nd 10.2 143Ce(β−)143Pr
143Nd 60.9 143Nd(n,γ)144Nd 22.5 142Nd(n,γ)143Nd 12.8 176Lu 37Cl−143Nd 35Cl2
143Pm 49.2 143Nd(3He,d)144Pm−142Nd()143Pm 28.6 142Nd(3He,d)143Pm 22.2 147Eu(α)143Pm
143Sm 100.0 144Sm(p,d)143Sm−148Gd()147Gd
144Cs 42.9 144Cs−133Cs1.083 37.5 144Cs(β−)144Ba 19.6 144Cs−145Cs.662

142Cs.338
144Ba 70.9 144Ba−u 26.1 144Ba−133Cs1.083 3.0 144Cs(β−)144Ba
144Nd 43.9 148Sm(α)144Nd 39.0 143Nd(n,γ)144Nd 11.5 144Nd(n,γ)145Nd
144Pm 57.4 144Nd(3He,d)145Pm−143Nd()144Pm 41.9 143Nd(3He,d)144Pm−142Nd()143Pm 0.7 148Eu(α)144Pm
144Sm 86.3 144Sm−144Nd 7.0 144Sm(n,γ)145Sm 3.5 148Gd(α)144Sm
144Eu 46.4 144Eu−133Cs1.083 38.7 144Eu(β+)144Sm 14.9 144Eu−u
145Cs 98.6 145Cs−133Cs1.090 1.4 144Cs−145Cs.662

142Cs.338
145La 98.1 145La−u 1.9 145La(β−)145Ce
145Ce 66.9 145Ce(β−)145Pr 17.5 145La(β−)145Ce 15.6 145Ce−u
145Pr 49.5 145Pr(β−)145Nd 49.5 146Nd(d,3He)145Pr 1.0 145Ce(β−)145Pr
145Nd 84.5 144Nd(n,γ)145Nd 15.5 145Nd(n,γ)146Nd
145Pm 41.0 145Sm(ε)145Pm 33.6 144Nd(3He,d)145Pm−143Nd()144Pm 25.4 144Nd(3He,d)145Pm
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

145Sm 92.2 144Sm(n,γ)145Sm 3.0 149Gd(α)145Sm 2.6 145Sm(ε)145Pm
145Eu 91.0 144Sm(3He,d)145Eu 9.0 149Tb(α)145Eu
145Gd 99.6 145Gd−u 0.4 145Tb(β+)145Gd
145Tb 83.1 145Tb(β+)145Gd 16.9 145Tb−u
146La 99.8 146La−u 0.2 146La(β−)146Ce
146Ce 72.8 146Ce−u 23.8 146La(β−)146Ce 3.4 146Ce(β−)146Pr
146Pr 76.4 146Ce(β−)146Pr 23.6 146Pr(β−)146Nd
146Nd 83.9 145Nd(n,γ)146Nd 14.5 146Nd(n,γ)147Nd 1.5 148Nd 35Cl−146Nd 37Cl
146Sm 46.1 146Sm(α)142Nd 30.4 146Sm(3He,α)145Sm 12.3 148Sm(p,t)146Sm
146Eu 46.0 146Eu(β+)146Sm 24.1 144Sm(3He,p)146Eu 18.5 146Eu−133Cs1.098
146Gd 88.9 148Gd(p,t)146Gd−65Cu()63Cu 7.0 150Dy(α)146Gd 3.9 147Tb(p)146Gd
146Tb 80.0 146Tb(β+)146Gd 20.0 146Dy(β+)146Tb
146Dy 99.6 146Dy−85Rb1.718 0.4 146Dy(β+)146Tb
146Ho 50.0 146Ho−133Cs1.098 50.0 146Ho−85Rb1.718
146Er 61.2 146Er−85Rb1.718 38.8 147Tm(p)146Er
147Ce 92.1 147Ce−u 7.9 147Ce(β−)147Pr
147Pr 52.4 147Ce(β−)147Pr 47.6 147Pr(β−)147Nd
147Nd 85.0 146Nd(n,γ)147Nd 14.4 147Nd(β−)147Pm 0.5 148Nd(d,t)147Nd
147Pm 82.3 147Pm(β−)147Sm 17.7 147Nd(β−)147Pm
147Sm 71.5 147Sm(n,γ)148Sm 15.4 149Sm 35Cl−147Sm 37Cl 11.4 147Pm(β−)147Sm
147Eu 56.8 147Eu(β+)147Sm 18.9 147Gd(β+)147Eu 14.4 147Eu(α)143Pm
147Gd 86.2 148Gd(p,d)147Gd−148Sm()147Sm 6.7 147Gd(β+)147Eu 6.2 104Ru(d,t)103Ru−148Gd()147Gd
147Tb 52.5 147Tb−133Cs1.105 28.5 147Tb(β+)147Gd 19.0 147Tb(p)146Gd
147Ho 52.6 147Ho−85Rb1.729 47.4 147Ho−133Cs1.105
147Tm 55.5 147Tm(p)146Er 44.5 147Tm−85Rb1.729
148Ce 85.5 148Ce−u 14.5 148Ce(β−)148Pr
148Pr 66.0 148Ce(β−)148Pr 34.0 148Pr(β−)148Nd
148Nd 60.6 148Nd 35Cl−146Nd 37Cl 16.7 148Nd(d,t)147Nd 11.3 148Nd 35Cl2−144Nd 37Cl2
148Sm 35.4 148Sm(α)144Nd 27.8 150Sm 35Cl−148Sm 37Cl 21.2 147Sm(n,γ)148Sm
148Eu 50.8 148Eu−133Cs1.113 38.9 148Eu−142Sm1.042 10.3 148Eu(α)144Pm
148Gd 96.5 148Gd(α)144Sm 2.4 148Gd(p,d)147Gd−148Sm()147Sm 0.8 148Gd(p,t)146Gd−65Cu()63Cu
148Tb 85.7 148Dy(β+)148Tb 9.7 148Tb(β+)148Gd 4.7 152Ho(α)148Tb
148Dy 79.0 148Dy−133Cs1.113 14.6 152Er(α)148Dy 6.4 148Dy(β+)148Tb
149Pm 86.8 149Pm(β−)149Sm 13.2 148Nd(3He,d)149Pm
149Sm 81.8 149Sm(n,γ)150Sm 8.8 148Sm(n,γ)149Sm 8.2 149Sm 35Cl−147Sm 37Cl
149Eu 56.2 151Eu(p,t)149Eu 29.7 149Gd(ε)149Eu 14.1 149Eu(ε)149Sm
149Gd 52.7 149Gd(α)145Sm 21.2 153Dy(α)149Gd 17.8 149Gd(ε)149Eu
149Tb 85.9 149Tb(α)145Eu 10.5 149Tb(β+)149Gd 3.6 149Dy(β+)149Tb
149Dy 45.7 149Dy(β+)149Tb 36.9 149Dy−142Sm1.049 15.1 149Ho(β+)149Dy
149Ho 53.3 153Tm(α)149Ho 32.3 149Ho(β+)149Dy 14.3 149Ho−u
150Ce 91.9 150Ce−u 8.1 150Ce(β−)150Pr
150Pr 83.4 150Pr−u 12.0 150Pr(β−)150Nd 4.6 150Ce(β−)150Pr
150Nd 99.6 150Nd−150Sm 0.2 150Nd(n,γ)151Nd 0.2 150Pr(β−)150Nd
150Sm 66.2 150Sm(n,γ)151Sm 13.4 149Sm(n,γ)150Sm 11.7 150Sm 35Cl−148Sm 37Cl
150Eu 53.3 150Eu(β−)150Gd 46.7 151Eu(p,d)150Eu
150Gd 39.4 150Gd(α)146Sm 37.7 150Eu(β−)150Gd 11.7 150Tb(β+)150Gd
150Tb 80.5 150Tb(α)146Eu 19.5 150Tb(β+)150Gd
150Tbm 89.2 150Tbm−u 10.8 154Hom(α)150Tbm

150Dy 92.0 150Dy(α)146Gd 6.1 154Er(α)150Dy 1.9 150Ho(ε)150Dy
150Ho 53.2 150Ho−133Cs1.128 26.8 150Ho(ε)150Dy 20.0 150Er(β+)150Ho
150Er 62.1 150Er(β+)150Ho 37.9 150Er−u
151Pr 76.5 151Pr−u 23.5 151Pr(β−)151Nd
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

151Nd 99.8 150Nd(n,γ)151Nd 0.2 151Pr(β−)151Nd
151Pm 80.0 150Nd(3He,d)151Pm 20.0 151Pm(β−)151Sm
151Sm 44.2 151Sm(n,γ)152Sm 33.3 150Sm(n,γ)151Sm 22.5 151Sm(β−)151Eu
151Eu 57.7 151Sm(β−)151Eu 40.5 151Eu(n,γ)152Eu 0.7 151Gd(ε)151Eu
151Gd 85.1 151Gd(ε)151Eu 14.9 151Tb(β+)151Gd
151Tb 51.5 151Tb(β+)151Gd 48.5 151Tb(α)147Eu
151Tm 76.0 155Lu(α)151Tm 24.0 155Lun(α)151Tm
152Nd 66.4 150Nd(t,p)152Nd 33.6 152Nd(β−)152Pm
152Pm 51.4 152Nd(β−)152Pm 48.6 152Pm(β−)152Sm
152Sm 77.9 152Gd−152Sm 13.1 151Sm(n,γ)152Sm 4.9 152Eu(β+)152Sm
152Eu 59.0 151Eu(n,γ)152Eu 27.7 152Eu(β+)152Sm 13.3 152Eu(n,γ)153Eu
152Gd 79.7 152Gd(n,γ)153Gd 20.3 152Gd−152Sm
152Ho 95.3 152Ho(α)148Tb 4.7 156Tm(α)152Ho
152Er 85.0 152Er(α)148Dy 15.0 156Yb(α)152Er
152Tm 100.0 152Tm−u
152Yb 100.0 152Yb(β+)152Tm
153Pr 79.7 153Pr−u 10.2 153Pr−86Kr1.779 10.2 153Pr−80Kr1.913
153Nd 35.8 153Nd−80Kr1.913 32.2 153Nd−u 31.0 153Nd−86Kr1.779
153Pm 33.4 154Sm(d,3He)153Pm 17.9 153Pm−u 17.9 153Pm−86Kr1.779
153Eu 86.4 152Eu(n,γ)153Eu 13.6 153Eu(n,γ)154Eu
153Gd 80.3 153Gd(n,γ)154Gd 19.3 152Gd(n,γ)153Gd 0.4 153Tb(β+)153Gd
153Tb 58.7 153Tb(β+)153Gd 41.3 153Dy(β+)153Tb
153Dy 52.2 153Dy(β+)153Tb 47.8 153Dy(α)149Gd
153Er 97.7 153Er(α)149Dy 2.3 157Yb(α)153Er
153Tm 53.7 157Lum(α)153Tm 46.3 153Tm(α)149Ho
154Sm 78.5 154Sm 35Cl−152Sm 37Cl 21.0 154Sm−154Gd 0.5 154Sm(d,3He)153Pm
154Eu 85.0 153Eu(n,γ)154Eu 12.4 154Eu(β−)154Gd 1.6 154Eu(n,γ)155Eu
154Gd 79.7 154Gd(n,γ)155Gd 18.1 153Gd(n,γ)154Gd 1.8 154Eu(β−)154Gd
154Dy 81.6 154Dy(α)150Gd 17.6 154Dy−133Cs1.158 0.8 154Hom(β+)154Dy
154Hom 88.9 154Hom(α)150Tbm 11.1 154Hom(β+)154Dy
154Er 91.6 154Er(α)150Dy 8.4 158Yb(α)154Er
154Yb 100.0 154Yb(α)150Er
155Pr 35.5 155Pr−u 33.3 155Pr−86Kr1.802 31.2 155Pr−80Kr1.938
155Nd 33.4 155Nd−u 33.4 155Nd−86Kr1.802 33.2 155Nd−80Kr1.938
155Pm 33.7 155Pm−80Kr1.938 33.1 155Pm−u 33.1 155Pm−86Kr1.802
155Eu 98.2 154Eu(n,γ)155Eu 1.8 158Gd(t,α)157Eu−156Gd()155Eu
155Gd 70.1 155Gd(n,γ)156Gd 19.7 154Gd(n,γ)155Gd 7.3 155Gd O−C15
155Dy 92.1 156Dy(d,t)155Dy 7.9 155Ho(β+)155Dy
155Ho 60.9 155Ho(β+)155Dy 39.1 155Ho−u
155Lu 100.0 159Tam(α)155Lu
155Lun 85.4 155Lun(IT)155Lu 14.6 155Lun(α)151Tm
156Pm 63.3 156Pmm(IT)156Pm 29.4 156Pm−u 3.8 156Pm−80Kr1.950
156Pmm 63.4 156Pmm−u 36.6 156Pmm(IT)156Pm
156Sm 88.5 156Sm(β−)156Eu 11.5 154Sm(t,p)156Sm
156Eu 70.1 154Eu(t,p)156Eu 28.3 156Eu(β−)156Gd 1.7 156Sm(β−)156Eu
156Gd 73.5 156Gd(n,γ)157Gd 29.7 155Gd(n,γ)156Gd 0.7 156Dy−156Gd
156Tb 100.0 155Gd(α ,t)156Tb−158Gd()159Tb
156Dy 99.3 156Dy−156Gd 0.6 156Dy(d,p)157Dy 0.1 156Dy(d,t)155Dy
156Er 77.7 156Er−u 22.3 156Tm(β+)156Er
156Tm 93.8 156Tm(α)152Ho 6.2 156Tm(β+)156Er
156Yb 82.9 156Yb(α)152Er 17.1 160Hf(α)156Yb
156Hf 65.3 156Hf(α)152Yb 34.7 156Hfm(IT)156Hf
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

156Hfm 62.9 156Hfm(IT)156Hf 37.1 156Hfm(α)152Yb
157Nd 99.5 157Nd−u 0.2 157Nd−86Kr1.826 0.2 157Nd−80Kr1.963
157Pm 33.5 157Pm−u 33.5 157Pm−86Kr1.826 33.1 157Pm−80Kr1.963
157Sm 34.2 157Sm−80Kr1.963 32.9 157Sm−u 32.9 157Sm−86Kr1.826
157Eu 67.3 158Gd(t,α)157Eu−156Gd()155Eu 32.7 160Gd(t,α)159Eu−158Gd()157Eu
157Gd 63.1 157Gd(n,γ)158Gd 25.1 156Gd(n,γ)157Gd 7.3 159Tb 35Cl−157Gd 37Cl
157Tb 94.4 157Tb(ε)157Gd 5.6 156Gd(α ,t)157Tb−158Gd()159Tb
157Dy 51.8 156Dy(d,p)157Dy 47.4 158Dy(d,t)157Dy 0.8 157Ho(β+)157Dy
157Ho 70.5 157Ho−u 21.8 157Ho(β+)157Dy 7.7 157Er(β+)157Ho
157Er 90.0 157Er−u 10.0 157Er(β+)157Ho
157Yb 96.8 157Yb(α)153Er 3.2 161Hf(α)157Yb
157Lu 82.5 157Lum(IT)157Lu 17.5 157Lu−u
157Lum 45.6 157Lum(α)153Tm 37.4 161Tam(α)157Lum 17.1 157Lum(IT)157Lu
158Pm 75.1 158Pm−u 24.9 158Pm−158Gd
158Sm 31.0 158Sm−80Kr1.975 29.8 158Sm−86Kr1.837 29.2 158Sm−u
158Eu 98.4 158Eu−u 1.6 158Sm(β−)158Eu
158Gd 36.5 157Gd(n,γ)158Gd 34.7 158Pm−158Gd 10.4 160Gd 35Cl−158Gd 37Cl
158Tb 39.6 157Gd(α ,t)158Tb−158Gd()159Tb 39.6 159Tb(d,t)158Tb−164Dy()163Dy 17.6 158Gd(d,t)157Gd−159Tb()158Tb
158Dy 63.5 160Dy(p,t)158Dy 17.5 160Dy 35Cl−158Dy 37Cl 13.9 158Tb(β−)158Dy
158Er 81.4 158Er−u 18.6 158Tm(β+)158Er
158Tm 81.4 158Tm−u 18.6 158Tm(β+)158Er
158Yb 71.1 158Yb(α)154Er 14.6 158Yb−142Sm1.113 14.3 162Hf(α)158Yb
158Hf 100.0 158Hf(α)154Yb
159Pm 35.8 159Pm−u 32.2 159Pm−86Kr1.849 32.0 159Pm−80Kr1.988
159Sm 33.5 159Sm−u 33.5 159Sm−86Kr1.849 32.9 159Sm−80Kr1.988
159Eu 35.9 160Gd(t,α)159Eu−158Gd()157Eu 21.5 159Eu−u 21.5 159Eu−86Kr1.849
159Gd 93.2 158Gd(n,γ)159Gd 6.8 159Gd(β−)159Tb
159Tb 20.3 159Tb 35Cl−157Gd 37Cl 18.2 159Gd(β−)159Tb 17.8 161Dy 35Cl−159Tb 37Cl
159Dy 64.9 159Dy(ε)159Tb 35.1 161Dy(p,t)159Dy
159Tam 100.0 163Rem(α)159Tam

160Gd 39.3 160Gd 35Cl−158Gd 37Cl 30.5 160Gd(α ,t)161Tb−158Gd()159Tb 28.7 160Gd−160Dy
160Tb 93.0 159Tb(n,γ)160Tb 7.0 160Tb(n,γ)161Tb
160Dy 92.8 160Dy(n,γ)161Dy 6.4 160Gd−160Dy 0.6 160Dy(p,t)158Dy
160Er 94.7 160Er−u 5.3 160Tm(β+)160Er
160Tm 89.9 160Tm−u 10.1 160Tm(β+)160Er
160Hf 81.8 160Hf(α)156Yb 18.2 164W(α)160Hf
160W 100.0 160W(α)156Hf
161Sm 36.6 161Sm−80Kr2.013 31.7 161Sm−u 31.7 161Sm−86Kr1.872
161Eu 34.5 161Eu−u 34.3 161Eu−80Kr2.013 31.2 161Eu−86Kr1.872
161Tb 77.0 160Tb(n,γ)161Tb 23.0 160Gd(α ,t)161Tb−158Gd()159Tb
161Dy 85.2 161Dy(n,γ)162Dy 7.1 160Dy(n,γ)161Dy 4.3 161Dy 35Cl−159Tb 37Cl
161Ho 100.0 160Dy(3He,d)161Ho−164Dy()165Ho
161Hf 70.4 161Hf−u 17.5 161Hf(α)157Yb 12.1 165W(α)161Hf
161Tam 56.5 161Tam(α)157Lum 43.5 165Rem(α)161Tam

161Re 79.2 161Re(p)160W 20.9 161Rem(IT)161Re
161Rem 78.1 161Rem(IT)161Re 21.8 165Irm(α)161Rem

162Sm 50.9 162Sm−136Xe1.191 49.1 162Sm−84Kr1.929
162Eu 77.7 162Eu−84Kr1.929 16.7 162Eum−162Eu 5.5 162Eu−133Cs1.218
162Eum 47.9 162Eum−84Kr1.929 36.2 162Eum−133Cs1.218 16.0 162Eum−162Eu
162Dy 100.0 162Dy(n,γ)163Dy 14.7 161Dy(n,γ)162Dy
162Ho 100.0 161Dy(3He,d)162Ho−164Dy()165Ho
162Er 99.9 162Er−162Dy 0.1 162Er(d,p)163Er
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

162Hf 81.0 162Hf(α)158Yb 19.0 166W(α)162Hf
162W 100.0 162W(α)158Hf
163Gd 50.8 163Gd−82Kr1.988 49.2 163Gdm(IT)163Gd
163Gdm 50.8 163Gdm−82Kr1.988 49.2 163Gdm(IT)163Gd
163Dy 33.3 163Dy O−C15 27.6 163Ho(ε)163Dy 26.0 163Dy(n,γ)164Dy
163Ho 30.8 163Ho(ε)163Dy 26.2 163Ho O−C15 21.9 163Ho−163Dy
163Er 58.2 163Er(β+)163Ho 20.9 164Er(d,t)163Er 20.9 162Er(d,p)163Er
163Hf 84.5 163Hf−u 15.5 167W(α)163Hf
163Rem 100.0 167Irm(α)163Rem

164Eu 67.6 164Eu−84Kr1.952 32.4 164Eu−136Xe1.206
164Gd 80.0 164Gd−84Kr1.952 20.0 164Gd−171Yb.959
164Dy 73.4 163Dy(n,γ)164Dy 21.2 162Dy(3He,d)163Ho−164Dy()165Ho 4.9 158Gd(α ,t)159Tb−164Dy()165Ho
164Ho 67.1 163Dy(3He,d)164Ho−164Dy()165Ho 32.9 165Ho(γ ,n)164Ho
164Er 100.0 164Er−164Dy 0.1 164Er(α ,t)165Tm−168Er()169Tm
164Tm 75.0 164Tm−u 25.0 164Tm(β+)164Er
164Hf 68.0 168W(α)164Hf 32.0 164Hf−u
164W 81.2 164W(α)160Hf 18.8 168Os(α)164W
164Os 80.0 164Os(α)160W 20.0 165Irm(p)164Os
165Eu 74.1 165Eu−136Xe1.213 25.9 165Eu−84Kr1.964
165Gd 87.1 165Gd−84Kr1.964 12.9 165Gd O−171Yb1.058
165Tb 84.5 165Tb−84Kr1.964 15.5 165Tb−136Xe1.213
165Ho 51.0 165Ho(n,γ)166Ho 34.7 162Dy(3He,d)163Ho−164Dy()165Ho 8.5 169Tm 35Cl2−165Ho 37Cl2
165Er 96.1 164Er(n,γ)165Er 3.9 165Tm(β+)165Er
165Tm 51.5 165Tm(β+)165Er 48.5 164Er(α ,t)165Tm−168Er()169Tm
165Yb 90.2 165Yb−u 9.8 165Lu(β+)165Yb
165Lu 90.2 165Lu−u 9.8 165Lu(β+)165Yb
165Ta 76.4 169Rem(α)165Ta 23.6 165Ta−u
165W 84.9 165W−u 15.1 165W(α)161Hf
165Rem 55.1 165Rem(α)161Tam 44.9 169Irm(α)165Rem

165Irm 51.6 165Irm(p)164Os 48.4 165Irm(α)161Rem

166Tb 85.3 166Tb−84Kr1.976 14.7 166Tb−136Xe1.221
166Ho 51.1 166Ho(β−)166Er 48.9 165Ho(n,γ)166Ho
166Er 95.4 166Er(n,γ)167Er 4.6 166Ho(β−)166Er
166W 77.9 166W(α)162Hf 11.5 166W−u 10.6 170Os(α)166W
166Os 100.0 166Os(α)162W
167Gd 81.5 167Gd−84Kr1.988 18.5 167Gd−136Xe1.228
167Tb 74.5 167Tb−84Kr1.988 25.5 167Tb−136Xe1.228
167Er 95.8 167Er(n,γ)168Er 3.3 166Er(n,γ)167Er 0.9 169Tm 35Cl−167Er 37Cl
167Tm 99.0 166Er(α ,t)167Tm−168Er()169Tm 1.0 167Yb(β+)167Tm
167Yb 89.1 167Yb(β+)167Tm 10.9 168Yb(d,t)167Yb
167W 92.5 171Os(α)167W 7.5 167W(α)163Hf
167Ir 76.6 167Ir(p)166Os 23.4 167Irm(IT)167Ir
167Irm 70.3 167Irm(IT)167Ir 29.7 171Aum(α)167Irm

168Er 95.0 168Yb−168Er 3.4 167Er(n,γ)168Er 0.8 170Er(α ,t)171Tm−168Er()169Tm
168Tm 100.0 167Er(α ,t)168Tm−168Er()169Tm
168Yb 99.4 168Yb−170Yb.988 0.6 168Yb−168Er
168Lu 53.2 168Lu−u 46.8 168Lu(β+)168Yb
168W 58.6 172Os(α)168W 22.5 168W−u 18.9 168W(α)164Hf
168Os 80.0 168Os(α)164W 20.0 172Pt(α)168Os
169Tm 65.8 169Tm(n,γ)170Tm 12.3 170Er(α ,t)171Tm−168Er()169Tm 8.0 169Tm 35Cl−167Er 37Cl
169W 69.5 173Os(α)169W 30.5 169W−u
169Rem 77.3 173Ir(α)169Rem 22.7 169Rem(α)165Ta
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

169Irm 53.7 169Irm(α)165Rem 46.3 173Aum(α)169Irm

170Er 62.6 170Er(α ,t)171Tm−168Er()169Tm 25.3 170Er(n,γ)171Er 10.7 170Er 35Cl−168Er 37Cl
170Tm 67.0 170Tm(β−)170Yb 33.0 169Tm(n,γ)170Tm
170Yb 53.6 170Yb−129Xe1.318 46.4 170Yb−132Xe1.288
170W 77.7 174Os(α)170W 22.3 170W−u
170Re 80.4 174Irm(α)170Re 19.6 170Re−u
170Os 88.6 170Os(α)166W 11.4 170Os−u
170Pt 84.4 170Pt(α)166Os 15.6 171Aum(p)170Pt
171Er 72.5 170Er(n,γ)171Er 27.5 171Er(β−)171Tm
171Tm 94.4 171Tm(β−)171Yb 4.1 170Er(α ,t)171Tm−168Er()169Tm 1.6 171Er(β−)171Tm
171Yb 100.0 171Yb−129Xe1.326
171Lu 61.5 170Yb(α ,t)171Lu−174Yb()175Lu 38.5 171Lu(β+)171Yb
171Os 85.3 171Os−u 7.6 175Pt(α)171Os 7.1 171Os(α)167W
171Aum 61.0 171Aum(p)170Pt 39.0 171Aum(α)167Irm

172Er 87.4 170Er(t,p)172Er 12.6 172Er(β−)172Tm
172Tm 70.0 172Er(β−)172Tm 30.0 172Tm(β−)172Yb
172Yb 100.0 172Yb−132Xe1.303
172Lu 100.0 171Yb(α ,t)172Lu−174Yb()175Lu
172Re 51.9 172Re−u 48.1 176Ir(α)172Re
172Os 65.9 176Pt(α)172Os 34.1 172Os(α)168W
172Pt 77.2 172Pt(α)168Os 22.8 176Hg(α)172Pt
173Yb 56.7 173Yb−129Xe1.341 43.3 173Yb−132Xe1.311
173Lu 100.0 172Yb(α ,t)173Lu−174Yb()175Lu
173Os 43.9 177Pt(α)173Os 28.7 173Os−u 27.4 173Os(α)169W
173Ir 87.6 177Au(α)173Ir 12.4 173Ir(α)169Rem

173Aum 52.2 173Aum(α)169Irm 47.8 177Tlm(α)173Aum

174Yb 69.9 174Yb−129Xe1.349 30.1 174Yb−132Xe1.318
174Lu 100.0 173Yb(α ,t)174Lu−174Yb()175Lu
174Hf 74.2 176Hf 35Cl−174Hf 37Cl 13.8 174Hf(n,γ)175Hf 11.9 176Hf(p,t)174Hf
174Os 74.7 178Pt(α)174Os 13.5 174Os−u 11.9 174Os(α)170W
174Irm 82.0 178Aun(α)174Irm 18.0 174Irm(α)170Re
175Yb 99.9 174Yb(n,γ)175Yb 0.1 175Yb(β−)175Lu
175Lu 54.3 175Yb(β−)175Lu 20.8 175Lu(n,γ)176Lu 13.7 175Lu 35Cl−173Yb 37Cl
175Hf 85.7 174Hf(n,γ)175Hf 14.3 177Hf(p,t)175Hf
175Os 82.2 179Pt(α)175Os 17.8 175Os−u
175Ir 80.4 179Au(α)175Ir 19.6 175Ir−u
175Pt 92.0 175Pt(α)171Os 8.0 179Hg(α)175Pt
176Yb 73.7 176Yb−129Xe1.364 26.3 176Yb−132Xe1.333
176Lu 78.9 175Lu(n,γ)176Lu 11.8 176Lu 37Cl−143Nd 35Cl2 7.4 176Lu(n,γ)177Lu
176Hf 74.6 176Lu(β−)176Hf 23.2 180W(α)176Hf 1.9 176Hf 35Cl−174Hf 37Cl
176Os 84.6 180Pt(α)176Os 15.4 176Os−u
176Ir 90.3 180Au(α)176Ir 8.4 176Ir−u 1.3 176Ir(α)172Re
176Pt 66.4 180Hg(α)176Pt 33.6 176Pt(α)172Os
176Hg 71.9 176Hg(α)172Pt 28.1 177Tlm(p)176Hg
177Lu 91.9 176Lu(n,γ)177Lu 8.1 177Lu(β−)177Hf 0.1 179Hf(t,α)178Lu−178Hf()177Lu
177Hf 70.4 177Lu(β−)177Hf 28.2 177Hf(n,γ)178Hf 1.4 177Hf(p,t)175Hf
177Pt 55.3 177Pt(α)173Os 28.8 177Pt−u 16.0 181Hg(α)177Pt
177Au 89.1 181Tl(α)177Au 10.9 177Au(α)173Ir
177Tlm 62.2 177Tlm(p)176Hg 37.8 177Tlm(α)173Aum

178Yb 56.6 178Yb−85Rb2.094 43.4 176Yb(t,p)178Yb
178Lu 89.4 179Hf(t,α)178Lu−178Hf()177Lu 10.6 178Lum(IT)178Lu
178Lum 65.7 178Lum(IT)178Lu 34.3 176Lu(t,p)178Lum
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

178Hf 71.0 177Hf(n,γ)178Hf 29.1 178Hf(n,γ)179Hf
178Os 76.2 182Pt(α)178Os 23.8 178Os−u
178Ir 54.6 182Au(α)178Ir 45.4 178Ir−u
178Pt 62.4 182Hg(α)178Pt 24.5 178Pt(α)174Os 13.1 178Pt−u
178Aun 87.3 178Aun−133Cs1.338 12.7 178Aun(α)174Irm

179Lu 100.0 180Hf(t,α)179Lu−178Hf()177Lu
179Hf 70.8 178Hf(n,γ)179Hf 16.0 179Hf(n,γ)180Hf 6.7 181Ta 35Cl−179Hf 37Cl
179Ta 93.0 179Ta(ε)179Hf 7.0 181Ta(p,t)179Ta
179W 93.5 180W(d,t)179W 6.5 179Re(β+)179W
179Re 77.7 179Re−u 22.3 179Re(β+)179W
179Os 69.2 183Pt(α)179Os 30.8 179Os−u
179Ir 87.8 183Au(α)179Ir 12.2 179Ir−u
179Pt 92.8 183Hg(α)179Pt 7.2 179Pt(α)175Os
179Au 66.6 183Tlm(α)179Au 16.9 179Au(α)175Ir 16.4 179Au−u
179Hg 78.8 179Hg−208Pb.861 21.2 179Hg(α)175Pt
180Hf 83.4 179Hf(n,γ)180Hf 16.6 180W−180Hf
180W 81.7 180W−180Hf 18.3 180W(α)176Hf 0.1 180W(d,t)179W
180Os 68.3 184Pt(α)180Os 31.7 180Os−u
180Pt 74.5 184Hg(α)180Pt 12.9 180Pt−u 12.5 180Pt(α)176Os
180Au 92.9 180Au−133Cs1.353 4.0 184Tl(α)180Au 3.1 180Au(α)176Ir
180Hg 38.0 180Hg−208Pb.865 32.9 180Hg(α)176Pt 29.2 184Pb(α)180Hg
181Ta 32.1 181Ta(n,γ)182Ta 27.3 183W 35Cl−181Ta 37Cl 23.5 181Ta O−202Tl.975
181Os 64.0 181Os−u 36.0 185Pt(α)181Os
181Pt 52.0 185Hg(α)181Pt 48.0 181Pt−u
181Hg 83.0 181Hg(α)177Pt 17.0 181Hg−208Pb.870
181Tl 78.9 181Tl−133Cs1.361 12.2 185Bim(α)181Tl 8.9 181Tl(α)177Au
182Ta 67.8 181Ta(n,γ)182Ta 32.2 182Ta(β−)182W
182W 100.0 182W(n,γ)183W 3.0 182Ta(β−)182W
182Os 60.6 182Os−u 39.4 186Pt(α)182Os
182Ir 56.3 182Ir−u 43.7 186Au(α)182Ir
182Pt 56.8 186Hg(α)182Pt 22.0 182Pt−u 21.2 182Pt(α)178Os
182Au 45.1 182Au−u 44.0 182Au(α)178Ir 11.0 186Tl(α)182Au
182Hg 55.3 182Hg−208Pb.875 32.4 182Hg(α)178Pt 12.3 182Hg−u
183W 73.4 183W(n,γ)184W 15.7 183W O−C2

35Cl5 11.4 199Hg−183W O
183Os 76.7 183Os−u 23.3 183Ir(β+)183Os
183Ir 77.9 183Ir−u 17.5 187Au(α)183Ir 4.6 183Ir(β+)183Os
183Pt 28.9 187Hg(α)183Pt 25.0 187Hgm(α)183Pt 23.4 183Pt(α)179Os
183Au 77.4 187Tlm(α)183Au 11.4 183Au−u 11.2 183Au(α)179Ir
183Hg 62.6 187Pb(α)183Hg 31.8 183Hg−208Pb.880 5.6 183Hg(α)179Pt
183Tl 82.9 183Tl−133Cs1.376 17.1 183Tlm(IT)183Tl
183Tlm 82.9 183Tlm(IT)183Tl 17.1 183Tlm(α)179Au
184W 28.5 184W−u 25.5 183W(n,γ)184W 15.8 184Os−184W
184Re 100.0 185Re(d,t)184Re−187Re()186Re
184Os 44.4 184Os(n,γ)185Os 30.7 184Os−184W 24.5 184Os−u
184Pt 46.6 188Hg(α)184Pt 27.8 184Pt−u 25.6 184Pt(α)180Os
184Hg 28.8 184Hg−208Pb.885 26.0 184Hg−204Pb.902 23.3 184Hg−u
184Tl 78.5 184Tl(α)180Au 21.5 184Tl−133Cs1.383
184Pb 69.6 184Pb(α)180Hg 30.4 185Bim(p)184Pb
185W 84.4 184W(n,γ)185W 15.6 185W(β−)185Re
185Re 38.6 185Os(ε)185Re 28.2 185W(β−)185Re 27.7 185Re(n,γ)186Re
185Os 50.8 184Os(n,γ)185Os 49.2 185Os(ε)185Re
185Pt 60.3 185Pt(α)181Os 39.7 185Pt−u
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

185Hg 45.3 185Hg(α)181Pt 25.5 185Hg−208Pb.889 15.2 189Pb(α)185Hg
185Bim 63.5 185Bim(α)181Tl 36.5 185Bim(p)184Pb
186W 54.7 186W(n,γ)187W 34.7 186W(p,t)184W−184W()182W 10.7 186W 35Cl−184W 37Cl
186Re 72.3 185Re(n,γ)186Re 27.7 186Re(β−)186Os
186Os 39.5 186Os(n,γ)187Os 39.4 186Os−190Pt.979 21.1 186Re(β−)186Os
186Pt 60.6 186Pt−u 39.4 186Pt(α)182Os
186Au 56.3 186Au−u 43.7 186Au(α)182Ir
186Hg 56.2 186Hg−204Pb.912 26.4 186Hg(α)182Pt 17.4 186Hg−u
186Tl 86.2 186Tl−133Cs1.398 13.8 186Tl(α)182Au
187W 54.7 187W(β−)187Re 45.3 186W(n,γ)187W
187Re 88.7 187Re(β−)187Os 8.2 187W(β−)187Re 3.9 187Re 35Cl−185Re 37Cl
187Os 57.5 187Os(n,γ)188Os 30.3 186Os(n,γ)187Os 12.7 187Re(β−)187Os
187Pt 74.2 187Pt−u 25.8 187Au(β+)187Pt
187Au 64.8 187Au−u 21.3 187Au(β+)187Pt 13.9 187Au(α)183Ir
187Hg 47.5 187Hg−208Pb.899 19.8 187Hg(α)183Pt 18.0 187Hgm(IT)187Hg
187Hgm 44.2 191Pbm(α)187Hgm 28.4 187Hgm(IT)187Hg 27.3 187Hgm(α)183Pt
187Tl 69.2 191Bi(α)187Tl 30.8 187Tlm(IT)187Tl
187Tlm 72.2 191Bi(α)187Tlm 13.9 187Tlm(IT)187Tl 13.9 187Tlm(α)183Au
187Pb 85.9 187Pb−133Cs1.406 14.1 187Pb(α)183Hg
187Pbm 60.7 187Pbm(IT)187Pb 39.3 191Po(α)187Pbm

188Os 59.2 188Os(n,γ)189Os 40.8 187Os(n,γ)188Os 0.1 188Ir(β+)188Os
188Ir 68.1 188Pt(ε)188Ir 31.9 188Ir(β+)188Os
188Pt 64.7 188Pt(α)184Os 27.9 190Pt(p,t)188Pt 7.4 188Pt(ε)188Ir
188Hg 69.4 192Pb(α)188Hg 19.1 188Hg−208Pb.904 5.9 188Hg−u
189Os 78.9 189Os(n,γ)190Os 21.1 188Os(n,γ)189Os
189Ir 69.7 191Ir(p,t)189Ir 30.3 189Pt(β+)189Ir
189Pt 83.8 190Pt(p,d)189Pt 16.2 189Pt(β+)189Ir
189Hg 65.0 189Hg−u 35.0 189Hgm(IT)189Hg
189Hgm 92.0 189Hgm−208Pb.909 8.0 189Hgm(IT)189Hg
189Tl 70.3 193Bi(α)189Tl 29.7 193Bim(α)189Tl
189Pb 67.2 189Pb(α)185Hg 19.7 189Pb−u 13.1 189Pbm(IT)189Pb
189Pbm 75.3 189Pbm(IT)189Pb 24.7 189Pbm(α)185Hg
190W 74.6 190W−u 25.4 190W(β−)190Re
190Re 99.6 194Pt(d,α)192Ir−192Os()190Re 0.4 190W(β−)190Re
190Os 51.6 190Os−194Pt.979 29.5 190Os−190Pt 18.2 189Os(n,γ)190Os
190Pt 53.4 190Pt−194Pt.979 32.6 190Os−190Pt 13.7 186Os−190Pt.979
190Hg 72.6 190Hg−208Pb.913 27.4 194Pb(α)190Hg
190Tlm 63.8 190Tlm−133Cs1.429 36.2 194Bin(α)190Tlm
191Os 99.3 190Os(n,γ)191Os 0.7 191Os(β−)191Ir
191Ir 89.8 191Os(β−)191Ir 8.5 191Ir(n,γ)192Ir 1.6 193Ir(t,α)192Os−191Ir()190Os
191Pt 74.1 192Pt(p,d)191Pt−194Pt()193Pt 25.9 192Pt(p,d)191Pt
191Au 99.6 191Au−133Cs1.436 0.4 191Hg(β+)191Au
191Hg 67.9 191Hg−208Pb.918 22.0 191Hg−u 10.1 191Hg(β+)191Au
191Pb 95.9 195Po(α)191Pb 4.1 191Pb−u
191Pbm 92.9 195Pom(α)191Pbm 7.1 191Pbm(α)187Hgm

191Bi 87.4 191Bi−133Cs1.436 10.6 191Bi(α)187Tlm 2.0 191Bi(α)187Tl
191Po 93.9 191Po(α)187Pb 6.1 191Po(α)187Pbm

192Os 50.6 192Os(p,t)190Os 30.7 193Ir(t,α)192Os−191Ir()190Os 18.6 192Os(n,γ)193Os
192Ir 91.4 191Ir(n,γ)192Ir 6.0 192Ir(n,γ)193Ir 2.5 192Ir(β−)192Pt
192Pt 87.2 192Ir(β−)192Pt 12.8 192Pt(p,t)190Pt 3.0 192Pt(p,d)191Pt−194Pt()193Pt
192Pb 81.4 196Po(α)192Pb 18.6 192Pb(α)188Hg
193Os 81.2 192Os(n,γ)193Os 18.8 193Os(β−)193Ir

030003-96



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

193Ir 93.7 192Ir(n,γ)193Ir 4.3 193Os(β−)193Ir 3.4 193Pt(ε)193Ir
193Pt 96.4 193Pt(ε)193Ir 3.6 192Pt(p,d)191Pt−194Pt()193Pt
193Au 92.5 197Au(α ,8He)193Au 7.5 193Hg(β+)193Au
193Hg 67.1 193Hg(β+)193Au 32.9 193Hg−208Pb.928
193Pb 91.9 197Po(α)193Pb 8.1 193Pb−u
193Bi 62.0 193Bi−133Cs1.451 21.9 193Bi(α)189Tl 16.1 197At(α)193Bi
193Bim 64.1 193Bim(α)189Tl 35.9 197Atm(α)193Bim
194Pt 63.3 194Pt−u 26.6 194Pt(n,γ)195Pt 5.3 190Os−194Pt.979
194Pb 60.4 198Po(α)194Pb 39.6 194Pb(α)190Hg
194Bin 58.1 198Atm(α)194Bin 41.9 194Bin(α)190Tlm
195Pt 72.2 194Pt(n,γ)195Pt 27.8 195Pt(n,γ)196Pt
195Au 100.0 195Au(ε)195Pt
195Hg 78.6 195Hg−208Pb.938 21.4 195Hg(β+)195Au
195Tl 56.1 199Bim(α)195Tl 22.0 195Tl−u 21.9 195Tl−133Cs1.466
195Pb 95.3 195Pbm(IT)195Pb 4.7 195Pb−u
195Pbm 95.3 199Pom(α)195Pbm 4.7 195Pbm(IT)195Pb
195Bi 89.5 195Bi−133Cs1.466 10.5 199At(α)195Bi
195Po 96.6 195Po−133Cs1.466 3.4 195Po(α)191Pb
195Pom 93.8 195Pom−133Cs1.466 6.2 195Pom(α)191Pbm

196Pt 70.9 195Pt(n,γ)196Pt 28.9 196Pt(n,γ)197Pt 0.3 196Au(β+)196Pt
196Au 51.7 197Au(γ ,n)196Au 30.7 196Au(β−)196Hg 17.6 196Au(β+)196Pt
196Hg 57.0 198Hg 35Cl−196Hg 37Cl 30.1 196Au(β−)196Hg 12.9 196Hg(n,γ)197Hg
196Pb 78.7 200Po(α)196Pb 21.3 196Pb−208Pb.942
196Po 84.1 196Po−133Cs1.474 15.9 196Po(α)192Pb
197Pt 65.2 196Pt(n,γ)197Pt 34.1 197Pt(β−)197Au 0.7 198Pt(p,d)197Pt
197Au 62.8 197Au(n,γ)198Au 35.9 197Pt(β−)197Au 0.8 198Pt−197Au1.005
197Hg 84.1 196Hg(n,γ)197Hg 15.9 199Hg(p,t)197Hg
197Pb 73.9 197Pbm(IT)197Pb 26.1 201Po(α)197Pb
197Pbm 73.9 197Pbm−133Cs1.481 26.1 197Pbm(IT)197Pb
197Po 92.6 197Po−133Cs1.481 7.4 197Po(α)193Pb
197At 81.6 197At(α)193Bi 18.4 197At−133Cs1.481
197Atm 58.2 197Atm(α)193Bim 41.8 197Atm−133Cs1.481
198Pt 53.5 198Pt−197Au1.005 46.5 198Pt(p,d)197Pt
198Au 44.1 198Au(β−)198Hg 36.5 197Au(n,γ)198Au 19.4 198Au(n,γ)199Au
198Hg 67.2 198Hg−u 21.7 198Au(β−)198Hg 10.8 200Hg 35Cl−198Hg 37Cl
198Pb 73.8 202Po(α)198Pb 26.2 198Pb−208Pb.952
198Bi 97.3 198Bi−u 2.7 202At(α)198Bi
198Po 60.5 198Po−208Pb.952 39.5 198Po(α)194Pb
198At 69.8 198At−133Cs1.489 27.2 198Atm(IT)198At 2.9 202Frm(α)198At
198Atm 56.6 198Atm(IT)198At 37.3 198Atm(α)194Bin 6.1 202Frm(α)198Atm
199Au 80.4 198Au(n,γ)199Au 19.6 199Au(β−)199Hg
199Hg 35.3 199Hg−C2

35Cl5 33.8 199Hg(n,γ)200Hg 17.9 199Au(β−)199Hg
199Bi 38.1 203At(α)199Bi 33.9 199Bim(IT)199Bi 27.9 199Bi−u
199Bim 63.6 199Bim(IT)199Bi 36.4 199Bim(α)195Tl
199Pom 93.0 199Pom−133Cs1.496 4.1 199Pom(α)195Pbm 2.9 203Rnm(α)199Pom
199At 89.0 199At(α)195Bi 11.0 203Fr(α)199At
200Au 71.2 200Au−u 28.8 200Au(β−)200Hg
200Aum 72.6 200Aum−u 27.4 200Aum(β−)200Hg
200Hg 64.4 199Hg(n,γ)200Hg 16.9 200Hg 35Cl−198Hg 37Cl 12.4 204Hg 35Cl2−200Hg 37Cl2
200Pb 83.9 204Pb(α ,8He)200Pb 16.1 204Po(α)200Pb
200Po 79.7 204Rn(α)200Po 20.3 200Po(α)196Pb
201Au 100.0 202Hg(d,3He)201Au−206Pb()205Tl
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

201Hg 59.4 201Hg(n,γ)202Hg 39.2 201Hg 35Cl−199Hg 37Cl 1.4 203Tl 35Cl−201Hg 37Cl
201Tl 88.9 203Tl(p,t)201Tl 11.1 201Pb(β+)201Tl
201Pb 89.7 205Po(α)201Pb 10.3 201Pb(β+)201Tl
201Po 71.4 201Po(α)197Pb 28.6 205Rn(α)201Po
202Hg 37.5 201Hg(n,γ)202Hg 28.3 202Hg 35Cl−200Hg 37Cl 25.8 204Hg 35Cl−202Hg 37Cl
202Tl 63.1 202Tl−203Tl.995 36.9 181Ta O−202Tl.975
202Pb 85.8 202Pb−133Cs1.519 14.2 204Pb(p,t)202Pb
202Bi 74.9 206At(α)202Bi 25.1 202Bi−u
202Po 74.5 206Rn(α)202Po 25.5 202Po(α)198Pb
202At 97.3 202At(α)198Bi 2.7 206Fr(α)202At
202Frm 76.2 202Frm(α)198Atm 23.8 202Frm(α)198At
203Au 100.0 204Hg(d,3He)203Au−206Pb()205Tl
203Hg 85.1 203Hg(β−)203Tl 10.3 204Hg(d,t)203Hg 4.6 202Hg(d,p)203Hg−204Hg()205Hg
203Tl 70.0 203Tl(n,γ)204Tl 10.4 202Tl−203Tl.995 8.5 203Tl 35Cl−201Hg 37Cl
203Pb 52.1 204Pb(p,d)203Pb 37.5 207Po(α)203Pb 10.4 203Pb(ε)203Tl
203Po 68.9 203Po−133Cs1.526 31.1 207Rn(α)203Po
203At 61.7 203At(α)199Bi 20.8 203At−208Pb.976 14.5 203At−u
203Rnm 96.8 203Rnm(α)199Pom 3.2 203Rnm−208Pb.976
203Fr 84.5 203Fr(α)199At 15.5 203Fr−133Cs1.526
204Hg 79.3 204Hg−u 10.8 204Hg 35Cl2−200Hg 37Cl2 9.4 204Hg 35Cl−202Hg 37Cl
204Tl 72.6 204Tl(β−)204Pb 23.8 203Tl(n,γ)204Tl 3.6 205Tl(d,t)204Tl
204Pb 69.8 204Pb(n,γ)205Pb 24.6 204Tl(β−)204Pb 4.0 208Po(α)204Pb
204Po 83.6 204Po(α)200Pb 16.4 208Rn(α)204Po
204At 84.0 204At−u 16.0 208Fr(α)204At
204Rn 80.6 204Rn−208Pb.981 19.4 204Rn(α)200Po
205Hg 52.5 204Hg(d,p)205Hg 47.5 202Hg(d,p)203Hg−204Hg()205Hg
205Tl 60.3 205Tl(d,t)204Tl 14.6 205Tl 35Cl−203Tl 37Cl 12.3 205Tl(3He,d)206Pb
205Pb 69.4 205Pb(n,γ)206Pb 29.2 204Pb(n,γ)205Pb 1.4 205Bi(β+)205Pb
205Bi 55.0 209At(α)205Bi 45.0 205Bi(β+)205Pb
205Po 75.5 209Rn(α)205Po 19.3 205Po−u 5.2 205Po(α)201Pb
205Rn 68.5 205Rn(α)201Po 31.5 205Rn−208Pb.986
206Tl 83.6 205Tl(n,γ)206Tl 16.4 210Bi(α)206Tl
206Pb 53.8 206Pb 35Cl2−202Hg 37Cl2 30.3 205Pb(n,γ)206Pb 13.5 206Pb(n,γ)207Pb
206At 53.9 210Fr(α)206At 23.4 206At−u 22.7 206At(α)202Bi
206Rn 37.8 206Rn−133Cs1.549 37.4 206Rn−208Pb.990 24.8 206Rn(α)202Po
206Fr 97.3 206Fr(α)202At 2.7 210Ac(α)206Fr
207Tl 44.9 207Tl(β−)207Pb 42.4 211Bi(α)207Tl 12.8 205Tl(t,p)207Tl
207Pb 86.3 206Pb(n,γ)207Pb 13.0 207Pb(n,γ)208Pb 0.7 207Tl(β−)207Pb
207Bi 97.4 209Bi(p,t)207Bi 2.6 207Po(β+)207Bi
207Po 58.8 207Po(α)203Pb 41.2 207Po(β+)207Bi
207Rn 66.2 207Rn(α)203Po 33.8 211Ra(α)207Rn
207Fr 88.8 207Fr−133Cs1.556 8.9 207Fr(α)203At 2.3 211Ac(α)207Fr
208Pb 87.0 207Pb(n,γ)208Pb 9.0 212Po(α)208Pb 1.1 205Rn−208Pb.986
208Po 91.0 208Po(α)204Pb 9.0 208Po−133Cs1.564
208Rn 83.3 208Rn(α)204Po 16.7 212Ra(α)208Rn
208Fr 92.7 208Fr−133Cs1.564 3.7 208Fr(α)204At 3.6 212Ac(α)208Fr
209Pb 86.9 209Pb(β−)209Bi 11.1 208Pb(d,p)209Pb 2.0 213Po(α)209Pb
209Bi 85.8 209Bi(n,γ)210Bi 9.5 209Bi(α)205Tl 4.3 209Pb(β−)209Bi
209At 59.4 213Fr(α)209At 40.6 209At(α)205Bi
209Rn 76.2 213Ra(α)209Rn 23.8 209Rn(α)205Po
209Fr 61.7 209Fr−226Ra.925 38.3 213Ac(α)209Fr
210Pb 97.4 210Pb(β−)210Bi 2.6 214Po(α)210Pb
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

210Bi 50.3 210Bi(β−)210Po 33.4 210Bi(α)206Tl 14.0 209Bi(n,γ)210Bi
210Po 98.1 210Po(α)206Pb 1.9 210Bi(β−)210Po
210Fr 42.6 210Fr(α)206At 35.8 210Fr−226Ra.929 21.6 214Ac(α)210Fr
210Ac 84.4 210Ac(α)206Fr 15.6 210Ac−u
211Pb 95.8 215Po(α)211Pb 4.2 211Pb(β−)211Bi
211Bi 57.5 211Bi(α)207Tl 42.5 211Pb(β−)211Bi
211Fr 73.6 211Fr−133Cs1.586 26.4 211Fr−226Ra.934
211Ra 56.8 211Ra(α)207Rn 39.3 211Ra−133Cs1.586 3.9 211Ra−u
211Ac 70.4 211Ac(α)207Fr 29.6 211Ac−u
212Pb 67.2 216Po(α)212Pb 32.8 212Pb(β−)212Bi
212Bi 66.2 212Bi(β−)212Po 33.8 212Pb(β−)212Bi
212Po 90.9 212Po(α)208Pb 9.1 212Bi(β−)212Po
212Fr 88.7 212Fr−133Cs1.594 11.3 212Fr−226Ra.938
212Ra 82.9 212Ra(α)208Rn 17.1 212Ra−u
212Ac 85.5 212Ac−u 14.5 212Ac(α)208Fr
213Bi 76.7 217At(α)213Bi 23.3 213Bi(β−)213Po
213Po 93.2 213Po(α)209Pb 6.8 213Bi(β−)213Po
213Fr 46.6 213Fr−133Cs1.602 38.7 213Fr(α)209At 14.7 213Fr−u
213Ra 77.2 213Ra−133Cs1.602 22.8 213Ra(α)209Rn
213Ac 58.3 213Ac(α)209Fr 41.7 213Ac−u
214Pb 99.4 218Po(α)214Pb 0.6 214Pb(β−)214Bi
214Bi 68.9 214Bi(β−)214Po 31.1 214Pb(β−)214Bi
214Po 97.4 214Po(α)210Pb 2.2 218Rn(α)214Po 0.3 214Bi(β−)214Po
214At 84.2 214At(α)210Bi 15.8 218Frm(α)214At
214Atn 76.3 214Atn(α)210Bi 23.7 218Frm(α)214Atn
214Ac 77.8 214Ac(α)210Fr 22.2 214Ac−u
215Bi 85.8 219At(α)215Bi 14.2 215Bi−133Cs1.617
215Po 96.3 219Rn(α)215Po 3.7 215Po(α)211Pb
216Po 68.9 220Rn(α)216Po 31.1 216Po(α)212Pb
216Ac 100.0 216Ac(α)212Fr
217At 77.7 221Fr(α)217At 22.3 217At(α)213Bi
218Po 99.4 222Rn(α)218Po 0.6 218Po(α)214Pb
218Rn 93.5 218Rn(α)214Po 6.5 222Ra(α)218Rn
218Frm 71.9 218Frm(α)214At 28.1 218Frm(α)214Atn
219At 78.7 223Fr(α)219At 17.1 219At−133Cs1.647 4.2 219At(α)215Bi
219Rn 96.4 223Ra(α)219Rn 3.6 219Rn(α)215Po
220Rn 69.0 224Ra(α)220Rn 31.0 220Rn(α)216Po
220Pam 95.3 220Pam(α)216Ac 4.7 224Np(α)220Pam

220Pan 54.7 220Pan(α)216Ac 45.3 224Np(α)220Pan

221Fr 79.1 225Ac(α)221Fr 20.9 221Fr(α)217At
222Rn 99.4 226Ra(α)222Rn 0.6 222Rn(α)218Po
222Ra 62.4 222Ra(α)218Rn 37.6 226Th(α)222Ra
223Rn 58.3 223Rn−133Cs1.677 41.7 223Rn−u
223Fr 93.6 227Ac(α)223Fr 6.4 223Fr(α)219At
223Ra 96.4 227Th(α)223Ra 3.6 223Ra(α)219Rn
224Rn 56.6 224Rn−u 43.4 224Rn−133Cs1.684
224Ra 69.1 228Th(α)224Ra 30.9 224Ra(α)220Rn
224Np 90.6 224Np(α)220Pam 9.4 224Np(α)220Pan

225Rn 73.0 225Rn−u 27.0 225Rn−133Cs1.692
225Fr 84.2 225Fr−u 15.8 225Fr(β−)225Ra
225Ra 94.8 229Th(α)225Ra 4.6 225Ra(β−)225Ac 0.6 225Fr(β−)225Ra
225Ac 60.1 229Pa(α)225Ac 20.5 225Ra(β−)225Ac 19.4 225Ac(α)221Fr
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Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

226Rn 56.2 226Rn−u 43.8 226Rn−133Cs1.699
226Fr 73.5 226Fr−133Cs1.699 26.5 226Fr−u
226Ra 97.6 230Th(α)226Ra 0.6 226Ra(α)222Rn 0.6 209Fr−226Ra.925
226Ac 87.1 230Pa(α)226Ac 12.9 226Ac(β−)226Th
226Th 61.1 226Th(α)222Ra 38.9 226Ac(β−)226Th
227Rn 63.4 227Rn−133Cs1.707 36.6 227Rn−u
227Fr 79.5 227Fr−133Cs1.707 20.5 227Fr−u
227Ac 90.7 231Pa(α)227Ac 6.3 227Ac(α)223Fr 3.0 227Ac(β−)227Th
227Th 96.4 227Ac(β−)227Th 3.6 227Th(α)223Ra
228Rn 62.5 228Rn−133Cs1.714 37.5 228Rn−u
228Fr 79.6 228Fr−133Cs1.714 20.4 228Fr−u
228Th 68.7 230Th(p,t)228Th−232Th()230Th 30.5 228Th(α)224Ra 0.8 232U(α)228Th
229Fr 70.4 229Fr−133Cs1.722 16.8 229Fr−238U.962 12.8 229Fr−u
229Th 70.1 233U(α)229Th 25.5 230Th(d,t)229Th 4.3 229Th(α)225Ra
229Pa 87.4 231Pa(p,t)229Pa 12.6 229Pa(α)225Ac
230Fr 87.7 230Fr−133Cs1.729 12.3 230Fr−u
230Th 38.9 234U(α)230Th 32.4 230Th(p,t)228Th−232Th()230Th 24.8 230Th(n,γ)231Th
230Pa 87.8 230Pa(ε)230Th 12.2 230Pa(α)226Ac
231Ra 66.2 231Ra−u 33.8 231Ra−133Cs1.737
231Th 73.3 230Th(n,γ)231Th 20.8 235U(α)231Th 5.9 231Th(β−)231Pa
231Pa 47.3 231Th(β−)231Pa 42.2 235Np(α)231Pa 7.7 231Pa(α)227Ac
232Ra 57.1 232Ra−133Cs1.744 42.9 232Ra−u
232Th 83.0 236U(α)232Th 11.5 C24 H16−232Th 37Cl 35Cl 8.3 232Th(n,γ)233Th
232U 99.2 232U(α)228Th 0.8 236Pu(α)232U
233Ra 70.5 233Ra−133Cs1.752 29.5 233Ra−u
233Th 91.6 232Th(n,γ)233Th 8.3 233Th(β−)233Pa
233Pa 90.1 237Np(α)233Pa 5.6 233Th(β−)233Pa 4.3 233Pa(β−)233U
233U 51.3 233Pa(β−)233U 23.3 233U(α)229Th 14.6 237Pu(α)233U
234U 62.7 234U(n,γ)235U 20.6 238Pu(α)234U 16.3 234U(α)230Th
235U 41.2 239Pu(α)235U 30.4 235U(n,γ)236U 18.5 234U(n,γ)235U
235Np 88.0 235Np(ε)235U 12.0 235Np(α)231Pa
236U 76.8 240Pu(α)236U 23.2 235U(n,γ)236U 1.1 236U(n,γ)237U
236Pu 99.2 236Pu(α)232U 0.8 240Cm(α)236Pu
237U 84.3 236U(n,γ)237U 15.7 241Pu(α)237U
237Np 99.0 241Am(α)237Np 1.0 237Np(α)233Pa
237Pu 94.2 241Cm(α)237Pu 5.8 237Pu(α)233U
238U 77.9 242Pu(α)238U 20.9 C24 H20−238U 35Cl2 1.2 229Fr−238U.962
238Pu 69.1 238Pu(α)234U 30.6 238Pu(n,γ)239Pu 0.3 242Cm(α)238Pu
239Np 67.2 239Np(β−)239Pu 32.8 243Am(α)239Np
239Pu 46.2 239Pu(n,γ)240Pu 27.1 239Pu(α)235U 19.3 239Np(β−)239Pu
240U 99.1 244Pu(α)240U 0.9 240U(β−)240Npm

240Np 67.9 240Npm(IT)240Np 32.1 240Np(β−)240Pu
240Npm 42.7 240Npm(β−)240Pu 42.2 240U(β−)240Npm 15.2 240Npm(IT)240Np
240Pu 60.7 240Pu(n,γ)241Pu 25.9 239Pu(n,γ)240Pu 13.3 240Pu(α)236U
240Cm 99.1 240Cm(α)236Pu 0.9 244Cf(α)240Cm
241Pu 39.3 240Pu(n,γ)241Pu 28.2 245Cm(α)241Pu 18.3 241Pu(β−)241Am
241Am 80.9 241Pu(β−)241Am 17.6 241Am O−C22 0.7 241Am(α)237Np
241Cm 94.1 241Cm(ε)241Am 4.7 241Cm(α)237Pu 1.2 245Cf(α)241Cm
242Pu 80.8 241Pu(n,γ)242Pu 13.9 242Pu(α)238U 4.4 242Pu(n,γ)243Pu
242Cm 99.7 242Cm(α)238Pu 0.3 246Cf(α)242Cm
243Pu 59.0 242Pu(n,γ)243Pu 19.1 244Pu(d,t)243Pu 11.4 243Pu(β−)243Am
243Am 53.8 243Am(α)239Np 43.9 243Am O−C22 2.3 243Pu(β−)243Am

030003-100



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table II. Influences on primary nuclides (continued, Explanation of Table on page 030003-76)

Nuclide Infl. Equation Infl. Equation Infl. Equation

244Pu 78.1 244Pu O−C22 15.3 244Pu(d,t)243Pu 5.3 248Cm(α)244Pu
244Cf 98.3 244Cf(α)240Cm 1.7 248Fm(α)244Cf
245Cm 67.6 245Cm(α)241Pu 32.4 249Cf(α)245Cm
245Cf 97.2 245Cf(α)241Cm 2.8 249Fm(α)245Cf
246Pu 55.3 244Pu(t,p)246Pu 44.7 246Pu(β−)246Amm

246Amm 55.7 246Amm(β−)246Cm 44.3 246Pu(β−)246Amm

246Cm 98.1 246Cm(α)242Pu 1.7 246Cm(d,p)247Cm 0.2 246Amm(β−)246Cm
246Cf 99.4 246Cf(α)242Cm 0.6 250Fm(α)246Cf
246Es 62.6 246Es−u 37.4 250Md(α)246Es
247Cm 60.2 247Cm(α)243Pu 20.6 246Cm(d,p)247Cm 19.2 248Cm(d,t)247Cm
248Cm 94.6 248Cm(α)244Pu 5.4 248Cm(d,t)247Cm
248Fm 76.8 248Fm(α)244Cf 23.2 252No(α)248Fm
249Cf 63.5 249Cf(α)245Cm 36.5 249Cf O−C22
249Fm 76.9 249Fm(α)245Cf 23.1 253No(α)249Fm
249Md 54.5 249Md−u 45.5 253Lr(α)249Md
250Fm 79.6 250Fm(α)246Cf 20.4 254No(α)250Fm
250Md 60.3 250Md(α)246Es 39.7 250Md−u
251Fm 88.4 255No(α)251Fm 11.6 251Fm−u
252No 69.3 252No(α)248Fm 30.7 252No−133Cs1.895
253No 67.4 253No(α)249Fm 32.6 253No−133Cs1.902
253Lr 54.2 253Lr(α)249Md 45.8 257Db(α)253Lr
254No 58.0 254No(α)250Fm 42.0 254No−133Cs1.910
255No 88.8 255No−133Cs1.917 11.2 255No(α)251Fm
257Db 53.8 257Db(α)253Lr 46.2 257Db−u
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Table III. Nuclear-reaction and separation energies

EXPLANATION OF TABLE

Separation energies (in keV) of particles (or groups of particles) and nuclear-reaction energies obtained as the following com-
binations of atomic masses (see accompanying diagram) are presented for all nuclides for which such data can be derived:

Q(β−) = M(A,Z)−M(A,Z +1) (in Part I) (a)
Q(2β−) = M(A,Z)−M(A,Z +2) (b)
Q(4β−) = M(A,Z)−M(A,Z +4) (c)
Q(β−n) = M(A,Z)−M(A−1,Z +1)−n (d)
S(n) = − M(A,Z)+M(A−1,Z)+n (e)
S(p) = − M(A,Z)+M(A−1,Z −1)+1H (f)
Q(εp) = M(A,Z)−M(A−1,Z −2)−1H (g)
S(2n) = − M(A,Z)+M(A−2,Z)+2n (h)
Q(d,α) = M(A,Z)−M(A−2,Z −1)+2H−4He (i)
S(2p) = − M(A,Z)+M(A−2,Z −2)+21H (j)
Q(p,α) = M(A,Z)−M(A−3,Z −1)−4He+p (k)
Q(n,α) = M(A,Z)−M(A−3,Z −2)−4He+n (l)
Q(α) = M(A,Z)−M(A−4,Z −2)−4He (m)

c

h

k

b

fi

m jl

e
A

N Z
Elt

d a

g

Z

N

A Mass number.
Elt. Element symbol
Z Atomic number.

2224.57 0.04 2224.57 ± 0.04 keV. The uncertainties are derived from the adjusted masses and the correlation
matrix. The precision of the most-precise values for several light nuclei is often better than 5 eV
and they can not be conveniently given in this table. Such values are given in Table A.
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∗ in place of value: not calculable from the present input data.
# in place of decimal point: values and uncertainties estimated from TMS (see Part I, Sec-

tion 5, p. 030002-19).
a in place of uncertainty : uncertainty smaller than 5 eV. Full precisions are available in the

ASCII format at the AMDC website [12].

Other reaction energies can be derived from the given data with the help of the following relations:

Q(γ ,p) = − S(p)
Q(γ ,n) = − S(n)
Q(γ ,2p) = − S(2p)
Q(γ ,pn) = Q(d,α) − 26071.0962±0.0005
Q(γ ,d) = Q(d,α) − 23846.5299±0.0002
Q(γ ,2n) = − S(2n)
Q(γ ,t) = Q(p,α) − 19813.8661±0.0002
Q(γ,3He) = Q(n,α) − 20577.6211±0.0005
Q(γ,α) = Q(α)

Q(p,n) = Q(β−) − 782.3470±0.0004
Q(p,2p) = − S(p)
Q(p,pn) = − S(n)
Q(p,d) = − S(n) + 2224.5662±0.0004
Q(p,2n) = Q(β−n) − 782.3440±0.0004
Q(p,t) = − S(2n) + 8481.7963±0.0009
Q(p,3He) = Q(d,α) − 18353.0548±0.0002

Q(n,2p) = Q(εp) + 782.3470±0.0004
Q(n,np) = − S(p)
Q(n,d) = − S(p) + 2224.5662±0.0004
Q(n,2n) = − S(n)
Q(n,t) = Q(d,α) − 17589.2999±0.0005
Q(n,3He) = − S(2p) + 7718.0413±0.0004

Q(d,pn) = 0 − 2224.5662±0.0004
Q(d,t) = − S(n) + 6257.2301±0.0004
Q(d,3He) = − S(p) + 5493.4751±0.0001

Q(3He,t) = Q(β−) − 18.5920±0.0002
Q(3He,α) = − S(n) + 20577.6211±0.0005

Q(t,α) = − S(p) + 19813.8661±0.0002
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Table III. Nuclear-reaction and separation energies (Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

1 n 0 0.0 0.0 ∗ ∗ ∗ ∗ ∗
H 1 ∗ 0.0 0.0 ∗ ∗ ∗ ∗

2 H 1 2224.57 a 2224.57 a ∗ 23846.53 a ∗ ∗

3 H 1 6257.23 a ∗ ∗ 17589.30 a 19813.87 a ∗
He 2 ∗ 5493.48 a ∗ 18353.05 a ∗ 20577.62 a
Li 3 ∗ ∗ ∗ ∗ ∗ ∗

4 H 1 −1600 100 ∗ ∗ ∗ 21410 100 ∗
He 2 20577.62 a 19813.87 a ∗ 0.0 0.0 0.0 0.0 0.0 0.0
Li 3 11420# 2010# −3100 210 ∗ ∗ ∗ 23680 210

5 H 1 −200 130 ∗ ∗ ∗ ∗ ∗
He 2 −735 20 20680 100 ∗ 6992 20 2960 20 ∗
Li 3 21720 220 −1960 50 ∗ 7460 50 ∗ 4190 50
Be 4 ∗ −4530# 2010# ∗ 19180# 2830# ∗ ∗

6 H 1 −910 270 ∗ −5440# 2020# ∗ ∗ ∗
He 2 1710 20 22590 90 ∗ 3680 100 7506.34 0.05 ∗
Li 3 5660 50 4433 20 ∗ 22372.77 a 4019.72 a 4783.47 a
Be 4 26840# 2000# 590 50 ∗ 3760 210 −5430# 2000# 9090 5
B 5 ∗ −2890# 2830# ∗ ∗ ∗ 24300# 2830#

7 H 1 810# 1040# ∗ 21460# 1000# ∗ ∗ ∗
He 2 −410 8 23090 250 ∗ 3890 90 6320 100 ∗
Li 3 7251.09 a 9973.96 0.05 ∗ 14387 20 17346.24 a −4070 100
Be 4 10677 5 5606.85 0.07 ∗ 14800 50 −4690 210 18990.48 0.07
B 5 27720# 2000# −2013 26 ∗ 1250# 2000# ∗ 8000 210

8 He 2 2535 8 24810# 1000# −3455 18 440 250 3580 90 ∗
Li 3 2032.62 0.05 12416 8 ∗ 14064.52 0.07 14579 20 −6300 90
Be 4 18898.64 0.08 17254.40 0.04 ∗ 1565.60 0.04 −1870 50 −643 20
B 5 12826 25 136.4 1.0 ∗ 15257 6 −9350# 2000# 16890 50
C 6 ∗ −100 30 ∗ −1550# 2000# ∗ 3570# 2000#

9 He 2 −1250 50 ∗ 12020 50 2510# 1010# 3920 260 ∗
Li 3 4062.22 0.19 13943.75 0.21 ∗ 9593 8 12226.87 0.19 −11270 250
Be 4 1664.54 0.08 16886.32 0.09 ∗ 7152.15 0.08 2125.63 0.08 −597.24 0.09
B 5 18576.4 1.3 −185.8 0.9 ∗ 7358.3 0.9 −1094 6 3976.0 0.9
C 6 14225 18 1299.6 2.4 ∗ 11945 25 −13550# 2000# 16182 6

10 He 2 −190 100 ∗ 33500 90 ∗ 4930# 1010# ∗
Li 3 −26 13 15170 50 −5750 400 12154 13 11844 15 −10440# 1000#
Be 4 6812.28 0.05 19636.39 0.20 ∗ 2372.49 0.09 2564.44 0.08 −7819 8
B 5 8437.2 0.9 6586.81 0.08 ∗ 17819.75 0.04 1145.67 0.07 2789.91 0.01
C 6 21283.6 2.1 4006.8 0.9 ∗ 3487.9 1.0 −7114 25 5576.08 0.10
N 7 ∗ −2600 400 ∗ 14450 400 ∗ 16770 400

11 Li 3 396 13 15760 90 16363 5 10500 50 13982.6 0.6 ∗
Be 4 501.64 0.25 20164 13 −27560 60 5933.1 0.3 4095.42 0.24 −5786.11 0.25
B 5 11454.22 0.02 11228.75 0.08 ∗ 8030.06 0.08 8590.09 0.04 −6631.69 0.05
C 6 13120.59 0.09 8690.18 0.06 ∗ 8943.7 0.9 −7408.1 1.0 11354.13 0.07
N 7 22510 400 −1378 5 ∗ 6165 5 −5835 19 7090 5
O 8 ∗ −1650 400 ∗ ∗ ∗ 18320 60

12 Li 3 −210 30 ∗ 31670 30 10520 100 12940 60 ∗
Be 4 3170.7 1.9 22939.5 2.0 −6936 12 2736 13 4986.9 1.9 −10210 50
B 5 3369.6 1.3 14096.7 1.3 ∗ 11472.7 1.3 6885.0 1.3 −5939.1 1.3
C 6 18720.72 0.06 15956.68 0.01 ∗ −1339.80 0.01 −7552.4 0.9 −5702.05 0.08
N 7 15099 5 600.3 1.0 ∗ 12350.2 1.0 −6708.8 2.4 10568.0 1.3
O 8 23800 60 −359 13 ∗ 3920 400 ∗ 8749 12
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

1 n 0 ∗ ∗ ∗ ∗ ∗ ∗
H 1 ∗ ∗ ∗ ∗ ∗ ∗

2 H 1 ∗ ∗ ∗ ∗ ∗ ∗

3 H 1 8481.80 a ∗ ∗ −13720# 2000# ∗ ∗
He 2 ∗ 7718.04 a ∗ ∗ ∗ ∗
Li 3 ∗ −6800# 2000# ∗ ∗ 8240# 2000# ∗

4 H 1 4660 100 ∗ ∗ −700 230 ∗ 1620 100
He 2 ∗ ∗ 0.0 0.0 ∗ ∗ −34310# 2000#
Li 3 ∗ 2390 210 ∗ ∗ 3080 210 ∗

5 H 1 −1800 90 ∗ ∗ 21210 100 ∗ 22400 90
He 2 19843 20 ∗ 735 20 −25910# 2000# ∗ −22160 210
Li 3 33130# 2000# 17850 50 1960 50 ∗ −20230 110 ∗
Be 4 ∗ −7630# 2000# ∗ ∗ 27430# 2000# ∗

6 H 1 −1110 270 ∗ ∗ 27790 250 ∗ 22570 250
He 2 975.46 0.05 ∗ ∗ −783 5 ∗ −2160 50
Li 3 27380 210 25110 100 −1473.76 a −33230# 2000# −26090 90 −31120# 2000#
Be 4 ∗ −1372 5 ∗ ∗ −145 21 ∗
B 5 ∗ −7420# 2010# ∗ ∗ 28350# 2000# ∗

7 H 1 −100# 1000# ∗ ∗ 34230# 1000# ∗ 23470# 1000#
He 2 1301 21 ∗ ∗ 10304 8 ∗ 3915 8
Li 3 12910 50 32560 90 −2467.62 a −12769 25 −34260 250 −11539 5
Be 4 37510# 2000# 10040 20 −1587.14 0.07 ∗ −9112.07 0.09 −39620# 2000#
B 5 ∗ −1420 60 −3420# 2000# ∗ 6301 25 ∗

8 He 2 2125.05 0.10 ∗ ∗ 26668.01 0.10 ∗ 8631.26 0.09
Li 3 9283.71 0.05 35510 250 −6100 100 −1975.8 1.0 −35480# 1000# −2894.51 0.09
Be 4 29576 5 27228.37 0.06 91.84 0.04 −30123 18 −28420 8 −30806 25
B 5 40540# 2000# 5743.3 1.0 −4830 210 ∗ 725.5 1.0 ∗
C 6 ∗ −2111 19 ∗ ∗ 12006 18 ∗

9 He 2 1280 50 ∗ ∗ 29590 50 ∗ 11920 50
Li 3 6094.84 0.19 38760# 1000# −10360 90 12538.4 0.9 ∗ 11941.92 0.19
Be 4 20563.18 0.10 29303 8 −2308 20 −17562.5 2.1 −27550.20 0.12 −19644.4 1.0
B 5 31403 25 17068.6 0.9 −1690 50 ∗ −15818.3 0.9 −30719 18
C 6 ∗ 1436.0 2.1 −10650# 2000# ∗ 16680.3 2.1 ∗

10 He 2 −1440 90 ∗ ∗ 36590 90 ∗ 16170 90
Li 3 4036 13 ∗ −11250 250 21002 13 ∗ 13633 13
Be 4 8476.82 0.09 33580.14 0.12 −7409.52 0.10 −3091.19 0.11 −35620 50 −7880.3 0.9
B 5 27013.6 1.0 23473.14 0.05 −4461.19 0.01 −26750 400 −20193.27 0.19 −24931.7 2.1
C 6 35508 18 3820.94 0.08 −5101 5 ∗ −2938.75 0.10 ∗
N 7 ∗ −1300 400 −10950# 2040# ∗ 19090 400 ∗

11 Li 3 369.3 0.6 ∗ −10830# 1000# 32060.6 0.6 ∗ 20049.5 0.6
Be 4 7313.92 0.25 35340 50 −8321 8 9527.77 0.25 −36310 90 55.24 0.24
B 5 19891.4 0.9 30865.14 0.19 −8664.31 0.01 −15698 5 −31674 13 −15102.28 0.07
C 6 34404.2 2.1 15277.00 0.10 −7544.52 0.09 −37090 60 −9247.06 0.10 −36220 400
N 7 ∗ 2629 5 −5736 26 ∗ 5026 5 ∗
O 8 ∗ −4250 60 ∗ ∗ 24750 60 ∗

12 Li 3 190 30 ∗ ∗ 35640 30 ∗ 20760 30
Be 4 3672.4 1.9 38700 90 −8956.8 1.9 25077.8 1.9 ∗ 8338.7 1.9
B 5 14823.8 1.3 34261 13 −10001.3 1.3 −3968.7 1.7 −34647.8 1.5 −5351.3 1.3
C 6 31841.31 0.07 27185.43 0.08 −7366.59 0.04 −32013 12 −27466.14 0.24 −32437 5
N 7 37600 400 9290.5 1.0 −8008.4 1.4 ∗ 1381.4 1.0 −38470 60
O 8 ∗ −1737 12 −5476 22 ∗ 14075 12 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

13 Li 3 100 80 ∗ 51640 70 ∗ 12650 120 ∗
Be 4 −510 10 22640 30 10544 14 3642 10 5471 16 −9890 90
B 5 4878.8 1.7 15804.8 2.2 −25470# 500# 7095.6 1.0 8818.5 1.0 −10844 13
C 6 4946.31 a 17533.4 1.3 ∗ 5168.11 0.01 −4061.55 0.01 −3836.08 0.08
N 7 20063.9 1.0 1943.49 0.27 ∗ 5406.89 0.28 −5489.14 0.28 −1058.73 0.27
O 8 16969 15 1512 10 ∗ 9461 11 −10820 400 13063 10
F 9 ∗ −2730# 500# ∗ 5000# 500# ∗ 8880# 640#

14 Be 4 1780 130 24320 150 31950 130 1660 140 4090 130 ∗
B 5 970 21 17284 24 −8300 50 9297 21 8351 21 −11418 21
C 6 8176.43 a 20831.0 1.0 ∗ 361.3 1.3 −783.76 0.01 −11510.87 0.24
N 7 10553.38 0.27 7550.56 a ∗ 13574.22 a −2921.93 0.06 −157.89 0.01
O 8 23179 10 4626.67 0.27 ∗ 1380.5 1.0 −11494 5 3004.79 0.06
F 9 18140# 500# −1560 40 ∗ 10660 40 −10910 70 13250 40

15 Be 4 −1800 100 ∗ 46970 170 3560 180 5680 170 ∗
B 5 2778 30 18290 130 12391 25 6009 23 8744 21 −14410 40
C 6 1218.1 0.8 21080 21 −30340 70 4022.0 1.3 1367.8 1.5 −9558.2 2.1
N 7 10833.30 a 10207.43 a ∗ 7687.24 a 4965.49 a −7621.6 1.3
O 8 13223.5 0.5 7296.8 0.5 ∗ 8220.9 0.6 −9618.4 1.1 8502.0 0.5
F 9 23470 40 −1270 14 ∗ 4162 17 −10583 18 4875 14
Ne 10 ∗ −960 80 ∗ 8900# 510# ∗ 13850 70

16 Be 4 450 140 ∗ 62180 170 ∗ 5330 180 ∗
B 5 −83 15 20000 170 26437 25 7870 130 8317 27 −14220 70
C 6 4250 4 22552 21 −10293 21 741 22 1996 4 −14319 11
N 7 2488.8 2.3 11478.2 2.4 ∗ 13374.8 2.3 7423.0 2.3 −5231.6 2.5
O 8 15663.9 0.5 12127.41 a ∗ 3110.39 a −5218.43 0.27 −2215.61 a
F 9 13963 15 −531 5 ∗ 13378 5 −7576 11 10976 5
Ne 10 24300 70 −131 25 ∗ 2730 50 −13180# 500# 6518 23

17 B 5 1470 210 21020 260 41760 200 4600 260 8630 240 ∗
C 6 734 18 23370 30 4531 17 2785 27 2232 27 −13280 130
N 7 5885 15 13113 15 −26850 60 8708 15 9714 15 −10147 26
O 8 4143.08 a 13781.6 2.3 ∗ 9800.60 a 1191.87 a 1817.74 a
F 9 16795 5 600.27 0.25 ∗ 9806.9 0.5 −1192.02 0.25 4734.69 0.25
Ne 10 15558 20 1464 5 ∗ 10645 14 −10600 40 14139.1 0.4
Na 11 ∗ −3440 60 ∗ 5220 90 ∗ 8400 70

18 B 5 −5 5 ∗ 50920 200 5060 260 6830 260 ∗
C 6 4180 30 26090 210 19600 30 −1480 40 830 40 −19260 170
N 7 2828 24 15208 25 −11920 100 10130 19 8104 19 −10198 28
O 8 8045.37 a 15942 15 ∗ 4244.1 2.3 3979.80 a −5009.6 0.8
F 9 9149.9 0.5 5607.1 0.5 ∗ 16320.9 0.5 2881.5 0.7 6418.1 0.5
Ne 10 19254.2 0.5 3923.1 0.4 ∗ 5353 5 −6385 14 8108.4 0.6
Na 11 17750 110 −1250 90 ∗ 11760 100 −10310 120 14120 90

19 B 5 90 560 ∗ 61260 530 ∗ 7190 550 ∗
C 6 580 90 26670 230 30660 100 −590 230 170 100 −19390 190
N 7 5328 25 16350 30 2927 19 5535 24 7026 17 −15609 30
O 8 3955.6 2.6 17069 19 −28510 60 6174 15 2513 3 −4715 4
F 9 10431.9 0.5 7993.60 a ∗ 10032.13 a 8113.61 a −1525.0 2.3
Ne 10 11636.9 0.4 6410.0 0.5 ∗ 10511.16 0.30 −4059 5 12135.46 0.16
Na 11 20180 90 −323 11 ∗ 7140 11 −6193 23 7901 12
Mg 12 ∗ 490 110 ∗ 7830 80 ∗ 13500 60
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

13 Li 3 −110 70 ∗ ∗ 40420 70 ∗ 23830 70
Be 4 2661 10 ∗ −9700 50 30534 10 ∗ 12218 10
B 5 8248.4 1.0 38744.3 1.2 −10817.9 1.0 11216.5 1.0 −39740 30 8490.6 1.0
C 6 23667.02 0.06 31630.10 0.24 −10648.36 0.08 −19990 10 −29241.7 1.9 −22284.4 1.0
N 7 35163 5 17900.17 0.27 −9495.9 0.9 −36680# 500# −15312.9 1.3 −34739 12
O 8 40770 60 2112 10 −8220 10 ∗ 15826 10 ∗
F 9 ∗ −3090# 500# ∗ ∗ 17400# 500# ∗

14 Be 4 1270 130 ∗ −11670 160 36930 130 ∗ 15320 130
B 5 5848 21 39920 40 −11814 25 20800 21 −40610 70 12467 21
C 6 13122.74 a 36635.8 1.9 −12012.51 0.08 −4987.89 0.03 −37928 10 −10396.91 0.27
N 7 30617.3 1.0 25083.9 1.3 −11612.11 0.01 −29100 40 −20987.5 1.0 −28323 10
O 8 40148 12 6570.16 0.03 −10115.81 0.07 ∗ −2406.20 0.03 −42090# 500#
F 9 ∗ −50 40 −9260 400 ∗ 19330 40 ∗

15 Be 4 −20 170 ∗ ∗ 39950 170 ∗ 18090 170
B 5 3747 21 42600 70 −14196 21 28856 21 ∗ 17866 21
C 6 9394.5 0.8 38364 10 −12728.9 0.8 7017.5 0.9 −37370 130 −1061.6 0.8
N 7 21386.68 0.27 31038.5 1.0 −10991.19 0.01 −16465 14 −30851 21 −15977.66 0.03
O 8 36402 10 14847.3 0.5 −10218.7 0.5 −37360 70 −7453.2 0.5 −37180 40
F 9 41610# 500# 3357 14 −10224 15 ∗ 6414 14 ∗
Ne 10 ∗ −2520 70 −9950 90 ∗ 24920 70 ∗

16 Be 4 −1350 100 ∗ ∗ 43750 170 ∗ 20420 170
B 5 2690 30 ∗ −14320 40 31428 25 ∗ 19167 25
C 6 5468 4 40840 130 −13809 4 18431 4 −43420 170 5521 4
N 7 13322.1 2.3 32558 21 −10110.4 2.7 −4991 6 −30562 21 −5243.0 2.4
O 8 28887.42 0.03 22334.84 a −7161.92 a −28724 20 −21899.1 0.8 −29375 14
F 9 37430 40 6766 5 −9088 5 ∗ 3285 5 −37610 70
Ne 10 ∗ −1401 20 −10451 24 ∗ 13842 20 ∗

17 B 5 1380 210 ∗ −15690 220 35850 200 ∗ 21950 200
C 6 4984 17 43370 170 −15052 20 21841 17 −43700 170 7277 18
N 7 8374 15 35665 26 −11117 15 5918 15 −36531 29 4536 15
O 8 19807.0 0.5 25259.9 0.8 −6358.69 a −17309.2 0.4 −21792 4 −19555 5
F 9 30758 14 12727.68 0.25 −5818.7 0.4 −32770 60 −11021.2 2.3 −30106 20
Ne 10 39860 70 933.1 0.6 −9040 10 ∗ 13948.5 0.4 ∗
Na 11 ∗ −3570 60 −9740# 500# ∗ 16760 60 ∗

18 B 5 1460 210 ∗ ∗ 38680 210 ∗ 22690 200
C 6 4920 30 47110 170 −17460 140 25702 30 ∗ 8980 30
N 7 8713 19 38580 30 −12975 28 12240 19 −37890 200 5851 19
O 8 12188.45 a 29055 4 −6227.62 a −6100.4 0.4 −29104 17 −10805.84 0.25
F 9 25945 5 19388.7 2.3 −4415.2 0.5 −24160 90 −14286 15 −23698.7 0.6
Ne 10 34812 20 4523.3 0.4 −5115.1 0.4 ∗ −1162.6 0.4 −37470 60
Na 11 ∗ 220 90 −9350 100 ∗ 15800 90 ∗

19 B 5 90 560 ∗ ∗ 43910 530 ∗ 26780 530
C 6 4760 100 ∗ −19840 190 29080 100 ∗ 11230 100
N 7 8156 22 42440 200 −15526 27 17344 16 −43230 200 8568 16
O 8 12001.0 2.6 32277 18 −8965.2 2.8 1580.8 2.6 −28880 30 −5611.6 2.7
F 9 19581.78 0.25 23935 15 −4013.80 a −14417 11 −21890 19 −14876.4 0.4
Ne 10 30891.0 0.4 12017.12 0.16 −3528.5 0.5 −30090 60 −4754.10 0.16 −31360 90
Na 11 37930 60 3600 11 −6062 18 ∗ 4767 11 ∗
Mg 12 ∗ −760 60 −10800 90 ∗ 19230 60 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

20 B 5 −1560 150 ∗ 69420 550 ∗ ∗ ∗
C 6 2980 250 29560 570 44550 230 −3580 310 −1350 310 ∗
N 7 2160 80 17940 130 14920 80 7560 80 5600 80 −16300 220
O 8 7608.0 2.8 19349 16 −13681.5 2.1 1394 19 790 15 −11589 17
F 9 6601.34 0.03 10639.3 2.6 ∗ 11476.16 0.03 5655.36 0.03 −2241 15
Ne 10 16865.30 0.16 12843.46 a ∗ 2795.8 0.5 −4129.58 0.25 −586.77 a
Na 11 14150 11 2190.5 1.1 ∗ 12243.7 1.2 −4785.9 1.2 10545.2 1.1
Mg 12 22430 60 2741 11 ∗ 3150 90 −12380 60 6623.6 1.9

21 B 5 −910 240 ∗ 78430 560 ∗ ∗ ∗
C 6 −70# 640# 31050# 810# 51380# 600# −3420# 800# −1290# 630# ∗
N 7 4610 160 19560 270 27420 130 3530 170 5180 140 −20910 240
O 8 3805 12 20990 80 −2842 12 2917 20 −187 22 −11210 30
F 9 8101.5 1.8 11132.7 2.0 −27140# 600# 7330 3 5599.3 1.8 −7514 19
Ne 10 6761.16 0.04 13003.28 0.05 ∗ 6466.48 0.04 −1740.8 0.5 697.44 0.04
Na 11 17106.7 1.1 2431.90 0.04 ∗ 6773.90 0.17 −2638.4 0.4 2588.4 0.5
Mg 12 14645.2 2.0 3235.6 1.3 ∗ 8685 11 −9270 90 11232.6 0.8
Al 13 ∗ −2320# 600# ∗ 5960# 600# ∗ 7700# 610#

22 C 6 100# 640# 32060 600 61640 230 −5080 590 −1290 570 ∗
N 7 1540 250 21170# 630# 36950 210 4970 310 4220 230 −22360 560
O 8 6850 60 23240 150 9680 60 −1770 100 −1710 60 −17480 110
F 9 5230 13 12558 17 −15410# 400# 9708 12 4325 13 −7416 21
Ne 10 10364.26 0.04 15266.1 1.8 −41670# 500# 2703.55 0.03 −1673.21 0.02 −5711.2 2.6
Na 11 11067.85 0.14 6738.59 0.14 ∗ 12571.35 0.13 −2069.39 0.21 1952.46 0.13
Mg 12 19375.2 0.8 5504.10 0.16 ∗ 3460.3 1.1 −8465 11 3494.36 0.23
Al 13 16960# 720# −10# 400# ∗ 11440# 400# −8770# 410# 10920# 400#
Si 14 ∗ 740# 780# ∗ ∗ ∗ 7450# 500#

23 C 6 −2490# 1020# ∗ 69330# 1000# −3500# 1140# −370# 1140# ∗
N 7 3120 470 24180 480 46250 420 1790# 730# 4080 480 −27030 690
O 8 2730 130 24430 240 20100 120 100 180 −2280 150 −17240 260
F 9 7580 40 13290 70 −3460 30 5930 40 4350 30 −12830 90
Ne 10 5200.65 0.10 15236 12 −29100# 500# 5604.4 1.8 −272.53 0.11 −3303.8 0.9
Na 11 12419.78 0.13 8794.11 0.02 ∗ 6912.73 0.04 2376.13 a −3865.99 0.03
Mg 12 13145.01 0.16 7581.25 0.14 ∗ 7421.99 0.05 −7460.1 1.1 7214.66 0.03
Al 13 19530# 400# 140.9 0.4 ∗ 6555.0 0.8 −5865.6 1.9 5544.0 1.2
Si 14 17760# 710# 1540# 640# ∗ 7570# 780# ∗ 12120# 500#

24 N 7 −2150# 580# 24520# 1070# 55360# 400# 4040# 460# 6160# 720# −25800# 690#
O 8 4190 200 25510 450 32430 160 −2550 270 −1870 210 −21500# 620#
F 9 3810 100 14370 160 7590 100 8970 110 4350 100 −12040 170
Ne 10 8868.9 0.5 16530 30 −16697 19 1966 12 −1040.0 1.9 −8367 12
Na 11 6959.36 0.02 10552.83 0.11 −42440# 500# 10317.62 0.02 2177.93 0.04 −2723.9 1.8
Mg 12 16531.22 0.03 11692.70 0.01 ∗ 1958.62 0.13 −6884.67 0.04 −2555.40 0.04
Al 13 14868.2 0.4 1864.11 0.23 ∗ 11061.98 0.28 −6088.6 0.8 7782.45 0.23
Si 14 21280# 500# 3292 19 ∗ 3260# 400# −11480# 600# 5488 19
P 15 ∗ −2780# 710# ∗ 11090# 710# ∗ 12580# 780#

25 N 7 −970# 640# ∗ 65340# 500# 2520# 1120# 7240# 550# ∗
O 8 −757 8 26900# 430# 40520 170 1320 450 430 270 −20640 280
F 9 4280 140 14460 190 20250 100 7420 160 6920 110 −14780 230
Ne 10 4155 29 16870 100 −5860 30 5390 40 40 30 −5670 60
Na 11 9011.2 1.2 10695.1 1.3 −29550# 400# 6507.0 1.2 3531.0 1.2 −6505 12
Mg 12 7330.52 0.05 12063.85 0.05 ∗ 7047.88 0.05 −3147.34 0.14 478.34 0.05
Al 13 16938.48 0.24 2271.37 0.06 ∗ 7268.51 0.07 −3651.93 0.17 1911.82 0.15
Si 14 14989 22 3413 10 ∗ 7790 10 −9510# 400# 9874 10
P 15 21900# 640# −2160# 400# ∗ 6950# 640# −8590# 640# 7640# 570#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

20 B 5 −1470 580 ∗ ∗ 47640 550 ∗ 28920 560
C 6 3560 230 ∗ −22370 280 33710 230 ∗ 13580 230
N 7 7490 80 44600 220 −17770 80 21780 80 −45290 530 10360 80
O 8 11563.6 0.9 35700 30 −12323 4 10838.1 0.9 −35910 100 −2787.7 0.9
F 9 17033.2 0.5 27709 19 −8126.3 2.3 −6868.0 1.1 −23163 16 −9840.83 0.16
Ne 10 28502.2 0.4 20837.06 a −4729.85 a −24519.6 1.9 −17663.8 2.6 −28043 11
Na 11 34330 90 8600.6 1.2 −6250 5 ∗ 1049.0 1.1 −33060 60
Mg 12 ∗ 2417.9 1.9 −8934 21 ∗ 8436.7 1.9 ∗

21 B 5 −2470 190 ∗ ∗ 53150 570 ∗ 32810 600
C 6 2910# 600# ∗ ∗ 37580# 600# ∗ 15810# 600#
N 7 6770 140 49120 540 −20910 240 25280 130 −51460 560 13360 130
O 8 11413 12 38930 100 −15395 21 13794 12 −36730 230 8 12
F 9 14702.8 1.8 30482 17 −10343 15 2137.3 1.8 −29100 80 −1077.0 1.8
Ne 10 23626.47 0.16 23642.6 2.6 −7347.93 0.04 −16635.6 0.8 −16816.9 0.9 −20653.6 1.1
Na 11 31257 11 15275.35 0.04 −6561.47 0.25 −29280# 600# −9456.37 0.05 −27733.9 1.9
Mg 12 37080 60 5426.1 0.8 −8021.5 0.8 ∗ 10656.8 0.8 ∗
Al 13 ∗ 420# 600# −10060# 600# ∗ 12950# 600# ∗

22 C 6 35 20 ∗ ∗ 44330 240 ∗ 20310 270
N 7 6140 220 52210 580 −22450 290 28970 210 −53910 600 15630 210
O 8 10660 60 42800 240 −18060 60 17310 60 −43650# 600# 1260 60
F 9 13332 12 33550 80 −12745 22 7975 12 −29730 130 454 12
Ne 10 17125.42 0.02 26398.8 0.9 −9666.82 0.02 −7624.73 0.16 −23376 12 −13911.18 0.05
Na 11 28174.5 1.1 19741.87 0.14 −8479.4 0.5 −23380# 400# −12422.8 1.8 −24156.6 0.8
Mg 12 34020.3 1.9 7936.00 0.16 −8142.5 0.4 −34040# 500# −1957.18 0.16 −35560# 600#
Al 13 ∗ 3230# 400# −9260# 410# ∗ 13100# 400# ∗
Si 14 ∗ −1580# 500# ∗ ∗ 15450# 500# ∗

23 C 6 −2390# 1160# ∗ ∗ 49550# 1000# ∗ 24340# 1020#
N 7 4650 440 56240 700 −25470 670 33440 420 ∗ 19370 420
O 8 9580 120 45600# 610# −20220 160 19780 120 −46280 260 3760 120
F 9 12810 30 36520 140 −15000 40 12820 30 −35770 210 3240 30
Ne 10 15564.90 0.11 27794 12 −10911.8 2.6 319.63 0.11 −21730 60 −8043.97 0.17
Na 11 23487.63 0.04 24060.2 1.8 −10467.32 a −16277.9 0.3 −19612 12 −17201.19 0.16
Mg 12 32520.2 0.8 14319.84 0.05 −9650.64 0.16 −29420# 500# −4737.93 0.04 −31750# 400#
Al 13 36480# 600# 5645.0 0.3 −8606 11 ∗ 4640.5 0.4 −34960# 500#
Si 14 ∗ 1530# 500# −10310# 500# ∗ 17060# 500# ∗

24 N 7 970# 450# ∗ −24890# 680# 39390# 410# ∗ 24250# 420#
O 8 6930 170 49690 280 −21430 280 24450 160 −52960# 1010# 7140 170
F 9 11390 100 38800 230 −16650 130 15960 100 −36460 430 4630 100
Ne 10 14069.6 0.5 29810 60 −12172.7 1.0 7981.9 0.5 −27860 120 −4493.1 0.5
Na 11 19379.15 0.13 25789 12 −10825.35 0.03 −8369.09 0.23 −18990 30 −11015.54 0.04
Mg 12 29676.23 0.16 20486.81 0.02 −9316.56 0.01 −24679 19 −16068.50 0.11 −28753.0 0.3
Al 13 34390# 400# 9445.36 0.26 −9324.2 1.1 −34070# 500# 2192.07 0.23 −32070# 500#
Si 14 39040# 500# 3433 19 −9157 20 ∗ 8930 19 ∗
P 15 ∗ −1240# 640# ∗ ∗ 19980# 500# ∗

25 N 7 −3120# 660# ∗ −24830# 750# 44650# 510# ∗ 29410# 530#
O 8 3430 210 51420# 1010# −20740# 620# 29360 170 ∗ 11710 190
F 9 8090 100 39960 430 −16320 170 20690 100 −42890# 410# 9210 100
Ne 10 13024 29 31230 130 −12520 30 11157 29 −27820 170 −1689 29
Na 11 15970.6 1.2 27220 30 −11735.1 2.2 −441.8 1.2 −24190 100 −3495.6 1.2
Mg 12 23861.74 0.06 22616.68 0.11 −9885.92 0.06 −17020 10 −14530.1 0.5 −21215.29 0.23
Al 13 31806.7 0.4 13964.06 0.06 −9156.03 0.08 −29110# 400# −7787.04 0.07 −27732 19
Si 14 36270# 500# 5277 10 −9501 10 ∗ 10472 10 −38260# 500#
P 15 ∗ 1140# 400# −9320# 720# ∗ 12950# 400# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

26 O 8 739 10 28610# 530# 50880 160 −1570# 430# 2800 450 −23860# 1010#
F 9 730 140 15940 200 30880 110 10890 200 8920 160 −12400 430
Ne 10 5550 30 18140 100 7622 18 3650 100 2060 40 −8490 120
Na 11 5574 4 12114 29 −17830# 200# 9802 4 3157 4 −4500 30
Mg 12 11093.08 0.04 14145.7 1.2 −43900# 600# 2914.16 0.03 −1820.63 0.03 −5414.10 0.11
Al 13 11365.48 0.07 6306.33 0.06 ∗ 12434.25 0.07 −1872.41 0.07 2966.12 0.07
Si 14 19040 10 5514.00 0.11 ∗ 3618.62 0.25 −9025.0 0.4 3979.07 0.11
P 15 17290# 450# 140# 200# ∗ 10940# 200# −8110# 540# 9870# 200#
S 16 ∗ −200# 720# ∗ 4370# 780# ∗ 9380# 780#

27 O 8 −1940# 530# ∗ 59260# 500# −600# 710# 2600# 640# ∗
F 9 1610 60 16820 200 42330 120 8520 200 11500 200 −16160# 420#
Ne 10 1500 90 18910 140 19440 90 6430 130 4370 130 −5800 190
Na 11 6728 5 13288 19 −4859 10 7229 29 5298 4 −7420 100
Mg 12 6443.37 0.04 15015 4 −32080# 400# 5482.0 1.2 −1304.64 0.05 −2988.5 0.5
Al 13 13058.04 0.08 8271.29 0.06 ∗ 6706.73 0.07 1600.77 0.05 −3132.56 0.05
Si 14 13314.82 0.15 7463.34 0.13 ∗ 7242.28 0.13 −7471.64 0.25 7195.48 0.11
P 15 19700# 200# 807 9 ∗ 6224 13 −6540 21 5036 9
S 16 18260# 720# 770# 450# ∗ 8010# 570# −11670# 640# 12390# 400#

28 O 8 660# 860# ∗ 67100# 700# ∗ 960# 860# ∗
F 9 −199 6 18560# 510# 50250 120 9450 200 10940 200 −16930# 520#
Ne 10 3820 160 21120 170 32790 130 3340 170 4830 160 −10380 210
Na 11 3542 11 15330 90 6160 10 9241 21 5910 30 −6680 100
Mg 12 8504.67 0.27 16791 4 −19090 160 2552 4 −798.1 1.2 −7338 29
Al 13 7725.17 0.01 9553.10 0.07 −45120# 500# 10074.63 0.06 1206.12 0.07 −1846.5 1.2
Si 14 17179.61 0.11 11584.90 0.05 ∗ 1428.15 0.07 −7712.77 0.06 −2653.61 0.05
P 15 14560 9 2052.3 1.2 ∗ 10704.0 1.2 −6111 10 7414.5 1.1
S 16 21490# 430# 2560 160 ∗ 3810# 250# −11250# 430# 5890 160
Cl 17 ∗ −3490# 300# ∗ 11300# 780# ∗ 13730# 640#

29 F 9 1320 540 19220# 870# 58360 530 6190# 730# 10350 550 ∗
Ne 10 970 200 22290 190 40290 150 3980 190 4590 180 −10610 220
Na 11 4403 13 15910 130 19633 7 6340 90 7063 20 −10350 110
Mg 12 3663.7 0.4 16913 10 −7518 13 5616 4 1112 4 −5447 18
Al 13 9428.4 0.3 10476.8 0.4 −32230# 190# 7089.6 0.3 2870.8 0.3 −5701 4
Si 14 8473.60 a 12333.33 0.05 −59860# 440# 6012.59 0.05 −4820.89 0.07 −34.14 0.03
P 15 17876.3 1.2 2749.0 0.4 ∗ 6142.5 0.4 −4947.8 0.4 903.7 0.4
S 16 15240 160 3236 13 ∗ 8275 16 −9200# 200# 9693 13
Cl 17 22320# 530# −2660# 100# ∗ 7240# 440# −8790# 630# 8700# 270#
Ar 18 ∗ −2410# 350# ∗ ∗ ∗ 15940# 740#

30 F 9 −740# 730# ∗ 64820# 500# 7590# 860# 9160# 710# ∗
Ne 10 3190 290 24160 580 47710 250 590 280 3010 280 −15740# 560#
Na 11 2277 9 17210 150 28676 5 7890 130 6290 90 −11010 120
Mg 12 6340.3 1.3 18850 7 5177.9 1.3 2818 10 1500 4 −10290 90
Al 13 5727.7 2.0 12540.7 2.0 −20539 24 9866.6 2.0 3586.5 1.9 −4700 4
Si 14 10609.20 0.02 13514.2 0.3 −46500# 180# 3128.56 0.05 −2372.04 0.05 −4199.97 0.05
P 15 11319.3 0.4 5594.75 0.07 ∗ 12002.75 0.07 −2952.30 0.13 2642.41 0.08
S 16 19036 13 4395.4 0.4 ∗ 3799.4 1.2 −8536 9 3971.65 0.23
Cl 17 17420# 190# −480 20 ∗ 11310 160 −7950# 400# 10980 26
Ar 18 23970# 470# −760# 130# ∗ 4510# 530# ∗ 10230# 440#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

26 O 8 −18 5 ∗ −21380 280 34180 170 ∗ 15260 190
F 9 5010 140 42840# 420# −15520 230 25540 110 −44600# 510# 12640 110
Ne 10 9710 18 32600 170 −11230 60 16696 18 −34140 170 1768 18
Na 11 14586 4 28980 100 −12079 13 5349 4 −25480 100 −1739 4
Mg 12 18423.60 0.03 24840.8 0.5 −10614.74 0.03 −9073.54 0.11 −21468 29 −15369.89 0.06
Al 13 28303.96 0.24 18370.18 0.07 −9453.66 0.15 −23180# 200# −10141.3 1.2 −24109 10
Si 14 34029 19 7785.37 0.11 −9165.93 0.19 −34820# 600# −1237.19 0.10 −35400# 400#
P 15 39190# 540# 3560# 200# −9650# 450# ∗ 12600# 200# ∗
S 16 ∗ −2360# 600# −8390# 780# ∗ 16560# 600# ∗

27 O 8 −1200# 530# ∗ −21930# 1120# 37620# 510# ∗ 17920# 510#
F 9 2340 150 45430# 520# −14010 440 30650 120 ∗ 16580 120
Ne 10 7060 100 34860 190 −10000 150 21640 90 −34900 190 5840 90
Na 11 12303 4 31430 100 −11230 30 11679 4 −31480 110 2625 4
Mg 12 17536.45 0.06 27129 29 −11857.47 0.11 −2202.09 0.12 −22357 18 −10447.77 0.07
Al 13 24423.53 0.08 22417.0 1.2 −10091.93 0.05 −16538 9 −17625 4 −18127.18 0.12
Si 14 32354 10 13769.67 0.12 −9335.75 0.11 −29880# 400# −3458.93 0.11 −31430# 200#
P 15 36990# 400# 6321 9 −9832 9 ∗ 4262 9 −36410# 600#
S 16 ∗ 910# 400# −8880# 640# ∗ 17340# 400# ∗

28 O 8 −1280# 720# ∗ ∗ 40780# 710# ∗ 18880# 710#
F 9 1410 60 ∗ −15960# 420# 34390 120 ∗ 18280 150
Ne 10 5320 130 37940 210 −9630 210 26320 130 −40660# 520# 8750 130
Na 11 10270 11 34240 110 −10960 100 15862 10 −33410 120 5527 10
Mg 12 14948.04 0.26 30079 18 −11493.2 0.6 6472.85 0.26 −29360 90 −5894.40 0.27
Al 13 20783.22 0.08 24568 4 −10857.73 0.05 −9702.9 1.1 −18622 4 −12537.53 0.10
Si 14 30494.43 0.11 19856.20 0.03 −9984.14 0.01 −25570 160 −14195.17 0.05 −28905 9
P 15 34260# 200# 9515.7 1.1 −9524.0 1.2 −35420# 500# 2760.0 1.1 −32710# 400#
S 16 39750# 620# 3360 160 −9100 160 ∗ 9170 160 ∗
Cl 17 ∗ −2720# 540# −8180# 710# ∗ 21640# 500# ∗

29 F 9 1130 540 ∗ −18260# 730# 37470 530 ∗ 20780 540
Ne 10 4790 170 40850# 520# −11350 220 29010 150 −40970# 710# 11320 150
Na 11 7945 8 37030 120 −11080 100 20888 7 −38010 120 9629 7
Mg 12 12168.4 0.3 32240 90 −11002 29 11282.7 0.3 −29200 130 −1833.0 0.3
Al 13 17153.5 0.3 27268 4 −11274.9 1.2 −1254.9 0.5 −24508 10 −4786.3 0.3
Si 14 25653.21 0.11 21886.43 0.05 −11127.22 0.05 −18801 13 −14164.11 0.26 −22818.5 1.1
P 15 32436 9 14333.9 0.4 −10461.8 0.4 −30980# 190# −7391.1 0.4 −29100 160
S 16 36730# 400# 5288 13 −9347 16 −41060# 440# 11109 13 −39440# 500#
Cl 17 ∗ −100# 190# −8590# 440# ∗ 13880# 190# ∗
Ar 18 ∗ −5900# 180# ∗ ∗ 26610# 470# ∗

30 F 9 590# 510# ∗ ∗ 40490# 500# ∗ 22490# 520#
Ne 10 4160 280 43380# 740# −13810 300 32160 250 ∗ 12530 250
Na 11 6680 11 39510 120 −12620 110 24339 5 −38960 530 11016 5
Mg 12 10004.1 1.3 34760 130 −11787 18 15551.6 1.3 −34570 150 1255.1 1.3
Al 13 15156.0 1.9 29454 10 −11428 4 4336.7 1.9 −25833 8 −2040.4 1.9
Si 14 19082.80 0.02 23990.96 0.26 −10643.33 0.04 −10373.71 0.21 −21109.6 0.3 −15551.4 0.4
P 15 29195.6 1.1 17928.08 0.08 −10415.63 0.09 −24875 24 −9282.1 0.4 −25178 13
S 16 34280 160 7144.40 0.21 −9343.17 0.23 −36130# 180# 546.86 0.21 −36150# 190#
Cl 17 39740# 500# 2756 24 −8720# 200# ∗ 14338 24 −41370# 440#
Ar 18 ∗ −3420# 80# −8030# 630# ∗ 17880# 180# ∗

030003-111



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

31 F 9 190# 730# ∗ 71790# 540# ∗ 9630# 880# ∗
Ne 10 170 130 25070# 570# 54130 270 1740 590 2640 290 −15250# 750#
Na 11 4300 15 18320 250 36687 14 4560 150 5810 130 −15510 120
Mg 12 2312 3 18886 6 15920 3 4909 8 2730 11 −8780 130
Al 13 7157.9 3.0 13358.3 2.6 −7916 4 6372.5 2.3 4933.3 2.3 −8316 10
Si 14 6587.39 0.04 14373.9 1.9 −34270# 200# 5969.5 0.3 −1234.26 0.07 −2282.69 0.26
P 15 12311.01 0.07 7296.55 0.02 −58700# 300# 8165.34 a 1916.31 a −1943.42 0.05
S 16 13054.6 0.3 6130.65 0.24 ∗ 8621.1 0.4 −7030.6 1.2 8096.67 0.23
Cl 17 19780 24 264 3 ∗ 6771 13 −6240 160 5760 4
Ar 18 18820# 270# 640# 200# ∗ 8010# 280# −12080# 540# 12900# 260#
K 19 ∗ −4900# 350# ∗ 7000# 530# ∗ 11640# 580#

32 Ne 10 2250# 570# 27130# 730# 61080# 500# −1250# 710# 1710# 730# ∗
Na 11 1680 40 19830 270 42950 40 6070 260 5100 150 −15860 530
Mg 12 5778 4 20364 14 25187 3 1407 6 1355 8 −13580 150
Al 13 4220 8 15266 8 2235 7 8493 7 4377 7 −8133 10
Si 14 9200.0 0.3 16416.0 2.3 −21877.3 1.8 2497.2 2.0 −1005.9 0.5 −7818.9 0.5
P 15 7935.65 0.04 8644.81 0.06 −46300# 400# 10838.89 0.05 2454.26 0.04 −450.7 0.3
S 16 15044.32 0.23 8863.96 a ∗ 4896.13 0.07 −4198.6 0.4 1525.95 a
Cl 17 14371 3 1581.1 0.5 ∗ 11435.4 0.6 −5376 13 9264.5 0.7
Ar 18 21600# 200# 2455 4 ∗ 3836 24 −11360# 190# 6540 13
K 19 20340# 500# −3380# 450# ∗ 10630# 440# −11120# 590# 13610# 440#

33 Ne 10 −1060# 780# ∗ 66650# 600# −0# 800# 2030# 780# ∗
Na 11 2930 450 20510# 680# 50120 450 3310 520 5360 520 −19530# 670#
Mg 12 2280 4 20970 40 31548.7 2.7 3428 14 1352 5 −12670 250
Al 13 5469 10 14957 8 12506 7 5336 8 5248 7 −11326 8
Si 14 4508.0 0.8 16704 7 −11130.0 0.8 5147.2 2.3 213.8 2.1 −5986.6 1.5
P 15 10103.8 1.1 9548.6 1.1 −33880# 200# 7322.5 1.1 2959.7 1.1 −4826.8 2.2
S 16 8641.64 a 9569.95 0.04 −57620# 400# 8565.49 a −1520.95 0.07 3493.51 0.02
Cl 17 15740.0 0.7 2276.8 0.4 ∗ 8750.0 0.5 −2080.0 0.4 4843.9 0.4
Ar 18 15255.3 1.8 3338.6 0.7 ∗ 8361 3 −9195 24 10321.4 0.5
K 19 22520# 450# −2450# 200# ∗ 6930# 280# −9670# 270# 8510# 200#
Ca 20 ∗ −1750# 570# ∗ 7480# 500# ∗ 14610# 440#

34 Ne 10 1360# 790# ∗ 72830# 510# ∗ 860# 740# ∗
Na 11 170 750 21740# 850# 56230 600 5390# 780# 5360 660 −19520# 800#
Mg 12 4711 7 22750 450 38255 7 390 40 941 16 −17210 270
Al 13 2572 7 15249 3 21442.5 2.1 8542 4 4989 4 −9597 14
Si 14 7548.7 1.1 18783 7 −1613.4 0.8 1818 7 −176.9 2.4 −11223 3
P 15 6282.7 1.4 11323.3 1.1 −23330# 200# 10239.8 0.9 3264.4 0.8 −3951.6 2.4
S 16 11417.15 0.04 10883.3 1.1 −44820# 300# 5083.99 0.06 −627.09 0.04 −1336.25 0.06
Cl 17 11508.1 0.4 5143.20 0.05 ∗ 12286.26 0.05 −533.50 0.23 5646.86 0.05
Ar 18 17065.3 0.4 4663.9 0.4 ∗ 5667.2 0.6 −6480 3 6310.64 0.24
K 19 16830# 280# −880# 200# ∗ 11690# 200# −7680# 280# 11460# 200#
Ca 20 24210# 500# −60# 360# ∗ 3610# 500# −14510# 420# 9210# 360#

35 Na 11 1920# 300# 22300# 840# 62690# 670# 2410# 900# 5700# 840# ∗
Mg 12 750 270 23330 660 44490 270 2570 520 1860 270 −15710# 570#
Al 13 5297 8 15836 10 28790 7 5524 8 5469 8 −13220 40
Si 14 2470 40 18680 40 8660 40 4820 40 1570 40 −7920 40
P 15 8380.4 2.0 12155.1 2.0 −13684.9 1.9 6367.3 2.0 4083.9 1.9 −8112 7
S 16 6985.84 0.04 11586.5 0.8 −34040# 200# 8201.9 1.1 322.72 0.06 877.9 0.3
Cl 17 12644.76 0.05 6370.81 0.04 −56110# 400# 8283.13 0.04 1866.06 0.04 937.75 0.05
Ar 18 12740.3 0.7 5896.2 0.7 ∗ 8666.9 0.8 −4848.5 0.9 8614.7 0.7
K 19 18020# 200# 83.6 0.5 ∗ 8922.2 0.7 −4108.5 1.8 7808.2 0.8
Ca 20 17770# 360# 880# 280# ∗ 8360# 280# −11940# 450# 13040# 200#
Sc 21 ∗ −4920# 500# ∗ 6780# 570# ∗ 10760# 570#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

31 F 9 −550# 100# ∗ ∗ 44600# 540# ∗ 25490# 590#
Ne 10 3360 310 ∗ −15910# 570# 34300 270 ∗ 14640 270
Na 11 6577 16 42480 530 −15310 120 27197 14 −44000# 500# 13056 14
Mg 12 8652 3 36100 150 −12600 90 19827 3 −33690 250 4671 4
Al 13 12885.6 2.3 32209 8 −11858 4 9489.8 2.2 −30714 5 1410.9 2.2
Si 14 17196.59 0.04 26914.6 0.3 −10787.36 0.06 −3906.51 0.23 −21356.6 1.3 −10819.50 0.07
P 15 23630.3 0.4 20810.7 0.3 −9668.60 0.05 −17406 3 −15865.4 1.9 −18452.61 0.21
S 16 32091 13 11725.39 0.23 −9082.94 0.25 −30370# 200# −1898.54 0.23 −31788 24
Cl 17 37200# 190# 4660 3 −8800 10 −41300# 300# 5877 3 −37180# 180#
Ar 18 42790# 480# 160# 200# −8590# 450# ∗ 18100# 200# ∗
K 19 ∗ −5660# 350# ∗ ∗ 22300# 300# ∗

32 Ne 10 2420# 560# ∗ −17510# 860# 37830# 500# ∗ 16680# 500#
Na 11 5980 40 44900# 500# −17190 130 29740 40 −45490# 540# 13690 40
Mg 12 8090 4 38690 250 −14550 130 23249 3 −39300 270 6050 4
Al 13 11378 7 34152 9 −12536 13 13206 7 −30634 16 3778 7
Si 14 15787.36 0.30 29774.3 1.3 −11482.7 0.4 1937.85 0.30 −28245 3 −7708.46 0.30
P 15 20246.66 0.08 23018.7 1.9 −9879.07 0.06 −10970.2 0.6 −16643.1 2.2 −13333.66 0.23
S 16 28098.92 0.21 16160.52 0.02 −6947.66 a −23815.2 1.8 −10355.47 0.04 −27052 3
Cl 17 34152 24 7711.8 0.6 −8611.8 1.3 −35320# 400# 3816.9 0.6 −32730# 200#
Ar 18 40410# 180# 2719.0 1.8 −8700 160 ∗ 9553.2 1.8 −44530# 300#
K 19 ∗ −2740# 400# −8710# 640# ∗ 21740# 400# ∗

33 Ne 10 1190# 660# ∗ ∗ 41170# 600# ∗ 19420# 600#
Na 11 4610 450 47640# 700# −18790 690 32280 450 ∗ 16540 450
Mg 12 8058 4 40800 270 −15860 150 25477.2 2.8 −39330# 500# 7991 8
Al 13 9689 7 35321 16 −13602 10 17840 7 −34430 40 7509 7
Si 14 13707.9 0.7 31970 3 −12326.9 0.8 6071.5 0.7 −26974 3 −4280.8 0.7
P 15 18039.4 1.1 25964.6 2.5 −10554.5 1.1 −5334.0 1.2 −22527 7 −8393.1 1.1
S 16 23685.96 0.23 18214.76 0.04 −7115.69 a −17201.6 0.4 −9797.14 0.30 −21322.5 0.6
Cl 17 30111 3 11140.7 0.4 −6475.4 0.5 −28540# 200# −3987.4 0.4 −26874.3 1.8
Ar 18 36850# 200# 4919.7 0.5 −8715 13 −40410# 400# 9342.3 0.4 −39450# 400#
K 19 42860# 360# 0# 200# −8910# 280# ∗ 13590# 200# ∗
Ca 20 ∗ −5130# 450# −9360# 590# ∗ 25940# 400# ∗

34 Ne 10 300# 100# ∗ ∗ 44520# 510# ∗ 20990# 680#
Na 11 3100 600 ∗ −19710# 780# 34680 600 ∗ 18650 600
Mg 12 6990 8 43250# 500# −17380 250 28315 7 −45100# 600# 8749 10
Al 13 8041 7 36220 40 −13897 5 21551.1 2.3 −34070 450 9445.4 2.2
Si 14 12056.6 0.9 33741 3 −13535.2 1.5 9940.0 0.8 −32243.5 2.8 −1725.7 1.4
P 15 16386.5 0.8 28027 7 −11109.5 2.1 −108.6 0.8 −23340 7 −6034.2 0.8
S 16 20058.79 0.04 20431.9 0.3 −7923.64 0.05 −11553.40 0.07 −16706.3 0.7 −16999.7 0.4
Cl 17 27248.0 0.6 14713.15 0.06 −6664.15 0.08 −23220# 200# −5391.7 1.1 −23127.1 0.4
Ar 18 32320.6 1.8 6940.70 0.08 −6743.95 0.22 −33270# 300# 918.59 0.08 −33990# 200#
K 19 39350# 450# 2460# 200# −8320# 200# ∗ 12490# 200# −40320# 450#
Ca 20 ∗ −2510# 300# −9610# 350# ∗ 16990# 300# ∗

35 Na 11 2090# 810# ∗ −21440# 860# 38060# 670# ∗ 21440# 670#
Mg 12 5470 270 45070# 660# −17970 380 30030 270 −44490# 580# 10570 270
Al 13 7869 10 38580 450 −14895 16 24634 8 −39190 600 11697 7
Si 14 10020 40 33930 40 −13690 40 14450 40 −30000 40 2090 40
P 15 14663.1 2.2 30938 7 −12332.0 2.9 4155.7 1.9 −29149.2 2.8 −2997.4 1.9
S 16 18402.99 0.04 22909.8 0.7 −8322.09 0.06 −5798.9 0.7 −16143.5 0.8 −12477.44 0.05
Cl 17 24152.8 0.4 17254.1 1.1 −6997.90 0.04 −17840.6 0.5 −11753.8 0.8 −18706.56 0.08
Ar 18 29805.6 0.8 11039.4 0.7 −6429.7 0.7 −28240# 200# −404.6 0.7 −29900# 200#
K 19 34860# 200# 4747.5 0.6 −6563 3 −38270# 400# 5978.2 0.5 −34130# 300#
Ca 20 41980# 450# 0# 200# −8560# 280# ∗ 16280# 200# ∗
Sc 21 ∗ −4980# 450# −9590# 500# ∗ 21030# 450# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

36 Na 11 −0# 150# ∗ 66150# 690# 3770# 860# 4640# 910# ∗
Mg 12 3330 740 24740# 960# 51040 690 −590 910 1460 820 −20100# 910#
Al 13 1900 150 16980 310 35470 150 8340 150 5850 150 −12180 470
Si 14 6120 80 19500 70 17800 70 1270 70 930 70 −11750 70
P 15 3465 13 13150 40 −2834 13 10451 13 5127 13 −6107 15
S 16 9889.25 0.19 13095.3 1.9 −24210 40 4595.4 0.8 537.3 1.1 −4503.4 0.7
Cl 17 8579.79 0.01 7964.77 0.03 −45670# 300# 11120.49 0.04 1927.91 0.04 2461.7 1.1
Ar 18 15255.6 0.7 8506.98 0.04 ∗ 4919.35 0.06 −4364.1 0.4 2000.72 0.03
K 19 14315.6 0.6 1658.9 0.8 ∗ 11671.9 0.3 −3168.8 0.5 9232.6 0.5
Ca 20 19710# 200# 2570 40 ∗ 5480# 200# −9130# 200# 8580 40
Sc 21 19020# 500# −3670# 360# ∗ 11970# 420# −10020# 500# 14260# 360#

37 Na 11 840# 210# ∗ 72130# 690# ∗ 5160# 860# ∗
Mg 12 240 110 24980# 980# 55110 700 1090# 970# 1400 920 −18980# 870#
Al 13 4210 230 17860 710 41570 180 4880 320 6350 180 −16220 630
Si 14 2210 130 19810 190 24380 110 4360 110 1290 110 −9250 110
P 15 6820 40 13850 80 5800 40 6110 50 5860 40 −10350 40
S 16 4303.60 0.06 13934 13 −13760.4 0.7 8672.2 1.9 2516.3 0.8 −1258.3 0.8
Cl 17 10310.86 0.06 8386.38 0.19 −35540# 300# 7795.47 0.07 3034.19 0.07 −1566.4 0.8
Ar 18 8787.45 0.21 8714.64 0.21 −56120# 400# 8776.66 0.21 −1643.54 0.21 4630.41 0.21
K 19 15454.3 0.3 1857.63 0.09 ∗ 8957.9 0.7 −1557.85 0.12 5286.29 0.11
Ca 20 14760 40 3007.9 0.7 ∗ 8747.6 0.8 −7050# 200# 10888.6 0.6
Sc 21 20440# 420# −2940# 300# ∗ 9300# 360# −6250# 420# 10650# 360#
Ti 22 ∗ −1730# 500# ∗ 8780# 570# ∗ 15930# 500#

38 Na 11 −700# 200# ∗ 76530# 720# ∗ ∗ ∗
Mg 12 2210# 860# 26350# 850# 60940# 500# −1120# 850# 1110# 840# ∗
Al 13 1410# 230# 19030# 720# 46270# 150# 6800# 710# 5690# 310# −15720# 690#
Si 14 5670 150 21270 210 30540 100 590 180 920 110 −14160 290
P 15 3700 80 15340 130 14180 70 8530 100 4630 80 −8750 70
S 16 8036 7 15150 40 −4803 7 4101 15 2861 7 −6820 40
Cl 17 6107.88 0.08 10190.66 0.21 −25550# 200# 11576.83 0.20 3912.15 0.11 706.1 1.9
Ar 18 11838.47 0.28 10242.25 0.20 −46090# 300# 5517.99 0.20 −837.24 0.20 −222.21 0.20
K 19 12071.88 0.22 5142.05 0.28 ∗ 12141.59 0.20 −889.4 0.7 5859.17 0.20
Ca 20 16993.8 0.7 4547.27 0.22 ∗ 6069.5 0.4 −6021.6 0.5 6635.2 0.7
Sc 21 16100# 360# −1600# 200# ∗ 12910# 200# −4580# 280# 12570# 200#
Ti 22 21870# 500# −300# 420# ∗ 5930# 420# −10870# 500# 11830# 360#

39 Na 11 −0# 200# ∗ 82750# 750# ∗ ∗ ∗
Mg 12 −630# 100# 26420# 880# 65940# 520# 350# 860# 1740# 860# ∗
Al 13 3050# 340# 19870# 590# 51290# 300# 3990# 760# 5970# 750# −18770# 750#
Si 14 1580 170 21440# 200# 35560 140 3220 230 1230 200 −12410 700
P 15 6220 130 15890 150 21030 110 4510 160 4530 130 −13080 190
S 16 4370 50 15830 90 4120 50 6540 60 1950 50 −5080 90
Cl 17 8073.4 1.7 10228 7 −15627 24 7807.0 1.7 5728.0 1.7 −3903 13
Ar 18 6599 5 10733 5 −35740# 200# 9230 5 1144 5 3068 5
K 19 13077.75 0.20 6381.34 0.19 −56380# 400# 7851.29 0.21 1288.40 0.03 1361.21 0.04
Ca 20 13295.5 0.6 5770.9 0.6 ∗ 8228.3 0.6 −5001.5 0.7 8595.2 0.6
Sc 21 18000# 200# −597 24 ∗ 9674 24 −2860 50 8891 24
Ti 22 16940# 360# 540# 280# ∗ 9430# 360# −8790# 360# 14600# 200#
V 23 ∗ −3910# 500# ∗ 8110# 570# ∗ 12070# 500#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

36 Na 11 1920# 340# ∗ ∗ 39950# 700# ∗ 22190# 740#
Mg 12 4090 690 47040# 860# −19040# 850# 32820 690 ∗ 12530 690
Al 13 7190 150 40310 620 −15110 150 26200 150 −39170# 690# 12270 150
Si 14 8590 70 35340 70 −14030 70 18230 70 −35360 280 4350 70
P 15 11845 13 31831 13 −11577 15 9271 13 −27316 15 524 13
S 16 16875.09 0.19 25250.4 0.8 −9011.4 0.4 −432.60 0.19 −23560 40 −9721.93 0.19
Cl 17 21224.56 0.05 19551.2 0.8 −7642.05 0.05 −12104.8 0.3 −11953.2 1.9 −14546.0 0.7
Ar 18 27995.89 0.08 14877.79 0.05 −6640.92 0.03 −23780 40 −8674.30 0.05 −27130.0 0.5
K 19 32340# 200# 7555.0 0.3 −6507.4 0.6 −33570# 300# 4307.4 0.3 −30680# 200#
Ca 20 37480# 300# 2650 40 −6680 40 ∗ 9310 40 −41620# 400#
Sc 21 ∗ −2790# 360# −8260# 500# ∗ 20030# 300# ∗

37 Na 11 840# 150# ∗ ∗ 43330# 710# ∗ 24680# 970#
Mg 12 3570 750 ∗ −20340# 920# 34780 710 ∗ 14190 710
Al 13 6110 180 42600# 690# −16400 480 28810 180 −43380# 710# 14170 190
Si 14 8320 120 36790 290 −13960 110 20320 110 −34240 700 5610 110
P 15 10280 40 33350 40 −12920 40 12770 40 −32240 150 3600 40
S 16 14192.85 0.20 27080 40 −8807.0 0.7 4051.25 0.28 −21750 70 −5445.74 0.20
Cl 17 18890.66 0.06 21481.7 1.9 −7849.1 1.1 −6961.35 0.11 −18799 13 −9601.33 0.06
Ar 18 24043.0 0.7 16679.41 0.21 −6786.74 0.21 −17811.6 0.7 −7572.51 0.27 −21601.8 0.4
K 19 29769.9 0.5 10364.61 0.10 −6221.8 0.4 −28580# 300# −2567.16 0.10 −26420 40
Ca 20 34470# 200# 4666.7 0.9 −6176.7 0.8 −38310# 400# 9806.5 0.6 −37360# 300#
Sc 21 39460# 500# −380# 300# −6190# 360# ∗ 13910# 300# ∗
Ti 22 ∗ −5400# 450# −8290# 570# ∗ 24330# 400# ∗

38 Na 11 140# 290# ∗ ∗ 45440# 730# ∗ 25620# 1000#
Mg 12 2450# 850# ∗ −21190# 720# 38240# 510# ∗ 16190# 530#
Al 13 5620# 210# 44010# 700# −17640# 620# 31090# 170# −43950# 700# 14970# 190#
Si 14 7880 130 39130 700 −14920 110 22690 110 −39670 710 6750 110
P 15 10510 70 35150 170 −14050 70 15180 70 −31720 190 4200 70
S 16 12340 7 29000 70 −9294 7 7854 7 −27580 110 −3171 7
Cl 17 16418.74 0.11 24125 13 −7674.3 0.8 −997.36 0.22 −18090 40 −6921.76 0.22
Ar 18 20625.92 0.20 18628.63 0.27 −7208.05 0.20 −12656.32 0.06 −15107.37 0.28 −17985.94 0.22
K 19 27526.2 0.4 13856.69 0.20 −6785.59 0.20 −24550# 200# −4328.18 0.20 −23736.0 0.7
Ca 20 31750 40 6404.90 0.20 −6105.13 0.21 −33430# 300# 1600.20 0.28 −33910# 300#
Sc 21 36540# 360# 1410# 200# −5450# 280# ∗ 13260# 200# −37490# 450#
Ti 22 ∗ −3240# 300# −5950# 420# ∗ 17220# 300# ∗

39 Na 11 −700# 280# ∗ ∗ 48490# 800# ∗ 27830# 900#
Mg 12 1580# 870# ∗ ∗ 40460# 530# ∗ 18230# 530#
Al 13 4460# 350# 46220# 750# −18770# 730# 34260# 320# −47710# 780# 17590# 320#
Si 14 7250 180 40470 710 −15740 300 25480 140 −39040# 520# 8870 150
P 15 9920 120 37160 210 −14980 110 17030 110 −36530# 190# 6020 110
S 16 12410 50 31170 120 −11200 60 10080 50 −26280 120 −1440 50
Cl 17 14181.3 1.7 25380 40 −7367.3 2.5 4007.0 1.7 −22470 70 −3156.7 1.7
Ar 18 18437 5 20924 5 −6821 5 −5959 5 −13670 9 −12513 5
K 19 25149.63 0.09 16623.59 0.05 −7218.58 0.04 −19634 24 −11298.05 0.10 −19820.01 0.19
Ca 20 30289.3 0.9 10913.0 0.6 −6660.3 0.9 −29780# 200# 143.1 0.6 −31110# 200#
Sc 21 34100# 300# 3950 24 −5425 24 −36740# 400# 7339 24 −33610# 300#
Ti 22 38810# 450# −1060# 200# −5120# 280# ∗ 17270# 200# ∗
V 23 ∗ −4210# 500# −6960# 570# ∗ 19530# 450# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

40 Mg 12 1300# 720# 27720# 900# 72390# 500# −1650# 870# 1280# 850# ∗
Al 13 740# 420# 21240# 590# 56380# 300# 5460# 590# 5470# 760# −18670# 750#
Si 14 4720 180 23110# 320# 40710 120 −90# 190# 720 220 −16900 710
P 15 3440 140 17750 160 25400 80 6740 130 3300 140 −12300 200
S 16 7750 50 17350 110 12009 4 2490 70 1020 40 −10620 110
Cl 17 5830 30 11680 60 −7030 30 10010 30 4200 30 −2920 50
Ar 18 9869 5 12528.7 1.7 −26050 70 5469.02 0.10 1585.71 0.05 −2497.07 0.20
K 19 7799.62 0.06 7582 5 −46010# 300# 11890.14 0.20 2276.24 0.21 3872.46 0.08
Ca 20 15635.0 0.6 8328.18 0.02 ∗ 4665.16 0.20 −5182.15 0.10 1747.68 0.21
Sc 21 14422 24 529.6 2.9 ∗ 12246.0 2.8 −2523.2 2.9 9923.3 2.8
Ti 22 19570# 210# 2110 70 ∗ 5970# 210# −7910# 310# 9790 70
V 23 18170# 500# −2680# 360# ∗ 11810# 420# −7840# 500# 14340# 420#

41 Mg 12 −480# 710# ∗ 77110# 500# −1170# 900# 1060# 870# ∗
Al 13 2300# 500# 22250# 640# 61900# 410# 2530# 650# 5380# 640# −21670# 820#
Si 14 540# 320# 22910# 420# 46270# 300# 2420# 420# 1600# 340# −15230# 590#
P 15 4910 150 17940 170 30580 120 3410 180 4050 160 −15800# 190#
S 16 4242 6 18160 80 16129 4 4480 110 480 70 −9190 100
Cl 17 7820 80 11760 70 1340 70 6570 80 4420 70 −7040 100
Ar 18 6098.9 0.3 12800 30 −17370 28 7443.5 1.8 1594.7 0.4 −560 7
K 19 10095.37 0.06 7808.62 a −35870# 200# 8393 5 4019.33 0.20 −115.03 0.10
Ca 20 8362.82 0.14 8891.38 0.15 −55550# 400# 9380.09 0.14 −1473.09 0.24 5223.32 0.24
Sc 21 16190.3 2.8 1084.93 0.07 ∗ 9351.2 0.6 −1719.80 0.21 5804.80 0.21
Ti 22 14780 70 2463 28 ∗ 9190 40 −6580# 200# 12007 28
V 23 20230# 360# −2020# 210# ∗ 8520# 280# −6200# 360# 10210# 280#
Cr 24 ∗ −650# 500# ∗ 8550# 570# ∗ 14690# 500#

42 Al 13 670# 640# 23400# 710# 66820# 500# 3150# 710# 4080# 720# −22340# 900#
Si 14 4430# 420# 25040# 500# 51260# 300# −1270# 420# 210# 420# −20290# 590#
P 15 2000 150 19400# 320# 36110 100 6140 150 3640 170 −14750# 320#
S 16 6700 5 19950 120 20909.5 2.8 1210 80 0 110 −14310 140
Cl 17 5600 90 13110 60 7290 60 8720 60 3190 80 −6410 130
Ar 18 9426 6 14400 70 −9318 6 3850 30 242 6 −5610 50
K 19 7533.80 0.11 9243.5 0.4 −27400# 200# 10728.68 0.11 3084 5 424.6 1.7
Ca 20 11480.70 0.06 10276.72 0.15 −45610# 300# 5699.01 0.16 123.96 0.15 341 5
Sc 21 11549.96 0.16 4272.07 0.07 ∗ 13436.21 0.15 25.8 0.6 7332.59 0.15
Ti 22 17478 28 3750.96 0.27 ∗ 6129.8 2.8 −6068 24 7824.8 0.7
V 23 16000# 280# −790# 200# ∗ 12090# 210# −5260# 280# 12200# 200#
Cr 24 21420# 500# 540# 360# ∗ 5300# 420# −10650# 500# 10210# 360#

43 Al 13 1790# 780# ∗ 72430# 600# 880# 780# 3580# 780# ∗
Si 14 580# 500# 24950# 640# 56340# 400# 450# 570# 370# 500# −19570# 640#
P 15 4120# 320# 19090# 420# 41620# 300# 2550# 420# 4240# 320# −18130# 420#
S 16 2629 6 20580 100 26213 5 3500 120 810 80 −12220 120
Cl 17 7400 90 13810 60 12030 60 5560 60 3540 60 −10370 100
Ar 18 5658 8 14470 60 −2694 8 6010 70 410 30 −3526 7
K 19 9624.7 0.4 9442 6 −18660 40 7202.9 0.5 3328.6 0.4 −3370 30
Ca 20 7932.90 0.17 10675.81 0.25 −36440# 200# 7861.48 0.23 −9.32 0.23 2277.43 0.23
Sc 21 12138.5 1.9 4929.8 1.9 −53560# 400# 9660.6 1.9 3522.3 1.9 2993.7 1.9
Ti 22 12283 6 4484 6 ∗ 10038 6 −3928 6 11177 6
V 23 18370# 200# 100 40 ∗ 8490 50 −4060 80 8250 40
Cr 24 17100# 360# 1640# 280# ∗ 8430# 280# −9580# 360# 12670# 210#
Mn 25 ∗ −3020# 500# ∗ 7670# 570# ∗ 10550# 500#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

40 Mg 12 670# 710# ∗ ∗ 43880# 520# ∗ 19990# 580#
Al 13 3790# 340# 47660# 780# −19510# 750# 36960# 310# −48450# 800# 18430# 330#
Si 14 6310 160 42990# 520# −17140 700 28500 120 −44400# 530# 10370 170
P 15 9660 110 39190# 170# −16510 170 19420 90 −36920# 310# 6950 100
S 16 12119 8 33250 100 −12830 70 12202 4 −32450 140 −1109 4
Cl 17 13900 30 27510 80 −9730 30 5980 30 −22070 120 −2390 30
Ar 18 16467.71 0.19 22757 7 −6800.67 0.19 −193.50 0.02 −19170 50 −9304.02 a
K 19 20877.37 0.20 18315.32 0.11 −6438.40 0.07 −13012.1 2.8 −11024.2 1.7 −14324.1 0.6
Ca 20 28930.53 0.20 14709.52 0.20 −7039.78 0.03 −25850 70 −8893 5 −28745 24
Sc 21 32420# 200# 6300.5 2.8 −5531.1 2.8 −32990# 300# 5994.9 2.8 −31100# 200#
Ti 22 36510# 310# 1510 70 −4970 80 ∗ 11000 70 −39640# 410#
V 23 ∗ −2140# 360# −6110# 420# ∗ 19350# 300# ∗

41 Mg 12 820# 720# ∗ ∗ 44900# 580# ∗ 21210# 580#
Al 13 3040# 500# 49970# 840# −20970# 800# 39570# 420# ∗ 20850# 420#
Si 14 5260# 330# 44150# 590# −17440# 760# 32210# 300# −43640# 580# 13270# 310#
P 15 8350 160 41050# 320# −17210 220 22330 140 −41090# 320# 9790 120
S 16 11990 50 35910 140 −14860 110 14059 4 −31960 120 480 30
Cl 17 13650 70 29110 130 −10740 80 8250 70 −26460 110 −340 70
Ar 18 15968 5 24480 50 −8596.0 0.4 2070.4 0.4 −17519 4 −7603.3 0.4
K 19 17894.99 0.01 20337.3 1.7 −6222.91 0.05 −6917.19 0.08 −15290 30 −8784.47 0.02
Ca 20 23997.8 0.6 16474 5 −6615.15 0.25 −19440 28 −7386.98 0.14 −22685.9 2.8
Sc 21 30612 24 9413.11 0.08 −6267.07 0.12 −28950# 200# −2395.83 0.10 −27720 70
Ti 22 34340# 200# 2993 28 −4986 28 −36110# 400# 11860 28 −36240# 300#
V 23 38400# 450# 100# 200# −5900# 360# ∗ 13550# 200# ∗
Cr 24 ∗ −3330# 450# −7190# 570# ∗ 22110# 410# ∗

42 Al 13 2970# 580# ∗ −22340# 870# 40900# 510# ∗ 20720# 580#
Si 14 4970# 320# 47290# 580# −19660# 590# 34480# 300# −48550# 580# 13750# 320#
P 15 6910 130 42310# 320# −17800# 180# 25920 110 −40790# 410# 12030 100
S 16 10943 5 37880 120 −15890 100 16785 6 −38130# 300# 1600 70
Cl 17 13420 70 31270 100 −12640 90 10190 60 −27140 130 160 60
Ar 18 15525 6 26163 7 −9986 9 4125 6 −22703 7 −6934 6
K 19 17629.17 0.12 22040 30 −7648.83 0.14 −2901.03 0.19 −15000 70 −7955.44 0.17
Ca 20 19843.53 0.15 18085.34 0.15 −6257.38 0.25 −13442.94 0.23 −12768.8 0.4 −17976.25 0.16
Sc 21 27740.3 2.8 13163.45 0.16 −5745.16 0.25 −24500# 200# −3850.43 0.15 −24495 28
Ti 22 32250 70 4835.89 0.27 −5470.8 0.3 −32160# 300# 2744.58 0.23 −33490# 200#
V 23 36230# 360# 1670# 200# −5800# 280# ∗ 13730# 200# −36100# 450#
Cr 24 ∗ −1480# 310# −6740# 420# ∗ 15470# 300# ∗

43 Al 13 2460# 720# ∗ −24130# 960# 43230# 670# ∗ 23360# 670#
Si 14 5010# 500# 48350# 640# −20870# 650# 36530# 400# ∗ 15170# 410#
P 15 6120# 320# 44130# 500# −18870# 420# 29200# 310# −44240# 580# 14610# 300#
S 16 9330 6 39970# 300# −16940 140 19814 7 −36320# 300# 4560 60
Cl 17 12990 90 33760 140 −13810 130 12420 60 −32540 110 2190 60
Ar 18 15085 5 27579 7 −11270 50 6399 5 −21661 6 −5059 5
K 19 17158.5 0.4 23850 70 −9200.1 1.8 −387.2 1.9 −19030 60 −6099.4 0.4
Ca 20 19413.60 0.18 19919.3 0.4 −7592 5 −9093 6 −11275 6 −14359.19 0.18
Sc 21 23688.4 1.9 15206.5 1.9 −4805.9 1.9 −18270 40 −8455.1 1.9 −19155.1 1.9
Ti 22 29761 29 8756 6 −4458 6 −27350# 200# 1943 6 −29770# 200#
V 23 34370# 210# 3850 40 −6170 50 −35290# 400# 6920 40 −33050# 300#
Cr 24 38520# 450# 850# 200# −6900# 280# ∗ 15850# 200# ∗
Mn 25 ∗ −2480# 450# −7630# 570# ∗ 17700# 450# ∗

030003-117



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

44 Si 14 3090# 640# 26250# 780# 61980# 500# −1970# 710# −420# 640# −23140# 710#
P 15 2000# 500# 20510# 570# 46890# 400# 4980# 500# 2770# 500# −17830# 570#
S 16 5080 7 21530# 300# 32264 5 410 100 640 120 −16760# 300#
Cl 17 4390 110 15570 90 17340 90 7870 90 3390 90 −9850 150
Ar 18 8735 6 15800 60 4875.3 1.7 2870 60 −500 70 −8018 4
K 19 7277.4 0.6 11061 5 −11973 7 9352 6 2150.1 0.5 −2830 70
Ca 20 11131.18 0.23 12182.3 0.5 −28050 50 4264.1 0.3 −1045.1 0.3 −2754.8 0.5
Sc 21 9699.2 2.6 6696.1 1.7 −45280# 300# 11442.1 1.7 2185.9 1.8 3389.9 1.8
Ti 22 16304 6 8649.4 2.0 ∗ 5283.2 0.7 −4042.2 0.7 3235.7 0.7
V 23 13960 40 1781 9 ∗ 12007 7 −3246 29 10481 7
Cr 24 19520# 210# 2790 70 ∗ 4910# 200# −8870# 210# 7920 60
Mn 25 17980# 500# −2140# 360# ∗ 11110# 420# −8090# 500# 12800# 360#

45 Si 14 290# 780# ∗ 66860# 600# −470# 850# −40# 780# ∗
P 15 3220# 640# 20640# 710# 52580# 500# 2340# 640# 3990# 580# −20380# 710#
S 16 2210# 300# 21740# 500# 37470# 300# 2330# 420# 430# 320# −14530# 420#
Cl 17 5850 160 16350 140 22810 140 4640 140 4240 140 −13710 170
Ar 18 5168.9 1.7 16580 90 9239.5 1.0 5100 60 −70 60 −6486.7 2.8
K 19 8905.5 0.7 11231.4 1.7 −4729.2 1.0 6105 5 2671 6 −6140 60
Ca 20 7414.82 0.17 12319.7 0.6 −21300 40 6474.0 0.5 −926.1 0.4 −743 6
Sc 21 11327.6 1.9 6892.6 0.7 −36090# 300# 8047.4 0.7 2339.0 0.7 −403.9 0.7
Ti 22 9533.0 1.1 8483.2 1.9 −53420# 280# 7888.7 2.0 −2025.2 0.8 5183.4 0.8
V 23 16150 7 1626.8 1.1 ∗ 8140 6 −1918.0 0.9 5881.0 0.9
Cr 24 14160 60 3000 40 ∗ 9110 60 −7030# 200# 11240 40
Mn 25 20510# 420# −1150# 300# ∗ 7700# 360# −7180# 420# 8290# 360#
Fe 26 ∗ 340# 410# ∗ 7750# 490# ∗ 12990# 410#

46 P 15 1190# 710# 21540# 780# 58250# 500# 4240# 710# 3380# 640# −19780# 780#
S 16 4090# 500# 22610# 640# 43780# 400# 240# 570# 460# 500# −18040# 570#
Cl 17 3540 170 17680# 320# 28030 100 6180 100 3320 100 −13130# 320#
Ar 18 8071.8 2.4 18800 140 14357.0 2.3 1420 90 −750 60 −11929 5
K 19 6869.6 0.9 12932.1 0.9 1662.0 0.7 7970.1 1.7 1460 5 −5610 60
Ca 20 10398.7 2.3 13812.9 2.3 −13668 12 3352.7 2.3 −1700.2 2.3 −5483 6
Sc 21 8760.64 0.10 8238.4 0.7 −29340 90 10417.9 0.7 1511.3 0.7 460.2 0.8
Ti 22 13189.3 0.8 10344.9 0.7 −45340# 300# 4398.6 1.8 −3076.1 1.9 −72.99 0.24
V 23 13260.8 0.9 5354.6 0.8 ∗ 11183.5 0.7 −2896 6 4758.7 1.9
Cr 24 18030 40 4874 11 ∗ 5047 14 −6690 40 5490 13
Mn 25 15510# 310# 190 90 ∗ 11710 100 −5580# 220# 11150 100
Fe 26 21270# 410# 1100# 420# ∗ 4460# 420# −11300# 500# 8830# 360#

47 P 15 2100# 780# ∗ 64520# 600# 2430# 850# 4360# 780# ∗
S 16 1510# 570# 22930# 640# 49550# 400# 1950# 640# 960# 570# −16460# 640#
Cl 17 3920# 220# 17510# 450# 34760# 200# 4470# 360# 4490# 200# −15040# 450#
Ar 18 3667.3 2.6 18920 100 19570.3 1.2 3610 140 −20 90 −10517 5
K 19 8369.4 1.6 13229.7 2.7 6295.1 1.4 4769.6 1.5 1825.3 2.1 −9590 90
Ca 20 7276.37 0.27 14219.7 2.3 −7782 6 4981.8 2.3 −1699.1 2.3 −4025.0 2.7
Sc 21 10646.5 2.0 8486.2 1.2 −21770 30 7186.2 2.0 1995.9 2.0 −2908.9 2.0
Ti 22 8880.66 0.06 10464.9 0.7 −37810# 500# 6845.5 0.7 −2257.5 1.8 2177.5 0.3
V 23 13002.49 0.11 5167.77 0.07 −52630# 600# 7714.0 0.8 405.6 0.7 1455.4 1.8
Cr 24 13163 13 4776 5 ∗ 8034 5 −5891 9 8632 5
Mn 25 18220 90 380 30 ∗ 7660 50 −4280 60 6890 30
Fe 26 16410# 580# 2000# 510# ∗ 8560# 580# −9730# 580# 11940# 500#
Co 27 ∗ −2120# 670# ∗ 6920# 660# ∗ 8810# 670#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

44 Si 14 3670# 580# ∗ −22660# 710# 38520# 500# ∗ 16200# 580#
P 15 6130# 410# 45460# 640# −20140# 500# 31590# 410# −44450# 720# 15230# 400#
S 16 7709 6 40620# 300# −17300 120 23469 5 −40820# 400# 6880 60
Cl 17 11790 100 36150 130 −14760 120 15300 90 −32810# 310# 3460 90
Ar 18 14393 6 29613 3 −12260 4 8795.5 1.6 −27767 5 −4169.2 1.6
K 19 16902.1 0.4 25530 60 −10650 30 2034.5 1.8 −18910 60 −5443.9 0.5
Ca 20 19064.07 0.29 21624 6 −8853.7 0.3 −3920.1 0.8 −16748 5 −13351.9 1.9
Sc 21 21837.7 1.8 17371.9 1.8 −6705.5 1.8 −14008 7 −8529.6 1.8 −16572 6
Ti 22 28586.9 0.7 13579.2 0.7 −5127.1 0.7 −24130 50 −6428.7 0.7 −27700 40
V 23 32330# 200# 6265 7 −5710 8 −31270# 300# 5091 7 −29910# 200#
Cr 24 36620# 300# 2900 50 −6850 90 ∗ 8600 50 −38860# 400#
Mn 25 ∗ −500# 360# −7430# 420# ∗ 18090# 300# ∗

45 Si 14 3380# 720# ∗ −23440# 780# 40430# 670# ∗ 17910# 720#
P 15 5220# 580# 46890# 780# −21060# 640# 34220# 520# ∗ 17090# 500#
S 16 7290# 300# 42250# 500# −18970# 420# 26430# 300# −39940# 580# 9070# 310#
Cl 17 10250 150 37880# 330# −15710 180 18350 140 −36660# 420# 6340 140
Ar 18 13904 5 32153 5 −13187 4 11041.4 0.6 −27856 5 −2060.6 0.7
K 19 16182.9 0.7 27030 60 −11730 70 4456.7 0.8 −23430 90 −3218.2 0.6
Ca 20 18545.99 0.29 23380 5 −10169.6 0.5 −1802.0 0.9 −15427.9 1.6 −11067.5 1.8
Sc 21 21026.8 2.0 19074.9 0.8 −7937.7 0.7 −9185.9 0.6 −12579.8 0.8 −11595.1 1.0
Ti 22 25837 6 15179.3 0.9 −6297.3 0.8 −19500 40 −4830.5 0.9 −23274 7
V 23 30110 40 10276.2 2.1 −5669.0 0.9 −26910# 300# −1359.4 2.0 −26540 50
Cr 24 33690# 200# 4780 40 −6240 50 −33920# 290# 10740 40 −35050# 300#
Mn 25 38490# 500# 1640# 300# −7720# 360# ∗ 11540# 300# ∗
Fe 26 ∗ −1800# 200# −8430# 490# ∗ 20540# 290# ∗

46 P 15 4410# 640# ∗ −21580# 710# 36580# 510# ∗ 18110# 580#
S 16 6300# 400# 43250# 640# −18630# 500# 30410# 400# −43740# 720# 10830# 420#
Cl 17 9400 130 39420# 410# −17250 140 21680 100 −36980# 510# 7960 100
Ar 18 13240.6 2.8 35145 6 −14558 4 13368 3 −33720# 300# −1226.9 2.4
K 19 15775.1 0.8 29510 90 −13010 60 6347.7 1.0 −24440 140 −2673.0 0.8
Ca 20 17813.5 2.3 25044.3 2.7 −11142 6 988.7 2.2 −20657.8 2.3 −10138.6 2.3
Sc 21 20088.2 1.9 20558.1 0.8 −9164.5 0.7 −4685.7 0.7 −12435.0 0.9 −10822.7 0.5
Ti 22 22722.3 0.7 17237.5 0.3 −8005.89 0.17 −14657 11 −10605.0 0.4 −20313.1 0.9
V 23 29410 7 13837.8 1.8 −7379.81 0.20 −24660 90 −3292.5 0.7 −25630 40
Cr 24 32190 50 6501 11 −6792 11 −30680# 300# 2250 11 −32560# 300#
Mn 25 36020# 310# 3190 90 −7220# 210# ∗ 12180 90 −34900# 300#
Fe 26 ∗ −50# 300# −8280# 420# ∗ 13440# 300# ∗

47 P 15 3290# 780# ∗ −21890# 850# 38390# 630# ∗ 20100# 720#
S 16 5600# 500# 44470# 720# −19550# 570# 32570# 400# ∗ 12860# 410#
Cl 17 7460# 240# 40120# 540# −17050# 360# 26130# 200# −39710# 540# 12120# 200#
Ar 18 11739.1 1.3 36610# 300# −15597 5 16977.4 2.5 −33300# 400# 1975.3 1.4
K 19 15239.0 1.5 32030 140 −13980 60 8624.9 2.4 −29270 100 −643.7 2.6
Ca 20 17675.1 2.3 27151.8 2.3 −12760 6 2592.9 2.2 −19862 3 −8654.3 2.3
Sc 21 19407.2 2.0 22299.1 2.0 −10186.4 2.0 −2329.8 1.9 −16211.9 2.1 −8279.9 1.9
Ti 22 22070.0 0.8 18703.3 0.4 −8953.66 0.24 −10375 5 −9087.0 2.2 −15933.03 0.12
V 23 26263.3 0.9 15512.7 0.7 −8243.8 1.9 −19440 30 −7534.4 0.7 −20607 11
Cr 24 31190 40 10131 5 −7672 8 −27430# 500# 2276 5 −30220 90
Mn 25 33730# 300# 5260 30 −7070 50 −33190# 600# 7220 30 −31850# 300#
Fe 26 37680# 580# 2190# 500# −7580# 540# ∗ 15050# 500# ∗
Co 27 ∗ −1020# 670# −9180# 720# ∗ 15750# 610# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

48 S 16 2880# 640# 23710# 780# 56620# 500# 260# 710# 1290# 710# −19050# 780#
Cl 17 2770# 540# 18770# 640# 40220# 500# 5790# 640# 3920# 580# −14590# 710#
Ar 18 5059 17 20060# 200# 26138 17 2090 100 770 140 −13370# 300#
K 19 4643.8 1.6 14206.2 1.4 12193.5 1.2 8197.6 2.5 2350.4 0.9 −8380 140
Ca 20 9951.5 2.2 15801.9 1.4 −1404 7 1899.9 0.7 −2745.2 0.5 −8807.7 0.5
Sc 21 8239 5 9448 5 −15207 8 9346 5 1172 5 −2242 5
Ti 22 11626.66 0.03 11445.1 1.9 −30480 90 3979.5 0.7 −2556.6 0.7 −2034.3 0.4
V 23 10542.3 1.0 6829.4 1.0 −46210# 500# 10361.1 1.0 −603.7 1.3 2240.7 1.2
Cr 24 16330 9 8103 7 −61000# 420# 4965 7 −6071 7 1835 7
Mn 25 14800 30 2023 6 ∗ 10886 13 −4920 40 8236 7
Fe 26 18950# 510# 2730 100 ∗ 5120 130 −8170# 310# 7150 100
Co 27 16960# 780# −1570# 710# ∗ 11230# 580# −7810# 580# 12360# 580#
Ni 28 ∗ −270# 740# ∗ ∗ ∗ 9420# 510#

49 S 16 70# 300# ∗ 61690# 580# 2290# 840# 2420# 770# ∗
Cl 17 3050# 640# 18940# 640# 47300# 400# 4250# 570# 4960# 570# −16450# 640#
Ar 18 2780# 400# 20070# 640# 31500# 400# 3230# 450# 1540# 410# −12050# 570#
K 19 5398.3 1.1 14546 17 18350.7 1.1 6466.6 1.5 5023.8 2.5 −10230 100
Ca 20 5146.45 0.18 16304.5 0.8 4032.3 2.2 5122.8 1.4 −1022.0 0.7 −5882.3 2.3
Sc 21 10130 5 9626.6 2.3 −8943 3 6493 3 1441 3 −5502.1 2.4
Ti 22 8142.38 0.02 11349 5 −23813 24 6483.6 1.9 −1938.3 0.7 222.0 2.2
V 23 11555.5 1.3 6758.2 0.8 −38180# 500# 7686.3 0.8 1030.2 0.8 −554.1 1.1
Cr 24 10582 8 8143.3 2.4 −53860# 600# 7385.5 2.2 −3392.4 2.2 4442.3 2.2
Mn 25 16395 7 2088 8 ∗ 7654 6 −3284 12 5102.4 2.2
Fe 26 14810 100 2743 25 ∗ 8530 40 −7470 90 10367 27
Co 27 19580# 710# −940# 510# ∗ 8060# 710# −6130# 580# 8280# 510#
Ni 28 17720# 740# 490# 780# ∗ 8620# 850# ∗ 12970# 670#

50 Cl 17 1110# 570# 19980# 710# 52240# 400# 6020# 640# 5360# 570# −15460# 720#
Ar 18 4240# 640# 21260# 640# 38200# 500# 1760# 710# 1210# 540# −14780# 640#
K 19 4188 8 15960# 400# 23495 8 7338 18 4503 8 −10500# 200#
Ca 20 6360.5 1.6 17266.7 1.8 10672.1 1.6 3406.1 1.8 986.8 2.1 −8575.6 2.0
Sc 21 6046 3 10526.1 2.5 −1910.2 2.5 10398.6 2.5 2672 3 −3178.7 2.9
Ti 22 10939.17 0.03 12158.4 2.3 −16955 8 3783 5 −2231.0 1.9 −3440.8 2.2
V 23 9332.4 0.8 7948.20 0.06 −31630 130 9980.52 0.05 578.43 0.06 760.0 1.9
Cr 24 13000.3 2.2 9588.2 0.8 −46800# 500# 4927.4 1.0 −3390.24 0.10 322.65 0.06
Mn 25 13078.3 2.2 4583.5 2.2 ∗ 10905 7 −3200 5 5026.59 0.12
Fe 26 17797 26 4146 9 ∗ 5531 11 −7050 30 5733 10
Co 27 15880# 520# 130 130 ∗ 11130 160 −5600# 520# 10620 130
Ni 28 20060# 780# 970# 710# ∗ 5520# 710# −9220# 780# 9320# 710#

51 Cl 17 1480# 810# ∗ 57540# 700# 4610# 910# 6760# 860# ∗
Ar 18 1330# 640# 21480# 570# 43240# 400# 3480# 570# 2660# 640# −13230# 640#
K 19 4859 15 16570# 500# 29688 13 5260# 400# 4704 21 −12590# 500#
Ca 20 4814.4 1.7 17893 8 15118.4 0.5 3990.0 1.0 816.2 0.9 −8331 17
Sc 21 6785 4 10950.1 3.0 4992.9 2.5 8760.5 2.5 5838.6 2.5 −5319.5 2.6
Ti 22 6372.4 0.5 12484.8 2.6 −9543.8 1.5 7540.3 2.3 −365 5 138.3 0.5
V 23 11051.18 0.06 8060.21 0.07 −24860 50 7071.71 0.06 1153.90 0.06 −2053 5
Cr 24 9260.67 0.15 9516.45 0.15 −39800# 500# 7222.2 0.8 −2108.7 1.0 2688.64 0.15
Mn 25 13687.66 0.30 5270.83 0.29 ∗ 7799.9 2.2 −558 7 1881.2 1.0
Fe 26 13784 8 4851.3 1.4 ∗ 8141.5 2.6 −6028 7 8279 7
Co 27 17820 130 150 50 ∗ 8120 50 −4470 100 7600 50
Ni 28 16260# 710# 1350# 520# ∗ 8840# 710# −8520# 710# 12010# 510#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

48 S 16 4390# 640# ∗ −19350# 710# 34750# 500# ∗ 13900# 540#
Cl 17 6690# 510# 41700# 710# −17820# 640# 28000# 500# −40380# 780# 13020# 500#
Ar 18 8726 17 37570# 400# −15576 18 21870 17 −36840# 400# 5286 17
K 19 13013.2 1.1 33130 100 −14230 90 12220 5 −29990# 200# 1988.9 2.4
Ca 20 17227.9 2.2 29031.6 2.3 −13976.5 1.6 4268.08 0.07 −26146.6 1.2 −7959.3 1.9
Sc 21 18885 5 23668 5 −11148 5 −26 5 −16081 5 −7638 5
Ti 22 20507.32 0.06 19931.3 2.2 −9449.1 0.3 −5672 7 −13437.3 2.2 −14557.20 0.08
V 23 23544.7 1.0 17294.3 1.2 −9086.9 2.0 −15181 7 −7430.1 2.2 −17986 5
Cr 24 29492 14 13271 7 −7698 7 −24810 90 −5173 7 −28330 30
Mn 25 33020 90 6799 7 −7913 10 −31030# 500# 5421 7 −30240# 500#
Fe 26 35360# 310# 3110 90 −7010 110 −36190# 430# 9270 90 −36700# 610#
Co 27 ∗ 430# 510# −8160# 580# ∗ 17010# 500# ∗
Ni 28 ∗ −2390# 300# ∗ ∗ 18020# 660# ∗

49 S 16 2950# 710# ∗ −19120# 840# 37450# 710# ∗ 16600# 770#
Cl 17 5820# 450# 42650# 720# −17650# 640# 30350# 400# ∗ 15020# 400#
Ar 18 7840# 400# 38840# 570# −16150# 500# 24240# 400# −36740# 640# 7150# 400#
K 19 10042.2 1.6 34610# 200# −13770 140 16951.0 2.4 −32620# 500# 6542.1 0.8
Ca 20 15098.0 2.2 30510.7 1.2 −13954.1 0.5 7264.01 0.19 −26234 17 −4867 5
Sc 21 18368.2 3.0 25428.4 2.7 −12371.7 2.3 1399.7 2.4 −21566.9 2.4 −6140.8 2.3
Ti 22 19769.04 0.04 20797.3 2.2 −10176.7 0.4 −3231.7 2.2 −11628.12 0.08 −12157.3 1.0
V 23 22097.7 0.8 18203.3 2.1 −9314.8 1.1 −10342.2 2.4 −10747 5 −13212 7
Cr 24 26912 6 14972.7 2.2 −8747.0 2.4 −20582 24 −4128.4 2.2 −24107 7
Mn 25 31200 30 10190.8 2.2 −8158.4 2.4 −27840# 500# −430.9 2.4 −27680 90
Fe 26 33760# 500# 4766 25 −7660 40 −33280# 600# 10782 25 −34550# 500#
Co 27 36540# 780# 1790# 500# −7230# 580# ∗ 12230# 500# −36030# 660#
Ni 28 ∗ −1080# 780# −8300# 660# ∗ 19250# 610# ∗

50 Cl 17 4160# 640# ∗ −17570# 640# 33430# 400# ∗ 16690# 570#
Ar 18 7020# 500# 40200# 710# −16300# 640# 26360# 500# −40910# 770# 8310# 500#
K 19 9586 8 36030# 500# −14420 100 18809 8 −33760# 400# 7501 8
Ca 20 11507.0 1.6 31812 17 −12242.9 2.8 11842.6 1.6 −29820# 400# −1098.1 2.8
Sc 21 16176 6 26830.6 2.6 −11548.1 2.6 4686.1 2.5 −22214.6 2.6 −4044.4 2.5
Ti 22 19081.55 0.03 21784.94 0.08 −10717.2 2.2 −1170.50 0.06 −17420.84 0.19 −11541.0 0.8
V 23 20887.9 1.0 19297 5 −9886.5 0.7 −6596.35 0.09 −9949.8 2.3 −11962.2 2.2
Cr 24 23583 7 16346.35 0.05 −8558.01 0.08 −15785 8 −8986.32 0.06 −20712.8 2.2
Mn 25 29473 7 12726.8 1.0 −7975.91 0.14 −25040 130 −1953.7 0.8 −25947 24
Fe 26 32610 90 6233 11 −7430 14 −31020# 500# 3567 9 −32770# 500#
Co 27 35460# 520# 2870 130 −7600 150 ∗ 12740 130 −34190# 610#
Ni 28 37780# 660# 30# 510# −7090# 580# ∗ 14000# 500# ∗

51 Cl 17 2590# 810# ∗ −16950# 920# 36810# 700# ∗ 19450# 860#
Ar 18 5570# 570# 41460# 710# −16120# 570# 29840# 400# ∗ 11170# 400#
K 19 9047 13 37830# 400# −15360# 200# 20735 13 −37500# 400# 9002 13
Ca 20 11174.9 0.6 33850# 400# −13390.0 1.3 13400.7 0.7 −30390# 500# 133.5 2.6
Sc 21 12831 3 28216.8 2.6 −9963.3 2.9 8952.8 2.5 −24811 8 110.2 2.5
Ti 22 17311.6 0.5 23010.9 0.5 −9813.2 2.3 1717.7 0.5 −17432.7 1.7 −8581.0 0.5
V 23 20383.6 0.8 20218.6 2.3 −10291.2 1.9 −3959.88 0.30 −14955.0 2.5 −10013.06 0.07
Cr 24 22261.0 2.2 17464.64 0.15 −8938.02 0.15 −11261.5 1.4 −7307.82 0.15 −16895.15 0.16
Mn 25 26765.9 2.2 14859.0 0.9 −8661.1 0.3 −20900 50 −6308.96 0.30 −21838 8
Fe 26 31581 24 9434.8 2.6 −8051 5 −28540# 500# 2783.2 1.4 −30670 130
Co 27 33710# 500# 4300 50 −7200 60 ∗ 8000 50 −31950# 500#
Ni 28 36320# 780# 1480# 500# −6950# 710# ∗ 15540# 500# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

52 Cl 17 0# 990# ∗ 62880# 700# ∗ 6830# 910# ∗
Ar 18 2960# 720# 22960# 920# 48100# 600# 1630# 720# 2750# 720# −16120# 840#
K 19 2690 40 17940# 400# 34310 30 6800# 500# 4790# 400# −12230# 400#
Ca 20 6005.3 0.8 19040 13 21153.2 0.7 2172 8 209.3 1.0 −11560# 400#
Sc 21 5345 4 11480 3 10188 3 9776 3 5640 3 −5266 3
Ti 22 7816.1 2.8 13516 4 −1145.6 2.8 5770 4 1949 4 −2531.3 2.8
V 23 7311.24 0.13 8999.0 0.5 −17099 5 10699.64 0.14 1985.04 0.14 765.8 2.3
Cr 24 12040.11 0.17 10505.37 0.10 −32860 80 4514.54 0.10 −2593.3 0.8 −1209.09 0.08
Mn 25 10539.5 0.3 6549.64 0.18 −48830# 600# 10260.78 0.11 −515.0 2.2 2897.2 0.8
Fe 26 16214.2 1.4 7377.8 0.3 ∗ 5005.60 0.18 −5848.1 2.2 2646.7 2.2
Co 27 15070 50 1444 5 ∗ 10843 10 −4729 25 8922 6
Ni 28 18980# 510# 2510 100 ∗ 5740 150 −7920# 510# 7840 90
Cu 29 ∗ −2480# 780# ∗ 12290# 780# −5550# 850# 13550# 780#

53 Ar 18 −100# 920# 22860# 990# 53670# 700# 3210# 990# 3960# 810# ∗
K 19 3230 120 18210# 610# 39560 110 4910# 420# 5800# 510# −14350# 420#
Ca 20 3190 40 19540 60 25900 40 3840 50 1200 40 −10510# 500#
Sc 21 6317 18 11792 18 15921 18 8274 18 5684 18 −7395 19
Ti 22 5475 4 13647 4 4066 3 7080 4 2520 4 −1646 3
V 23 8480 3 9663 4 −9192 4 8592 3 4444 3 −1668 4
Cr 24 7939.43 0.10 11133.56 0.16 −25657 25 7626.29 0.10 −1200.32 0.10 1790.65 0.09
Mn 25 12050.3 0.3 6559.8 0.3 −41550# 500# 7471.2 0.4 435.1 0.3 179.3 0.3
Fe 26 10686.7 1.7 7525.1 1.7 ∗ 8006.5 1.7 −3456.5 1.7 4960.3 1.7
Co 27 16387 6 1616.3 1.7 ∗ 8240.6 2.2 −3319 9 5613.9 1.7
Ni 28 15140 90 2576 26 ∗ 8420 50 −7180 130 10492 27
Cu 29 19330# 780# −2130# 510# ∗ 9220# 710# −4820# 710# 10100# 520#

54 Ar 18 2300# 1060# ∗ 58300# 800# 910# 1060# 3130# 1060# ∗
K 19 930# 420# 19230# 810# 44750# 400# 6940# 720# 6200# 570# −13790# 810#
Ca 20 3840 70 20150 120 31770 50 2690 60 2220 50 −13020# 400#
Sc 21 3740 23 12340 50 21120 14 10539 14 6758 14 −6276 19
Ti 22 6934 16 14263 24 10511 16 5491 16 2371 16 −3765 16
V 23 6118 12 10306 12 −1888 11 10290 12 4699 11 −1002 11
Cr 24 9719.08 0.10 12373 3 −17657 5 5218.46 0.17 131.78 0.12 −1556.0 0.5
Mn 25 8939.2 1.1 7559.6 1.0 −34320# 400# 10572.1 1.0 756.5 1.0 2291.3 1.0
Fe 26 13378.5 1.6 8853.2 0.5 −50550# 220# 5167.6 0.4 −3147.3 0.4 842.5 0.4
Co 27 13422.0 1.7 4351.6 1.6 ∗ 11032.8 0.4 −2956.8 1.4 5879.6 0.4
Ni 28 17719 26 3908 5 ∗ 5776 7 −7070 50 6557 5
Cu 29 16170# 640# −1100# 400# ∗ 12030# 410# −4730# 640# 11750# 400#
Zn 30 ∗ −150# 550# ∗ 6890# 640# ∗ 11600# 550#

55 K 19 2450# 640# 19380# 940# 49600# 500# 4390# 860# 6710# 780# −16240# 860#
Ca 20 1560 170 20790# 430# 36460 160 4360 200 3350 160 −11620# 620#
Sc 21 4480 60 12970 80 26870 60 9260 80 8290 60 −8060 70
Ti 22 4160 30 14680 30 15649 29 7650 30 3555 29 −1920 29
V 23 7298 29 10670 30 4905 27 8467 27 5217 27 −2955 27
Cr 24 6246.26 0.19 12501 11 −9774.4 0.7 7452 3 1196.76 0.26 13.8 2.8
Mn 25 10225.6 1.0 8066.13 0.26 −26080 160 8285.88 0.27 2571.02 0.27 −623.11 0.29
Fe 26 9298.12 0.19 9212.1 1.0 −43210# 400# 7919.7 0.4 −1906.0 0.3 3584.5 0.3
Co 27 14091.2 0.3 5064.35 0.30 ∗ 7628.3 1.7 −833.8 0.4 2327.8 0.4
Ni 28 14129 5 4614.9 0.7 ∗ 8034.2 1.8 −6128 5 8642.5 0.7
Cu 29 18470# 430# −350 160 ∗ 8710 160 −4210 180 8350 160
Zn 30 16640# 450# 320# 570# ∗ 9580# 640# −7530# 720# 13940# 410#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

52 Cl 17 1480# 810# ∗ ∗ 39500# 700# ∗ 20780# 810#
Ar 18 4290# 780# ∗ −16190# 780# 32890# 600# ∗ 13070# 600#
K 19 7550 30 39420# 400# −15280# 500# 23390 30 −38720# 700# 11120 30
Ca 20 10819.7 1.7 35610# 500# −14336 17 15211.4 2.8 −35070# 400# 912.8 2.6
Sc 21 12129 4 29374 8 −10664 3 10919 3 −25297 13 1138 3
Ti 22 14188.5 2.7 24466 3 −7677.7 2.7 5941.8 2.7 −20434.4 2.8 −5345.9 2.7
V 23 18362.43 0.14 21483.9 2.5 −9364 5 −731.65 0.17 −15481.6 2.5 −8063.64 0.20
Cr 24 21300.78 0.10 18565.58 0.09 −9351.47 0.08 −7087.41 0.14 −12975.5 0.5 −15247.6 0.3
Mn 25 24227.14 0.13 16066.09 0.11 −8658.3 1.0 −16367 5 −5797.25 0.12 −18593.5 1.4
Fe 26 29998 8 12648.67 0.17 −7936 7 −25770 80 −4170.35 0.22 −29060 50
Co 27 32900 130 6295 5 −7472 9 −32460# 600# 6610 5 −30770# 500#
Ni 28 35240# 510# 2660 80 −6980 120 ∗ 10340 80 ∗
Cu 29 ∗ −1130# 610# −6030# 780# ∗ 18170# 600# ∗

53 Ar 18 2860# 810# ∗ −16030# 910# 36180# 700# ∗ 15860# 700#
K 19 5920 110 41160# 710# −15460# 420# 26470 110 −41940# 710# 13900 110
Ca 20 9200 40 37480# 400# −14750# 400# 17490 40 −35300# 600# 3060 40
Sc 21 11662 18 30832 22 −11583 18 13082 18 −28920 40 2637 18
Ti 22 13291.1 2.9 25127.1 2.9 −8006.3 2.9 8406.2 2.9 −19904.1 3.0 −3509.7 2.9
V 23 15791 3 23179 4 −7714 4 2839 3 −18617 4 −4503 3
Cr 24 19979.54 0.17 20132.6 0.5 −9148.52 0.09 −4340.1 1.7 −13098.9 2.7 −12647.55 0.12
Mn 25 22589.8 0.4 17065.2 0.3 −9153.1 0.9 −12031.0 1.8 −10536.3 0.4 −14429.6 0.4
Fe 26 26900.9 2.2 14074.7 1.7 −8040.0 2.8 −21317 25 −2816.9 1.7 −24675 6
Co 27 31460 50 8994.1 1.7 −7464.4 2.8 −29520# 500# 763.0 1.7 −28170 80
Ni 28 34120# 500# 4020 25 −7310 30 ∗ 11412 25 −35820# 600#
Cu 29 ∗ 380# 500# −5790# 710# ∗ 13920# 500# ∗

54 Ar 18 2200# 1000# ∗ ∗ 37720# 800# ∗ 16790# 810#
K 19 4160# 400# 42090# 810# −15280# 570# 29290# 400# ∗ 16170# 400#
Ca 20 7040 50 38360# 600# −14360# 500# 20580 50 −39240# 700# 5540 50
Sc 21 10057 14 31880 40 −11135 16 15460 18 −29430 110 4372 14
Ti 22 12409 16 26055 16 −8579 16 11192 16 −23650 50 −1963 16
V 23 14598 11 23953 12 −7786 11 5660 11 −18418 21 −2682 11
Cr 24 17658.51 0.12 22035.6 2.7 −7928.43 0.11 −680.8 0.3 −17342.9 2.9 −10316.3 0.3
Mn 25 20989.5 1.0 18693.2 1.0 −8759.9 1.0 −7548.2 1.1 −10996 3 −12682.1 1.9
Fe 26 24065.2 0.4 15413.0 0.3 −8418.2 0.3 −16976 5 −8256.0 0.3 −21666.6 1.7
Co 27 29809 5 11876.6 0.4 −7808.1 0.4 −26770# 400# −608.7 0.5 −26451 25
Ni 28 32860 80 5524 5 −7227 10 −33580# 220# 4380 5 −34210# 500#
Cu 29 35500# 720# 1470# 400# −6080# 420# ∗ 14130# 400# ∗
Zn 30 ∗ −2280# 200# −4670# 550# ∗ 16640# 220# ∗

55 K 19 3380# 510# ∗ −16250# 860# 31310# 500# ∗ 17560# 500#
Ca 20 5410 170 40020# 720# −14590# 430# 23180 160 −38500# 820# 7720 160
Sc 21 8220 60 33120 130 −10750 60 18280 70 −32980# 400# 6830 60
Ti 22 11094 29 27020 50 −7925 29 13278 29 −23960 60 −10 30
V 23 13416 27 24930 30 −8300 27 8587 27 −21980 30 −261 27
Cr 24 15965.34 0.21 22806.8 2.9 −7802.3 0.5 2371.1 0.4 −16655 16 −7623.4 1.0
Mn 25 19164.8 0.4 20439 3 −7934.35 0.27 −3682.5 0.3 −15103 11 −9529.24 0.25
Fe 26 22676.6 1.6 16771.7 0.3 −8455.6 0.3 −12145.5 0.7 −7835.0 0.3 −17542.67 0.21
Co 27 27513.3 1.7 13917.6 0.5 −8211.7 0.5 −22390 160 −5760.7 1.1 −22823 5
Ni 28 31848 25 8966.4 1.8 −7571.7 1.6 −31070# 400# 3629.7 0.6 −32170# 400#
Cu 29 34640# 520# 3550 160 −6720 160 ∗ 9090 160 −34010# 270#
Zn 30 ∗ −780# 400# −5040# 640# ∗ 17720# 400# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

56 K 19 560# 780# ∗ 54160# 630# 6130# 1000# 6050# 920# ∗
Ca 20 2930 300 21270# 560# 41770 250 2350# 470# 3650 270 −14660# 740#
Sc 21 2750 270 14150 310 31400 260 10360 260 8740 260 −7570 280
Ti 22 5660 100 15870 120 21180 100 5730 100 4210 100 −4390 110
V 23 5130 180 11640 180 9860 180 10270 180 5560 180 −1770 180
Cr 24 8246.1 0.6 13449 27 −1377.5 0.6 5324 11 1431 3 −2757.3 2.9
Mn 25 7270.44 0.13 9090.3 0.3 −18282 6 10734.52 0.30 3240.01 0.30 586 3
Fe 26 11197.06 0.23 10183.59 0.16 −35220# 400# 5661.9 1.0 −1052.8 0.4 326.86 0.27
Co 27 10081.8 0.5 5848.1 0.4 −52200# 500# 10924.9 0.5 −229.0 1.7 4296.2 0.6
Ni 28 16643.0 0.7 7166.6 0.3 ∗ 4813.2 0.4 −6384.2 1.7 2686.2 1.7
Cu 29 15070 160 583 6 ∗ 11359 8 −4135 26 9676 7
Zn 30 19190# 570# 1040# 430# ∗ 6560# 570# −7390# 640# 9890# 400#
Ga 31 ∗ −3140# 640# ∗ 12570# 550# ∗ 14950# 710#

57 K 19 1920# 850# ∗ 58570# 610# ∗ 6430# 1000# ∗
Ca 20 1120# 470# 21830# 720# 45970# 400# 3680# 640# 3460# 570# −13470# 890#
Sc 21 3940 320 15160 310 36110 180 7980 240 8640 190 −10580# 440#
Ti 22 3050 230 16170 330 25780 210 7150 220 4900 210 −3590 210
V 23 6320 200 12300 130 14910 80 8110 90 6170 90 −4350 90
Cr 24 5311.2 2.0 13630 180 3559.0 1.9 7311 27 2237 11 −1135 16
Mn 25 8645.9 1.5 9490.1 1.6 −10177.3 1.6 8334.9 1.5 4313.2 1.5 −1942 11
Fe 26 7646.17 0.02 10559.32 0.21 −27630# 200# 8241.33 0.16 240.3 1.0 2399.76 0.27
Co 27 11376.5 0.6 6027.5 0.4 −43940# 400# 8846.6 0.5 1773.0 0.5 1859.0 1.1
Ni 28 10247.6 0.5 7332.4 0.6 ∗ 8656.8 0.6 −3209.8 0.6 5817.1 0.6
Cu 29 16751 6 690.3 0.4 ∗ 8737.8 0.8 −3167 5 6347.5 0.5
Zn 30 15230# 450# 1210# 200# ∗ 9800# 250# −6450# 450# 12380# 200#
Ga 31 19640# 640# −2690# 570# ∗ 9570# 570# −4840# 450# 11480# 570#

58 K 19 270# 920# ∗ 62360# 710# ∗ ∗ ∗
Ca 20 3040# 640# 22950# 780# 50460# 500# 1200# 780# 2860# 710# ∗
Sc 21 2170 260 16210# 440# 40350 190 8740 310 8030 250 −10300# 540#
Ti 22 4590 280 16830 260 31240 180 5310 320 4790 190 −6620 240
V 23 4070 130 13320 230 19420 100 9700 140 6270 100 −3940 110
Cr 24 7538 4 14850 80 8237 3 4900 180 1997 27 −4513 29
Mn 25 6413 3 10592 3 −4159.7 2.8 10168.4 2.8 4146.8 2.7 −1056 27
Fe 26 10044.57 0.18 11958.0 1.5 −19860 50 5467.20 0.27 421.33 0.24 −1398.5 0.4
Co 27 8573.0 1.2 6954.2 1.1 −36310# 300# 11470.7 1.1 2498.2 1.1 3511.7 1.1
Ni 28 12216.2 0.5 8172.2 0.4 −52650# 500# 6522.5 0.4 −1334.8 0.4 2899.0 0.3
Cu 29 12430.2 0.6 2872.9 0.7 ∗ 12950.6 0.6 −1467.8 0.8 8008.5 0.6
Zn 30 17820# 210# 2280 50 ∗ 7040 50 −5800 160 8680 50
Ga 31 16200# 500# −1720# 360# ∗ 12560# 500# −4410# 500# 13740# 340#
Ge 32 ∗ −540# 640# ∗ 6970# 710# ∗ 12340# 640#

59 K 19 1250# 1060# ∗ 66360# 810# ∗ ∗ ∗
Ca 20 730# 780# 23410# 920# 53930# 600# 2390# 850# 2690# 850# ∗
Sc 21 3420 310 16590# 560# 44700 250 6440# 470# 7540 350 −13160# 650#
Ti 22 3030# 350# 17690# 360# 34790# 300# 6210# 350# 4500# 400# −6720# 390#
V 23 5250 170 13980 230 24620 140 7500 250 6680 170 −6450 290
Cr 24 4195 3 14970 100 13040.9 0.8 7030 80 2930 180 −3050 100
Mn 25 7769 4 10822 4 833.1 2.4 7710.5 3.0 4623.9 2.4 −3700 180
Fe 26 6581.00 0.11 12126.4 2.7 −13449.3 0.7 7532.1 1.5 1110.76 0.29 266.6 0.6
Co 27 10453.9 1.1 7363.5 0.4 −28470# 170# 8663.0 0.3 3241.4 0.3 328.2 0.4
Ni 28 8999.28 0.05 8598.5 1.1 −44790# 400# 8899.6 0.4 −252.3 0.4 5096.73 0.25
Cu 29 12761.9 0.6 3418.6 0.4 ∗ 10436.3 0.6 2413.2 0.5 5328.5 0.6
Zn 30 12990 50 2836.8 0.7 ∗ 10804.1 0.8 −3722 6 12338.4 0.8
Ga 31 18290# 350# −1250# 180# ∗ 9500# 260# −3510# 430# 10520# 170#
Ge 32 16860# 640# 120# 500# ∗ 9750# 570# −7670# 640# 14670# 570#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

56 K 19 3010# 720# ∗ −16800# 920# 33500# 650# ∗ 18560# 620#
Ca 20 4490 250 40650# 840# −14560# 650# 25910 270 ∗ 9260 260
Sc 21 7220 260 34940# 480# −10800 260 20670 310 −33280# 560# 8250 260
Ti 22 9820 100 28840 110 −7580 100 15860 100 −28060 190 1630 100
V 23 12430 180 26320 180 −8080 180 10730 180 −22630 190 860 180
Cr 24 14492.4 0.6 24119 16 −8232.3 2.8 5322.0 0.5 −20742 29 −5643.9 0.5
Mn 25 17496.1 1.0 21591 11 −7893.6 0.3 −871.1 0.4 −15076 27 −7501.56 0.22
Fe 26 20495.18 0.28 18249.73 0.27 −7612.57 0.28 −6699.5 0.3 −12785.8 0.3 −14648.5 0.3
Co 27 24173.1 0.5 15060.2 1.1 −7754.0 0.5 −17411 6 −5616.9 0.4 −18775.9 0.7
Ni 28 30772 5 12231.0 0.4 −8000.5 0.4 −28520# 400# −3715.2 0.4 −30340 160
Cu 29 33530# 400# 5198 6 −6711 8 −34790# 500# 8111 6 −32430# 400#
Zn 30 35830# 450# 690# 400# −5260# 410# ∗ 12660# 400# ∗
Ga 31 ∗ −2820# 640# −4390# 780# ∗ 20510# 520# ∗

57 K 19 2480# 780# ∗ ∗ 35510# 630# ∗ 19570# 650#
Ca 20 4050# 430# ∗ −15780# 810# 27840# 450# ∗ 10890# 480#
Sc 21 6680 190 36430# 530# −11510 210 23060 200 −36650# 630# 9970 210
Ti 22 8710 210 30330 260 −7440 210 18120 210 −28180 320 3710 270
V 23 11450 90 28170 110 −8090 90 13050 80 −26210 270 2780 80
Cr 24 13557.3 1.9 25270 29 −8068 3 7657.0 1.9 −20390 100 −3684.6 1.9
Mn 25 15916.4 1.5 22939 27 −8060 3 1859.4 1.6 −18590 180 −4950.4 1.5
Fe 26 18843.23 0.23 19649.6 0.3 −7319.31 0.28 −4098.1 0.5 −12185.9 0.5 −12212.8 0.4
Co 27 21458.3 0.5 16211.1 0.5 −7080.2 0.6 −12036.6 0.6 −9723.0 0.5 −13509.3 0.5
Ni 28 26890.6 0.8 13180.5 0.5 −7561.4 1.7 −23530# 200# −2765.8 0.5 −25526 6
Cu 29 31820 160 7857.0 0.5 −7074.6 1.8 −31900# 400# 1442.5 0.5 −29990# 400#
Zn 30 34420# 450# 1790# 200# −5340# 200# ∗ 14070# 200# −36780# 540#
Ga 31 ∗ −1650# 430# −4700# 640# ∗ 15930# 400# ∗

58 K 19 2190# 920# ∗ ∗ 37410# 730# ∗ 20420# 810#
Ca 20 4160# 560# ∗ −16520# 940# 29390# 530# ∗ 11780# 530#
Sc 21 6110 320 38040# 630# −12750# 440# 24950 210 −36900# 630# 10850 280
Ti 22 7640 210 31990 310 −8180 190 21070 180 −31650# 440# 5450 200
V 23 10390 200 29490 280 −8420 100 15400 100 −26340 200 4020 100
Cr 24 12849 3 27150 100 −8673 16 10163.5 3.0 −24880 210 −2577 3
Mn 25 15058.5 2.7 24220 180 −8354 12 4019.7 2.9 −18680 80 −3716.9 2.7
Fe 26 17690.74 0.18 21448.1 0.5 −7644.8 0.3 −1926.4 0.3 −16919.3 1.9 −10880.9 0.5
Co 27 19949.4 1.2 17513.6 1.1 −6714.0 1.5 −8179.4 1.2 −9650.0 1.9 −11834.6 1.2
Ni 28 22463.9 0.3 14199.65 0.25 −6399.2 0.4 −17930 50 −7335.83 0.25 −20991.2 0.4
Cu 29 29181 6 10205.3 0.6 −6082.7 0.6 −28130# 300# 388.8 0.6 −27190# 200#
Zn 30 33050# 400# 2970 50 −5450 50 −34720# 500# 6500 50 −34960# 400#
Ga 31 35840# 580# −510# 300# −4730# 500# ∗ 16480# 300# ∗
Ge 32 ∗ −3230# 640# −4300# 550# ∗ 17680# 540# ∗

59 K 19 1520# 1000# ∗ ∗ 39580# 840# ∗ 22210# 940#
Ca 20 3770# 720# ∗ ∗ 31690# 670# ∗ 13220# 630#
Sc 21 5590 310 39540# 650# −13730# 560# 26780 280 −40050# 740# 12020 310
Ti 22 7620# 360# 33900# 500# −9650# 340# 22240# 300# −31640# 580# 6480# 320#
V 23 9320 160 30810 230 −9190 150 17910 140 −29420 230 6310 140
Cr 24 11733.6 2.0 28290 210 −8708 29 12549.0 0.7 −24490 180 −359.7 2.8
Mn 25 14181.7 2.8 25670 80 −8825 27 6704.5 2.4 −22380 100 −1441.4 2.4
Fe 26 16625.58 0.21 22717.9 1.9 −7979.5 0.4 491.9 0.3 −15962.1 3.0 −8889.0 1.1
Co 27 19026.8 0.4 19321.5 1.6 −6942.2 0.3 −5871.4 0.4 −13691.2 2.7 −10072.28 0.20
Ni 28 21215.5 0.5 15552.76 0.25 −6100.3 0.3 −13941.2 0.7 −6290.5 0.3 −17560.3 0.4
Cu 29 25192.1 0.6 11590.7 0.6 −4753.4 0.5 −22600# 170# −3800.1 1.2 −22130 50
Zn 30 30810# 200# 5709.7 0.8 −4304.6 1.0 −30850# 400# 5724.2 0.7 −31750# 300#
Ga 31 34490# 430# 1030# 170# −4550# 230# ∗ 10620# 170# −34250# 530#
Ge 32 ∗ −1600# 450# −4530# 570# ∗ 18640# 400# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

60 Ca 20 2880# 920# 25040# 1060# 57910# 700# −220# 990# 1730# 920# ∗
Sc 21 1790# 560# 17650# 780# 48420# 500# 7690# 710# 6870# 640# −13030# 780#
Ti 22 4290# 380# 18560 350 39310 240 4090 310 4140 300 −9890# 470#
V 23 3550 230 14500# 350# 28560 180 8540 260 6180 270 −6060 260
Cr 24 6863.9 1.3 16590 140 17564.7 1.2 4230 100 2390 80 −6860 210
Mn 25 5514 3 12141.0 2.4 5377.3 2.8 9735 4 4421.1 3.0 −2890 80
Fe 26 8820 3 13177 4 −7239 3 5125 4 937 4 −3242 4
Co 27 7491.92 0.07 8274.5 0.4 −22060# 200# 11215.6 0.4 3395.6 0.3 1482.2 1.6
Ni 28 11387.73 0.05 9532.38 0.20 −36940# 300# 6084.9 1.1 −263.5 0.4 1355.18 0.26
Cu 29 10058.1 1.6 4477.4 1.6 −52710# 400# 12594.4 1.6 2602.8 1.7 6646.8 1.6
Zn 30 15030.1 0.7 5105.0 0.4 ∗ 8204.2 0.6 −2001.4 0.6 7555.9 0.6
Ga 31 13900# 260# −340# 200# ∗ 13420# 210# −2180# 280# 13370# 200#
Ge 32 19230# 500# 1060# 350# ∗ 6720# 420# −7260# 500# 10670# 360#
As 33 ∗ −3440# 570# ∗ 12650# 640# ∗ 15420# 570#

61 Ca 20 60# 1060# ∗ 61510# 800# 970# 1130# 1940# 1060# ∗
Sc 21 3020# 780# 17790# 920# 52240# 600# 5400# 850# 6900# 780# −15780# 920#
Ti 22 2340# 380# 19110# 580# 42550# 300# 5170# 390# 3970# 360# −9190# 580#
V 23 5160 300 15370 340 32720 230 6410# 380# 5600 300 −9050 300
Cr 24 3659.3 2.2 16700 180 21725.5 1.9 5820 140 2800 100 −5930 180
Mn 25 6846 3 12122.6 2.6 10241.9 2.5 7084.6 2.4 5114 4 −5670 100
Fe 26 5579 4 13242 3 −2572 16 7316 3 1771 4 −1282 4
Co 27 9319.1 0.8 8774 3 −15760 40 8477.6 0.8 4121.1 0.8 −1424.2 2.8
Ni 28 7820.10 0.05 9860.56 0.22 −30430# 300# 8718.62 0.21 489.3 1.1 3579.6 0.3
Cu 29 11710.1 1.8 4799.8 1.0 −44780# 300# 9883.6 1.0 3108.9 1.0 3509.6 1.5
Zn 30 10246 16 5293 16 ∗ 10720 16 183 16 9526 16
Ga 31 15620# 200# 250 40 ∗ 10790 40 30 60 10180 40
Ge 32 14330# 420# 1490# 360# ∗ 10680# 350# −5390# 420# 14160# 300#
As 33 19630# 500# −3040# 420# ∗ 9880# 500# −4760# 580# 11990# 420#

62 Sc 21 1260# 850# 18990# 1000# 55830# 600# 7020# 920# 6370# 850# −15790# 1000#
Ti 22 3900# 500# 19990# 720# 46680# 400# 3060# 640# 3490# 470# −12360# 720#
V 23 3110 350 16130# 400# 36210 260 7600 360 5530# 400# −8740 360
Cr 24 6427 4 17960 230 25894 3 2950 180 1620 140 −9330# 300#
Mn 25 4853 7 13316 7 14264 7 9095 7 4456 7 −5270 140
Fe 26 8029 4 14425 4 2290.0 2.9 4801 4 1511 4 −5115.7 2.9
Co 27 6598 19 9793 19 −9437 19 10700 19 4105 19 −253 19
Ni 28 10595.7 0.3 11137.2 0.7 −24610# 140# 5614.8 0.4 347.5 0.4 −435.1 0.4
Cu 29 8874.8 1.1 5854.5 0.6 −38370# 300# 12396.5 0.6 3233.3 0.6 5088.7 0.6
Zn 30 12891 16 6473.0 1.1 ∗ 7888.0 1.7 54.4 0.7 5635.1 0.5
Ga 31 12920 40 2927 16 ∗ 12898.3 0.7 92.7 0.9 10017.8 0.7
Ge 32 16420# 330# 2290# 150# ∗ 8160# 240# −3520# 220# 10720# 140#
As 33 15290# 420# −2080# 420# ∗ 13820# 420# −3190# 500# 14990# 350#

63 Sc 21 2310# 920# ∗ 59960# 700# 4770# 1060# 6930# 990# ∗
Ti 22 1730# 640# 20460# 780# 49780# 500# 4350# 780# 3550# 710# −11210# 860#
V 23 4600 430 16830# 530# 40110 340 5340# 450# 5220 420 −11540# 610#
Cr 24 3400 70 18250 270 29330 70 4710 250 1770 200 −8430 250
Mn 25 6434 8 13323 5 18693 4 6320 4 4885 4 −8150 180
Fe 26 4829 5 14401 8 6578 5 6817 5 2196 5 −3081 4
Co 27 8498 26 10262 19 −5304 19 7780 19 4426 19 −3237 19
Ni 28 6837.77 0.06 11377 19 −18590 40 8096.1 0.7 1001.6 0.4 1547 3
Cu 29 10863.6 0.5 6122.40 0.06 −32080# 200# 9353.0 0.3 3757.4 0.3 1717.0 0.4
Zn 30 9116.7 1.6 6714.9 1.6 −45360# 500# 10481.4 1.6 995.9 2.2 7906.2 1.6
Ga 31 12631.4 1.5 2668.0 1.4 ∗ 10513 16 2491.4 1.4 7444.6 2.1
Ge 32 12850# 150# 2220 40 ∗ 10920 50 −2470# 200# 12900 40
As 33 17150# 360# −1350# 240# ∗ 11000# 360# −1110# 360# 11740# 280#
Se 34 ∗ −280# 580# ∗ 11060# 580# −6350# 640# 16330# 580#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

60 Ca 20 3610# 860# ∗ ∗ 33100# 740# ∗ 13760# 740#
Sc 21 5210# 540# 41060# 860# −14960# 780# 28540# 530# −40590# 940# 13260# 580#
Ti 22 7320 300 35150# 560# −11010 350 24810 240 −35200# 650# 7440 280
V 23 8800 210 32190 260 −10000 320 19880 180 −29550 310 6960 180
Cr 24 11059 3 30570 180 −9910 100 14505 4 −28320# 300# 545.5 2.6
Mn 25 13283 4 27120 100 −9210 180 8682.5 2.4 −22650 140 −374.3 2.4
Fe 26 15401 3 23999 5 −8553 3 3060 3 −20586 3 −7255 3
Co 27 17945.8 1.1 20400.8 2.7 −7163.7 0.4 −3305.2 1.6 −13414.1 2.4 −8564.92 0.21
Ni 28 20387.01 0.07 16895.9 0.3 −6291.00 0.26 −10298.8 0.4 −11097.3 0.3 −16186.1 0.4
Cu 29 22820.0 1.6 13075.9 1.9 −4729.7 1.6 −18760# 200# −3404.4 1.6 −19200.9 1.7
Zn 30 28020 50 8523.5 0.4 −2691.7 0.5 −26640# 300# −306.6 0.4 −28490# 170#
Ga 31 32190# 360# 2500# 200# −3390# 200# −33950# 450# 9480# 200# −31290# 450#
Ge 32 36090# 580# −190# 300# −4570# 500# ∗ 12400# 300# ∗
As 33 ∗ −3320# 500# −4230# 640# ∗ 20830# 430# ∗

61 Ca 20 2940# 1000# ∗ ∗ 35380# 860# ∗ 15490# 940#
Sc 21 4810# 650# 42830# 1000# −16060# 850# 30680# 640# ∗ 14530# 650#
Ti 22 6630# 420# 36760# 670# −12240# 500# 26130# 300# −34660# 760# 8650# 350#
V 23 8710 270 33930 340 −11220 300 21570 230 −32920# 550# 8660 230
Cr 24 10523.2 2.0 31200# 300# −10520 210 16424 3 −27690 240 2400.1 3.0
Mn 25 12359 3 28710 140 −9730 80 11156.0 2.5 −25940 180 1600 4
Fe 26 14398.2 2.6 25382.5 2.7 −8820 3 5301.5 2.6 −19301.0 2.8 −5341.4 2.6
Co 27 16811.0 0.8 21950.8 2.5 −7836.8 1.7 −914.1 1.2 −17219.2 2.5 −6496.3 0.8
Ni 28 19207.83 0.07 18135.0 0.3 −6464.93 0.26 −7873 16 −10098 3 −13948.1 1.6
Cu 29 21768.2 1.0 14332.2 1.0 −5063.3 1.0 −14850 40 −7622.6 1.0 −15880.9 1.0
Zn 30 25276 16 9770 16 −2690 16 −22560# 300# 835 16 −24830# 200#
Ga 31 29520# 180# 5350 40 −2250 40 −29940# 300# 3920 40 −27680# 300#
Ge 32 33560# 500# 1150# 300# −3670# 360# ∗ 13100# 300# −36220# 500#
As 33 ∗ −1980# 350# −4220# 500# ∗ 15100# 360# ∗

62 Sc 21 4280# 780# ∗ −17050# 920# 32520# 660# ∗ 15610# 670#
Ti 22 6240# 470# 37780# 810# −13090# 640# 28650# 400# −38500# 890# 9910# 460#
V 23 8270 320 35240# 570# −12160 330 23310 260 −33000# 660# 9210 260
Cr 24 10087 4 33330 240 −12360 180 18025 4 −31770# 300# 2818 4
Mn 25 11699 7 30010 180 −10520 100 12900 20 −25640 240 2325 7
Fe 26 13608 4 26547 3 −9311 4 7868.4 2.8 −23671 3 −4051.2 2.9
Co 27 15917 19 23034 19 −8022 19 1363 19 −16971 19 −5274 19
Ni 28 18415.8 0.3 19911 3 −7016.1 0.4 −5578.4 0.4 −15114.9 2.6 −12833.7 1.0
Cu 29 20584.9 1.7 15715.0 0.6 −5365.2 1.2 −10800.5 0.7 −7178.3 0.9 −14510 16
Zn 30 23136.3 0.7 11272.8 0.5 −3364.1 0.5 −19030# 140# −4235.0 0.5 −22100 40
Ga 31 28540# 200# 8219.7 1.7 −2744.1 0.7 −27570# 300# 2708.1 1.1 −26270# 300#
Ge 32 30750# 330# 2540# 140# −2270# 150# ∗ 6920# 140# −33010# 330#
As 33 34920# 500# −590# 360# −3310# 420# ∗ 15430# 300# ∗

63 Sc 21 3570# 920# ∗ −18110# 1060# 34810# 780# ∗ 17200# 810#
Ti 22 5630# 580# 39450# 940# −14100# 780# 30320# 510# ∗ 11280# 570#
V 23 7710 410 36820# 690# −13340 420 25150 340 −36340# 690# 11040 340
Cr 24 9820 70 34390# 310# −12720# 310# 19460 70 −31270# 410# 4270 70
Mn 25 11288 4 31290 230 −11700 140 14964 19 −28960 260 3920 5
Fe 26 12858 5 27717 5 −9945 4 9877 4 −22072 6 −2283 19
Co 27 15096 19 24687 19 −8751 19 3728 19 −20617 20 −3176 19
Ni 28 17433.5 0.3 21170.3 2.6 −7272.8 0.4 −3299.5 1.5 −13923.8 2.8 −10796.7 0.5
Cu 29 19738.4 1.0 17259.6 0.7 −5774.9 0.4 −9032.8 1.4 −11444 19 −12483.1 0.4
Zn 30 22007 16 12569.3 1.6 −3481.5 1.6 −15290 40 −2756.0 1.5 −18297.7 1.6
Ga 31 25560 40 9141.0 1.6 −2613.6 1.4 −23050# 200# −1048.5 1.5 −22480# 140#
Ge 32 29270# 300# 5150 40 −2130 40 −30070# 500# 6960 40 −30570# 300#
As 33 32440# 360# 940# 200# −2170# 260# ∗ 11200# 200# ∗
Se 34 ∗ −2360# 580# −2910# 640# ∗ 18000# 520# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

64 Ti 22 3690# 780# 21840# 920# 53490# 600# 1920# 850# 2880# 850# −14840# 1000#
V 23 2650# 530# 17750# 640# 43470# 400# 6590# 570# 4910# 500# −11170# 720#
Cr 24 5530 310 19190 450 33460 300 2280 400 1400 380 −11620# 420#
Mn 25 4173 5 14100 70 22435 4 8574 5 4372 4 −7170 230
Fe 26 7405 7 15371 6 11034 5 4265 8 1637 6 −6827 5
Co 27 6012 27 11446 20 −960 20 9796 20 3992 20 −2404 20
Ni 28 9657.46 0.20 12536 19 −12784 4 5036 19 663.2 0.7 −2532.1 2.6
Cu 29 7915.87 0.02 7200.50 0.03 −25890# 200# 12032.83 0.06 3661.7 0.3 3120.2 0.7
Zn 30 11861.9 1.5 7713.1 0.6 −39140# 500# 7494.3 0.8 844.1 0.7 3864.4 0.7
Ga 31 10357.0 1.9 3908.4 2.1 ∗ 13046.1 1.5 2380 16 8797.6 1.6
Ge 32 15470 40 5057 4 ∗ 8382 4 −2320 40 7680 16
As 33 14100# 290# −100# 200# ∗ 13320# 250# −880# 360# 13250# 210#
Se 34 18080# 710# 650# 540# ∗ 8270# 580# −4800# 580# 12580# 580#

65 Ti 22 1380# 920# ∗ 56430# 700# 2850# 990# 2760# 920# ∗
V 23 3860# 640# 17920# 780# 47080# 500# 4460# 710# 4950# 640# −13770# 780#
Cr 24 2740# 360# 19280# 450# 36820# 200# 4140# 400# 1770# 330# −10460# 450#
Mn 25 6050 5 14620 300 26296 4 5920 70 4749 5 −10110 260
Fe 26 4320 7 15518 6 14694 5 6380 6 2170 8 −4719 6
Co 27 7464 20 11505 5 3472.3 2.2 7161 5 4557 3 −5015 7
Ni 28 6098.08 0.14 12622 20 −8647.6 2.2 7437 19 1163 19 −601.3 2.8
Cu 29 9910.6 0.7 7453.6 0.7 −20330 80 8960.0 0.7 4346.8 0.7 −193 19
Zn 30 7979.32 0.17 7776.6 0.6 −32890# 300# 10378.7 0.6 1739.6 0.8 6480.8 0.6
Ga 31 11896.0 1.6 3942.4 0.6 −46170# 500# 10266.7 1.6 3374.7 0.9 5776.5 0.9
Ge 32 10234 4 4934.4 2.6 ∗ 10779.7 2.5 372.9 2.3 10336.3 2.3
As 33 15480# 220# −90 80 ∗ 10690 90 70# 160# 10700 80
Se 34 14230# 580# 780# 360# ∗ 11190# 360# −3740# 420# 14770# 330#
Br 35 ∗ −3080# 710# ∗ 11070# 710# ∗ 13580# 580#

66 V 23 2260# 710# 18800# 860# 50110# 500# 5890# 780# 4420# 710# −13720# 860#
Cr 24 4900# 360# 20320# 580# 40870# 300# 1890# 500# 1460# 450# −13630# 580#
Mn 25 3854 12 15730# 200# 29508 11 7600 300 4290 70 −9360 340
Fe 26 6921 7 16389 6 18831 4 3632 5 1683 6 −8240 70
Co 27 5295 14 12480 15 7315 14 9272 15 4091 15 −3875 14
Ni 28 8951.8 1.5 14110.1 2.5 −4399.3 2.8 4497 20 709 19 −4724 5
Cu 29 7065.93 0.09 8421.5 0.7 −14233 6 11551.6 0.7 4118.7 0.7 1240 19
Zn 30 11058.5 0.9 8924.5 0.9 −27240# 200# 7236.0 0.7 1544.7 0.7 2260.1 0.7
Ga 31 9137.6 1.3 5100.7 1.2 −40150# 400# 12991.1 1.2 3353.8 1.9 7502.5 1.1
Ge 32 13200 3 6238.5 2.5 ∗ 7936.6 2.8 −195.9 2.7 6252.8 2.9
As 33 13160 80 2836 6 ∗ 13001 7 −240 40 10168 6
Se 34 16710# 360# 2010# 220# ∗ 8580# 290# −3300# 280# 10910# 200#
Br 35 15150# 640# −2160# 500# ∗ 14000# 640# −1860# 640# 15580# 450#

67 V 23 3520# 780# ∗ 53580# 600# 3760# 920# 4600# 850# ∗
Cr 24 2200# 500# 20260# 640# 44470# 400# 3550# 640# 1910# 570# −12140# 720#
Mn 25 4900# 200# 15730# 360# 33740# 200# 5440# 280# 4920# 360# −11610# 450#
Fe 26 3712 6 16247 12 22172 4 5970 5 2145 5 −6420 300
Co 27 6985 15 12543 8 11557 7 6607 8 4512 8 −6686 7
Ni 28 5808 3 14623 14 −1069 5 6153 4 914 20 −3127 6
Cu 29 9132.6 1.1 8602.2 1.7 −10732.3 1.0 8517.0 0.9 4643.5 0.9 −1881 20
Zn 30 7052.47 0.23 8911.1 0.9 −21300 70 10094.1 0.9 2408.1 0.7 4865.1 0.7
Ga 31 11226.7 1.4 5268.9 1.1 −34350# 300# 9743.7 1.3 3988.9 1.3 4191.7 1.2
Ge 32 9138 5 6239 4 −47120# 420# 10695 4 1023 5 8977 4
As 33 12633 6 2269.2 2.4 ∗ 10601.8 2.2 2592 4 7892.0 1.5
Se 34 12990# 210# 1840 70 ∗ 11070 110 −2180# 210# 13380 70
Br 35 17030# 500# −1840# 360# ∗ 11200# 420# −810# 580# 12650# 360#
Kr 36 ∗ −730# 580# ∗ 11650# 660# ∗ 16950# 660#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

64 Ti 22 5420# 720# ∗ −14910# 920# 32160# 670# ∗ 12190# 690#
V 23 7250# 480# 38210# 720# −14190# 640# 26670# 400# −36680# 810# 11790# 410#
Cr 24 8930 300 36020# 500# −13970 380 21330 300 −35070# 580# 5180 300
Mn 25 10608 7 32350 260 −12330 180 16803 20 −28540 340 4575 6
Fe 26 12234 6 28695 6 −10486 5 12129 5 −26080 70 −1189 19
Co 27 14511 27 25846 21 −9249 20 5632 20 −20194 20 −2351 20
Ni 28 16495.23 0.21 22798.9 2.8 −8111 3 −1095.0 0.7 −18752 4 −9590.48 0.20
Cu 29 18779.5 0.5 18578 19 −6198.9 0.4 −6591.6 1.5 −10862 19 −11282.3 1.5
Zn 30 20978.6 0.8 13835.5 0.6 −3955.7 0.7 −11689 4 −7780.1 0.6 −17528.2 1.5
Ga 31 22988.4 1.5 10623.2 1.5 −2912.5 2.1 −19300# 200# −541.9 1.5 −19980 40
Ge 32 28320# 140# 7725 4 −2566 4 −27460# 500# 609 4 −28890# 200#
As 33 31260# 360# 2120# 200# −2370# 290# ∗ 9730# 200# −30750# 540#
Se 34 ∗ −700# 520# −1750# 580# ∗ 12770# 500# ∗

65 Ti 22 5070# 860# ∗ −16230# 1060# 33520# 730# ∗ 13460# 810#
V 23 6510# 610# 39760# 860# −15040# 780# 28860# 500# ∗ 13460# 580#
Cr 24 8270# 210# 37030# 540# −14370# 360# 22910# 200# −34120# 630# 6610# 200#
Mn 25 10223 5 33810 340 −13220 230 18218 4 −31940# 400# 5931 6
Fe 26 11725 7 29620 70 −11146 5 13908 5 −24870 300 503 21
Co 27 13476 19 26876 4 −9868 3 8078.5 2.2 −23485 4 −157.5 2.1
Ni 28 15755.54 0.25 24068 4 −8630.2 2.7 786.2 0.7 −17445 5 −7772.70 0.25
Cu 29 17826.4 0.7 19990 19 −6790.4 1.0 −4606.2 0.7 −14760 20 −9331.0 0.4
Zn 30 19841.2 1.5 14977.1 0.6 −4114.9 0.7 −9433.8 2.3 −6102.0 0.7 −15150.5 1.5
Ga 31 22253.0 1.5 11655.6 0.8 −3098.3 0.9 −15720 80 −4522.0 0.8 −16413 4
Ge 32 25700 40 8842.7 2.7 −2554 16 −23460# 300# 2236.8 2.3 −25020# 200#
As 33 29580# 220# 4970 80 −2230 90 −30450# 510# 4610 80 −28150# 510#
Se 34 32310# 580# 680# 300# −1660# 420# ∗ 14010# 300# ∗
Br 35 ∗ −2430# 540# −1720# 580# ∗ 15750# 540# ∗

66 V 23 6120# 640# ∗ −16040# 780# 30450# 500# ∗ 13940# 540#
Cr 24 7640# 420# 38240# 670# −15370# 500# 24930# 300# −37640# 760# 7760# 300#
Mn 25 9904 12 35010# 400# −13960 260 19658 18 −31930# 500# 6396 12
Fe 26 11241 6 31010 300 −11640 5 15938 4 −29050# 200# 1046 5
Co 27 12759 24 27997 14 −10309 15 9850 14 −22730 14 646 14
Ni 28 15049.9 1.5 25615 5 −9553 3 2892.9 1.6 −22077 5 −6813.9 1.5
Cu 29 16976.5 0.7 21044 20 −7259 19 −2534.6 1.2 −14362.1 2.2 −8417.6 0.4
Zn 30 19037.8 0.9 16378.1 0.7 −4577.7 0.7 −7292.2 2.5 −11062.4 0.7 −14313.1 1.0
Ga 31 21033.5 1.8 12877.3 1.1 −3361.1 1.2 −11699 6 −3749.0 1.2 −15316.8 2.4
Ge 32 23434 4 10181.0 2.5 −2863.9 2.5 −19950# 200# −2984.0 2.5 −22740 80
As 33 28640# 200# 7770 6 −2463 6 −28460# 400# 3343 6 −27080# 300#
Se 34 30940# 540# 1920# 200# −1950# 240# ∗ 7530# 200# −33240# 540#
Br 35 ∗ −1390# 450# −1570# 500# ∗ 16080# 410# ∗

67 V 23 5780# 780# ∗ −17240# 920# 31840# 630# ∗ 15330# 670#
Cr 24 7100# 450# 39060# 810# −15840# 640# 26440# 400# ∗ 9410# 400#
Mn 25 8760# 200# 36050# 540# −14270# 400# 21740# 200# −34570# 540# 8420# 200#
Fe 26 10633 6 31980# 200# −11960 70 18034 5 −27860# 300# 2629 14
Co 27 12279 7 28932 7 −10860 7 11998 7 −25860 13 2613 7
Ni 28 14759.5 2.9 27103 6 −10532 5 4137.7 3.0 −20964 5 −5555.7 3.0
Cu 29 16198.5 1.1 22712.3 2.3 −7893 19 −440.4 1.3 −18200 14 −6491.6 0.8
Zn 30 18111.0 0.9 17332.5 0.7 −4792.4 0.7 −5207 4 −9163.1 1.6 −12228.0 0.8
Ga 31 20364.3 1.4 14193.4 1.3 −3724.2 1.2 −10291.9 1.3 −7909.8 1.3 −13343.4 2.7
Ge 32 22338 5 11340 4 −2885 5 −16090 70 −1063 4 −18720 7
As 33 25790 80 8507.7 0.9 −2465.0 1.4 −24060# 300# −152.5 1.2 −23000# 200#
Se 34 29700# 310# 4680 70 −2080 80 −31030# 430# 7740 70 −31080# 410#
Br 35 32180# 580# 170# 310# −1450# 360# ∗ 12210# 300# ∗
Kr 36 ∗ −2890# 300# −1130# 660# ∗ 18820# 470# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

68 Cr 24 4490# 640# 21240# 780# 47770# 500# 1320# 710# 1280# 710# −15250# 860#
Mn 25 3410# 360# 16940# 500# 36650# 300# 6930# 420# 4250# 360# −11160# 580#
Fe 26 6260# 190# 17610# 280# 26110# 190# 3560# 190# 1940# 190# −9940# 280#
Co 27 4392 8 13223 5 15443 4 9136 6 4439 6 −5029 5
Ni 28 7792 4 15431 7 3515 4 3656 14 585 4 −6600 6
Cu 29 6318.8 1.8 9113 3 −6672.5 2.4 11150.1 2.1 4422.8 1.7 −735.4 2.6
Zn 30 10198.10 0.19 9976.6 0.9 −15817.7 0.9 6961.9 1.0 2120.6 1.0 765.0 0.8
Ga 31 8278.2 1.7 6494.6 1.2 −28300# 260# 12524.0 1.2 3690.0 1.5 5824.0 1.5
Ge 32 12376 5 7388.6 2.2 −41350# 500# 7455.7 2.2 542.7 2.0 4579.6 2.0
As 33 10378.6 1.9 3510 5 ∗ 13423 3 2447.8 2.8 9409.4 2.0
Se 34 15680 70 4891.2 0.7 ∗ 8546 6 −2390 80 7935.2 2.2
Br 35 14330# 400# −500# 250# ∗ 13580# 330# −910# 400# 13790# 270#
Kr 36 18150# 660# 390# 580# ∗ 8650# 640# −4270# 710# 13040# 580#

69 Cr 24 2010# 710# ∗ 50350# 500# 2830# 780# 1530# 710# ∗
Mn 25 4510# 500# 16960# 640# 40380# 400# 4620# 570# 4640# 500# −13410# 640#
Fe 26 3370# 280# 17570# 360# 29220# 200# 5090# 280# 2420# 200# −8410# 360#
Co 27 6810 90 13780# 210# 18940 90 6030 90 4550 90 −7990 90
Ni 28 4586 5 15625 5 7122 4 6054 7 1294 14 −4264 6
Cu 29 8240.5 2.1 9561 3 −2620 30 8717 3 5134.1 2.0 −3681 14
Zn 30 6482.07 0.16 10139.8 1.8 −11983.2 1.7 9612.5 0.9 2704.4 1.0 3234.8 1.6
Ga 31 10313.1 1.9 6609.6 1.4 −23070 40 9263.4 1.4 4435.5 1.4 2576.9 1.4
Ge 32 8193.2 2.3 7303.6 1.9 −34960# 300# 10489.3 1.8 1487.1 1.7 7445.0 1.5
As 33 12290 30 3420 30 ∗ 10270 30 3360 30 6260 30
Se 34 10316.6 1.6 4829.2 2.4 ∗ 10863.3 1.6 454 6 10818.7 2.8
Br 35 15540# 260# −640 40 ∗ 11030 80 270# 210# 11410 40
Kr 36 14590# 580# 640# 400# ∗ 11100# 420# −3710# 500# 15170# 360#

70 Cr 24 4080# 780# ∗ 53570# 600# ∗ 970# 850# ∗
Mn 25 3160# 640# 18110# 710# 42530# 500# 5950# 710# 3680# 640# −13060# 780#
Fe 26 5760# 360# 18820# 500# 32680# 300# 2740# 420# 1550# 360# −11970# 500#
Co 27 4210 90 14620# 200# 22385 11 8080# 190# 4048 12 −7300# 200#
Ni 28 7307 4 16120 90 11348.2 2.3 3140 4 972 7 −7859 4
Cu 29 5311.5 1.8 10287 4 1357.6 1.8 11198 3 5630 3 −2008 7
Zn 30 9218.2 2.0 11117.5 2.4 −7634.8 2.5 6713.1 2.5 2618.9 2.1 −176 3
Ga 31 7653.65 0.17 7781.2 1.4 −17485 15 11807.8 1.4 3834.3 1.4 4055.8 1.5
Ge 32 11532.7 1.5 8523.2 1.4 −29460# 200# 7234.8 1.6 1181.2 1.2 2964.7 1.0
As 33 9290 30 4522.3 1.9 ∗ 13355.6 2.3 3204 5 8191.6 1.8
Se 34 13566.5 2.2 6110 30 ∗ 7675.4 2.4 −478.6 1.6 6390 5
Br 35 13240 40 2280 15 ∗ 13475 15 20 70 10808 15
Kr 36 17030# 360# 2130# 210# ∗ 8400# 330# −3710# 360# 11130# 210#

71 Mn 25 4240# 710# 18270# 780# 46090# 500# 3720# 710# 3930# 710# ∗
Fe 26 3110# 500# 18770# 640# 35400# 400# 4140# 570# 1850# 500# −10590# 640#
Co 27 5920 470 14770# 550# 25770 470 5540# 510# 4390# 500# −9800# 550#
Ni 28 4264 3 16170 11 14500.4 2.4 5690 90 1100 4 −5860# 190#
Cu 29 7806.1 1.8 10786.2 2.6 5182 4 7978 4 5617 3 −5422 4
Zn 30 5835 3 11641.4 2.9 −4182 4 9118.2 3.0 3102 3 1781 4
Ga 31 9300.3 1.4 7863.3 2.1 −13637 5 8989.6 1.1 4732.1 1.0 1074.3 1.8
Ge 32 7415.94 0.11 8285.5 1.4 −23580 130 10132.0 1.4 2043.5 1.6 5746.9 1.0
As 33 11631 4 4620 4 −35600# 400# 9918 4 3950 5 4839 4
Se 34 9288 3 6102 3 ∗ 10680 30 612 3 9479 3
Br 35 13148 16 1861 6 ∗ 10643 6 2551 5 8039 6
Kr 36 13300# 240# 2190 130 ∗ 10640 140 −2670# 290# 13510 130
Rb 37 ∗ −1520# 450# ∗ 10560# 500# −1800# 640# 12150# 480#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

68 Cr 24 6690# 580# ∗ −16640# 780# 28210# 540# ∗ 9820# 540#
Mn 25 8310# 300# 37200# 580# −15030# 500# 22720# 300# −34470# 670# 8720# 300#
Fe 26 9970# 190# 33340# 360# −12680# 360# 19570# 190# −31920# 440# 3350# 190#
Co 27 11377 14 29470 12 −11078 5 13924 4 −25350# 200# 4029 5
Ni 28 13600 3 27974 5 −10919 6 6543 3 −25044 5 −4216 3
Cu 29 15451.4 1.7 23736 14 −8200 20 1519.0 2.1 −17534 7 −5758.0 1.8
Zn 30 17250.6 0.3 18578.8 1.6 −5333.0 0.8 −3028.4 2.0 −13553.4 3.0 −11199.3 1.1
Ga 31 19505.0 1.5 15405.7 1.5 −4086.6 1.4 −8191.5 2.3 −7055.5 1.5 −12484 4
Ge 32 21514 3 12657.5 2.0 −3399.7 2.0 −12789.4 1.9 −6387.4 2.0 −18462.9 1.9
As 33 23012 6 9748.7 2.1 −2486.6 2.3 −20100# 260# 695.7 2.2 −20390 70
Se 34 28670# 200# 7160.4 2.5 −2299 4 −28560# 500# 1195 4 −29730# 300#
Br 35 31360# 480# 1340# 260# −1680# 330# ∗ 10510# 260# −31310# 500#
Kr 36 ∗ −1460# 540# −1190# 710# ∗ 13670# 510# ∗

69 Cr 24 6500# 640# ∗ −17270# 860# 29570# 540# ∗ 11220# 580#
Mn 25 7920# 450# 38190# 720# −15670# 640# 25030# 410# ∗ 10470# 440#
Fe 26 9630# 200# 34510# 450# −13310# 280# 20780# 200# −30800# 540# 4370# 200#
Co 27 11210 90 31380# 220# −11840 90 15350 90 −28750# 310# 5010 90
Ni 28 12379 5 28848 5 −11186 6 8439 4 −23370# 190# −2483 4
Cu 29 14559.3 1.7 24992 7 −8975.9 2.5 3591.6 1.8 −21383 4 −3800.4 1.6
Zn 30 16680.17 0.25 19253.2 3.0 −5717.0 0.8 −1317.2 1.5 −12243 3 −9403.2 1.2
Ga 31 18591.3 1.7 16586.2 1.5 −4489.1 1.4 −6220 30 −11049.7 2.0 −10420.3 2.2
Ge 32 20570 5 13798.2 1.5 −3613.6 1.5 −10666.0 2.0 −4382.5 1.5 −16277.5 2.3
As 33 22670 30 10810 30 −2880 30 −16850 50 −3320 30 −16990 30
Se 34 26000 70 8339 5 −2381.4 2.6 −24290# 300# 3255.1 2.4 −25720# 260#
Br 35 29870# 300# 4250 40 −1750 90 ∗ 5350 40 −28700# 500#
Kr 36 32730# 520# 140# 310# −1550# 420# ∗ 14760# 300# ∗

70 Cr 24 6090# 780# ∗ ∗ 31250# 670# ∗ 11650# 720#
Mn 25 7670# 580# ∗ −16580# 710# 26080# 500# ∗ 10680# 540#
Fe 26 9140# 360# 35780# 580# −14180# 420# 22320# 300# −34550# 580# 5420# 310#
Co 27 11025 12 32180# 300# −12199 16 16451 11 −28450# 400# 5382 12
Ni 28 11893 4 29900# 190# −11571 5 10350.9 2.9 −27300# 200# −1549.0 2.6
Cu 29 13552.0 1.9 25912 4 −8993 14 5933.8 1.6 −19880 90 −2629.8 1.3
Zn 30 15700.2 2.0 20679 4 −5983.4 2.4 997.3 2.1 −16875 4 −8308.2 1.6
Ga 31 17966.7 1.9 17921.0 2.0 −5076.8 1.4 −4576.2 1.8 −10462.9 1.8 −9880.8 0.6
Ge 32 19725.9 2.0 15132.8 1.0 −4087.7 1.0 −8632.1 1.8 −9433.1 1.1 −15520 30
As 33 21582.1 2.3 11825.9 2.0 −3035.2 1.8 −12908 15 −2295.1 1.8 −15970.6 2.0
Se 34 23883.1 1.7 9529.0 2.5 −2747.8 2.9 −20830# 200# −2118.2 2.1 −23740 40
Br 35 28780# 260# 7109 15 −1825 16 ∗ 4400 40 −27360# 300#
Kr 36 31620# 540# 1490# 200# −1870# 280# ∗ 8050# 200# ∗

71 Mn 25 7400# 640# ∗ −17300# 780# 27750# 680# ∗ 12200# 580#
Fe 26 8870# 450# 36880# 640# −15090# 570# 23480# 400# −33580# 720# 6520# 400#
Co 27 10130 470 33590# 610# −13210# 510# 18340 470 −31210# 680# 6770 470
Ni 28 11570 4 30790# 200# −12123 4 11923 3 −25810# 300# −501.2 2.5
Cu 29 13117.5 2.0 26900 90 −9814 7 7428.0 1.7 −23475 11 −1217.7 2.4
Zn 30 15053.5 2.8 21928 5 −6011 4 2577.9 2.8 −15404 3 −6490.0 2.9
Ga 31 16953.9 1.4 18980.8 1.6 −5244.5 1.2 −2246 4 −14451.7 1.4 −7648.41 0.14
Ge 32 18948.6 1.5 16066.7 1.1 −4451.2 1.0 −6760.1 2.9 −7630.9 2.1 −13644.0 1.6
As 33 20920 30 13143 4 −3439 4 −11391 7 −6272 4 −14035 4
Se 34 22854 3 10624 3 −2898 5 −16820 130 126.6 2.9 −19792 15
Br 35 26390 40 7970 30 −2340 5 −24210# 400# 543 6 −23470# 200#
Kr 36 30330# 330# 4470 130 −2170 150 ∗ 8310 130 ∗
Rb 37 ∗ 610# 400# −2190# 500# ∗ 11850# 400# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

72 Mn 25 2620# 780# ∗ 48610# 600# 5180# 850# 3320# 780# ∗
Fe 26 5390# 640# 19920# 710# 38900# 500# 1910# 710# 970# 640# −13970# 710#
Co 27 4000# 550# 15660# 500# 28290# 300# 7300# 420# 3760# 360# −9290# 500#
Ni 28 6891 3 17150 470 18359.8 2.2 3010 11 1020 90 −9380# 200#
Cu 29 5143.2 2.0 11665.7 2.6 8447 4 10141.7 2.6 5060 4 −3750 90
Zn 30 8888 3 12723.3 2.6 −277.3 2.9 5541.7 2.4 2454.8 2.6 −2520 4
Ga 31 6520.48 0.19 8548.5 2.8 −9526.5 1.3 11687.3 2.1 4693.7 1.1 2794.3 1.6
Ge 32 10750.6 0.8 9735.8 0.8 −18645 8 7035.0 1.2 1606.0 1.2 1478.4 0.8
As 33 8408 6 5612 4 −29900# 500# 13043 4 3735 4 6744 4
Se 34 12793 3 7264 5 ∗ 7176.6 2.4 110 30 4878.9 2.4
Br 35 10631 5 3204.2 3.0 ∗ 13579.0 1.9 2237.0 1.8 9700 30
Kr 36 15680 130 4727 10 ∗ 8196 17 −2820 40 8141 8
Rb 37 14110# 640# −710# 520# ∗ 13480# 540# −1330# 580# 13580# 500#

73 Mn 25 3600# 850# ∗ 52290# 600# ∗ 3800# 850# ∗
Fe 26 2810# 710# 20110# 780# 41600# 500# 3340# 710# 1320# 710# −12700# 780#
Co 27 5740# 420# 16010# 580# 31730# 300# 4670# 500# 3780# 420# −11870# 580#
Ni 28 3953 3 17100# 300# 21189.4 2.4 4970 470 1281 11 −7570# 300#
Cu 29 7275.8 2.4 12050.3 3.0 11965 4 7129.6 3.0 5090.5 2.9 −6816 11
Zn 30 5519.2 2.8 13099.4 2.3 2634 8 7828.5 2.4 2247.0 2.2 −733.1 2.8
Ga 31 9182.4 1.9 8842.8 2.7 −6054 7 8340 3 4729.5 2.5 −1076.6 2.0
Ge 32 6782.94 0.05 9998.2 0.8 −14746 7 9552.4 0.8 2476.7 1.2 3913.6 1.9
As 33 10794 6 5656 4 −24940 40 9665 4 4473 4 3604 4
Se 34 8431 8 7287 8 −36280# 400# 10377 9 971 8 7981 7
Br 35 12655 7 3067 7 ∗ 10212 7 3148 7 6335 7
Kr 36 10682 10 4779 7 ∗ 10661 9 −262 16 11025 7
Rb 37 15750# 500# −640 40 ∗ 11030 140 −50# 200# 11060 40
Sr 38 ∗ 910# 640# ∗ 11050# 570# ∗ 14800# 450#

74 Fe 26 4740# 710# 21250# 780# 45100# 500# 1220# 780# 820# 710# ∗
Co 27 3640# 500# 16840# 640# 34510# 400# 6420# 640# 3250# 570# −11270# 640#
Ni 28 6660# 200# 18020# 360# 24720# 200# 2310# 360# 530# 510# −11120# 450#
Cu 29 5090 6 13187 7 14854 6 8931 7 4264 7 −5990 470
Zn 30 8235 3 14058 3 6456.5 2.5 4737.1 2.9 1818.5 2.9 −4704 3
Ga 31 6422 3 9745 4 −2761 7 10807 4 4143 4 308 3
Ge 32 10196.24 0.06 11012.1 1.7 −11090.6 2.0 5876.6 0.8 1580.7 0.8 −447.3 2.7
As 33 7979 4 6851.5 1.7 −18944 3 12436.7 1.7 3910.6 1.9 4925.5 1.9
Se 34 12057 7 8549 4 −31390# 100# 6727 4 544 4 3339.8 0.8
Br 35 9714 9 4350 9 ∗ 13291 6 2722 6 8251 7
Kr 36 13851 7 5975 7 ∗ 7440.7 2.3 −965 6 6461 3
Rb 37 13980 40 2653 7 ∗ 12735 9 −720 130 10233 6
Sr 38 16950# 410# 2110# 110# ∗ 8210# 510# −3670# 410# 11150# 160#

75 Fe 26 2110# 780# ∗ 47860# 600# 2710# 850# 1330# 850# ∗
Co 27 5090# 570# 17190# 640# 37900# 400# 4140# 640# 3550# 640# −13750# 720#
Ni 28 3610# 280# 17990# 450# 27620# 200# 4440# 360# 920# 360# −9340# 540#
Cu 29 6535 6 13060# 200# 18564.0 1.1 6348.7 2.5 4619.9 2.3 −8520# 300#
Zn 30 4874 3 13842 6 9610.6 2.0 7139.3 2.8 2088.1 2.4 −2686.4 3.0
Ga 31 8482 3 9992.9 2.6 646 4 7843.6 2.0 4548.9 2.2 −3031.2 1.5
Ge 32 6505.84 0.05 11096.3 3.0 −7533 8 8553.2 1.7 1595.4 0.8 1934.9 2.1
As 33 10245.5 1.9 6900.7 0.9 −15815.5 1.5 8974.1 0.9 4415.8 0.9 1200.5 1.2
Se 34 8027.60 0.07 8598.4 1.7 −25550 220 9494 4 924 4 6062.82 0.10
Br 35 11890 7 4183 4 −37290# 300# 9831 9 3625 5 4769 6
Kr 36 10063 8 6324 10 ∗ 10033 11 −398 8 9191 8
Rb 37 13374 3 2175.8 2.3 ∗ 10044 7 1586 8 7489.5 1.6
Sr 38 13860# 240# 1990 220 ∗ 10100 220 −3430# 550# 12970 220
Y 39 ∗ −1720# 320# ∗ 10840# 500# ∗ 12160# 580#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

72 Mn 25 6860# 780# ∗ ∗ 29130# 670# ∗ 12690# 720#
Fe 26 8500# 580# 38190# 780# −15990# 710# 24980# 500# ∗ 7050# 680#
Co 27 9920# 300# 34430# 580# −13810# 420# 19480# 300# −30970# 580# 7040# 300#
Ni 28 11155 3 31910# 300# −12750# 190# 13919 3 −29590# 400# 413.7 2.7
Cu 29 12949.3 1.8 27836 11 −10565 4 8805.3 1.6 −22700 470 −525.5 3.0
Zn 30 14723.4 2.9 23510 3 −7107 4 4440.4 2.1 −20028 3 −6077.7 2.3
Ga 31 15820.8 1.5 20189.8 1.4 −5446.2 1.8 −358 4 −13166.1 1.7 −6752.95 0.21
Ge 32 18166.5 0.8 17599.1 1.9 −5003.7 0.8 −4717.7 2.0 −12546.1 2.7 −12764 4
As 33 20038 4 13898 4 −3569 4 −9168 4 −5380 4 −13155 5
Se 34 22080.9 2.5 11884.1 2.1 −3314.3 2.7 −13928 8 −5250.5 2.1 −19437 6
Br 35 23779 15 9305.7 1.7 −2592.1 2.1 −20730# 500# 1543 4 −20810 130
Kr 36 28980# 200# 6589 8 −2176 8 ∗ 1917 8 −29720# 400#
Rb 37 ∗ 1480# 500# −1960# 560# ∗ 10880# 500# ∗

73 Mn 25 6220# 780# ∗ ∗ 31270# 670# ∗ 14480# 780#
Fe 26 8200# 640# ∗ −16790# 710# 26120# 500# ∗ 8240# 580#
Co 27 9740# 550# 35930# 580# −15040# 500# 21020# 300# −34090# 670# 8190# 300#
Ni 28 10845 3 32760# 400# −13330# 200# 15485 3 −28150# 500# 1603.5 2.8
Cu 29 12418.9 2.4 29200 470 −11030 90 10711.9 2.6 −25980# 300# 1086.7 2.9
Zn 30 14407 3 24765.1 2.9 −8040 4 5704.1 1.9 −18656.3 2.9 −5076.4 2.0
Ga 31 15702.9 1.9 21566.2 2.2 −6388.0 2.2 1253 4 −17205.3 2.2 −5184.8 1.7
Ge 32 17533.5 0.8 18546.7 2.7 −5304.5 0.8 −3070 7 −10441.0 2.1 −11139 4
As 33 19202 6 15392 4 −4050 4 −7307 8 −9653 4 −11156 4
Se 34 21224 8 12899 7 −3552 8 −11676 10 −2930 7 −17237 7
Br 35 23286 9 10330 8 −2960 30 −17630 40 −2705 8 −17777 10
Kr 36 26370 130 7983 7 −2542 7 −24600# 400# 4027 7 −26290# 500#
Rb 37 29860# 400# 4090 40 −2180 60 ∗ 5760 40 ∗
Sr 38 ∗ 200# 420# −2240# 500# ∗ 14700# 400# ∗

74 Fe 26 7550# 710# ∗ −17440# 780# 28040# 540# ∗ 9240# 580#
Co 27 9380# 500# 36950# 720# −15520# 640# 22470# 400# −34130# 720# 8500# 400#
Ni 28 10620# 200# 34030# 540# −14240# 360# 17060# 200# −32000# 540# 2220# 200#
Cu 29 12366 6 30280# 300# −11906 13 12043 7 −25330# 300# 1516 6
Zn 30 13754 3 26109 3 −8968 3 7665.7 2.5 −22938 3 −4129 3
Ga 31 15604 3 22845 3 −7498 3 2810 3 −16351 4 −4823.4 3.0
Ge 32 16979.18 0.07 19854.9 2.1 −6282.6 1.9 −1209.24 0.01 −15118.0 1.9 −10541 4
As 33 18773 4 16849.7 1.9 −4374.8 2.1 −5572 6 −8449.7 2.4 −10704 8
Se 34 20487.7 2.0 14205.24 0.08 −4076.1 0.8 −9881.4 2.0 −8204.65 0.06 −16639 7
Br 35 22369 6 11636 7 −3379 6 −13372 7 −1624 7 −16808 9
Kr 36 24534 8 9041.6 2.8 −2826.9 2.6 −21500# 100# −1393 8 −24390 40
Rb 37 29730# 500# 7432 3 −2915 15 ∗ 4441 7 −28040# 400#
Sr 38 ∗ 1470# 100# −2150# 220# ∗ 8440# 100# ∗

75 Fe 26 6850# 780# ∗ ∗ 29540# 630# ∗ 10770# 720#
Co 27 8730# 500# 38440# 720# −16370# 640# 23910# 400# ∗ 10070# 450#
Ni 28 10280# 200# 34830# 540# −14740# 450# 18320# 200# −30870# 540# 3700# 200#
Cu 29 11625.4 2.1 31080# 300# −12530 470 13990.4 1.0 −28220# 400# 3215.2 2.6
Zn 30 13108.1 2.7 27029 3 −9577.6 3.0 9298.1 2.0 −21150# 200# −2581 4
Ga 31 14903.9 1.8 24051.1 2.1 −8174.4 1.6 4573.6 1.1 −19743 6 −3109.5 0.7
Ge 32 16702.08 0.07 20841.5 1.9 −6953.1 2.7 312.52 0.09 −13389.2 2.5 −9068.2 1.7
As 33 18224 4 17912.8 1.9 −5320.0 1.2 −3927 4 −12274 3 −8892.3 0.9
Se 34 20085 7 15449.90 0.09 −4687.7 0.8 −7846 8 −6036.01 0.07 −14953 6
Br 35 21604 8 12732 6 −3639 6 −11888 4 −5536 5 −14846 5
Kr 36 23915 10 10674 11 −3602 9 −17700 220 601 8 −20479 9
Rb 37 27350 40 8151 7 −3141 6 −25400# 300# 780 6 −24460# 100#
Sr 38 30810# 460# 4640 220 −2720 250 ∗ 8420 220 ∗
Y 39 ∗ 390# 300# −1960# 500# ∗ 12810# 300# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

76 Fe 26 3960# 850# ∗ 51710# 600# ∗ 970# 850# ∗
Co 27 3170# 640# 18250# 780# 40640# 500# 5710# 710# 3190# 710# −13310# 780#
Ni 28 6020# 360# 18920# 500# 31020# 300# 2060# 500# 640# 420# −12550# 580#
Cu 29 4582.7 1.2 14030# 200# 21309.8 1.3 8430# 200# 3990.6 2.6 −7370# 300#
Zn 30 7815.4 2.4 15121.8 1.6 12948.9 1.5 4414 6 1548.5 2.4 −6548.5 2.8
Ga 31 5907.3 2.1 11026.7 2.8 3992 10 10171 3 4160.8 2.7 −1662.8 2.8
Ge 32 9427.24 0.05 12041.2 0.7 −4199 4 5547.5 3.0 1350.5 1.7 −1973.1 1.9
As 33 7328.50 0.07 7723.4 0.9 −11812.3 1.3 11841.9 0.9 3870.2 0.9 3054.4 1.9
Se 34 11153.79 0.07 9506.7 0.9 −21000 30 6318.9 1.7 565 4 1691.98 0.06
Br 35 9253 10 5409 9 −32040# 300# 12635 9 2802 12 6310 10
Kr 36 12761 9 7196 6 ∗ 6985 7 −504 8 4860 8
Rb 37 11331.7 1.5 3444 8 ∗ 12563.6 2.2 937 7 8813 7
Sr 38 15700 220 4320 30 ∗ 8380 30 −3370 50 7950 40
Y 39 14500# 420# −1080# 370# ∗ 13290# 320# −1440# 500# 13410# 300#

77 Co 27 4320# 780# 18610# 850# 44080# 600# 3500# 850# 3610# 780# ∗
Ni 28 3230# 500# 18980# 640# 33860# 400# 3920# 570# 1050# 570# −11040# 640#
Cu 29 5952.5 1.5 13960# 300# 25053.5 2.1 6090# 200# 4700# 200# −9680# 400#
Zn 30 4557.5 2.5 15096.5 2.2 15810.3 2.0 6391.8 2.1 2081 6 −4440# 200#
Ga 31 7767 3 10978.3 2.8 7242 4 7277 3 4628 3 −4340 7
Ge 32 6071.29 0.05 12205.2 2.0 −1043.4 2.0 7958.6 0.7 1700.8 3.0 190.3 2.5
As 33 9696.3 1.9 7992.4 1.7 −9085.8 2.1 8651.4 1.7 4370.2 1.7 −220 3
Se 34 7418.86 0.06 9597.1 0.9 −16796 8 9145.5 0.9 1124.6 1.7 4469.36 0.06
Br 35 11017 10 5271.8 2.8 −26800# 200# 9645.5 2.8 3842.4 2.8 3272 3
Kr 36 9227 4 7169 10 −38570# 400# 9648 5 −17 6 7690.2 2.0
Rb 37 12422.7 1.6 3106 4 ∗ 10204 8 2365.4 2.4 6104 6
Sr 38 11630 40 4613 8 ∗ 10126 8 −1023 8 10175 8
Y 39 16260# 360# −520# 200# ∗ 10890# 300# −750# 230# 11120# 200#
Zr 40 ∗ 640# 500# ∗ 10930# 500# ∗ 14870# 410#

78 Co 27 1480# 920# ∗ 48380# 700# 5980# 920# 4240# 920# ∗
Ni 28 5600# 570# 20260# 720# 36980# 400# 1490# 640# 550# 570# −14530# 720#
Cu 29 3998 13 14730# 400# 28027 17 8110# 300# 4320# 200# −8580# 400#
Zn 30 6765.4 2.8 15909.4 2.3 19542.7 2.0 4209.2 2.1 1851.0 2.1 −7600# 200#
Ga 31 5783.1 2.6 12203.9 2.2 9748 4 9309.7 1.8 3718.9 2.2 −3587.5 1.3
Ge 32 8721 4 13159 4 2316 4 5145 4 1463 4 −3657 4
As 33 6972 10 8893 10 −5882 10 11107 10 3904 10 1290 10
Se 34 10497.77 0.17 10398.6 1.7 −13852 7 5976.2 0.9 872.3 0.9 477.42 0.19
Br 35 8289 5 6142 4 −21280# 300# 12511 4 3581 4 5228 4
Kr 36 12080.1 2.0 8232.4 2.8 −33330# 400# 6822 9 −207 4 3637.6 0.3
Rb 37 10176 3 4055 4 ∗ 12789 5 2252 9 7818 5
Sr 38 13442 11 5632 8 ∗ 8016 8 −1091 8 6796 11
Y 39 13810# 360# 1660# 300# ∗ 12790# 300# −690# 370# 10690# 300#
Zr 40 17320# 570# 1700# 450# ∗ 8110# 500# −4170# 500# 11420# 460#

79 Ni 28 1350# 640# 20130# 860# 41370# 500# 4460# 780# 2360# 710# −11920# 780#
Cu 29 5690 110 14820# 410# 31230 110 5650# 410# 4650# 320# −11100# 510#
Zn 30 4020.4 3.0 15932 14 22485.2 2.2 6141.3 2.5 2413.4 2.4 −5600# 300#
Ga 31 6915.6 1.6 12354.1 2.3 13519.7 1.6 6951.7 2.3 4618.7 1.9 −5920.3 1.5
Ge 32 5740 40 13110 40 4920 40 7180 40 1630 40 −1580 40
As 33 8890 11 9063 6 −2833 6 8288 5 4441 5 −1693 6
Se 34 6962.83 0.13 10389 10 −10438 7 8709.7 1.7 1238.0 0.9 2941.83 0.22
Br 35 10687 4 6331.1 1.0 −18270 80 9242.2 1.0 4047.9 1.0 1869.7 1.3
Kr 36 8335 3 8279 5 −27670# 300# 9503 4 711 10 6456 3
Rb 37 11939 4 3913.5 2.0 −39150# 500# 10077.5 2.8 3075 4 5133 10
Sr 38 10377 11 5833 8 ∗ 10062 8 −137 7 9180 8
Y 39 13700# 310# 1920 80 ∗ 10710 80 1310 90 8320 80
Zr 40 13990# 500# 1890# 420# ∗ 10380# 360# −3660# 420# 13120# 300#
Nb 41 ∗ −1910# 640# ∗ 10660# 640# ∗ 12250# 580#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

76 Fe 26 6070# 780# ∗ ∗ 31600# 670# ∗ 11900# 720#
Co 27 8260# 640# ∗ −16920# 780# 25320# 500# ∗ 10510# 540#
Ni 28 9630# 360# 36110# 580# −15370# 580# 20110# 300# −34780# 670# 4210# 300#
Cu 29 11118 6 32020# 400# −13110# 300# 15315.0 2.2 −27710# 400# 3506.0 2.2
Zn 30 12688.9 2.9 28180# 200# −10501.9 2.7 10909.9 1.5 −25350# 200# −1913.7 1.6
Ga 31 14390 4 24868 6 −8938.6 2.4 5994.7 2.1 −19115.4 2.1 −2511.0 2.0
Ge 32 15933.08 0.02 22034.1 2.5 −7492.3 2.1 2039.06 0.01 −17943.0 2.0 −8250.0 0.9
As 33 17574.0 1.9 18820 3 −6128.0 1.2 −2002 9 −11119.7 1.1 −8193.2 0.9
Se 34 19181.38 0.02 16407.45 0.02 −5090.96 0.08 −6238 4 −10683.96 0.05 −14216 4
Br 35 21144 11 14007 9 −4484 10 −9810 9 −4544 9 −14037 12
Kr 36 22824 4 11378 4 −3570 4 −14770 30 −4133 4 −19866 4
Rb 37 24706 3 9769 6 −3842.3 1.4 −22230# 300# 1339 4 −21930 220
Sr 38 29560# 110# 6490 30 −2730 40 ∗ 2790 40 −30500# 300#
Y 39 ∗ 910# 300# −2350# 580# ∗ 11680# 300# ∗

77 Co 27 7490# 720# ∗ −17630# 850# 26950# 600# ∗ 12210# 670#
Ni 28 9250# 450# 37230# 720# −15790# 640# 21440# 400# −34050# 720# 5560# 400#
Cu 29 10535.2 1.4 32880# 400# −13320# 300# 17129.5 2.7 −30490# 500# 5368.9 1.9
Zn 30 12372.9 2.8 29130# 200# −11106 3 12423.7 2.0 −23890# 300# −563.9 2.8
Ga 31 13674.3 2.5 26100.1 2.5 −9430 3 7924.0 3.0 −22299.7 2.6 −850.8 2.4
Ge 32 15498.53 0.07 23231.9 2.0 −8044.4 1.9 3386.63 0.08 −16198.8 1.5 −6992.8 0.9
As 33 17024.8 1.9 20033.6 1.8 −6641.9 2.4 −682 3 −14908.7 2.6 −6735.7 1.7
Se 34 18572.64 0.10 17320.47 0.08 −5726.88 0.08 −4430.0 2.0 −8675.57 0.06 −12382 9
Br 35 20270 5 14778.6 2.9 −4707 5 −8404 3 −8232.4 2.9 −12292 5
Kr 36 21988 8 12577.9 2.0 −4367 8 −12366 8 −2206.5 2.0 −17761.7 2.2
Rb 37 23754.4 1.8 10301 4 −3610 7 −18390# 200# −1830 9 −18650 30
Sr 38 27330 220 8058 11 −3677 10 −26200# 400# 3921 9 −27630# 300#
Y 39 30760# 360# 3800# 200# −2850# 210# ∗ 6750# 200# ∗
Zr 40 ∗ −440# 460# −2080# 570# ∗ 15360# 400# ∗

78 Co 27 5800# 860# ∗ ∗ 29470# 700# ∗ 13960# 810#
Ni 28 8830# 500# 38870# 720# −16650# 640# 22600# 400# ∗ 5910# 400#
Cu 29 9950 13 33710# 500# −13670# 400# 18915 13 −30170# 600# 5928 13
Zn 30 11322.9 2.4 29870# 300# −11210# 200# 14379 4 −27420# 400# 438 3
Ga 31 13550.1 2.2 27300.4 1.4 −10123 6 9113 10 −22130.2 1.6 −562.5 1.1
Ge 32 14792 4 24137 4 −8530 4 5164 4 −20362 4 −6017 4
As 33 16668 10 21098 10 −7192 10 635 10 −14114 10 −6289 10
Se 34 17916.63 0.18 18391.00 0.18 −6028.42 0.18 −2847.67 0.26 −13102.05 0.19 −11862.5 2.8
Br 35 19306 10 15739 4 −5017 4 −6517 5 −6825 4 −11354 4
Kr 36 21307 4 13504.3 0.3 −4390.0 0.3 −11004 7 −6867.8 0.3 −17419.1 1.3
Rb 37 22599 3 11224 10 −4072 7 −14760# 300# −990 4 −17203 9
Sr 38 25070 40 8738 8 −3267 8 −22320# 400# −293 8 −24810# 200#
Y 39 30070# 420# 6270# 300# −2680# 300# ∗ 5370# 300# −28640# 500#
Zr 40 ∗ 1180# 400# −2450# 410# ∗ 9670# 400# ∗

79 Ni 28 6950# 640# ∗ −15890# 780# 25270# 500# ∗ 8560# 500#
Cu 29 9690 100 35080# 610# −14270# 410# 20140 100 −34380# 710# 7000 100
Zn 30 10785.7 3.0 30660# 400# −11620# 200# 16090 40 −25840# 400# 2200.5 2.5
Ga 31 12698.6 2.7 28263.5 1.7 −10503.1 1.4 11088 5 −25048 13 1242 4
Ge 32 14460 40 25320 40 −9390 40 6390 40 −19330 40 −4780 40
As 33 15862 6 22222 6 −7600 5 2432 5 −17221 5 −4681 5
Se 34 17460.60 0.21 19282.54 0.23 −6485.41 0.23 −1475 3 −11344 4 −10537 4
Br 35 18975.9 3.0 16729.7 1.8 −5458.8 1.3 −5265.3 2.1 −10540 10 −9961.1 1.0
Kr 36 20415 4 14421 3 −4698 3 −8963 8 −4705 3 −15578 5
Rb 37 22114.9 2.3 12146 3 −4121 5 −13000 80 −4640 4 −15700 8
Sr 38 23819 11 9888 8 −3581 11 −18710# 300# 1410 7 −21380# 300#
Y 39 27510# 220# 7550 80 −3010 80 −26150# 510# 1840 80 −25030# 410#
Zr 40 31310# 500# 3550# 300# −2580# 370# ∗ 9120# 300# ∗
Nb 41 ∗ −210# 540# −2260# 580# ∗ 13230# 580# ∗

030003-135



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

80 Ni 28 3150# 780# ∗ 46300# 600# 2790# 920# 3530# 850# ∗
Cu 29 2340# 320# 15810# 580# 35540# 300# 8910# 500# 5540# 500# −9120# 670#
Zn 30 6288 3 16530 110 26110.9 2.8 3852 14 2078.3 2.9 −8650# 400#
Ga 31 4747 3 13080 4 16665 3 8970 3 4430 3 −4714 3
Ge 32 8080 40 14275.9 2.4 8358.1 2.2 4879.6 2.3 1321 3 −5099.7 2.8
As 33 6650 6 9980 40 −39 4 10358 5 3862 3 −576 4
Se 34 9913.3 1.0 11412 5 −7448 4 5768 10 1020.9 1.8 −900.2 0.9
Br 35 7892.28 0.13 7260.5 1.0 −14741 6 11847.7 1.0 3574.5 1.0 3673.7 1.8
Kr 36 11522 4 9114.4 1.1 −23130# 300# 6270 4 205.4 2.9 2352.4 0.7
Rb 37 9444.0 2.7 5022 4 −33760# 400# 12713.6 1.9 2858.0 2.7 6706 3
Sr 38 12903 8 6798 4 ∗ 7335 5 −617 4 5504 4
Y 39 11420 80 2957 10 ∗ 12737 10 1519 10 9329 6
Zr 40 16060# 420# 4250# 310# ∗ 8120# 420# −3460# 360# 8690# 300#
Nb 41 14840# 640# −1060# 500# ∗ 13140# 570# −1960# 570# 13670# 450#

81 Ni 28 920# 920# ∗ 50200# 700# ∗ 4100# 990# ∗
Cu 29 3300# 420# 15960# 670# 40620# 300# 6960# 580# 7830# 500# −10940# 760#
Zn 30 2622 6 16810# 300# 30189 5 6920 110 3454 14 −5670# 400#
Ga 31 6476 4 13268 4 20349 3 6515 4 4719 4 −7192 14
Ge 32 4827.7 2.9 14357 4 11404.5 2.3 6967.5 2.4 2276.4 2.3 −3162.1 2.8
As 33 8390 4 10287 3 2923 6 7700 40 4193 4 −3182.8 2.8
Se 34 6700.8 0.3 11463 3 −4861 3 7958 5 1292 10 1119 4
Br 35 10159.3 1.4 7506.5 1.4 −12264 5 8651.2 1.0 3913.0 1.0 486 10
Kr 36 7874.1 1.3 9096.1 1.5 −20170 90 9082.7 1.5 620 4 4976.2 1.1
Rb 37 11353 5 4852 5 −29100# 400# 9696 6 3586 5 3642 6
Sr 38 9288 5 6642 4 −40070# 500# 9985 4 271 5 8297 3
Y 39 12636 8 2690 6 ∗ 10478 9 2325 9 6869 6
Zr 40 10840# 310# 3670 90 ∗ 10990 120 −490# 310# 11300 90
Nb 41 16010# 570# −1110# 500# ∗ 11120# 500# −650# 570# 11460# 500#
Mo 42 ∗ 330# 640# ∗ 10900# 710# ∗ 15040# 640#

82 Ni 28 2700# 1060# ∗ 54700# 800# ∗ ∗ ∗
Cu 29 1890# 500# 16930# 810# 44380# 400# 8220# 720# 7290# 640# ∗
Zn 30 4186 6 17690# 300# 35280 3 5080# 300# 4960 110 −8510# 500#
Ga 31 3374 4 14020 6 24568.0 2.6 9429 4 5366 3 −4880 110
Ge 32 7195 3 15076 4 15176.7 2.2 4519 4 1997.3 2.5 −6336 3
As 33 5643 5 11103 4 6082 5 10141 4 4290 40 −1911 4
Se 34 9276.2 1.0 12349.6 2.7 −1584 6 5332 3 906 5 −2420 40
Br 35 7592.94 0.12 8398.6 1.4 −9435 6 10971.6 1.4 3282.8 1.0 1784 5
Kr 36 10966.9 1.1 9903.7 1.0 −16977.7 1.6 6008.0 1.0 340.3 1.0 972.07 0.22
Rb 37 8802 6 5781 3 −24380# 300# 12416 3 3119 5 5527 3
Sr 38 12553 7 7842 8 −35640# 400# 6876 6 −343 6 4079 7
Y 39 10422 8 3825 6 ∗ 12958 6 2280 9 8385 6
Zr 40 14160 90 5190 6 ∗ 8245 6 −950 80 7512 8
Nb 41 13520# 500# 1570# 310# ∗ 13660# 420# −180# 420# 11640# 310#
Mo 42 16980# 640# 1300# 570# ∗ 8760# 570# −3860# 640# 12050# 500#

83 Cu 29 2730# 640# 16960# 940# 49280# 500# 6410# 860# 7710# 780# ∗
Zn 30 2050# 300# 17850# 500# 39050# 300# 6330# 420# 5250# 420# −7400# 670#
Ga 31 4398 4 14232 4 29757 5 7653 6 7256 4 −6930# 300#
Ge 32 3633 3 15335 3 19014.2 2.4 7362 4 3111 4 −3681 4
As 33 7635 5 11543 4 9401 4 7333 3 4730 3 −4799 4
Se 34 5818 3 12524 5 1457 7 7904 4 1738 5 −159 4
Br 35 9586 4 8709 4 −6808 19 8086 4 3610 4 −1153 5
Kr 36 7470.17 0.01 9780.9 1.0 −14079 6 8697.2 1.0 762.4 1.0 3415.2 0.9
Rb 37 10954 4 5767.8 2.3 −21460 160 9336.4 2.6 3686.9 2.4 2464.8 2.5
Sr 38 8859 9 7899 7 −30460# 400# 9370 8 242 7 6742 7
Y 39 12213 19 3485 20 −40890# 500# 10033 19 2970 19 5616 19
Zr 40 10369 7 5137 8 ∗ 10512 8 101 9 10046 7
Nb 41 13880# 340# 1290 160 ∗ 10620 190 2010# 340# 9180 160
Mo 42 14040# 570# 1820# 500# ∗ 10730# 570# −3060# 570# 14070# 500#
Tc 43 ∗ −1760# 640# ∗ 10850# 710# ∗ 12750# 640#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

80 Ni 28 4500# 720# ∗ −15080# 850# 28410# 600# ∗ 11100# 610#
Cu 29 8030# 300# 35940# 760# −13440# 580# 22540# 300# ∗ 8680# 300#
Zn 30 10308 3 31350# 400# −11880# 300# 17887 3 −30780# 500# 2828.4 2.9
Ga 31 11662 3 29012 14 −10667 3 12991 4 −24100 110 2230 40
Ge 32 13816 4 26630.0 2.8 −9657.2 2.5 8224.2 2.3 −23392 3 −3971 6
As 33 15540 10 23088 3 −8343 4 3674 3 −16955 4 −4368 3
Se 34 16876.2 1.0 20475 4 −6971.5 0.9 134.0 1.1 −15520 40 −9762.7 0.3
Br 35 18579 4 17650 10 −6022.6 1.3 −3713.5 2.1 −9542 5 −9518 3
Kr 36 19857.8 0.8 15445.4 0.7 −5066.4 0.7 −7582 4 −9265.0 0.7 −15162.0 2.1
Rb 37 21383 4 13301 4 −4311 10 −11027 7 −3396.4 2.1 −14767 8
Sr 38 23280 8 10711 3 −3723 5 −15550# 300# −3158 5 −20580 80
Y 39 25120# 300# 8791 7 −3094 6 −22730# 400# 2366 7 −22450# 300#
Zr 40 30050# 500# 6160# 300# −2940# 300# ∗ 3430# 300# −31180# 580#
Nb 41 ∗ 830# 500# −2600# 500# ∗ 12090# 410# ∗

81 Ni 28 4070# 860# ∗ ∗ 30110# 700# ∗ 12520# 760#
Cu 29 5650# 320# ∗ −12430# 670# 25720# 300# ∗ 11670# 300#
Zn 30 8910 6 32620# 500# −11270# 400# 20092 5 −30250# 600# 4953 6
Ga 31 11222 3 29800 110 −11190 3 14905 4 −28240# 300# 3836 4
Ge 32 12910 40 27437 3 −9927.4 2.8 10097.3 2.3 −21932 3 −2148 4
As 33 15040 6 24562.9 2.9 −8966 4 5443.7 2.8 −20599 4 −2845.1 2.8
Se 34 16614.2 1.0 21440 40 −7601.1 1.0 1307.2 1.4 −14142.7 2.3 −8571.3 0.5
Br 35 18051.6 1.4 18919 5 −6485.6 2.0 −2520 5 −13051 3 −8154.9 1.2
Kr 36 19397 4 16356.7 1.1 −5521.6 1.1 −6168 3 −7225.7 1.4 −13592.0 2.2
Rb 37 20797 5 13967 5 −4647 6 −9744 7 −6857 5 −13217 6
Sr 38 22191 8 11664 5 −3784 4 −14000 90 −924 3 −18451 7
Y 39 24050 80 9488 6 −3307 6 −19350# 400# −826 6 −19020# 300#
Zr 40 26900# 310# 6620 90 −2150 90 −26060# 510# 5500 90 −27180# 410#
Nb 41 30850# 640# 3140# 410# −2350# 450# ∗ 7500# 400# ∗
Mo 42 ∗ −730# 580# −2290# 640# ∗ 16010# 580# ∗

82 Ni 28 3620# 1000# ∗ ∗ 31590# 800# ∗ 13120# 860#
Cu 29 5190# 500# ∗ −12830# 810# 27200# 400# ∗ 12400# 400#
Zn 30 6808 4 33650# 600# −9860# 400# 23101 4 −33510# 700# 7243 4
Ga 31 9850 4 30830# 300# −10566 14 17175 4 −28310# 300# 5290 3
Ge 32 12022 3 28344 3 −10356.7 3.0 12178.8 2.3 −26504 6 −953 3
As 33 14033 5 25460 5 −8826 4 7393 4 −19766 5 −1788 4
Se 34 15977.0 0.9 22636.5 2.1 −8157 4 2997.9 0.5 −18591.2 2.1 −7688.2 1.1
Br 35 17752.3 1.4 19862 3 −7107 10 −1311 3 −12254.3 2.8 −7873.8 0.5
Kr 36 18841.0 0.7 17410.3 0.9 −5990.76 0.18 −4582 6 −11491.7 1.0 −13206 5
Rb 37 20155 4 14877 3 −5161 5 −8124 6 −5500 3 −12731 4
Sr 38 21841 7 12695 6 −4257 6 −12396 6 −5603 6 −18368 8
Y 39 23059 8 10467 6 −3554 6 −16250# 300# 104 7 −18610 90
Zr 40 25000# 300# 7881 4 −2865 8 −23240# 400# 625 4 −25330# 400#
Nb 41 29530# 500# 5240# 300# −2060# 420# ∗ 6610# 300# −28420# 580#
Mo 42 ∗ 190# 500# −1950# 570# ∗ 9870# 410# ∗

83 Cu 29 4620# 580# ∗ ∗ 28870# 500# ∗ 13850# 500#
Zn 30 6230# 300# 34780# 760# −10560# 580# 24690# 300# −32860# 860# 8570# 300#
Ga 31 7772 4 31930# 300# −9270 110 20412 4 −30820# 400# 8087 3
Ge 32 10827 3 29355 6 −9969 3 14364 4 −25951 4 1058 4
As 33 13279 4 26619 4 −9546 3 9344 5 −24028 4 −146.8 2.8
Se 34 15094 3 23627 4 −8240 40 4650 3 −17214 4 −5913 3
Br 35 17179 4 21058 5 −7803 7 57 4 −16197 5 −6493 4
Kr 36 18437.1 1.1 18179.6 1.0 −6498.09 0.22 −3193 7 −9685.7 0.5 −11874 3
Rb 37 19757 5 15671.5 2.5 −5427.5 2.5 −6865 19 −8860.9 2.5 −11132 6
Sr 38 21412 8 13679 7 −4780 8 −10886 9 −3495 7 −16805 9
Y 39 22635 19 11327 19 −3828 19 −14590 160 −3307 19 −16663 19
Zr 40 24530 90 8961 7 −2857 10 −19570# 400# 2809 9 −22170# 300#
Nb 41 27400# 430# 6480 160 −2230 180 −26290# 530# 3160 160 −25310# 430#
Mo 42 31020# 640# 3390# 410# −2000# 500# ∗ 9990# 400# ∗
Tc 43 ∗ −460# 640# −2090# 710# ∗ 13200# 580# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

84 Cu 29 1400# 710# ∗ 52130# 500# 7710# 940# 7230# 860# ∗
Zn 30 3610# 500# 18730# 640# 44120# 400# 4610# 570# 4940# 500# −10090# 810#
Ga 31 2908 30 15090# 300# 33690 40 8931 30 6970 30 −6540# 300#
Ge 32 5243 4 16180 4 24291 3 5493 4 4344 5 −6302 6
As 33 4256 4 12166 4 13905 4 10272 4 5302 4 −2579 5
Se 34 8679 4 13567 3 4701.8 2.3 4869 4 1450 3 −4009.6 2.8
Br 35 6841 26 9732 26 −3889 26 10522 26 3470 26 397 26
Kr 36 10520.02 0.01 10715 4 −11018 5 5770.1 1.0 401.8 1.0 −403.9 1.0
Rb 37 8760 3 7057.3 2.2 −18565.1 2.2 11543.6 2.2 2801.3 2.4 3864.5 2.4
Sr 38 11923 7 8867.9 2.6 −26480# 300# 6249 3 −329 5 2693.0 1.6
Y 39 9760 19 4386 8 −36190# 400# 12826 7 2498 5 7209 7
Zr 40 13581 8 6505 19 ∗ 7353 8 −845 8 5753 6
Nb 41 11650 160 2571 6 ∗ 13131.0 1.6 1190 90 10165 5
Mo 42 15900# 500# 3850# 340# ∗ 8350# 420# −2950# 500# 9000# 310#
Tc 43 14450# 640# −1350# 570# ∗ 13380# 570# −1380# 640# 14310# 570#

85 Zn 30 1340# 640# 18670# 710# 47310# 500# 6000# 710# 5490# 640# −8730# 940#
Ga 31 3720 50 15200# 400# 38830 40 7260# 300# 7430 40 −8370# 400#
Ge 32 3046 5 16320 30 28357 4 6845 5 4671 4 −5163 5
As 33 5407 4 12330 4 18978 3 8498 4 7090 4 −4612 4
Se 34 4537 3 13849 4 8690 4 7966 4 2556 5 −1352 3
Br 35 8864 26 9917 4 −733 19 7476 4 3882 3 −2824 5
Kr 36 7112.3 2.0 10986 26 −8305 7 8244 4 882.4 2.2 1760.0 2.1
Rb 37 10479.7 2.2 7016.97 a −15888 4 8534.11 0.01 3288.51 0.01 977.7 1.0
Sr 38 8525 3 8633 4 −23594 16 8678 4 −51 4 5134.9 2.8
Y 39 12019 19 4482 19 −31990# 400# 9666 20 3032 20 3992 19
Zr 40 9825 8 6570 8 −42550# 500# 9741 20 −247 8 8481 9
Nb 41 13157 4 2147 7 ∗ 10343 8 2198 4 7431 7
Mo 42 11410# 300# 3605 16 ∗ 10810 160 −840# 300# 11751 16
Tc 43 16220# 570# −1030# 500# ∗ 11200# 570# −620# 570# 11610# 500#
Ru 44 ∗ 220# 640# ∗ 11400# 710# ∗ 15390# 640#

86 Zn 30 3030# 710# ∗ 50440# 500# 4370# 710# 5190# 710# ∗
Ga 31 2090# 400# 15950# 640# 41870# 400# 8780# 570# 7390# 500# −7720# 640#
Ge 32 4350 440 16940 440 33870 440 5410 440 4720 440 −7460# 530#
As 33 3844 5 13128 5 23785 3 9897 5 6878 4 −4059 4
Se 34 6161 4 14603 4 14019.9 2.5 6061 4 4030 4 −3880 3
Br 35 5128 4 10508 4 3651 14 11026 4 4572 4 −317 4
Kr 36 9856.7 2.0 11979 3 −5297 4 5228 26 612 4 −2279 3
Rb 37 8650.98 0.20 8555.6 2.0 −13613 6 10403.15 0.20 2107.70 0.20 1913 4
Sr 38 11491.1 2.8 9644.73 0.01 −20412.2 2.9 5946.7 2.2 −588.4 2.3 1113.95 0.01
Y 39 9512 24 5469 14 −27710# 300# 12077 14 2379 16 5434 14
Zr 40 12865 7 7416 19 −38200# 400# 6636 6 −899 19 4475 8
Nb 41 10926 7 3248 8 ∗ 12998 8 1642 8 8718 19
Mo 42 14672 16 5120 5 ∗ 7793.7 3.0 −1630 160 7447 7
Tc 43 13790# 500# 1350# 300# ∗ 13310# 420# −370# 500# 11690# 340#
Ru 44 17210# 640# 1210# 570# ∗ 8640# 570# −3590# 640# 12220# 570#

87 Ga 31 3180# 640# 16100# 710# 45020# 500# 6940# 710# 7820# 640# −9500# 710#
Ge 32 2260# 530# 17120# 500# 37120# 300# 6870# 300# 5370# 300# −6110# 500#
As 33 4727 5 13510 440 28979.9 3.0 8216 5 7395 4 −5877 30
Se 34 3994 3 14753 4 18453.9 2.2 7474 4 4291 4 −2631 4
Br 35 6331 4 10677 4 9127 3 9233 4 6920 4 −2392 4
Kr 36 5515.17 0.25 12366 3 −1362 4 8577 3 1938 26 884.6 2.0
Rb 37 9922.12 0.20 8621.10 0.01 −10723 7 7593.3 2.0 2705.60 0.01 −1168 26
Sr 38 8428.30 0.01 9422.04 0.20 −17995.3 2.9 7998.07 0.01 −257.0 2.2 3205.67 a
Y 39 11807 14 5784.3 1.1 −25328 4 8796 3 2495.2 1.7 2387.0 2.5
Zr 40 9449 5 7353 15 −33620# 400# 9206 19 −589 6 6949 4
Nb 41 12812 9 3194 8 ∗ 10012 9 2411 9 5666 8
Mo 42 10845 4 5040 6 ∗ 10106 5 −826.9 2.9 10183 6
Tc 43 14190# 300# 868 5 ∗ 10531 16 1340# 300# 9150 4
Ru 44 14030# 570# 1450# 500# ∗ 10830# 570# −3170# 570# 14090# 500#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

84 Cu 29 4130# 640# ∗ ∗ 30370# 500# ∗ 14500# 580#
Zn 30 5660# 400# 35690# 890# −11020# 720# 26320# 400# ∗ 9360# 400#
Ga 31 7306 30 32940# 400# −9840# 300# 21759 30 −30990# 500# 8811 30
Ge 32 8876 4 30412 4 −8925 4 17799 4 −29150# 300# 3450 4
As 33 11891 5 27501 4 −9055 4 11930 26 −23885 4 1416 4
Se 34 14496.5 2.0 25110.6 3.0 −8837.3 2.8 6491.6 2.0 −22260 3 −5005 4
Br 35 16427 26 22256 26 −7993 26 1976 26 −15403 26 −5864 26
Kr 36 17990.19 a 19423.4 0.5 −7104.8 0.9 −1789.8 1.2 −14388 3 −11440.0 2.3
Rb 37 19714 4 16838.2 2.4 −6294.9 2.4 −5865 5 −8034 4 −11033 7
Sr 38 20782 6 14635.7 1.2 −5181.0 1.4 −9228 6 −7947.9 1.2 −16515 19
Y 39 21973 7 12285 5 −4144 5 −12701 4 −2113 5 −16054 8
Zr 40 23950 6 9990 8 −3535 6 −17250# 300# −1913 9 −21880 160
Nb 41 25530# 300# 7708 6 −2471 6 −23490# 400# 3723 19 −22930# 400#
Mo 42 29940# 500# 5130# 300# −1840# 420# ∗ 4450# 300# −30920# 580#
Tc 43 ∗ 470# 500# −1710# 570# ∗ 12620# 430# ∗

85 Zn 30 4950# 580# ∗ −11440# 860# 28020# 500# ∗ 10920# 500#
Ga 31 6630 40 33930# 500# −10260# 300# 23450 40 −33310# 500# 10330 40
Ge 32 8290 4 31410# 300# −9349 6 19290 5 −28580# 400# 4659 5
As 33 9662 4 28510 4 −7986 4 15386 4 −26384 30 4687 4
Se 34 13216 4 26015 4 −8547 3 9067 3 −21554 4 −2702 26
Br 35 15704 5 23484 4 −8467 4 3592 3 −20011 4 −4207 3
Kr 36 17632.3 2.0 20718 4 −7516.2 2.2 −377 3 −12821.6 2.8 −9792.7 3.0
Rb 37 19239.3 2.3 17732 4 −6615.2 1.0 −4325 19 −11673 26 −9589.1 1.2
Sr 38 20448 7 15690.6 2.8 −5832 3 −7928 7 −5952.9 2.8 −15280 5
Y 39 21779 27 13349 19 −4810 20 −11562 19 −5372 19 −14492 20
Zr 40 23406 9 10956 9 −4072 7 −15665 17 185 7 −20053 6
Nb 41 24810 160 8652 19 −2992 7 −20430# 400# 326 6 −20180# 300#
Mo 42 27310# 400# 6176 17 −2410 90 −26880# 500# 6623 17 −27880# 400#
Tc 43 30670# 640# 2820# 430# −1910# 570# ∗ 8060# 400# ∗
Ru 44 ∗ −1130# 640# −1600# 710# ∗ 16250# 580# ∗

86 Zn 30 4370# 640# ∗ −11770# 940# 29340# 670# ∗ 11610# 500#
Ga 31 5810# 400# 34620# 640# −10460# 570# 25200# 400# ∗ 11290# 400#
Ge 32 7390 440 32150# 590# −9510 440 21100 440 −31590# 670# 5720 440
As 33 9251 5 29450 30 −8456 4 16670 5 −26510 40 5380 4
Se 34 10698 3 26933 4 −7513 3 12762.5 2.5 −24669 4 1 4
Br 35 13992 26 24357 4 −7952 5 7115 3 −19732 4 −2223 4
Kr 36 16968.97 a 21895.9 2.0 −8096.7 0.5 1257.42 a −18141.0 2.6 −9169.65 a
Rb 37 19130.7 2.2 19542 26 −7673.2 1.0 −3464 14 −11460 3 −9715.0 2.8
Sr 38 20016.2 1.2 16661.70 a −6356.22 0.01 −6554 4 −10331.7 2.0 −14752 19
Y 39 21531 15 14102 14 −5520 14 −10149 15 −4405 14 −14179 16
Zr 40 22690 7 11897 4 −4384 7 −13858 5 −4155 5 −19761 5
Nb 41 24083 6 9818 7 −3495 8 −17560# 300# 1419 20 −19696 17
Mo 42 26080# 300# 7267 6 −2922 3 −24340# 400# 1775 7 −26330# 400#
Tc 43 30010# 500# 4950# 300# −2190# 420# ∗ 7420# 300# −29010# 580#
Ru 44 ∗ 180# 500# −1830# 570# ∗ 10450# 400# ∗

87 Ga 31 5270# 500# ∗ −10900# 710# 26750# 500# ∗ 12460# 670#
Ge 32 6610# 300# 33070# 580# −9730# 420# 22840# 300# −30820# 580# 7300# 300#
As 33 8571 4 30450 40 −8786 4 18274 4 −29150# 400# 6814 4
Se 34 10155 3 27881 4 −7875 3 14283.4 2.3 −24320 440 1135 4
Br 35 11459 4 25280 4 −6647 4 10706 3 −22219 5 1303 3
Kr 36 15371.8 2.0 22873.8 2.6 −7794 3 4170.55 0.25 −17495.3 2.5 −6033.8 0.3
Rb 37 18573.10 0.01 20600 3 −8009 4 −1579.4 1.1 −16255 3 −8146.02 0.01
Sr 38 19919.4 2.8 17977.7 2.0 −7314.35 0.01 −5533 4 −8903.37 a −13668 14
Y 39 21319 19 15429.0 1.1 −6372.7 2.6 −9144 7 −7560.4 1.1 −13121 4
Zr 40 22315 8 12822 5 −4974 8 −12462 5 −2113 4 −18284 7
Nb 41 23737 8 10610 20 −4094 20 −16184 8 −1880 16 −17835 7
Mo 42 25518 16 8288 7 −3398 7 −21160# 400# 3795 5 −23390# 300#
Tc 43 27980# 400# 5988 6 −2500 160 ∗ 4155 7 −25990# 400#
Ru 44 31240# 640# 2800# 400# −1820# 570# ∗ 11090# 400# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

88 Ga 31 1590# 710# ∗ 48330# 500# 8380# 710# 7570# 710# ∗
Ge 32 4000# 500# 17940# 640# 40170# 400# 4950# 570# 5090# 400# −8770# 640#
As 33 2900# 200# 14150# 360# 32160# 200# 9660# 480# 7540# 200# −5060# 200#
Se 34 5529 4 15555 4 24037 3 5789 5 4169 5 −5114 5
Br 35 4896 4 11579 4 13583 4 10498 4 6562 4 −1880 4
Kr 36 7053.1 2.6 13089 4 3938 6 6652 4 3748 4 −1631 4
Rb 37 6082.52 0.16 9188.44 0.29 −6440 60 11367.48 0.16 3735.4 2.0 1613 3
Sr 38 11112.87 0.01 10612.80 0.01 −15235 4 5536.18 0.20 −890.23 0.01 −794.9 2.0
Y 39 9352.0 1.9 6707.9 1.5 −22629 4 10934.9 1.5 1668 3 3514.7 1.5
Zr 40 12353 7 7899 6 −29290# 300# 6365 15 −923 20 3121 6
Nb 41 10370 60 4110 60 −39310# 400# 12510 60 1870 60 7320 60
Mo 42 13873 5 6101 8 ∗ 7158 7 −1543 6 6135 7
Tc 43 12052 6 2074 5 ∗ 13151 5 704 16 10256 6
Ru 44 16680# 500# 3940# 300# ∗ 7940# 420# −3630# 500# 8820# 300#
Rh 45 ∗ −1580# 570# ∗ 13620# 570# −1370# 640# 14640# 570#

89 Ge 32 1590# 570# 17940# 640# 43500# 400# 6540# 640# 5580# 570# −7330# 640#
As 33 4150# 360# 14300# 500# 35180# 300# 7770# 420# 7730# 530# −7120# 500#
Se 34 3180 5 15830# 200# 27217 4 7336 5 4834 5 −3950 440
Br 35 5630 5 11679 5 19437 3 8863 4 7093 4 −3666 5
Kr 36 4916 3 13109 4 8342 4 8067 4 3961 4 −386 3
Rb 37 7175 5 9310 6 −1087 24 9708 5 6417 5 −434 6
Sr 38 6358.72 0.09 10888.99 0.18 −11194 4 9099.58 0.09 1402.03 0.22 2703.05 0.09
Y 39 11483.5 1.5 7078.5 0.3 −20316 4 7879.7 0.3 1676.0 0.3 682.2 0.4
Zr 40 9320 6 7868 3 −26509 24 8851.2 3.0 −731 14 5291.5 2.8
Nb 41 12530 60 4286 24 −34980# 360# 9432 24 2207 24 4304 28
Mo 42 10400 5 6130 60 ∗ 9570 8 −1017 7 8600 5
Tc 43 13796 6 1997 5 ∗ 10201 5 1580 5 7386 7
Ru 44 12100# 300# 3988 25 ∗ 10031 25 −1940# 300# 11388 24
Rh 45 16860# 540# −1400# 200# ∗ 10790# 540# −1020# 540# 11570# 470#

90 Ge 32 3500# 640# ∗ 46490# 500# 4630# 710# 5260# 710# ∗
As 33 2530# 500# 15240# 570# 38380# 400# 9240# 570# 7460# 500# −6470# 640#
Se 34 4880 330 16560# 450# 30150 330 5360# 390# 4680 330 −6560# 450#
Br 35 3797 5 12297 5 22497 3 10595 5 7290 4 −2736 4
Kr 36 6494.8 2.8 13974 4 13813.3 1.9 6468 4 3796 4 −2886.7 2.9
Rb 37 5724 8 10119 7 3296 7 11037 7 6208 6 173 7
Sr 38 7813.2 1.5 11528 6 −5778 4 7368.9 1.5 3510.9 1.4 405.0 1.5
Y 39 6857.03 0.10 7576.9 0.4 −15772.2 1.1 12135.5 0.4 3247.2 0.4 3747.3 0.4
Zr 40 11965.9 2.8 8350.3 0.4 −23889 4 6237.3 1.5 −890.1 1.1 1753.93 0.12
Nb 41 10107 24 5073 4 −31030# 200# 11678 6 1550 5 6003 4
Mo 42 13229 5 6836 24 −40460# 400# 6710 60 −1434 8 4821 5
Tc 43 11401 4 2999 4 ∗ 12673 4 1024 3 8796 7
Ru 44 14586 25 4778 5 ∗ 7497 6 −2330 6 7647 5
Rh 45 14050# 410# 550# 200# ∗ 13420# 360# −1040# 450# 11700# 200#
Pd 46 ∗ 1350# 540# ∗ 7860# 570# ∗ 11670# 570#

91 As 33 3580# 570# 15320# 640# 41250# 400# 7250# 570# 7880# 570# −8460# 640#
Se 34 2850 540 16880# 590# 33070 430 6660# 530# 4730# 480# −5410# 590#
Br 35 5178 5 12600 330 25244 4 8596 5 7641 5 −5010# 200#
Kr 36 4086.0 2.9 14263 4 16921.6 2.2 8011 4 4606 4 −1443 4
Rb 37 6451 10 10075 8 8893 8 9502 8 6810 8 −1383 8
Sr 38 5772 6 11575 8 −1443 8 8771 8 3821 5 1686 6
Y 39 7925.7 1.9 7689.3 2.3 −10364.7 3.0 10568.5 1.8 6434.4 1.8 1904.1 1.8
Zr 40 7194.36 0.15 8687.7 0.4 −19655.8 2.2 10526.4 0.4 1267.5 1.5 5672.44 0.09
Nb 41 12048 4 5154.5 2.9 −28070# 300# 8951 4 1855 6 3307 3
Mo 42 10108 7 6836 7 −36040# 420# 9128 24 −1170 60 7066 8
Tc 43 13333.3 2.6 3103 4 ∗ 9739 5 1564 4 5830 60
Ru 44 11427 4 4804.1 2.4 ∗ 9866 4 −1705 5 10093 4
Rh 45 15010# 360# 980# 300# ∗ 10510# 300# 630# 420# 8750# 300#
Pd 46 14530# 580# 1830# 470# ∗ 10190# 560# −4450# 580# 13820# 520#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

88 Ga 31 4770# 640# ∗ −11100# 710# 28060# 540# ∗ 13130# 580#
Ge 32 6260# 590# 34040# 640# −10110# 570# 24370# 400# ∗ 8030# 400#
As 33 7630# 200# 31270# 450# −8780# 200# 20270# 200# −28870# 540# 7910# 200#
Se 34 9524 4 29060 440 −8161 5 15807 4 −27580# 300# 1936 5
Br 35 11226 4 26332 5 −7287 4 11893 3 −22387 4 1922 3
Kr 36 12568.3 2.6 23766 4 −6168 3 8230.3 2.6 −20554 3 −3164.8 2.6
Rb 37 16004.64 0.26 21555 3 −7251 26 1690.0 1.5 −16006 3 −5800.25 0.16
Sr 38 19541.17 0.01 19233.90 a −7907.20 a −4293 5 −14501.07 0.25 −12974.6 1.1
Y 39 21159 14 16130.0 1.5 −6965.0 2.7 −8130 60 −6990.2 1.5 −13023 4
Zr 40 21802 6 13684 5 −5404 6 −10942 7 −6038 5 −17826 9
Nb 41 23180 60 11470 60 −4700 60 −14500 60 −440 60 −17360 60
Mo 42 24718 5 9295 5 −3690 7 −18350# 300# −628 6 −23068 6
Tc 43 26240# 300# 7114 7 −2901 4 −24810# 400# 4915 8 −24010# 400#
Ru 44 30710# 500# 4810# 300# −2590# 420# ∗ 5260# 300# ∗
Rh 45 ∗ −130# 500# −1590# 570# ∗ 13540# 400# ∗

89 Ge 32 5590# 500# ∗ −10370# 640# 25950# 400# ∗ 9340# 450#
As 33 7060# 300# 32240# 580# −9210# 300# 21740# 300# −31430# 580# 9280# 300#
Se 34 8709 4 29980# 300# −8294 5 17543 4 −26760# 400# 3652 5
Br 35 10525 5 27234 4 −7510 4 13438 6 −25110# 200# 3346 4
Kr 36 11968.9 2.2 24688 3 −6547 3 9673.2 2.1 −19941 4 −1998.1 2.1
Rb 37 13257 5 22399 6 −5562 6 5999 5 −18285 6 −1862 5
Sr 38 17471.59 0.09 20077.44 0.26 −7153.6 2.0 −1331.1 2.8 −13806.7 2.6 −9981.3 1.5
Y 39 20835.5 1.2 17691.3 0.3 −7968.8 0.3 −7085 24 −12391.2 0.4 −12154 5
Zr 40 21673 5 14575.8 2.8 −6200 4 −9863 5 −4245.3 2.8 −16780 60
Nb 41 22894 25 12185 24 −5210 30 −13231 24 −3616 24 −16011 24
Mo 42 24273 5 10246 6 −4265 8 −16646 25 1325 7 −21416 6
Tc 43 25847 6 8098 8 −3540 6 −21740# 360# 1490 60 −21130# 300#
Ru 44 28780# 400# 6063 24 −3285 29 ∗ 7028 25 −29580# 400#
Rh 45 ∗ 2540# 360# −2230# 540# ∗ 8730# 360# ∗

90 Ge 32 5090# 640# ∗ −10830# 710# 27330# 600# ∗ 9990# 580#
As 33 6680# 450# 33180# 640# −9660# 570# 23010# 400# ∗ 9930# 400#
Se 34 8060 330 30860# 520# −8830 550 19160 330 −30050# 520# 4400 330
Br 35 9427 5 28130# 200# −7463 5 15365 7 −24760# 300# 4464 4
Kr 36 11411 3 25653 4 −6881 3 10991.7 2.4 −23256 4 −1318 6
Rb 37 12899 6 23228 7 −6158 7 7131 6 −18380 7 −1228 6
Sr 38 14172.0 1.4 20837.6 3.0 −5110.2 1.4 2821.6 1.5 −16704.1 2.6 −6311.1 1.4
Y 39 18340.5 1.5 18465.8 0.4 −6174.8 0.4 −3835 3 −12073 5 −9690.3 2.8
Zr 40 21286 5 15428.86 0.12 −6674.36 0.12 −8600 3 −9852.49 0.15 −16218 24
Nb 41 22630 60 12940 4 −5803 15 −11937 3 −2239 3 −15718 5
Mo 42 23629 5 11122 6 −4628 5 −15289 5 −2584 4 −20849 5
Tc 43 25197 4 9130 60 −4016 6 −19090# 200# 2612 24 −20427 24
Ru 44 26690# 300# 6775 5 −3198 5 −25170# 400# 2842 5 −27300# 360#
Rh 45 30920# 450# 4540# 200# −2490# 360# ∗ 8470# 200# ∗
Pd 46 ∗ −50# 500# −2360# 570# ∗ 11370# 400# ∗

91 As 33 6110# 500# ∗ −10060# 640# 24610# 400# ∗ 11230# 520#
Se 34 7730 430 32120# 590# −9420# 530# 20390 430 −29400# 660# 5350 430
Br 35 8976 5 29160# 300# −7914 5 16638 9 −27410# 400# 5781 4
Kr 36 10581 3 26560 4 −6973 3 12678 6 −22460 330 320 7
Rb 37 12175 9 24049 8 −6278 8 8606 8 −21034 8 135 8
Sr 38 13586 5 21694 6 −5367 5 4244 5 −15982 6 −5226 5
Y 39 14782.8 1.9 19217 6 −4178.4 1.8 287 3 −14275 7 −5650.1 1.8
Zr 40 19160.3 2.8 16264.51 0.13 −5440.43 0.09 −5687 6 −9233.6 1.5 −13305 3
Nb 41 22155 24 13504.8 2.9 −6045 3 −10651 4 −7430.1 2.9 −14537 5
Mo 42 23337 7 11909 7 −5287 7 −13969 7 −725 6 −19555 6
Tc 43 24734 4 9939 24 −4537 7 −17420# 300# −614 4 −19174 4
Ru 44 26013 24 7803 4 −3780 4 −22070# 420# 4644 4 −24680# 200#
Rh 45 29060# 470# 5750# 300# −3300# 300# ∗ 4870# 300# −26930# 500#
Pd 46 ∗ 2380# 420# −2870# 580# ∗ 11430# 420# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

92 As 33 1950# 640# ∗ 44390# 500# 8800# 710# 7520# 640# ∗
Se 34 4220# 590# 17510# 570# 36140# 400# 4980# 570# 4670# 500# −8040# 570#
Br 35 3197 8 12940 430 28584 11 10280 330 7624 8 −4060# 300#
Kr 36 5867 4 14951 4 19689.7 2.7 5942 4 4369 4 −4131 5
Rb 37 5099 10 11087 7 11681 6 10898 6 6627 6 −852 7
Sr 38 7287 6 12411 9 3941 3 7209 7 3709 6 −685 4
Y 39 6536 9 8454 11 −5891 10 11845 9 6257 9 2542 11
Zr 40 8634.75 0.04 9396.7 1.8 −14157.8 2.7 8748.7 0.4 4116.2 0.4 3396.40 0.13
Nb 41 7887 3 5846.7 1.8 −23454 5 13030.1 1.8 3289 3 6904.3 1.8
Mo 42 12671 6 7459.5 2.9 −32030 350 6564 3 −1319 24 3715.8 2.8
Tc 43 11010 4 4006 7 −41400# 400# 11958 5 953 5 7346 24
Ru 44 14133 4 5604 4 ∗ 7134.3 2.9 −2042 5 6360 5
Rh 45 12500# 300# 2048 5 ∗ 12596 6 234 25 10042 6
Pd 46 16680# 550# 3500# 460# ∗ 7570# 400# −4260# 500# 9240 350
Ag 47 ∗ −1350# 580# ∗ 12890# 570# ∗ 13770# 540#

93 Se 34 2210# 570# 17770# 640# 39230# 400# 6350# 570# 4990# 570# −6740# 640#
Br 35 4730 430 13460# 590# 31340 430 8400 610 7770 540 −6250# 590#
Kr 36 3438 4 15192 7 22986.0 2.6 7682 4 4728 4 −2690 330
Rb 37 5919 10 11140 8 14593 8 9065 8 7203 8 −2973 9
Sr 38 5290 8 12602 10 6721 8 8370 11 4144 10 520 8
Y 39 7482 14 8649 11 −621 11 10136 12 6588 11 785 12
Zr 40 6734.3 0.4 9595 9 −9905.3 2.1 9940.1 1.9 4238.9 0.6 4475.3 1.5
Nb 41 8830.9 2.0 6042.8 1.5 −18201 3 11393.6 1.5 6423.8 1.5 4930.5 1.5
Mo 42 8069.81 0.09 7642.8 1.8 −27830 370 10541.8 2.9 719 3 7611.87 0.22
Tc 43 12752 3 4086.5 1.0 −37210# 400# 9314 6 1430 4 4702 3
Ru 44 10987 3 5580 4 ∗ 9481 3 −1628.0 2.3 8602 4
Rh 45 14084 5 2000 4 ∗ 9939 3 736 5 7359.3 2.8
Pd 46 12270 510 3270 370 ∗ 10300# 480# −2480# 420# 11550 370
Ag 47 16940# 570# −1090# 530# ∗ 10480# 580# −1830# 570# 10880# 450#

94 Se 34 4020# 640# ∗ 42040# 500# 4290# 710# 4560# 640# ∗
Br 35 2830# 480# 14080# 450# 34700# 200# 9790# 450# 7800# 480# −5500# 450#
Kr 36 5283 12 15750 430 25922 12 5596 14 4624 13 −5120 430
Rb 37 4014 8 11716 3 17806.3 2.5 10917 3 7275 3 −1809 4
Sr 38 6831 8 13515 8 9568.4 1.7 6638 6 3763 8 −2225.3 2.8
Y 39 6196 12 9555 10 1807 8 11227 7 6165 8 1040 10
Zr 40 8218.6 0.5 10331 10 −4686 3 8258 9 3946.0 1.8 2029 5
Nb 41 7227.54 0.08 6536.0 1.5 −13461 4 12800.8 1.5 6390.6 1.5 5628.7 2.4
Mo 42 9678.32 0.23 8490.2 1.5 −22312 4 8750.0 1.8 3088.0 2.9 5127.91 0.17
Tc 43 8624 4 4640 4 −31760# 400# 13361 4 2915 7 8126 5
Ru 44 13438 4 6266 3 −42140# 500# 7053 4 −1733 4 5272 7
Rh 45 11967 4 2980 4 ∗ 12104 4 196 4 8725 4
Pd 46 15190 370 4379 5 ∗ 7608 6 −2670# 300# 7784 5
Ag 47 14070# 570# 710# 550# ∗ 13090# 530# −1370# 580# 11810# 500#
Cd 48 ∗ 1330# 640# ∗ 7800# 640# ∗ 11380# 660#

95 Se 34 1730# 710# ∗ 44660# 500# ∗ 4780# 710# ∗
Br 35 4270# 360# 14340# 580# 37360# 300# 7720# 500# 7740# 500# −7820# 580#
Kr 36 2882 22 15800# 200# 29501 19 7440 430 4938 20 −3790# 400#
Rb 37 5399 20 11831 24 20896 20 8957 20 7743 20 −4011 21
Sr 38 4343 6 13843 6 12595 6 8213 10 4519 8 −702 6
Y 39 6928 9 9651 7 4813 8 9589 10 6523 8 −789 9
Zr 40 6461.9 0.9 10597 6 −2202 10 9278 11 4021 9 2854 4
Nb 41 8488.5 1.6 6805.9 0.5 −8446 4 11046.6 0.7 6536.8 0.5 3677 9
Mo 42 7369.11 0.09 8631.8 1.5 −17746 3 10211.8 1.5 3605.5 1.8 6393.55 0.16
Tc 43 9934 7 4896 5 −26120# 400# 11497 5 5651 5 6078 5
Ru 44 8945 10 6588 10 −36400# 570# 10859 10 332 10 8997 10
Rh 45 13504 5 3046 5 ∗ 9587 4 825 5 6231 5
Pd 46 11935 5 4347 5 ∗ 9757 4 −2103 5 9982 4
Ag 47 15580# 570# 1090# 400# ∗ 9790# 550# −260# 530# 8740# 400#
Cd 48 14690# 760# 1940# 690# ∗ 10050# 690# −4660# 690# 13370# 660#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

92 As 33 5530# 640# ∗ −10410# 710# 25850# 500# ∗ 12130# 660#
Se 34 7070# 520# 32830# 640# −9630# 570# 22050# 400# ∗ 6310# 400#
Br 35 8375 7 29820# 400# −8210# 200# 18540 9 −27020# 400# 6670 7
Kr 36 9953 3 27550 330 −7310 4 14098 4 −25480 430 904 8
Rb 37 11550 9 25350 7 −6481 7 10044 11 −20954 7 808 8
Sr 38 13059 4 22486 4 −5601 4 5592 3 −19182 4 −4587 4
Y 39 14462 9 20029 11 −4632 9 1637 9 −14360 12 −4992 9
Zr 40 15829.11 0.15 17086.0 1.5 −2962.31 0.09 −1650.44 0.18 −12096 5 −9892.3 2.9
Nb 41 19934 4 14534.3 1.8 −4579.2 2.3 −7528 4 −7390.9 2.6 −12316 6
Mo 42 22779 3 12613.98 0.20 −5605 5 −12507.4 2.7 −6201.97 0.18 −18893.2 2.4
Tc 43 24344 3 10842 5 −5180 60 −15927 5 423 4 −18757 4
Ru 44 25560 5 8707 4 −4040 5 −19520 350 619 7 −23800# 300#
Rh 45 27510# 200# 6852 4 −3754 6 −25470# 400# 5699 5 −24900# 420#
Pd 46 31210# 530# 4470 350 −2860# 460# ∗ 6170 350 ∗
Ag 47 ∗ 470# 450# −3100# 570# ∗ 13750# 500# ∗

93 Se 34 6420# 590# ∗ −10250# 570# 23280# 400# ∗ 7300# 400#
Br 35 7930 430 30970# 590# −8790# 530# 19730 430 −29800# 660# 7810 430
Kr 36 9305 3 28130 430 −7569 4 15950 8 −24700# 400# 2565 7
Rb 37 11017 11 26091 9 −6771 8 11607 13 −23676 10 2176 9
Sr 38 12577 9 23690 8 −5975 8 7036 8 −18605 8 −3341 12
Y 39 14018 11 21060 13 −4940 12 2986 11 −16744 12 −3839 10
Zr 40 15369.1 0.4 18048 5 −3337.9 0.5 −314.9 0.5 −11544 3 −8740.1 1.8
Nb 41 16717 3 15439.5 2.4 −1926.6 1.5 −3606.7 1.8 −9685 9 −8475.6 1.5
Mo 42 20741 6 13489.43 0.20 −4354.0 2.8 −9590.4 2.1 −5637.03 0.20 −15953 3
Tc 43 23762.1 2.6 11546 3 −5405 24 −14594.3 2.8 −4441.8 2.1 −17376.2 2.9
Ru 44 25120 3 9586 7 −4627 4 −18230 370 2302.9 2.1 −22289 5
Rh 45 26590# 300# 7603 4 −4042 5 −22610# 400# 2625 4 −22300 350
Pd 46 28960# 560# 5320 370 −3040 370 ∗ 8030 370 −29520# 550#
Ag 47 ∗ 2410# 500# −3170# 540# ∗ 9310# 400# ∗

94 Se 34 6220# 640# ∗ −10760# 710# 24540# 500# ∗ 8020# 660#
Br 35 7560# 200# 31850# 540# −9080# 450# 20910# 200# ∗ 8420# 200#
Kr 36 8721 12 29200# 400# −7970 330 17498 12 −27780# 400# 3201 14
Rb 37 9933 6 26908 7 −6987 4 13789 7 −22960 430 3452 8
Sr 38 12121 4 24654 3 −6311.4 2.5 8423.6 1.7 −21999 3 −2690 11
Y 39 13678 11 22157 9 −5411 9 4018 7 −17021 10 −3301 6
Zr 40 14952.94 0.19 18980 3 −3743.3 1.5 1144.75 0.22 −14472 8 −8127.8 1.5
Nb 41 16058.4 2.0 16131 9 −2297.1 1.5 −2211 4 −9431 11 −7633.3 1.5
Mo 42 17748.13 0.21 14533.00 0.17 −2066.45 0.18 −5830 3 −8581.0 0.5 −12879.3 1.0
Tc 43 21375 5 12283 4 −3922 5 −11251 5 −4234 4 −15013 5
Ru 44 24425 4 10353 3 −4836 5 −16481 5 −3065 3 −21643 4
Rh 45 26051 6 8560 5 −4608 4 −20510# 400# 3410 4 −22000 370
Pd 46 27470 350 6379 5 −3643 6 −25660# 500# 3825 5 −27770# 400#
Ag 47 31020# 570# 3980# 400# −3190# 450# ∗ 9320# 400# ∗
Cd 48 ∗ 240# 610# −3160# 640# ∗ 11250# 620# ∗

95 Se 34 5740# 640# ∗ ∗ 25700# 500# ∗ 9120# 540#
Br 35 7100# 530# ∗ −9780# 500# 22040# 300# ∗ 9430# 300#
Kr 36 8166 19 29880# 400# −8000 430 18958 20 −26650# 500# 4333 19
Rb 37 9413 22 27580 430 −7208 21 15318 21 −25530# 200# 4884 20
Sr 38 11174 10 25559 6 −6568 6 10543 6 −21058 13 −837 9
Y 39 13123 12 23166 10 −5888 10 5578 7 −19934 7 −2010 7
Zr 40 14680.5 1.0 20152 8 −4433 6 2051.9 0.9 −14103.2 1.9 −7362.2 1.7
Nb 41 15716.1 1.6 17137 11 −2859.9 1.9 −765 5 −11724 6 −6443.5 0.5
Mo 42 17047.43 0.22 15167.8 0.5 −2241.20 0.16 −4254 10 −7731.51 0.20 −11625 4
Tc 43 18558 5 13386 5 −1808 6 −7681 6 −6941 5 −11509 6
Ru 44 22384 10 11229 10 −3674 11 −13492 10 −2333 10 −18621 10
Rh 45 25471 5 9312 4 −4779 5 −18440# 400# −1471 6 −20310 6
Pd 46 27130 370 7327 4 −4151 4 −22910# 570# 5329 4 −25640# 400#
Ag 47 29650# 570# 5470# 400# −3760# 500# ∗ 5710# 400# −27540# 640#
Cd 48 ∗ 2650# 680# −3310# 710# ∗ 11760# 570# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

96 Br 35 2430# 420# 15040# 580# 40120# 300# 9300# 580# 7510# 500# ∗
Kr 36 4994 27 16520# 300# 32357 19 5280# 200# 4670 430 −6580# 400#
Rb 37 3535 20 12484 19 24248 3 10704 13 7646 4 −2820 430
Sr 38 5872 10 14317 22 15877 8 6355 9 4566 12 −3136 9
Y 39 5193 9 10502 8 7492 8 11227 6 6620 10 −64 10
Zr 40 7850.2 0.9 11520 7 641.53 0.14 7623 6 3652 10 293 8
Nb 41 6887.9 0.5 7231.9 0.9 −5915 10 12377.31 0.22 6383.3 0.5 4271 10
Mo 42 9154.34 0.05 9297.6 0.5 −12611 4 8285.0 1.5 3282.0 1.5 3973.5 0.5
Tc 43 7872 7 5399 5 −21310 90 13303 5 5849 5 7038 5
Ru 44 10694 10 7348 5 −30510# 410# 8789 4 2389.8 1.0 6373.10 0.25
Rh 45 9418 11 3519 14 −41600# 500# 13607 10 2393 10 9565 10
Pd 46 14289 5 5132 6 ∗ 7435 5 −2308 5 6680 5
Ag 47 12680# 410# 1830 90 ∗ 12300 90 −670 380 10150 90
Cd 48 16590# 700# 2960# 570# ∗ 7540# 570# −4310# 570# 9060# 550#
In 49 ∗ −1680# 760# ∗ 13060# 710# ∗ 13960# 640#

97 Br 35 3860# 500# ∗ 42120# 400# 7170# 640# 7670# 640# ∗
Kr 36 2410 130 16500# 330# 35510 130 7140# 330# 5090# 240# −4970# 520#
Rb 37 5236 4 12726 19 27084 5 8351 19 7693 12 −5220# 200#
Sr 38 3734 9 14515 5 18964 3 8020 21 4846 4 −1586 13
Y 39 5857 9 10486 11 11109 8 9713 9 7594 7 −1906 7
Zr 40 5569.15 0.04 11896 6 3183.9 2.8 8982 7 4279 6 1555.4 1.7
Nb 41 8071 4 7453 4 −3010 40 10768 4 6531 4 2395 8
Mo 42 6821.13 0.16 9230.84 0.19 −9739 5 9952.4 0.5 3688.4 1.5 5371.03 0.23
Tc 43 9474 7 5719 4 −16320 13 11198 4 6054 4 4791 4
Ru 44 8111.5 2.8 7588 6 −25390 420 10612 6 2902 5 7939.9 2.8
Rh 45 10980 40 3810 40 −35210# 400# 11570 40 4850 40 7210 40
Pd 46 9694 6 5407 11 ∗ 11246 6 −34 6 10424 6
Ag 47 14460 90 2010 13 ∗ 9773 12 62 13 7650 12
Cd 48 13230# 590# 3510 430 ∗ 9880# 580# −3470# 580# 11010 420
In 49 17370# 640# −890# 570# ∗ 10380# 690# −2090# 640# 10660# 570#

98 Br 35 2120# 570# ∗ 44240# 400# ∗ 7270# 640# ∗
Kr 36 4770# 330# 17410# 500# 37160# 300# 4800# 420# 4590# 420# −8010# 580#
Rb 37 3921 16 14230 130 29155 17 9423 25 6654 25 −4870# 300#
Sr 38 5913 5 15192 4 21694 3 5643 5 4332 21 −4617 19
Y 39 4245 10 10997 9 14143 9 11340 12 7693 10 −752 22
Zr 40 6416 8 12455 11 6943 11 7759 10 4790 11 −518 10
Nb 41 5993 7 7877 5 −349 13 12625 5 6999 5 3330 8
Mo 42 8642.60 0.06 9802 4 −6795 5 8197.66 0.20 3534.3 0.5 3190.4 0.9
Tc 43 7279 5 6176 3 −13370 30 13073 3 6144 3 6000 3
Ru 44 10176 7 8289 8 −20590 50 8308 8 2661 8 5133 6
Rh 45 8650 40 4344 12 −29270# 310# 13616 12 5147 15 8493 13
Pd 46 11586 7 6010 40 ∗ 9078 11 1884 6 7783 11
Ag 47 10230 40 2550 30 ∗ 13830 30 1760 30 10920 30
Cd 48 14970 420 4020 50 ∗ 7590 100 −2870# 400# 7980 50
In 49 14590# 500# 460# 520# ∗ 12380# 510# −1990# 640# 11650# 500#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

96 Br 35 6700# 360# ∗ −10260# 580# 23140# 300# ∗ 9880# 300#
Kr 36 7877 23 30860# 500# −8780# 400# 19837 21 −29910# 500# 4737 28
Rb 37 8934 4 28280# 200# −7546 7 16976 7 −24790# 300# 5692 7
Sr 38 10215 9 26148 15 −6574 9 12521 8 −24048 20 218 11
Y 39 12121 9 24345 6 −5982 9 7273 6 −19729 21 −741 6
Zr 40 14312.16 0.20 21171.1 1.7 −4996 3 3356.03 0.07 −17611 6 −6723.9 0.5
Nb 41 15376.4 1.5 17829 6 −3211 9 219 5 −11684 7 −5962.28 0.12
Mo 42 16523.45 0.10 16103.50 0.20 −2760.78 0.15 −2714.50 0.12 −10423.9 0.9 −10845 5
Tc 43 17806 7 14031 5 −1793 5 −6134 11 −6324 5 −10435 11
Ru 44 19639 3 12244.25 0.16 −1696.71 0.23 −9897 4 −5657.48 0.13 −15811 4
Rh 45 22923 11 10107 11 −3187 10 −15180 90 −955 11 −17793 10
Pd 46 26224 6 8178 5 −4307 5 −20610# 410# −15 10 −24350# 400#
Ag 47 28250# 410# 6180 90 −3940 90 −26420# 510# 6540 90 −25530# 570#
Cd 48 31270# 650# 4050# 410# −3220# 540# ∗ 7110# 410# ∗
In 49 ∗ 270# 640# −2990# 640# ∗ 14530# 640# ∗

97 Br 35 6290# 500# ∗ ∗ 24520# 400# ∗ 11010# 400#
Kr 36 7410 130 31540# 520# −8990# 420# 21160 130 ∗ 5860 130
Rb 37 8771 20 29250# 300# −8050 430 17596 7 −27600# 300# 6328 9
Sr 38 9606 7 27000 19 −6870 4 14356 3 −22788 20 1678 7
Y 39 11050 10 24803 21 −5920 10 9487 8 −22050 7 1252 7
Zr 40 13419.4 0.9 22397 6 −5276 8 4608.01 0.17 −17307 8 −5405.18 0.11
Nb 41 14959 4 18973 8 −3801 11 1622 6 −14562 7 −4879 4
Mo 42 15975.46 0.17 16462.7 0.9 −2847.6 0.5 −1424.1 2.8 −9394.81 0.17 −9794 5
Tc 43 17346 7 15016 4 −2437 4 −4630 40 −8911 4 −9215 4
Ru 44 18805 10 12986.6 2.8 −1738.4 2.8 −8315 6 −4614.6 2.8 −14504 10
Rh 45 20400 40 11150 40 −1420 40 −11690 40 −4060 40 −14490 40
Pd 46 23983 6 8926 11 −3014 5 −17070 420 986 5 −21370 90
Ag 47 27140# 400# 7141 13 −4317 12 −23510# 400# 1495 16 −23400# 410#
Cd 48 29820# 710# 5350 420 −4180 560 ∗ 8160 420 −30720# 650#
In 49 ∗ 2060# 570# −3420# 570# ∗ 9830# 410# ∗

98 Br 35 5980# 500# ∗ ∗ 26320# 400# ∗ 11300# 420#
Kr 36 7180# 300# ∗ −9740# 580# 22300# 300# ∗ 6330# 300#
Rb 37 9157 16 30740# 300# −9140# 200# 17920 18 −27660# 400# 6140 16
Sr 38 9647 9 27919 20 −7500 13 14859 9 −26290 130 1622 7
Y 39 10101 10 25512 9 −6151 8 11236 9 −21059 8 2577 8
Zr 40 11986 8 22941 12 −4861 9 6834 8 −19990 9 −3750 9
Nb 41 14064 5 19773 8 −3598 8 2908 6 −14698 8 −4051 5
Mo 42 15463.73 0.17 17255.06 0.18 −3271.56 0.24 109 6 −12468.26 0.18 −8963 4
Tc 43 16753 6 15407 3 −2488 4 −3257 12 −8118 5 −8383 4
Ru 44 18287 6 14008 6 −2236 6 −6904 8 −7969 6 −13700 40
Rh 45 19630 16 11932 13 −1442 13 −10110 30 −3240 13 −13441 13
Pd 46 21280 6 9819 5 −1162 6 −13680 50 −2489 5 −18488 13
Ag 47 24700 100 7960 30 −2580 30 −19160# 300# 2240 50 −20400 420
Cd 48 28210# 410# 6030 50 −3960 50 ∗ 2880 50 −28320# 400#
In 49 31960# 590# 3970# 320# −3930# 500# ∗ 9710# 310# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

99 Kr 36 2350# 500# 17640# 570# 39220# 400# 6310# 570# 4670# 500# ∗
Rb 37 4823 17 14290# 300# 31214 13 7010 130 6825 20 −7270# 300#
Sr 38 4167 6 15438 17 23452 5 6711 5 3700 6 −3790 20
Y 39 6426 10 11510 7 16684 7 8648 7 7139 11 −3643 7
Zr 40 4406 13 12617 13 10009 11 9210 12 5577 12 948 13
Nb 41 6882 13 8343 15 3249 23 11312 12 7968 12 1641 13
Mo 42 5925.44 0.15 9734 5 −3787 5 10343 4 4496.78 0.25 5115.16 0.23
Tc 43 8967 3 6500.9 0.9 −10615 6 10927.6 0.9 6331.1 0.9 3921.4 0.9
Ru 44 7472 6 8482 3 −17694.3 1.6 10310 4 3060 5 6815.9 0.4
Rh 45 10481 23 4649 20 −24210# 300# 11247 20 5360 19 5884 20
Pd 46 8933 7 6297 13 −34210# 580# 11130 40 2369 11 9544 5
Ag 47 11720 30 2680 8 ∗ 11804 8 4335 8 8622 12
Cd 48 10370 50 4150 30 ∗ 11684 12 −560 90 11899 4
In 49 15540# 430# 1030# 300# ∗ 10070# 520# −940# 510# 8780# 310#
Sn 50 ∗ 1360# 660# ∗ 10120# 710# −5020# 770# 13240# 710#

100 Kr 36 4140# 570# ∗ 41900# 400# 4290# 570# 4400# 570# ∗
Rb 37 3216 14 15160# 400# 33525 15 8570# 300# 6020 130 −6620# 400#
Sr 38 5370 8 15985 8 26376 7 5262 18 3566 7 −6750 130
Y 39 4749 13 12092 12 18700 11 9812 12 6123 12 −3156 11
Zr 40 6827 13 13018 10 12855 8 6627 11 4607 11 −2146 9
Nb 41 5527 14 9464 13 5800 20 12201 12 8010 8 1971 10
Mo 42 8294.2 0.4 11147 12 −980 18 8042 5 4274 4 2390.1 0.3
Tc 43 6764.4 1.0 7339.8 1.3 −7883 5 12805.8 1.3 6387.8 1.3 5228 4
Ru 44 9673.32 0.03 9188.5 0.9 −15032.8 1.7 7916 3 2861 4 3963.7 0.4
Rh 45 8078 27 5255 18 −21413 18 13345 19 5393 18 7280 19
Pd 46 11101 18 6917 26 −28060 240 8673 21 2250 40 6554 18
Ag 47 9497 8 3244 7 ∗ 13894 7 4532 7 10110 40
Cd 48 12334.8 2.3 4771 6 ∗ 9580 30 1573 12 9258 5
In 49 10870# 300# 1536.0 2.7 ∗ 14170 50 1420 420 12372 12
Sn 50 17240# 630# 3060# 380# ∗ 7470# 390# −4890# 470# 9230 480

101 Kr 36 2180# 640# ∗ 44580# 500# ∗ 4330# 640# ∗
Rb 37 4373 24 15390# 400# 36324 21 6540# 400# 6420# 300# −8870# 400#
Sr 38 3579 11 16348 16 28195 8 6507 9 3908 18 −5560# 300#
Y 39 5805 13 12526 10 21290 25 8175 9 6232 8 −5039 18
Zr 40 4860 12 13129 14 14797 8 8194 11 3992 11 −1092 9
Nb 41 7172 9 9808 9 8521 7 9436 11 7254 9 −956 9
Mo 42 5398.24 0.07 11018 8 1912 5 9526 12 4869 5 3408 8
Tc 43 8395 24 7441 24 −5010 24 10336 24 6635 24 2826 25
Ru 44 6802.04 0.23 9226.1 1.4 −12121.6 1.5 10080.6 1.0 3338 3 5804.3 0.4
Rh 45 9893 19 5474 6 −18868 13 10924 6 5676 9 4666 7
Pd 46 8291 18 7130 19 −25130 300 10863 20 2607 13 8439 8
Ag 47 11268 7 3411 18 ∗ 11559 7 4851 7 7487 13
Cd 48 9713.2 2.2 4987 5 ∗ 11587 6 2090 30 11131 5
In 49 12438 12 1639 12 ∗ 12097 12 3960 50 10170 30
Sn 50 11230 380 3420 300 ∗ 11780# 420# −1540# 430# 12980 300
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

99 Kr 36 7120# 420# ∗ −10370# 640# 24120# 400# ∗ 7900# 400#
Rb 37 8745 4 31700# 400# −9700# 300# 19523 8 −30360# 400# 7230 5
Sr 38 10080 6 29670 130 −8785 19 15098 12 −25690# 300# 1699 9
Y 39 10671 9 26703 7 −7178 21 11692 14 −23564 17 2567 11
Zr 40 10823 10 23614 11 −4924 12 8353 11 −18483 11 −2163 12
Nb 41 12875 13 20798 14 −3552 14 4993 12 −17336 14 −2291 12
Mo 42 14568.04 0.16 17611.36 0.24 −2735.1 0.9 1655.3 0.4 −11977 8 −7609 3
Tc 43 16246 4 16303 4 −2966.5 1.0 −1743 19 −11092 5 −7174 7
Ru 44 17647.5 2.8 14658.6 0.4 −2338.4 0.4 −5443 5 −6798.4 0.4 −12521 12
Rh 45 19130 40 12938 20 −1988 20 −8872 20 −6441 20 −12335 20
Pd 46 20520 7 10640 6 −1150 11 −12252 5 −1247 8 −17190 30
Ag 47 21951 14 8690 40 −797 7 −15340# 300# −826 13 −17150 50
Cd 48 25340 420 6703 5 −2390 3 −21960# 580# 4101 5 −24100# 300#
In 49 30130# 500# 5050# 300# −3900# 500# ∗ 4400# 300# ∗
Sn 50 ∗ 1820# 720# −3350# 810# ∗ 12370# 580# ∗

100 Kr 36 6490# 500# ∗ ∗ 25350# 400# ∗ 8580# 400#
Rb 37 8039 21 32790# 400# −10480# 300# 21055 17 ∗ 8181 14
Sr 38 9538 8 30280# 300# −9161 20 16555 11 −28710# 400# 2755 10
Y 39 11175 14 27530 20 −8392 12 12470 14 −23489 12 2224 15
Zr 40 11234 12 24528 9 −5879 12 9820 8 −21143 9 −2109 15
Nb 41 12409 9 22080 11 −3886 10 6230 8 −16436 10 −1892 8
Mo 42 14219.7 0.3 19489 8 −3179.1 0.3 3034.36 0.17 −15865 11 −6936.5 0.9
Tc 43 15731 4 17074 5 −2843.0 1.4 −430 18 −10975 12 −6466.9 1.4
Ru 44 17145 6 15689.4 0.4 −2857.4 0.4 −4015 18 −10546.3 0.4 −11714 19
Rh 45 18559 22 13737 18 −2194 19 −7453 19 −5552 18 −11480 19
Pd 46 20034 18 11566 19 −1557 18 −11018 18 −4876 18 −16572 19
Ag 47 21210 30 9541 13 −875 11 −13960 5 158 20 −16278 5
Cd 48 22700 50 7452 5 −436 5 −17050 240 699 5 −20890# 300#
In 49 26410# 300# 5690 30 −2090 90 ∗ 5245 7 −24270# 580#
Sn 50 ∗ 4090 250 −4000# 480# ∗ 5490 240 ∗

101 Kr 36 6320# 640# ∗ ∗ 26750# 500# ∗ 9610# 500#
Rb 37 7589 21 ∗ −10990# 400# 22487 22 ∗ 9179 22
Sr 38 8949 10 31500# 400# −10330 130 17836 12 −28140# 400# 3925 14
Y 39 10554 10 28512 8 −8961 7 13837 8 −26078 15 3247 11
Zr 40 11687 13 25220 10 −7005 9 10359 8 −20632 11 −1441 12
Nb 41 12699 13 22826 8 −5201 8 7453 24 −18859 12 −770 4
Mo 42 13692.5 0.4 20481 11 −3008.2 0.3 4438.16 0.30 −14436 8 −5570.3 1.4
Tc 43 15159 24 18587 27 −3167 24 1068 25 −13842 25 −5189 24
Ru 44 16475.36 0.24 16565.9 0.5 −2838.3 0.4 −2526 5 −9054.06 0.29 −10438 18
Rh 45 17971 20 14663 6 −2613 7 −6078 8 −8680 6 −10271 19
Pd 46 19392 7 12385 5 −1736 5 −9596 5 −3494 5 −15365 7
Ag 47 20765 8 10328 20 −1160 40 −12789 13 −3032 19 −15211 5
Cd 48 22048.0 2.2 8232 5 −456 5 −15530 300 2087 18 −19729.6 2.7
In 49 23310# 300# 6410 13 −66 17 ∗ 2304 13 −19470 240
Sn 50 28470# 660# 4950 300 −2000 520 ∗ 6600 300 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

102 Rb 37 2760 90 15960# 510# 39050 80 7930# 410# 6010# 410# ∗
Sr 38 4910 70 16880 70 31400 70 4820 70 3830 70 −8110# 410#
Y 39 4189 8 13137 9 23400 10 9356 8 6210 6 −4405 6
Zr 40 6492 12 13816 11 17525 9 6451 14 3926 11 −3416 10
Nb 41 5478 5 10426 9 10485 7 10785 9 6182 11 −8 7
Mo 42 8112 8 11958 9 4342 8 6941 12 3639 15 −298 13
Tc 43 6300 26 8342 9 −2326 12 12331 9 6261 9 3409 15
Ru 44 9219.64 0.05 10051 24 −9446.7 1.7 7625.3 1.4 3085.5 1.0 2510.1 0.5
Rh 45 7442 9 6114 6 −16088 8 13155 6 5706 6 6191 6
Pd 46 10542 5 7780 6 −22970 100 8399 18 2546 19 5368.82 0.25
Ag 47 8984 9 4104 9 −31150# 400# 13677 19 4800 10 8984 21
Cd 48 11894.6 2.2 5614 5 ∗ 9189 5 1917 6 8170 5
In 49 10221 13 2147 5 ∗ 14211 5 4100 5 11664 8
Sn 50 12700 320 3680 100 ∗ 9950 100 1310# 310# 10640 100
Sb 51 ∗ −1920# 500# ∗ 16760# 470# 1740# 710# 15920# 500#

103 Rb 37 3980# 410# ∗ 41870# 400# 6130# 640# 6170# 570# ∗
Sr 38 3190# 210# 17320# 220# 33670# 200# 6000# 200# 3850# 200# −7160# 450#
Y 39 5356 12 13590 70 26147 15 7579 14 6225 13 −6545 17
Zr 40 4299 13 13925 10 19458 9 7957 12 4376 14 −2345 12
Nb 41 6802 5 10736 10 13003 5 8843 9 6208 9 −2061 12
Mo 42 5465 12 11945 10 6503 9 8648 10 3701 12 1065 12
Tc 43 8102 13 8332 13 199 11 9627 10 6453 10 834 13
Ru 44 6232.05 0.15 9983 9 −6615.5 1.9 9788 24 3617.8 1.4 4572.3 0.3
Rh 45 9320 7 6214.2 2.3 −13399 9 10637.2 2.3 6059.7 2.3 3635.6 2.7
Pd 46 7625.3 0.8 7963 6 −20370# 100# 10666 6 2998 18 7416.8 0.8
Ag 47 10627 9 4189 4 −28130# 300# 11340 6 5274 18 6435 19
Cd 48 9063.2 2.5 5694 8 ∗ 11394 5 2350 5 10207 18
In 49 12009 10 2262 9 ∗ 11915 9 4426 9 9152 10
Sn 50 10230# 140# 3690# 100# ∗ 12160# 100# 1950# 100# 12750# 100#
Sb 51 13640# 500# −980# 320# ∗ 14350# 420# 5340# 380# 13150# 300#

104 Rb 37 2360# 640# ∗ 44360# 500# ∗ 5990# 710# ∗
Sr 38 4550# 360# 17890# 500# 36580# 300# 4200# 310# 3670# 300# −9530# 580#
Y 39 3690# 200# 14090# 280# 28420# 200# 8790# 210# 6110# 200# −5870# 200#
Zr 40 5980 13 14550 15 22378 10 6166 10 4201 12 −4746 13
Nb 41 4854 4 11291 9 15148.3 2.9 10481 9 6214 9 −1110 7
Mo 42 7461 13 12604 10 9051 9 6665 9 3412 10 −1536 12
Tc 43 5966 27 8834 27 2618 25 11773 26 5885 25 2039 25
Ru 44 8899.9 2.5 10781 9 −4127 3 7188 9 3113 24 1070.6 2.5
Rh 45 6998.96 0.08 6981.1 2.3 −10777 6 12857.9 2.3 5862.8 2.3 5032 24
Pd 46 10009.5 1.6 8652.4 2.7 −17768 6 8099 7 2881 6 4209.4 1.4
Ag 47 8385 6 4948 4 −25820# 100# 13497 4 5180 6 7942 7
Cd 48 11388.1 2.5 6455 4 −34340 320 8989 8 2230 5 7110 5
In 49 9622 11 2820 6 ∗ 14188 6 4518 6 10798 8
Sn 50 12610# 100# 4284 11 ∗ 9779 7 1782 13 9856 6
Sb 51 10700# 320# −509 15 ∗ 16350# 140# 5880# 320# 14900# 100#
Te 52 ∗ 250# 440# ∗ 12180# 510# ∗ 16330 440
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

102 Rb 37 7130 80 ∗ −11630# 410# 23920 80 ∗ 10000 80
Sr 38 8480 70 32270# 410# −10460# 310# 19420 70 −30870# 510# 4820 70
Y 39 9994 12 29485 14 −9228 17 15126 5 −25894 21 3917 9
Zr 40 11351 12 26342 11 −7584 9 11979 12 −23545 12 −761 10
Nb 41 12650 8 23555 11 −6434 8 8275 10 −18532 8 −849.6 2.5
Mo 42 13510 8 21766 12 −4704 12 5546 8 −17689 12 −5288 25
Tc 43 14695 9 19360 12 −3473 10 2210 11 −12970 10 −4686 9
Ru 44 16021.68 0.24 17491.35 0.29 −3415.4 0.4 −1203.47 0.04 −12875.45 0.30 −9765 6
Rh 45 17335 19 15340 7 −2776 7 −4537 10 −7728 25 −9422 8
Pd 46 18833 18 13253.51 0.24 −2103 6 −8243.3 1.7 −7233.82 0.07 −14640 5
Ag 47 20251 10 11234 20 −1496 14 −11552 9 −2123 10 −14482 8
Cd 48 21607.7 2.4 9025 18 −764 5 −14720 100 −1517 5 −19186 12
In 49 22659 5 7135 7 −50 30 −19600# 400# 3351 7 −18460 300
Sn 50 23930 260 5320 100 280 110 ∗ 3610 100 ∗
Sb 51 ∗ 1500# 400# 380# 500# ∗ 10160# 400# ∗

103 Rb 37 6740# 400# ∗ ∗ 25300# 400# ∗ 10930# 410#
Sr 38 8100# 200# 33280# 540# −11310# 450# 20530# 200# ∗ 5820# 200#
Y 39 9545 13 30468 23 −9761 12 16572 12 −28490 80 5053 14
Zr 40 10791 12 27062 13 −7715 10 13145 13 −22940 70 418 10
Nb 41 12280 5 24552 8 −6810 8 9575 11 −21145 6 461 9
Mo 42 13577 9 22371 12 −5763 14 6313 9 −16662 13 −4453 13
Tc 43 14402 26 20290 10 −4693 15 3428 10 −15595 10 −3569 10
Ru 44 15451.69 0.16 18325.2 0.3 −3722.0 0.5 189.8 0.8 −10995 8 −8555 6
Rh 45 16762 6 16265 24 −3128.8 2.5 −3229 5 −10748 9 −8200.1 2.3
Pd 46 18167 5 14076.8 0.8 −2256.5 0.8 −6805.4 2.0 −5639.5 0.8 −13282 8
Ag 47 19611 6 11968 7 −1643 20 −10170 10 −5308 8 −13214 4
Cd 48 20957.8 2.3 9797 5 −894 5 −13560# 100# −37.6 1.9 −18028 5
In 49 22230 15 7876 10 −345 11 −17960# 300# 325 12 −17770 100
Sn 50 22930# 320# 5830# 100# 410# 100# ∗ 5280# 100# −24060# 410#
Sb 51 ∗ 2700# 300# 2280# 420# ∗ 6740# 300# ∗

104 Rb 37 6340# 510# ∗ ∗ 26630# 540# ∗ 11760# 540#
Sr 38 7740# 310# ∗ −11720# 500# 21960# 300# ∗ 6630# 300#
Y 39 9050# 200# 31410# 220# −10240# 200# 17730# 200# −28210# 450# 5660# 200#
Zr 40 10279 13 28140 70 −8325 12 14626 13 −25730# 200# 1240 10
Nb 41 11655 3 25216 4 −6915 11 10688 25 −20643 11 1072 9
Mo 42 12926 12 23340 12 −6396 12 7752 9 −19824 13 −3811 13
Tc 43 14069 26 20779 25 −5133 26 4460 25 −14759 25 −3303 25
Ru 44 15132.0 2.5 19113 9 −4327.7 2.5 1299.4 2.7 −14430 10 −8135 3
Rh 45 16319 7 16964 9 −3363.3 2.7 −1843 5 −9644 10 −7573.7 2.4
Pd 46 17634.8 1.4 14866.6 1.4 −2592.6 1.4 −5426.7 2.1 −9416.9 1.4 −12664 4
Ag 47 19012 9 12911 8 −1950 19 −8934 7 −4374 5 −12536 5
Cd 48 20451.3 2.4 10643.4 1.7 −1181 18 −12341 6 −3800.4 1.9 −17407 9
In 49 21630 7 8514 10 −470 8 −16890# 100# 1331 7 −17160# 100#
Sn 50 22830 100 6545 6 143 6 −22000 320 1736 6 −23030# 300#
Sb 51 24340# 410# 3180# 100# 2460# 100# ∗ 8050# 100# ∗
Te 52 ∗ −730 330 5100 210 ∗ 10180# 330# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

105 Sr 38 2500# 580# 18030# 710# 39140# 500# 5680# 640# 3930# 510# ∗
Y 39 4560# 450# 14100# 500# 31720# 400# 7420# 450# 6450# 410# −7670# 410#
Zr 40 3812 15 14670# 200# 24476 12 7710 16 4578 13 −3650 70
Nb 41 6176 4 11487 10 17936 5 8604 10 6530 10 −3097 6
Mo 42 5058 13 12809 9 11087 9 8409 10 3832 9 −103 13
Tc 43 7860 40 9230 40 4780 40 9380 40 6140 40 −340 40
Ru 44 5910.10 0.11 10725 25 −1600.7 2.9 9380 9 3502 9 3273 9
Rh 45 8963 3 7044.5 2.9 −8211 11 10126.7 2.5 6119.2 2.5 2368 9
Pd 46 7094.1 0.7 8747.5 2.6 −15080 4 10324.6 2.6 3229 7 6334.9 1.2
Ag 47 10026 6 4965 5 −23055 22 11097 5 5696 5 5359 8
Cd 48 8436.8 2.2 6506 4 −31520 300 11180 4 2777 8 9215.5 1.5
In 49 11529 12 2961 10 ∗ 11722 10 4883 10 8253 13
Sn 50 9782 7 4444 7 ∗ 12005 10 2221 6 11968 4
Sb 51 12790# 100# −323 22 ∗ 13790# 100# 5780 100 12326 22
Te 52 11260 440 810# 320# ∗ 14570# 420# 3150# 500# 17770 320

106 Sr 38 4180# 780# ∗ 41830# 600# 3860# 780# 3720# 720# ∗
Y 39 3290# 640# 14890# 710# 33990# 500# 8680# 580# 6350# 540# −6980# 640#
Zr 40 5360# 200# 15470# 450# 27570# 200# 6040# 280# 4570# 200# −5820# 280#
Nb 41 4358 4 12033 12 20160 6 10226 9 6470 9 −2099 11
Mo 42 6869 13 13501 10 13780 9 6394 9 3765 10 −2673 13
Tc 43 5560 40 9734 15 7166 13 11278 15 6042 15 899 13
Ru 44 8460 5 11330 40 809 5 6887 25 3145 11 277 11
Rh 45 6583 6 7717 5 −5755 13 12444 5 5769 5 3888 11
Pd 46 9560.96 0.28 9345.2 2.4 −12554 5 7762.6 2.6 2988.2 2.6 3006.0 1.2
Ag 47 7943 5 5813.5 2.8 −20469 8 13163.5 2.9 5379 3 6736 4
Cd 48 10869.6 1.8 7350 5 −28910 100 8695 4 2535 4 5971.2 1.4
In 49 9039 16 3563 12 −37310# 400# 14071 12 4908 12 9841 13
Sn 50 12087 6 5002 11 ∗ 9540 8 2143 10 8944 5
Sb 51 10529 23 424 8 ∗ 15865 9 5480# 100# 13805 12
Te 52 13480 320 1490 100 ∗ 11790# 140# 3320# 320# 14520# 140#
I 53 ∗ −2220# 500# ∗ 17040# 510# ∗ 19020# 500#

107 Sr 38 2020# 920# ∗ 44300# 700# ∗ 4060# 860# ∗
Y 39 4250# 710# 14960# 780# 36780# 500# 6930# 710# 6650# 580# −8870# 710#
Zr 40 3340# 360# 15520# 580# 29840# 300# 7260# 500# 4920# 360# −4610# 420#
Nb 41 5592 8 12260# 200# 23140 14 8445 15 6858 12 −4000# 200#
Mo 42 4488 13 13631 9 15828 9 8081 10 4130 9 −1181 13
Tc 43 7045 15 9911 13 9657 9 9292 13 6458 12 −1293 9
Ru 44 5611 10 11375 15 3128 9 9130 40 3500 26 2128 12
Rh 45 8572 13 7829 13 −3297 15 9782 12 6096 12 1282 28
Pd 46 6536.4 0.5 9299 5 −9860 5 10189.4 2.4 3450.7 2.6 5369.5 2.6
Ag 47 9536 4 5788.1 2.3 −17753 5 10722.0 2.3 5852.5 2.4 4199 3
Cd 48 7929.5 1.9 7337 3 −26330# 100# 10791 5 2990 5 8051.2 2.1
In 49 11030 16 3723 10 −34140# 300# 11478 10 5266 10 7196 11
Sn 50 9230 7 5193 13 ∗ 11839 12 2534 8 11103 6
Sb 51 12251 9 589 7 ∗ 13396 6 5838 7 11176 7
Te 52 10510# 140# 1470# 100# ∗ 14070# 100# 3502 14 16620# 100#
I 53 14200# 500# −1500# 320# ∗ 14090# 420# 5060# 440# 15510# 320#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

105 Sr 38 7050# 540# ∗ −12040# 710# 23270# 500# ∗ 7820# 540#
Y 39 8260# 400# 31990# 570# −10430# 400# 19350# 400# −30410# 640# 7080# 400#
Zr 40 9792 15 28760# 200# −8558 15 15873 15 −24990# 300# 2281 12
Nb 41 11030 6 26036 12 −7286 8 12370 40 −23130# 200# 2357 10
Mo 42 12519 13 24100 13 −6595 12 8604 9 −18902 13 −2903 26
Tc 43 13830 40 21840 40 −5820 40 5560 40 −17760 40 −2260 40
Ru 44 14810.0 2.5 19558 10 −4839.5 2.5 2483.4 2.6 −12880 9 −7047 3
Rh 45 15962 3 17825 10 −3932 24 −780 5 −12641 25 −6527.5 2.4
Pd 46 17103.6 1.4 15728.7 1.2 −2884.7 1.2 −4084.1 1.8 −7611.1 2.6 −11373 4
Ag 47 18411 6 13617 5 −2083 7 −7430 11 −7400 5 −11174 5
Cd 48 19824.9 2.3 11454.8 1.6 −1327 5 −10996 4 −2227.7 1.9 −16222 6
In 49 21151 14 9416 11 −731 11 −15625 24 −1813 11 −16085 12
Sn 50 22390# 100# 7264 4 74 4 −20530 300 3341 4 −22120# 100#
Sb 51 23490# 300# 3961 24 2104 25 ∗ 4878 23 −22460 320
Te 52 ∗ 300# 320# 5069 3 ∗ 11530 300 ∗

106 Sr 38 6680# 670# ∗ ∗ 24450# 630# ∗ 8200# 720#
Y 39 7850# 540# 32920# 710# −10960# 510# 20410# 500# ∗ 7600# 500#
Zr 40 9170# 200# 29570# 360# −9020# 210# 17380# 200# −27850# 540# 3100# 200#
Nb 41 10534.3 2.3 26700# 200# −7455 4 13574 12 −22920# 400# 3057 9
Mo 42 11927 13 24988 13 −6971 13 10195 11 −21959 15 −1910 40
Tc 43 13420 28 22543 12 −5903 13 6586 11 −17150 13 −1913 12
Ru 44 14370 5 20557 10 −5187 10 3584 5 −16281 11 −6543 6
Rh 45 15546 6 18442 25 −4215 10 580 6 −11370 40 −6016 5
Pd 46 16655.1 0.8 16389.7 2.6 −3226.0 1.2 −2775.39 0.10 −11262.0 2.6 −10908 5
Ag 47 17969 5 14561 4 −2584 7 −6334 12 −6380 4 −10680 3
Cd 48 19306.4 2.0 12315.0 0.8 −1654.1 1.2 −9778 5 −6003.2 0.3 −15563 10
In 49 20568 14 10070 13 −786 15 −14135 14 −826 13 −15341 13
Sn 50 21869 8 7963 5 −119 5 −19130 100 −309 5 −21410 22
Sb 51 23320# 100# 4869 9 1797 9 −23170# 400# 5878 13 −21730 300
Te 52 24740 330 1170 100 4290 9 ∗ 7830 100 ∗
I 53 ∗ −1420# 410# 5380# 570# ∗ 13430# 400# ∗

107 Sr 38 6200# 860# ∗ ∗ 25770# 760# ∗ 9470# 860#
Y 39 7540# 640# ∗ −11240# 640# 21750# 500# ∗ 8710# 540#
Zr 40 8700# 300# 30410# 580# −9170# 360# 18530# 300# −27010# 670# 4110# 300#
Nb 41 9951 9 27730# 400# −7692 14 15026 12 −25220# 500# 4333 12
Mo 42 11357 13 25665 15 −7161 13 11318 13 −21090# 200# −840 15
Tc 43 12610 40 23412 10 −6146 10 8114 15 −19836 9 −498 10
Ru 44 14071 8 21110 13 −5333 13 4510 9 −15024 13 −5571 10
Rh 45 15155 12 19160 40 −4685 16 1543 12 −14376 17 −5027 12
Pd 46 16097.4 0.6 17016.1 2.6 −3530.4 1.3 −1382.3 2.0 −9338 5 −9501.6 2.9
Ag 47 17478 5 15133 3 −2800 3 −4840 10 −9333 6 −9345.9 2.3
Cd 48 18799.1 2.2 13150.4 2.0 −1958.3 1.9 −8478 6 −4371.8 1.9 −14453 12
In 49 20069 14 11074 11 −1189 10 −12913 11 −3913 10 −14284 11
Sn 50 21317 7 8756 5 −286 6 −17860# 100# 1331 5 −20110 9
Sb 51 22780 22 5591 11 1554 10 −21220# 300# 2666 13 −20500 100
Te 52 23990# 320# 1900# 100# 4010 5 ∗ 9410# 100# −25430# 410#
I 53 ∗ −10# 300# 4820# 420# ∗ 9760# 300# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

108 Y 39 2880# 780# 15820# 920# 39140# 600# 8230# 850# 6270# 780# ∗
Zr 40 5000# 500# 16270# 640# 32710# 400# 5550# 640# 4480# 570# −7110# 640#
Nb 41 3893 11 12810# 300# 25486 16 9920# 200# 6777 15 −3330# 400#
Mo 42 6276 13 14314 12 18775 9 6164 9 4030 10 −3645 15
Tc 43 5244 12 10667 13 11684 9 10916 13 6272 13 −361 10
Ru 44 7870 12 12200 12 5591 9 6826 15 3490 40 −684 13
Rh 45 6239 18 8458 16 −911 16 12003 15 5767 14 2900 40
Pd 46 9222.9 1.6 9949 12 −7454 5 7549 6 3191.1 2.7 2056.7 2.7
Ag 47 7271.41 0.17 6523.1 2.3 −15161 6 13011.6 2.3 5675.2 2.3 5891 3
Cd 48 10333.4 2.0 8134.7 2.6 −23471 6 8401 3 2682 5 4811.9 1.6
In 49 8624 13 4418 9 −31350# 100# 13723 9 5078 9 8597 10
Sn 50 11629 8 5792 11 −39440 380 9249 13 2435 12 7910 6
Sb 51 9863 7 1222 8 ∗ 15619 7 5757 7 12842 12
Te 52 13200# 100# 2417 7 ∗ 11402 9 3098 21 13203 7
I 53 11410# 320# −597 13 ∗ 16160# 140# 4900# 320# 16890# 100#
Xe 54 ∗ 490# 480# ∗ 11380# 550# ∗ 15830 480

109 Y 39 3770# 920# ∗ 41800# 700# 6480# 990# 6680# 920# ∗
Zr 40 2850# 640# 16240# 780# 35010# 500# 6950# 710# 4930# 710# −5780# 780#
Nb 41 5220 430 13030# 590# 28310 430 8040# 530# 6920# 480# −5250# 660#
Mo 42 3981 14 14403 14 20947 11 7775 14 4407 11 −2260# 200#
Tc 43 6431 13 10823 13 14437 10 8973 13 6709 13 −2434 10
Ru 44 5148 12 12105 12 7766 9 8722 12 3902 15 1036 13
Rh 45 8039 15 8627 10 1490 6 9574 10 6188 7 423 13
Pd 46 6153.59 0.15 9864 14 −4976 8 9968 12 3620 6 4363 6
Ag 47 9184.0 2.7 6484.2 1.4 −12468 5 10364.0 1.8 6052.2 1.7 3290 6
Cd 48 7323.2 1.8 8186.5 2.8 −20789 5 10613.2 2.8 3302 3 7049.6 1.9
In 49 10441 9 4526 4 −28817 8 11212 4 5507 4 6099 5
Sn 50 8632 10 5799 12 −36460 300 11647 13 2842 15 10148 8
Sb 51 11877 8 1470 8 ∗ 12972 7 5967 7 10004 13
Te 52 10005 7 2559 7 ∗ 13649 6 3622 9 15285 7
I 53 12970# 100# −820 4 ∗ 13700# 100# 5410 100 14447 10
Xe 54 11610 480 690# 320# ∗ 13970# 420# 1990# 500# 17700 320

110 Zr 40 4560# 710# 17030# 860# 37850# 500# 5270# 780# 4610# 710# −8320# 860#
Nb 41 3690 940 13870# 980# 30520 840 9350# 930# 6570# 890# −4690# 980#
Mo 42 5948 27 15130 430 23795 24 5720 26 4052 26 −4870# 300#
Tc 43 4823 13 11664 15 16423 10 10426 13 6374 13 −1664 12
Ru 44 7405 12 13079 13 10275 9 6561 12 3541 12 −1881 13
Rh 45 5901 18 9379 20 3641 21 11544 20 5898 20 1568 20
Pd 46 8795.7 1.3 10621 4 −2489 14 7411 14 3397 12 1178 9
Ag 47 6809.19 0.10 7139.8 1.4 −10008 6 12777.7 1.4 5779.4 1.8 5053 12
Cd 48 9915.0 1.6 8917.5 1.3 −18118 7 7969.6 2.4 2922.8 2.4 3671.1 1.3
In 49 8052 12 5255 12 −26000 60 13493 12 5384 12 7583 12
Sn 50 11283 16 6641 14 −33920 100 8989 16 2589 17 6795 14
Sb 51 9270 8 2109 10 ∗ 15331 8 5927 8 11763 11
Te 52 12586 8 3268 8 ∗ 10926 9 3287 8 11929 8
I 53 10870 60 40 60 ∗ 16020 60 5050# 120# 15830 60
Xe 54 13820 320 1540 100 ∗ 11560# 140# 2370# 320# 14380# 140#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

108 Y 39 7130# 780# ∗ −11760# 780# 22770# 600# ∗ 9170# 670#
Zr 40 8340# 450# 31230# 720# −9620# 500# 19800# 400# −29990# 810# 4700# 400#
Nb 41 9485 8 28330# 500# −7890# 200# 16378 12 −24860# 500# 4928 12
Mo 42 10764 13 26580# 200# −7457 13 12912 13 −24020# 300# −71 13
Tc 43 12289 15 24298 9 −6537 9 9108 17 −19488 12 −132 12
Ru 44 13481 10 22111 13 −5743 12 5863 9 −18405 13 −4869 15
Rh 45 14811 15 19833 19 −4957 29 2576 14 −13570 16 −4730 14
Pd 46 15759.3 1.6 17779 6 −3853.4 2.7 −271.8 0.8 −12951 9 −9188.8 2.6
Ag 47 16807 4 15822 6 −3072 3 −3487 9 −8032 12 −8687.8 2.6
Cd 48 18262.9 1.6 13922.8 1.6 −2282.2 1.7 −7182 5 −8168.7 1.6 −13757 10
In 49 19654 15 11755 9 −1428 10 −11674 10 −3002 9 −13679 10
Sn 50 20859 7 9516 5 −526 6 −16288 8 −2369 6 −19488 7
Sb 51 22115 9 6415 13 1312 8 −19670# 100# 3832 11 −19860# 100#
Te 52 23700 100 3006 7 3420 8 −23150 380 5442 8 −24420# 300#
I 53 25610# 410# 880# 100# 4099 5 ∗ 10590# 100# ∗
Xe 54 ∗ −1010 390 4570 210 ∗ 10740# 390# ∗

109 Y 39 6650# 860# ∗ ∗ 24210# 820# ∗ 10400# 810#
Zr 40 7850# 580# 32060# 860# −9960# 710# 20930# 500# ∗ 5740# 500#
Nb 41 9110 430 29300# 660# −8550# 590# 17590 430 −27200# 740# 5990 430
Mo 42 10257 14 27220# 300# −7626 16 14079 14 −23000# 400# 1192 14
Tc 43 11675 12 25137 13 −6792 10 10716 10 −22027 13 1307 12
Ru 44 13019 12 22771 13 −5833 13 6868 9 −17278 13 −3779 17
Rh 45 14278 13 20827 10 −5140 40 3720 4 −16365 10 −3546 4
Pd 46 15376.5 1.6 18322 9 −4096.9 2.7 897.8 1.8 −11234 9 −8071.0 2.6
Ag 47 16455.4 2.7 16434 12 −3293.1 2.8 −2230 4 −10977 14 −7538.3 1.5
Cd 48 17656.6 2.3 14709.6 2.0 −2511.3 1.9 −5874 8 −6269.1 1.8 −12456 9
In 49 19065 10 12661 5 −1844 6 −10239 7 −6172 5 −12491 7
Sn 50 20261 10 10218 8 −721 8 −14915 9 −667 8 −18256 10
Sb 51 21740 7 7262 11 965 12 −18578 9 580 10 −18541 8
Te 52 23200# 100# 3781 7 3198 6 −21550 300 7066 7 −23020# 100#
I 53 24390# 300# 1597 8 3918 21 ∗ 7484 9 −23110 380
Xe 54 ∗ 90# 320# 4217 7 ∗ 12320 300 ∗

110 Zr 40 7410# 640# ∗ −10340# 780# 22320# 500# ∗ 6400# 660#
Nb 41 8910 840 30110# 1030# −8940# 980# 18720 840 −27120# 1090# 6280 840
Mo 42 9929 26 28160# 400# −8210# 200# 15537 26 −26100# 500# 1676 26
Tc 43 11254 12 26067 13 −7257 10 11794 20 −21630 430 1633 13
Ru 44 12554 12 23901 13 −6370 13 8258 9 −20702 14 −3145 10
Rh 45 13940 23 21484 20 −5477 22 4629 18 −15835 20 −3294 18
Pd 46 14949.3 1.3 19247 9 −4433 5 2017.1 0.5 −14881 9 −7682.8 1.4
Ag 47 15993.2 2.7 17004 14 −3520 6 −987 12 −9747 4 −7024.3 1.8
Cd 48 17238.2 1.2 15401.7 1.2 −2865.3 1.2 −4506 14 −10030.5 1.2 −11930 4
In 49 18493 14 13441 12 −1952 12 −9020 13 −5040 12 −11911 14
Sn 50 19915 15 11168 14 −1135 14 −13612 15 −4627 14 −17662 15
Sb 51 21147 8 7908 10 733 14 −16980 60 1751 7 −17806 7
Te 52 22591 9 4738 8 2699 8 −20310 100 3111 10 −22629 9
I 53 23840# 120# 2600 60 3580 60 ∗ 8490 60 −22370 310
Xe 54 25430 390 720 100 3872 9 ∗ 8500 100 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

111 Zr 40 2330# 780# ∗ 40310# 600# 6710# 920# 5160# 850# ∗
Nb 41 4720# 890# 14030# 580# 33340# 300# 7480# 580# 6850# 500# −6530# 670#
Mo 42 3475 27 14920 840 26046 13 7460 430 4469 15 −3340# 400#
Tc 43 6061 14 11778 26 19191 11 8345 15 6589 14 −3833 13
Ru 44 4784 13 13040 13 12467 10 8208 13 4002 13 −390 13
Rh 45 7546 19 9520 11 6088 8 9145 11 6222 11 −735 11
Pd 46 5726.3 0.4 10446 18 −47 5 9724 4 3909 14 3322 9
Ag 47 8829.5 1.9 7173.5 1.5 −7379 9 10101.8 1.8 6172.8 1.8 2462 14
Cd 48 6975.60 0.17 9083.9 1.3 −15665 6 10178.0 1.3 3218.6 2.4 5918.4 1.1
In 49 9993 12 5333 3 −23438 6 10823 4 5724 4 4861 4
Sn 50 8168 15 6758 13 −31420# 120# 11262 7 3045 10 8960 5
Sb 51 11458 11 2284 16 −37940# 200# 12504 12 6097 10 8929 12
Te 52 9429 9 3427 9 ∗ 13374 8 3722 8 14129 8
I 53 12560 60 13 8 ∗ 13472 6 5692 7 13138 7
Xe 54 10670# 150# 1340# 130# ∗ 13860# 120# 3120 60 16910# 120#
Cs 55 ∗ −1730# 220# ∗ 13980# 360# 4600# 430# 15520# 220#

112 Zr 40 4010# 920# ∗ 43210# 700# ∗ 4930# 990# ∗
Nb 41 3180# 420# 14880# 670# 35660# 300# 8860# 580# 6520# 580# −5940# 760#
Mo 42 5610# 200# 15810# 360# 28840# 200# 5540# 860# 4070# 480# −6100# 540#
Tc 43 4306 12 12608 14 21325 6 9988 25 6264 12 −2920 430
Ru 44 6917 13 13895 14 14944 10 6114 13 3516 13 −3325 15
Rh 45 5500 40 10230 50 8260 40 11050 40 5870 40 200 50
Pd 46 8406 7 11306 9 2334 7 7218 19 3542 8 64 11
Ag 47 6439.6 2.8 7886.8 2.5 −4985 18 12458.0 2.5 5886.8 2.7 4062 5
Cd 48 9393.93 0.28 9648.4 1.4 −13007 8 7593.3 1.3 3008.6 1.3 2678.0 1.1
In 49 7669 5 6027 4 −20927 11 13069 4 5378 5 6376 4
Sn 50 10788 5 7552 3 −28629 8 8526 12 2699 4 5495.7 1.6
Sb 51 8834 20 2949 19 −35180# 120# 14954 23 5895 20 10537 18
Te 52 12051 11 4020 12 ∗ 10593 10 3548 10 10709 12
I 53 10181 11 765 12 ∗ 15877 12 5516 11 14834 12
Xe 54 13580# 120# 2362 10 ∗ 11150 60 2510 7 13335 9
Cs 55 11590# 230# −816 4 ∗ 16220# 150# 4620# 320# 16900# 120#

113 Zr 40 1990# 760# ∗ 45530# 300# ∗ ∗ ∗
Nb 41 4210# 500# 15080# 810# 38560# 400# 6980# 720# 6870# 640# ∗
Mo 42 3240# 360# 15870# 420# 30940# 300# 7020# 420# 4520# 890# −4780# 580#
Tc 43 5624 6 12620# 200# 24215 17 7839 13 6588 24 −4860 840
Ru 44 4310 40 13900 40 17180 40 7870 40 4030 40 −1690 50
Rh 45 7110 40 10425 12 10600 7 8729 12 6170 11 −2086 12
Pd 46 5341 9 11150 40 4738 7 9424 10 4102 19 2129 11
Ag 47 8514 17 7995 18 −2610 24 9670 17 6168 17 1448 24
Cd 48 6539.75 0.22 9748.5 2.4 −10696 28 9883.0 1.5 3278.1 1.3 4934.0 0.6
In 49 9448 4 6081.24 0.24 −18248 8 10595.9 0.4 5844.9 0.4 3736.6 1.3
Sn 50 7744.4 1.6 7627 5 −26125 7 10775 4 3006 12 7666.2 1.6
Sb 51 10889 25 3051 17 −32652 19 12232 18 6289 22 7699 21
Te 52 8851 29 4040 30 −38640# 300# 13201 29 3967 29 13140 30
I 53 12127 13 841 12 ∗ 13179 10 5974 10 11977 10
Xe 54 10249 11 2429 12 ∗ 13461 8 3130 60 15673 9
Cs 55 13420# 120# −972.8 2.2 ∗ 13470# 120# 5020 100 14350 60
Ba 56 ∗ 580# 320# ∗ 13900# 360# ∗ 17860# 320#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

111 Zr 40 6890# 780# ∗ −10660# 920# 23460# 600# ∗ 7760# 1030#
Nb 41 8410# 530# 31060# 760# −9420# 580# 20060# 300# ∗ 7500# 300#
Mo 42 9423 17 28790# 500# −8350# 300# 16846 15 −25010# 500# 3023 15
Tc 43 10884 14 26910 430 −7726 13 13279 13 −24000 840 2977 13
Ru 44 12190 13 24704 15 −6665 13 9201 10 −19538 26 −2028 20
Rh 45 13447 8 22599 12 −5979 11 5912 7 −18558 12 −2044 7
Pd 46 14522.0 1.3 19825 9 −4548 9 3266.4 0.7 −13202 9 −6599.9 1.4
Ag 47 15638.7 1.9 17794 4 −3777 12 177 4 −12676 18 −5938.8 1.4
Cd 48 16890.6 1.6 16223.7 1.2 −3304.5 1.3 −3314 5 −8210.3 0.6 −10854 12
In 49 18045.2 2.7 14251 4 −2410 4 −7555 9 −8224 4 −10621 14
Sn 50 19451 10 12012 6 −1373 6 −12351 8 −2880 5 −16560 8
Sb 51 20728 10 8925 10 305 13 −15883 10 −1656 15 −16678 11
Te 52 22015 8 5535 10 2500 8 −19070# 120# 4966 15 −21190 60
I 53 23424 8 3281 7 3275 5 −22050# 200# 5207 8 −21100 100
Xe 54 24490# 320# 1380# 120# 3710 60 ∗ 10420# 120# ∗
Cs 55 ∗ −200# 200# 4110# 360# ∗ 10280# 210# ∗

112 Zr 40 6340# 860# ∗ ∗ 25060# 730# ∗ 8470# 760#
Nb 41 7900# 890# ∗ −9720# 670# 21190# 300# ∗ 7800# 300#
Mo 42 9090# 200# 29840# 540# −8960# 450# 18150# 200# −28290# 630# 3470# 200#
Tc 43 10367 11 27530 840 −8139 10 14470 40 −23590# 300# 3455 11
Ru 44 11701 13 25673 26 −7306 13 10690 12 −22980 15 −1398 12
Rh 45 13040 50 23270 50 −6230 40 6850 40 −18000 50 −1820 40
Pd 46 14133 7 20826 11 −5085 11 4254 7 −16825 12 −6177 7
Ag 47 15269.1 2.7 18333 18 −3977 14 1406 5 −11569 7 −5402.8 2.4
Cd 48 16369.5 0.3 16821.9 0.6 −3475.6 1.1 −1919.81 0.16 −11877.9 0.7 −10254 3
In 49 17663 12 15111 4 −2808 5 −6391 18 −7064 4 −10123 7
Sn 50 18956 14 12885.0 0.4 −1827.5 1.2 −11088 8 −6691.8 0.3 −15890 9
Sb 51 20292 19 9707 21 96 20 −14536 21 −496 18 −16083 19
Te 52 21480 11 6303 16 2078 10 −17541 12 1082 10 −20685 10
I 53 22740 60 4192 12 2957 12 −20650# 120# 6484 14 −20620# 120#
Xe 54 24250 100 2374 11 3330 6 ∗ 6272 10 −25200# 200#
Cs 55 ∗ 530# 130# 3930 60 ∗ 11250# 120# ∗

113 Zr 40 6000# 670# ∗ ∗ 26310# 420# ∗ 9660# 420#
Nb 41 7390# 500# ∗ −10150# 810# 22600# 400# ∗ 9200# 450#
Mo 42 8850# 300# 30750# 670# −9350# 580# 19220# 300# −27520# 760# 4540# 300#
Tc 43 9930 11 28430# 300# −8550 430 15955 8 −26030# 300# 4748 10
Ru 44 11230 40 26510 40 −7630 40 11720 40 −21680# 200# −210 60
Rh 45 12606 10 24320 13 −6909 12 8260 18 −20797 9 −517 10
Pd 46 13747 7 21383 12 −5277 11 5453 7 −15249 12 −5078 7
Ag 47 14954 17 19301 18 −4452 17 2340 17 −14580 50 −4523 17
Cd 48 15933.7 0.3 17635.3 0.7 −3861.7 1.1 −715.2 1.6 −10011 7 −9124 4
In 49 17118 3 15729.6 1.5 −3072.6 1.3 −4950 17 −10072.4 2.4 −8783.39 0.28
Sn 50 18532 6 13653.8 1.6 −2248.7 2.2 −9981 28 −5042.2 1.6 −14800 18
Sb 51 19723 19 10603 18 −352 18 −13297 19 −3716 18 −14921 19
Te 52 20902 29 6986 28 1858 29 −16143 29 3019 28 −19355 30
I 53 22308 9 4861 12 2707 10 −19355 12 3190 20 −19164 12
Xe 54 23830# 120# 3194 9 3087 8 −22490# 300# 8075 11 −23860# 120#
Cs 55 25010# 200# 1389 10 3483 8 ∗ 8010 13 ∗
Ba 56 ∗ −230# 320# 4040# 420# ∗ 13030# 300# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

114 Nb 41 2820# 640# 15910# 580# 40750# 510# 8170# 860# 6380# 780# ∗
Mo 42 5100# 420# 16760# 500# 33810# 300# 5100# 420# 4140# 420# −7550# 670#
Tc 43 3860 430 13240# 530# 26330 430 9590# 480# 6200 430 −3990# 530#
Ru 44 6420 40 14699 5 19794 4 5749 7 3668 11 −4635 13
Rh 45 5010 70 11130 80 12860 70 10630 70 5940 70 −1040 70
Pd 46 7971 10 12012 10 7069 7 6950 40 3678 10 −1059 12
Ag 47 5975 17 8629 8 −434 20 12101 8 5919 5 3019 8
Cd 48 9042.97 0.14 10277 17 −8125 24 7279.6 2.4 3064.6 1.5 1617.4 0.7
In 49 7274.00 0.25 6815.5 0.4 −15931 20 12715.9 0.3 5546.5 0.4 5292.0 1.5
Sn 50 10302.9 1.6 8481.58 0.19 −23474 11 8141 4 2696 3 4338.9 0.4
Sb 51 8151 26 3457 20 −29810 90 14869 20 6306 20 9542 20
Te 52 11610 40 4762 30 −35980 110 10420 30 3811 26 9695 25
I 53 9591 22 1580 30 ∗ 15639 22 5813 21 13844 22
Xe 54 12954 13 3255 14 ∗ 10688 15 2732 12 12148 13
Cs 55 10990 90 −230 90 ∗ 16050 90 4700# 140# 15910 90
Ba 56 14270# 320# 1430 100 ∗ 11220# 160# 1860# 230# 14260# 160#

115 Nb 41 3990# 710# ∗ 43350# 500# 6170# 580# 6400# 860# ∗
Mo 42 2940# 500# 16880# 640# 35880# 400# 6370# 570# 4380# 500# −6480# 810#
Tc 43 5270# 480# 13410# 360# 29190# 200# 7560# 360# 6550# 280# −6080# 360#
Ru 44 3955 25 14790 430 21979 25 7417 25 4018 26 −2980# 200#
Rh 45 6590 70 11297 8 15307 7 8350 40 6266 12 −3324 9
Pd 46 5007 15 12000 70 9608 14 9052 15 4170 50 851 17
Ag 47 8123 19 8781 20 2021 24 9319 20 6203 19 390 50
Cd 48 6140.9 0.6 10443 5 −6022 28 9653 17 3363.3 2.5 3883 7
In 49 9037.9 0.3 6810.39 0.28 −13199 29 10217.74 0.24 5902.56 0.25 2693.8 2.4
Sn 50 7545.43 0.03 8753.0 0.3 −21377 12 10044.08 0.19 2820 4 6187.41 0.25
Sb 51 10578 25 3733 16 −27300# 100# 12036 16 6516 16 6633 17
Te 52 8240 40 4860 30 −33140# 200# 13070 30 4400 30 12239 28
I 53 11770 40 1740 40 ∗ 12720 40 6090 30 10910 30
Xe 54 9642 16 3307 23 ∗ 13174 15 3271 16 14557 15
Cs 55 13090# 130# −100# 100# ∗ 13220# 100# 5190# 100# 13010# 100#
Ba 56 11090# 230# 1520# 220# ∗ 13560# 200# 2360# 230# 16750# 200#

116 Nb 41 2420# 580# ∗ 45510# 310# ∗ 5970# 420# ∗
Mo 42 4730# 640# 17620# 710# 38620# 500# 4460# 710# 3860# 640# −9220# 580#
Tc 43 3490# 360# 13950# 500# 31330# 300# 9180# 420# 6300# 420# −5360# 500#
Ru 44 6035 25 15560# 200# 24644 4 5240 430 3607 5 −5770# 300#
Rh 45 4580 70 11920 80 17510 70 10200 70 6000 80 −2280 70
Pd 46 7477 15 12891 10 11695 7 6590 70 3800 10 −2320 40
Ag 47 5631 19 9406 14 4279 6 11658 8 5912 8 1871 8
Cd 48 8699.3 0.7 11019 18 −3449 24 6929 5 3178 17 524 7
In 49 6784.72 0.22 7454.2 0.7 −10830 80 12476.0 0.4 5657.6 0.3 4423 17
Sn 50 9563.45 0.09 9278.59 0.10 −18479 13 7754.6 0.3 2705.20 0.21 3163.71 0.26
Sb 51 7890 17 4077 5 −24780# 100# 14449 5 6370 5 8192 5
Te 52 11270 40 5549 29 −30880# 200# 9940 30 4017 30 8711 24
I 53 9150 80 2650 80 −37370# 330# 15180 80 5790 80 12640 80
Xe 54 12461 18 4000 30 ∗ 10303 24 2937 15 10950 30
Cs 55 10410# 140# 680# 100# ∗ 15750# 100# 5030# 100# 14720# 100#
Ba 56 13530# 280# 1970# 230# ∗ 11020# 220# 2250# 200# 13470# 200#
La 57 ∗ −1580# 380# ∗ 16570# 340# 4520# 440# 17360# 320#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

114 Nb 41 7030# 580# ∗ ∗ 23640# 660# ∗ 9620# 580#
Mo 42 8340# 360# 31840# 760# −9890# 580# 20540# 300# −30630# 420# 5060# 300#
Tc 43 9480 430 29110# 530# −8720 940 17110 440 −25680# 590# 5200 430
Ru 44 10733 10 27320# 200# −8110 24 13269 8 −24860# 300# 474 8
Rh 45 12120 80 25030 70 −7100 70 9220 70 −20190 70 −190 70
Pd 46 13312 9 22437 12 −5843 11 6525 7 −18910 40 −4535 18
Ag 47 14490 5 19780 40 −4527 18 3639 5 −13453 8 −3959 5
Cd 48 15582.71 0.25 18272 7 −4108.9 0.6 544.80 0.28 −13713 7 −8719.13 0.30
In 49 16722 4 16564.0 2.4 −3537.4 1.3 −4073 20 −8832 17 −8313.0 1.6
Sn 50 18047.32 0.30 14562.82 0.25 −2636.7 0.4 −8670 24 −8805.42 0.25 −14214 17
Sb 51 19040 27 11084 20 −452 23 −11858 28 −2418 20 −14220 30
Te 52 20465 26 7813 24 1527 28 −14804 27 −851 24 −18841 26
I 53 21718 22 5618 27 2386 21 −17950 90 4489 26 −18507 21
Xe 54 23202 14 4096 14 2719 13 −21180 100 3970 30 −23393 14
Cs 55 24410# 140# 2200 90 3360 60 ∗ 9140 90 −23050# 310#
Ba 56 ∗ 460 100 3592 19 ∗ 9010 100 ∗

115 Nb 41 6810# 640# ∗ ∗ 24920# 540# ∗ 10730# 580#
Mo 42 8040# 500# 32790# 500# −10490# 720# 21560# 400# ∗ 5980# 590#
Tc 43 9130# 200# 30170# 450# −9260# 360# 18430# 200# −28130# 540# 6350# 200#
Ru 44 10380 50 28030# 300# −8590 28 14321 29 −23710# 300# 1530 80
Rh 45 11605 10 25996 8 −7629 13 10753 20 −22920 430 1190 10
Pd 46 12978 15 23140 40 −6065 17 7659 14 −17494 14 −3566 14
Ag 47 14098 25 20794 20 −5104 20 4554 18 −16560 70 −3039 18
Cd 48 15183.8 0.6 19072 7 −4523.5 1.0 1949.4 0.7 −11883 7 −7586.0 0.7
In 49 16311.87 0.19 17087 17 −3745.8 1.5 −2533 16 −11895 5 −7047.94 0.03
Sn 50 17848.4 1.6 15568.50 0.24 −3206.5 0.4 −7971 28 −7307.88 0.28 −13609 20
Sb 51 18729 24 12214 16 −1036 16 −10670 30 −5723 16 −13185 29
Te 52 19860 40 8313 28 1451 28 −13410 30 1208 28 −17500 30
I 53 21361 30 6500 30 2070 30 −16640# 110# 870 30 −17320 30
Xe 54 22596 14 4890 30 2506 14 −19740# 200# 5944 27 −22040 90
Cs 55 24080# 100# 3160# 100# 2830# 100# ∗ 5650# 100# −21870# 150#
Ba 56 25350# 360# 1300# 200# 3180# 230# ∗ 10880# 200# ∗

116 Nb 41 6410# 580# ∗ ∗ 25980# 420# ∗ 11250# 500#
Mo 42 7670# 580# ∗ −11220# 860# 22860# 500# ∗ 6520# 540#
Tc 43 8760# 530# 30830# 580# −9570# 420# 19520# 310# −27620# 580# 6820# 300#
Ru 44 9990 5 28970# 300# −9010# 200# 15762 8 −26810# 400# 2089 8
Rh 45 11170 100 26710 440 −7900 70 11810 70 −22230# 210# 1620 80
Pd 46 12483 10 24188 8 −6625 12 8881 7 −21015 26 −2920 20
Ag 47 13754 6 21410 70 −5240 40 5707 3 −15602 8 −2530 3
Cd 48 14840.2 0.3 19800 7 −4816 7 2813.49 0.13 −15576 14 −7247.45 0.16
In 49 15822.6 0.4 17897 5 −4090.9 2.4 −1428 5 −10556 18 −6287.23 0.22
Sn 50 17108.88 0.10 16088.99 0.29 −3376.04 0.27 −6262 24 −10730.5 0.7 −12594 16
Sb 51 18468 20 12830 5 −1257 7 −9400 80 −4575 5 −12831 28
Te 52 19520 30 9282 24 966 24 −12217 27 −2519 24 −17000 40
I 53 20920 80 7500 80 1750 80 −15380# 130# 2290 80 −16840 80
Xe 54 22104 17 5735 28 2096 15 −18670# 200# 1730 30 −21420# 100#
Cs 55 23500# 130# 3980# 100# 2600# 100# −21990# 340# 7010# 100# −21190# 220#
Ba 56 24620# 230# 1870# 200# 3220# 200# ∗ 6990# 200# ∗
La 57 ∗ −60# 330# 3940# 300# ∗ 12360# 340# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

117 Mo 42 2550# 710# 17750# 580# 40740# 500# 5900# 710# 4140# 710# ∗
Tc 43 5000# 500# 14220# 640# 34040# 400# 7120# 570# 6410# 500# −7530# 640#
Ru 44 3490 430 15570# 530# 26930 430 7020# 480# 3970 610 −4160# 530#
Rh 45 6230 70 12117 10 20046 10 7919 27 6189 9 −4650 430
Pd 46 4664 10 12980 70 13974 7 8516 10 4150 70 −556 8
Ag 47 7711 14 9640 15 6458 16 8955 19 6172 15 −830 70
Cd 48 5777.2 1.0 11165 3 −1323 13 9275 18 3376 5 2718 7
In 49 8765 5 7520 5 −8504 26 9852 5 5936 5 1634 7
Sn 50 6943.1 0.5 9437.0 0.5 −16212 10 9849.4 0.5 3036.1 0.6 5263.6 0.6
Sb 51 9889 10 4403 8 −22150 60 12105 8 6784 8 5577 8
Te 52 7903 28 5562 14 −27640 250 12619 21 4265 24 11111 13
I 53 11090 80 2460 40 −34170# 200# 12340 40 6320 40 9700 30
Xe 54 9210 17 4050 80 ∗ 12860 30 3318 23 13351 27
Cs 55 12520# 120# 740 60 ∗ 12870 60 5460 60 11790 70
Ba 56 11150# 320# 2700# 270# ∗ 12950# 270# 2090 260 15270 250
La 57 14290# 380# −820 3 ∗ 13360# 280# 4500# 230# 14060# 220#

118 Mo 42 4750# 710# ∗ 43020# 500# 3570# 580# 3370# 710# ∗
Tc 43 3220# 570# 14890# 640# 36260# 400# 8630# 640# 6120# 570# −6760# 640#
Ru 44 5580# 480# 16150# 450# 29700# 200# 4920# 360# 3660# 280# −6800# 450#
Rh 45 4061 26 12690 430 22341 25 9893 25 6080 30 −3440# 200#
Pd 46 7036 8 13781 9 16264.5 2.5 6060 70 3705 8 −3637 25
Ag 47 5443 14 10419 8 8442 4 10988 8 5736 14 322 8
Cd 48 8355 20 11809 24 989 27 6552 20 3145 27 −629 24
In 49 6356 6 8099 8 −6257 21 12195 8 5720 8 3401 20
Sn 50 9326.42 0.13 9999 5 −13574 10 7307.7 0.5 2747.6 0.5 2078.0 0.8
Sb 51 7428 9 4887.4 3.0 −19587 13 14241 3 6902 3 7187 3
Te 52 10667 23 6340 20 −25490# 200# 9842 19 4177 24 7989 18
I 53 8600 30 3165 24 −31350# 300# 15000 30 5960 30 11679 25
Xe 54 11965 15 4929 28 ∗ 10050 80 3120 30 9630 30
Cs 55 9990 60 1513 16 ∗ 15348 18 5111 18 13570 30
Ba 56 12810# 320# 3000# 210# ∗ 10550# 220# 2360# 230# 12100# 200#
La 57 11420# 360# −550# 390# ∗ 15470# 360# 4170# 360# 15730# 320#

119 Mo 42 2280# 580# ∗ 44830# 300# ∗ 3510# 420# ∗
Tc 43 4950# 640# 15090# 710# 38480# 500# 6230# 710# 5910# 710# −9290# 580#
Ru 44 3150# 360# 16080# 500# 31900# 300# 6770# 500# 4000# 420# −5220# 580#
Rh 45 6007 26 13110# 200# 24876 12 7380 430 6110 10 −5960# 300#
Pd 46 4090 9 13809 26 18658 8 8200 12 4190 70 −1692 9
Ag 47 7163 15 10546 15 10830 16 8489 16 6049 16 −2260 80
Cd 48 5350 40 11710 40 3210 40 8920 40 3430 40 1500 40
In 49 8542 8 8286 21 −3921 23 9431 7 5878 7 490 8
Sn 50 6483.5 0.5 10126 8 −11270 10 9589 5 3048.8 0.8 4293.9 0.7
Sb 51 9551 8 5112 7 −17170 16 11633 7 6914 7 4421 7
Te 52 7563 20 6475 8 −22590 200 12168 11 4504 9 9990 7
I 53 10878 29 3376 28 −28760# 300# 12029 26 6350 30 8691 22
Xe 54 8787 15 5112 22 −34970# 500# 12355 28 3490 80 12116 26
Cs 55 11967 19 1515 17 ∗ 12591 17 5606 19 10760 80
Ba 56 10460# 280# 3470 200 ∗ 12610 210 2320# 220# 14100 200
La 57 13470# 420# 110# 360# ∗ 13150# 390# 4220# 360# 12670# 320#
Ce 58 ∗ 1490# 580# ∗ 13160# 540# 1090# 600# 16210# 540#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

117 Mo 42 7280# 640# ∗ −11770# 580# 23800# 660# ∗ 7450# 580#
Tc 43 8490# 450# 31840# 640# −10360# 570# 20760# 400# −30200# 500# 7860# 400#
Ru 44 9530 430 29520# 590# −9270# 530# 16930 430 −25570# 660# 3170 440
Rh 45 10810 11 27680# 200# −8510 10 13285 16 −24970# 300# 2863 11
Pd 46 12141 15 24897 26 −6980 40 9995 7 −19644 8 −1953 8
Ag 47 13342 23 22531 15 −5840 15 6761 14 −18740 80 −1541 14
Cd 48 14476.6 1.2 20571 14 −5253 7 3979.3 1.1 −13876 7 −6240.0 1.0
In 49 15549 5 18538 19 −4341 17 −303 10 −13689 6 −5488 5
Sn 50 16506.5 0.5 16891.2 0.8 −3779.4 0.5 −5302 13 −8974.2 0.5 −11647 5
Sb 51 17779 18 13681 8 −1697 8 −8201 27 −7679 8 −11447 26
Te 52 19180 30 9640 13 808 14 −10910 17 −858 13 −15750 80
I 53 20240 40 8010 30 1550 30 −13950 70 −906 26 −15463 29
Xe 54 21671 16 6701 30 1737 30 −16730 250 3789 26 −20210# 100#
Cs 55 22940# 120# 4730 70 2200 60 −20220# 210# 3640 100 −20190# 210#
Ba 56 24680# 320# 3380 250 2320 250 ∗ 8300 250 −25480# 410#
La 57 ∗ 1150# 230# 3070# 200# ∗ 8480# 220# ∗

118 Mo 42 7300# 710# ∗ ∗ 24630# 540# ∗ 7700# 640#
Tc 43 8220# 500# 32640# 500# −10760# 640# 21600# 400# ∗ 8130# 590#
Ru 44 9070# 200# 30370# 540# −9750# 360# 18390# 200# −28600# 540# 3830# 200#
Rh 45 10290 80 28250# 300# −8710 430 14667 24 −24040# 400# 3466 25
Pd 46 11700 7 25897 4 −7592 4 11313 20 −23190 430 −1278 14
Ag 47 13154 4 23400 70 −6270 70 7674 8 −17946 9 −1206.7 2.7
Cd 48 14132 20 21449 21 −5636 21 4951 20 −17567 21 −5830 21
In 49 15121 8 19263 8 −4722 9 768 8 −12335 16 −4902 8
Sn 50 16269.5 0.5 17518.3 0.5 −4062.8 0.6 −3962 18 −12523.4 1.1 −11085 8
Sb 51 17317 6 14324 3 −1851 3 −7025 20 −6342 6 −10972 14
Te 52 18570 30 10743 18 444 18 −9612 21 −4582 18 −15320 30
I 53 19690 80 8727 20 1101 28 −12562 24 380 21 −14857 22
Xe 54 21175 17 7393 26 1386 27 −15880# 200# −273 17 −19660 60
Cs 55 22510# 100# 5570 80 1805 24 −18790# 300# 4740 29 −19020 250
Ba 56 23960# 280# 3730# 200# 2460# 200# ∗ 4700# 200# −24000# 280#
La 57 25710# 440# 2160# 320# 2640# 310# ∗ 9580# 310# ∗

119 Mo 42 7030# 580# ∗ ∗ 25500# 420# ∗ 8640# 500#
Tc 43 8170# 640# ∗ −11720# 710# 22650# 500# ∗ 8760# 540#
Ru 44 8730# 530# 30970# 580# −9960# 500# 19330# 300# −27000# 580# 4740# 300#
Rh 45 10069 13 29260# 400# −9450# 200# 15823 17 −26820# 400# 4494 10
Pd 46 11126 11 26500 430 −7727 26 12570 40 −21700# 200# 75 9
Ag 47 12606 20 24327 17 −6841 16 9053 16 −21048 28 −15 25
Cd 48 13700 40 22130 40 −5980 40 6090 40 −15880 40 −4820 40
In 49 14898 6 20095 15 −5141 20 1777 10 −15434 8 −4117 7
Sn 50 15809.9 0.6 18224.5 1.2 −4405.4 1.0 −2882 7 −10652 20 −10140 3
Sb 51 16979 11 15110 9 −2364 7 −5698 23 −9536 10 −9856 20
Te 52 18230 15 11363 7 426 7 −8388 13 −2819 7 −14283 21
I 53 19480 30 9716 23 801 27 −11473 26 −3070 22 −13770 24
Xe 54 20752 15 8277 17 843 30 −14200 200 1607 21 −18456 16
Cs 55 21950 60 6444 29 1610 30 −17290# 300# 1377 24 −18180# 200#
Ba 56 23270 320 4980 200 1640 200 −20770# 540# 6200 200 −23040# 360#
La 57 24890# 360# 3100# 310# 2260# 320# ∗ 6100# 300# ∗
Ce 58 ∗ 940# 560# 2680# 540# ∗ 11090# 540# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

120 Tc 43 2900# 710# 15710# 580# 40650# 500# 8080# 710# 5550# 710# ∗
Ru 44 5710# 500# 16840# 640# 34240# 400# 4280# 570# 3280# 570# −8390# 640#
Rh 45 3870# 200# 13830# 360# 27110# 200# 9090# 280# 5730# 480# −4830# 450#
Pd 46 6944 8 14746 10 20818.1 2.2 5318 24 3481 9 −5140 430
Ag 47 5077 15 11533 9 12766 8 10448 5 5636 9 −1108 10
Cd 48 8050 40 12601 15 5405 4 6307 4 3089 14 −1887 8
In 49 6100 40 9040 50 −1980 40 11680 40 5550 40 2100 40
Sn 50 9104.1 1.1 10688 7 −8925 12 6841 8 2709 5 967.1 1.4
Sb 51 7013 10 5641 7 −14528 12 13947 7 6845 7 6172 9
Te 52 10251 7 7176 7 −20470 300 9345 3 4141 9 6682.0 1.8
I 53 8041 26 3854 17 −26180# 300# 14654 24 6212 20 10539 17
Xe 54 11449 16 5684 25 −32440# 500# 9509 23 3130 28 8569 18
Cs 55 9655 17 2383 14 ∗ 14901 14 5161 14 12196 27
Ba 56 12370 360 3870 300 ∗ 10230 300 2470 310 10940 300
La 57 10620# 420# 270# 360# ∗ 15340# 360# 4750# 390# 14570# 310#
Ce 58 13980# 710# 2000# 580# ∗ 10600# 580# 1410# 540# 13380# 560#

121 Tc 43 4610# 710# ∗ 42860# 500# 5750# 580# 5690# 710# ∗
Ru 44 2970# 570# 16910# 640# 36450# 400# 6260# 640# 3530# 570# −6600# 640#
Rh 45 5700# 650# 13820# 740# 29580 620 6540# 690# 5610# 650# −7310# 740#
Pd 46 3974 4 14850# 200# 23014 3 7351 10 3569 24 −3540# 200#
Ag 47 6823 13 11412 12 15196 12 7715 15 5850 12 −3870 27
Cd 48 5188 4 12711 5 7469 26 8283 15 3344 3 −39 3
In 49 8180 50 9166 28 411 28 8850 50 5730 30 −634 28
Sn 50 6170.2 0.3 10760 40 −6716 10 9213 7 2896 8 3151 20
Sb 51 9253 8 5790.4 2.5 −12497 15 11176.6 2.6 6917.7 2.5 3275 8
Te 52 7252 26 7415 27 −17800 140 11643 27 4317 26 8756 26
I 53 10570 16 4172 4 −24060# 300# 11648 9 6309 19 7397 6
Xe 54 8380 16 6023 18 −29790# 400# 12008 24 3354 22 10856 21
Cs 55 11285 17 2219 19 −35550# 500# 12403 18 5841 18 9515 24
Ba 56 9930 330 4150 140 ∗ 12270 140 2530 140 12980 140
La 57 12690# 420# 590# 420# ∗ 13110# 360# 4870# 360# 11870# 300#
Ce 58 11030# 640# 2410# 500# ∗ 13040# 500# 1790# 500# 15160# 450#
Pr 59 ∗ −890 10 ∗ 12980# 710# ∗ 13720# 580#

122 Tc 43 2840# 580# ∗ 44800# 300# ∗ 5140# 420# ∗
Ru 44 5230# 640# 17530# 710# 38830# 500# 3930# 710# 3250# 710# −9550# 580#
Rh 45 3700# 690# 14550# 500# 31690# 300# 8550# 500# 5060# 420# −6060# 580#
Pd 46 6505 20 15660 620 25324 20 4710# 200# 3071 22 −6890# 300#
Ag 47 4770 40 12210 40 17230 40 9880 40 5170 40 −2640 40
Cd 48 7610 3 13499 12 9700.9 2.7 5750 5 2897 15 −3559 9
In 49 5810 60 9790 50 2510 50 11100 50 5270 60 720 50
Sn 50 8814.6 2.3 11394 27 −4585 11 6500 40 2623 8 −320 40
Sb 51 6806.37 0.13 6426.5 2.5 −10190 30 13474.3 2.5 6594.8 2.6 5011 8
Te 52 9841 26 8003.1 2.1 −15704 28 8815 7 4026 7 5398.1 1.5
I 53 7905 7 4825 26 −21540# 300# 13994 5 5967 9 9043 9
Xe 54 10945 15 6398 12 −27480# 400# 9103 19 3287 24 7474 13
Cs 55 9110 40 2950 40 −33370# 500# 14740 40 5510 40 11280 40
Ba 56 11940 140 4800 30 ∗ 9991 30 2560 30 9832 30
La 57 10420# 420# 1090# 330# ∗ 15060# 420# 4910# 360# 13410# 300#
Ce 58 13260# 570# 2970# 500# ∗ 10410# 500# 2010# 500# 12360# 450#
Pr 59 11300# 710# −620# 640# ∗ 15660# 710# 3910# 710# 15890# 580#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

120 Tc 43 7850# 640# ∗ −12190# 580# 23620# 540# ∗ 9010# 580#
Ru 44 8860# 450# 31930# 640# −10940# 640# 20560# 400# −30430# 500# 5030# 400#
Rh 45 9880# 200# 29910# 450# −9830# 360# 17030# 200# −25740# 540# 4720# 200#
Pd 46 11034 3 27860# 200# −8636 4 13678 4 −25490# 300# 295 15
Ag 47 12240 5 25343 25 −7340 70 10080 40 −20118 10 250 40
Cd 48 13398 20 23147 4 −6551 8 7140 4 −19839 9 −4330 8
In 49 14640 40 20750 40 −5610 40 2690 40 −14370 40 −3730 40
Sn 50 15587.5 1.0 18974 20 −4810.2 0.9 −1735.6 1.8 −14410 40 −9694 7
Sb 51 16564 8 15767 11 −2592 7 −4670 17 −8007 10 −9306 10
Te 52 17814 18 12287.3 1.8 −261.1 1.8 −7190 12 −6586.1 1.9 −13656 22
I 53 18919 25 10329 15 650 16 −9859 18 −1561 17 −13024 18
Xe 54 20236 16 9060 22 666 27 −13280 300 −2279 14 −17939 18
Cs 55 21622 16 7496 22 1110 80 −16320# 300# 2600 24 −17370 200
Ba 56 22830# 360# 5390 300 1730 300 −19160# 580# 2620 300 −21940# 420#
La 57 24090# 420# 3740# 300# 2050# 320# ∗ 7450# 300# −21820# 580#
Ce 58 ∗ 2110# 540# 2230# 540# ∗ 7570# 540# ∗

121 Tc 43 7510# 710# ∗ ∗ 24710# 800# ∗ 10110# 640#
Ru 44 8680# 500# 32620# 500# −11360# 640# 21560# 400# ∗ 5930# 450#
Rh 45 9570 620 30660# 800# −10540# 740# 18150 620 −28540# 800# 5960 620
Pd 46 10918 9 28680# 300# −9120 430 14891 4 −23750# 400# 1398 6
Ag 47 11900 19 26158 15 −7931 15 11432 30 −23070# 200# 1483 13
Cd 48 13240 40 24245 8 −7075 8 8122.8 2.2 −18083 3 −3420 40
In 49 14279 28 21770 30 −6080 30 3765 27 −17472 28 −2808 27
Sn 50 15274.3 1.2 19800 40 −5203.1 1.4 −654 26 −12528 4 −8851 7
Sb 51 16266 7 16478 8 −3081 5 −3354 5 −11160 40 −8308.3 2.4
Te 52 17503 27 13056 26 −570 26 −6062 28 −4734 26 −12867 30
I 53 18611 22 11348 8 −31 10 −9143 15 −5117 9 −12145 13
Xe 54 19829 15 9876 13 190 17 −11740 140 −408 10 −16664 14
Cs 55 20940 20 7903 26 911 29 −14910# 300# −644 21 −16290 300
Ba 56 22300 250 6530 140 1020 140 −18060# 430# 4140 140 −21250# 330#
La 57 23310# 420# 4460# 300# 1880# 310# −20640# 580# 4410# 300# −20530# 580#
Ce 58 25010# 640# 2680# 450# 2340# 470# ∗ 8910# 500# ∗
Pr 59 ∗ 1110# 580# 2300# 540# ∗ 8730# 580# ∗

122 Tc 43 7450# 580# ∗ ∗ 25570# 420# ∗ 10240# 500#
Ru 44 8200# 640# ∗ −11840# 710# 22840# 500# ∗ 6400# 800#
Rh 45 9400# 360# 31460# 580# −11010# 500# 19230# 300# −27630# 580# 6230# 300#
Pd 46 10479 20 29470# 400# −10040# 200# 15996 20 −27290# 400# 1715 23
Ag 47 11600 40 27060# 200# −8640 50 12470 60 −22140 620 1900 40
Cd 48 12798 4 24911 3 −7649 3 9328 3 −21719 4 −2849 28
In 49 13990 60 22500 50 −6440 50 4760 50 −16460 50 −2450 50
Sn 50 14984.8 2.3 20561 4 −5663 20 373.3 2.4 −16155 3 −8412 3
Sb 51 16060 8 17180 40 −3531 8 −2255 5 −9789 27 −7862 26
Te 52 17093.8 1.1 13793.5 1.4 −1085.4 1.4 −4958 11 −8405.6 1.4 −12139 5
I 53 18475 16 12240 9 −508 6 −7930 30 −3769 5 −11670 11
Xe 54 19325 16 10571 11 −89 21 −10750 30 −4101 28 −16324 18
Cs 55 20400 40 8980 40 400 40 −13600# 300# 810 30 −15470 150
Ba 56 21860 300 7010 30 1045 30 −16740# 400# 583 30 −20490# 300#
La 57 23120# 420# 5230# 300# 1440# 300# −19760# 580# 5270# 300# −19930# 500#
Ce 58 24290# 640# 3560# 500# 1900# 450# ∗ 5580# 430# −24390# 640#
Pr 59 ∗ 1790# 580# 2420# 580# ∗ 10120# 580# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

123 Ru 44 2840# 710# 17530# 580# 40860# 500# 5700# 710# 3310# 710# ∗
Rh 45 5380# 500# 14700# 640# 34240# 400# 6140# 570# 5390# 570# −8540# 640#
Pd 46 3880 790 15840# 850# 27380 790 6530 1000 3050# 810# −5060# 890#
Ag 47 6530 50 12240 40 19650 30 7320 30 5580 30 −5300# 200#
Cd 48 4873 4 13600 40 11757 3 7699 12 3101 5 −1488 4
In 49 7930 50 10106 20 4514 20 8356 20 5392 20 −2131 20
Sn 50 5946.0 1.2 11530 50 −2566 10 8731 27 2780 40 1789 4
Sb 51 8960.0 2.1 6571.9 2.4 −8179 12 10684.5 1.4 6738.9 1.4 2150 40
Te 52 6929.01 0.08 8125.7 2.1 −13516 12 11139.0 2.1 4110 7 7573.2 1.4
I 53 9935 6 4918 3 −19290# 200# 11311 26 6284 4 6121 8
Xe 54 7965 15 6458 11 −24960# 300# 11708 11 3363 18 9760 10
Cs 55 10970 40 2978 16 −30810# 400# 12148 16 5993 17 8350 19
Ba 56 9120 30 4800 40 ∗ 12158 19 3098 16 12164 17
La 57 12180# 360# 1330# 200# ∗ 12810# 240# 5100# 360# 10880# 200#
Ce 58 10480# 500# 3030# 420# ∗ 12620# 420# 2150# 420# 14250# 420#
Pr 59 13520# 640# −360# 570# ∗ 13170# 570# 4360# 640# 12990# 500#

124 Ru 44 5110# 780# ∗ 43110# 600# 3430# 670# 2820# 780# ∗
Rh 45 3590# 570# 15450# 640# 36160# 400# 7780# 640# 4780# 570# −7520# 640#
Pd 46 6040# 850# 16500# 500# 29830# 300# 4190# 420# 2710# 690# −8130# 500#
Ag 47 4730 250 13090 830 21390 250 9100 250 4820 250 −4330 670
Cd 48 7357 4 14420 30 13824.7 2.9 5120 40 2567 12 −4871 4
In 49 5510 40 10740 30 6500 30 10460 30 5070 30 −820 30
Sn 50 8488.1 2.4 12091 20 −564.1 0.4 6050 50 2467 27 −1511.2 2.3
Sb 51 6467.50 0.06 7093.4 2.4 −5878 9 13031.7 2.4 6441.6 1.4 3862 27
Te 52 9424.48 0.09 8590.22 0.12 −11434 13 8520.9 2.1 3939.1 2.1 4318.9 1.4
I 53 7493 4 5482.5 1.9 −17110 60 13659.5 1.9 6043 26 7881.0 2.8
Xe 54 10490 10 7014 3 −22750# 300# 9123 5 3442 5 6522 26
Cs 55 8769 15 3782 13 −28590# 400# 14325 14 5604 14 10151 10
Ba 56 11506 17 5335 17 −34260# 500# 9770 40 2877 19 9038 16
La 57 9680# 200# 1890 60 ∗ 15060 60 5350 150 12490 60
Ce 58 12700# 420# 3550# 360# ∗ 10340# 420# 2140# 420# 11480# 330#
Pr 59 10990# 570# 150# 500# ∗ 15430# 570# 4400# 570# 14690# 500#
Nd 60 ∗ 1890# 640# ∗ 10660# 710# 1590# 710# 13510# 640#

125 Ru 44 2850# 670# ∗ 44980# 300# ∗ 2800# 420# ∗
Rh 45 5190# 640# 15530# 780# 38580# 500# 5430# 710# 4820# 710# −9880# 580#
Pd 46 3630# 500# 16540# 570# 31930# 400# 5940# 570# 2780# 500# −6530# 640#
Ag 47 6360 500 13410# 530# 23740 430 6620 900 4960 430 −6990# 530#
Cd 48 4720 4 14410 250 15674 3 6930 30 2620 40 −3086 20
In 49 7620 30 11002 3 8423.7 2.2 7713 3 5064.1 2.9 −3660 40
Sn 50 5733.50 0.20 12310 30 1305.7 0.6 8246 20 2540 50 365.1 2.7
Sb 51 8707.3 2.1 7312.6 2.2 −4165 8 10270 3 6549 3 960 50
Te 52 6568.97 0.03 8691.70 0.14 −9353 11 10911.90 0.12 4176.5 2.1 6564.6 2.4
I 53 9542.8 1.9 5600.85 0.07 −15077 26 11045.76 0.12 6341.31 0.14 5144.6 2.1
Xe 54 7603.3 0.4 7123.8 1.9 −20540# 200# 11454 3 3744 5 8760.3 0.4
Cs 55 10420 12 3711 8 −26020# 300# 11869 12 6129 14 7636 9
Ba 56 8651 17 5217 14 −31600# 400# 12085 16 3340 40 11332 16
La 57 11570 60 1959 29 ∗ 12606 29 5710 40 10030 40
Ce 58 9810# 360# 3690# 200# ∗ 12700# 280# 2750# 360# 13600# 200#
Pr 59 12990# 500# 440# 420# ∗ 12930# 420# 4670# 500# 12120# 420#
Nd 60 11310# 640# 2210# 570# ∗ 12870# 570# 1570# 640# 15450# 570#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

123 Ru 44 8070# 640# ∗ −12400# 580# 23880# 940# ∗ 7260# 580#
Rh 45 9080# 740# 32230# 640# −11450# 640# 20380# 400# −30170# 500# 7360# 400#
Pd 46 10390 790 30390# 890# −10780# 850# 16980 790 −25940# 940# 2610 790
Ag 47 11310 30 27900 620 −9170 30 13860 40 −24980# 300# 2970 30
Cd 48 12483 3 25810 4 −8432 9 10400 4 −20087 20 −1910 50
In 49 13740 30 23604 23 −7208 25 5794 20 −19610 40 −1560 20
Sn 50 14760.7 2.4 21319 3 −6260 40 1356.3 2.4 −14491 3 −7552 3
Sb 51 15766.4 2.1 17966 27 −3949 7 −1280 3 −12940 50 −6980.93 0.10
Te 52 16771 26 14552.3 1.4 −1530.9 1.5 −3923 10 −6520.0 2.4 −11163 5
I 53 17840 6 12921 4 −892 8 −6899 13 −6897 4 −10659 12
Xe 54 18910 14 11283 28 −491 12 −9593 15 −2224 10 −15170 40
Cs 55 20084 19 9376 13 309 25 −12390# 200# −2253 13 −14510 30
Ba 56 21050 140 7752 16 715 16 −15370# 300# 2411 16 −19180# 300#
La 57 22600# 360# 6130# 200# 1230# 200# −18420# 450# 2210# 200# −18850# 450#
Ce 58 23740# 500# 4120# 330# 1880# 360# ∗ 7030# 300# −23580# 580#
Pr 59 24820# 640# 2620# 500# 2370# 500# ∗ 7020# 500# ∗

124 Ru 44 7950# 780# ∗ ∗ 24810# 670# ∗ 7530# 720#
Rh 45 8970# 500# 32980# 500# −12140# 640# 21520# 470# ∗ 7650# 890#
Pd 46 9930# 300# 31200# 580# −11110# 500# 18300# 300# −29140# 580# 3100# 300#
Ag 47 11270 250 28930# 390# −10040# 320# 14640 250 −24330# 470# 3110 250
Cd 48 12230 3 26661 20 −8845 3 11532.0 2.9 −23560 790 −1342 20
In 49 13440 60 24340 50 −7640 30 6750 30 −18590 40 −1120 30
Sn 50 14434.2 2.4 22197.0 2.6 −6699 4 2292.7 0.4 −18106.3 3.0 −7079.9 0.4
Sb 51 15427.5 2.1 18630 50 −4320 40 −254.5 1.9 −11479 20 −6519.41 0.09
Te 52 16353.50 0.12 15162.1 2.4 −1851.3 1.4 −2856.74 0.13 −9998.4 2.4 −10653 3
I 53 17428 5 13608.3 2.8 −1372 8 −5623 9 −5430.6 1.9 −10188 10
Xe 54 18455 11 11932.07 0.18 −730.2 1.1 −8578 13 −5785.40 0.16 −14695 12
Cs 55 19740 30 10240 11 −419 18 −11480 60 −1087 10 −14157 15
Ba 56 20620 30 8313 17 658 17 −14170# 300# −1130 16 −18510# 200#
La 57 21860# 300# 6690 70 1210 60 −17110# 410# 3500 60 −18040# 300#
Ce 58 23190# 500# 4890# 300# 1550# 420# −20090# 580# 3450# 300# −22760# 500#
Pr 59 24510# 640# 3190# 500# 1990# 500# ∗ 8210# 450# ∗
Nd 60 ∗ 1530# 640# 2480# 710# ∗ 8170# 580# ∗

125 Ru 44 7960# 580# ∗ ∗ 25590# 500# ∗ 8270# 500#
Rh 45 8780# 640# ∗ −12710# 710# 22690# 660# ∗ 8500# 580#
Pd 46 9670# 890# 31990# 640# −11760# 570# 19390# 400# −27660# 720# 4200# 470#
Ag 47 11090 430 29910# 590# −10690 760 15890 430 −27100# 590# 4110 430
Cd 48 12077 4 27500 790 −9591 4 12546 3 −22240# 300# −550 30
In 49 13126 20 25420 30 −8434 12 7843 3 −21470 250 −252.2 2.2
Sn 50 14221.6 2.4 23057 3 −7244.7 2.4 3128.1 0.4 −16483.2 2.9 −6345.9 0.5
Sb 51 15174.8 2.1 19404 20 −4845 27 580.9 2.1 −14680 30 −5802.3 2.1
Te 52 15993.45 0.10 15785.1 2.4 −2250.1 1.4 −1822.4 0.4 −8079.3 0.4 −9728.6 1.9
I 53 17036 3 14191.08 0.13 −1661.8 2.1 −4746 8 −8505.93 0.15 −9239.94 0.15
Xe 54 18094 10 12606.3 0.4 −1081 26 −7530 11 −3964.2 0.4 −13530 9
Cs 55 19189 14 10725 9 −269 9 −10330 27 −4014 8 −13071 15
Ba 56 20157 16 8999 15 387 15 −13010# 200# 709 11 −17480 60
La 57 21250# 200# 7294 29 918 30 −15690# 300# 693 28 −16920# 300#
Ce 58 22510# 360# 5580# 200# 1660# 240# −18590# 450# 5140# 200# −21580# 450#
Pr 59 23980# 500# 4000# 360# 1700# 420# ∗ 4900# 310# −21310# 580#
Nd 60 ∗ 2360# 500# 2200# 570# ∗ 9560# 500# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

126 Rh 45 3440# 710# 16120# 580# 40610# 500# 7100# 780# 4210# 710# ∗
Pd 46 5900# 570# 17250# 640# 34230# 400# 3630# 570# 2260# 570# −9590# 640#
Ag 47 4270# 480# 14050# 450# 25670# 200# 8390# 360# 4570# 810# −5880# 450#
Cd 48 6979 4 15020 430 17808.4 2.7 4690 250 2180 30 −6180 790
In 49 5468 5 11750 5 10101 6 9601 5 4469 5 −2590 30
Sn 50 8193 11 12892 11 3131 11 5560 30 2278 22 −2955 11
Sb 51 6210 30 7790 30 −2040 30 12550 30 6290 30 2680 40
Te 52 9113.69 0.08 9098.0 2.1 −7394 13 8265.71 0.16 4022.78 0.14 3396.9 2.4
I 53 7146 4 6178 4 −12940 90 13324 4 6125 4 6959 4
Xe 54 10018.3 1.4 7599.3 1.4 −18326 28 8929.0 2.3 3660 4 5671.0 1.4
Cs 55 8332 13 4440 10 −24030# 200# 14028 10 5762 14 9238 11
Ba 56 11072 17 5869 15 −29290# 300# 9782 15 3238 17 8225 16
La 57 9290 90 2590 90 −35220# 510# 14830 90 5550 90 11720 90
Ce 58 12230# 200# 4350 40 ∗ 10150 60 2700# 200# 10480 30
Pr 59 10330# 360# 960# 280# ∗ 15300# 360# 4830# 360# 13970# 280#
Nd 60 13380# 500# 2600# 420# ∗ 10480# 500# 1710# 500# 12550# 420#
Pm 61 ∗ −1030# 640# ∗ 15790# 710# ∗ 16130# 640#

127 Rh 45 4600# 780# ∗ 43150# 600# 5350# 670# 4720# 850# ∗
Pd 46 3500# 640# 17310# 710# 36250# 500# 5320# 710# 2350# 640# −7980# 780#
Ag 47 6000# 280# 14150# 450# 28050# 200# 6020# 450# 4610# 360# −8290# 450#
Cd 48 4557 7 15310# 200# 19539 6 6490 430 2350 250 −4700# 300#
In 49 7142 11 11913 10 12103 11 7179 10 4684 10 −5000 250
Sn 50 5526 14 12949 10 4851 10 7654 9 2260 30 −1124 10
Sb 51 8380 30 7972 12 −458 8 9906 5 6397 5 −180 30
Te 52 6287.65 0.18 9180 30 −5463 11 10685.4 2.1 4202.63 0.24 5597.4 0.4
I 53 9144.0 2.7 6208 4 −11087 26 10749 4 6405 4 4282 4
Xe 54 7246 4 7699 3 −16342 29 11226 4 3908 4 7850 4
Cs 55 9961 12 4383 6 −21700# 200# 11670 6 6291 6 6771 6
Ba 56 8219 17 5756 15 −26910# 300# 11983 14 3787 15 10496 11
La 57 10990 90 2515 29 −32590# 400# 12484 28 6058 29 9491 28
Ce 58 9230 40 4290 100 ∗ 12490 40 3140 60 12760 30
Pr 59 12290# 280# 1010# 200# ∗ 12830# 280# 5240# 360# 11360# 200#
Nd 60 10600# 420# 2880# 360# ∗ 12870# 420# 2110# 500# 14650# 420#
Pm 61 13630# 640# −780# 500# ∗ 13470# 570# 4380# 640# 13490# 570#

128 Rh 45 1680# 670# ∗ 46850# 300# ∗ 5890# 420# ∗
Pd 46 5240# 710# 17950# 780# 38970# 500# 3520# 710# 2300# 710# −10370# 580#
Ag 47 4130# 360# 14780# 580# 29920# 300# 7790# 500# 4110# 500# −7230# 580#
Cd 48 6568 9 15880# 200# 21756 6 4190# 200# 2150 430 −7630# 400#
In 49 5382 10 12738 6 13548 4 8776.4 2.7 4022 3 −4020 430
Sn 50 7963 20 13771 20 6499 18 5159 18 1915 18 −4367 18
Sb 51 6003 19 8449 21 1302 20 12096 22 6128 19 1429 19
Te 52 8784.6 1.5 9584 5 −3624.6 1.8 8110 30 4125.4 2.6 2546.3 1.5
I 53 6826.13 0.05 6747 4 −9110 50 13037 4 6148 4 6163 4
Xe 54 9611 4 8166 4 −14327 28 8761 4 3839.5 1.4 4807.7 1.4
Cs 55 7763 8 4900 7 −19600 30 13925 5 6132 6 8551 6
Ba 56 10623 11 6418 6 −24840# 200# 9692 10 3585 8 7476.6 2.1
La 57 8800 60 3100 60 −30410# 310# 14760 60 5910 60 11110 50
Ce 58 11630 40 4930 40 −36380# 500# 10150 90 3090 40 9780 30
Pr 59 9860# 200# 1640 40 ∗ 15200 40 5190# 200# 13080 40
Nd 60 12690# 360# 3280# 280# ∗ 10500# 280# 2400# 360# 11770# 280#
Pm 61 10980# 500# −400# 420# ∗ 15870# 420# 4710# 500# 15500# 420#
Sm 62 ∗ 1130# 640# ∗ 11310# 710# ∗ 14570# 640#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

126 Rh 45 8630# 640# ∗ −13320# 580# 23520# 540# ∗ 8690# 640#
Pd 46 9530# 500# 32780# 720# −12440# 640# 20470# 400# −30710# 500# 4660# 590#
Ag 47 10630# 320# 30590# 450# −11270# 360# 17090# 200# −26180# 540# 4560# 200#
Cd 48 11699 3 28430# 300# −10064 20 13759 11 −25590# 400# 85.3 2.9
In 49 13080 30 26160 250 −9130 40 8580 30 −20580 430 13 4
Sn 50 13926 11 23894 11 −7828 11 4049 11 −19956 11 −5831 11
Sb 51 14920 30 20100 40 −5250 60 1520 30 −13270 30 −5440 30
Te 52 15682.66 0.09 16410.6 0.4 −2549.1 2.4 −917.8 1.4 −11459.5 0.4 −9299.46 0.10
I 53 16689 4 14869 4 −2001 4 −3560 11 −6944 4 −8782 4
Xe 54 17621.6 1.4 13200.2 1.4 −1258.0 1.4 −6476 12 −7413.6 1.4 −13128 8
Cs 55 18752 14 11564 11 −696 12 −9380 90 −2804 10 −12753 15
Ba 56 19723 18 9580 13 260 17 −11850 30 −2760 13 −16982 29
La 57 20860 110 7810 90 750 100 −14650# 220# 1830 90 −16390# 220#
Ce 58 22050# 300# 6310 30 1360 40 −17440# 300# 1560 30 −20820# 300#
Pr 59 23320# 450# 4640# 200# 1800# 360# −20570# 540# 6150# 200# −20330# 450#
Nd 60 24690# 580# 3040# 420# 2070# 500# ∗ 5990# 360# ∗
Pm 61 ∗ 1180# 640# 2610# 710# ∗ 11030# 580# ∗

127 Rh 45 8040# 780# ∗ ∗ 24920# 630# ∗ 9990# 720#
Pd 46 9400# 640# 33430# 580# −13100# 710# 21520# 500# ∗ 5430# 540#
Ag 47 10270# 480# 31400# 540# −11880# 450# 18230# 200# −28740# 540# 5540# 200#
Cd 48 11536 7 29360# 400# −10740 790 14728 11 −24240# 400# 997 7
In 49 12610 10 26940 430 −9740 30 9818 11 −23450# 200# 1064 15
Sn 50 13719 9 24699 10 −8480 10 4811 9 −18503 10 −5150 30
Sb 51 14586 5 20864 5 −5694 20 2285 6 −16178 7 −4705 5
Te 52 15401.34 0.20 16964.8 0.5 −2890.7 2.4 40 4 −9554 11 −8441 4
I 53 16290 4 15306 4 −2185 4 −2743 6 −9880 30 −7908 4
Xe 54 17264 4 13877 4 −1575 4 −5503 12 −5546 4 −12042 11
Cs 55 18293 10 11982 6 −722 7 −8344 27 −5619 6 −11641 14
Ba 56 19292 16 10197 11 5 15 −10840 30 −961 11 −15920 90
La 57 20280 40 8384 27 723 29 −13350# 200# −834 28 −15150 40
Ce 58 21460# 200# 6890 30 1250 30 −16070# 300# 3400 30 −19730# 200#
Pr 59 22620# 360# 5360# 200# 1680# 280# −19230# 450# 3140# 220# −19230# 360#
Nd 60 23980# 500# 3830# 360# 1950# 420# ∗ 7620# 300# −24230# 580#
Pm 61 ∗ 1820# 500# 2500# 570# ∗ 7730# 450# ∗

128 Rh 45 6280# 580# ∗ ∗ 27370# 420# ∗ 11810# 580#
Pd 46 8740# 640# ∗ −13230# 780# 22850# 500# ∗ 6190# 540#
Ag 47 10130# 360# 32090# 580# −12430# 500# 19480# 300# −28270# 670# 5960# 300#
Cd 48 11125 7 30030# 400# −11260# 300# 16123 19 −27310# 500# 1570 12
In 49 12523 4 28050# 200# −10390 250 10440 19 −22830# 200# 1208 9
Sn 50 13489 21 25684 18 −9087 18 5632 18 −21909 19 −4734 18
Sb 51 14380 40 21398 19 −6190 40 3108 19 −15039 21 −4421 19
Te 52 15072.3 1.5 17557 11 −3187.2 1.5 866.7 0.7 −12813 9 −8082 4
I 53 15970.2 2.7 15920 30 −2544 4 −1806 6 −8329 6 −7488.5 2.0
Xe 54 16856.78 a 14374.3 1.4 −1761.3 1.4 −4491.4 1.6 −8869.0 1.4 −11692 6
Cs 55 17724 12 12599 7 −992 6 −7310 50 −4238 6 −11185 13
Ba 56 18842 13 10800.7 1.6 −126.7 2.1 −9835 28 −4337 4 −15544 26
La 57 19790 110 8850 60 690 60 −12290 60 330 50 −14720 60
Ce 58 20860 40 7440 30 1130 30 −15000# 200# −0 30 −19060# 200#
Pr 59 22150# 200# 5940 100 1500 60 −18110# 300# 4280 40 −18490# 300#
Nd 60 23290# 360# 4290# 200# 1960# 360# −21380# 540# 4160# 200# −23290# 450#
Pm 61 24610# 580# 2470# 360# 2510# 500# ∗ 9040# 360# ∗
Sm 62 ∗ 350# 580# 3260# 710# ∗ 9470# 580# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

129 Pd 46 1560# 780# 17830# 670# 42710# 600# 6560# 850# 4180# 780# ∗
Ag 47 5230# 500# 14770# 640# 32760# 400# 6060# 640# 4780# 570# −9020# 640#
Cd 48 3955 8 15700# 300# 23883 5 6240# 200# 2460# 200# −5690# 400#
In 49 6716.1 2.4 12886 7 15672 4 6617 7 4285 3 −6470# 200#
Sn 50 5300 25 13689 17 8105 17 7000 20 2083 18 −2688 17
Sb 51 8071 28 8557 28 2870 22 9551 23 6250 24 −1174 22
Te 52 6082.41 0.08 9664 19 −1944 11 10404 5 4250 30 4657 11
I 53 8840 5 6802 3 −7184 22 10484 3 6421 3 3530 30
Xe 54 6906.85 a 8247 4 −12409 28 10998 4 4078 4 7014.5 1.4
Cs 55 9639 7 4927 5 −17730 30 11533 6 6511 5 6058 6
Ba 56 7763 11 6418 12 −22690# 200# 11890 12 4154 15 9732 11
La 57 10770 60 3243 21 −28140# 300# 12205 24 6210 25 8674 24
Ce 58 8820 40 4950 60 −33960# 500# 12320 40 3550 90 12030 30
Pr 59 11510 40 1530 40 ∗ 12920 40 5910 40 10850 100
Nd 60 9920# 280# 3330# 200# ∗ 12880# 280# 2810# 280# 14090# 200#
Pm 61 13030# 420# −60# 360# ∗ 13440# 420# 5060# 420# 12790# 360#
Sm 62 11250# 710# 1400# 580# ∗ 13690# 640# 2280# 710# 16700# 580#

130 Pd 46 2920# 670# ∗ 47400# 300# 5320# 420# 5860# 670# ∗
Ag 47 2100# 580# 15310# 740# 36390# 420# 9200# 660# 6190# 660# −6520# 740#
Cd 48 6067 23 16540# 400# 26235 22 4300# 300# 2400# 200# −8250# 500#
In 49 5143.0 2.7 14073 6 17030 4 8043 7 3699 6 −5610# 200#
Sn 50 7613 17 14586.3 2.7 9748.3 1.9 4768.7 2.3 1612 10 −5745 6
Sb 51 5728 26 8984 22 4614 16 11787 23 6048 17 241 17
Te 52 8419.4 0.7 10013 21 −96.18 0.29 7988 19 4209 5 1763 9
I 53 6500.33 0.04 7220 3 −5309 26 12768 3 6208 3 5409 6
Xe 54 9255.72 0.01 8662 3 −10458 28 8568 4 3967 4 4046.4 1.4
Cs 55 7472 10 5493 8 −15720 60 13672 8 6285 9 7730 9
Ba 56 10267 11 7047 5 −20661 28 9386 5 3847 6 6711 4
La 57 8380 30 3855 28 −26160# 200# 14453 26 6055 28 10259 27
Ce 58 11210 40 5390 40 −31720# 400# 9910 60 3340 40 9040 30
Pr 59 9470 70 2180 70 −37660# 540# 15070 70 5670 70 12370 70
Nd 60 12290# 200# 4110 40 ∗ 10450 40 2810# 200# 11030 40
Pm 61 10360# 360# 380# 280# ∗ 15770# 280# 5310# 360# 14720# 280#
Sm 62 13440# 640# 1810# 500# ∗ 11230# 500# 2470# 570# 13860# 500#
Eu 63 ∗ −1530# 200# ∗ 16350# 740# ∗ 17440# 670#

131 Pd 46 1080# 420# ∗ 51530# 300# ∗ 6460# 420# ∗
Ag 47 2920# 660# 15310# 580# 41230# 500# 7840# 780# 8500# 710# −7760# 580#
Cd 48 2165 29 16600# 430# 29999 19 7370# 400# 4360# 300# −5180# 500#
In 49 6189.2 2.8 14196 22 19418.4 2.3 5809 6 4078 7 −7670# 300#
Sn 50 5204 4 14647 4 11149 4 6281 4 1790 4 −4380 7
Sb 51 7767 14 9138.2 2.8 6074.2 2.1 9320 17 6244 18 −2144.9 2.5
Te 52 5929.38 0.06 10214 14 1467.9 0.4 10129 21 4283 19 3797 18
I 53 8578 3 7378.7 0.6 −3673 28 10273.0 0.9 6415.1 0.9 2834 19
Xe 54 6604.42 0.01 8766 3 −8710 30 10804 3 4189 4 6226.6 0.7
Cs 55 9227 8 5464.07 0.18 −13750 50 11351.30 0.18 6669.02 0.18 5329 4
Ba 56 7493.5 0.3 7068 8 −18911 28 11531 5 4117 5 8828.0 0.4
La 57 10210 40 3801 28 −24000# 200# 12002 30 6464 28 7809 28
Ce 58 8360 40 5370 40 −29430# 400# 12330 40 3780 60 11310 30
Pr 59 11200 80 2170 50 −34840# 400# 12700 50 6100 50 9970 70
Nd 60 9240 40 3880 70 ∗ 12720 40 3430 40 13410 40
Pm 61 12370# 280# 460# 200# ∗ 13320# 280# 5620# 280# 12210# 200#
Sm 62 10650# 570# 2100# 450# ∗ 13610# 500# 2800# 500# 15900# 450#
Eu 63 14020# 670# −947 5 ∗ 13580# 640# 4550# 640# 14400# 500#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

129 Pd 46 6800# 780# ∗ −11940# 670# 25240# 600# ∗ 8760# 670#
Ag 47 9360# 450# 32720# 720# −12470# 640# 20970# 400# −31820# 500# 7300# 400#
Cd 48 10524 8 30480# 500# −11590# 400# 17468 18 −26020# 500# 2997 5
In 49 12098 10 28760# 200# −10740 430 11794 21 −25410# 300# 2455 18
Sn 50 13264 20 26427 18 −9667 18 6414 17 −20641 18 −4032 26
Sb 51 14074 22 22327 23 −6642 21 3878 21 −17728 21 −3707 21
Te 52 14867.0 1.5 18113 9 −3536.1 1.5 1691.2 0.7 −10932 18 −7338 4
I 53 15667 5 16387 6 −2677 4 −1008 6 −11166 19 −6718 3
Xe 54 16518 4 14993.5 1.4 −2099.2 1.4 −3635 11 −6991.2 0.7 −10836 5
Cs 55 17402 7 13094 6 −1088 5 −6176 22 −7050 6 −10201 5
Ba 56 18386 15 11318 11 −286 11 −8773 30 −2489 11 −14510 60
La 57 19570 30 9661 22 341 23 −11550 40 −2681 22 −13860 40
Ce 58 20450 40 8050 30 960 30 −13910# 200# 1793 28 −18030 40
Pr 59 21370# 200# 6460 40 1560 40 −16590# 300# 1560 60 −17320# 200#
Nd 60 22610# 360# 4970# 200# 1860# 280# −20050# 540# 5870# 200# −22230# 360#
Pm 61 24010# 500# 3220# 360# 2470# 420# ∗ 5860# 300# −22100# 580#
Sm 62 ∗ 1000# 580# 3320# 640# ∗ 10910# 540# ∗

130 Pd 46 4480# 580# ∗ ∗ 28390# 300# ∗ 11070# 500#
Ag 47 7330# 300# 33140# 520# −11120# 660# 24010# 420# ∗ 9150# 420#
Cd 48 10022 23 31310# 500# −11750# 400# 19015 22 −30530# 600# 3646 22
In 49 11859.0 2.2 29770# 300# −11610# 200# 12379 14 −25330# 400# 2613 17
Sn 50 12913 18 27472 7 −10301.4 3.0 7220.7 1.9 −24299 6 −3574 21
Sb 51 13798 24 22674 14 −6901 15 4651 15 −16740 14 −3352 14
Te 52 14501.8 0.7 18569 18 −3763 11 2527.51 0.01 −14051 17 −6917 3
I 53 15341 5 16884 19 −2970 30 −36 9 −9596 21 −6311 3
Xe 54 16162.58 0.01 15464.6 0.7 −2241.2 1.4 −2623.70 0.29 −10164.6 0.7 −10453 5
Cs 55 17111 10 13740 9 −1414 9 −5272 27 −5682 9 −9910 13
Ba 56 18030.3 1.5 11974.18 0.29 −535.31 0.29 −7834 28 −5849.68 0.29 −14005 21
La 57 19140 60 10274 26 298 28 −10450 70 −1417 26 −13410 40
Ce 58 20030 40 8632 28 820 30 −12830 40 −1651 30 −17720 40
Pr 59 20990 70 7130 80 1370 110 −15710# 210# 2860 70 −16870# 210#
Nd 60 22210# 200# 5640 40 1800 40 −18900# 400# 2400 40 −21490# 300#
Pm 61 23390# 360# 3720# 200# 2430# 280# −21960# 580# 7020# 200# −21210# 540#
Sm 62 24690# 640# 1750# 450# 3260# 500# ∗ 7390# 450# ∗
Eu 63 ∗ −130# 620# 3810# 740# ∗ 12380# 620# ∗

131 Pd 46 4000# 670# ∗ ∗ 29470# 300# ∗ 12090# 520#
Ag 47 5020# 640# ∗ −9450# 780# 27270# 500# ∗ 12300# 500#
Cd 48 8232 20 31910# 600# −10420# 500# 22053 20 −29770# 300# 6623 19
In 49 11332.1 3.0 30730# 400# −11800# 200# 13957 3 −29420# 420# 4036.5 2.9
Sn 50 12817 18 28720 6 −10948 7 7946 4 −23436 23 −3050 15
Sb 51 13495 21 23724.5 2.9 −7526 10 5461.3 2.2 −19363.9 2.7 −2699.8 2.1
Te 52 14348.8 0.7 19198 17 −4166 9 3202.55 0.06 −12367.8 1.9 −6346 3
I 53 15078 3 17391 21 −3169 5 612.8 0.6 −12446 14 −5633.6 0.6
Xe 54 15860.14 a 15986.6 0.7 −2558.0 1.4 −1734.6 0.4 −8349.59 0.01 −9585 8
Cs 55 16699 5 14126 3 −1497 4 −4286 28 −8408 3 −8870.1 0.3
Ba 56 17761 11 12560.8 0.4 −783 4 −6970 30 −4087.5 0.4 −13123 26
La 57 18590 40 10848 28 46 28 −9470 50 −4158 29 −12420 40
Ce 58 19560 40 9230 30 680 30 −11940 40 260 30 −16600 70
Pr 59 20670 60 7560 50 1170 50 −14530# 210# 40 50 −15780 50
Nd 60 21540# 200# 6060 40 1790 40 −17490# 400# 4370 40 −20370# 200#
Pm 61 22730# 360# 4580# 200# 2350# 280# −20310# 450# 4120# 210# −20140# 450#
Sm 62 24090# 640# 2480# 450# 3210# 500# ∗ 9030# 400# −24840# 670#
Eu 63 ∗ 860# 500# 3420# 570# ∗ 8720# 450# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

132 Ag 47 1720# 710# 15950# 580# 45240# 500# 9040# 580# 8340# 780# ∗
Cd 48 3320 60 17000# 500# 34720 60 6140# 430# 6270# 400# −6940# 600#
In 49 2460 60 14490 60 23290 60 9420 60 5570 60 −4900# 400#
Sn 50 7353 4 15811.2 3.0 12732.4 2.0 4070.8 2.7 1152.4 2.8 −7778 6
Sb 51 5725 3 9660 4 7517.4 2.7 11208 3 5819 17 −1154 3
Te 52 8048 3 10496 4 3247 4 7808 15 4305 22 1049 18
I 53 6332 4 7781 4 −1980 40 12360 4 6165 4 4572 22
Xe 54 8936.72 a 9125.2 0.6 −6810 20 8368 3 4092 3 3372.3 0.7
Cs 55 7168.4 1.1 6028.1 1.0 −11925 29 13438.6 1.0 6407.4 1.0 7001 3
Ba 56 9827.3 1.1 7668.3 1.1 −17009 24 9176 8 3928 5 5907.6 1.1
La 57 8030 50 4330 40 −22100# 150# 14240 40 6200 40 9420 40
Ce 58 10830 40 5990 30 −27330# 300# 9870 30 3719 30 8239 23
Pr 59 9000 60 2810 40 −33030# 400# 14910 40 5920 40 11740 40
Nd 60 11730 40 4410 50 ∗ 10460 70 3210 40 10510 40
Pm 61 9930# 250# 1150# 150# ∗ 15680# 150# 5610# 250# 13790# 150#
Sm 62 12930# 500# 2660# 360# ∗ 11040# 360# 2900# 420# 12880# 360#
Eu 63 10810# 570# −790# 570# ∗ 16210# 570# 4990# 640# 16630# 500#

133 Ag 47 2750# 710# ∗ 49840# 500# 7370# 580# 8510# 580# ∗
Cd 48 1750# 210# 17030# 540# 38800# 200# 7320# 540# 6620# 470# −5760# 360#
In 49 3350# 210# 14510# 210# 28170# 200# 8230# 200# 8290# 200# −6150# 470#
Sn 50 2398.7 2.7 15750 60 16770 3 7861.3 2.9 3896.7 2.6 −4110 22
Sb 51 7360 4 9666 4 9147 3 9052 5 6073 4 −3371 4
Te 52 5820 4 10591 3 4616.4 2.3 9755.1 2.9 4213 14 2841.5 2.8
I 53 8225 7 7958 7 −363 29 10065 6 6360 6 2075 15
Xe 54 6435.9 2.4 9229 5 −5225 17 10510.0 2.5 4157 4 5355.8 2.4
Cs 55 8989.6 1.0 6080.94 0.01 −10133 12 11053.44 0.01 6673.59 0.01 4512 3
Ba 56 7189.9 0.4 7689.8 1.4 −15220 50 11212.9 1.0 4210 8 7973.4 1.0
La 57 9840 50 4348 28 −20090 60 11895 28 6626 28 7052 29
Ce 58 8021 26 5980 40 −25190# 300# 12060 30 4070 30 10485 16
Pr 59 10780 30 2758 24 −30700# 300# 12480 40 6350 30 9336 29
Nd 60 8980 50 4390 50 −36270# 500# 12680 70 3710 80 12740 50
Pm 61 11850# 160# 1270 60 ∗ 13070 60 6050 60 11410 80
Sm 62 10160# 420# 2890# 330# ∗ 13250# 360# 3100# 360# 15010# 300#
Eu 63 13110# 500# −620# 420# ∗ 13760# 500# 5330# 500# 13880# 360#
Gd 64 ∗ 1150# 640# ∗ 14120# 640# 2320# 740# 17290# 640#

134 Cd 48 3390# 360# 17670# 580# 43070# 300# 5650# 580# 6150# 580# −8070# 420#
In 49 2350# 280# 15120# 280# 32070# 200# 9210# 210# 8110# 200# −5570# 540#
Sn 50 3631 4 16030# 200# 21692 3 6690 60 6455 4 −5576 19
Sb 51 3167 4 10434 4 12872 3 13238 4 8110 5 −348 4
Te 52 7668 3 10899 4 6416.2 2.8 7812 4 4312 3 377 5
I 53 6257 8 8395 5 1175 21 11856 6 6032 5 3584 5
Xe 54 8553.6 2.4 9558 6 −3293 20 8288 4 4180.9 0.6 2731.59 0.06
Cs 55 6891.54 0.01 6536.6 2.4 −8363 20 13098.62 0.02 6386.47 0.02 6198.0 0.6
Ba 56 9467.8 1.0 8168.03 0.25 −13304 12 8913.5 1.1 3969.6 0.3 5109.97 0.25
La 57 7800 30 4954 20 −18450 50 13927 20 6324 20 8483 20
Ce 58 10486 26 6630 30 −23460# 200# 9600 40 3800 30 7492 20
Pr 59 8662 24 3399 26 −28730# 300# 14651 29 6040 40 10890 30
Nd 60 11390 50 4998 17 −34120# 400# 10290 30 3520 50 9710 30
Pm 61 9430 70 1720 60 ∗ 15370 50 5870 50 13180 60
Sm 62 12220# 360# 3260# 200# ∗ 10960# 250# 3260# 280# 12040# 200#
Eu 63 10640# 420# −140# 420# ∗ 16050# 420# 5340# 500# 15620# 360#
Gd 64 13540# 640# 1580# 500# ∗ 11380# 570# 2800# 570# 14400# 570#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

132 Ag 47 4650# 660# ∗ −9490# 580# 28010# 500# ∗ 12740# 500#
Cd 48 5490 60 32310# 310# −8500# 500# 26080 60 −32010# 310# 9490 60
In 49 8650 60 31090# 430# −10130# 310# 17220 60 −28950# 500# 6780 60
Sn 50 12557.0 2.7 30007 22 −11733 7 8642 4 −28624 19 −2636.5 2.9
Sb 51 13492 14 24307 3 −7870.1 2.8 6068 5 −18900 3 −2495.6 2.5
Te 52 13978 3 19634 4 −4252 18 4091 3 −15213 5 −5817 4
I 53 14910 5 17996 15 −3499 19 1449 4 −11011 5 −5361 4
Xe 54 15541.14 0.01 16503.96 0.01 −2710.1 0.7 −844.1 1.1 −11356.92 0.06 −9294.72 0.18
Cs 55 16396 8 14794 3 −1840 4 −3430 40 −6998.9 1.2 −8545.1 1.1
Ba 56 17320.8 1.1 13132.4 1.1 −999.3 1.1 −5966 20 −7310.3 1.1 −12737 28
La 57 18240 40 11400 40 −220 40 −8500 50 −2960 40 −12090 50
Ce 58 19190 30 9790 20 476 20 −11040 30 −3079 20 −16240 50
Pr 59 20190 70 8180 40 970 60 −13600# 150# 1250 40 −15530 40
Nd 60 20970 40 6580 40 1680 40 −16290# 300# 990 40 −19730# 200#
Pm 61 22300# 250# 5030# 160# 2280# 150# −19430# 430# 5380# 160# −19420# 430#
Sm 62 23580# 500# 3120# 300# 2970# 360# ∗ 5340# 300# −23750# 500#
Eu 63 24830# 670# 1310# 450# 3590# 500# ∗ 10280# 450# ∗

133 Ag 47 4470# 710# ∗ ∗ 28610# 540# ∗ 13310# 500#
Cd 48 5070# 200# 32980# 360# −8690# 630# 26730# 200# ∗ 10200# 210#
In 49 5810# 200# 31520# 540# −8250# 450# 21230# 200# −30580# 540# 10790# 200#
Sn 50 9752 4 30240 19 −10177 6 12063.2 2.8 −27700 60 690 3
Sb 51 13085 4 25477 4 −8514 4 6934 7 −23800 60 −1807 5
Te 52 13868.7 2.1 20250 4 −4771 17 4706 3 −13679.6 2.9 −5305 5
I 53 14557 6 18454 6 −3653 22 2214 6 −13511 6 −4650 6
Xe 54 15372.6 2.4 17010.5 2.4 −3063.6 2.5 −90.1 2.6 −9744 4 −8562.2 2.6
Cs 55 16158.01 0.18 15206.2 0.6 −1989 3 −2577 28 −9656 4 −7707.4 1.1
Ba 56 17017.2 1.1 13717.9 1.0 −1282.4 1.0 −5135 16 −5563.5 1.0 −11900 40
La 57 17870 40 12017 28 −420 28 −7560 30 −5631 28 −11100 30
Ce 58 18850 40 10317 16 218 19 −10090 50 −1272 16 −15260 30
Pr 59 19780 50 8750 30 961 25 −12530 50 −1500 40 −14583 27
Nd 60 20710 50 7200 60 1530 50 −15100# 300# 2850 50 −18780# 160#
Pm 61 21780# 210# 5680 70 1940 60 −18170# 300# 2530 60 −18340# 300#
Sm 62 23090# 500# 4040# 300# 2720# 360# −21170# 580# 6910# 300# −23100# 500#
Eu 63 23920# 500# 2040# 360# 3520# 420# ∗ 7100# 330# ∗
Gd 64 ∗ 360# 640# 3850# 710# ∗ 11790# 580# ∗

134 Cd 48 5140# 310# ∗ −9160# 420# 26970# 300# ∗ 10160# 360#
In 49 5700# 210# 32150# 540# −8500# 470# 22050# 200# −30180# 540# 10830# 200#
Sn 50 6030 4 30550 60 −7741 23 16100 4 −29580# 200# 4418 4
Sb 51 10526 4 26190 60 −6537 4 10024 6 −23620# 200# 847 4
Te 52 13488 4 20565 3 −4826 3 5592.1 2.7 −18949 3 −4748 7
I 53 14483 6 18986 5 −4183 15 2848 5 −12409 6 −4471 5
Xe 54 14989.50 a 17516 3 −3197.79 0.01 824.17 0.25 −12477.7 2.1 −8126.21 0.01
Cs 55 15881.1 1.0 15766 4 −2380 3 −1673 20 −8323 6 −7409.0 1.0
Ba 56 16657.7 1.1 14248.97 0.25 −1494.44 0.25 −4117 20 −8595.4 2.4 −11527 28
La 57 17640 40 12644 20 −744 22 −6691 28 −4437 20 −10872 26
Ce 58 18507 29 10976 20 −1 20 −9186 24 −4568 20 −14967 24
Pr 59 19440 40 9380 40 670 30 −11760 50 −320 30 −14270 50
Nd 60 20363 27 7756 24 1350 30 −14270# 200# −517 20 −18310 50
Pm 61 21280# 160# 6110 50 1990 80 −16960# 300# 3880 40 −17600# 300#
Sm 62 22380# 360# 4530# 200# 2800# 200# −19850# 450# 3670# 200# −22210# 360#
Eu 63 23740# 500# 2750# 340# 3240# 360# ∗ 8320# 300# −21810# 580#
Gd 64 ∗ 970# 500# 3750# 570# ∗ 8410# 500# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

135 Cd 48 1430# 500# ∗ 44910# 400# 6970# 640# 6440# 640# ∗
In 49 3210# 360# 14940# 420# 36670# 300# 7740# 360# 8220# 310# −7060# 580#
Sn 50 2270 4 15950# 200# 25781 5 7770# 200# 6640 60 −4520 60
Sb 51 3743 4 10546 4 17891.6 2.7 11894 3 11720 3 −1630 60
Te 52 3266 3 10999 4 10121.9 1.7 11906 4 6771 3 4464.2 2.6
I 53 7807 5 8534 3 2864 10 9868.8 2.9 6273 4 1503 3
Xe 54 6359 4 9659 6 −1797 11 10155 7 4154 5 4421 5
Cs 55 8762.1 0.4 6745.1 0.4 −6646 12 10772.4 2.4 6561.1 0.4 3768 4
Ba 56 6971.97 0.10 8248.46 0.25 −11637 19 10931.10 0.25 4166.1 1.1 7074.72 0.25
La 57 9496 22 4982 9 −16580 80 11621 9 6656 9 6156 9
Ce 58 7855 23 6687 22 −21760 150 11589 30 3970 40 9465 10
Pr 59 10479 24 3392 24 −26790# 200# 12193 20 6397 24 8430 40
Nd 60 8638 22 4975 28 −31960# 400# 12435 23 3880 30 11901 28
Pm 61 11370 90 1700 80 −37010# 410# 12980 100 6230 90 10810 90
Sm 62 9550# 250# 3380 160 ∗ 13260 160 3630# 220# 14210 160
Eu 63 12420# 360# 60# 280# ∗ 13790# 360# 5860# 360# 13130# 250#
Gd 64 10790# 570# 1740# 500# ∗ 13700# 500# 2820# 570# 16540# 500#
Tb 65 ∗ −1188 7 ∗ 13720# 640# ∗ 14790# 570#

136 In 49 1930# 420# 15440# 500# 38580# 300# 9200# 420# 8030# 360# −6240# 580#
Sn 50 3610# 200# 16350# 360# 30260# 200# 6510# 280# 6380# 280# −6380# 280#
Sb 51 2888 6 11164 7 21832 6 12638 7 11231 6 −1170# 200#
Te 52 4767.8 2.9 12024 3 14461.8 2.3 10305 4 9362 4 2095.0 3.0
I 53 3837 14 9105 14 6490 60 13699 14 8256 14 5025 15
Xe 54 8087 4 9939.0 2.1 79.4 0.3 8325 5 4292 6 2154.4 2.1
Cs 55 6828.2 1.9 7214 4 −4998 12 12497.8 1.9 6169 3 5165 6
Ba 56 9107.74 0.04 8594.09 0.29 −9688 12 8714.89 0.24 4047.92 0.24 4402.9 2.4
La 57 7470 50 5480 50 −14870 90 13620 50 6380 50 7680 50
Ce 58 9964 10 7154 9 −19698 13 9421 20 3850 28 6691.4 1.0
Pr 59 8476 16 4013 15 −25100# 200# 14203 23 5942 20 9800 30
Nd 60 11057 22 5552 17 −30110# 300# 10040 24 3602 17 8865 20
Pm 61 9180 110 2250 70 −35270# 510# 15190 70 6030 80 12410 70
Sm 62 12020 160 4040 80 ∗ 10660 40 3460 50 11170 50
Eu 63 10170# 280# 680# 250# ∗ 15840# 280# 5850# 360# 14810# 200#
Gd 64 12910# 500# 2230# 360# ∗ 11420# 420# 3010# 420# 13790# 420#
Tb 65 10920# 640# −1060# 640# ∗ 16340# 640# 5020# 710# 16980# 580#

137 In 49 2930# 500# ∗ 40530# 400# 7700# 570# 8490# 500# ∗
Sn 50 2050# 360# 16470# 420# 32230# 300# 7670# 420# 6680# 360# −5040# 420#
Sb 51 3620 50 11180# 210# 26490 50 11280 50 11240 50 −2440# 210#
Te 52 2950 3 12086 6 18417.6 2.1 11097 3 9579 4 2776 4
I 53 4882 16 9220 9 10785 9 12083 9 11042 9 3309 9
Xe 54 4025.56 0.10 10127 14 3535.4 0.4 12106.6 2.1 6524 5 5796.7 2.7
Cs 55 8278.2 1.9 7405.6 0.3 −3344 8 10578 4 6444.1 0.3 3144 5
Ba 56 6905.64 0.07 8671.5 1.9 −8137 12 10571.36 0.30 4033.82 0.25 6050.84 0.25
La 57 9170 50 5542.8 1.6 −13068 13 11420.6 1.6 6673.2 1.6 5396.7 1.6
Ce 58 7481.53 0.16 7170 50 −17927 29 11435 9 4164 20 8677.64 0.28
Pr 59 9933 14 3982 8 −23056 9 12125 13 6495 22 7663 22
Nd 60 8456 17 5533 16 −28370# 300# 12063 17 3808 23 10895 24
Pm 61 10970 70 2163 18 −33110# 400# 12852 23 6438 18 10102 24
Sm 62 9250 30 4110 70 ∗ 12780 90 3640 50 13300 30
Eu 63 11970# 200# 624 13 ∗ 13420 150 6090# 200# 12260 40
Gd 64 10200# 420# 2260# 360# ∗ 13650# 360# 3450# 420# 15810# 360#
Tb 65 13140# 640# −830# 500# ∗ 13990# 570# 5430# 570# 14480# 500#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

135 Cd 48 4820# 450# ∗ −9510# 500# 27810# 400# ∗ 11080# 450#
In 49 5560# 360# 32610# 580# −8790# 580# 22580# 300# ∗ 11250# 300#
Sn 50 5901 4 31070# 200# −7845 19 17097 4 −28460# 300# 5315 4
Sb 51 6909 4 26580# 200# −4091 3 14089 3 −25010# 200# 4772 4
Te 52 10934.3 2.7 21432.8 2.6 −2889 4 8685 4 −18584 4 −1757 5
I 53 14065 6 19434 4 −4222.7 2.9 3802.8 2.1 −17049 4 −3724.7 2.1
Xe 54 14912 4 18054 4 −3627 4 1437 4 −11169 5 −7594 4
Cs 55 15653.6 0.4 16303 6 −2564.1 0.7 −938 9 −10827 5 −6703.3 0.3
Ba 56 16439.8 1.0 14785.0 2.4 −1862.00 0.25 −3234 10 −7013.79 0.25 −10703 20
La 57 17292 29 13150 9 −1013 9 −5708 15 −7041 9 −9882 22
Ce 58 18341 19 11641 10 −362 10 −8403 22 −2955 10 −14160 23
Pr 59 19141 17 10020 30 410 30 −10870 80 −3006 23 −13361 17
Nd 60 20020 50 8373 25 1070 40 −13360 160 1330 28 −17520 50
Pm 61 20800 100 6700 80 1810 100 −15920# 210# 1180 90 −16760# 210#
Sm 62 21770# 340# 5100 160 2490 160 −18610# 430# 5500 160 −21130# 340#
Eu 63 23050# 360# 3320# 200# 3200# 280# −21100# 450# 5330# 200# −20690# 450#
Gd 64 24330# 640# 1600# 500# 3610# 570# ∗ 9840# 450# ∗
Tb 65 ∗ 400# 500# 3990# 570# ∗ 9460# 500# ∗

136 In 49 5140# 360# ∗ −9000# 580# 23540# 300# ∗ 11590# 300#
Sn 50 5880# 200# 31290# 360# −8130# 210# 18260# 200# −30640# 450# 5450# 200#
Sb 51 6631 7 27120# 200# −4520 60 15038 15 −24690# 300# 5151 6
Te 52 8034 4 22569 4 −304 3 12003.9 2.3 −21082 4 1283 3
I 53 11644 15 20104 15 −2335 14 6794 14 −17144 14 −1203 15
Xe 54 14445.97 0.01 18473.4 2.7 −3666 3 2457.91 0.24 −15989.4 1.7 −6918.5 0.4
Cs 55 15590.3 1.9 16873 5 −3060 4 −300 50 −9848.6 2.8 −6559.5 1.9
Ba 56 16079.71 0.11 15339.19 0.24 −2033.02 0.24 −2378.53 0.21 −9763 4 −10315 9
La 57 16960 60 13720 50 −1310 50 −4700 50 −5740 50 −9490 50
Ce 58 17818 20 12136.49 0.24 −498.6 1.1 −7309 12 −5946.87 0.22 −13644 12
Pr 59 18955 23 10700 23 −40 40 −10170 70 −1986 15 −13198 22
Nd 60 19695 17 8944 24 844 24 −12388 17 −1872 16 −17210 80
Pm 61 20550 80 7220 70 1630 70 −14930# 210# 2480 70 −16380 170
Sm 62 21580# 200# 5742 17 2190 27 −17720# 300# 2114 23 −20730# 200#
Eu 63 22590# 360# 4060# 200# 2960# 250# −20340# 540# 6530# 210# −20070# 450#
Gd 64 23700# 500# 2290# 360# 3630# 420# ∗ 6480# 340# −24110# 500#
Tb 65 ∗ 680# 580# 3880# 640# ∗ 10960# 540# ∗

137 In 49 4860# 500# ∗ −9180# 640# 24230# 400# ∗ 12270# 450#
Sn 50 5660# 300# 31910# 500# −8440# 360# 19150# 300# ∗ 6290# 300#
Sb 51 6510 50 27530# 300# −4800# 210# 16300 50 −26380# 300# 6290 50
Te 52 7717.6 2.7 23249 4 −854.8 2.8 13079.7 2.1 −20420# 200# 2170 14
I 53 8720 9 21244 9 142 9 10190 8 −19138 10 2002 8
Xe 54 12113 4 19232.6 1.7 −1871.2 2.1 5337.99 0.27 −15247.1 2.3 −4115.9 1.9
Cs 55 15106.5 0.3 17344.5 2.1 −3113 6 595.1 1.6 −14290 14 −5730.01 0.19
Ba 56 16013.38 0.08 15886 4 −2502.7 2.4 −1802.64 0.27 −8581.20 0.25 −9760 50
La 57 16640 10 14136.9 1.6 −1494.8 1.6 −3939 8 −8091.0 2.5 −8703.6 1.6
Ce 58 17445 10 12646.05 0.27 −790.2 1.1 −6335 12 −4320.66 0.26 −12650 11
Pr 59 18409 14 11136 12 −132 29 −9129 15 −4450 50 −12074 14
Nd 60 19513 22 9546 16 409 20 −11590 30 −364 12 −16490 70
Pm 61 20150 80 7715 18 1440 18 −13927 14 −21 17 −15333 18
Sm 62 21280 160 6360 30 1920 50 −16780# 300# 3920 30 −19820# 200#
Eu 63 22140# 200# 4660 80 2840 50 −19180# 400# 3740 70 −19130# 300#
Gd 64 23110# 500# 2930# 340# 3590# 420# ∗ 8310# 300# −23390# 580#
Tb 65 24060# 570# 1400# 450# 3840# 500# ∗ 7990# 450# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

138 Sn 50 3430# 500# 16970# 570# 34460# 400# 6170# 500# 6460# 500# −7040# 570#
Sb 51 2660# 300# 11790# 420# 28240# 300# 12230# 360# 10850# 300# −1890# 420#
Te 52 4464 4 12920 50 22566 4 9522 7 8858 5 583 5
I 53 3695 10 9965 6 14533 6 13156 6 10613 6 3357 7
Xe 54 5660.1 2.8 10905 9 7593.6 2.8 10284 14 8671 3 3403 3
Cs 55 4413 9 7793 9 242 14 14253 9 8390 10 6539 9
Ba 56 8611.72 0.04 9005.00 0.18 −6245 12 8787.9 1.9 4184.21 0.30 3798 4
La 57 7443.9 1.7 6081.0 0.3 −11599 12 13084.5 0.3 6201.3 0.3 6715.0 0.5
Ce 58 9718.4 0.5 7714.0 1.7 −16068 12 9180 50 3942 9 5931.2 0.5
Pr 59 7998 13 4499 10 −21379 30 14090 10 6351 14 9161 14
Nd 60 10505 16 6104 14 −26360# 200# 10034 16 3783 17 8246 15
Pm 61 8913 17 2619 16 −31310# 300# 14996 17 6163 22 11668 17
Sm 62 11580 30 4714 18 −36570# 500# 10380 70 3430 80 10362 22
Eu 63 9675 28 1050 40 ∗ 15770 30 5970 160 13960 90
Gd 64 12520# 360# 2800# 200# ∗ 11300# 280# 3350# 280# 12840# 250#
Tb 65 10710# 500# −320# 420# ∗ 16200# 420# 5510# 500# 16190# 360#
Dy 66 ∗ 1250# 640# ∗ 11680# 710# 2990# 640# 14970# 640#

139 Sn 50 1870# 570# ∗ 36340# 400# 7230# 570# 6520# 500# ∗
Sb 51 3470# 500# 11830# 570# 30650# 400# 10810# 500# 10980# 450# −3430# 500#
Te 52 2580 5 12840# 300# 24709 4 10570 50 9166 7 1610# 200#
I 53 4562 7 10064 6 18751 4 11544 5 10818 5 1682 7
Xe 54 3744 4 10954 6 11313.2 3.0 11422 9 8765 14 4427 3
Cs 55 5885 10 8018 4 4128 5 12393 3 10592 3 4491 15
Ba 56 4723.43 0.04 9316 9 −2897 28 12342.66 0.18 6289.0 1.9 7161.65 0.25
La 57 8780.3 0.7 6249.5 0.7 −9721 14 11209.8 0.7 6528.8 0.7 4762.9 2.0
Ce 58 7463.2 2.1 7733.3 2.1 −14578 11 10893.9 2.7 3940 50 7575.7 2.1
Pr 59 9771 11 4552 4 −19431 14 11801 4 6544 4 6860 50
Nd 60 8071 30 6177 29 −24390# 200# 11896 29 4188 30 10138 28
Pm 61 10658 18 2773 18 −29370# 300# 12794 18 6562 18 9486 18
Sm 62 8954 16 4755 16 −34680# 500# 12403 17 3650 70 12465 16
Eu 63 11720 30 1189 18 ∗ 13300 30 6277 18 11420 70
Gd 64 10040# 280# 3170# 200# ∗ 13230# 200# 3480# 280# 14830# 200#
Tb 65 12600# 420# −240# 360# ∗ 13790# 420# 5820# 420# 13760# 360#
Dy 66 10840# 710# 1390# 580# ∗ 13980# 640# 3060# 710# 17040# 580#

140 Sn 50 3250# 500# ∗ 38500# 300# ∗ 6200# 500# ∗
Sb 51 2410# 720# 12370# 720# 32660# 600# 11830# 720# 10620# 670# −2910# 720#
Te 52 4234 15 13610# 400# 26900 16 8990# 300# 8560 50 −570# 300#
I 53 3207 13 10690 13 20706 12 12801 13 10562 12 2100 50
Xe 54 5413 3 11804 5 15087.8 2.7 9704 6 8234 9 1964 3
Cs 55 4420 9 8694 8 7636 10 13633 9 10198 8 4953 12
Ba 56 6425 8 9856 8 989 9 10330 12 8142 8 4762 8
La 57 5161.00 0.02 6687.1 0.7 −6100 24 14660.6 0.7 8273.4 0.7 7880.1 0.7
Ce 58 9187.8 2.4 8140.8 1.3 −12618 13 9150.0 1.4 3930.7 2.1 5293.6 1.3
Pr 59 7929 7 5017 6 −17700 50 13590 6 6097 6 8101 6
Nd 60 10312 28 6718 5 −22475 28 9582 11 3809 9 7308 3
Pm 61 8782 28 3480 40 −27730 800 14516 27 6236 27 10636 26
Sm 62 11147 17 5244 18 −32630# 400# 10169 17 3481 18 9774 17
Eu 63 9660 50 1890 50 −37670# 500# 15220 50 5870 60 12730 50
Gd 64 12220# 200# 3670 30 ∗ 10680 40 3228 28 11860 40
Tb 65 10420# 850# 140# 820# ∗ 15890# 830# 5600# 850# 15310 800
Dy 66 13200# 640# 1990# 500# ∗ 11480# 500# 3000# 570# 14030# 500#
Ho 67 ∗ −1094 10 ∗ 16320# 710# ∗ 17300# 640#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

138 Sn 50 5480# 450# ∗ −8480# 500# 20190# 400# ∗ 6480# 400#
Sb 51 6290# 300# 28260# 420# −5110# 360# 17330# 300# −26110# 500# 6580# 300#
Te 52 7413 4 24100# 200# −1687 5 14276 5 −22840# 300# 2589 9
I 53 8577 15 22051 8 −386 7 10907 11 −19210 50 2332 6
Xe 54 9685.7 2.8 20125 4 137 4 8289.6 2.8 −17957 4 −1497.8 2.8
Cs 55 12691 9 17920 17 −1269 10 3626 9 −13820 12 −3237 9
Ba 56 15517.36 0.08 16410.58 0.25 −2560.89 0.25 −695.9 0.4 −13167.36 0.27 −9192.3 1.6
La 57 16620 50 14752.5 1.9 −2047.2 0.4 −3385 10 −7256.6 0.4 −8666.0 0.4
Ce 58 17200.0 0.5 13256.7 0.5 −1040.8 0.5 −5549 12 −7133.4 0.4 −12435 8
Pr 59 17931 15 11670 50 −335 22 −8214 15 −3277 10 −11616 15
Nd 60 18961 17 10087 12 391 23 −10519 17 −3387 12 −16016 17
Pm 61 19890 70 8152 16 1189 23 −13160 30 998 14 −14990 30
Sm 62 20830 17 6876 17 1724 17 −15840# 200# 797 17 −19423 13
Eu 63 21650# 200# 5160 70 2590 50 −18150# 300# 5030 30 −18610# 300#
Gd 64 22710# 360# 3430# 200# 3290# 280# −20730# 540# 5040# 200# −22760# 450#
Tb 65 23840# 580# 1940# 360# 3780# 420# ∗ 9260# 300# ∗
Dy 66 ∗ 420# 590# 4170# 640# ∗ 8990# 590# ∗

139 Sn 50 5300# 500# ∗ −8920# 570# 20900# 400# ∗ 7270# 500#
Sb 51 6130# 400# 28800# 570# −5370# 500# 18420# 400# ∗ 7580# 400#
Te 52 7044 4 24630# 300# −1998 5 15440 4 −21980# 400# 3704 7
I 53 8257 9 22990 50 −1206 5 12230 5 −21110# 300# 3430 5
Xe 54 9403.8 2.1 20919 3 −340.7 2.7 9269.3 2.2 −17238 4 −829 9
Cs 55 10298 3 18923 9 653 4 6521 3 −16010 7 −511 3
Ba 56 13335.15 0.06 17108.45 0.27 −925 4 2043.8 2.1 −12230.6 2.8 −6471.8 0.3
La 57 16224.2 1.7 15254.6 0.7 −2065.3 0.7 −2394 4 −11624 9 −7727.8 0.8
Ce 58 17181.6 2.1 13814.3 2.1 −1532.0 2.1 −4941 28 −5984.9 2.1 −11900 10
Pr 59 17769 9 12266 4 −610 10 −7328 14 −5604 4 −10883 12
Nd 60 18576 30 10676 28 174 29 −9637 30 −1740 28 −15174 30
Pm 61 19571 19 8877 16 1010 18 −12103 19 −1661 17 −14075 18
Sm 62 20530 30 7374 16 1408 22 −14750# 200# 2348 16 −18702 30
Eu 63 21395 14 5903 19 2240 80 −17270# 300# 2227 18 −17810# 200#
Gd 64 22560# 360# 4220# 200# 2800# 250# −19930# 540# 6580# 200# −22100# 360#
Tb 65 23310# 500# 2560# 300# 3590# 360# ∗ 6330# 300# −21270# 590#
Dy 66 ∗ 1070# 580# 4120# 640# ∗ 10670# 540# ∗

140 Sn 50 5120# 500# ∗ ∗ 21880# 300# ∗ 7490# 500#
Sb 51 5880# 670# ∗ −5850# 670# 19220# 600# ∗ 7740# 600#
Te 52 6814 15 25440# 400# −2620# 200# 16619 15 −24350# 400# 4032 15
I 53 7769 13 23530# 300# −1524 13 13444 15 −20850# 400# 3967 12
Xe 54 9157 4 21868 4 −986 3 10281 8 −20070 4 −357 4
Cs 55 10305 12 19648 10 71 16 7262 8 −15868 9 −207 8
Ba 56 11149 8 17874 8 736 8 4806 8 −14912 8 −4117 8
La 57 13941.3 0.7 16003 9 −398.1 2.0 374 6 −10900 3 −5425.6 2.0
Ce 58 16651.0 1.4 14390.4 1.3 −1612.1 1.3 −3817 4 −10449.3 1.3 −11317 4
Pr 59 17700 12 12751 6 −1070 50 −6474 25 −4753 6 −10741 28
Nd 60 18383 12 11269 3 −174 3 −8801 13 −4588 4 −14828 14
Pm 61 19440 27 9661 26 703 27 −11230 60 −672 24 −13903 27
Sm 62 20101 17 8017 17 1318 17 −13670 30 −730 30 −18129 18
Eu 63 21380 60 6650 50 1760 90 −16500 800 3230 50 −17430# 200#
Gd 64 22270# 200# 4860 30 2600 30 −18950# 400# 3309 30 −21720# 300#
Tb 65 23020# 860# 3310 800 3340# 820# −21170# 940# 7630 800 −20850# 940#
Dy 66 24040# 640# 1750# 450# 3840# 500# ∗ 7510# 450# ∗
Ho 67 ∗ 300# 580# 4160# 710# ∗ 11520# 580# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

141 Sb 51 3220# 780# 12340# 580# 34940# 500# 10480# 640# 10830# 640# ∗
Te 52 2370# 400# 13570# 720# 29060# 400# 10090# 570# 8840# 500# 490# 570#
I 53 4392 20 10848 21 23003 16 10989 16 10633 16 370# 300#
Xe 54 3282 4 11880 12 17234 3 10984 5 8647 7 3145 5
Cs 55 5499 12 8780 9 11537 9 11878 9 10359 10 3149 11
Ba 56 4536 9 9972 10 4459 6 11679 6 8019 11 5886 6
La 57 6689 4 6951 9 −2407 15 12695 4 10196 4 5604 10
Ce 58 5428.15 0.10 8408.0 1.3 −9497 9 12502.1 1.3 5946.4 1.4 8477.2 1.3
Pr 59 9400 6 5229.3 1.2 −16089 13 11654.0 2.5 6415.4 1.6 6145.3 1.6
Nd 60 8006 5 6794 7 −20967 20 11348 5 3801 11 9021 3
Pm 61 10382 28 3555 14 −25980 110 12200 30 6358 18 8252 17
Sm 62 8549 15 5011 26 −30550# 300# 12278 16 3844 14 11730 14
Eu 63 11010 50 1759 18 −35560# 400# 13165 17 6436 17 10635 17
Gd 64 9510 30 3530 60 ∗ 12885 24 3390 30 13920 23
Tb 65 12130 810 50 110 ∗ 13800# 220# 5980# 230# 12860 110
Dy 66 10620# 500# 2190# 850# ∗ 13460# 420# 3080# 420# 15920# 360#
Ho 67 13120# 640# −1177 7 ∗ 14050# 640# 5430# 640# 14880# 500#

142 Sb 51 2140# 580# ∗ 36900# 300# 11590# 420# 10560# 500# ∗
Te 52 3950# 640# 14300# 710# 31290# 500# 8550# 780# 8370# 640# −1590# 640#
I 53 2948 17 11420# 400# 25221 8 12275 15 10266 6 890# 400#
Xe 54 5104 4 12592 16 19303 4 9087 12 8105 5 622 4
Cs 55 4109 12 9606 8 13272 7 13183 7 9994 7 3603 8
Ba 56 6181 8 10654 11 8108 6 9918 10 7723 7 3449 6
La 57 5165 7 7580 8 1118 24 13955 10 9754 6 6324 7
Ce 58 7173.2 2.5 8892 5 −5551.0 2.6 10490.0 2.5 7553.5 2.5 6027.4 2.5
Pr 59 5843.15 0.08 5644.3 1.2 −12480 30 14998.7 1.2 8035.4 2.5 9082.4 1.5
Nd 60 9830 3 7224.5 1.4 −18991 28 9447 6 3743 4 6654.1 2.4
Pm 61 8690 27 4239 24 −24580 700 13827 24 5740 40 9334 24
Sm 62 11119 9 5748 14 −28860# 730# 9941 24 3383 14 8681 28
Eu 63 9450 30 2660 30 −34060# 400# 14860 30 5940 30 11840 30
Gd 64 11810 30 4320 30 −39030# 500# 10740 60 3300 30 11067 30
Tb 65 10090 710 620 700 ∗ 15930 700 5940# 730# 14480 700
Dy 66 12810# 790# 2870# 740# ∗ 11070# 1080# 2880# 790# 13160# 750#
Ho 67 10960# 570# −840# 500# ∗ 16290# 570# 5310# 640# 16530# 500#
Er 68 ∗ 860# 640# ∗ 12100# 710# ∗ 15420# 710#

143 Te 52 2050# 710# 14210# 580# 33410# 500# 9720# 710# 8720# 780# −390# 580#
I 53 4060# 200# 11530# 540# 27380# 200# 10590# 450# 10440# 200# −750# 630#
Xe 54 3045 5 12689 7 21403 5 10435 17 8267 13 1811 15
Cs 55 5232 10 9735 8 15393 8 11233 8 10175 8 1577 14
Ba 56 4166 9 10712 10 10065 7 11251 11 7977 11 4696 7
La 57 6219 10 7618 9 4789 8 12272 9 9960 11 4525 11
Ce 58 5144.80 0.09 8871 6 −2089 3 12034 5 7569.7 2.5 7308 8
Pr 59 7353.2 1.9 5824.3 1.9 −8827 11 13073.7 1.9 9870.1 1.9 6890.3 1.9
Nd 60 6123.57 0.07 7504.9 1.4 −15770 200 12723.0 1.4 5548 6 9718.3 1.5
Pm 61 9890 24 4299.6 2.7 −22540 50 11942 4 6161 4 7372 7
Sm 62 8606.5 2.6 5665 24 −27348 13 11717 14 3559 24 10387 4
Eu 63 11000 30 2548 11 −32190# 300# 12403 14 6079 17 9617 27
Gd 64 9340 200 4210 200 −37070# 450# 12410 200 3620 210 12870 200
Tb 65 11930 700 750 60 ∗ 13520 50 6230 60 12210 70
Dy 66 10120# 730# 2900 700 ∗ 13080 110 3180 800 15260 30
Ho 67 12870# 500# −780# 790# ∗ 14050# 420# 5650# 500# 14080# 850#
Er 68 11300# 640# 1200# 570# ∗ 13920# 570# 3020# 640# 17320# 570#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

141 Sb 51 5630# 640# ∗ −6140# 640# 20390# 500# ∗ 8760# 500#
Te 52 6610# 400# 25940# 570# −2950# 500# 17530# 400# −23470# 500# 4870# 400#
I 53 7598 16 24450# 400# −2290 50 14551 18 −22830# 600# 4988 16
Xe 54 8695 4 22570 5 −1318 4 11535 6 −19119 15 781 9
Cs 55 9919 10 20584 10 −546 12 8452 10 −18160 15 719 12
Ba 56 10961 5 18666 6 226 5 5699 5 −14035 6 −3492 5
La 57 11850 4 16807 5 1191 4 3085 4 −13169 9 −2927 4
Ce 58 14616.0 2.4 15095.1 1.3 −134.6 1.3 −1240 3 −9452 8 −8816 6
Pr 59 17329 4 13370.1 1.5 −1298.6 2.2 −5492 14 −8991.4 1.5 −9829 4
Nd 60 18317 28 11812 4 −698 3 −8258 9 −3406 3 −14051 24
Pm 61 19165 19 10272 14 254 16 −10597 19 −3126 15 −13138 19
Sm 62 19696 14 8495 29 1225 15 −12710 22 1034 9 −17020 50
Eu 63 20670 18 7003 19 1722 18 −15380 110 997 27 −16210 30
Gd 64 21740# 200# 5422 23 2340 30 −17840# 300# 4943 23 −20810 800
Tb 65 22550# 320# 3720 110 3180 110 −20180# 410# 5160 120 −19780# 410#
Dy 66 23830# 580# 2330# 360# 3410# 420# ∗ 9110# 300# −24140# 580#
Ho 67 ∗ 810# 500# 4180# 570# ∗ 8830# 900# ∗

142 Sb 51 5360# 670# ∗ ∗ 21190# 300# ∗ 8990# 500#
Te 52 6330# 500# 26640# 580# −3460# 640# 18680# 500# ∗ 5310# 500#
I 53 7339 13 24990# 600# −2580# 300# 15712 9 −22550# 500# 5323 6
Xe 54 8386 4 23440 15 −1959 5 12613 7 −21850# 400# 1176 10
Cs 55 9607 11 21486 14 −960 9 9509 9 −17877 17 1147 9
Ba 56 10717 10 19434 6 −295 7 6691 6 −16934 7 −2984 7
La 57 11855 6 17552 10 438 11 3762 6 −12836 11 −2664 6
Ce 58 12601.3 2.5 15843 8 1304.0 2.5 1417.2 2.2 −12089 6 −6589.7 2.5
Pr 59 15243 6 14052.2 1.5 302.1 1.6 −2645 24 −8145 4 −7666.2 2.8
Nd 60 17835 3 12453.8 1.5 −809.1 1.4 −6968.1 1.4 −7808.0 1.5 −13498 14
Pm 61 19070 30 11033 24 −438 26 −9830 40 −2416 24 −13279 25
Sm 62 19669 13 9303 4 610 12 −12022 28 −2079 3 −17128 13
Eu 63 20470 60 7670 40 1180 30 −14750 700 1930 30 −16160 40
Gd 64 21320 40 6080 30 2110 30 −16840# 730# 1685 29 −20490 110
Tb 65 22220 1060 4150 700 2770 700 −19310# 810# 6080 700 −19250# 760#
Dy 66 23430# 830# 2920# 730# 3120# 760# −22190# 880# 5820# 730# −23830# 830#
Ho 67 24080# 640# 1350# 900# 3930# 500# ∗ 10000# 410# ∗
Er 68 ∗ −320# 640# 4580# 710# ∗ 10160# 580# ∗

143 Te 52 6000# 640# ∗ −3650# 640# 19670# 500# ∗ 6200# 500#
I 53 7010# 200# 25830# 540# −3170# 450# 16890# 200# −24470# 360# 6370# 200#
Xe 54 8148 5 24110# 400# −2423 6 13734 8 −20940# 500# 2240 8
Cs 55 9341 12 22327 18 −1629 9 10496 11 −20162 9 2095 10
Ba 56 10347 9 20318 7 −718 7 7669 7 −15997 7 −1985 9
La 57 11384 8 18272 12 105 8 4897 7 −14946 10 −1710 8
Ce 58 12318.0 2.5 16452 6 882.6 2.5 2395.9 2.2 −11053 6 −5891.3 2.5
Pr 59 13196.3 1.9 14716 4 1729.3 1.9 −108 3 −10333 6 −5189.5 1.4
Nd 60 15953 3 13149.2 1.5 530.5 2.4 −4485.2 2.5 −6758.4 2.2 −10932 24
Pm 61 18580 14 11524 3 −557 5 −8719 11 −6463 3 −12050.1 3.0
Sm 62 19726 9 9904 4 75 28 −11290 200 −856.1 2.5 −16280 30
Eu 63 20458 17 8296 18 835 17 −13820 50 −389 26 −15350 30
Gd 64 21150 200 6880 200 1720 200 −16060 200 3460 200 −19740 730
Tb 65 22020 120 5070 50 2550 50 −18370# 300# 3600 60 −18370# 730#
Dy 66 22930# 300# 3523 24 3040# 200# −21010# 400# 7500 30 −22990# 400#
Ho 67 23830# 500# 2090# 320# 3660# 420# ∗ 7220# 760# −22190# 580#
Er 68 ∗ 360# 500# 4120# 640# ∗ 11670# 830# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

144 Te 52 3760# 580# ∗ 35550# 300# 8100# 420# 8180# 580# ∗
I 53 2610# 450# 12090# 640# 29520# 400# 11930# 640# 10200# 570# −140# 640#
Xe 54 4741 7 13370# 200# 23560 6 8641 7 7918 17 −560# 400#
Cs 55 3667 22 10357 21 17479 20 12669 20 9790 20 2302 26
Ba 56 5901 10 11381 10 11981 7 9458 10 7574 12 2077 8
La 57 4750 15 8201 15 6566 13 13703 14 9747 14 5274 16
Ce 58 6897 3 9549 8 1533.7 2.7 10303 7 7362 5 4947 6
Pr 59 5753.7 2.8 6433 3 −5131 11 14493 3 9544.5 2.8 7826 5
Nd 60 7817.04 0.05 7968.8 1.4 −11989 28 10749.1 1.4 7130.6 1.4 7329.4 1.5
Pm 61 6526.8 1.5 4702.8 2.6 −19048 28 15244.7 2.6 7639 4 10244.8 3.0
Sm 62 10519.8 2.3 6293.9 2.7 −25396 7 9887 24 3421 14 7872 3
Eu 63 9449 15 3391 11 −31010 14 14074 11 5179 14 10550 18
Gd 64 11600 200 4810 30 −35150# 200# 10260 40 3030 30 9821 29
Tb 65 10020 60 1430 200 −40210# 400# 15300 40 5720 30 13200 30
Dy 66 12472 15 3440 50 ∗ 10700 700 2830 110 12301 21
Ho 67 10630# 300# −270 16 ∗ 16220# 730# 5640# 300# 15580 110
Er 68 13520# 450# 1850# 360# ∗ 11350# 450# 2620# 450# 14420# 360#
Tm 69 ∗ −1712 16 ∗ 16480# 640# ∗ 17850# 570#

145 Te 52 1860# 420# ∗ 37510# 300# ∗ 8460# 420# ∗
I 53 3870# 640# 12200# 580# 31710# 500# 10110# 710# 10280# 710# −1870# 580#
Xe 54 2692 12 13450# 400# 25570 40 10010# 200# 8174 12 700# 500#
Cs 55 4854 22 10471 11 19572 12 10859 10 10039 9 395 10
Ba 56 3820 11 11534 22 13916 9 10870 11 7862 11 3360 9
La 57 6057 18 8357 14 8432 13 11813 14 9871 14 3326 14
Ce 58 4710 30 9510 40 3580 30 11820 30 7820 30 6420 30
Pr 59 6947 7 6483 7 −1634 8 12691 7 9771 7 6044 9
Nd 60 5755.29 0.23 7970.4 2.4 −8505 20 12347.0 1.4 7218.4 1.4 8747.3 2.2
Pm 61 7922.7 1.5 4808.4 2.5 −14870 110 13445.6 2.5 9546.6 2.5 8165.3 2.9
Sm 62 6757.10 0.30 6524.3 2.7 −22409 7 13020.1 2.7 5354 24 10945.1 0.8
Eu 63 10444 11 3314.9 2.7 −28871 8 12236 4 5854.5 2.9 8796 24
Gd 64 9240 30 4596 22 −33690# 200# 12025 23 3250 40 11702 20
Tb 65 12100 110 1930 110 −38820# 230# 12540 230 5420 110 10560 110
Dy 66 9744 10 3163 29 ∗ 12890 50 3180 700 14363 29
Ho 67 12582 11 −161 10 ∗ 13760 15 5860# 730# 13090 700
Er 68 10700# 280# 1920# 200# ∗ 13520# 360# 2870# 450# 16530# 760#
Tm 69 13500# 450# −1736 7 ∗ 14290# 450# 5210# 540# 15310# 450#

146 I 53 2480# 580# 12820# 420# 33680# 300# 11390# 420# 9850# 580# ∗
Xe 54 4533 27 14110# 500# 27671 28 8090# 400# 7700# 200# −1780# 500#
Cs 55 3327 10 11106 12 21360 30 12273 6 9757 5 1130# 200#
Ba 56 5421 9 12101 9 16059.6 2.2 9116 20 7673 8 983 5
La 57 4457 12 8994 9 10233 5 13257 7 9580 7 4101 8
Ce 58 6630 40 10080 19 5370 15 9935 20 7410 16 3958 16
Pr 59 5120 40 6900 50 440 30 14470 30 9800 30 7140 40
Nd 60 7565.23 0.09 8589 7 −4840 4 10535.5 2.4 7006.3 1.4 6326.9 2.2
Pm 61 6258 5 5311 4 −11690 50 15004 4 9412 4 9260 4
Sm 62 8416.3 2.9 7018 4 −18441 7 11131 4 6828 4 8652.4 2.8
Eu 63 7197 7 3755 6 −25879 9 15559 6 7264 6 11489 7
Gd 64 11231 20 5383 5 −31764 8 10244 11 3020 12 9078 4
Tb 65 9440 120 2130 50 −36710# 210# 14710 50 5330 210 12120 50
Dy 66 12384 9 3440 110 ∗ 10524 29 2730 50 11320 200
Ho 67 10189 10 285 9 ∗ 16043 10 5795 15 14830 50
Er 68 13150# 200# 2491 10 ∗ 10998 11 2590# 300# 13493 15
Tm 69 11540# 280# −896 6 ∗ 16260# 280# 4970# 450# 16640# 360#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

144 Te 52 5810# 580# ∗ −4160# 420# 20650# 300# ∗ 6500# 360#
I 53 6670# 400# 26300# 500# −3370# 720# 17940# 400# ∗ 6800# 400#
Xe 54 7785 6 24900# 500# −2930 15 14895 9 −23630# 500# 2732 9
Cs 55 8899 21 23046 21 −2090 23 11578 24 −19770# 200# 2595 21
Ba 56 10068 9 21115 8 −1206 8 8665 8 −18853 9 −1667 10
La 57 10968 14 18913 15 −225 15 5901 13 −14463 15 −1315 13
Ce 58 12042 3 17168 7 411 8 3316.1 2.5 −13784 7 −5435.1 2.9
Pr 59 13106.9 2.8 15305 7 1136.6 2.8 666 4 −9868 8 −4819.6 2.4
Nd 60 13940.61 0.09 13793.1 2.2 1901.3 1.5 −1782.4 0.8 −9430.6 2.2 −8858.7 2.7
Pm 61 16417 24 12207.7 3.0 845 7 −5797 11 −5636.9 3.0 −9970 4
Sm 62 19126.3 1.2 10593.5 0.8 −133 4 −10206 28 −5252.3 0.8 −15796 11
Eu 63 20450 30 9056 26 168 27 −13251 30 53 11 −15460 200
Gd 64 20940 40 7356 28 1270 30 −15189 29 469 28 −19410 60
Tb 65 21950 700 5640 40 2190 60 −17759 29 4580 30 −18270 30
Dy 66 22590# 730# 4189 29 2787 29 −19960# 200# 4370 200 −22590# 300#
Ho 67 23500# 400# 2630 700 3450 800 −22450# 400# 8520 50 −21520# 400#
Er 68 24820# 540# 1070# 750# 3800# 450# ∗ 8270# 200# ∗
Tm 69 ∗ −510# 570# 4730# 640# ∗ 12600# 500# ∗

145 Te 52 5620# 580# ∗ ∗ 21480# 300# ∗ 7250# 500#
I 53 6480# 540# ∗ −4020# 710# 18920# 500# ∗ 7670# 500#
Xe 54 7433 12 25540# 500# −3250# 400# 16023 14 −22560# 300# 3707 23
Cs 55 8522 12 23840# 200# −2553 18 12781 15 −22010# 400# 3641 11
Ba 56 9722 11 21891 10 −1744 9 9550 30 −17933 10 −738 15
La 57 10806 14 19738 14 −783 15 6791 14 −16853 24 −475 13
Ce 58 11600 30 17710 30 240 30 4360 30 −12590 30 −4390 30
Pr 59 12700 7 16032 10 879 8 1642 7 −12065 15 −3949 7
Nd 60 13572.33 0.24 14403.6 2.2 1574.1 1.5 −780.6 0.9 −8289.0 2.6 −8087.2 2.7
Pm 61 14449.5 2.1 12777.2 2.9 2322.1 2.9 −3276 4 −7806 3 −7373.2 2.5
Sm 62 17276.9 2.4 11227.0 0.8 1115 3 −7725 20 −4192.4 0.8 −13104 11
Eu 63 19893 11 9609 4 106 14 −11590 110 −3864 4 −14303 28
Gd 64 20840 200 7987 20 582 21 −14684 21 1750 20 −18630 30
Tb 65 22120 120 6740 110 1100 110 −17280 110 1930 110 −17900 110
Dy 66 22216 15 4590 200 2557 21 −19000# 200# 6228 29 −21704 11
Ho 67 23220# 300# 3280 50 3000 110 −21540# 200# 5959 29 −20580# 200#
Er 68 24220# 450# 1650# 200# 3720# 360# ∗ 10040# 200# −25150# 450#
Tm 69 ∗ 110# 360# 4360# 450# ∗ 9740# 200# ∗

146 I 53 6350# 500# ∗ −4360# 420# 19770# 300# ∗ 7880# 300#
Xe 54 7225 25 26310# 300# −3830# 500# 16911 24 −25230# 300# 4028 26
Cs 55 8182 20 24560# 400# −2932 6 13911 3 −21470# 500# 4134 9
Ba 56 9242 7 22572 6 −2062 3 10760 15 −20662 11 −102 12
La 57 10514 13 20528 20 −1132 7 7450 30 −16456 9 −230 30
Ce 58 11337 15 18437 16 −209 16 5300 15 −15399 17 −4071 16
Pr 59 12070 30 16400 40 930 30 2780 30 −11130 40 −3310 30
Nd 60 13320.52 0.25 15071.9 2.6 1182.1 2.2 70.4 2.8 −11150 30 −7729.7 2.5
Pm 61 14181 5 13282 5 1907 4 −2337 7 −7117 8 −6874 4
Sm 62 15173.4 2.8 11826.3 2.8 2528.8 2.8 −4911 5 −6853.3 2.8 −11076 4
Eu 63 17641 12 10279 6 1599 24 −9350 50 −3139 6 −12262 21
Gd 64 20469 28 8698 4 471 4 −13531 8 −2723 4 −17760 110
Tb 65 21540 50 6720 50 1120 50 −16530 50 2940 40 −17590 50
Dy 66 22127 10 5373 29 1980 29 −18233 9 3083 21 −21506 10
Ho 67 22771 11 3448 29 2900 700 −20180# 200# 7870 110 −20070# 200#
Er 68 23860# 200# 2330 10 3370# 730# ∗ 6632 9 −24810# 200#
Tm 69 25040# 450# 1020# 200# 3770# 450# ∗ 10780# 200# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

147 I 53 3730# 420# ∗ 35480# 300# 9520# 420# 9880# 420# ∗
Xe 54 2520# 200# 14150# 360# 29610# 200# 9440# 540# 7800# 450# −530# 360#
Cs 55 4681 9 11254 26 23524 18 10284 14 9816 10 −940# 400#
Ba 56 3469 20 12243 20 17883 20 10501 22 7871 28 2255 20
La 57 5529 11 9101 11 12364 11 11549 14 9953 13 2239 23
Ce 58 4459 17 10082 9 7252 9 11532 15 7700 16 5400 11
Pr 59 6840 40 7107 22 2101 16 12330 40 9852 16 5052 20
Nd 60 5292.20 0.09 8760 30 −2789.9 1.5 12190 7 7467.8 2.4 7931.5 2.6
Pm 61 7659 4 5405.0 0.6 −8299 8 13100.8 0.6 9570.1 0.5 7355.0 2.5
Sm 62 6341.0 2.8 7101 4 −15070 9 12712.3 2.6 7014.1 2.7 10128.4 0.5
Eu 63 8498 6 3837 4 −21788 6 13817.6 2.4 9285.1 2.4 9518 3
Gd 64 7342 4 5528 6 −28750 40 13345.4 3.0 5126 11 12255.1 1.2
Tb 65 11050 50 1946 9 −34768 11 12895 21 5881 29 10523 13
Dy 66 9712 11 3720 50 ∗ 12910 110 3036 29 13210 29
Ho 67 12590 8 491 8 ∗ 13196 8 5677 9 12257 28
Er 68 10360 40 2660 40 ∗ 13220 40 2870 40 15610 40
Tm 69 12990# 200# −1059 3 ∗ 13980# 200# 5500# 200# 14282 11

148 Xe 54 4320# 360# 14740# 420# 31750# 300# 7600# 420# 7350# 580# −2990# 420#
Cs 55 3062 16 11800# 200# 25625 20 11755 28 9446 17 −130# 500#
Ba 56 5352 20 12914 9 19863.2 2.5 8476 3 7374 9 −405 11
La 57 4102 22 9734 28 14157 20 12868 20 9671 21 2992 21
Ce 58 6456 14 11009 15 8938 11 9534 11 7301 17 2764 14
Pr 59 5163 22 7811 17 3762 18 13801 21 9400 40 5946 19
Nd 60 7332.6 1.7 9253 16 −1138.6 1.8 9980 30 7082 7 5310 30
Pm 61 5895 6 6008 6 −6329 14 14771 6 9430 6 8407 9
Sm 62 8141.34 0.27 7583.1 0.4 −11477 9 10829 4 6795.5 2.6 7742.3 0.5
Eu 63 6824 10 4320 10 −18310 80 15410 10 9218 10 10616 10
Gd 64 8983.8 1.2 6013.8 2.4 −24790 10 11559 6 6586.2 2.7 10028.4 0.3
Tb 65 7866 15 2469 13 −31772 16 16260 13 7254 23 13101 13
Dy 66 11735 12 4406 12 −37630# 400# 10620 50 3400 110 10714 22
Ho 67 10310 80 1080 80 ∗ 15270 80 5120 80 14050 140
Er 68 12940 40 3011 11 ∗ 10470 12 2505 13 12410 12
Tm 69 10862 12 −550 40 ∗ 16268 12 5340# 200# 16001 13
Yb 70 ∗ 1540# 400# ∗ 11540# 450# 2220# 450# 14660# 450#

149 Xe 54 2420# 420# ∗ 33670# 300# 8910# 420# 7400# 420# ∗
Cs 55 4460# 400# 11940# 500# 27740# 400# 9810# 450# 9520# 400# −2110# 500#
Ba 56 3357.0 2.9 13209 13 21545 3 9800 9 7344 4 771 24
La 57 5580 200 9960 200 15840 200 10750 200 9510 200 740 200
Ce 58 4343 15 11250 22 10466 10 10719 15 7415 10 3843 10
Pr 59 6575 18 7930 15 5402 11 11685 13 9451 18 3828 10
Nd 60 5038.79 0.07 9129 15 752 4 11779 16 7160 30 6897 15
Pm 61 7270 6 5945.3 2.5 −4576 4 12793.2 2.1 9725.6 2.1 6260 30
Sm 62 5871.1 0.9 7559 6 −9442 9 12616.9 0.9 7183 4 9436.4 1.0
Eu 63 8215 11 4394 4 −14795 13 13536 4 9419 5 8659 6
Gd 64 6929 3 6119 10 −21386 28 13128 4 6854 7 11516 4
Tb 65 9023 13 2508 3 −27550# 200# 14579 4 9461 5 11275 7
Dy 66 7906 12 4446 15 −34360# 300# 13759 12 4930 50 14038 10
Ho 67 11730 80 1075 12 ∗ 13261 15 5773 14 11760 50
Er 68 10334 30 3040 90 ∗ 12726 28 2361 29 14460 29
Tm 69 13250# 200# −250# 200# ∗ 13380# 200# 5250# 200# 12940# 200#
Yb 70 11170# 500# 1850# 300# ∗ 13360# 300# 2590# 360# 16640# 300#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

147 I 53 6210# 580# ∗ ∗ 20720# 300# ∗ 8680# 300#
Xe 54 7050# 200# 26970# 360# −4290# 540# 17860# 200# ∗ 4840# 200#
Cs 55 8008 12 25370# 500# −3560# 200# 14758 14 −23670# 300# 4875 9
Ba 56 8890 21 23349 23 −2486 20 11750 22 −19600 30 886 20
La 57 9986 16 21202 14 −1428 13 8766 19 −18657 11 876 18
Ce 58 11090 30 19076 12 −502 11 6133 9 −14437 9 −3410 40
Pr 59 11961 17 17187 20 302 17 3598 16 −13512 16 −2589 16
Nd 60 12857.43 0.12 15660 30 1034.7 2.2 1119.3 0.5 −9810 15 −6764 4
Pm 61 13917.1 2.6 13994 7 1601.3 1.5 −1497.4 2.3 −9660 30 −6116.9 2.9
Sm 62 14757.3 1.0 12412.0 0.5 2311.3 0.5 −3909.1 1.5 −5629.1 0.5 −10220 6
Eu 63 15696 4 10855 3 2991 3 −6802 8 −5379 5 −9530 5
Gd 64 18573 20 9283.5 1.3 1735.3 2.0 −11161 9 −1650 3 −15660 40
Tb 65 20490 110 7329 9 1074 14 −14986 10 −914 10 −16259 11
Dy 66 22096 11 5847 22 1610 200 −17590 40 4601 10 −21029 11
Ho 67 22780 9 3940 110 2240 50 −19783 8 4720 50 −19506 8
Er 68 23510# 200# 2940 40 3140 40 ∗ 8660 40 −23620# 200#
Tm 69 24530# 200# 1432 10 3650# 300# ∗ 7975 9 ∗

148 Xe 54 6840# 300# ∗ −4850# 420# 18900# 300# ∗ 5200# 300#
Cs 55 7743 13 25950# 300# −4010# 400# 15798 23 −23000# 300# 5282 24
Ba 56 8821.3 2.3 24168 24 −3098 6 12854 11 −22430# 200# 1062 11
La 57 9630 20 21976 20 −1862 28 9827 25 −18078 21 1234 21
Ce 58 10915 18 20110 11 −1056 13 7010 11 −17423 23 −3026 19
Pr 59 12000 40 17892 15 −111 20 4330 16 −13146 18 −2460 15
Nd 60 12624.8 1.7 16360 15 599 3 1928.0 1.7 −12683 9 −6437.4 1.7
Pm 61 13554 7 14770 30 1460 6 −568 11 −8711 17 −5671 6
Sm 62 14482.3 2.8 12988.1 0.5 1987.0 0.4 −3066.6 0.9 −8478.2 0.5 −9862.8 2.3
Eu 63 15323 12 11421 11 2694 10 −5761 16 −4544 10 −9012 10
Gd 64 16326 4 9851.0 2.8 3271.29 0.03 −8410 9 −4292.3 0.9 −13598 8
Tb 65 18920 50 7997 14 2657 16 −12550 80 −281 13 −14412 15
Dy 66 21447 11 6352 10 1475 29 −16380 13 209 9 −20174 10
Ho 67 22900 80 4810 100 1950 90 −19230 80 5460 80 −19450 90
Er 68 23300 12 3502 12 2666 13 −21250# 400# 5428 14 −23576 12
Tm 69 23850# 200# 2105 12 3420 13 ∗ 9703 11 ∗
Yb 70 ∗ 490# 400# 3950# 450# ∗ 9090# 400# ∗

149 Xe 54 6740# 360# ∗ −5420# 420# 19830# 300# ∗ 5840# 300#
Cs 55 7520# 400# 26680# 500# −4590# 640# 16920# 450# ∗ 6170# 400#
Ba 56 8709 20 25010# 200# −3762 11 13839 11 −21470# 300# 1807 20
La 57 9680 200 22880 200 −2590 200 10820 200 −20600 200 2110 200
Ce 58 10799 13 20984 22 −1579 13 7706 10 −16414 10 −2206 18
Pr 59 11738 19 18939 15 −629 16 5025 10 −15620 22 −1703 10
Nd 60 12371.4 1.7 16940 9 270 30 2760.4 1.9 −11266 11 −5581 6
Pm 61 13165.1 2.1 15198 16 1137 7 377 4 −10818 15 −4799.7 2.0
Sm 62 14012.5 0.9 13567.0 1.0 1871.2 1.0 −2009 3 −7016.8 1.9 −8910 10
Eu 63 15039 4 11977 4 2401 5 −4953 5 −6864 7 −8243 4
Gd 64 15913 3 10439 3 3099 3 −7433 10 −3080 3 −12662 13
Tb 65 16889 9 8522 4 4078.0 2.2 −9843 12 −2480 11 −11701 9
Dy 66 19641 13 6915 9 2808 22 −13952 29 1286 9 −17770 80
Ho 67 22031 13 5481 14 2330 110 −17710# 200# 1602 15 −18238 16
Er 68 23280 50 4124 29 2076 29 −20410# 300# 6829 29 −23048 30
Tm 69 24110# 200# 2760# 200# 2760# 200# ∗ 6760# 220# −21780# 450#
Yb 70 ∗ 1300# 300# 3490# 360# ∗ 10860# 300# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

150 Xe 54 4060# 420# ∗ 35860# 300# ∗ 7070# 420# ∗
Cs 55 2940# 570# 12460# 500# 30130# 400# 11190# 500# 9090# 450# −1320# 500#
Ba 56 5130 6 13880# 400# 23790 6 7732 14 6894 10 −1840# 200#
La 57 4160 200 10769 4 17286 20 11944.6 2.9 8817 20 1255 9
Ce 58 6248 16 11920 200 12204 12 8573 23 6696 16 1064 23
Pr 59 5332 13 8920 14 6492 11 12809 14 8577 12 4024 14
Nd 60 7375.7 1.9 9930 10 2084 6 9566 15 6628 16 3980 9
Pm 61 5604 20 6511 20 −2492 21 14522 20 9414 20 7493 26
Sm 62 7986.8 0.4 8275.9 1.9 −7742 4 10525 6 6854.7 0.9 6741.9 1.0
Eu 63 6422 7 4945 6 −12846 15 15255 6 9338 6 9896 6
Gd 64 8708 7 6612 7 −17933 18 11244 12 6645 6 9148 6
Tb 65 7688 8 3268 8 −24620# 200# 15874 7 9115 7 12085 8
Dy 66 9687 10 5110 5 −30480# 300# 11938 13 6297 9 11694 4
Ho 67 8371 19 1541 17 −37180# 300# 16624 17 7114 17 14443 16
Er 68 12160 30 3474 21 ∗ 10870 90 2790 18 12011 19
Tm 69 10620# 280# 40# 200# ∗ 15700# 200# 4980# 200# 14910# 200#
Yb 70 13570# 420# 2180# 360# ∗ 10650# 300# 2010# 300# 13420# 300#
Lu 71 ∗ −1269.6 2.3 ∗ 16170# 500# ∗ 16850# 300#

151 Cs 55 4180# 640# 12580# 580# 32500# 500# 9430# 580# 9230# 580# ∗
Ba 56 3120# 400# 14060# 570# 26000# 400# 9070# 570# 6840# 400# −640# 500#
La 57 5070 440 10710 440 20080 440 10230 440 9100 440 −750 440
Ce 58 4450 21 12203 18 13351 18 9710 200 6348 26 1966 18
Pr 59 6550 15 9222 17 7873 12 10601 16 8483 16 1575 23
Nd 60 5334.55 0.10 9932 9 3245.7 2.8 10807 10 6456 15 5102 11
Pm 61 7860 20 6995 4 −1763 6 11700 5 8886 5 4796 16
Sm 62 5596.46 0.11 8268 20 −5824 3 12198.7 1.9 7153 6 8478.0 1.9
Eu 63 7932 6 4890.7 0.5 −11030 8 13193.6 0.7 9547.0 1.0 7859 6
Gd 64 6496 7 6686 7 −15923 17 12963 5 6973 10 10793.5 2.9
Tb 65 8589 8 3148 7 −20852 20 14214 5 9510 4 10320 11
Dy 66 7514 5 4936 8 −27210 300 13447 4 6649 13 13163.4 2.9
Ho 67 9748 16 1602 9 −33320# 300# 14782 12 9101 12 12561 15
Er 68 8506 24 3609 22 ∗ 14090 20 4590 90 15240 19
Tm 69 12350# 200# 229 9 ∗ 13680 30 5571 22 12870 90
Yb 70 10780# 430# 2340# 360# ∗ 13110# 360# 2090 300 15580 300
Lu 71 13600# 420# −1241.0 1.8 ∗ 13740# 420# 4790# 500# 14110# 300#

152 Cs 55 2920# 710# ∗ 34630# 500# 10570# 580# 8730# 580# ∗
Ba 56 4740# 570# 14620# 640# 28540# 400# 7270# 570# 6550# 570# −2960# 500#
La 57 4050# 530# 11640# 500# 21960# 300# 11310# 300# 8410# 300# −340# 500#
Ce 58 5830# 200# 12960# 480# 15780# 200# 8040# 200# 6100# 280# −500# 200#
Pr 59 5050 22 9822 26 9130 19 11800 22 7776 21 2110 200
Nd 60 7278 24 10659 27 4558 24 8862 26 5754 26 2167 27
Pm 61 5940 26 7600 26 −540 50 13136 26 7985 26 5431 28
Sm 62 8257.8 0.6 8666 5 −4645 5 9545 20 6165.5 2.0 5259.0 1.9
Eu 63 6306.72 0.10 5601.0 0.5 −9284 13 14873.6 0.6 9111.5 0.7 8822.3 2.0
Gd 64 8589.7 2.9 7343.2 0.7 −14207 9 10796 6 6598 4 8075.0 0.7
Tb 65 7170 40 3820 40 −19000 70 15760 40 9270 40 11370 40
Dy 66 9437 5 5783 6 −23850 150 11699 9 6235 5 10656 5
Ho 67 8053 15 2141 13 −30180# 200# 16416 13 8953 15 13530 13
Er 68 10305 19 4166 12 ∗ 12156 17 6010 12 12840 12
Tm 69 9020 60 740 60 ∗ 16820 60 6890 60 15570 60
Yb 70 12800 340 2790 150 ∗ 10930# 250# 2530# 250# 13120 150
Lu 71 11190# 360# −830# 360# ∗ 16120# 360# 4770# 360# 16170# 280#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

150 Xe 54 6480# 420# ∗ ∗ 20900# 300# ∗ 6240# 500#
Cs 55 7400# 400# ∗ −5060# 500# 18140# 400# ∗ 6590# 400#
Ba 56 8488 6 25820# 300# −4360 25 14957 13 −24180# 300# 2260 200
La 57 9745 20 23978 13 −3426 4 11989 9 −20300# 400# 2287 11
Ce 58 10591 16 21880 12 −2406 12 8833 12 −19305 12 −1879 15
Pr 59 11908 18 20170 21 −1504 9 5297 22 −15370 200 −1996 9
Nd 60 12414.5 1.9 17859 11 −479 15 3371.38 0.20 −14299 10 −5686.9 1.9
Pm 61 12874 21 15640 25 650 40 1195 21 −9847 22 −4533 20
Sm 62 13857.9 0.9 14221.2 1.9 1449.7 1.0 −1287 6 −9964.8 1.9 −8681 4
Eu 63 14638 12 12504 8 2237 7 −3687 9 −6017 6 −7737 7
Gd 64 15637 6 11006 6 2807 6 −6454 7 −5917 6 −12347 7
Tb 65 16711 14 9386 12 3587 5 −9160 16 −1953 8 −11483 12
Dy 66 17593 10 7618 4 4351.3 1.5 −11478 18 −1471 5 −15735 13
Ho 67 20100 90 5987 19 3390 50 −15460# 200# 2254 15 −16280 30
Er 68 22495 20 4550 19 2299 18 −19000# 300# 2574 19 −21960# 200#
Tm 69 23870# 200# 3080# 210# 2320# 200# −21720# 360# 7870# 200# −21230# 360#
Yb 70 24740# 500# 1930# 300# 3070# 300# ∗ 7620# 300# ∗
Lu 71 ∗ 580# 300# 3860# 360# ∗ 11880# 360# ∗

151 Cs 55 7120# 640# ∗ −5500# 580# 19030# 660# ∗ 7540# 500#
Ba 56 8250# 400# 26520# 500# −4970# 450# 16290# 400# −23240# 500# 3300# 400#
La 57 9230 480 24590# 590# −3820 440 13470 440 −22430# 590# 3470 440
Ce 58 10698 20 22972 18 −3386 27 9718 18 −18624 19 −996 20
Pr 59 11883 15 21140 200 −2526 16 6607 13 −17758 12 −1171 12
Nd 60 12710.3 1.9 18851 10 −1354 9 3633.30 0.24 −13385 12 −5417 20
Pm 61 13464 5 16925 11 −367 16 1267 5 −12375 10 −4406 4
Sm 62 13583.2 0.4 14778.9 1.9 1145.4 1.0 −387.6 2.8 −8185.50 0.22 −7855 6
Eu 63 14354 4 13166.6 2.0 1964.0 1.1 −3030 4 −8345 20 −6960 6
Gd 64 15204 4 11631.0 2.8 2652.2 2.9 −5437 4 −4426.6 2.8 −11154 8
Tb 65 16278 5 9760 5 3496 4 −8001 9 −4120 7 −10385 6
Dy 66 17201 10 8203 4 4179.6 2.6 −10486 17 −277 7 −14878 14
Ho 67 18120 15 6712 9 4695.0 1.8 −12851 21 194 11 −13863 19
Er 68 20670 30 5150 19 3505 19 −16720 300 3754 17 −19850# 200#
Tm 69 22970# 200# 3704 23 2561 20 −20470# 300# 3885 16 −20010# 300#
Yb 70 24360# 430# 2380 300 2640 300 ∗ 9000 300 −24840# 430#
Lu 71 ∗ 940# 360# 3250# 300# ∗ 8900# 360# ∗

152 Cs 55 7100# 640# ∗ ∗ 20160# 580# ∗ 7740# 640#
Ba 56 7860# 400# 27200# 500# −5390# 500# 17370# 450# ∗ 3630# 590#
La 57 9120# 300# 25700# 500# −4800# 300# 14470# 300# −22300# 580# 3860# 300#
Ce 58 10280# 200# 23670# 200# −3860# 200# 11170# 200# −21330# 450# −270# 200#
Pr 59 11600 21 22025 19 −3474 27 7500 30 −17740 440 −886 19
Nd 60 12612 24 19881 27 −2176 27 4613 24 −16210 30 −4835 25
Pm 61 13800 30 17532 27 −1144 30 1634 26 −11764 28 −4749 26
Sm 62 13854.3 0.6 15661.0 0.6 220.2 1.9 −55.67 0.18 −11108.8 0.6 −8181.2 0.7
Eu 63 14239 6 13869 20 1552 6 −2170 40 −6791 5 −6770.9 2.8
Gd 64 15086 6 12233.9 0.6 2203.8 1.0 −4589 5 −7419.8 0.6 −11155 4
Tb 65 15750 40 10500 40 3160 40 −7110 40 −3350 40 −10040 40
Dy 66 16951 6 8932 7 3727 4 −9618 10 −3218 5 −14567 9
Ho 67 17801 19 7077 15 4507.4 1.3 −11880 60 730 13 −13410 21
Er 68 18812 19 5769 10 4934.3 1.6 −14230 150 963 9 −17800 21
Tm 69 21370# 200# 4350 60 3850 100 −18300# 200# 4610 50 −18250 310
Yb 70 23580# 340# 3020 150 2780 150 ∗ 4710 150 −24040# 340#
Lu 71 24790# 360# 1510# 280# 2920# 200# ∗ 10060# 200# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

153 Ba 56 2930# 570# 14630# 640# 30860# 400# 8520# 640# 6560# 570# −1830# 500#
La 57 4840# 420# 11740# 500# 24590# 300# 9590# 500# 8690# 300# −2240# 500#
Ce 58 4000# 280# 12910# 360# 17650# 200# 9110# 480# 6270# 200# 630# 200#
Pr 59 5882 22 9880# 200# 11799 12 10367 21 8142 17 389 12
Nd 60 5252 25 10861 19 5552.6 2.9 10160 12 5834 9 3163 12
Pm 61 7465 27 7787 26 666 10 11006 9 7896 9 3299 13
Sm 62 5868.40 0.13 8595 26 −3417 4 11537 5 5901 20 6766.3 0.7
Eu 63 8550.28 0.12 5893.5 0.7 −8355 5 11919.8 0.6 8547.9 0.6 5876 20
Gd 64 6246.96 0.13 7283.4 0.7 −12416 9 12481.0 0.7 6773 6 9814.8 0.6
Tb 65 8670 40 3895 4 −17341 13 13586 5 9314 7 9125 7
Dy 66 7097 6 5710 40 −21980# 200# 13191 6 6827 8 12267 7
Ho 67 9479 13 2183 7 −26640 150 14451 6 9162 6 11740 9
Er 68 8038 12 4151 15 −33170# 300# 13867 12 6343 17 14489 10
Tm 69 10320 60 761 12 ∗ 15004 20 8723 21 13620 19
Yb 70 8960# 250# 2730# 210# ∗ 14320# 200# 4200# 280# 16320# 200#
Lu 71 13030# 250# −606 10 ∗ 13880 340 5320# 340# 13760# 250#
Hf 72 ∗ 1170# 360# ∗ 13710# 420# 2340# 420# 17180# 420#

154 Ba 56 4520# 640# ∗ 32660# 500# 6920# 710# 6220# 710# ∗
La 57 3540# 420# 12350# 500# 26740# 300# 10790# 500# 8270# 500# −1600# 580#
Ce 58 5380# 280# 13450# 360# 20240# 200# 7780# 360# 5960# 480# −1630# 450#
Pr 59 4360 100 10240# 220# 13880 100 11830# 220# 8230 100 1100 450
Nd 60 6320.5 2.9 11300 12 8126.8 1.4 8889 19 6064 12 1292 18
Pm 61 5690 27 8225 25 1890 50 12590 40 7541 25 4159 28
Sm 62 7966.8 0.8 9097 9 −2062 7 9510 26 5795 5 4134.0 1.1
Eu 63 6442.22 0.24 6467.3 0.7 −7099 8 13735.4 0.7 7702.2 0.6 7294 5
Gd 64 8894.73 0.17 7627.9 0.7 −11101 5 9892.9 0.7 5810.8 0.7 6516.5 0.6
Tb 65 6910 50 4560 50 −15730 50 15260 50 8900 50 10140 50
Dy 66 9322 8 6369 8 −20462 19 11030 40 6094 8 9441 8
Ho 67 7699 10 2785 9 −24970# 200# 16189 9 8977 9 12631 9
Er 68 10210 10 4882 7 −29880# 300# 11710 13 5882 9 11794 6
Tm 69 8526 19 1249 17 ∗ 16784 17 8703 22 14842 17
Yb 70 10840# 200# 3248 21 ∗ 12500 60 5704 9 13981 24
Lu 71 9360# 250# −204 14 ∗ 17320# 250# 6740# 360# 16750# 200#
Hf 72 13500# 420# 1640# 340# ∗ 11400# 360# 2430# 420# 14460# 430#

155 La 57 4470# 500# 12300# 640# 29010# 400# 9250# 570# 8540# 570# −3150# 640#
Ce 58 3630# 360# 13540# 420# 22410# 300# 8990# 420# 6370# 420# −520# 500#
Pr 59 5630 100 10490# 200# 16403 17 10210# 200# 8430# 200# −480# 300#
Nd 60 4776 9 11710 100 9787 9 9996 15 6338 21 2340# 200#
Pm 61 6745 25 8649 5 4310 11 11101 5 8074 25 2464 19
Sm 62 5806.96 0.27 9214 25 −1035 10 11168 9 5927 26 5605 24
Eu 63 8151.3 0.4 6651.7 1.2 −5779 17 11452.5 0.8 7808.7 0.8 5083 26
Gd 64 6435.26 0.18 7620.9 0.8 −9861 6 12008.0 0.7 5682.3 0.7 8339.1 0.3
Tb 65 9170 50 4833 10 −14625 14 12343 10 8321 10 7284 10
Dy 66 6833 12 6290 50 −18653 19 12868 10 6430 40 11198 10
Ho 67 9472 19 2935 19 −23495 26 13814 18 8942 18 10320 40
Er 68 7676 8 4859 10 −27900# 300# 13514 8 6260 14 13555 7
Tm 69 10270 17 1310 11 −32640# 300# 14552 14 8738 13 12625 16
Yb 70 8642 24 3364 22 ∗ 14181 20 6080 60 15644 19
Lu 71 10950# 200# −98 8 ∗ 15330# 200# 8590 150 14820 60
Hf 72 9650# 420# 1930# 360# ∗ 14780# 340# 3980# 360# 17610# 340#
Ta 73 ∗ −1453 15 ∗ 14020# 420# ∗ 15080# 360#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

153 Ba 56 7670# 570# ∗ −5900# 500# 18440# 450# ∗ 4750# 500#
La 57 8890# 530# 26360# 580# −5190# 500# 15510# 300# −24220# 580# 4850# 360#
Ce 58 9830# 200# 24550# 450# −4500# 200# 12420# 200# −20590# 450# 780# 200#
Pr 59 10931 17 22840 440 −3770 200 9080 15 −19570# 300# 510 27
Nd 60 12529.8 3.0 20683 18 −3085 11 5229.7 2.9 −15640# 200# −4147 26
Pm 61 13404 10 18446 15 −2034 13 2719 9 −14179 21 −3956 9
Sm 62 14126.2 0.6 16194.8 0.7 −609.4 1.9 322.88 0.25 −9699 24 −7742.9 0.7
Eu 63 14857.00 0.16 14559 5 272.0 2.0 −2054 4 −9402 26 −6731.5 0.7
Gd 64 14836.7 2.9 12884.4 0.6 1828.0 0.7 −3740 4 −5408.94 0.22 −10240 40
Tb 65 15833 6 11238 4 2703 5 −6302 6 −5714 4 −9267 6
Dy 66 16533 5 9532 5 3559 4 −8677 10 −1725 4 −13610 13
Ho 67 17532 10 7966 6 4052 4 −11039 13 −1580 40 −12583 10
Er 68 18343 19 6292 10 4802.4 1.4 −13310# 200# 2362 10 −16820 50
Tm 69 19344 23 4928 15 5248.3 1.5 −15600 150 2343 16 −15770 150
Yb 70 21760# 360# 3470# 200# 4160# 200# −19860# 360# 6050# 200# −21810# 280#
Lu 71 24220# 340# 2180 150 3140# 250# ∗ 6060 140 ∗
Hf 72 ∗ 340# 430# 3610# 420# ∗ 11680# 340# ∗

154 Ba 56 7450# 640# ∗ −6360# 580# 19300# 540# ∗ 5070# 580#
La 57 8380# 420# 26980# 580# −5790# 500# 16330# 320# ∗ 5310# 360#
Ce 58 9380# 280# 25190# 450# −4760# 200# 13360# 200# −23040# 450# 1280# 200#
Pr 59 10240 100 23150# 320# −3970 100 10410 100 −19090# 320# 1400 100
Nd 60 11573 24 21180# 200# −3158 12 6876.0 1.7 −17960# 200# −3003 9
Pm 61 13150 40 19090 30 −2391 27 3472 25 −13987 28 −3778 25
Sm 62 13835.2 0.8 16884 24 −1200.5 1.1 1250.8 0.9 −12414 3 −7159.4 1.1
Eu 63 14992.50 0.27 15062 26 −566 20 −1580 50 −8379 9 −6926.7 0.7
Gd 64 15141.69 0.21 13521.32 0.27 920.1 0.7 −3312 7 −8435.3 0.3 −10464 4
Tb 65 15580 60 11850 50 2210 50 −5520 50 −4080 50 −9080 50
Dy 66 16419 9 10265 7 2945 5 −7789 9 −4800 7 −13453 9
Ho 67 17177 15 8500 40 4041 4 −10212 17 −615 9 −12244 12
Er 68 18247 10 7065 6 4279.7 2.6 −12673 18 −751 6 −16704 13
Tm 69 18850 60 5400 19 5093.8 2.6 −14760# 200# 3296 15 −15340# 200#
Yb 70 19800 150 4010 19 5474.3 1.7 −17200# 300# 3246 20 −19630 150
Lu 71 22390# 280# 2520# 210# 4400# 280# ∗ 7020# 200# −20440# 360#
Hf 72 ∗ 1040# 340# 3680# 420# ∗ 7140# 360# ∗

155 La 57 8010# 500# ∗ −6080# 640# 17490# 400# ∗ 6220# 450#
Ce 58 9010# 360# 25890# 500# −5270# 500# 14500# 300# −22150# 580# 2010# 320#
Pr 59 9989 21 23930# 300# −4530 440 11525 18 −21180# 300# 2093 17
Nd 60 11096 10 21950# 200# −3484 20 7907 9 −17350# 200# −2089 27
Pm 61 12435 10 19949 13 −2585 13 4878 5 −16370 100 −2556 5
Sm 62 13773.8 0.9 17439 3 −1672.9 1.1 1879.1 0.9 −11900.6 1.7 −6524.2 1.1
Eu 63 14593.5 0.5 15748 9 −857 5 −568 10 −10841 25 −6183.3 0.9
Gd 64 15329.99 0.25 14088.2 0.4 81.3 0.7 −2914 10 −6903.7 0.9 −9980 50
Tb 65 16079 11 12461 10 978 10 −5211 17 −6801 10 −8928 12
Dy 66 16155 10 10851 10 2608 10 −6947 11 −2739 10 −12588 13
Ho 67 17170 18 9304 18 3159 18 −9414 20 −3170 50 −11506 18
Er 68 17885 11 7644 7 4118 5 −11707 18 896 9 −15853 16
Tm 69 18796 16 6192 11 4572 5 −14081 22 724 13 −14765 20
Yb 70 19490# 200# 4614 19 5338.8 2.1 −16190# 300# 4813 17 −18910# 200#
Lu 71 20310 150 3150 23 5801.6 2.2 −18560# 300# 4593 16 −17890# 300#
Hf 72 23150# 420# 1730# 360# 4810# 430# ∗ 8330# 300# ∗
Ta 73 ∗ 190# 340# 3890# 420# ∗ 8390# 360# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

156 La 57 3190# 570# ∗ 31120# 400# 10580# 640# 8280# 570# ∗
Ce 58 5110# 420# 14180# 500# 24540# 300# 7420# 420# 6100# 420# −2700# 500#
Pr 59 4105 17 10960# 300# 18634 4 11480# 200# 8320# 200# 260# 300#
Nd 60 5990 9 12076 17 12333.2 1.6 8370 100 6230 12 350# 200#
Pm 61 5298 5 9172 9 5924 4 12123.6 1.6 8027.6 3.0 3048 12
Sm 62 7241 9 9710 10 1169 8 9617 26 6151 12 3616 9
Eu 63 6336 3 7181 4 −4540 40 13084 4 7341 3 6212 10
Gd 64 8536.35 0.07 8006.0 0.9 −8324 25 9913.8 0.8 5696.2 0.7 5671.1 0.4
Tb 65 6912 10 5310 4 −13257 15 14326 4 7656 4 8923 4
Dy 66 9445 10 6568 10 −17264 9 10340 50 5648 4 7999.96 0.27
Ho 67 7570 40 3670 40 −21840 70 15570 40 8470 40 11420 40
Er 68 10074 25 5460 30 −26390 150 11139 26 5664 25 10578 25
Tm 69 8280 17 1914 15 −30830# 300# 16481 15 8496 17 13824 15
Yb 70 10834 19 3929 14 ∗ 11872 17 5571 12 12848 12
Lu 71 9230 60 490 60 ∗ 16940 60 8320# 210# 15920 60
Hf 72 11580# 340# 2560 150 ∗ 12560# 250# 5420 9 14990# 250#
Ta 73 10080# 420# −1020 4 ∗ 17440# 420# 6160# 420# 18020# 340#

157 La 57 4090# 500# ∗ 33230# 300# ∗ 8710# 580# ∗
Ce 58 3180# 500# 14170# 570# 26750# 400# 8710# 570# 6460# 500# −1360# 640#
Pr 59 5057 3 10900# 300# 21024 5 10060# 300# 8650# 200# −1260# 300#
Nd 60 4363.3 2.5 12333.8 2.4 14329.8 2.3 9632 17 6230 100 1370# 200#
Pm 61 6202 7 9384 7 8467 7 10697 12 8147 7 1210 100
Sm 62 5388 10 9800 5 2747 7 10973 6 6453 25 4548 5
Eu 63 7448 5 7387 9 −2626 24 11443 4 7860 4 4454 25
Gd 64 6359.88 0.15 8030 3 −7410 27 11705.2 0.9 5778.5 0.8 7278.1 0.9
Tb 65 8744 4 5517.5 0.3 −12055 28 12017.3 0.3 7806.6 0.4 6620.9 0.8
Dy 66 6967 5 6623 6 −16005 12 12537 11 5600 50 9928 5
Ho 67 9370 50 3592 23 −20393 26 13034 25 8425 25 8970 50
Er 68 7270 40 5160 50 −24560# 200# 13340 30 6090 28 12627 28
Tm 69 9950 30 1790 40 −29110 150 14211 29 8760 28 11577 29
Yb 70 8226 14 3874 18 −33730# 400# 13917 15 5871 18 14831 12
Lu 71 10810 60 463 12 ∗ 14774 21 8356 21 13634 19
Hf 72 9110# 250# 2440# 210# ∗ 14400# 200# 5676 14 16720# 200#
Ta 73 11670# 340# −935 10 ∗ 15430# 340# 8000# 340# 15720# 250#
W 74 ∗ 980# 500# ∗ 15010# 500# ∗ 18690# 500#

158 Ce 58 4680# 570# 14760# 500# 28710# 400# 7220# 570# 6260# 570# ∗
Pr 59 3790# 300# 11510# 500# 23120# 300# 11380# 420# 8490# 420# −570# 500#
Nd 60 5412.3 2.5 12689 3 16854.8 1.6 8325.0 1.7 6444 17 −410# 300#
Pm 61 4880 7 9901.0 2.3 10364.7 1.3 11806.8 1.6 8042 9 1956 17
Sm 62 6646 6 10244 8 5155 5 9626 5 6552 7 2678 10
Eu 63 5883 5 7882 5 −1083 27 12801 9 7784.8 2.4 5316 5
Gd 64 7937.39 0.06 8520 4 −5386 25 10104 3 5992.4 0.9 5147.6 0.9
Tb 65 6778.4 1.0 5936.0 1.0 −10768 25 13775.3 1.0 7463.5 1.0 7993.9 1.3
Dy 66 9054 5 6932.3 2.4 −14398 8 10395 4 5707 10 7309.5 2.4
Ho 67 7430 40 4052 27 −18980 30 15053 27 7833 29 10709 29
Er 68 9960 40 5760 30 −23200 30 10950 50 5600 30 9499 27
Tm 69 8070 40 2580 40 −27590# 200# 16220 40 8370 26 12980 30
Yb 70 10661 13 4589 29 −32320# 300# 11536 16 5480 12 11846 10
Lu 71 8844 19 1081 19 ∗ 16764 18 8154 22 15060 18
Hf 72 11320# 200# 2952 21 ∗ 12310 60 5307 8 14047 24
Ta 73 9590# 250# −448 13 ∗ 17410# 250# 8060# 360# 17070# 200#
W 74 12070# 500# 1390# 340# ∗ 13020# 420# 5159 15 16260# 420#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

156 La 57 7660# 500# ∗ −6350# 640# 18400# 400# ∗ 6660# 500#
Ce 58 8740# 360# 26480# 580# −5640# 500# 15380# 300# ∗ 2520# 300#
Pr 59 9730 100 24500# 300# −4580# 300# 12717.5 1.6 −20810# 400# 2763 9
Nd 60 10765.2 1.7 22560# 200# −3650# 200# 9159 9 −19710# 300# −1333 5
Pm 61 12043 25 20890 100 −2834 19 5916 4 −16040 17 −2047.0 1.8
Sm 62 13048 9 18359 9 −1636 26 3175 8 −14366 13 −5614 8
Eu 63 14487 3 16394 25 −1253 26 8 5 −10432 6 −6084 3
Gd 64 14971.61 0.19 14657.7 0.9 −197.3 0.3 −2005.95 0.10 −9633.1 0.9 −9356 10
Tb 65 16080 50 12931 4 373 4 −4550 40 −5562 4 −9006 10
Dy 66 16278 7 11400.97 0.22 1753.0 0.3 −6318 25 −5748.06 0.12 −12561 17
Ho 67 17040 40 9960 60 2750 60 −8700 40 −1580 40 −11400 40
Er 68 17749 25 8396 26 3481 25 −10946 26 −2345 26 −15657 27
Tm 69 18550 20 6773 16 4345 7 −13130 60 1916 23 −14403 22
Yb 70 19476 20 5239 11 4810 4 −15450 150 1655 11 −18792 21
Lu 71 20180# 210# 3850 60 5596 3 −17700# 310# 5640 60 −17460# 310#
Hf 72 21230# 340# 2470 150 6026 3 ∗ 5390 150 −21900# 340#
Ta 73 ∗ 910# 360# 5000# 360# ∗ 9260# 300# ∗

157 La 57 7280# 500# ∗ ∗ 19370# 300# ∗ 7680# 420#
Ce 58 8290# 500# ∗ −5890# 570# 16560# 400# ∗ 3450# 400#
Pr 59 9162 17 25080# 400# −4800# 300# 13862 8 −22670# 400# 3696 3
Nd 60 10353 9 23290# 300# −4010# 200# 10184 5 −18960# 300# −398.6 2.4
Pm 61 11500 8 21460 19 −3154 14 7162 8 −18137 7 −1008 11
Sm 62 12629 5 18972 10 −1772 5 4146 5 −13764 5 −4666 6
Eu 63 13783 4 17097 6 −1236 10 1305 4 −12581 4 −4995 4
Gd 64 14896.23 0.16 15210.6 0.9 −688.8 0.4 −1399 5 −8752 8 −8804 4
Tb 65 15656 10 13523.5 0.9 178.7 0.8 −3931 23 −7970 3 −8305.8 0.3
Dy 66 16411 11 11932 5 1033 5 −6011 27 −4178 5 −11960 40
Ho 67 16936 29 10160 25 2056 24 −8120 40 −4031 24 −10690 30
Er 68 17347 27 8836 28 3305 27 −9994 29 −173 27 −14650 30
Tm 69 18226 30 7250 30 3878 28 −12270 30 −460 50 −13515 29
Yb 70 19060 20 5789 12 4622 6 −14570# 200# 3503 27 −17790 60
Lu 71 20037 23 4392 16 5107.9 2.9 −16840 150 3106 17 −16690 150
Hf 72 20690# 360# 2930# 200# 5880 3 −19170# 450# 7120# 200# −20930# 360#
Ta 73 21750# 340# 1630 150 6355 6 ∗ 6810 140 ∗
W 74 ∗ −40# 500# 5190# 500# ∗ 10840# 430# ∗

158 Ce 58 7860# 500# ∗ −6050# 640# 17300# 400# ∗ 3820# 400#
Pr 59 8840# 300# 25680# 500# −5050# 420# 14960# 300# −22370# 420# 4270# 300#
Nd 60 9775.6 1.8 23590# 300# −4040# 200# 11417 5 −21190# 400# 391 7
Pm 61 11081.9 1.5 22234.8 1.4 −3670 100 8164.3 2.2 −17960 3 −500 5
Sm 62 12034 10 19628 5 −2097 5 5438 5 −16047 5 −3864 6
Eu 63 13330 4 17681.6 2.4 −1429 25 2200.4 2.4 −12262 7 −4517.9 2.3
Gd 64 14297.27 0.16 15907 8 −659.3 0.9 −282.8 2.4 −11301 5 −7997.4 0.3
Tb 65 15523 4 13966 4 −157.4 1.2 −3283 27 −7301 4 −8118 5
Dy 66 16020.4 2.4 12449.8 2.4 874.3 2.4 −5103 25 −6872.2 2.4 −11646 24
Ho 67 16790 50 10674 27 1540 50 −7480 40 −2713 27 −10850 40
Er 68 17230 40 9352 25 2665 26 −9294 26 −3168 26 −14670 40
Tm 69 18011 29 7740 50 3511 27 −11491 29 840 30 −13355 27
Yb 70 18887 12 6376 26 4170 7 −13907 19 115 28 −17641 14
Lu 71 19660 60 4956 21 4790 5 −16090# 200# 4210 30 −16430# 200#
Hf 72 20430 150 3415 20 5404.8 2.7 −18410# 300# 4029 21 −20580 150
Ta 73 21260# 360# 2000# 210# 6124 4 ∗ 8030# 200# −19500# 450#
W 74 ∗ 450# 340# 6612.5 2.6 ∗ 7870# 360# ∗

030003-185



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

159 Ce 58 2870# 640# ∗ 30870# 500# 8440# 580# 6570# 640# ∗
Pr 59 4690# 500# 11520# 570# 25270# 400# 9870# 570# 8910# 500# −2070# 570#
Nd 60 3960 30 12860# 300# 18838 30 9422 30 6589 30 740# 300#
Pm 61 5520 10 10008 10 12978 10 10651 10 8512 10 541 10
Sm 62 5027 8 10391 6 6959 6 10800 9 6823 6 3641 6
Eu 63 6844 5 8081 6 1286 5 11345 6 8181 10 3770 4
Gd 64 5943.21 0.08 8580.4 2.3 −4001 4 11608 4 6385 3 6445 8
Tb 65 8133.0 0.6 6131.6 0.7 −8962 28 12002.1 0.7 7866.8 0.8 6197 3
Dy 66 6831.4 2.6 6985.3 1.3 −13334 18 12307.4 1.3 5788 4 9014.5 1.3
Ho 67 9214 27 4211 4 −17620 40 12806 6 8063.8 3.0 8408 5
Er 68 7329 25 5663 27 −21709 17 12983 24 5840 40 11615 4
Tm 69 9940 40 2560 40 −26130 30 13550 40 8510 40 10610 50
Yb 70 7895 19 4420 30 −30400# 300# 13590 30 5865 23 14020 30
Lu 71 10570 40 990 40 −34900# 310# 14420 40 8420 40 12770 40
Hf 72 8822 24 2929 23 ∗ 14298 21 5710 60 16059 19
Ta 73 11390# 200# −374 9 ∗ 15130# 200# 8240 150 14910 60
W 74 9810# 420# 1610# 360# ∗ 14870# 340# 5431 6 18030# 340#
Re 75 ∗ −1600# 50# ∗ 15600# 500# ∗ 16840# 430#

160 Pr 59 3500# 570# 12150# 640# 27290# 400# 11050# 570# 8600# 570# −1480# 500#
Nd 60 5070 60 13240# 400# 21220 50 8140# 300# 6570 50 −1150# 400#
Pm 61 4412 10 10460 30 14941.8 2.3 11651.3 2.4 8463.5 3.0 1187 4
Sm 62 6097 6 10968 10 9439.3 2.1 9583.8 2.1 6928 7 1907.3 2.9
Eu 63 5521 4 8575 6 2889 15 12469 5 8048 5 4450 7
Gd 64 7451.5 0.7 9188 4 −1878 24 10039.2 2.3 6381 4 4382 5
Tb 65 6375.21 0.13 6563.6 0.8 −7540 30 13564.3 0.8 7851.5 0.8 7269 4
Dy 66 8576.5 1.4 7428.8 1.1 −11509 6 10509.3 1.3 5955.5 1.0 6797.9 1.0
Ho 67 7124 15 4504 15 −16110 60 14736 15 7906 16 10028 15
Er 68 9574 25 6024 24 −20125 26 10830 40 5630 30 9007 25
Tm 69 7800 40 3030 30 −24480 60 15710 40 7980 40 12180 40
Yb 70 10401 18 4882 28 −28830 150 11251 26 5410 28 10897 27
Lu 71 8630 70 1730 60 −33390# 310# 16450 60 8010 60 14090 60
Hf 72 11157 19 3520 40 ∗ 11984 18 5365 12 13128 14
Ta 73 9460 60 260 60 ∗ 16990 60 7900# 210# 16260 60
W 74 11970# 340# 2180 150 ∗ 12500# 250# 5131 9 15170# 250#
Re 75 10150# 430# −1267 7 ∗ 17530# 420# 7680# 500# 18360# 340#

161 Pr 59 4360# 640# ∗ 29300# 500# 9560# 710# 8910# 640# ∗
Nd 60 3580# 400# 13320# 570# 23280# 400# 9250# 570# 6780# 500# −40# 570#
Pm 61 5263 9 10650 50 17375 9 10350 30 8613 9 −290# 300#
Sm 62 4510 7 11066 7 11383 7 10593 12 7298 7 2809 7
Eu 63 6369 10 8847 11 5405 11 11127 12 8324 11 2961 10
Gd 64 5635.4 1.0 9301.7 1.8 −305 9 11248 4 6628.4 2.5 5392 5
Tb 65 7696.6 0.5 6808.7 1.0 −5563 28 11810.9 0.9 8092.2 0.9 5455.1 2.4
Dy 66 6454.39 0.08 7508.0 1.1 −10221 15 12187.9 1.1 6279.4 1.3 8280.9 1.0
Ho 67 8885 15 4812.8 2.1 −14634 28 12681.7 2.5 8075 3 7921.0 2.4
Er 68 7208 26 6108 17 −18885 25 12839 9 5850 28 10852 9
Tm 69 9670 40 3120 40 −23120 40 13373 28 8270 40 9940 40
Yb 70 7742 16 4820 40 −27330# 200# 13450 30 5733 29 13116 29
Lu 71 10360 60 1688 28 −31720 150 13980 30 8311 29 11790 40
Hf 72 8448 25 3330 60 −36120# 400# 14100 40 5760 28 15340 25
Ta 73 11030 60 129 23 ∗ 14785 30 8190 30 14080 29
W 74 9250# 250# 1970# 210# ∗ 14640# 200# 5475 12 17240# 200#
Re 75 12040# 340# −1197 5 ∗ 15300# 340# 7710# 340# 15920# 250#
Os 76 ∗ 610# 500# ∗ 15320# 500# ∗ 19140# 500#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

159 Ce 58 7550# 640# ∗ ∗ 18380# 500# ∗ 4740# 580#
Pr 59 8480# 400# 26280# 500# −5260# 570# 15790# 400# ∗ 4990# 400#
Nd 60 9373 30 24370# 400# −4370# 300# 12480 30 −20470# 400# 1311 30
Pm 61 10400 12 22697 11 −3564 20 9489 11 −19690# 300# 626 11
Sm 62 11673 7 20292 6 −2349 11 6354 6 −15662 6 −3009 6
Eu 63 12727 4 18324 8 −1528 6 3489 4 −14226 4 −3425 4
Gd 64 13880.60 0.11 16462 5 −795.6 0.9 605.4 1.3 −10599 5 −7162.3 1.0
Tb 65 14911.4 0.8 14651 4 −139.2 1.1 −2203.0 2.9 −9551.1 2.3 −7196.7 2.4
Dy 66 15885 5 12921.3 1.3 478.2 1.3 −4606 3 −5766.2 1.3 −11051 27
Ho 67 16639 24 11143.7 3.0 1496 10 −6759 28 −5147.7 3.0 −10097 25
Er 68 17290 27 9714 6 2170 10 −8728 18 −1443 4 −13929 25
Tm 69 18000 40 8320 40 3040 30 −10860 50 −1670 40 −12632 29
Yb 70 18556 21 7000 30 3951 18 −12981 24 2180 30 −16693 23
Lu 71 19410 40 5580 50 4490 40 −15270 40 1710 50 −15680 40
Hf 72 20140# 200# 4011 20 5225.1 2.7 −17420# 300# 5868 19 −19810# 200#
Ta 73 20990 150 2577 23 5681 6 −19630# 310# 5484 17 −18820# 300#
W 74 21890# 500# 1160# 360# 6451 4 ∗ 9380# 300# ∗
Re 75 ∗ −210# 340# 6760# 60# ∗ 9020# 370# ∗

160 Pr 59 8190# 500# ∗ −5570# 570# 16700# 400# ∗ 5450# 400#
Nd 60 9030 50 24760# 400# −4330# 300# 13510 50 −22670# 500# 1760 50
Pm 61 9931.1 2.2 23320# 300# −3870.2 2.3 10598.8 2.2 −19410# 400# 1242 6
Sm 62 11124 5 20976.0 2.4 −2456.0 2.4 7708.9 2.3 −17798 30 −2261 5
Eu 63 12365.6 2.2 18965.2 1.3 −1751.5 1.5 4343.0 1.4 −14228 10 −3002.9 1.3
Gd 64 13394.7 0.7 17268 5 −1006 9 1730.4 1.1 −13023 6 −6480.8 1.0
Tb 65 14508.2 0.7 15144.0 2.3 −179 3 −1454 15 −9082 4 −6740.6 1.2
Dy 66 15407.9 2.3 13560.4 1.0 438.0 1.0 −3608 24 −8399.5 1.0 −10414 3
Ho 67 16340 30 11489 15 1284 15 −6080 40 −4139 15 −9893 15
Er 68 16900 30 10235 24 2040 24 −7901 25 −4186 24 −13570 40
Tm 69 17740 40 8690 40 2810 50 −10030 70 −260 30 −12540 40
Yb 70 18296 10 7437 26 3624 25 −12224 11 −891 7 −16530 40
Lu 71 19200 60 6140 60 4140 60 −14450 80 3010 60 −15490 60
Hf 72 19979 20 4507 12 4901.9 2.6 −16610 150 2606 20 −19571 22
Ta 73 20850# 210# 3190 60 5451 5 −18950# 310# 6600 70 −18460# 310#
W 74 21780# 340# 1800 150 6066 5 ∗ 6230 150 −22600# 340#
Re 75 ∗ 340# 360# 6698 4 ∗ 10270# 300# ∗

161 Pr 59 7860# 640# ∗ −5840# 580# 17600# 500# ∗ 6160# 500#
Nd 60 8650# 400# 25470# 640# −4730# 570# 14440# 400# ∗ 2590# 400#
Pm 61 9675 14 23900# 400# −4077 10 11705 14 −21180# 400# 2075 9
Sm 62 10607 9 21530 30 −2603 7 8834 7 −17240 50 −1250 7
Eu 63 11891 11 19815 14 −1919 13 5670 10 −16186 11 −1921 10
Gd 64 13086.9 1.2 17876 6 −1253 5 2549.4 1.5 −12561.9 2.5 −5741.0 1.4
Tb 65 14071.8 0.6 15996 4 −428 4 −265.5 2.4 −11257.3 1.5 −5860.7 1.2
Dy 66 15030.9 1.4 14071.6 1.0 343.5 1.0 −2854 9 −7402.4 1.1 −9744 15
Ho 67 16009 4 12241.7 2.3 1142.6 2.3 −5298 28 −6648.8 2.3 −9203 24
Er 68 16783 9 10612 9 1798 10 −7367 17 −2818 9 −12970 30
Tm 69 17470 40 9147 28 2510 40 −9340 40 −2810 30 −11807 28
Yb 70 18143 23 7851 16 3150 30 −11518 28 941 29 −15640 60
Lu 71 19000 50 6570 40 3720 40 −13780 40 450 40 −14695 30
Hf 72 19606 29 5060 29 4679 25 −15810# 200# 4558 24 −18560 60
Ta 73 20480 30 3650 40 5236 24 −17940 150 4200 60 −17520 150
W 74 21220# 360# 2230# 200# 5923 4 −20310# 450# 8140# 200# −21700# 360#
Re 75 22180# 340# 980 150 6328 7 ∗ 7690 140 ∗
Os 76 ∗ −660# 500# 7069 11 ∗ 11840# 430# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

162 Nd 60 4850# 570# 13810# 640# 25270# 400# 7900# 570# 6620# 570# −2020# 640#
Pm 61 4030# 300# 11100# 500# 19840# 300# 11400# 300# 8550# 300# 380# 500#
Sm 62 5778 8 11581 10 13802 4 9226 4 7039 11 990 30
Eu 63 5003 10 9340 7 7318 3 12221.0 2.4 8349 6 3478 10
Gd 64 6846 4 9778 11 2053 4 9924 4 6627 6 3574 7
Tb 65 6489.1 2.4 7662.4 2.5 −4402 26 12773.3 2.3 7546.4 2.3 5810 5
Dy 66 8196.99 0.06 8008.4 1.2 −8360 15 10366.1 1.1 6215.5 1.1 6027.1 1.0
Ho 67 6916 4 5274 3 −13210 80 14343 3 7991 3 9138 3
Er 68 9204 9 6426.9 2.2 −17166 9 10759 15 5859 3 8479.4 1.4
Tm 69 7650 40 3565 27 −21700 70 15300 40 7948 26 11499 26
Yb 70 10058 21 5210 30 −25822 23 11190 40 5610 30 10386 16
Lu 71 8340 80 2290 80 −30380# 210# 16040 80 7870 80 13390 80
Hf 72 10924 25 3895 29 −34670# 300# 11810 60 5400 40 12311 20
Ta 73 9070 70 750 70 ∗ 16870 60 7940 70 15570 70
W 74 11560# 200# 2510 30 ∗ 12540 60 5304 9 14500 24
Re 75 9680# 250# −765 11 ∗ 17590# 250# 7850# 360# 17630# 200#
Os 76 12380# 500# 950# 340# ∗ 13090# 420# 5170# 50# 16580# 420#

163 Nd 60 3140# 640# ∗ 27310# 500# 9120# 710# 6980# 640# ∗
Pm 61 4990# 500# 11240# 570# 21640# 400# 9980# 570# 8630# 400# −1110# 570#
Sm 62 4292 8 11850# 300# 15781 7 10198 12 7159 8 1770 50
Eu 63 5922.2 1.6 9484 4 9804.2 1.1 10809 7 8523.4 2.2 1967.2 2.2
Gd 64 5179 4 9954.6 1.5 3779 5 11114 10 6968.9 1.2 4491.0 2.1
Tb 65 6788 5 7604 6 −1867 7 11621 4 8210 4 4544 4
Dy 66 6271.01 0.05 7790.3 2.2 −7087 15 11791.7 1.2 6319.7 1.1 7207.6 1.1
Ho 67 8409 3 5485.83 0.05 −11587 28 12388.27 0.08 8158.45 0.11 7104.8 1.1
Er 68 6905 5 6416 6 −15898 26 12740 5 6079 16 10151 5
Tm 69 9322 27 3683 5 −20190 40 13184 10 8200 25 9300 16
Yb 70 7544 21 5110 30 −24390 60 13320 30 5870 40 12417 29
Lu 71 10030 80 2260 30 −28790 30 13750 30 8236 28 11160 40
Hf 72 8172 27 3730 80 −32930# 300# 14000 40 5860 60 14540 26
Ta 73 10820 70 660 40 −37220# 400# 14490 40 8270 40 13380 70
W 74 8980 60 2420 90 ∗ 14580 60 5780 80 16680 60
Re 75 11620# 200# −708 6 ∗ 15220# 200# 8190 150 15470 60
Os 76 9910# 420# 1170# 360# ∗ 15220# 340# 5406 10 18640# 340#
Ir 77 ∗ −1900# 500# ∗ 15600# 570# ∗ 17210# 500#

164 Pm 61 3470# 570# 11570# 640# 23750# 400# 11360# 570# 8730# 570# −220# 640#
Sm 62 5397 8 12260# 400# 18042 4 8830# 300# 7025 10 −50# 400#
Eu 63 4729.6 2.3 9922 8 11748.4 2.5 11858 4 8304 7 2501 9
Gd 64 6376.4 1.3 10408.8 1.3 6248.9 1.2 9740.1 1.7 6962 10 2625 7
Tb 65 5581 4 8005.4 2.0 −196 25 12887 4 8265.2 2.4 5333 11
Dy 66 7658.11 0.07 8661 4 −4955 15 10622.7 2.2 6358.2 1.2 5184.9 1.5
Ho 67 6673.8 1.4 5888.6 1.4 −10338 28 13911.5 1.4 7939.0 1.4 8127.7 1.7
Er 68 8846 5 6853.52 0.13 −14124 16 10809 3 6117.8 2.1 7759.32 0.15
Tm 69 7252 26 4031 25 −18630 40 15136 25 8156 26 10934 25
Yb 70 9790 21 5573 16 −22777 18 11180 30 5750 30 9836 17
Lu 71 7920 40 2640 30 −27170 60 15890 30 8060 30 12900 40
Hf 72 10620 30 4320 30 −31390 150 11720 80 5610 30 11662 22
Ta 73 8820 50 1300 40 −35800# 320# 16596 29 7900 40 14930 40
W 74 11400 60 2990 40 ∗ 12260 60 5407 23 13727 25
Re 75 9540 60 −150 80 ∗ 17240 60 7900# 210# 16950 60
Os 76 12160# 340# 1710 150 ∗ 12740# 250# 5282 6 15730# 250#
Ir 77 10240# 510# −1560# 100# ∗ 17730# 440# 7580# 510# 19010# 350#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

162 Nd 60 8430# 400# ∗ −4900# 570# 15370# 400# ∗ 3010# 400#
Pm 61 9290# 300# 24420# 500# −4320# 420# 12680# 300# −20840# 580# 2560# 300#
Sm 62 10289 4 22230 50 −2969 4 9902 5 −19440# 400# −659 11
Eu 63 11372.1 1.6 20406.2 2.4 −2041.7 1.6 7156.6 2.4 −15925 9 −1288.1 2.0
Gd 64 12481 4 18625 4 −1454 6 3900 4 −14898 8 −4890 4
Tb 65 14185.7 2.3 16964.0 2.2 −1034.0 2.9 161 4 −11377 11 −5895.4 2.2
Dy 66 14651.38 0.10 14817.1 1.1 83.9 1.0 −1846.96 0.30 −9964.0 1.5 −9056.2 2.1
Ho 67 15801 15 12782 3 1005 3 −4563 26 −5868 3 −8911 9
Er 68 16413 24 11239.7 0.3 1648.0 2.3 −6513 15 −5567.7 0.3 −12507 28
Tm 69 17320 40 9670 30 2280 40 −8650 80 −1570 26 −11710 30
Yb 70 17801 16 8335 29 3058 29 −10653 17 −1909 17 −15330 30
Lu 71 18700 90 7110 80 3450 80 −13050 100 1780 80 −14590 80
Hf 72 19372 13 5583 11 4416 5 −15169 20 1377 17 −18461 26
Ta 73 20100 80 4090 90 5010 60 −17330# 210# 5490 70 −17350# 210#
W 74 20810 150 2638 20 5678.3 2.4 −19500# 300# 5028 29 −21230 150
Re 75 21720# 360# 1210# 210# 6240 5 ∗ 9040# 200# −20330# 450#
Os 76 ∗ −250# 340# 6767.8 2.9 ∗ 8720# 360# ∗

163 Nd 60 7990# 640# ∗ −5160# 710# 16520# 500# ∗ 3890# 580#
Pm 61 9020# 400# 25050# 640# −4620# 570# 13610# 400# ∗ 3350# 400#
Sm 62 10070 10 22950# 400# −3300 30 10789 7 −18880# 400# 52 7
Eu 63 10925 10 21065 9 −2444 10 8022 4 −17820# 300# −364 4
Gd 64 12025.1 1.7 19294 7 −1606 6 4992.3 1.1 −14299 4 −3580.4 2.2
Tb 65 13277 4 17382 11 −977 6 1782 4 −13162 4 −4486 4
Dy 66 14468.00 0.08 15452.7 1.5 −243.9 1.0 −1213 5 −9389 4 −8412 3
Ho 67 15324.4 2.1 13494.2 1.2 729.6 1.1 −3650 5 −7787.5 2.2 −8115.1 0.3
Er 68 16109 10 11690 5 1575 5 −5874 16 −4275 5 −11761 26
Tm 69 16972 28 10110 6 2176 6 −7937 28 −3977 6 −10979 16
Yb 70 17602 21 8671 17 2842 16 −10025 30 −249 15 −14530 80
Lu 71 18370 40 7470 40 3350 40 −12260 50 −600 40 −13694 29
Hf 72 19100 30 6013 30 4140 30 −14360 60 3263 30 −17560 70
Ta 73 19900 50 4550 50 4749 5 −16530 40 3010 80 −16610 40
W 74 20540# 210# 3170 60 5520 60 −18570# 310# 6970 60 −20530# 210#
Re 75 21300 150 1800 30 6012 8 −20690# 400# 6490 60 −19570# 300#
Os 76 22280# 500# 410# 360# 6673 7 ∗ 10370# 300# ∗
Ir 77 ∗ −950# 430# 7070# 500# ∗ 9850# 450# ∗

164 Pm 61 8460# 500# ∗ −4590# 570# 14870# 400# ∗ 4170# 400#
Sm 62 9689 5 23490# 400# −3630 50 11768 4 −21140# 500# 577 4
Eu 63 10651.8 2.5 21770# 300# −2762.4 2.9 8872.8 2.8 −17560# 400# 85.1 2.2
Gd 64 11556 4 19893 4 −1885.4 2.2 6274.0 1.2 −16383 7 −3169 4
Tb 65 12368.1 2.8 17960.0 2.3 −1036.5 2.1 2875.5 2.3 −12820.1 2.1 −3795.4 2.0
Dy 66 13929.12 0.08 16265 4 −450.5 1.1 −25.08 0.11 −11868.0 1.1 −7660.94 0.07
Ho 67 15083 3 13678.9 2.5 431.0 1.7 −3072 25 −7674 4 −7884 5
Er 68 15751.0 0.3 12339.35 0.14 1304.94 0.17 −4930 15 −6850.69 0.13 −11285 5
Tm 69 16570 40 10446 25 2049 29 −7270 40 −2820 25 −10686 29
Yb 70 17334 21 9256 15 2627 29 −9194 22 −3134 16 −14290 30
Lu 71 17950 80 7740 40 3230 40 −11360 40 797 28 −13440 40
Hf 72 18793 18 6575 22 3920 17 −13583 19 187 22 −17360 40
Ta 73 19640 70 5030 80 4560 60 −15810 60 4220 40 −16450 60
W 74 20379 20 3645 13 5278.3 2.0 −17810 150 3745 27 −20305 21
Re 75 21160# 210# 2270 80 5926 5 −19990# 320# 7770 70 −19210# 310#
Os 76 22070# 340# 1000 150 6479 5 ∗ 7190 160 −23190# 430#
Ir 77 ∗ −390# 380# 6970# 100# ∗ 11230# 320# ∗

030003-189



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

165 Pm 61 4380# 640# ∗ 25920# 500# 10120# 710# 9200# 640# ∗
Sm 62 3660# 400# 12440# 570# 20100# 400# 10160# 570# 7390# 500# 1150# 570#
Eu 63 5568 6 10093 7 14169 5 10581 9 8514 6 960# 300#
Gd 64 4903.4 1.6 10582.6 2.4 7995.6 1.6 10758.8 1.6 7061.2 1.9 3500 4
Tb 65 6555.2 2.4 8184.1 1.8 2341.2 2.3 11510.5 1.7 8556 4 3780.5 2.0
Dy 66 5715.96 0.05 8796.3 2.0 −3317 27 11694 4 7131.3 2.2 6315 4
Ho 67 7988.8 1.1 6219.3 0.7 −8456 27 12193.6 0.7 8147.2 0.8 6627.9 2.2
Er 68 6650.1 0.6 6829.8 1.5 −12886 28 12567.5 0.6 6383 3 9306.2 0.6
Tm 69 9092 25 4276.4 1.5 −17082 14 12948 5 8268.2 1.5 8757 3
Yb 70 7350 30 5680 40 −21430 40 13144 27 6050 40 11685 27
Lu 71 9870 40 2720 30 −25780 40 13560 30 8240 30 10680 40
Hf 72 7890 30 4280 40 −29890# 200# 13870 40 6060 80 13830 30
Ta 73 10640 30 1318 20 −34250# 160# 14132 29 8185 16 12630 80
W 74 8697 28 2870 40 −38540# 400# 14380 50 5780 70 15954 27
Re 75 11260 60 −287 23 ∗ 14960 60 8204 29 14770 70
Os 76 9390# 250# 1560# 210# ∗ 14970# 200# 5570 10 17900# 200#
Ir 77 12180# 350# −1540# 50# ∗ 15450# 340# 7770# 340# 16500# 260#
Pt 78 ∗ 120# 510# ∗ 15700# 570# ∗ 19830# 500#

166 Sm 62 5010# 570# 13070# 640# 22130# 400# 8620# 570# 7370# 570# −720# 640#
Eu 63 4090# 100# 10530# 410# 16320# 100# 11890# 100# 8720# 100# 1860# 410#
Gd 64 5916.5 2.1 10931 5 10553.2 1.6 9572.0 2.6 7066.9 1.8 1875 8
Tb 65 5291.2 2.1 8572.0 2.0 4078 12 12595.7 1.8 8443.9 1.7 4411.4 1.7
Dy 66 7043.5 0.4 9284.6 1.7 −991 7 10231.3 2.0 6875 4 4450.5 1.1
Ho 67 6243.64 0.02 6747.0 0.8 −7049 30 13608.1 0.7 8174.6 0.7 7172 4
Er 68 8474.1 1.0 7315.1 0.8 −11065 28 10767.2 1.4 6317.9 0.7 7103.1 0.7
Tm 69 7028 12 4654 12 −15790 30 14767 12 8145 12 10138 12
Yb 70 9370 27 5953 7 −19706 12 11026 26 5999 9 9220 8
Lu 71 7650 40 3010 40 −24180 90 15700 30 8140 30 12350 30
Hf 72 10290 40 4710 40 −28430 30 11490 40 5800 40 11080 30
Ta 73 8320 30 1750 40 −32790# 200# 16430 30 8040 40 14340 40
W 74 11097 27 3329 17 −37110# 300# 12106 30 5510 40 13028 27
Re 75 9250 90 260 90 ∗ 17110 90 7940 110 16340 100
Os 76 11760# 200# 2061 30 ∗ 12750 60 5435 5 15120 60
Ir 77 9780# 260# −1152 8 ∗ 17830# 250# 7900# 360# 18340# 200#
Pt 78 12540# 500# 480# 340# ∗ 13410# 440# 5390# 500# 17200# 420#

167 Sm 62 2950# 640# ∗ 24580# 500# 10050# 710# 7890# 640# ∗
Eu 63 5090# 410# 10610# 570# 18510# 400# 10450# 570# 9020# 400# 240# 570#
Gd 64 4476 5 11320# 100# 12514 5 10664 7 7320 6 2796 7
Tb 65 6145.6 2.4 8801.1 2.5 6660.0 2.3 11353.5 2.3 8674.7 2.2 2995.5 2.8
Dy 66 5398 4 9392 4 678 6 11388 4 7058 4 5429 4
Ho 67 7280 5 6984 5 −4750 40 12044 5 8552 5 5472 6
Er 68 6436.43 0.18 7507.9 0.8 −9821 28 12319.6 0.8 6555.3 1.4 8324.8 0.7
Tm 69 8728 12 4907.9 1.2 −14192 28 12689.0 1.5 8263.5 1.4 8083.8 1.8
Yb 70 7068 8 5992 12 −18497 19 13051 4 6183 25 10999 4
Lu 71 9580 50 3220 40 −22690# 60# 13480 50 8350 40 10030 40
Hf 72 7680 40 4740 40 −26970 90 13690 40 6040 40 13190 30
Ta 73 10320 40 1780 40 −31280 30 14000 40 8330 30 11940 40
W 74 8277 21 3280 30 −35340# 310# 14465 23 6050 30 15372 24
Re 75 11070# 100# 240# 40# ∗ 14740# 50# 8270# 40# 14100# 50#
Os 76 9140 80 1950 120 ∗ 14870 80 5840 100 17380 80
Ir 77 11840# 200# −1070 4 ∗ 15390# 200# 8220 150 16050 60
Pt 78 10040# 430# 740# 370# ∗ 15550# 350# 5590# 120# 19320# 340#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

165 Pm 61 7850# 640# ∗ −4610# 710# 16060# 500# ∗ 5180# 500#
Sm 62 9050# 400# 24010# 640# −3710# 570# 13020# 400# ∗ 1650# 400#
Eu 63 10298 5 22350# 400# −3067 10 9860 5 −19660# 400# 893 5
Gd 64 11279.8 1.5 20504 7 −2279 7 7086.5 1.5 −15889 4 −2492.1 2.3
Tb 65 12136 4 18593.0 1.8 −1222 11 4309.2 1.7 −14645.7 2.6 −2692.5 1.7
Dy 66 13374.07 0.09 16801.6 1.1 −531.1 1.5 909.1 0.6 −11207.6 1.2 −6703.1 1.4
Ho 67 14662.6 0.7 14880 4 138.8 1.3 −1968.0 1.7 −10082.0 2.0 −7026.8 0.8
Er 68 15497 5 12718.4 0.6 1109.2 0.6 −4226 27 −5842.7 0.6 −10684 25
Tm 69 16344 6 11129.9 1.5 1841.4 2.6 −6488 27 −5238.5 2.0 −9989 15
Yb 70 17140 30 9706 27 2481 28 −8660 40 −1642 27 −13720 40
Lu 71 17790 40 8292 27 3030 40 −10594 30 −1820 40 −12700 30
Hf 72 18510 40 6920 30 3770 30 −12770 40 2090 30 −16420 40
Ta 73 19460 40 5630 30 4290 30 −15189 27 1510 30 −15684 17
W 74 20100 60 4170 40 5030 30 −17120# 200# 5670 30 −19460 60
Re 75 20800 30 2700 40 5694 6 −19060# 160# 5330 40 −18310 150
Os 76 21550# 360# 1420# 210# 6335 6 −21430# 450# 9200# 200# −22340# 370#
Ir 77 22430# 430# 170# 160# 6820# 50# ∗ 8590# 150# ∗
Pt 78 ∗ −1440# 500# 7453 14 ∗ 12820# 430# ∗

166 Sm 62 8670# 400# ∗ −3870# 570# 13920# 400# ∗ 2210# 400#
Eu 63 9660# 100# 22970# 410# −3130# 320# 11060# 100# −19370# 510# 1710# 100#
Gd 64 10819.9 1.9 21024 4 −2417 4 8213.5 1.8 −18150# 400# −1853.4 2.2
Tb 65 11846.4 2.4 19154.6 2.5 −1510.7 2.0 5261.6 1.7 −14369 5 −2267.8 1.6
Dy 66 12759.5 0.4 17468.7 1.3 −729 4 2339.7 0.8 −13347.7 1.5 −5757.8 0.9
Ho 67 14232.5 1.1 15543.3 2.0 384.3 2.2 −1184 12 −9770.5 1.7 −6620.3 1.0
Er 68 15124.2 0.7 13534.4 0.7 832.1 0.7 −3330 7 −8600.8 0.7 −10065.4 1.7
Tm 69 16120 28 11484 12 1729 12 −5870 30 −4277 12 −9662 29
Yb 70 16724 17 10229 7 2316 7 −7735 29 −4361 7 −13223 27
Lu 71 17520 40 8690 40 3030 40 −9920 40 −380 30 −12460 40
Hf 72 18180 30 7420 30 3540 30 −11972 30 −850 40 −16080 30
Ta 73 18960 40 6030 40 4310 80 −14260 90 3060 40 −15310 40
W 74 19795 14 4647 18 4856 4 −16456 20 2459 30 −19299 25
Re 75 20510 100 3130 90 5520 60 −18530# 220# 6720 90 −18160# 220#
Os 76 21150 150 1774 20 6143 3 −20650# 300# 6140 30 −21910# 160#
Ir 77 21970# 370# 410# 210# 6722 6 ∗ 10070# 200# −21060# 450#
Pt 78 ∗ −1060# 340# 7292 7 ∗ 9680# 360# ∗

167 Sm 62 7960# 640# ∗ −3680# 710# 15450# 500# ∗ 3350# 510#
Eu 63 9180# 400# 23680# 640# −3240# 570# 12110# 400# ∗ 2530# 400#
Gd 64 10393 5 21840# 400# −2601 9 9136 7 −17620# 400# −1038 5
Tb 65 11436.9 2.5 19732 6 −1734.2 2.1 6396 6 −16420# 100# −1369.9 2.1
Dy 66 12442 4 17964 4 −948 4 3378 4 −12829 4 −4912 4
Ho 67 13524 5 16269 5 −109 7 264 5 −11760 5 −5427 5
Er 68 14910.5 0.9 14254.9 0.7 666.7 0.7 −2699 4 −7993.8 0.8 −9474 12
Tm 69 15755.7 1.9 12223.0 1.4 1410.0 1.4 −5020 40 −6761.7 1.4 −9021 7
Yb 70 16437 27 10646 4 2153 6 −7122 28 −2955 4 −12640 30
Lu 71 17230 50 9170 40 2780 40 −9180 50 −2930 40 −11740 50
Hf 72 17970 40 7750 40 3400 30 −11370 30 837 29 −15440 40
Ta 73 18650 30 6490 40 4020 40 −13520# 50# 380 40 −14535 30
W 74 19370 30 5040 30 4751 30 −15590 80 4480 30 −18330 90
Re 75 20320# 50# 3560# 40# 5276# 13# −17760# 40# 3980# 50# −17470# 40#
Os 76 20900# 220# 2220 80 5980 60 −19750# 320# 8100 80 −21270# 220#
Ir 77 21620# 160# 991 30 6504.9 2.6 ∗ 7480 90 −20360# 300#
Pt 78 22580# 500# −420# 370# 7160 60 ∗ 11390# 310# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

168 Sm 62 4380# 580# ∗ 26920# 330# ∗ 7890# 580# ∗
Eu 63 3550# 570# 11210# 640# 20810# 400# 11910# 570# 9120# 570# 1070# 640#
Gd 64 5450# 300# 11670# 500# 14840# 300# 9310# 320# 7440# 300# 1010# 500#
Tb 65 4969 5 9294 7 8531 5 12301 4 8609 4 3594 7
Dy 66 6720 140 9960 140 3020 140 9960 140 6890 140 3610 140
Ho 67 5850 30 7440 30 −2990 50 13240 30 8420 30 6180 30
Er 68 7771.29 0.12 7999 5 −7629 28 10791.9 0.8 6772.8 0.8 6269.5 0.7
Tm 69 6840.6 1.8 5312.1 1.7 −12918 28 14322.6 1.7 8073.0 1.9 9232.0 1.8
Yb 70 9061 4 6325.7 1.3 −16687 13 11017 12 6214.2 1.7 8587.9 0.9
Lu 71 7620 50 3770 40 −21280 50 15230 40 8090 50 11500 40
Hf 72 9960 40 5120 50 −25366 30 11370 40 5950 40 10580 40
Ta 73 8110 40 2220 40 −29730 60 16180 40 8110 40 13690 40
W 74 10871 23 3830 30 −33880 150 11920 30 5819 18 12390 30
Re 75 9030# 50# 990 40 −38330# 400# 16800 30 7930 40 15700 30
Os 76 11570 80 2450# 40# ∗ 12550 90 5528 22 14513 28
Ir 77 9670 60 −540 100 ∗ 17480 60 7940# 210# 17640 60
Pt 78 12330# 340# 1230 150 ∗ 13010# 250# 5450# 50# 16380# 250#
Au 79 ∗ −1990# 500# ∗ 18020# 500# 7710# 570# 19770# 430#

169 Eu 63 4480# 640# 11310# 580# 23140# 500# 10380# 710# 9650# 640# ∗
Gd 64 3810# 500# 11930# 570# 17030# 400# 10590# 570# 7720# 410# 2210# 570#
Tb 65 5770# 300# 9620# 420# 10790# 300# 11010# 300# 8760# 300# 1920# 320#
Dy 66 5110 330 10100 300 4780 300 11000 300 7080 300 4420 300
Ho 67 6810 40 7530 140 −713 20 11826 20 8653 20 4659 20
Er 68 6003.25 0.15 8150 30 −6204 28 12069 5 7013.2 0.8 7309.7 0.8
Tm 69 8033.6 1.5 5574.4 0.8 −10984 28 12725.4 0.8 8513.5 0.8 7442.1 1.0
Yb 70 6866.98 0.15 6352.1 1.7 −15458 15 12878.4 1.3 6375 12 10195.0 0.4
Lu 71 9080 40 3792 3 −19673 12 13218 5 8375 8 9450 12
Hf 72 7430 40 4930 50 −23990 40 13520 50 6170 40 12523 29
Ta 73 9970 40 2220 40 −28200 40 13890 40 8430 40 11380 40
W 74 8096 20 3810 30 −32450# 200# 14140 30 6040 30 14590 30
Re 75 10690 30 805 16 −36620# 300# 14395 22 8342 15 13330 30
Os 76 8799 28 2220 40 ∗ 14820# 50# 5980 90 16811 28
Ir 77 11500 60 −613 22 ∗ 15120 80 8202 29 15390 90
Pt 78 9530# 250# 1090# 210# ∗ 15320# 200# 5706 9 18610# 200#
Au 79 12390# 500# −1930# 330# ∗ 15680# 430# 7860# 420# 17160# 360#

170 Eu 63 3270# 710# ∗ 25380# 500# 11490# 580# 9330# 710# ∗
Gd 64 5030# 640# 12480# 710# 19260# 500# 9110# 640# 7780# 640# 130# 710#
Tb 65 4300# 420# 10110# 500# 13090# 300# 12150# 420# 8930# 300# 2710# 500#
Dy 66 6190# 360# 10520# 360# 7050# 200# 9780# 200# 7040# 200# 2710# 200#
Ho 67 5510 50 7930 300 1070 50 13030 150 8540 50 5290 50
Er 68 7257.7 1.4 8600 20 −3854 28 10660 30 7036 5 5450 4
Tm 69 6591.98 0.17 6163.1 0.8 −9658 28 13904.7 0.8 8358.0 0.8 8131 5
Yb 70 8459.72 0.18 6778.2 0.7 −13473 13 11259.3 1.7 6643.2 1.3 8171.73 0.29
Lu 71 7295 17 4220 17 −18402 20 14984 17 8148 17 10883 17
Hf 72 9610 40 5460 28 −22328 30 11530 50 6140 50 9982 28
Ta 73 7920 40 2710 40 −26960# 110# 15930 40 8190 40 13040 50
W 74 10444 20 4290 30 −30992 23 11810 30 5920 30 11820 30
Re 75 8566 16 1275 19 −35200# 200# 16700 18 8053 22 15090 30
Os 76 11274 28 2805 15 −39340# 300# 12580 30 5770# 40# 13814 21
Ir 77 9160# 100# −250# 110# ∗ 17520# 100# 8180# 130# 17300# 110#
Pt 78 11910# 200# 1495 30 ∗ 13080 60 5637 4 15850 80
Au 79 9990# 360# −1472 12 ∗ 18020# 250# 7910# 370# 19020# 200#
Hg 80 ∗ 90# 420# ∗ 13600# 500# ∗ 17820# 430#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

168 Sm 62 7330# 500# ∗ ∗ 16510# 420# ∗ 4060# 500#
Eu 63 8640# 410# ∗ −3320# 570# 13530# 400# ∗ 3450# 400#
Gd 64 9920# 300# 22280# 500# −2650# 300# 10410# 330# −20110# 580# −340# 300#
Tb 65 11115 4 20610# 100# −1974 5 7280 30 −16300# 400# −941 6
Dy 66 12120 140 18770 140 −1290 140 4430 140 −15070 140 −4350 140
Ho 67 13130 30 16830 30 −380 30 1250 30 −11470 30 −4840 30
Er 68 14207.72 0.21 14982.7 0.8 553.5 0.7 −1409.36 0.25 −10367 4 −8517.4 1.3
Tm 69 15569 12 12820.0 1.8 1243.2 2.1 −4240 40 −6322 6 −8794 4
Yb 70 16129 7 11233.7 0.3 1937.8 0.7 −6219 28 −5579.58 0.27 −12120 40
Lu 71 17190 50 9760 40 2410 50 −8680 50 −1820 40 −11680 50
Hf 72 17640 40 8345 29 3230 30 −10470 30 −2060 28 −15080 40
Ta 73 18440 40 6950 40 3820 40 −12600 40 1840 50 −14370 30
W 74 19148 16 5610 30 4501 11 −14898 17 1290 30 −18130# 40#
Re 75 20100 90 4280 40 5063 13 −17130 60 5270 40 −17370 90
Os 76 20706 21 2685 14 5815.6 2.7 −18980 150 4809 21 −20994 21
Ir 77 21500# 210# 1410 100 6381 9 −21200# 400# 8880# 70# −19980# 310#
Pt 78 22370# 340# 160 150 6990 3 ∗ 8200 170 ∗
Au 79 ∗ −1260# 450# 7590# 510# ∗ 12310# 400# ∗

169 Eu 63 8030# 640# ∗ −3420# 710# 14820# 580# ∗ 4420# 580#
Gd 64 9260# 400# 23140# 640# −2810# 570# 11710# 500# −19540# 500# 820# 400#
Tb 65 10740# 300# 21290# 500# −2180# 300# 8320# 300# −18520# 500# 10# 330#
Dy 66 11830 300 19400 300 −1500 300 5330 300 −14740# 430# −3610 300
Ho 67 12659 21 17491 20 −632 20 2479 20 −13304 20 −3878 20
Er 68 13774.54 0.19 15588 4 266.2 0.7 −545.6 0.3 −9650 140 −7680.1 1.7
Tm 69 14874.2 1.0 13573 5 1198.4 1.0 −3192 3 −8500 30 −7766.1 0.7
Yb 70 15928 4 11664.2 0.3 1720.9 0.9 −5659 28 −4675.27 0.29 −11370 40
Lu 71 16700 40 10117 3 2423 3 −7792 28 −4059 3 −10793 28
Hf 72 17390 40 8705 28 3150 40 −9800 30 −426 28 −14390 40
Ta 73 18080 40 7340 50 3730 40 −11880 30 −510 50 −13470 30
W 74 18967 24 6030 30 4290 30 −14190 30 3150 30 −17190 30
Re 75 19720# 40# 4640 30 5014 13 −16316 26 2700 30 −16486 15
Os 76 20370 80 3210 30 5713 3 −18260# 200# 6881 29 −20130 60
Ir 77 21164 30 1840# 50# 6141 4 −20310# 300# 6410 40 −19150 150
Pt 78 21850# 370# 540# 220# 6858 5 ∗ 10240# 200# −23070# 450#
Au 79 ∗ −710# 300# 7380# 340# ∗ 9590# 300# ∗

170 Eu 63 7750# 640# ∗ ∗ 15850# 580# ∗ 4960# 640#
Gd 64 8840# 580# 23790# 580# −2830# 640# 12860# 540# ∗ 1560# 580#
Tb 65 10070# 300# 22040# 500# −2390# 320# 9530# 300# −18340# 580# 820# 430#
Dy 66 11290# 240# 20140# 360# −1760# 200# 6400# 200# −17110# 450# −2990# 200#
Ho 67 12320 60 18030 50 −850 50 3560 50 −13050# 300# −3390 50
Er 68 13260.9 1.4 16130 140 52.0 1.6 656.4 1.4 −11800 300 −6904.2 1.8
Tm 69 14625.6 1.5 14310 30 850.1 1.0 −2489 17 −8288 20 −7491.1 0.8
Yb 70 15326.70 0.09 12352.64 0.26 1735.3 0.3 −4510 28 −7131.7 0.3 −10753 3
Lu 71 16380 40 10572 17 2155 20 −7170 30 −3321 17 −10660 30
Hf 72 17040 40 9252 28 2915 29 −8960 30 −3167 28 −14030 40
Ta 73 17890 40 7640 50 3460 40 −11230 30 656 28 −13290 30
W 74 18541 19 6510 30 4140 30 −13365 16 140 30 −16953 17
Re 75 19250 30 5090 30 4770 30 −15720# 100# 4100 30 −16252 28
Os 76 20073 14 3611 16 5536.9 2.7 −17626 21 3703 18 −19904 25
Ir 77 20660# 120# 1970# 110# 6230# 50# −19480# 230# 7940# 100# −18790# 230#
Pt 78 21430 150 882 21 6707 3 −21720# 300# 7130 30 −22580# 300#
Au 79 22380# 450# −390# 210# 7177 15 ∗ 11100# 200# ∗
Hg 80 ∗ −1850# 340# 7770 30 ∗ 10590# 360# ∗

030003-193



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

171 Gd 64 3430# 710# 12640# 710# 21510# 500# 10160# 710# 7900# 640# 1080# 580#
Tb 65 5130# 500# 10210# 640# 15440# 400# 10830# 570# 9240# 500# 1130# 570#
Dy 66 4370# 280# 10590# 360# 9300# 200# 11180# 360# 7640# 200# 3790# 360#
Ho 67 6350 600 8100# 630# 3310 600 11790 670 8900 620 3910 600
Er 68 5681.6 0.3 8770 50 −2286 29 11789 20 7210 30 6490 140
Tm 69 7486.3 1.2 6391.7 1.1 −7490 28 12421.7 1.0 8643.0 1.0 6500 30
Yb 70 6614.21 0.01 6800.5 0.7 −12221 28 12678.6 0.7 6869.6 1.7 9328.82 0.26
Lu 71 8594 17 4353.5 1.9 −16578 28 13257.9 1.9 8615.5 1.9 9130.3 2.5
Hf 72 7250 40 5410 30 −21130 30 13362 29 6510 50 11795 29
Ta 73 9650 40 2760 40 −25310 50 13710 40 8500 40 11000 50
W 74 7870 30 4240 40 −29620 90 13920 40 6170 40 13920 40
Re 75 10420 30 1250 30 −33690 30 14380 30 8510 30 12790 40
Os 76 8443 21 2682 22 −37640# 310# 14823 21 6360 40 16242 23
Ir 77 11300# 110# −220 40 ∗ 15020 50 8450 40 15030 50
Pt 78 9240 80 1570# 130# ∗ 15340 80 6060 100 18170 80
Au 79 11930# 200# −1448 10 ∗ 15610# 200# 8310 150 16750 60
Hg 80 10150# 430# 250# 370# ∗ 15840# 430# 5670# 500# 20000# 340#

172 Gd 64 4830# 580# ∗ 23510# 300# 8600# 580# 7550# 580# ∗
Tb 65 3990# 640# 10770# 710# 17680# 500# 11870# 710# 9060# 640# 1620# 710#
Dy 66 5820# 360# 11280# 500# 11500# 300# 9660# 420# 7590# 420# 1780# 500#
Ho 67 5040# 630# 8760# 280# 5250# 200# 12940# 280# 8980# 360# 4640# 360#
Er 68 6836 4 9250 600 −80 25 10470 50 7177 20 4760 300
Tm 69 6235 5 6945 5 −6044 28 13445 5 8412 5 7069 21
Yb 70 8019.96 0.02 7334.2 1.0 −10158 28 11250.7 0.7 6883.3 0.7 7312.1 0.3
Lu 71 6978.9 2.6 4718.2 2.3 −15170 40 14738.7 2.3 8503.5 2.3 10185.0 2.4
Hf 72 9040 40 5863 24 −19159 28 11615 30 6544 25 9620 24
Ta 73 7680 40 3190 40 −23950 40 15630 40 8250 40 12399 28
W 74 10080 40 4670 40 −27991 30 11750 40 6060 40 11270 40
Re 75 8390 50 1770 50 −32250 70 16430 40 8220 40 14370 50
Os 76 11018 22 3280 30 −36180 150 12371 17 6030 15 13321 20
Ir 77 9040 50 370 40 ∗ 17260 30 8210 40 16680 30
Pt 78 11710 80 1980 40 ∗ 12790# 100# 5851 22 15263 28
Au 79 9830 60 −860 100 ∗ 17690 60 8010# 210# 18420 60
Hg 80 12470# 340# 790 150 ∗ 13350# 250# 5590# 330# 17050# 250#

173 Tb 65 4890# 710# 10830# 580# 19750# 500# 10410# 710# 9200# 710# −0# 710#
Dy 66 4050# 500# 11340# 640# 13810# 400# 10740# 570# 7830# 500# 2760# 640#
Ho 67 5940# 360# 8880# 420# 7530# 300# 11370# 360# 9220# 360# 3010# 420#
Er 68 5240# 200# 9460# 280# 1760# 200# 11580# 630# 7450# 200# 5700# 280#
Tm 69 6954 7 7062 6 −3860 28 12173 5 8716 5 5630 50
Yb 70 6367.10 0.01 7467 5 −8824 28 12369.8 1.0 7108.1 0.7 8202.7 1.4
Lu 71 8216.3 2.2 4914.5 1.6 −13327 28 13136.6 1.6 8747.0 1.6 8560.7 1.7
Hf 72 7080 40 5965 28 −17970 30 13127 28 6760 30 10999 28
Ta 73 9140 40 3280 40 −22128 30 13750 40 8720 40 10560 30
W 74 7700 40 4690 40 −26790 70 13700 40 6270 40 13170 40
Re 75 10060 50 1750 40 −30720 40 14240 40 8600 30 12230 40
Os 76 8266 20 3160 40 −34780# 200# 14520 30 6330 19 15499 20
Ir 77 10960 30 314 15 ∗ 14740 21 8521 14 14282 16
Pt 78 8900 60 1850 70 ∗ 15190 70 6110# 120# 17640 60
Au 79 11590 60 −986 21 ∗ 15350 80 8331 29 16000# 100#
Hg 80 9670# 250# 630# 210# ∗ 15610# 200# 5906 13 19290# 200#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

171 Gd 64 8460# 640# ∗ −3310# 710# 13800# 540# ∗ 2430# 580#
Tb 65 9430# 500# 22690# 640# −2430# 570# 10750# 720# −20200# 640# 1870# 450#
Dy 66 10560# 360# 20700# 450# −1660# 200# 7710# 200# −16450# 540# −1840# 210#
Ho 67 11860 600 18620# 670# −1060 600 4690 600 −15100# 670# −2480 600
Er 68 12939.3 1.4 16700 300 −231 4 1589.0 1.4 −11300# 200# −5993.8 1.8
Tm 69 14078.3 1.2 14992 20 644 5 −1381.8 2.1 −10260 50 −6517.7 1.0
Yb 70 15073.93 0.18 12963.6 0.3 1557.52 0.29 −3875 29 −6488.3 1.4 −10072 17
Lu 71 15889 4 11131.8 2.0 2289.7 2.2 −6108 28 −5322.1 2.0 −9646 28
Hf 72 16860 40 9634 29 2734 29 −8350 40 −1956 29 −13360 40
Ta 73 17570 40 8216 28 3380 50 −10470 40 −1700 30 −12500 30
W 74 18310 30 6950 40 3960 40 −12790 30 1880 40 −16250 30
Re 75 18980 30 5540 40 4680 40 −14840 50 1600 40 −15396 30
Os 76 19720 30 3957 24 5371 4 −16830 80 5705 23 −19190# 100#
Ir 77 20460 40 2580 40 5997# 12# −18850 40 5200 40 −18180 40
Pt 78 21150# 220# 1320 90 6607 3 −20810# 320# 9170 80 −21840# 220#
Au 79 21920# 300# 50 30 7085 11 ∗ 8330# 100# −21050# 300#
Hg 80 ∗ −1230# 370# 7668 15 ∗ 12350# 310# ∗

172 Gd 64 8260# 580# ∗ −3760# 420# 14790# 420# ∗ 2730# 500#
Tb 65 9120# 580# 23410# 710# −2870# 640# 11790# 540# ∗ 2250# 540#
Dy 66 10190# 360# 21490# 580# −2040# 420# 8720# 300# −18840# 580# −1310# 670#
Ho 67 11390# 200# 19350# 360# −1130# 200# 5890# 200# −15000# 450# −1840# 200#
Er 68 12518 4 17350# 200# −350 140 2773 4 −13760# 200# −5344 4
Tm 69 13721 6 15710 50 260 30 −637 6 −10140 600 −6138 5
Yb 70 14634.16 0.01 13725.9 1.4 1308.86 0.26 −2853 24 −8826.6 1.4 −9498.3 1.9
Lu 71 15572 17 11518.7 2.4 2151.4 2.9 −5406 28 −4814.8 2.5 −9376 29
Hf 72 16290 40 10216 24 2753 24 −7310 40 −4384 24 −12750 40
Ta 73 17330 40 8600 30 3320 50 −9760 50 −790 28 −12320 40
W 74 17950 30 7420 40 3840 40 −11850 30 −950 40 −15920 40
Re 75 18810 40 6010 50 4400 50 −14190 50 2860 50 −15340 40
Os 76 19461 16 4531 18 5224 7 −16137 16 2550 30 −18900 40
Ir 77 20340# 110# 3050 30 5991 10 −18060 60 6580 40 −17980 90
Pt 78 20950 21 1759 14 6463 4 −20050 150 5902 21 −21616 23
Au 79 21760# 210# 710# 120# 6923 10 ∗ 9810 70 −20730# 310#
Hg 80 22620# 340# −660 150 7524 6 ∗ 9120 170 ∗

173 Tb 65 8880# 640# ∗ −3270# 710# 12840# 580# ∗ 3180# 580#
Dy 66 9870# 450# 22110# 640# −2280# 570# 9910# 450# −18060# 500# −330# 450#
Ho 67 10980# 670# 20160# 500# −1300# 420# 6910# 300# −16950# 580# −940# 300#
Er 68 12080# 200# 18220# 280# −480# 360# 3900# 200# −13180# 360# −4350# 200#
Tm 69 13188 5 16320 600 115 21 625 5 −12060# 200# −5072 4
Yb 70 14387.05 0.01 14411.4 1.4 945.0 0.3 −2139 28 −8358 4 −8886.5 2.3
Lu 71 15195.2 2.0 12248.7 1.8 1968.7 1.7 −4484 28 −6796 6 −8550 24
Hf 72 16120 40 10683 28 2539 28 −6680 40 −3445 28 −12150 40
Ta 73 16820 40 9146 28 3261 28 −8840 40 −2949 28 −11370 40
W 74 17780 40 7870 40 3560 40 −11290 30 390 40 −15230 50
Re 75 18450 40 6410 40 4310 40 −13285 30 490 40 −14380 30
Os 76 19284 24 4930 30 5055 6 −15500 70 4370 30 −18130 40
Ir 77 20000 40 3596 30 5716 9 −17436 25 4010 40 −17233 15
Pt 78 20610 100 2220 70 6360 60 −19280# 210# 8020 60 −20690 80
Au 79 21410 30 1000 40 6836 5 ∗ 7260 40 −19840 150
Hg 80 22140# 370# −230# 220# 7378 4 ∗ 11160# 200# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

174 Tb 65 3530# 710# ∗ 21900# 500# 11710# 580# 9100# 710# ∗
Dy 66 5460# 640# 11910# 710# 15810# 500# 9270# 710# 7500# 640# 730# 710#
Ho 67 4590# 420# 9420# 500# 9700# 300# 12600# 420# 9010# 360# 3550# 500#
Er 68 6370# 360# 9890# 420# 3900# 300# 10250# 360# 7430# 670# 3710# 360#
Tm 69 5680 40 7500# 200# −2120 50 13330 40 8720 40 6300 600
Yb 70 7464.60 0.01 7977 4 −6717 28 11140 5 7129.8 1.0 6419.7 1.4
Lu 71 6760.6 1.4 5308.0 1.6 −11897 28 14396.0 1.6 8600.6 1.6 9286.4 1.8
Hf 72 8504 28 6252.5 2.2 −15849 10 11602.3 2.8 6847.9 2.6 9108.6 2.3
Ta 73 7420 40 3620 40 −20950 30 15370 40 8550 40 11734 28
W 74 9570 40 5120 40 −24909 30 11810 40 6360 40 10850 40
Re 75 8190 40 2230 40 −29620# 110# 16130 40 8280 40 13690 40
Os 76 10628 18 3730 30 −33354 22 12280 40 6119 30 12737 30
Ir 77 8589 15 637 19 ∗ 17169 17 8375 21 16110 30
Pt 78 11450 60 2338 15 ∗ 12770 30 5960 40 14626 21
Au 79 9300# 100# −590# 120# ∗ 17760# 100# 8270# 130# 18000# 110#
Hg 80 12050# 200# 1098 30 ∗ 13390 60 5785 11 16470 80

175 Dy 66 3670# 710# 12050# 710# 17970# 500# 10490# 710# 7820# 710# 1890# 580#
Ho 67 5500# 500# 9460# 640# 11870# 400# 11150# 570# 9320# 500# 2040# 640#
Er 68 4770# 500# 10070# 500# 5830# 400# 11410# 500# 7700# 450# 4750# 500#
Tm 69 6520 70 7650# 300# 100 60 12050# 200# 9040 50 4820# 200#
Yb 70 5822.35 0.07 8120 40 −5063 28 12271 4 7542 5 7433 4
Lu 71 7666.7 1.0 5510.1 1.2 −9877 28 13096.4 1.2 8953.8 1.2 7854 6
Hf 72 6708.5 0.4 6200.4 2.2 −14376 12 13110.1 2.2 7118.4 2.8 10420.1 2.3
Ta 73 8740 40 3853 28 −19010 30 13710 40 8860 40 9974 28
W 74 7480 40 5180 40 −23920 30 13470 40 6560 40 12420 40
Re 75 9690 40 2350 40 −27880 50 14150 40 8670 40 11690 40
Os 76 8181 16 3720 30 −32140 80 14160 30 6330 40 14640 30
Ir 77 10680 17 688 16 ∗ 14755 19 8713 18 13820 40
Pt 78 8462 21 2212 22 ∗ 15271 21 6530 40 17181 23
Au 79 11420# 110# −620 40 ∗ 15240 70 8570 40 15620 50
Hg 80 9400 80 1200# 130# ∗ 15570 80 6210 100 18780 80

176 Dy 66 4950# 710# ∗ 19880# 500# 9070# 710# 7760# 710# ∗
Ho 67 4160# 640# 9950# 710# 13990# 500# 12450# 710# 9210# 640# 2770# 710#
Er 68 6050# 570# 10620# 570# 7950# 400# 9950# 500# 7580# 500# 2760# 570#
Tm 69 5130 110 8010# 410# 1990 100 13290# 310# 9150# 220# 5630# 310#
Yb 70 6867.08 0.07 8470 50 −2850 28 11080 40 7629 4 5810# 200#
Lu 71 6287.97 0.15 5975.7 1.2 −8319 28 14273.0 1.2 9033.0 1.2 8520 5
Hf 72 8166.0 1.8 6699.7 0.9 −12445 11 11704.7 1.3 7168.6 1.3 8621.2 1.5
Ta 73 7030 40 4170 30 −17480 30 15190 30 8910 40 11160 30
W 74 9080 40 5520 40 −21710 30 11810 40 6620 40 10420 40
Re 75 7850 40 2720 40 −26540 40 15880 40 8530 40 12980 40
Os 76 10097 16 4130 30 −30347 16 12250 30 6290 30 12240 30
Ir 77 8559 15 1066 14 −34470 80 16824 13 8420 17 15318 29
Pt 78 11297 23 2828 18 ∗ 12563 17 6199 15 14151 20
Au 79 9190 50 100 40 ∗ 17510 30 8280 70 17390 30
Hg 80 11890 80 1670 40 ∗ 12980# 100# 5911 21 15800 60
Tl 81 ∗ −1265 18 ∗ 17940 90 8110# 220# 19060 90
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

174 Tb 65 8420# 710# ∗ −3530# 710# 13900# 580# ∗ 3700# 640#
Dy 66 9510# 580# 22740# 580# −2710# 710# 10820# 580# ∗ 150# 580#
Ho 67 10530# 360# 20760# 580# −1590# 420# 8000# 300# −16650# 580# −290# 360#
Er 68 11610# 300# 18770# 420# −660# 360# 5000# 300# −15500# 500# −3770# 300#
Tm 69 12630 50 16960# 200# −50 70 1710 40 −11800# 300# −4380 40
Yb 70 13831.70 0.01 15040 4 738.1 1.4 −1099.9 2.3 −10580# 200# −8134.8 1.6
Lu 71 14976.9 2.2 12775 6 1800.1 1.7 −3830 28 −6603 5 −8230 28
Hf 72 15585 25 11167.1 2.3 2494.4 2.3 −5617 28 −5582.3 2.3 −11519 28
Ta 73 16550 40 9583 28 3140 30 −8070 40 −2149 28 −11080 40
W 74 17270 40 8400 40 3600 40 −10232 30 −2100 40 −14740 40
Re 75 18250 50 6920 40 4040 40 −12890 30 1430 40 −14310 30
Os 76 18894 16 5476 30 4871 10 −14678 15 1443 30 −17798 15
Ir 77 19550 30 3800 40 5693 16 −16730# 100# 5480 30 −16920 60
Pt 78 20354 15 2652 16 6183 3 −18677 22 4832 18 −20557 25
Au 79 20880# 120# 1260# 110# 6699 7 ∗ 8920# 100# −19470# 230#
Hg 80 21720 150 112 22 7233 6 ∗ 8010 70 ∗

175 Dy 66 9130# 640# ∗ −2950# 710# 11920# 640# ∗ 1070# 580#
Ho 67 10090# 500# 21370# 640# −1960# 570# 9010# 400# −18620# 640# 580# 500#
Er 68 11140# 450# 19490# 570# −1070# 450# 6040# 400# −14810# 640# −2860# 400#
Tm 69 12200 50 17540# 300# −220 600 2860 50 −13730# 300# −3440 50
Yb 70 13286.96 0.07 15620# 200# 597.3 1.4 −213.8 2.3 −10040# 300# −7196.6 1.6
Lu 71 14427.3 1.0 13488 5 1619.7 1.5 −2757 28 −8590 40 −7392.4 1.9
Hf 72 15213 28 11508.5 2.3 2400.1 2.3 −4849 28 −4826.2 2.3 −10812 28
Ta 73 16150 40 10106 28 2995 28 −7120 40 −4127 28 −10250 40
W 74 17050 40 8800 40 3370 40 −9530 30 −1077 28 −14030 40
Re 75 17880 40 7470 40 4010 40 −11890 30 −840 40 −13364 30
Os 76 18810 19 5960 30 4560 30 −14397 22 2830 30 −17391 16
Ir 77 19269 16 4420 30 5430 30 −15990 40 2990 30 −16148 16
Pt 78 19910 70 2848 24 6164 4 −17740 80 6998 21 −19720# 100#
Au 79 20710 40 1710 40 6583.4 2.7 ∗ 6090 40 −18830 40
Hg 80 21450# 220# 610 100 7072 5 ∗ 10060 80 ∗

176 Dy 66 8620# 710# ∗ −3070# 580# 13020# 640# ∗ 1620# 640#
Ho 67 9660# 580# 22000# 710# −2130# 710# 9980# 510# ∗ 1190# 640#
Er 68 10820# 500# 20080# 640# −1300# 500# 6860# 400# −17190# 640# −2390# 400#
Tm 69 11650 110 18080# 320# −310# 220# 4010 100 −13360# 410# −2750 100
Yb 70 12689.44 0.01 16120# 300# 566 4 1085.1 1.5 −12130# 400# −6397.0 1.2
Lu 71 13954.7 1.0 14100 40 1566 6 −2020 30 −8360 50 −6971.9 1.9
Hf 72 14874.5 1.7 12209.8 1.5 2254.1 1.5 −3935 28 −7169.8 1.5 −10239 28
Ta 73 15770 40 10370 30 2950 30 −6300 40 −3490 30 −9800 40
W 74 16560 40 9375 28 3340 40 −8510 30 −3449 28 −13420 40
Re 75 17530 40 7900 40 3840 40 −11181 29 60 40 −13030 30
Os 76 18278 15 6480 30 4540 30 −13197 17 210 30 −16808 17
Ir 77 19239 14 4787 29 5260 40 −15360 30 4117 29 −16245 20
Pt 78 19759 16 3516 16 5884.8 2.0 −17149 17 3882 17 −19600 40
Au 79 20610# 110# 2310 40 6433 7 −19110 90 7580 40 −18620 90
Hg 80 21286 22 1045 15 6897 6 ∗ 6635 22 ∗
Tl 81 ∗ −70# 130# 7480 100 ∗ 10700 90 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

177 Ho 67 4960# 710# 9960# 710# 16100# 500# 11160# 710# 9710# 710# 1340# 710#
Er 68 4300# 640# 10760# 710# 10020# 500# 11150# 640# 7880# 590# 3920# 710#
Tm 69 6270# 220# 8230# 450# 4150# 200# 11790# 450# 9240# 360# 3950# 360#
Yb 70 5566.40 0.22 8900 100 −1285 28 12030 50 7740 40 6610# 300#
Lu 71 7072.89 0.16 6181.6 1.2 −6115 28 13022.5 1.2 9424.7 1.2 7130 40
Hf 72 6375.6 1.0 6787.4 0.8 −10924 15 12995.7 0.8 7553.6 1.3 9710.2 1.4
Ta 73 8420 30 4427 3 −15667 20 13478 4 8994 4 9502 3
W 74 7130 40 5630 40 −20330 30 13420 40 6900 40 11789 28
Re 75 9280 40 2920 40 −24723 30 14070 40 8820 40 11120 40
Os 76 7897 18 4180 30 −29180 90 14040 30 6580 30 13920 30
Ir 77 10237 21 1205 23 −32707 29 14769 23 8812 22 13270 30
Pt 78 8508 20 2777 17 ∗ 14735 19 6280 19 16271 18
Au 79 11100 30 −99 14 ∗ 14874 21 8636 14 14887 15
Hg 80 9060 90 1540 90 ∗ 15340 90 6150# 130# 18190 90
Tl 81 12000 90 −1156 19 ∗ 15340 80 8165 29 16370# 100#

178 Ho 67 3920# 710# ∗ 18210# 500# 12190# 710# 9460# 710# ∗
Er 68 5470# 780# 11270# 780# 12180# 600# 9840# 780# 7900# 720# 2120# 780#
Tm 69 4740# 360# 8670# 590# 6360# 300# 13100# 500# 9280# 500# 4710# 500#
Yb 70 6762 7 9400# 200# 730 17 10400 100 7500 50 4620# 400#
Lu 71 6025.3 1.9 6640.4 2.3 −4684 28 13864.2 2.3 9221.7 2.3 7620 50
Hf 72 7625.94 0.18 7340.4 0.8 −8891 14 11657.8 0.8 7594.4 0.8 7906.6 1.4
Ta 73 6960# 50# 5010# 50# −14340# 60# 14690# 50# 8750# 50# 10210# 50#
W 74 8780 30 5981 15 −18410 18 11670 30 6870 30 9721 15
Re 75 7460 40 3240 40 −23350 30 15700 40 8840 40 12400 40
Os 76 9659 20 4560 30 −27229 17 12230 30 6610 30 11730 30
Ir 77 8278 27 1587 24 −31640# 100# 16588 22 8715 22 14680 30
Pt 78 10698 18 3239 22 −35571 25 12595 13 6261 16 13754 16
Au 79 8829 14 222 18 ∗ 17342 16 8270 21 16738 16
Hg 80 11610 90 2059 15 ∗ 12920 30 5950 40 15040 21
Tl 81 9340# 100# −870# 130# ∗ 17880# 100# 8220# 130# 18440# 110#
Pb 82 ∗ 380 30 ∗ 13700 90 ∗ 17190 80

179 Er 68 3890# 780# 11240# 710# 14380# 500# 10910# 710# 8180# 710# 3180# 710#
Tm 69 5730# 500# 8930# 720# 8460# 400# 11670# 640# 9590# 570# 3140# 640#
Yb 70 5030# 200# 9690# 360# 2660# 200# 11640# 280# 7600# 220# 5640# 450#
Lu 71 6792 5 6671 8 −2475 25 12638 5 9296 5 5960 100
Hf 72 6098.99 0.08 7414.1 2.1 −7443 16 12631.7 0.8 7783.4 0.8 8674.7 1.4
Ta 73 7830# 50# 5211.1 0.4 −12276 10 13234.1 0.5 9083.0 1.1 8671.3 0.9
W 74 6959 21 5990# 50# −17027 17 13130 15 6930 30 10928 15
Re 75 9000 40 3466 29 −21596 27 13830 40 8920 40 10430 40
Os 76 7547 21 4660 30 −26090 30 13960 30 6910 30 13270 30
Ir 77 9899 21 1826 17 −29810 40 14586 18 8914 15 12628 30
Pt 78 8342 13 3303 20 −34320 80 14490 21 6478 11 15509 14
Au 79 10757 16 280 15 ∗ 15093 19 8809 17 14540 14
Hg 80 8690 30 1919 30 ∗ 15324 30 6450 40 17650 30
Tl 81 11730# 110# −760 40 ∗ 15220 90 8380 40 15900 50
Pb 82 9590 80 620# 130# ∗ 16100 80 6331 19 19480 80
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

177 Ho 67 9120# 640# ∗ −2200# 710# 11290# 540# ∗ 2280# 640#
Er 68 10350# 640# 20710# 710# −1540# 640# 8130# 500# −16540# 710# −1560# 510#
Tm 69 11400# 210# 18850# 450# −640# 360# 4810# 200# −15470# 540# −2150# 200#
Yb 70 12433.48 0.23 16910# 400# 240# 200# 1894.3 1.4 −11650# 400# −5675.4 1.2
Lu 71 13360.86 0.22 14650 50 1447 5 −669 3 −10300 100 −5878.8 0.9
Hf 72 14541.6 2.0 12763.1 1.4 2245.6 1.4 −3179 28 −6678.4 1.4 −9590 30
Ta 73 15449 28 11127 3 2741 3 −5446 28 −5621 3 −9144 28
W 74 16210 40 9798 28 3290 40 −7750 30 −2414 28 −12710 40
Re 75 17120 40 8440 40 3700 40 −10220 30 −2190 40 −12210 30
Os 76 17994 19 6900 30 4350 30 −12586 21 1400 30 −16146 17
Ir 77 18796 23 5340 30 5080 30 −14502 22 1730 30 −15185 23
Pt 78 19804 24 3843 19 5642.9 2.7 −16590 90 5472 19 −18920 40
Au 79 20280 40 2729 16 6298 4 −18206 24 5047 13 −17832 15
Hg 80 20950 120 1650 90 6740 60 ∗ 8870 90 −21430 120
Tl 81 ∗ 510 40 7067 7 ∗ 7890 40 ∗

178 Ho 67 8880# 710# ∗ −2590# 710# 12110# 580# ∗ 2660# 710#
Er 68 9770# 720# 21230# 780# −1560# 780# 9420# 600# ∗ −760# 630#
Tm 69 11010# 320# 19430# 580# −800# 420# 6100# 300# −15250# 580# −1330# 300#
Yb 70 12328 7 17620# 400# −150# 300# 2758 7 −14110# 500# −5365 7
Lu 71 13098.2 1.9 15540 100 1100 40 260# 50# −10060# 200# −5528.5 2.1
Hf 72 14001.6 1.0 13522.0 1.4 2084.2 1.4 −2028 15 −8737.9 1.4 −8792 3
Ta 73 15380# 60# 11790# 50# 2550# 50# −4950# 60# −5500# 50# −8970# 60#
W 74 15910 30 10409 15 3013 15 −6863 20 −4815 15 −12210 30
Re 75 16730 40 8870 40 3660 40 −9400 30 −1228 28 −11770 30
Os 76 17556 17 7480 30 4260 30 −11547 17 −1130 30 −15568 24
Ir 77 18515 20 5770 30 4990 30 −13951 21 2730 30 −14955 24
Pt 78 19206 16 4444 15 5573.0 2.2 −15682 15 2670 18 −18523 14
Au 79 19920 30 2999 13 6058 5 −17690# 100# 6455 22 −17600 90
Hg 80 20673 15 1959 17 6577.3 3.0 −19889 25 5766 18 −21047 24
Tl 81 21340# 130# 670# 110# 7020 10 ∗ 9640# 100# ∗
Pb 82 ∗ −780 26 7789 13 ∗ 9060 90 ∗

179 Er 68 9360# 710# ∗ −1780# 710# 10560# 540# ∗ 90# 580#
Tm 69 10470# 450# 20200# 640# −1030# 570# 7160# 400# −17060# 640# −300# 400#
Yb 70 11800# 200# 18360# 540# −410# 450# 3820# 200# −13670# 630# −4370# 200#
Lu 71 12818 5 16070# 200# 830 50 1298 5 −12110# 300# −4695 5
Hf 72 13724.93 0.19 14054.6 1.4 1807.6 1.4 −1168 15 −8075 7 −7940# 50#
Ta 73 14785 3 12551.5 0.9 2383.3 0.9 −3773 25 −7308.5 2.1 −8022 15
W 74 15740 30 10992 15 2762 15 −6275 21 −4149 15 −11710 30
Re 75 16460 40 9448 25 3400 40 −8503 27 −3280# 60# −11111 28
Os 76 17206 21 7900 30 4190 30 −10752 17 98 22 −14837 24
Ir 77 18177 22 6390 30 4782 30 −13093 15 283 30 −14156 14
Pt 78 19040 17 4890 17 5412 9 −15335 29 3987 16 −18036 13
Au 79 19585 15 3519 23 5981 5 −16720 40 3977 22 −16745 16
Hg 80 20300 90 2140 30 6350 30 −18980 90 7776 30 −20390# 110#
Tl 81 21070 40 1300 40 6709.1 2.6 ∗ 6740 40 −19910 50
Pb 82 ∗ −250 120 7596 5 ∗ 11080 80 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

180 Er 68 5170# 710# ∗ 16600# 500# 9660# 710# 7960# 710# ∗
Tm 69 4340# 570# 9380# 640# 10760# 400# 12800# 720# 9550# 640# 3760# 640#
Yb 70 6150# 360# 10110# 500# 4920# 300# 10230# 420# 7710# 360# 3780# 590#
Lu 71 5690 70 7330# 210# −840 70 13710 70 9170 70 6540# 210#
Hf 72 7387.76 0.15 8009 5 −5423 16 11269.2 2.1 7468.5 0.8 6853.3 1.4
Ta 73 6647.5 2.4 5759.6 2.3 −10956 22 14212.5 2.3 8811.2 2.3 9096.7 2.3
W 74 8412 15 6567.8 0.5 −15206 10 11670# 50# 6943 3 8890.9 0.4
Re 75 7320 30 3831 26 −20212 22 15281 26 8730 40 11524 22
Os 76 9407 22 5061 29 −24106 20 12010 30 6780 30 10990 30
Ir 77 7967 24 2246 27 −28590 70 16278 26 8843 26 13940 40
Pt 78 10233 13 3637 14 −32489 16 12535 21 6482 22 13173 18
Au 79 8708 13 646 9 ∗ 17083 11 8609 16 16068 20
Hg 80 11390 30 2551 17 ∗ 12763 16 6159 14 14766 20
Tl 81 9190 80 −250 80 ∗ 17640 70 8250 110 17800 70
Pb 82 12060 80 960 40 ∗ 13380# 100# 6263 20 16480 90

181 Tm 69 5340# 640# 9550# 710# 13000# 500# 11350# 710# 9690# 780# 2340# 710#
Yb 70 4440# 420# 10210# 500# 7150# 300# 11520# 500# 8020# 420# 4820# 670#
Lu 71 6190 140 7370# 330# 1720 130 12550# 240# 9740 130 5090# 330#
Hf 72 5694.80 0.07 8020 70 −3853 25 12367 5 7799.0 2.1 7921 7
Ta 73 7576.8 1.3 5948.6 1.9 −8976 5 12734.8 1.9 8860.4 1.9 7545.2 2.6
W 74 6669.02 0.16 6589.3 2.4 −13852 14 12834.3 0.5 7230# 50# 9847.8 0.4
Re 75 8751 25 4170 13 −18646 24 13489 19 8754 20 9730# 50#
Os 76 7265 30 5000 30 −22889 30 13750 40 6970 40 12503 30
Ir 77 9557 22 2396 17 −26664 11 14268 16 8945 15 11837 28
Pt 78 8023 17 3693 26 −31270 90 14411 17 6737 23 14809 19
Au 79 10317 21 730 22 ∗ 15108 22 8990 22 14030 27
Hg 80 8482 20 2324 16 ∗ 15038 19 6506 18 16983 18
Tl 81 11480 70 −163 14 ∗ 14845 30 8381 14 15151 14
Pb 82 9240 90 1010 110 ∗ 15870 90 6370# 130# 18850 90

182 Tm 69 4120# 710# ∗ 14940# 500# 12400# 710# 9450# 710# ∗
Yb 70 5880# 500# 10750# 640# 9350# 400# 9980# 570# 7860# 570# 2830# 640#
Lu 71 5040# 240# 7970# 360# 3680# 230# 13660# 360# 9730# 280# 5780# 450#
Hf 72 6718 6 8540 130 −1441 23 11340 70 7873 8 6240# 200#
Ta 73 6062.94 0.11 6316.7 1.9 −7379 21 14059.6 1.9 8896.4 1.9 8275 5
W 74 8083.5 1.6 7096.1 1.5 −12078 13 11398.3 2.0 6975.4 1.6 7863.3 1.6
Re 75 7000 100 4500 100 −17140 100 14900 100 8710 100 10560 100
Os 76 9130 30 5381 25 −21032 24 11940 30 6840 30 10333 26
Ir 77 7660 22 2790 30 −25724 24 16015 26 8833 26 13180 30
Pt 78 9858 19 3994 14 −29344 18 12520 25 6777 16 12498 20
Au 79 8504 27 1211 23 ∗ 16837 21 8828 20 15424 21
Hg 80 10987 18 2995 22 ∗ 12760 11 6276 15 14338 13
Tl 81 8600 15 −45 19 ∗ 17634 17 8470 30 17308 17
Pb 82 11790 90 1315 15 ∗ 13280 70 6310 40 15750 30

183 Yb 70 4170# 570# 10800# 640# 11370# 400# 11150# 640# 8030# 570# 3830# 640#
Lu 71 6020# 220# 8110# 410# 6090 80 12080# 310# 9870# 310# 4100# 410#
Hf 72 5310 30 8800# 200# 380 60 12220 130 8260 80 7080# 300#
Ta 73 6934.18 0.20 6533 6 −5091 25 12820.2 1.9 9350.0 1.9 7030 70
W 74 6190.84 0.04 7223.9 1.5 −10592 14 12784.2 1.5 7432.0 2.0 9060.2 1.6
Re 75 8430 100 4852 8 −15618 12 13135 8 8691 8 8770 8
Os 76 7130 50 5510 110 −19860 50 13560 50 7040 50 11620 50
Ir 77 9220 30 2880 30 −23615 26 14060 40 9018 29 11280 30
Pt 78 7676 19 4010 25 −28190 30 14401 15 7068 26 14229 21
Au 79 9959 21 1312 16 ∗ 14901 17 9102 14 13432 24
Hg 80 8299 12 2790 20 ∗ 14777 21 6685 9 16272 12
Tl 81 11331 15 299 14 ∗ 14785 18 8527 16 14685 10
Pb 82 8830 30 1540 30 ∗ 15930 30 6670 80 18320 30

030003-200



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

180 Er 68 9060# 780# ∗ −2000# 710# 11540# 580# ∗ 650# 640#
Tm 69 10070# 500# 20620# 640# −1210# 640# 8510# 410# ∗ 400# 450#
Yb 70 11190# 300# 19040# 670# −510# 500# 5060# 300# −15930# 580# −3730# 300#
Lu 71 12480 70 17010# 310# 270 120 2260 70 −12070# 410# −4280 70
Hf 72 13486.75 0.17 14680 7 1286.9 1.4 −143.23 0.28 −10430# 200# −7493.3 0.4
Ta 73 14480# 50# 13173.7 3.0 2023.8 2.3 −3096 21 −7164 5 −7710 15
W 74 15372 15 11778.8 0.3 2515.3 1.0 −5280 16 −6462.2 0.3 −11123 25
Re 75 16330 40 9820# 60# 3100 40 −7860 30 −2769 21 −10889 26
Os 76 16955 21 8527 22 3860 30 −9926 19 −2350 21 −14346 19
Ir 77 17866 29 6900 40 4660 40 −12352 22 1320 30 −13781 23
Pt 78 18575 14 5464 17 5276 5 −14179 16 1301 18 −17513 15
Au 79 19465 11 3949 19 5831 7 −16240 70 5167 11 −16764 29
Hg 80 20078 17 2831 16 6258.5 2.3 −18309 18 4729 15 −20050 40
Tl 81 20920# 120# 1670 70 6710 60 ∗ 8310 70 −19510 110
Pb 82 21657 26 204 16 7419 5 ∗ 7700 30 ∗

181 Tm 69 9680# 640# ∗ −1590# 710# 9360# 520# ∗ 1210# 580#
Yb 70 10590# 360# 19590# 580# −660# 590# 6320# 300# −15200# 580# −2480# 310#
Lu 71 11880 130 17480# 420# 350# 240# 3640 130 −13920# 420# −3090 130
Hf 72 13082.56 0.17 15340# 200# 1158.5 1.4 831.0 0.3 −9970# 300# −6540.6 2.3
Ta 73 14224.2 2.0 13958 5 1519.9 1.8 −1922 13 −9050 70 −6874.1 1.9
W 74 15081 15 12348.9 0.4 2221.9 0.4 −4684 25 −5743.4 0.3 −10468 21
Re 75 16076 28 10738 13 2772 13 −7054 14 −4873 13 −10233 20
Os 76 16672 30 8833 29 3730 40 −9168 29 −1203 25 −13640 30
Ir 77 17524 11 7457 25 4381 28 −11592 21 −915 22 −13104 11
Pt 78 18256 16 5939 21 5150 5 −13720 21 2686 21 −16827 14
Au 79 19025 23 4367 22 5751.4 2.9 −15072 22 2817 29 −15692 24
Hg 80 19870 30 2971 17 6284 4 −17550 90 6480 18 −19340 70
Tl 81 20670 40 2388 15 6322 4 ∗ 5538 10 −18929 15
Pb 82 21300 120 760 90 7240 7 ∗ 9850 90 ∗

182 Tm 69 9460# 640# ∗ −1790# 710# 10280# 540# ∗ 1530# 580#
Yb 70 10320# 500# 20300# 640# −1070# 720# 7150# 400# ∗ −2170# 420#
Lu 71 11240# 210# 18180# 450# 50# 360# 4660# 200# −13620# 540# −2440# 200#
Hf 72 12413 6 15910# 300# 1203 9 2197 6 −12250# 300# −5682 6
Ta 73 13639.7 1.3 14330 70 1482.3 2.6 −980 100 −8920 130 −6268.1 2.0
W 74 14752.5 1.6 13044.6 1.6 1764.3 1.6 −3637 22 −8132.2 1.6 −9800 13
Re 75 15750 100 11090 100 2730# 120# −6390 100 −4300 100 −9970 110
Os 76 16396 27 9551 22 3373 27 −8441 25 −3664 22 −13217 22
Ir 77 17220 30 7792 30 4180 30 −10748 28 177 24 −12742 25
Pt 78 17881 16 6390 20 4951 5 −12592 16 93 29 −16369 24
Au 79 18821 19 4904 29 5525 4 −14977 22 3870 19 −15714 24
Hg 80 19469 16 3725 14 5996 5 −16752 16 3516 17 −18849 13
Tl 81 20080 70 2280 13 6551 6 ∗ 7255 23 −18290 90
Pb 82 21026 17 1152 17 7066 6 ∗ 6548 20 ∗

183 Yb 70 10050# 500# ∗ −1350# 640# 8280# 400# ∗ −1300# 450#
Lu 71 11060 150 18850# 510# −240# 410# 5580 80 −15520# 510# −1740 80
Hf 72 12020 30 16770# 300# 930# 200# 3080 30 −11670# 400# −4920 30
Ta 73 12997.12 0.23 15070 130 1341 5 516 8 −10810# 200# −5118.7 1.5
W 74 14274.4 1.6 13540.6 1.6 1672.5 1.6 −2700 50 −7605 6 −8990 100
Re 75 15435 15 11949 8 2123 8 −5608 26 −6668 8 −9272 23
Os 76 16260 60 10010 50 3210 50 −7890 50 −2710 50 −12680 50
Ir 77 16882 25 8263 28 3960 30 −10011 26 −2040 100 −12105 28
Pt 78 17534 20 6801 29 4822 9 −11969 16 1547 26 −15541 24
Au 79 18463 22 5306 11 5465.3 2.9 −13604 13 1571 23 −14686 14
Hg 80 19286 17 4001 15 6039 4 −16225 30 5075 15 −18549 14
Tl 81 19931 13 3294 22 5976 9 ∗ 4428 21 −17834 15
Pb 82 20610 90 1500 30 6928 7 ∗ 8710 30 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

184 Yb 70 5670# 640# ∗ 13110# 500# 9600# 710# 7700# 710# ∗
Lu 71 4660# 220# 8590# 450# 7920# 200# 13310# 450# 9650# 360# 4790# 540#
Hf 72 6290 50 9070 90 2750 40 10980# 200# 8160 130 5240# 300#
Ta 73 5617 26 6840 40 −3230 40 13921 27 9428 26 7600 130
W 74 7411.11 0.13 7700.9 1.5 −8373 15 11436.0 1.5 7597.7 1.5 7343.9 1.6
Re 75 6481 9 5143 4 −13901 23 14737 4 8878 5 9866 4
Os 76 8660 50 5732 8 −17908 10 11900 100 7129 13 9627.8 1.6
Ir 77 7480 40 3240 60 −22728 30 15710 40 8800 40 12550 30
Pt 78 9631 20 4419 29 −26281 20 12430 26 6995 16 11864 29
Au 79 8199 24 1834 26 −31570# 120# 16561 26 8927 26 14791 23
Hg 80 10611 12 3442 13 ∗ 12670 21 6390 22 13683 17
Tl 81 8367 14 368 12 ∗ 17404 14 8642 18 16634 22
Pb 82 11540 30 1753 16 ∗ 12986 18 6611 14 15256 20
Bi 83 ∗ −1550# 130# ∗ 18790# 120# 9230# 150# 19700# 120#

185 Yb 70 3950# 710# ∗ 14910# 500# ∗ 7870# 710# ∗
Lu 71 5730# 360# 8650# 590# 9860# 300# 11750# 500# 9800# 500# 3180# 580#
Hf 72 4890 80 9310# 210# 4490 60 12110 100 8310# 210# 6230# 410#
Ta 73 6626 30 7180 40 −1060 30 12600 30 9519 15 6020# 200#
W 74 5753.74 0.05 7837 26 −6700 26 12616.5 1.5 7906.9 1.5 8308 6
Re 75 7671 4 5402.6 0.7 −11960.9 2.7 13257.4 0.7 9291.2 0.7 8258.0 1.6
Os 76 6624.66 0.27 5875 4 −16622 14 13715 8 7500 100 11086.6 0.7
Ir 77 8800 40 3372 28 −20580 30 14040 60 9140 40 10760 110
Pt 78 7427 30 4370 40 −25150 30 14220 40 7230 30 13570 30
Au 79 9611 22 1815 15 −29620# 80# 14626 14 9174 13 12840 21
Hg 80 7910 17 3154 26 ∗ 14719 17 6984 23 15631 19
Tl 81 10946 23 702 23 ∗ 14758 22 8683 23 14193 28
Pb 82 8561 21 1947 19 ∗ 15757 19 6650 20 17682 19
Bi 83 11560# 150# −1530# 80# ∗ 16060# 90# 9450# 80# 16740# 80#

186 Lu 71 4430# 500# 9130# 640# 11610# 400# 12990# 640# 9540# 570# ∗
Hf 72 6180 80 9750# 300# 6580 50 10590# 210# 8160 100 4220# 400#
Ta 73 5280 60 7580 90 560 60 13600 70 9540 70 6750 100
W 74 7192.0 1.2 8403 14 −4644 22 11042 26 7649.0 1.9 6420 30
Re 75 6179.59 0.05 5828.4 0.7 −10212 21 14488.9 0.7 9302.4 0.7 9012.6 1.6
Os 76 8265.4 0.9 6470.0 0.8 −14461 12 11931 4 7674 8 9012.0 0.9
Ir 77 6910 30 3655 17 −19289 27 15791 17 9360 50 12284 18
Pt 78 9250 30 4820 40 −23184 24 12460 40 7200 30 11450 50
Au 79 7928 21 2320 30 −28569 27 16328 26 8922 25 14130 30
Hg 80 10427 18 3970 12 −32641 22 12490 25 6516 15 12881 18
Tl 81 8197 29 988 25 ∗ 17173 23 8786 22 15955 23
Pb 82 11211 20 2212 23 ∗ 12913 15 6770 14 14770 13
Bi 83 8980# 80# −1107 23 ∗ 18617 21 9300 30 19088 19
Po 84 ∗ 950# 80# ∗ 13560# 120# ∗ 17330 30

187 Lu 71 5520# 570# ∗ 13450# 400# 11420# 640# 9700# 640# ∗
Hf 72 4650# 210# 9970# 450# 8220# 200# 11670# 360# 8160# 280# 5250# 540#
Ta 73 6360 80 7760 80 2650 60 12140 90 9470 70 5050# 210#
W 74 5466.76 0.04 8590 60 −3219 24 12201 14 7799 26 7240 40
Re 75 7360.5 0.9 5996.9 1.1 −8188 23 12882.1 0.9 9353.0 0.9 7269 26
Os 76 6290.3 0.5 6580.7 0.9 −13101 13 13310.8 0.9 7865 4 10132.8 0.9
Ir 77 8450 30 3838 28 −17105 29 13967 28 9567 28 10317 28
Pt 78 6890 30 4802 29 −21698 25 14360 40 7790 40 13214 24
Au 79 9390 30 2450 30 −26646 25 14370 30 9168 27 12230 40
Hg 80 7651 17 3693 25 −30940 40 14450 13 7064 26 14860 20
Tl 81 10633 22 1195 14 ∗ 14450 16 8764 12 13521 24
Pb 82 8377 12 2393 21 ∗ 15482 21 6760 11 17004 11
Bi 83 11309 20 −1009 15 ∗ 15869 19 9532 16 16146 14
Po 84 9350 40 1320 40 ∗ 15770# 90# 6430# 130# 19520 40
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

184 Yb 70 9840# 640# ∗ −1850# 710# 8900# 510# ∗ −960# 510#
Lu 71 10670# 280# 19390# 540# −560# 450# 6540# 200# ∗ −1090# 200#
Hf 72 11590 40 17180# 400# 800# 300# 4210 40 −13790# 400# −4280 40
Ta 73 12551 26 15650# 200# 1410 80 1380 26 −10410 80 −4545 26
W 74 13601.94 0.14 14234 6 1649.1 1.6 −1452.9 0.7 −9710 30 −7967 8
Re 75 14920 100 12367 4 2289 5 −4609 28 −6215 4 −8630 50
Os 76 15786 22 10584.4 0.7 2958.8 1.6 −6920 15 −5175.9 0.7 −12122 25
Ir 77 16700 30 8740 110 3800 40 −9290 40 −1090 29 −11910 30
Pt 78 17307 20 7301 26 4599 8 −10988 18 −960 50 −15212 17
Au 79 18157 29 5840 30 5234 5 −13435 24 2590 30 −14585 23
Hg 80 18911 14 4754 16 5660 4 −15293 16 2139 17 −17829 13
Tl 81 19699 16 3157 21 6317 9 −18140# 120# 6019 14 −17370 30
Pb 82 20370 18 2053 16 6774 3 ∗ 5464 15 ∗
Bi 83 ∗ −0# 120# 8220# 100# ∗ 10550# 120# ∗

185 Yb 70 9620# 640# ∗ ∗ 9840# 500# ∗ −250# 540#
Lu 71 10390# 310# ∗ −950# 580# 7430# 300# ∗ −530# 300#
Hf 72 11180 70 17900# 410# 340# 310# 5070 60 −13010# 510# −3550 70
Ta 73 12243 14 16260 80 980 130 2425 14 −12380# 200# −3760 14
W 74 13164.84 0.14 14680 30 1590.2 1.6 −582.0 0.7 −9180 40 −7239 4
Re 75 14152 8 13103.4 1.6 2195.1 1.6 −3483 28 −8269 26 −7637.8 0.5
Os 76 15280 50 11018.2 0.7 3003.1 1.6 −6118 26 −4389.4 0.7 −11266 28
Ir 77 16280 40 9104 29 3760 30 −8477 28 −3405 28 −11070 30
Pt 78 17058 29 7600 60 4437 10 −10504 29 275 26 −14440 30
Au 79 17809 10 6234 25 5180 5 −12100 21 464 28 −13585 10
Hg 80 18522 15 4988 20 5773 4 −14642 21 3860 20 −17372 17
Tl 81 19313 23 4144 23 5688 5 −17520# 80# 3270 30 −16777 24
Pb 82 20100 30 2314 18 6695 5 ∗ 7515 19 −20870# 120#
Bi 83 ∗ 230# 80# 8140# 80# ∗ 7360# 80# ∗

186 Lu 71 10160# 450# ∗ −1260# 640# 8290# 400# ∗ −70# 410#
Hf 72 11070 60 18400# 510# 50# 400# 6080 50 −15230# 500# −3100 50
Ta 73 11910 70 16890# 210# 740# 210# 3320 60 −11940# 310# −3290 60
W 74 12945.8 1.2 15590 40 1116 6 491.4 1.2 −11480 60 −6760.9 1.2
Re 75 13850 4 13666 26 2078.4 1.6 −2755 17 −7822 14 −7192.7 0.4
Os 76 14890.1 0.9 11872.5 0.9 2821.2 0.9 −5136 22 −6901.1 0.9 −10736 28
Ir 77 15700 30 9530 17 3850 100 −7457 27 −2642 17 −10560 30
Pt 78 16675 26 8190 22 4320 18 −9325 25 −2348 22 −14078 22
Au 79 17540 30 6680 30 4912 14 −11832 29 1330 30 −13603 25
Hg 80 18337 15 5785 19 5204 10 −13858 16 860 28 −16853 24
Tl 81 19142 23 4140 30 5996 26 −16737 27 4686 21 −16413 26
Pb 82 19772 17 2914 15 6471 5 −18782 21 4214 18 −20520# 80#
Bi 83 20540# 120# 840 20 7757 12 ∗ 9323 27 ∗
Po 84 ∗ −575 22 8501 14 ∗ 8354 24 ∗

187 Lu 71 9950# 500# ∗ ∗ 9130# 400# ∗ 580# 400#
Hf 72 10820# 210# 19100# 540# −430# 450# 6900# 200# ∗ −2460# 210#
Ta 73 11640 60 17510# 310# 400 100 4320 60 −13860# 400# −2460 60
W 74 12658.8 1.2 16160 60 950 30 1315.0 1.1 −10770 50 −6048.0 1.2
Re 75 13540.1 0.9 14400 14 1652.1 1.7 −1667 28 −9900 60 −6287.8 0.5
Os 76 14555.7 0.9 12409.1 0.9 2721.7 0.9 −4534 24 −5999.4 1.1 −10118 17
Ir 77 15360 40 10308 28 3835 29 −6520 40 −4911 28 −9760 40
Pt 78 16140 40 8457 24 4550 60 −8567 27 −974 24 −13040 30
Au 79 17313 23 7270 40 4750 30 −10584 24 −1145 28 −12561 25
Hg 80 18077 19 6008 29 5230 14 −13132 14 2457 25 −16307 24
Tl 81 18829 22 5164 8 5322 7 −16061 13 1981 22 −15835 14
Pb 82 19588 17 3381 15 6393 6 −17810 30 6263 13 −19913 18
Bi 83 20290# 80# 1203 23 7779 4 ∗ 6211 23 −18556 21
Po 84 ∗ 210 40 7979 15 ∗ 10220 30 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

188 Lu 71 4120# 570# ∗ 15200# 400# ∗ 9520# 640# ∗
Hf 72 5900# 360# 10350# 500# 10310# 300# 10200# 500# 8000# 420# 3300# 580#
Ta 73 5090# 210# 8200# 280# 4440# 200# 13230# 210# 9270# 210# 5700# 360#
W 74 6835 3 9060 60 −847 6 10650 60 7591 14 5300 60
Re 75 5871.65 0.04 6401.8 1.1 −6645.6 2.8 14202.5 1.1 9235.0 0.9 8024 14
Os 76 7989.60 0.15 7209.72 0.15 −10939 7 11500.8 0.9 7545.8 0.9 7897.0 0.9
Ir 77 6867 29 4415 9 −16010 30 15366 9 9325 9 11120 9
Pt 78 9207 25 5561 28 −20010 11 12062 17 7379 28 10631 5
Au 79 7414 23 2975 24 −25177 12 16204 22 9181 26 13611 28
Hg 80 10151 15 4459 24 −29654 21 12227 22 6524 7 12136 27
Tl 81 7960 30 1510 30 ∗ 16910 30 8710 30 15170 30
Pb 82 10895 11 2655 13 ∗ 12783 23 6811 23 14019 17
Bi 83 8883 15 −503 12 ∗ 18197 16 9210 20 18209 24
Po 84 11440 40 1450 22 ∗ 13312 26 6560# 80# 16643 26

189 Hf 72 4390# 420# 10620# 500# 11840# 300# 11330# 500# 8030# 500# ∗
Ta 73 6120# 280# 8420# 360# 6490# 200# 11750# 280# 9330# 210# 4010# 450#
W 74 5210# 200# 9190# 280# 660# 200# 11800# 210# 7660# 210# 6260# 210#
Re 75 7034 8 6600 9 −4397 22 12636 8 9394 8 6270 60
Os 76 5920.8 0.4 7258.9 0.5 −9360 30 12940.6 0.5 7804.6 0.9 9168.2 1.2
Ir 77 8176 16 4601 13 −13834 15 13480 13 9414 13 9124 13
Pt 78 6720 11 5413 14 −18625 17 13791 30 7567 19 12177 10
Au 79 9282 20 3050 21 −23517 29 13810 30 9147 30 11237 26
Hg 80 7500 30 4540 30 −28200 40 14110 40 6950 40 13880 40
Tl 81 10350 30 1707 11 ∗ 14213 15 8787 14 12745 23
Pb 82 8104 17 2800 30 ∗ 15311 16 6903 25 16341 18
Bi 83 10941 24 −457 23 ∗ 15633 21 9480 24 15465 29
Po 84 8949 30 1516 25 ∗ 15672 24 6588 28 18905 25

190 Hf 72 5720# 500# ∗ 13910# 400# 9730# 570# 7830# 570# ∗
Ta 73 4830# 280# 8860# 360# 8030# 200# 12820# 360# 9140# 280# 4700# 450#
W 74 6630# 200# 9700# 200# 2940 40 10250# 200# 7390 70 4280# 200#
Re 75 5675 9 7060# 200# −2749 6 13796 6 9185 5 6960 60
Os 76 7792.34 0.19 8018 8 −7337 16 11019.9 0.5 7372.8 0.5 6842.6 1.2
Ir 77 6375 13 5055.8 1.2 −12387 7 15094.5 1.3 9329.5 1.3 10109.3 1.3
Pt 78 8908 10 6146 13 −16890 13 11749 9 7107 28 9558.9 0.6
Au 79 7323 20 3653 11 −22238 21 15698 6 8716 24 12362 28
Hg 80 9820 40 5078 26 −26808 21 11711 16 6522 28 10961 29
Tl 81 7821 11 2030 30 ∗ 16543 10 8616 15 14309 24
Pb 82 10644 19 3089 15 ∗ 12630 30 6892 15 13348 18
Bi 83 8603 30 41 25 ∗ 17926 23 9255 22 17495 22
Po 84 11212 26 1787 25 ∗ 13343 17 6685 17 16071 14

191 Ta 73 5870# 360# 9010# 500# 10190# 300# 11340# 420# 9170# 420# 2950# 500#
W 74 4880 50 9750# 210# 4520 40 11490# 210# 7600# 210# 5300# 300#
Re 75 6839 11 7270 40 −552 11 12170# 200# 9182 11 5210# 200#
Os 76 5758.73 0.11 8101 5 −5803 22 12295 8 7485.7 0.5 7919 3
Ir 77 8026.5 0.4 5290.0 1.1 −10426 7 12988.8 1.2 9292.5 1.2 7954.5 1.2
Pt 78 6463 4 6234 4 −15407 8 13462 13 7511 10 11085 4
Au 79 9036 6 3780 5 −20559 9 13382 11 8887 7 10193 11
Hg 80 7293 27 5047 23 −25523 23 13701 30 6644 22 12876 23
Tl 81 9988 10 2201 18 −30147 18 14050 30 8779 10 11735 8
Pb 82 7946 14 3214 10 ∗ 15036 11 6910 30 15554 9
Bi 83 10715 22 112 15 ∗ 15315 16 9436 13 14740 30
Po 84 8577 15 1762 22 ∗ 15707 22 6990 13 18389 12
At 85 ∗ −1138 21 ∗ 15997 27 9272 26 16705 20
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

188 Lu 71 9640# 570# ∗ ∗ 10090# 450# ∗ 1110# 450#
Hf 72 10550# 300# ∗ −650# 590# 7840# 300# ∗ −2010# 310#
Ta 73 11450# 210# 18170# 450# −40# 280# 5110# 200# −13430# 450# −2080# 200#
W 74 12302 3 16820 50 410 40 2469 3 −12960# 200# −5523 3
Re 75 13232.2 0.9 14990 60 1398 26 −672 9 −9410 60 −5869.18 0.04
Os 76 14279.9 0.5 13206.6 1.1 2143.2 0.9 −3316 5 −8522.2 1.1 −9659 28
Ir 77 15315 19 10996 9 3450 10 −5974 10 −4417 9 −9731 26
Pt 78 16099 22 9399 5 4007 5 −7623 9 −3891 5 −12864 23
Au 79 16799 21 7777 17 4815 28 −10030 30 −111 28 −12324 13
Hg 80 17802 13 6912 23 4709 15 −12387 12 −802 25 −15825 11
Tl 81 18600 40 5200 40 5560 40 −15140 30 3400 40 −15420 30
Pb 82 19273 15 3850 15 6109 3 −17267 22 3019 16 −19499 14
Bi 83 20192 20 1890 24 7264 5 ∗ 7961 14 −18090 30
Po 84 20789 27 441 23 8082 15 ∗ 7154 21 ∗

189 Hf 72 10290# 360# ∗ −1100# 580# 8660# 360# ∗ −1310# 360#
Ta 73 11210# 210# 18770# 450# −420# 360# 6020# 200# −15430# 450# −1360# 200#
W 74 12050# 200# 17390# 280# 90# 210# 3180# 200# −12270# 360# −4860# 200#
Re 75 12905 8 15660 60 990 16 471 15 −11360# 200# −4913 8
Os 76 13910.4 0.5 13660.7 1.2 1976.2 0.9 −2517 10 −7608 3 −8713 9
Ir 77 15040 30 11811 13 2944 13 −4868 24 −6722 13 −8700 14
Pt 78 15927 26 9828 10 3912 10 −6840 30 −2621 10 −12169 10
Au 79 16700 30 8610 30 4330 30 −8966 22 −2526 22 −11455 21
Hg 80 17650 30 7520 40 4640 40 −11780 30 910 30 −15360 40
Tl 81 18314 12 6165 24 4817 9 −14551 22 466 9 −14876 13
Pb 82 19000 15 4303 19 5915 4 −16422 26 5065 16 −18721 18
Bi 83 19824 23 2198 22 7268.2 2.7 ∗ 4980 40 −17592 29
Po 84 20390 40 1013 23 7694 15 ∗ 9100 24 ∗

190 Hf 72 10110# 500# ∗ ∗ 9570# 400# ∗ −910# 450#
Ta 73 10950# 280# 19480# 450# −830# 450# 6860# 200# ∗ −980# 280#
W 74 11840 40 18120# 300# −370 60 4340 40 −14510# 300# −4460 40
Re 75 12709 5 16250# 200# 600 60 1171 5 −10910# 200# −4668 5
Os 76 13713.2 0.5 14618 3 1375.9 1.2 −1401.3 0.4 −10190# 200# −8329 13
Ir 77 14551 9 12314.7 1.3 2748.8 1.5 −3920 4 −6063 8 −8356 10
Pt 78 15628 5 10747.1 0.6 3268.6 0.6 −5936 16 −5608.7 0.5 −11796 20
Au 79 16605 4 9067 10 3914 17 −8467 8 −1673 13 −11280 30
Hg 80 17315 17 8128 17 4069 27 −10954 20 −2190 19 −14826 18
Tl 81 18170 30 6573 8 4924 22 −13770 22 1927 21 −14594 16
Pb 82 18748 16 4796 14 5698 5 −15854 18 1920 30 −18423 24
Bi 83 19544 24 2840 40 6862 3 ∗ 6731 23 −17250 30
Po 84 20161 24 1330 17 7693 7 ∗ 5992 19 ∗

191 Ta 73 10700# 360# ∗ −1180# 500# 7830# 300# ∗ −220# 300#
W 74 11510# 210# 18600# 300# −600# 210# 5220 40 −13670# 400# −3660 40
Re 75 12514 13 16970# 200# 120 60 2358 10 −12920# 200# −3714 10
Os 76 13551.07 0.22 15160# 200# 1083.9 1.2 −697 4 −9320 40 −7712.9 1.2
Ir 77 14402 13 13308 8 2082.8 1.2 −2911 5 −8415 5 −7473.6 1.2
Pt 78 15372 11 11289 4 3096 4 −5106 23 −4279 4 −10936 5
Au 79 16359 21 9926 14 3327 28 −7515 9 −4333 5 −10499 17
Hg 80 17110 40 8700 24 3670 30 −10301 23 −574 22 −14297 23
Tl 81 17809 11 7279 21 4321 24 −13044 10 −738 8 −13938 15
Pb 82 18590 16 5240 30 5402 14 −15223 10 3790 17 −17767 22
Bi 83 19317 22 3201 11 6780 3 −17103 18 3838 10 −16748 15
Po 84 19789 23 1803 16 7493 5 ∗ 8059 14 ∗
At 85 ∗ 649 26 7822 14 ∗ 7171 26 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

192 Ta 73 4650# 500# ∗ 11740# 400# 12410# 570# 8910# 500# ∗
W 74 6520# 210# 10390# 360# 6670# 200# 9810# 280# 7200# 280# 3180# 360#
Re 75 5310 70 7700 80 1180 70 13490 80 9080# 210# 6020# 210#
Os 76 7558.4 2.2 8821 10 −3871 16 10412 4 6961 8 5570# 200#
Ir 77 6198.12 0.11 5729.4 1.1 −8960 30 14583.0 1.1 9015.2 1.2 8790 8
Pt 78 8661.5 2.9 6868.7 2.3 −13737 6 11175.9 2.3 7025 13 8344.7 2.5
Au 79 7046 17 4363 16 −19240 30 15245 16 8561 19 11324 20
Hg 80 9491 27 5503 16 −23945 19 11533 16 6435 25 10104 19
Tl 81 7660 30 2570 40 −28800 40 16210 40 8620 40 13360 40
Pb 82 10332 9 3558 9 ∗ 12525 9 6928 10 12720 30
Bi 83 8370 30 530 30 ∗ 17590 30 9170 30 16730 30
Po 84 11069 13 2116 13 ∗ 13240 24 6862 23 15424 18
At 85 9010 30 −706 29 ∗ 18200 30 9210 40 18640 30

193 Ta 73 5780# 570# ∗ 13730# 400# ∗ 8860# 570# ∗
W 74 4640# 280# 10380# 450# 8290# 200# 11040# 360# 7390# 280# 4260# 450#
Re 75 6710 80 7900# 200# 3170 40 11660 60 9000 50 4140# 200#
Os 76 5583.42 0.20 9090 70 −2332 16 11667 10 7053 4 6620 40
Ir 77 7771.99 0.20 5943.0 2.4 −7059 7 12569.7 1.2 9035.6 1.2 6693 5
Pt 78 6262.5 2.3 6933.0 0.4 −12250 10 12940.0 0.4 7138.0 0.5 9874.6 1.2
Au 79 8704 18 4405 9 −17520 12 13004 10 8766 9 8995 9
Hg 80 7122 22 5579 22 −22737 21 13447 16 6635 16 11891 16
Tl 81 9680 30 2755 17 −27410 23 13825 23 8757 17 11003 8
Pb 82 7749 12 3650 30 −31272 27 14765 13 7001 13 14788 19
Bi 83 10420 30 622 9 ∗ 15117 10 9396 15 14128 10
Po 84 8330 18 2080 30 ∗ 15625 16 7135 26 17738 19
At 85 11060 40 −710 24 ∗ 15712 23 9359 25 16170 30
Rn 86 ∗ 1170 40 ∗ 15890 30 ∗ 19252 28

194 Ta 73 4390# 640# ∗ 15400# 500# ∗ ∗ ∗
W 74 6290# 360# 10890# 500# 10350# 300# 9400# 500# 6970# 420# ∗
Re 75 5100# 200# 8360# 280# 4950# 200# 13070# 280# 8780# 210# 4910# 360#
Os 76 7112 3 9490 40 −251 4 9860 70 6779 10 4390 40
Ir 77 6066.79 0.11 6426.3 2.4 −5594 14 14061.3 2.4 8727.5 1.2 7465 10
Pt 78 8351.7 1.3 7512.8 1.3 −10552 17 10786.3 1.2 6812.8 1.2 7281.5 0.5
Au 79 6878 9 5021.2 2.5 −16189 6 14787 3 8350 5 10143.3 2.4
Hg 80 9193 16 6068 9 −21179 13 11299 16 6478 6 9161 5
Tl 81 7532 15 3164 21 −26221 27 15785 21 8518 26 12507 15
Pb 82 10050 20 4020 19 −29932 24 12380 40 6939 19 12030 28
Bi 83 8210 9 1083 12 ∗ 17240 8 9132 8 15906 9
Po 84 10751 19 2409 15 ∗ 13240 30 7099 15 14933 15
At 85 8720 30 −320 28 ∗ 18061 26 9216 25 18169 25
Rn 86 11390 30 1497 27 ∗ 13510 30 6725 23 16440 18

195 W 74 4400# 420# 10900# 580# 12050# 300# 10780# 500# 7220# 500# ∗
Re 75 6370# 360# 8440# 420# 7010# 300# 11340# 360# 8920# 360# 3190# 500#
Os 76 5150 60 9540# 210# 1500 60 11430 70 6940 90 5750# 210#
Ir 77 7231.86 0.06 6546.1 2.0 −3537 11 12412.9 2.4 9054.0 2.4 5540 70
Pt 78 6105.09 0.12 7551.1 1.3 −9056 5 12453.2 1.3 6905.8 1.2 8734.8 2.3
Au 79 8426.4 2.3 5095.9 1.0 −14541 5 12623.4 1.6 8585.5 2.7 7915.0 1.6
Hg 80 6901 23 6090 23 −19897 24 13102 25 6623 28 10922 23
Tl 81 9289 18 3260 11 −24685 15 13618 19 8720 19 10263 19
Pb 82 7601 18 4090 15 −28790 50 14450 8 7000 30 13920 16
Bi 83 10074 7 1107 18 ∗ 14914 12 9390 8 13490 30
Po 84 8183 14 2383 8 ∗ 15479 10 7280 30 17082 8
At 85 10825 25 −245 16 ∗ 15566 17 9460 14 15710 30
Rn 86 8750 50 1520 60 ∗ 15830 60 6990 60 18760 50
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

192 Ta 73 10520# 450# ∗ −1710# 570# 8490# 410# ∗ 10# 400#
W 74 11390# 200# 19400# 450# −1220# 360# 6260# 200# ∗ −3340# 200#
Re 75 12150 70 17450# 210# −100# 210# 3250 70 −12360# 310# −3260 70
Os 76 13317.1 2.2 16090 40 361 4 406 3 −12000 40 −7244.8 2.4
Ir 77 14224.7 0.4 13831 5 1756.3 1.2 −2063 16 −7774 10 −7209 4
Pt 78 15124.7 2.5 12158.6 2.5 2423.9 2.5 −4277 16 −7182.3 2.5 −10562 6
Au 79 16081 16 10597 16 3148 18 −6900 40 −3352 16 −10252 27
Hg 80 16783 22 9283 16 3385 16 −9460 17 −3602 16 −13800 17
Tl 81 17650 30 7620 30 4070 30 −12340 40 640 30 −13650 30
Pb 82 18278 14 5759 17 5222 5 −14485 12 751 23 −17384 9
Bi 83 19080 40 3750 30 6377 4 −16460 40 5460 30 −16540 30
Po 84 19646 17 2228 16 7320 3 ∗ 4936 13 −20002 19
At 85 ∗ 1060 30 7696 26 ∗ 8876 29 ∗

193 Ta 73 10430# 500# ∗ ∗ 9420# 400# ∗ 740# 450#
W 74 11160# 210# ∗ −1470# 360# 7210# 200# ∗ −2670# 210#
Re 75 12020 40 18290# 300# −700# 200# 4300 40 −14420# 400# −2420 40
Os 76 13141.8 2.2 16800 40 −10# 200# 1085.3 2.4 −11060# 200# −6630.1 2.4
Ir 77 13970.11 0.23 14764 10 1018 8 −1131 9 −10240 70 −6319.1 2.3
Pt 78 14924 4 12662.4 1.2 2082.2 1.2 −3418 16 −5886.3 2.4 −9779 16
Au 79 15750 10 11274 9 2620 15 −5928 11 −5858 9 −9465 18
Hg 80 16613 27 9942 16 2982 18 −8833 19 −2063 16 −13260 40
Tl 81 17337 10 8257 8 3680 21 −11593 10 −1994 17 −12997 9
Pb 82 18081 12 6215 25 4970 30 −13904 18 2493 19 −16770 30
Bi 83 18788 11 4180 11 6307 5 −15817 23 2700 30 −15889 13
Po 84 19399 16 2612 16 7094 4 −17368 29 6938 16 −19320 30
At 85 20074 27 1406 23 7572 7 ∗ 6180 40 ∗
Rn 86 ∗ 466 26 8040 12 ∗ 9820 27 ∗

194 Ta 73 10170# 640# ∗ ∗ 10130# 540# ∗ 990# 540#
W 74 10930# 360# ∗ −2040# 500# 8030# 300# ∗ −2250# 300#
Re 75 11810# 210# 18740# 450# −970# 280# 5270# 200# −13740# 450# −1940# 200#
Os 76 12696 3 17390# 200# −490 40 2324.9 2.4 −13530# 200# −5970.2 2.0
Ir 77 13838.78 0.23 15520 70 626 5 −319.8 2.5 −9590 40 −6123.4 0.3
Pt 78 14614.2 2.5 13455.7 2.3 1522.8 0.5 −2576.1 2.9 −8654.7 2.3 −9427 9
Au 79 15582 16 11954.3 2.4 2116.7 2.5 −5274 14 −4964.6 2.5 −9221 16
Hg 80 16315 16 10473 4 2697.6 3.0 −7976 18 −4993 3 −12778 7
Tl 81 17210 30 8743 21 3471 14 −10914 15 −822 16 −12780 17
Pb 82 17799 18 6774 23 4738 17 −13203 22 −435 23 −16395 19
Bi 83 18630 30 4730 30 5918 5 −15307 24 4165 9 −15769 15
Po 84 19081 17 3031 14 6987 3 −16729 21 3936 17 −19009 25
At 85 19780 40 1760 40 7454 11 ∗ 7879 25 −17830 30
Rn 86 ∗ 787 20 7862 10 ∗ 6761 22 ∗

195 W 74 10690# 360# ∗ ∗ 8770# 310# ∗ −1550# 360#
Re 75 11470# 300# 19330# 500# −1470# 420# 6130# 300# −15720# 580# −1200# 300#
Os 76 12260 60 17900# 210# −760 70 3280 60 −12390# 310# −5050 60
Ir 77 13298.65 0.13 16040 40 233 10 874.7 1.6 −11720# 200# −5003.5 1.3
Pt 78 14456.8 1.3 13977.4 2.3 1176.4 0.5 −1781 23 −7647.7 2.4 −8653.2 2.1
Au 79 15305 9 12608.7 1.6 1716.8 1.6 −4412 11 −7324.3 1.6 −8454 3
Hg 80 16094 28 11112 23 2260 24 −7275 24 −3542 23 −12147 27
Tl 81 16821 13 9328 14 3218 12 −10130 12 −3232 11 −12019 21
Pb 82 17651 11 7254 16 4429 23 −12621 8 1157 6 −15786 7
Bi 83 18284 9 5126 9 5832 5 −14555 11 1623 15 −15092 14
Po 84 18934 16 3465 12 6749.7 2.8 −16170 50 5802 18 −18471 24
At 85 19546 24 2164 12 7344 6 ∗ 5264 11 −17266 19
Rn 86 20140 60 1200 50 7690 50 ∗ 8770 50 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

196 W 74 6070# 500# ∗ 13910# 400# 9100# 640# 6930# 570# ∗
Re 75 4870# 420# 8910# 420# 8780# 300# 12760# 420# 8690# 360# 4100# 500#
Os 76 6840 70 10010# 300# 3550 40 9690# 200# 6820 60 3560# 200#
Ir 77 5810 40 7210 70 −1940 40 13710 40 8820 40 6440 50
Pt 78 7921.98 0.13 8241.2 1.3 −7296 8 10598.0 1.3 6755.8 1.3 6396.3 2.3
Au 79 6643 3 5633.8 3.0 −13130 25 14332.2 3.0 8205 3 9044 3
Hg 80 8884 23 6548 3 −18357 6 11097 4 6443 9 8300 3
Tl 81 7413 16 3772 26 −23580 30 15398 12 8430 20 11555 15
Pb 82 9682 9 4482 14 −27323 16 12300 16 6993 10 11360 17
Bi 83 8055 25 1560 25 ∗ 16910 30 9084 27 15115 25
Po 84 10423 8 2732 8 ∗ 13265 8 7280 9 14407 12
At 85 8510 30 90 30 ∗ 17800 30 9280 30 17620 30
Rn 86 11150 50 1844 17 ∗ 13402 27 6907 26 15947 20

197 W 74 4200# 570# ∗ 15550# 400# ∗ 7120# 640# ∗
Re 75 6060# 420# 8900# 500# 10790# 300# 11100# 420# 8920# 420# 2430# 580#
Os 76 4870# 200# 10010# 360# 5460# 200# 11190# 360# 7050# 280# 4980# 360#
Ir 77 6900 40 7280 40 90 24 11960 60 9035 20 4640# 200#
Pt 78 5846.55 0.26 8270 40 −5674 5 11983.4 1.3 6976.1 1.3 7661.8 2.4
Au 79 8072.4 2.9 5784.2 0.5 −11453 8 12364.9 0.5 8484.4 0.5 7038.4 1.4
Hg 80 6785.6 1.5 6690 3 −17147 10 12738 3 6536 4 9866 3
Tl 81 8929 18 3817 14 −21999 16 13370 27 8694 14 9504 14
Pb 82 7468 9 4538 13 −26256 17 14121 12 7056 15 13085 6
Bi 83 9749 26 1628 11 −29940 60 14762 10 9385 19 12897 16
Po 84 7996 11 2673 26 ∗ 15343 11 7494 11 16461 20
At 85 10510 30 175 10 ∗ 15472 10 9513 15 15314 10
Rn 86 8536 21 1870 30 ∗ 15691 19 7091 29 18161 21
Fr 87 ∗ −990 60 ∗ 15910 80 9390 60 16620 60

198 Re 75 4710# 500# 9410# 570# 12590# 400# 12460# 570# 8610# 500# ∗
Os 76 6590# 280# 10540# 360# 7350# 200# 9470# 360# 6820# 360# 2790# 360#
Ir 77 5520# 200# 7920# 280# 1820# 200# 13280# 200# 8670# 210# 5500# 360#
Pt 78 7555.6 2.1 8929 20 −3837 9 10240 40 6652.4 2.4 5250 60
Au 79 6512.36 0.09 6450.0 0.5 −10207 28 13774.6 0.5 8077.1 0.5 7757.9 1.4
Hg 80 8485 3 7103.5 0.5 −15481 17 10895.2 3.0 6476.8 1.2 7486.0 0.6
Tl 81 7246 16 4277 8 −20820 9 15008 8 8349 24 10685 8
Pb 82 9393 10 5002 16 −24837 16 12140 15 6952 14 10592 25
Bi 83 7758 29 1917 28 −28950 40 16685 29 9228 28 14428 30
Po 84 10152 20 3075 19 ∗ 13250 30 7416 18 13911 18
At 85 8425 9 605 11 ∗ 17471 7 9272 8 16963 7
Rn 86 10812 21 2164 16 ∗ 13390 30 7104 16 15533 15
Fr 87 8750 60 −780 40 ∗ 18310 30 9390 60 18690 30

199 Re 75 5810# 570# ∗ 14360# 400# 10850# 570# 8870# 570# ∗
Os 76 4740# 280# 10570# 450# 9280# 200# 10790# 360# 6950# 360# 4120# 450#
Ir 77 6760# 200# 8090# 200# 3660 50 11390# 200# 8740 60 3610# 300#
Pt 78 5556.0 0.5 8970# 200# −2157 7 11586 20 6910 40 6530 40
Au 79 7584.28 0.06 6478.7 2.1 −8296 11 12036.8 0.5 8414.8 0.5 5990 40
Hg 80 6663.1 0.6 7254.2 0.6 −14307 5 12304.5 0.6 6456.7 3.0 8744.9 0.7
Tl 81 8602 29 4394 28 −19236 28 13192 28 8631 28 8726 28
Pb 82 7236 11 4992 10 −23672 10 13833 15 7129 14 12241 7
Bi 83 9495 30 2019 14 −27569 17 14659 12 9415 13 12345 16
Po 84 7837 18 3154 28 ∗ 15159 10 7634 25 15756 9
At 85 10186 7 639 18 ∗ 15281 11 9509 8 14832 25
Rn 86 8401 15 2140 9 ∗ 15506 11 7220 30 17555 9
Fr 87 10880 30 −713 19 ∗ 15972 21 9660 20 16330 30
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

196 W 74 10470# 500# ∗ ∗ 9540# 400# ∗ −1250# 500#
Re 75 11240# 360# 19810# 580# −1680# 500# 7080# 300# ∗ −920# 310#
Os 76 11980 40 18450# 300# −1080# 200# 4370 40 −14830# 300# −4660 40
Ir 77 13050 40 16750# 200# −270 80 1700 40 −11160# 300# −4710 40
Pt 78 14027.07 0.17 14787.3 2.4 812.8 2.3 −818.6 3.0 −10420 60 −8148.8 1.0
Au 79 15069 4 13185 3 1272 3 −3642 12 −6735 3 −8197 23
Hg 80 15785 4 11643.8 3.0 2038 4 −6478 8 −6321.0 3.0 −11742 12
Tl 81 16702 18 9863 12 2851 20 −9488 27 −2219 12 −11830 13
Pb 82 17283 19 7742 8 4238 17 −11880 9 −1624 24 −15394 9
Bi 83 18129 25 5649 28 5440 40 −14100 40 2857 27 −14964 25
Po 84 18607 14 3839 18 6658.2 2.4 −15444 15 2980 7 −18070 11
At 85 19340 40 2470 30 7196.4 2.7 ∗ 6820 30 −17030 60
Rn 86 19892 22 1598 19 7617 9 ∗ 5803 15 ∗

197 W 74 10270# 500# ∗ ∗ 10210# 450# ∗ −580# 500#
Re 75 10930# 420# ∗ −1970# 500# 7910# 300# ∗ −150# 300#
Os 76 11710# 210# 18920# 360# −1320# 280# 5340# 200# −13630# 450# −3720# 200#
Ir 77 12714 20 17280# 300# −460 40 2876 20 −13190# 300# −3691 20
Pt 78 13768.53 0.29 15490 60 549.7 2.3 120 3 −9430 40 −7352.4 3.0
Au 79 14715.3 1.1 14025.4 1.4 971.6 1.4 −2786 14 −8990 40 −7385.1 2.9
Hg 80 15670 23 12324 3 1515 3 −5795 6 −5185 3 −11115 13
Tl 81 16342 18 10365 14 2626 16 −8667 16 −4504 14 −11077 16
Pb 82 17150 7 8310 24 3892 16 −11352 11 −208 6 −14808 25
Bi 83 17804 10 6110 14 5365 11 −13332 12 520 15 −14290 10
Po 84 18419 12 4233 11 6411 3 −14903 19 4666 13 −17550 30
At 85 19028 12 2908 10 7104 3 −16610 60 4365 26 −16402 16
Rn 86 19680 50 1951 17 7411 7 ∗ 7690 17 ∗
Fr 87 ∗ 850 60 7900 50 ∗ 6880 60 ∗

198 Re 75 10770# 500# ∗ −2290# 640# 8720# 450# ∗ 20# 450#
Os 76 11470# 200# 19440# 450# −1620# 360# 6300# 200# −16020# 450# −3410# 200#
Ir 77 12420# 200# 17930# 360# −880# 280# 3870# 200# −12650# 360# −3360# 200#
Pt 78 13402.1 2.1 16200 40 106 3 1050.3 2.1 −12110# 200# −6835.6 2.1
Au 79 14584.7 2.9 14720 40 526.1 1.4 −2052 8 −8606 20 −7112 3
Hg 80 15271.0 2.9 12887.7 0.6 1380.9 0.6 −4887 9 −7823.5 0.6 −10671 14
Tl 81 16175 14 10968 8 2258 8 −8155 29 −3678 8 −10855 9
Pb 82 16862 12 8819 9 3692 9 −10594 19 −2816 9 −14452 12
Bi 83 17510 40 6460 30 5140 30 −12665 28 1690 30 −14052 29
Po 84 18147 18 4703 19 6309.7 1.4 −14243 22 1983 18 −17189 19
At 85 18940 30 3278 25 6889.4 1.9 −16290 30 5689 10 −16290 17
Rn 86 19348 19 2340 14 7349 4 ∗ 4874 17 −19560 60
Fr 87 ∗ 1090 40 7869 20 ∗ 8640 30 ∗

199 Re 75 10520# 500# ∗ ∗ 9670# 400# ∗ 800# 450#
Os 76 11330# 280# 19980# 450# −1960# 360# 7120# 200# ∗ −2630# 280#
Ir 77 12280 50 18630# 300# −1260# 300# 4700 40 −14700# 400# −2570 40
Pt 78 13111.6 2.1 16890# 200# −300 60 2157.4 2.2 −11080# 200# −5879.2 2.1
Au 79 14096.64 0.11 15408 20 173.7 1.4 −1034 28 −10670# 200# −6210.8 0.5
Hg 80 15148 3 13704.2 0.7 822.9 0.7 −4314 7 −6931.0 2.1 −10089 8
Tl 81 15850 30 11498 28 2083 28 −7262 30 −5768 28 −10063 29
Pb 82 16629 8 9269 8 3357 24 −9993 9 −1566 7 −13929 28
Bi 83 17253 13 7021 17 4933 7 −11974 12 −558 13 −13396 20
Po 84 17988 11 5071 7 6074.3 1.9 −13679 9 3540 10 −16601 7
At 85 18611 10 3714 10 6777.3 1.2 −15595 15 3262 28 −15664 14
Rn 86 19213 18 2745 12 7132 4 ∗ 6624 19 −19210 30
Fr 87 19630 60 1451 16 7817 10 ∗ 6191 15 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

200 Os 76 6350# 360# 11110# 500# 10950# 300# 9150# 500# 6670# 420# 1970# 500#
Ir 77 5240# 200# 8590# 280# 5480# 200# 12740# 280# 8370# 280# 4430# 360#
Pt 78 7282 20 9490 50 −348 22 9820# 200# 6529 28 4130# 200#
Au 79 6218 27 7140 27 −6870 40 13375 27 8044 27 6670 30
Hg 80 8028.52 0.11 7698.5 0.6 −12562 8 10788.3 0.6 6500.5 0.6 6562.9 0.7
Tl 81 7059 29 4790 6 −18059 25 14618 6 8357 7 9739 6
Pb 82 9090 12 5480 30 −22250 12 11989 13 6967 17 9936 11
Bi 83 7644 25 2428 24 −26500 40 16408 24 9239 23 13630 26
Po 84 9774 9 3433 13 ∗ 13143 29 7610 11 13450 9
At 85 8236 25 1038 25 ∗ 17200 30 9269 26 16346 26
Rn 86 10512 9 2466 8 ∗ 13419 8 7219 10 15039 11
Fr 87 8710 30 −400 30 ∗ 18070 30 9490 30 18140 30

201 Os 76 4360# 420# ∗ 12820# 300# 10600# 500# 7020# 500# ∗
Ir 77 6340# 280# 8580# 360# 7340# 200# 11140# 280# 8620# 280# 2800# 450#
Pt 78 5210 50 9460# 200# 1530 50 11370 60 6830# 210# 5510# 210#
Au 79 7232 27 7090 20 −4972 13 11699 4 8367 4 4960# 200#
Hg 80 6230.6 0.6 7711 27 −11141 5 12142.0 0.8 6782.3 0.8 7887.9 2.2
Tl 81 8205 15 4966 14 −16391 16 13076 14 8638 14 8046 14
Pb 82 7091 17 5513 15 −21164 17 13500 30 7122 16 11330 14
Bi 83 9130 26 2467 16 −25018 15 14514 14 9502 15 11746 14
Po 84 7651 9 3440 23 −28458 21 14987 12 7717 28 15193 10
At 85 9873 26 1137 11 ∗ 15160 10 9548 19 14231 29
Rn 86 8178 12 2408 26 ∗ 15427 11 7465 11 17012 20
Fr 87 10620 30 −300 11 ∗ 15859 12 9683 16 15944 10
Ra 88 ∗ 1490 40 ∗ 15876 25 7220 40 18814 24

202 Os 76 5760# 500# ∗ 14820# 400# ∗ 7060# 570# ∗
Ir 77 4870# 360# 9090# 420# 9340# 300# 12620# 420# 8490# 360# 3740# 500#
Pt 78 7020 60 10140# 200# 3248 25 9590# 200# 6570 50 3230# 200#
Au 79 6024 24 7900 60 −3602 27 12960 30 7900 23 5690 50
Hg 80 7754.10 0.20 8234 3 −9404 9 10606 27 6612.5 0.8 5689.8 2.2
Tl 81 6871 14 5606.9 1.8 −15385 28 14233.7 1.8 8429.7 1.8 8759.7 1.9
Pb 82 8741 14 6049 15 −19666 18 11817 7 6983 28 9252 4
Bi 83 7393 19 2769 20 −23852 15 16211 17 9345 16 12950 30
Po 84 9492 10 3802 15 −27016 17 13140 24 7720 14 12937 11
At 85 7877 29 1363 28 ∗ 17057 29 9508 28 15849 30
Rn 86 10238 20 2774 19 ∗ 13420 30 7413 18 14611 18
Fr 87 8558 11 80 12 ∗ 17813 8 9525 9 17571 8
Ra 88 10933 25 1803 18 ∗ 13650 30 7168 20 16281 17

203 Os 76 2810# 570# ∗ 18000# 400# ∗ ∗ ∗
Ir 77 5800# 500# 9130# 570# 11390# 400# 11180# 500# 9040# 500# ∗
Pt 78 4890# 200# 10160# 360# 5280# 200# 11040# 280# 6920# 280# 4690# 360#
Au 79 6862 23 7740 25 −1619 13 11310 50 8320 20 4070# 200#
Hg 80 5995.2 1.6 8205 23 −7958 5 11842 4 6835 27 6976 20
Tl 81 7852.2 1.7 5705.0 1.1 −13599 11 12612.0 1.1 8606.0 1.2 7125 27
Pb 82 6917 8 6095 7 −18602 9 13105 16 7125 9 10363 7
Bi 83 8845 19 2873 13 −22401 14 14457 19 9590 16 11169 14
Po 84 7441 10 3849 15 −25912 11 14829 13 7924 23 14586 11
At 85 9639 30 1510 14 ∗ 15069 12 9643 13 13854 25
Rn 86 7981 18 2878 28 ∗ 15316 10 7668 25 16404 10
Fr 87 10296 9 138 19 ∗ 15695 12 9741 9 15511 25
Ra 88 8545 18 1789 11 ∗ 15724 13 7330 30 18248 11
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

200 Os 76 11090# 360# ∗ −2240# 500# 8050# 300# ∗ −2220# 300#
Ir 77 12000# 280# 19160# 450# −1640# 360# 5670# 200# −14130# 450# −2250# 200#
Pt 78 12838 20 17580# 200# −750 40 2904 20 −13620# 200# −5577 20
Au 79 13802 27 16110# 200# −230 50 −193 27 −10130 50 −5765 27
Hg 80 14691.6 0.6 14177.2 2.1 716.4 0.7 −3252 10 −9403.5 2.2 −9515 28
Tl 81 15661 9 12044 6 1667 6 −6677 23 −5242 6 −9887 9
Pb 82 16326 13 9874 10 3150 10 −9309 12 −3994 10 −13525 15
Bi 83 17140 40 7420 24 4701 26 −11380 30 400 40 −13203 23
Po 84 17611 19 5452 12 5981.6 1.8 −12941 10 1001 10 −16190 9
At 85 18422 25 4190 40 6596.2 1.3 −15120 40 4521 27 −15499 26
Rn 86 18913 15 3105 18 7043.4 2.1 ∗ 3949 8 −18843 15
Fr 87 19590 40 1740 30 7622 4 ∗ 7670 30 ∗

201 Os 76 10710# 360# ∗ −2390# 500# 8900# 300# ∗ −1340# 360#
Ir 77 11580# 200# 19690# 450# −1910# 360# 6560# 200# ∗ −1310# 200#
Pt 78 12490 50 18050# 210# −1090# 210# 3920 50 −12480# 300# −4570 60
Au 79 13450 3 16580 40 −561 20 780 15 −12120# 200# −4969 3
Hg 80 14259.1 0.6 14851.8 2.2 332.3 0.8 −2391 14 −8352 20 −8687 6
Tl 81 15260 30 12665 14 1534 14 −5752 19 −7230 30 −9001 17
Pb 82 16182 15 10303 14 2844 14 −8750 15 −3057 14 −12972 27
Bi 83 16774 16 7950 30 4500 6 −10640 15 −1671 13 −12559 14
Po 84 17425 7 5867 8 5799.3 1.7 −12414 11 2441 11 −15605 25
At 85 18109 10 4570 13 6472.8 1.6 −14378 12 2292 24 −14860 10
Rn 86 18690 12 3447 11 6860.7 2.3 −16044 23 5545 13 −18310 30
Fr 87 19325 16 2166 11 7519 4 ∗ 5287 26 ∗
Ra 88 ∗ 1081 22 8002 12 ∗ 8648 21 ∗

202 Os 76 10120# 500# ∗ ∗ 10160# 400# ∗ −760# 450#
Ir 77 11210# 360# ∗ −2080# 500# 7710# 300# ∗ −970# 300#
Pt 78 12240 30 18720# 300# −1520# 200# 4653 25 −15140# 300# −4363 25
Au 79 13260 40 17360# 200# −1070# 200# 1627 23 −11800# 200# −4762 23
Hg 80 13984.7 0.6 15324 20 133.8 2.2 −1405 4 −10890 50 −8236 14
Tl 81 15076 6 13318 27 1175.5 1.9 −5230 14 −6869 4 −8781 14
Pb 82 15832 11 11015 4 2589 4 −7999 9 −5567 4 −12583 13
Bi 83 16523 27 8282 15 4353 16 −10160 30 −859 20 −12301 15
Po 84 17143 11 6269 13 5701.0 1.7 −11667 20 40 16 −15223 12
At 85 17750 40 4800 40 6353.8 1.3 −13697 28 3540 30 −14559 29
Rn 86 18417 18 3911 19 6773.8 1.8 −15349 23 2958 18 −17934 20
Fr 87 19170 30 2489 25 7385 4 ∗ 6602 10 −16907 21
Ra 88 ∗ 1503 16 7880 7 ∗ 5893 18 ∗

203 Os 76 8570# 500# ∗ ∗ 12240# 450# ∗ 1300# 500#
Ir 77 10670# 450# ∗ −2070# 570# 8770# 400# ∗ 250# 400#
Pt 78 11910# 210# 19250# 360# −1670# 280# 5760# 200# −14270# 450# −3230# 200#
Au 79 12885 4 17880# 200# −1170 40 2618 3 −13790# 300# −3869 3
Hg 80 13749.3 1.6 16110 50 −305.4 2.7 −483 7 −9866 25 −7360.1 2.1
Tl 81 14723 14 13939 3 907.5 1.2 −4236 13 −8697 23 −7892 4
Pb 82 15658 15 11702 7 2335 7 −7476 8 −4730 7 −12107 15
Bi 83 16239 18 8922 19 4110 30 −9362 17 −2833 13 −11655 15
Po 84 16932 7 6618 15 5496 5 −11127 7 1341 6 −14787 28
At 85 17516 13 5312 16 6210.1 0.8 −13039 12 1299 18 −13959 20
Rn 86 18219 12 4241 8 6629.9 2.1 −14785 11 4469 10 −17357 8
Fr 87 18855 11 2912 10 7275 4 ∗ 4183 28 −16270 16
Ra 88 19478 22 1869 14 7736 6 ∗ 7587 20 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

204 Ir 77 3270# 570# 9590# 570# 14780# 400# 13670# 570# 10130# 500# ∗
Pt 78 6180# 280# 10540# 450# 7490# 200# 9730# 360# 7080# 280# 2870# 360#
Au 79 5320# 200# 8170# 280# 260# 200# 13010# 200# 8220# 210# 5100# 280#
Hg 80 7492.3 1.6 8836 3 −6349 10 10374 23 6575 3 4700 50
Tl 81 6656.08 0.29 6365.8 1.3 −12471 23 13710.0 1.1 8180.5 1.1 7701 3
Pb 82 8395 6 6637.5 0.3 −17140 7 11581.4 1.7 6935 14 8199.1 1.1
Bi 83 7192 16 3148 11 −21253 26 16005 10 9489 17 12181 17
Po 84 9102 11 4105 16 −24402 13 13121 17 7952 16 12576 17
At 85 7784 25 1853 23 ∗ 16777 24 9510 23 15200 26
Rn 86 9857 9 3096 13 ∗ 13336 29 7683 11 14197 9
Fr 87 8340 25 498 25 ∗ 17590 30 9579 27 17043 26
Ra 88 10612 13 2104 11 ∗ 13670 11 7337 13 15815 13

205 Ir 77 4100# 640# ∗ 18220# 500# 12380# 640# 11790# 640# ∗
Pt 78 3270# 360# 10540# 500# 10950# 300# 12260# 500# 8680# 420# 5360# 500#
Au 79 6250# 280# 8240# 280# 2500# 200# 11650# 280# 8990# 200# 3720# 360#
Hg 80 5669 4 9190# 200# −4766 11 11567 5 6929 24 6051 25
Tl 81 7546.1 0.5 6419.6 1.3 −10836 12 12159.2 1.3 8388.6 1.2 6179 23
Pb 82 6731.67 0.11 6713.06 0.21 −16060 5 12702.0 0.4 7074.3 1.7 9221.5 1.1
Bi 83 8491 10 3245 5 −19756 9 14432 8 9739 6 10561 5
Po 84 7252 14 4164 14 −23325 25 14714 16 8094 17 14066 11
At 85 9181 26 1932 16 −27090 60 15037 13 9821 15 13413 18
Rn 86 7811 9 3123 23 ∗ 15164 12 7749 28 15878 10
Fr 87 9988 26 629 11 ∗ 15585 10 9829 19 14932 29
Ra 88 8329 24 2090 30 ∗ 15638 24 7566 24 17725 29
Ac 89 ∗ −760 60 ∗ 16220 60 9900 60 16650 60

206 Pt 78 4490# 420# 10930# 580# 14550# 300# 11040# 500# 9990# 500# 3680# 500#
Au 79 3690# 360# 8660# 420# 5840# 300# 14140# 360# 10180# 360# 5830# 500#
Hg 80 6729 21 9660# 200# −2757 21 10160# 200# 7062 21 4210# 200#
Tl 81 6503.8 0.4 7255 4 −9814 14 13147.7 1.3 7880.0 1.4 6537 3
Pb 82 8086.66 0.06 7253.7 0.5 −14653 9 11271.37 0.21 6839.9 0.4 7130.1 1.3
Bi 83 7034 9 3547 8 −18781 29 15792 8 9622 10 11380 8
Po 84 8739 11 4412 6 −21754 18 13168 10 8200 13 12244 8
At 85 7526 18 2207 17 −25920 70 16612 17 9735 14 14732 19
Rn 86 9494 10 3437 15 ∗ 13453 24 7894 14 13824 10
Fr 87 8008 29 826 28 ∗ 17434 29 9801 28 16562 30
Ra 88 10310 29 2414 20 ∗ 13670 30 7553 19 15396 19
Ac 89 8690 90 −390 70 ∗ 18130 70 9750 70 18250 70

207 Pt 78 2970# 500# ∗ 18310# 400# 12170# 640# 10300# 570# ∗
Au 79 4520# 420# 8690# 420# 9410# 300# 12890# 420# 11840# 360# 4580# 500#
Hg 80 3610 40 9590# 300# 660 30 12790# 200# 8770# 200# 6780# 200#
Tl 81 6852 5 7378 21 −7807 14 11964 7 8520 5 5000# 200#
Pb 82 6737.78 0.10 7487.6 0.6 −13817 5 12079.6 0.5 6758.16 0.23 7884.6 1.2
Bi 83 8098 8 3558.0 2.1 −17206 18 14426.4 2.1 9919.3 2.1 9937.9 2.1
Po 84 7028 8 4406 10 −20660 60 14631 8 8364 11 13611 7
At 85 8859 18 2328 13 −24370 60 15005 16 9978 16 13065 15
Rn 86 7573 10 3484 14 ∗ 15061 13 8105 23 15353 11
Fr 87 9670 30 1005 20 ∗ 15572 18 9985 19 14673 29
Ra 88 8120 60 2530 60 ∗ 15530 60 7770 60 17130 60
Ac 89 10410 90 −290 60 ∗ 16050 60 9950 60 16190 60
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

204 Ir 77 9070# 500# ∗ ∗ 10820# 450# ∗ 1870# 450#
Pt 78 11070# 200# 19670# 450# −1500# 360# 7070# 200# −17640# 450# −2550# 200#
Au 79 12180# 200# 18330# 360# −1250# 280# 3960# 200# −13310# 450# −3190# 200#
Hg 80 13487.5 0.7 16576 25 −516 20 419.7 1.2 −12470# 200# −7000.2 1.2
Tl 81 14508.3 1.7 14571 23 469 27 −3700 9 −8492 3 −7631 6
Pb 82 15312 4 12342.4 1.1 1968.5 1.1 −6769 10 −7129.6 1.3 −11656 13
Bi 83 16038 17 9243 9 3976 11 −8771 24 −2174 9 −11406 10
Po 84 16542 13 6978 11 5484.9 1.4 −10371 12 −844 12 −14250 15
At 85 17420 40 5702 27 6070.4 1.2 −12480 30 2361 26 −13763 23
Rn 86 17838 19 4606 11 6546.7 1.8 −14031 12 2052 9 −16918 10
Fr 87 18637 25 3380 40 7170.3 2.4 ∗ 5481 27 −16065 26
Ra 88 19156 17 2242 20 7637 7 ∗ 4956 11 ∗

205 Ir 77 7370# 640# ∗ ∗ 12970# 540# ∗ 3950# 540#
Pt 78 9450# 360# 20130# 500# −410# 420# 9470# 300# ∗ −500# 360#
Au 79 11570# 200# 18780# 450# −1160# 280# 5250# 200# −16290# 450# −1950# 200#
Hg 80 13161 4 17360# 200# −970 50 1482 4 −11960# 200# −6013 4
Tl 81 14202.1 0.5 15255 3 155 3 −2755 5 −10720# 200# −6782.3 0.5
Pb 82 15126 6 13078.9 1.3 1467.5 1.1 −6249 10 −6369.0 1.2 −11196 9
Bi 83 15683 14 9882 5 3690 15 −8081 13 −4008 5 −10796 11
Po 84 16353 11 7313 12 5325 10 −9812 11 299 10 −13717 25
At 85 16965 16 6038 18 6019.6 1.7 −11675 14 372 15 −13086 14
Rn 86 17668 8 4977 7 6386.5 1.8 −13514 23 3342 11 −16388 25
Fr 87 18329 10 3725 13 7054.7 2.4 −15420 60 3276 24 −15442 12
Ra 88 18940 25 2590 24 7486 20 ∗ 6485 24 ∗
Ac 89 ∗ 1350 60 8090 60 ∗ 6210 60 ∗

206 Pt 78 7760# 360# ∗ 870# 500# 11710# 300# ∗ 1260# 360#
Au 79 9940# 360# 19200# 500# 30# 420# 8060# 300# −15880# 580# 30# 300#
Hg 80 12398 20 17900# 200# −680 30 2840 20 −15420# 300# −5196 20
Tl 81 14049.9 0.6 16440# 200# −325 23 −2225 8 −10970# 200# −6554.4 0.6
Pb 82 14818.33 0.12 13673.3 1.2 1134.9 1.0 −5597 4 −8787 4 −10791 5
Bi 83 15525 12 10260 8 3527 8 −7589 16 −3496 8 −10578 13
Po 84 15990 11 7657 4 5327.0 1.3 −9056 9 −1707 4 −13275 13
At 85 16707 26 6371 16 5887 5 −11190 30 1337 14 −12801 14
Rn 86 17305 11 5370 13 6383.7 1.6 −12699 20 1100 13 −15894 12
Fr 87 18000 40 3950 40 6923 3 −14730 70 4450 30 −15120 40
Ra 88 18638 20 3042 19 7415 4 ∗ 3986 19 −18610 60
Ac 89 ∗ 1700 70 7960 60 ∗ 7510 70 ∗

207 Pt 78 7460# 500# ∗ 710# 570# 12350# 400# ∗ 1980# 500#
Au 79 8210# 360# 19620# 580# 1310# 500# 10390# 300# ∗ 2230# 300#
Hg 80 10340 30 18250# 300# 600# 200# 5965 30 −14540# 300# −2305 30
Tl 81 13356 5 17040# 200# −316 6 −980 6 −14130# 300# −5320 5
Pb 82 14824.44 0.11 14742 4 392.3 1.3 −5306 7 −8795 20 −10495 8
Bi 83 15132 5 10811.7 2.1 3281.8 2.1 −6827 13 −5090.2 2.1 −9937 5
Po 84 15767 12 7953 7 5215.9 2.5 −8511 8 −649 7 −12778 15
At 85 16386 17 6740 13 5872 3 −10378 21 −488 15 −12166 15
Rn 86 17068 7 5691 11 6251.2 1.6 −12150 60 2265 6 −15459 28
Fr 87 17682 19 4442 21 6889 20 −14000 60 2301 22 −14486 25
Ra 88 18430 60 3350 60 7270 60 ∗ 5360 60 −18040 90
Ac 89 19100 80 2120 60 7840 60 ∗ 5100 60 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

208 Pt 78 4430# 570# ∗ 21250# 400# ∗ 9960# 640# ∗
Au 79 3340# 420# 9060# 500# 12960# 300# 14040# 420# 11770# 420# 5340# 580#
Hg 80 4850 40 9910# 300# 4200 30 11640# 300# 10170# 200# 5200# 300#
Tl 81 3787 6 7552 30 −4280 9 14906 20 10402 4 7470# 200#
Pb 82 7367.87 0.05 8003 5 −12093 10 11215.6 0.6 6936.3 0.5 6186 4
Bi 83 6886.9 2.7 3707.2 2.0 −16205 12 15626.2 2.0 9764.1 2.0 10597.1 2.0
Po 84 8395 7 4703.6 2.5 −19197 9 13270 8 8460 5 11947.4 1.3
At 85 7314 15 2613 11 −23230 70 16430 10 9916 13 14242 10
Rn 86 9092 11 3717 16 −26340 30 13495 17 8193 16 13512 14
Fr 87 7887 21 1319 13 ∗ 17179 14 9909 13 15966 17
Ra 88 9860 60 2712 20 ∗ 13686 29 7902 12 15084 10
Ac 89 8460 90 40 90 ∗ 17910 70 9820 70 17720 60
Th 90 ∗ 1750 60 ∗ 13910 70 7450 70 16530 40

209 Au 79 4390# 500# 9020# 570# 16030# 400# 12620# 570# 11870# 500# ∗
Hg 80 3420# 150# 9990# 340# 7760# 150# 12740# 340# 10450# 340# 6280# 340#
Tl 81 4966 6 7670 30 −761 8 13550 30 12165 21 6190# 300#
Pb 82 3937.4 1.3 8153.4 2.1 −8674 10 14131 6 9502.8 1.4 8978 20
Bi 83 7459.8 1.9 3799.0 0.8 −14476 12 14904.2 0.8 10391.0 0.8 9641.1 0.8
Po 84 6968.1 1.9 4784.8 2.4 −18224 6 14399.3 2.5 8526 8 13065.9 1.4
At 85 8485 10 2704 5 −21730 60 14973 8 10169 6 12791 9
Rn 86 7357 14 3760 13 −25340# 100# 14997 16 8362 17 14894 11
Fr 87 9189 16 1416 15 ∗ 15563 12 10215 14 14304 18
Ra 88 7941 11 2766 13 ∗ 15418 18 7969 28 16638 10
Ac 89 9990 90 170 60 ∗ 16040 80 10140 60 15740 60
Th 90 8360# 110# 1660# 120# ∗ 15960# 120# 7770# 120# 18480# 110#

210 Au 79 3160# 570# ∗ 17470# 400# 13890# 570# 11680# 570# ∗
Hg 80 4760# 250# 10360# 450# 10650# 200# 11320# 360# 10200# 360# 4490# 450#
Tl 81 3674 13 7930# 150# 2725 14 14730 30 12100 30 7040# 300#
Pb 82 5185.2 1.3 8373 6 −5124 5 12732.5 1.9 11170 5 7405 30
Bi 83 4604.63 0.08 4466.3 1.1 −11448 13 17667.4 0.8 12524.1 0.8 11889 5
Po 84 7658.4 1.4 4983.4 0.8 −16396 9 13627.9 2.0 8965.5 2.1 12145.31 0.12
At 85 7160 9 2895 8 −20740 60 16208 8 10038 10 13729 8
Rn 86 8735 11 4010 7 −23664 19 13576 10 8487 13 13187 8
Fr 87 7633 18 1691 17 ∗ 17023 17 10155 14 15530 18
Ra 88 9487 11 3064 15 ∗ 13819 15 8156 20 14724 10
Ac 89 8150 80 380 60 ∗ 17750 60 10110 90 17260 60
Th 90 10410# 110# 2070 60 ∗ 14010 70 7780 60 16190 60

211 Hg 80 3160# 280# 10360# 450# 12040# 200# 12550# 450# 10380# 360# 5760# 450#
Tl 81 4900 40 8070# 210# 5570 40 13240# 160# 12050 50 5480# 300#
Pb 82 3835.9 2.6 8535 12 −1738 7 13863 6 11121.2 2.7 8420 30
Bi 83 5139 5 4420 5 −7719 13 16466 6 14753 5 10537 6
Po 84 4550.8 0.5 4929.6 0.9 −13264 5 16536.9 0.9 11301.7 2.1 14962.4 0.5
At 85 7746 8 2983.1 2.5 −18790 50 15429.6 2.8 10686.1 2.8 12869 3
Rn 86 7222 8 4072 10 −22630 90 14839 8 8579 11 14360 7
Fr 87 8868 18 1825 13 −26190 70 15512 16 10379 16 13976 15
Ra 88 7682 10 3114 14 ∗ 15325 13 8361 13 16134 11
Ac 89 9690 80 590 50 ∗ 16000 50 10280 50 15450 60
Th 90 8250 90 2180 110 ∗ 15740 100 7980 110 17790 90
Pa 91 ∗ −700 70 ∗ 16370# 120# 10230 80 16940 90
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

208 Pt 78 7400# 500# ∗ ∗ 12770# 400# ∗ 2070# 500#
Au 79 7860# 420# ∗ 1240# 500# 10840# 300# ∗ 2510# 300#
Hg 80 8460 40 18600# 300# 1930# 200# 8480 30 −16420# 400# −300 30
Tl 81 10639.5 1.8 17140# 300# 1220# 200# 2120.0 2.6 −13400# 300# −2369.5 1.7
Pb 82 14105.65 0.11 15381 20 516.7 1.2 −4279.3 1.3 −12550 30 −9765.3 2.1
Bi 83 14985 8 11194.8 2.0 3051.0 2.0 −6400 9 −5125 6 −9796 7
Po 84 15423 4 8261.6 1.3 5215.7 1.3 −7814 10 −2306.2 1.3 −12313 13
At 85 16173 16 7020 12 5751.1 2.2 −9805 15 296 9 −11906 10
Rn 86 16665 13 6045 11 6260.7 1.7 −11383 14 201 12 −14878 20
Fr 87 17560 30 4803 18 6785 25 −13430 70 3274 17 −14250 60
Ra 88 17980 20 3717 12 7273 5 −14960 30 3074 10 −17490 60
Ac 89 18870 90 2570 70 7730 60 ∗ 6320 70 ∗
Th 90 ∗ 1460 40 8200 30 ∗ 5890 70 ∗

209 Au 79 7730# 500# ∗ 950# 640# 11420# 400# ∗ 2960# 400#
Hg 80 8270# 150# 19050# 430# 1790# 340# 9010# 150# −15400# 430# 70# 150#
Tl 81 8753 8 17580# 300# 2500# 200# 4614 6 −15020# 300# 32 6
Pb 82 11305.2 1.3 15705 30 2248 4 −1248.6 1.9 −11640 30 −6815.7 2.2
Bi 83 14346.7 2.0 11802 5 3137.3 0.8 −5375 5 −8797.4 1.8 −8860.7 1.5
Po 84 15363 7 8492.0 1.4 4979.2 1.4 −7425 10 −1906.5 1.4 −11967 9
At 85 15799 13 7407 5 5756.9 2.0 −9102 12 −1303 5 −11300 11
Rn 86 16449 11 6373 12 6155.4 2.0 −10799 11 1239 10 −14347 15
Fr 87 17076 21 5133 17 6777 4 −12630 60 1399 15 −13581 15
Ra 88 17800 60 4085 7 7143.1 2.7 −14540# 100# 4225 12 −16970 60
Ac 89 18440 80 2880 60 7730 60 ∗ 4220 60 −15910 60
Th 90 ∗ 1700# 120# 8170# 110# ∗ 7380# 100# ∗

210 Au 79 7550# 500# ∗ ∗ 11930# 400# ∗ 3220# 430#
Hg 80 8180# 200# 19380# 450# 1520# 360# 9430# 200# ∗ 270# 200#
Tl 81 8640 12 17920# 300# 2520# 300# 5545 12 −14310# 400# 296 12
Pb 82 9122.5 0.9 16040 30 3792 20 1224.6 0.9 −13410# 150# −4541.2 0.5
Bi 83 12064.4 1.9 12619.7 1.8 5036.5 0.8 −2820 8 −8436 6 −6497.2 1.6
Po 84 14626.5 1.3 8782.48 0.13 5407.53 0.07 −6348 5 −5627.5 1.3 −11141 5
At 85 15645 12 7680 8 5631.2 1.0 −8629 15 −1002 8 −11102 13
Rn 86 16092 11 6713 5 6159.0 2.2 −10048 10 −528 5 −13894 12
Fr 87 16821 18 5452 16 6671 5 −12110 60 2251 14 −13273 15
Ra 88 17428 13 4480 14 7151 3 −13617 21 2095 14 −16470 60
Ac 89 18140 90 3150 60 7590 60 ∗ 5260 60 −15700# 120#
Th 90 18770 40 2246 21 8069 6 ∗ 4912 20 ∗

211 Hg 80 7920# 250# ∗ 1320# 450# 10100# 200# ∗ 790# 200#
Tl 81 8580 40 18430# 400# 2140# 300# 5780 40 −16050# 400# 580 40
Pb 82 9021.1 2.7 16460# 150# 3570 30 1939.5 2.5 −12480# 200# −3772.4 2.5
Bi 83 9743 5 12792 8 6750.4 0.5 −212 6 −9901 13 −3977 5
Po 84 12209.1 1.5 9395.9 1.4 7594.6 0.5 −3677 7 −4993.0 1.0 −8532 8
At 85 14906 5 7966.5 2.4 5982.4 1.3 −7507 12 −4144.3 2.4 −10114 5
Rn 86 15957 12 6967 7 5965.5 1.4 −9587 8 −91 7 −13483 15
Fr 87 16501 17 5834 13 6662 3 −11280 60 543 14 −12654 15
Ra 88 17169 8 4805 11 7041.7 2.9 −13040 90 3148 7 −16000 60
Ac 89 17840 80 3650 50 7570 50 −14910 90 3200 60 −14990 60
Th 90 18660# 130# 2560 90 7940 60 ∗ 6140 90 ∗
Pa 91 ∗ 1370 90 8480 40 ∗ 6000 90 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

212 Hg 80 4660# 360# ∗ 13390# 300# 11050# 500# 10110# 500# ∗
Tl 81 3540# 210# 8450# 280# 7080# 200# 14460# 280# 11920# 250# 6330# 450#
Pb 82 5127.2 2.5 8760 40 1110 3 12409 12 10960 6 6710# 150#
Bi 83 4330 6 4913.9 2.7 −4602 9 17321.3 1.9 14360.7 2.1 11173 6
Po 84 6008.2 0.5 5799 5 −10171 10 15133.3 0.8 12753.2 0.8 12891.6 1.3
At 85 5052 3 3484.6 2.2 −15928 22 18035.7 2.1 12601.9 2.5 15276.8 2.0
Rn 86 7975 7 4301 4 −20770 10 14024 8 9089 6 13353 3
Fr 87 7447 15 2050 11 −25110 90 16800 10 10289 13 15014 10
Ra 88 9102 11 3347 16 ∗ 13856 17 8447 15 14389 14
Ac 89 7920 60 821 22 ∗ 17568 24 10305 23 16728 25
Th 90 9840 90 2320 50 ∗ 14060 60 8130 60 15899 12
Pa 91 8530 110 −430 120 ∗ 18250 90 10070# 140# 18400 100

213 Hg 80 2890# 420# ∗ 14850# 300# ∗ 10380# 500# ∗
Tl 81 4740# 200# 8530# 300# 8363 27 12890# 200# 11950# 200# 4750# 400#
Pb 82 3726 7 8940# 200# 2492 8 13590 40 10907 13 7740# 200#
Bi 83 5185 5 4972 5 −1677 7 15972 5 14361 5 9662 13
Po 84 4355.4 2.9 5825 3 −6999 10 15916 6 13002.4 2.8 13721.3 2.8
At 85 6023 5 3499 5 −12721 13 16564 5 14238 5 13859 5
Rn 86 5108 4 4357 4 −17816 10 16662 4 11140 8 15904 3
Fr 87 8110 10 2184 6 −23210 60 15912 8 10915 7 14064 9
Ra 88 7527 14 3427 13 ∗ 15197 15 8553 17 15597 11
Ac 89 9230 25 949 16 ∗ 16020 13 10562 15 15131 18
Th 90 8062 14 2468 24 ∗ 15690 50 8220 60 17324 13
Pa 91 10010 100 −250 60 ∗ 16490 100 10460 60 16540 80

214 Hg 80 4500# 500# ∗ 16240# 400# ∗ ∗ ∗
Tl 81 3390# 200# 9020# 360# 9840# 200# 14160# 360# 11720# 280# ∗
Pb 82 5051 7 9256 27 4137 9 12080# 200# 10760 40 5850# 200#
Bi 83 4040 12 5286 13 −242 14 17059 11 14156 11 10520 40
Po 84 5887.8 2.8 6527 5 −4563 5 14358.8 1.9 12253 5 11669.4 2.6
At 85 4871 6 4015 5 −9812 14 17701 4 13917 4 14126 7
Rn 86 6695 10 5029 10 −15015 14 15019 9 12192 9 13759 9
Fr 87 5475 10 2551 9 −20420 80 18412 9 12661 11 16335 9
Ra 88 8324 11 3642 7 ∗ 14320 10 9097 13 14494 9
Ac 89 7779 18 1201 17 ∗ 17343 17 10465 14 16220 18
Th 90 9496 14 2735 16 ∗ 14106 24 8420 50 15509 12
Pa 91 8270 100 −50 80 ∗ 18060 80 10450 120 17960 100

215 Hg 80 2730# 570# ∗ 17650# 400# ∗ ∗ ∗
Tl 81 4510# 360# 9030# 500# 11290# 300# 12540# 420# 11870# 420# ∗
Pb 82 3550 50 9410# 200# 5510 50 13270 60 10760# 210# 6970# 310#
Bi 83 5241 13 5477 6 1311 9 15544 9 14042 6 8830# 200#
Po 84 4143.1 2.5 6630 11 −3074 7 15401 5 12440.2 2.6 12653.6 2.3
At 85 5949 8 4076 7 −7287 14 16108 7 13977 7 12508 7
Rn 86 4921 11 5079 7 −12090 9 16121 8 12323 6 14847 6
Fr 87 6795 11 2651 11 −17490 80 16725 8 13841 8 14593 7
Ra 88 5632 9 3799 11 −22360 100 16797 9 10912 11 16838 8
Ac 89 8474 18 1351 13 ∗ 16396 16 11093 16 15193 15
Th 90 7845 12 2801 15 ∗ 15491 13 8486 23 16767 12
Pa 91 9730 120 180 80 ∗ 16400 80 10560 80 16150 90
U 92 ∗ 1860 130 ∗ 15950 120 8160 140 18420 100
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

212 Hg 80 7820# 360# ∗ 1100# 500# 10570# 300# ∗ 1030# 300#
Tl 81 8450# 200# 18810# 450# 1930# 360# 6570# 200# ∗ 870# 200#
Pb 82 8963.1 2.1 16830# 200# 3290 30 2820.5 1.9 −14450# 200# −3761 6
Bi 83 9468.7 1.8 13449 12 6207.26 0.03 510.2 2.7 −9330 40 −3756.8 1.7
Po 84 10558.98 0.17 10218.9 0.9 8954.19 0.11 −1710.2 2.9 −7165.4 2.4 −6793.5 2.5
At 85 12799 8 8414.2 2.0 7817.1 0.6 −5112 9 −4058 6 −7944 7
Rn 86 15197 5 7284.1 2.9 6385.1 2.6 −8460 11 −3515.7 3.0 −12590 12
Fr 87 16315 16 6122 12 6529.0 1.6 −10816 24 842 9 −12419 10
Ra 88 16784 14 5172 11 7031.7 1.7 −12310 14 1268 12 −15410 50
Ac 89 17610 70 3935 26 7540 24 −14300 90 4151 25 −14650 90
Th 90 18091 21 2910 14 7958 5 ∗ 3990 11 −18010 70
Pa 91 ∗ 1750 110 8410 60 ∗ 7160 100 ∗

213 Hg 80 7550# 360# ∗ ∗ 11400# 300# ∗ 1680# 360#
Tl 81 8280 50 ∗ 1590# 400# 7015 27 ∗ 1261 27
Pb 82 8853 7 17390# 200# 2980# 150# 3450 8 −13510# 300# −3157 7
Bi 83 9515 7 13730 40 5988 3 1348 7 −10970# 200# −2934 5
Po 84 10363.7 2.9 10738 4 8536.1 2.6 −958 4 −6394 3 −6097 3
At 85 11075 5 9298 7 9254 5 −3025 7 −5751 5 −5992 6
Rn 86 13083 7 7841 3 8245.2 2.9 −6042 10 −2616 3 −10251 9
Fr 87 15557 13 6485 5 6904.7 1.3 −9695 13 −2215 5 −11427 11
Ra 88 16629 11 5477 12 6861.7 2.3 −11775 13 1716 10 −15025 24
Ac 89 17150 60 4297 17 7498 4 −13510 60 2368 15 −14041 15
Th 90 17900 90 3290 10 7837 7 ∗ 5030 14 −17550 90
Pa 91 18540 90 2070 80 8384 12 ∗ 5070 60 ∗

214 Hg 80 7390# 500# ∗ ∗ 11950# 400# ∗ 1920# 400#
Tl 81 8130# 280# ∗ 1360# 450# 7670# 200# ∗ 1600# 200#
Pb 82 8776.7 2.0 17780# 300# 2690# 200# 4287.0 2.3 −15670# 300# −3023 5
Bi 83 9225 11 14230# 200# 5621 3 2178 12 −10274 29 −2619 12
Po 84 10243.2 0.9 11499.0 2.1 7833.54 0.06 −150 9 −8555 7 −5962 5
At 85 10894 4 9839 4 8988 4 −2421 9 −5436 6 −5755 5
Rn 86 11803 10 8528 9 9208 9 −4412 11 −4955 10 −8837 10
Fr 87 13585 12 6908 9 8589 4 −7392 16 −1668 10 −9375 13
Ra 88 15851 12 5826 6 7272.6 2.6 −10602 12 −1500 6 −14120 13
Ac 89 17009 26 4629 16 7351.9 2.5 −13030 80 2699 14 −13758 16
Th 90 17559 15 3684 15 7827 5 ∗ 3060 14 −17030 60
Pa 91 18280 120 2420 80 8270 50 ∗ 6030 80 ∗

215 Hg 80 7230# 500# ∗ ∗ 12770# 400# ∗ 2570# 450#
Tl 81 7900# 300# ∗ ∗ 8400# 300# ∗ 2140# 300#
Pb 82 8600 50 18440# 310# 2310# 210# 4880 50 −14720# 400# −2530 50
Bi 83 9282 7 14732 28 5280 40 2886 9 −12120# 200# −1972 6
Po 84 10031 4 11916 7 7526.3 0.8 627 6 −7647.7 2.5 −5234 4
At 85 10820 8 10603 8 8178 4 −1575 10 −7345 13 −5008 11
Rn 86 11616 7 9093 7 8839 6 −3701 9 −3988 6 −8282 10
Fr 87 12270 8 7680 8 9540 7 −5712 14 −3592 8 −7846 9
Ra 88 13956 12 6350 8 8862.4 2.3 −8389 10 −437 12 −11973 15
Ac 89 16253 17 4993 13 7746 3 −11770 80 −300 15 −12736 16
Th 90 17341 11 4002 12 7665 4 −13970 100 3540 8 −16610 80
Pa 91 17990 100 2910 80 8240 60 ∗ 4080 80 ∗
U 92 ∗ 1810 100 8590 60 ∗ 6910 100 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

216 Hg 80 4260# 570# ∗ 19140# 400# ∗ ∗ ∗
Tl 81 3230# 420# 9530# 500# 12610# 300# 13810# 500# 11530# 420# ∗
Pb 82 4900# 210# 9810# 360# 7260# 200# 11760# 280# 10590# 200# 4960# 360#
Bi 83 3827 13 5760 50 2903 12 16768 11 13942 13 9737 29
Po 84 5747.2 2.3 7136 6 −1509 8 13694 11 11878 5 10632 7
At 85 4558 7 4491 4 −5893 10 17437 4 13774 4 13135 6
Rn 86 6649 8 5779 9 −10045 12 14343 7 11697 7 12553 6
Fr 87 5418 8 3149 7 −14853 25 18001 10 13531 5 15197 6
Ra 88 7312 11 4316 11 −19775 29 14961 12 11710 9 14634 9
Ac 89 5952 15 1671 12 ∗ 18768 11 12668 13 17350 10
Th 90 8694 13 3021 17 ∗ 14576 18 9022 16 15599 15
Pa 91 8050 90 387 25 ∗ 17840 27 10568 26 17329 27
U 92 9890 110 2030 90 ∗ 14320 90 8280 60 16593 30

217 Tl 81 4280# 500# 9550# 570# 14270# 400# 12260# 570# 11750# 570# ∗
Pb 82 3320# 360# 9900# 420# 8600# 300# 12940# 420# 10660# 360# 6140# 500#
Bi 83 5215 21 6070# 200# 4415 19 15100 60 13777 18 7910# 200#
Po 84 3970 7 7280 13 −6 10 14965 9 11948 13 11713 7
At 85 5933 6 4677 5 −4308 12 15647 5 13729 5 11242 12
Rn 86 4666 7 5887 5 −8547 11 15626 8 11902 5 13775 4
Fr 87 6728 8 3228 9 −12740 14 16194 9 13498 11 13340 7
Ra 88 5473 11 4370 8 −17080# 80# 16282 10 11712 11 15856 11
Ac 89 7519 15 1878 14 ∗ 16881 13 13474 12 15307 14
Th 90 6164 15 3233 14 ∗ 16886 16 10637 17 17759 12
Pa 91 8840 28 533 17 ∗ 16844 14 11224 16 16268 18
U 92 8170# 90# 2140# 80# ∗ 15880# 120# 8380# 110# 17920# 80#

218 Tl 81 3020# 570# ∗ 15610# 400# 13500# 570# 11470# 570# ∗
Pb 82 4700# 420# 10320# 500# 10410# 300# 11470# 420# 10460# 420# 4170# 500#
Bi 83 3590 30 6330# 300# 6157 27 16420# 200# 13740 60 8830# 300#
Po 84 5598 7 7662 18 1711 10 13193 11 11591 6 9660 50
At 85 4366 12 5072 13 −2750 60 17029 12 13506 12 12117 13
Rn 86 6512 4 6466 5 −7149 11 13672 4 11338 7 11406 3
Fr 87 5327 8 3888 6 −11590 18 17517 7 13092 7 13962 8
Ra 88 7315 12 4958 12 −15249 17 14385 11 11191 12 13461 11
Ac 89 5920 60 2330 60 ∗ 18270 60 13180 60 16180 60
Th 90 7910 15 3625 15 ∗ 14928 14 11200 16 15481 13
Pa 91 6476 22 845 21 ∗ 19062 21 12592 19 18265 22
U 92 9150# 80# 2449 19 ∗ 14782 28 8950 80 16620 15

219 Pb 82 3080# 500# 10380# 570# 11790# 400# 12670# 570# 10610# 500# 5350# 570#
Bi 83 4970# 200# 6600# 360# 7700# 200# 14770# 360# 13670# 280# 7100# 360#
Po 84 3747 16 7820 30 3288 17 14662 24 11671 19 10820# 200#
At 85 5776 12 5250 4 −1170 50 15223 7 13478 3 10168 12
Rn 86 4459 3 6560 12 −5630 60 15146 5 11437 4 12693.4 2.3
Fr 87 6514 8 3889 7 −9970 70 15669 8 13228 9 12007 8
Ra 88 5323 12 4955 8 −13902 15 15790 9 11287 8 14787 9
Ac 89 7350 80 2360 50 −17870 110 16390 50 13140 50 14240 50
Th 90 5980 60 3680 80 ∗ 16470 60 11180 60 16820 60
Pa 91 8140 70 1070 70 ∗ 17090 70 13150 70 16080 70
U 92 6670 19 2643 22 ∗ 16952 18 10336 28 18644 17
Np 93 ∗ −250 90 ∗ 17180# 120# 11230 100 17260 100
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

216 Hg 80 6990# 570# ∗ ∗ 13410# 450# ∗ 2820# 500#
Tl 81 7740# 360# ∗ ∗ 9000# 300# ∗ 2460# 310#
Pb 82 8450# 200# 18840# 450# 2070# 360# 5730# 200# −16890# 450# −2190# 200#
Bi 83 9068 16 15170# 200# 5000# 200# 3617 12 −11450# 300# −1656 11
Po 84 9890.3 2.1 12612.6 2.0 6906.3 0.5 1529 6 −9850 50 −5032 7
At 85 10507 5 11120 12 7950 3 −714 5 −6662 7 −4646 7
Rn 86 11570 11 9855 6 8198 6 −3038 10 −6494 6 −8136 9
Fr 87 12213 9 8228 5 9174 3 −5179 10 −3061 8 −7632 8
Ra 88 12944 10 6967 12 9526 7 −7007 14 −2829 10 −10810 15
Ac 89 14426 16 5470 13 9240.8 2.9 −9674 26 543 12 −10843 11
Th 90 16539 15 4372 12 8072 4 −12770 30 478 13 −15580 80
Pa 91 17780 80 3187 28 8099 11 ∗ 4504 28 −15140 110
U 92 ∗ 2210 30 8531 26 ∗ 4856 29 ∗

217 Tl 81 7510# 500# ∗ ∗ 9930# 400# ∗ 3080# 450#
Pb 82 8230# 310# 19430# 500# 1640# 420# 6380# 300# −15950# 500# −1690# 300#
Bi 83 9042 19 15880# 300# 4520 30 4335 18 −13430# 300# −1124 18
Po 84 9717 7 13040 50 6662.1 2.4 2225 8 −8920# 200# −4445 7
At 85 10491 8 11813 7 7201.4 1.2 80 8 −8768 12 −3930 8
Rn 86 11315 7 10378 5 7887.2 2.9 −2231 8 −5413 4 −7384 6
Fr 87 12146 9 9007 9 8469 4 −4388 13 −5231 7 −7048 10
Ra 88 12785 10 7519 9 9161 6 −6316 13 −1653 9 −10332 12
Ac 89 13471 17 6194 13 9832 10 −8352 17 −1558 12 −9668 16
Th 90 14858 12 4904 13 9435 4 −10770# 80# 1625 13 −13689 27
Pa 91 16890 80 3554 18 8489 4 ∗ 1616 16 −14080 30
U 92 18060# 130# 2530# 80# 8430# 80# ∗ 5380# 80# ∗

218 Tl 81 7300# 500# ∗ ∗ 10490# 400# ∗ 3380# 500#
Pb 82 8020# 360# 19870# 500# 1430# 500# 7270# 300# ∗ −1170# 300#
Bi 83 8801 29 16230# 300# 4330# 200# 5116 29 −12730# 400# −739 28
Po 84 9568.3 2.0 13730# 200# 6114.75 0.09 3139.2 2.9 −11190# 300# −4109 5
At 85 10299 12 12352 16 6876.1 2.6 1041 12 −7919 21 −3630 12
Rn 86 11179 6 11142.9 2.7 7262.5 1.9 −1428 10 −7955 7 −7169 7
Fr 87 12054 6 9775 5 8013.7 1.4 −3790 60 −4624 6 −6901 8
Ra 88 12789 13 8186 11 8540 3 −5721 14 −4302 11 −10128 15
Ac 89 13440 60 6700 60 9380 60 −7800 60 −750 60 −9430 60
Th 90 14074 15 5503 13 9849 9 −9528 17 −812 13 −12759 16
Pa 91 15320 30 4078 20 9791 12 ∗ 2658 21 −12390# 80#
U 92 17310 30 2982 18 8775 9 ∗ 2400 17 ∗

219 Pb 82 7780# 500# ∗ 1090# 570# 7940# 400# ∗ −670# 400#
Bi 83 8550# 200# 16920# 450# 3870# 360# 5920# 200# −14680# 450# −110# 200#
Po 84 9345 17 14160# 300# 5910 50 3852 16 −10240# 300# −3490 20
At 85 10141 6 12912 18 6342 5 1779 7 −10109 27 −2893 4
Rn 86 10972 5 11632 7 6946.2 0.3 −565 7 −6816.3 2.4 −6301 5
Fr 87 11840 9 10356 8 7448.6 1.8 −2950 50 −6772 13 −6100 12
Ra 88 12638 10 8843 8 8138 3 −5070 60 −3113 7 −9530 60
Ac 89 13280 50 7320 50 8830 50 −7010 90 −2780 50 −8870 50
Th 90 13890 60 6000 60 9510 60 −8830 60 530 60 −12260 60
Pa 91 14610 70 4700 70 10130 70 −10850 120 440 90 −11380 70
U 92 15820# 80# 3488 17 9950 12 ∗ 3640 17 ∗
Np 93 ∗ 2200 90 9210 40 ∗ 3500 90 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

220 Pb 82 4560# 570# ∗ 13520# 400# 11130# 570# 10340# 570# ∗
Bi 83 3430# 360# 6950# 500# 9480# 300# 16040# 420# 13560# 420# 7950# 500#
Po 84 5489 24 8350# 200# 4991 19 12760 30 11398 25 8650# 300#
At 85 4092 14 5595 21 632 15 16730 14 13356 15 11292 23
Rn 86 6288.7 2.3 7073 3 −4078 14 13223 12 11081 5 10375 7
Fr 87 5206 8 4636 4 −8796 15 16976 4 12688 6 12734 6
Ra 88 7193 10 5634 10 −12740# 100# 13923 9 10821 10 12260 9
Ac 89 5900 50 2939 9 −16730 30 17809 11 12718 9 15075 9
Th 90 7840 60 4170 50 ∗ 14550 60 10851 18 14446 15
Pa 91 6380 70 1470 60 ∗ 18622 18 12937 18 17222 18
U 92 8350# 100# 2860# 120# ∗ 15080# 100# 10820# 100# 16450# 100#
Np 93 7030 100 110 30 ∗ 19290 30 12370# 90# 19070 30

221 Bi 83 4830# 420# 7220# 500# 10920# 300# 14290# 500# 13440# 420# 6140# 500#
Po 84 3561 26 8480# 300# 6810 20 14170# 200# 11420 30 9790# 300#
At 85 5664 20 5770 23 2250 60 14812 21 13290 14 9210 30
Rn 86 4212 6 7193 15 −2469 10 14786 6 11235 13 11761 6
Fr 87 6276 6 4624 5 −7100 60 15159 5 12924 5 10823 12
Ra 88 5380 9 5807 6 −11560 70 15058 8 10768 6 13393 5
Ac 89 7280 60 3030 60 −15380# 210# 15850 60 12750 60 13120 60
Th 90 5821 16 4093 10 −18990# 300# 16080 50 10950 60 15941 13
Pa 91 7970 60 1600 60 ∗ 16620 80 12870 60 15170 80
U 92 6570# 120# 3050 70 ∗ 16650 100 10730 70 17800 70
Np 93 8640# 200# 390# 220# ∗ 17330# 200# 12880# 200# 16910# 200#
Pu 94 ∗ 1830# 300# ∗ 17200# 310# ∗ 19680# 300#

222 Bi 83 3320# 420# ∗ 12570# 300# 15530# 500# 13190# 500# ∗
Po 84 5360 40 9000# 300# 8170 40 12240# 300# 11030# 200# 7510# 400#
At 85 3901 21 6110 25 4331 17 16400 24 13136 22 10280# 200#
Rn 86 6171 6 7700 14 −831 10 12707 14 10840 4 9337 16
Fr 87 4970 9 5382 9 −5690 90 16477 8 12413 8 11628 8
Ra 88 6715 6 6246 6 −9950 50 13549 6 10567 8 11137 5
Ac 89 5980 60 3631 6 −14650 40 17061 9 12092 8 13651 8
Th 90 7808 13 4620 60 −17860# 300# 14170 12 10500 50 13456 12
Pa 91 6380 110 2160 90 ∗ 18090 90 12470 100 16140 100
U 92 8320 90 3390 80 ∗ 14710 50 10550 90 15460 80
Np 93 6710# 200# 530 80 ∗ 18970# 110# 12840 40 18340 80
Pu 94 8940# 420# 2140# 360# ∗ 15300# 300# 10490# 310# 17410# 300#

223 Bi 83 4780# 500# ∗ 13860# 400# ∗ 12970# 570# ∗
Po 84 3480# 200# 9160# 360# 9850# 200# 13590# 360# 10980# 360# 8600# 450#
At 85 5596 21 6350 40 5603 16 14365 24 13029 23 8120# 300#
Rn 86 4054 8 7852 18 1004 11 14318 16 10878 16 10773 19
Fr 87 6067 8 5278.6 2.3 −3960 80 14622 6 12634.4 2.1 9653 14
Ra 88 5158 5 6434 8 −8810 60 14667 5 10615 4 12267.7 2.3
Ac 89 6868 8 3784 8 −12830 80 15572 8 12417 10 11989 8
Th 90 5889 13 4525 9 −16740# 300# 15570 60 10506 10 14760 11
Pa 91 7800 110 2150 80 −20360# 310# 16110 80 12510 80 14240 80
U 92 6300 80 3310 100 ∗ 16380 80 10630 60 17000 60
Np 93 8690 90 900 100 ∗ 16850 110 12510# 130# 16030 80
Pu 94 7010# 420# 2440# 300# ∗ 16920# 360# 10510# 300# 18750# 320#
Am 95 ∗ −350# 420# ∗ 17480# 420# ∗ 17870# 300#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

220 Pb 82 7640# 500# ∗ 790# 570# 8870# 400# ∗ −260# 450#
Bi 83 8400# 300# 17330# 500# 3660# 420# 6580# 300# ∗ 210# 300#
Po 84 9236 18 14940# 300# 5330# 200# 4651 18 −12650# 400# −3204 18
At 85 9867 18 13420 30 6077 18 2893 15 −9230# 200# −2525 14
Rn 86 10748.1 2.7 12322.6 2.0 6404.74 0.10 340 8 −9358 16 −6076 7
Fr 87 11720 6 11196 12 6800.7 1.9 −2261 7 −6203 5 −5983 8
Ra 88 12516 12 9523 8 7594 5 −4417 16 −5846 8 −9370 50
Ac 89 13250 60 7894 7 8348 4 −6535 16 −2162 9 −8790 60
Th 90 13820 17 6534 17 8973 11 −8320# 100# −1993 15 −11970 70
Pa 91 14514 23 5150 60 9704 11 −10200 30 1420 50 −11089 20
U 92 15020# 100# 3930# 100# 10290# 100# ∗ 1260# 120# −14500# 140#
Np 93 ∗ 2750 40 10226 18 ∗ 4600 80 ∗

221 Bi 83 8260# 360# ∗ 3120# 500# 7420# 300# ∗ 870# 300#
Po 84 9050 25 15420# 400# 5090# 300# 5302 20 −11650# 400# −2673 24
At 85 9756 14 14120# 200# 5628 23 3505 15 −11470# 300# −1901 14
Rn 86 10501 6 12788 17 6163 3 1507 7 −8081 19 −5082 7
Fr 87 11482 8 11697 6 6457.7 1.4 −1250 60 −8387 15 −5066 9
Ra 88 12573 8 10443 5 6880.4 2.0 −3976 9 −4937 5 −8851 7
Ac 89 13180 80 8660 60 7790 60 −5840 80 −4240 60 −8230 60
Th 90 13670 60 7032 10 8625 4 −7580 70 −621 11 −11410 17
Pa 91 14350 90 5770 80 9250 60 −9540# 210# −660 60 −10710# 120#
U 92 14920 70 4520 90 9890 70 −11410# 310# 2540 70 −14030 80
Np 93 15670# 220# 3250# 210# 10430# 200# ∗ 2340# 200# ∗
Pu 94 ∗ 1940# 300# 10530# 310# ∗ 5630# 320# ∗

222 Bi 83 8150# 420# ∗ 2820# 500# 8000# 300# ∗ 1110# 300#
Po 84 8920 40 16220# 400# 4430# 300# 6110 40 ∗ −2370 40
At 85 9565 21 14580# 300# 5310 30 4575 18 −10540# 300# −1590 17
Rn 86 10382.7 1.9 13469 18 5590.4 0.3 2052 5 −10691 20 −4977 5
Fr 87 11247 8 12576 16 5853 14 −244 9 −7694 16 −4657 9
Ra 88 12095 9 10870 5 6678 4 −2883 11 −7440 7 −8280 60
Ac 89 13265 7 9438 6 7137.4 2.0 −5440 90 −3944 7 −8389 9
Th 90 13629 17 7647 13 8132.6 2.9 −7070 50 −3050 11 −11240 60
Pa 91 14360 90 6260 90 8790 60 −9210 90 240 100 −10530 110
U 92 14880# 110# 4990 50 9480 50 −10790# 300# 40 50 −13710# 210#
Np 93 15340 50 3580 40 10200 30 ∗ 3610 70 −12730# 300#
Pu 94 ∗ 2530# 320# 10740# 300# ∗ 3250# 310# ∗

223 Bi 83 8100# 500# ∗ ∗ 8810# 400# ∗ 1680# 400#
Po 84 8840# 200# ∗ 4030# 450# 6690# 200# ∗ −1950# 200#
At 85 9497 20 15350# 300# 4680# 200# 5046 14 −12810# 300# −1015 14
Rn 86 10224 10 13962 21 5283 18 3156 8 −9390 40 −4060 11
Fr 87 11038 5 12978 14 5561.4 2.8 557 7 −9860 16 −4009 5
Ra 88 11873 5 11816 6 5978.99 0.21 −2152 8 −6427.7 2.4 −7460 5
Ac 89 12850 60 10030 8 6783.2 1.0 −4510 80 −5842 10 −7449 12
Th 90 13697 11 8156 9 7567 4 −6660 60 −2224 9 −10750 90
Pa 91 14180 100 6770 90 8340 60 −8320 110 −1570 80 −10010 90
U 92 14620 90 5470 60 9158 17 −10080# 310# 1550 60 −13300 70
Np 93 15390# 220# 4290 100 9650 40 −12040# 310# 1310 120 −12470# 310#
Pu 94 15950# 420# 2980# 310# 10400# 300# ∗ 4560# 300# ∗
Am 95 ∗ 1790# 360# 10840# 310# ∗ 4140# 300# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

224 Bi 83 3240# 570# ∗ 15320# 400# ∗ ∗ ∗
Po 84 5240# 280# 9620# 450# 11080# 200# 11670# 360# 10570# 360# ∗
At 85 3788 26 6660# 200# 7477 23 15940 50 12801 30 9160# 300#
Rn 86 6016 13 8272 17 2450 14 12203 19 10526 17 8318 22
Fr 87 4705 11 5930 14 −2114 14 16087 11 12141 13 10612 18
Ra 88 6478.7 2.3 6845.5 2.1 −6917 15 13159 8 10413 5 10001 6
Ac 89 5662 8 4288 4 −11798 29 16625 6 12134 6 12603 6
Th 90 7461 12 5118 12 −15290# 300# 14085 11 10330 60 12678 11
Pa 91 6550 80 2812 11 −19400# 400# 17370 13 11786 11 14980 60
U 92 8370 60 3880 80 ∗ 14390 90 10230 60 14449 17
Np 93 6700 90 1300 70 ∗ 18470 60 12380 80 17300 70
Pu 94 8910# 420# 2670# 310# ∗ 14720# 300# 10230# 360# 16410# 310#
Am 95 7510# 500# 150# 500# ∗ 18910# 500# 12200# 500# 19000# 450#

225 Po 84 3400# 360# 9780# 500# 12590# 300# 13050# 500# 10490# 420# ∗
At 85 5480# 300# 6900# 360# 8660# 300# 13930# 360# 12680# 300# 7000# 420#
Rn 86 3982 15 8466 25 4224 12 13817 18 10445 19 9690 40
Fr 87 5999 16 5913 15 −540 80 14142 14 12313 12 8514 20
Ra 88 4904.1 2.8 7045 11 −5379 10 14321.5 2.9 10479 8 11267.5 2.9
Ac 89 6668 6 4477 5 −9980 90 15115 5 12181 6 10906 9
Th 90 5757 11 5213 6 −13990# 300# 15196 9 10552 7 13636 7
Pa 91 7580 80 2930 80 −18030# 410# 15680 80 12020 80 13380 80
U 92 6442 18 3779 12 ∗ 15750 80 10170 90 15815 14
Np 93 8490 100 1410 90 ∗ 16280 110 12210 110 15200 130
Pu 94 7050# 420# 3020# 300# ∗ 16350# 310# 9890# 300# 17670# 300#
Am 95 8940# 570# 180# 500# ∗ 16980# 500# 12200# 500# 16760# 400#

226 Po 84 5100# 500# ∗ 13880# 400# 11190# 570# 10170# 570# ∗
At 85 3710# 420# 7210# 420# 10350# 300# 15460# 360# 12450# 360# 8070# 500#
Rn 86 5858 15 8840# 300# 5550 11 11747 25 10183 17 7320# 200#
Fr 87 4371 13 6303 13 1487 13 15786 12 11995 10 9739 15
Ra 88 6396.8 2.9 7442 12 −3661 11 12630 11 10149.3 2.3 8924 8
Ac 89 5399 6 4973 4 −8510 100 16194 3 11940 3 11573 3
Th 90 7184 7 5729 6 −12430# 200# 13674 6 10237 8 11611 5
Pa 91 6390 80 3566 12 −16940# 300# 16749 15 11512 14 13855 13
U 92 8115 15 4320 80 ∗ 14177 13 9860 80 13590 14
Np 93 6870 140 1840 100 ∗ 17780 100 11640 120 16130 130
Pu 94 8740# 360# 3280# 220# ∗ 14310# 200# 9840# 220# 15230# 210#
Am 95 7490# 500# 620# 420# ∗ 18400# 420# 11710# 420# 17960# 310#

227 Po 84 3340# 570# ∗ 15100# 400# ∗ 10080# 570# ∗
At 85 5300# 420# 7410# 500# 11580# 300# 13560# 420# 12380# 360# 6010# 500#
Rn 86 3933 18 9060# 300# 7081 14 13300# 300# 10039 26 8620# 200#
Fr 87 5909 9 6354 12 2852 9 13859 13 12101 11 7618 23
Ra 88 4561.43 0.27 7632 7 −1868 9 14068 12 10293 11 10379 10
Ac 89 6531 3 5107.0 2.2 −6730 80 14567.3 2.9 11887.7 2.1 9747 11
Th 90 5464 5 5793 3 −10970# 100# 14878 5 10435 4 12625.3 2.3
Pa 91 7275 13 3656 8 −15350# 200# 15231 9 11699 12 12243 8
U 92 6355 14 4278 14 ∗ 15400 80 10047 11 14696 13
Np 93 8310 130 2040 80 ∗ 15920 80 11700 80 14360 80
Pu 94 6930# 220# 3340# 140# ∗ 15860# 140# 9600# 100# 16670# 100#
Am 95 8860# 360# 740# 280# ∗ 16590# 360# 11760# 360# 15790# 200#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

224 Bi 83 8020# 500# ∗ ∗ 9360# 400# ∗ 1920# 450#
Po 84 8720# 200# ∗ 3360# 450# 7470# 200# ∗ −1590# 200#
At 85 9385 27 15820# 300# 4330# 300# 5962 25 −11820# 400# −750 24
Rn 86 10069 10 14620 40 4757 20 3619 10 −11920# 200# −4009 10
Fr 87 10772 13 13782 19 4948 18 1514 12 −8968 18 −3556 11
Ra 88 11637 5 12124.1 1.9 5788.92 0.15 −1170 10 −8853 8 −7071 7
Ac 89 12530 6 10722 8 6326.9 0.7 −3628 9 −5437 4 −7223 9
Th 90 13350 14 8903 10 7299 6 −5747 18 −4527 10 −10410 80
Pa 91 14340 90 7337 9 7694 4 −8170 30 −1252 10 −10250 60
U 92 14670 50 6038 18 8628 7 −9540# 300# −932 17 −12990 80
Np 93 15390 50 4610 90 9329 30 −11230# 400# 2410 80 −12160# 300#
Pu 94 15920# 420# 3570# 300# 9840# 320# ∗ 1950# 310# −15490# 420#
Am 95 ∗ 2590# 400# 10360# 400# ∗ 5310# 410# ∗

225 Po 84 8640# 360# ∗ ∗ 8050# 300# ∗ −1200# 300#
At 85 9270# 300# 16520# 500# 3680# 420# 6480# 300# −14060# 500# −220# 300#
Rn 86 9998 14 15120# 200# 4335 23 4541 11 −10670# 200# −3286 16
Fr 87 10704 12 14185 18 4613 18 2183 13 −11179 25 −3077 12
Ra 88 11382.8 3.0 12975 8 5097 5 −317 6 −7741 10 −6312 5
Ac 89 12330 8 11323 5 5935.1 1.4 −2720 80 −7400 12 −6430 11
Th 90 13218 9 9501 5 6921.4 2.1 −5062 11 −3805 5 −9623 9
Pa 91 14120 110 8050 80 7400 60 −7260 120 −3170 80 −9460 80
U 92 14820 60 6591 13 8007 6 −8930# 300# 87 14 −12730 30
Np 93 15180 120 5300 120 8820 70 −10770# 410# 470 90 −11730# 310#
Pu 94 15960# 420# 4320# 310# 9360# 310# ∗ 3270# 300# −15030# 500#
Am 95 16450# 500# 2850# 410# 10060# 450# ∗ 3070# 400# ∗

226 Po 84 8500# 450# ∗ ∗ 8800# 400# ∗ −820# 500#
At 85 9190# 300# 16990# 500# 3290# 420# 7140# 300# ∗ 60# 300#
Rn 86 9841 14 15740# 200# 3840 40 5080 11 −13120# 300# −3145 16
Fr 87 10371 13 14768 23 4143 17 3211 7 −10070# 300# −2544 7
Ra 88 11300.9 1.9 13355 10 4870.70 0.25 470 5 −10156 11 −6041 5
Ac 89 12068 5 12017 12 5506 8 −1724 12 −6800 12 −6072 6
Th 90 12941 11 10206 5 6452.5 1.0 −4131 12 −6084 5 −9230 80
Pa 91 13971 13 8778 12 6987 10 −6780 100 −2893 12 −9410 15
U 92 14557 19 7245 15 7701 4 −8300# 200# −2270 12 −12360 90
Np 93 15360 110 5620 100 8330 50 −10150# 320# 1170 130 −11560# 320#
Pu 94 15790# 360# 4690# 200# 8930# 210# ∗ 970# 200# −14830# 450#
Am 95 16430# 500# 3640# 300# 9270# 300# ∗ 4060# 310# ∗

227 Po 84 8440# 500# ∗ ∗ 9400# 400# ∗ −450# 500#
At 85 9010# 420# ∗ 2770# 500# 7750# 300# ∗ 610# 300#
Rn 86 9791 18 16270# 300# 3380# 200# 5708 14 −11950# 400# −2706 15
Fr 87 10281 13 15200# 300# 3830 15 3833 6 −12270# 300# −2056 6
Ra 88 10958.2 2.9 13935 11 4363 8 1372.7 2.4 −8859 11 −5203 3
Ac 89 11930 5 12549 12 5042.27 0.14 −981 7 −8960 7 −5419 5
Th 90 12648 5 10766.2 3.0 6146.60 0.10 −3240 9 −5151.8 2.4 −8300 11
Pa 91 13670 80 9385 9 6580.4 2.1 −5750 80 −4768 8 −8570 13
U 92 14470 13 7843 10 7235 3 −7730# 100# −1442 10 −11840 100
Np 93 15180 120 6360 110 7816 14 −9600# 220# −740 80 −11120# 220#
Pu 94 15670# 320# 5180# 100# 8300# 120# ∗ 2150# 100# −14270# 320#
Am 95 16350# 450# 4020# 220# 9100# 220# ∗ 2070# 230# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

228 At 85 3620# 500# 7690# 570# 12990# 400# 15040# 570# 12160# 500# ∗
Rn 86 5714 23 9480# 300# 8473 18 11290# 300# 9810# 300# 6310# 300#
Fr 87 4370 9 6791 16 4461 8 15348 12 11714 13 8730# 300#
Ra 88 6308.6 2.3 8031 6 −280 14 12130 7 9984 12 8052 11
Ac 89 5026.2 2.4 5571.8 2.4 −4930# 100# 15937.9 2.4 11765.7 2.9 10720 12
Th 90 7105.2 2.3 6367.6 2.1 −9337 23 13173 3 9998 5 10424.3 2.8
Pa 91 5978 8 4170 5 −13930# 200# 16437 6 11477 7 12933 6
U 92 7896 16 4899 15 ∗ 13897 17 9730 80 12556 14
Np 93 6830# 130# 2510# 100# ∗ 17210# 100# 11320# 100# 15120# 130#
Pu 94 8730# 100# 3760 80 ∗ 14000 100 9350 90 14382 25
Am 95 7400# 280# 1210# 220# ∗ 17930# 280# 11410# 360# 16880# 220#

229 At 85 5060# 570# ∗ 14200# 400# 13320# 570# 12210# 570# ∗
Rn 86 3952 22 9810# 400# 9777 13 12640# 300# 9570# 300# 7460# 400#
Fr 87 5787 8 6864 18 5771 6 13493 15 11785 12 6660# 300#
Ra 88 4450 16 8111 17 1351 17 13590 17 9905 17 9461 19
Ac 89 6276 12 5539 12 −3110 100 14223 12 11886 12 8816 14
Th 90 5256.7 2.6 6598.1 2.8 −7810 60 14446.8 2.7 10140 4 11564.3 2.7
Pa 91 7098 5 4163 3 −12280 110 14803 3 11563 5 11234 4
U 92 6081 15 5002 7 ∗ 15091 9 10041 13 13659 7
Np 93 8100# 140# 2710 100 ∗ 15470 100 11340 100 13410 100
Pu 94 6780 60 3720# 120# ∗ 15530 100 9440 120 15710 60
Am 95 8740# 230# 1220 110 ∗ 16120# 150# 11420# 230# 15010 150

230 Rn 86 5260# 200# 10010# 450# 11310# 200# 11000# 450# 9600# 360# 5540# 450#
Fr 87 4253 8 7165 15 7313 7 14954 19 11465 16 7700# 300#
Ra 88 6117 19 8441 11 2901 11 11843 12 9698 12 7277 17
Ac 89 4923 20 6013 22 −1400 60 15609 16 11525 16 9802 17
Th 90 6794.3 2.2 7116 12 −6070 14 12678.7 1.9 9877.1 1.7 9331.5 1.5
Pa 91 5795 4 4701 4 −10700# 140# 16113 3 11233 3 11970 3
U 92 7667 7 5571 5 ∗ 13402 6 9649 8 11457 5
Np 93 6640 120 3260 60 ∗ 16730 60 11060 60 14050 60
Pu 94 8530 60 4160 100 ∗ 13820# 100# 9220 80 13534 17
Am 95 7380# 180# 1810# 160# ∗ 17480# 150# 10970# 170# 15940# 160#

231 Rn 86 3690# 360# ∗ 12730# 300# 12370# 500# 9530# 500# ∗
Fr 87 5478 10 7380# 200# 8656 8 13429 15 11701 19 5850# 400#
Ra 88 4371 15 8559 13 4411 12 13259 12 9696 13 8619 21
Ac 89 6147 21 6042 17 140 50 13912 20 11687 13 8025 15
Th 90 5118.02 0.20 7312 16 −4493 22 13837 12 9785.2 1.9 10522.0 1.8
Pa 91 6821 3 4727.1 1.5 −8990# 300# 14549.6 2.6 11517.5 1.9 10176.1 2.3
U 92 5880 5 5657 4 −13460# 300# 14620 3 9746 5 12681.5 2.8
Np 93 7680 80 3280 50 ∗ 15120 50 11270 50 12350 50
Pu 94 6695 26 4220 60 ∗ 15220 100 9350# 100# 14735 26
Am 95 8530# 330# 1810# 300# ∗ 15730# 310# 11170# 300# 14230# 320#
Cm 96 ∗ 2890# 330# ∗ 15800# 320# 9280# 360# 16810# 300#

232 Fr 87 4079 16 7770# 300# 10126 16 14610# 200# 11574 19 6830# 400#
Ra 88 5791 15 8873 12 5888 9 11721 11 9693 10 6781 16
Ac 89 4680 18 6351 17 1800# 100# 15349 17 11457 20 9133 14
Th 90 6440.4 1.1 7605 13 −2914 17 12319 16 9621 12 8531 16
Pa 91 5549 8 5158 8 −7470# 300# 15795 8 11225 8 10903 14
U 92 7267.8 2.8 6103.9 2.0 −11720# 200# 13147 3 9577 3 10670.3 2.6
Np 93 6340# 110# 3740# 100# ∗ 16460# 100# 11010# 100# 13110# 100#
Pu 94 8019 28 4550 50 ∗ 13840 60 9420 100 12797 18
Am 95 7060# 420# 2180# 300# ∗ 17200# 300# 10890# 310# 15270# 320#
Cm 96 9010# 360# 3370# 360# ∗ 14170# 250# 9020# 230# 14580# 210#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

228 At 85 8920# 500# ∗ 2390# 570# 8500# 400# ∗ 920# 400#
Rn 86 9646 21 16880# 400# 2910# 200# 6303 18 −14330# 400# −2510 19
Fr 87 10279 9 15850# 300# 3248 23 4490 7 −11340# 300# −1865 7
Ra 88 10870.0 2.3 14385 11 4070 10 2169.3 2.6 −11235 14 −4980.6 2.3
Ac 89 11557 3 13204 7 4721 11 −29 5 −8077 6 −4981.4 2.6
Th 90 12569 5 11474.6 1.9 5520.15 0.22 −2449 14 −7695.5 1.9 −8131 7
Pa 91 13253 12 9964 5 6264.5 1.5 −4900# 100# −4215 5 −8193 9
U 92 14251 17 8556 14 6800 9 −6888 27 −3874 14 −11430 80
Np 93 15130# 140# 6790# 100# 7540# 100# −9020# 220# −290# 100# −11020# 140#
Pu 94 15660# 200# 5799 26 7940 18 ∗ −226 25 −14140# 200#
Am 95 16260# 360# 4550# 230# 8390# 200# ∗ 2980# 220# ∗

229 At 85 8680# 500# ∗ ∗ 9220# 400# ∗ 1580# 400#
Rn 86 9666 19 17500# 400# 2360# 300# 6800 20 ∗ −2093 15
Fr 87 10157 8 16340# 300# 2940# 300# 4978 13 −13500# 400# −1343 5
Ra 88 10758 16 14902 21 3603 19 2976 16 −9970 23 −4404 16
Ac 89 11302 12 13570 13 4444 17 793 13 −9983 14 −4152 12
Th 90 12361.9 2.8 12169.9 2.7 5167.6 1.0 −1625 6 −6643.6 2.7 −7409 5
Pa 91 13076 8 10530.6 3.0 5835 4 −3900 100 −6287 4 −7394 14
U 92 13977 10 9172 6 6476 3 −6180 60 −2849 6 −10690# 100#
Np 93 14920 130 7610 100 7020 60 −8380 150 −2410 100 −10380 100
Pu 94 15520# 120# 6230 60 7600 60 ∗ 890 60 −13530# 210#
Am 95 16140# 230# 4980 130 8140 50 ∗ 1070# 150# ∗

230 Rn 86 9220# 200# ∗ 2200# 450# 7650# 200# ∗ −1570# 200#
Fr 87 10040 9 16970# 400# 2400# 300# 5648 17 −12690# 400# −1147 17
Ra 88 10567 10 15305 20 3344 15 3654 10 −12135 17 −4245 16
Ac 89 11199 16 14124 17 3893 17 1665 16 −9119 17 −3818 16
Th 90 12051.0 1.1 12655.6 1.8 4770.0 1.5 −753 5 −8988 15 −7106 3
Pa 91 12893 5 11299 3 5439.4 0.7 −3060 60 −5805 12 −7108 7
U 92 13748 14 9734 5 5992.5 0.5 −5317 15 −5259 5 −10260 100
Np 93 14730# 110# 8260 60 6780 50 −7640# 150# −1950 60 −10230 80
Pu 94 15318 27 6866 20 7178 9 ∗ −1567 16 −13320 110
Am 95 16120# 250# 5530# 180# 7630# 100# ∗ 1780# 180# ∗

231 Rn 86 8960# 300# ∗ 1840# 500# 8330# 300# ∗ −1010# 300#
Fr 87 9730 9 17390# 400# 2230# 300# 6318 15 ∗ −507 13
Ra 88 10488 19 15724 17 2906 18 4401 11 −11240# 200# −3693 19
Ac 89 11070 18 14483 14 3655 14 2339 13 −11013 15 −3171 13
Th 90 11912.3 2.2 13324 15 4213.4 1.6 9.9 2.5 −7989 10 −6429.1 2.8
Pa 91 12615.1 2.8 11844 12 5149.9 0.8 −2200 50 −7703 16 −6262 5
U 92 13547 6 10358 3 5576.3 1.7 −4503 22 −4345.5 2.5 −9500 60
Np 93 14320 110 8850 50 6370 50 −6790# 300# −3840 50 −9380 50
Pu 94 15230 60 7480 23 6839 20 −8960# 300# −595 22 −12640# 150#
Am 95 15910# 320# 5970# 320# 7410# 310# ∗ −120# 310# ∗
Cm 96 ∗ 4700# 310# 8080# 320# ∗ 3050# 300# ∗

232 Fr 87 9557 15 ∗ 1770# 400# 6918 19 ∗ −215 18
Ra 88 10162 14 16250# 200# 2829 20 5050 9 −13340# 300# −3337 16
Ac 89 10827 21 14910 15 3345 15 3208 15 −10215 15 −2733 13
Th 90 11558.4 1.1 13648 10 4081.6 1.4 837.3 2.2 −10059 11 −6048.9 1.7
Pa 91 12370 8 12470 18 4627 8 −1410# 100# −7105 15 −5931 8
U 92 13148 5 10831.0 1.1 5413.63 0.09 −3751 17 −6495.3 1.2 −9090 50
Np 93 14020# 110# 9390# 100# 6010# 100# −6060# 320# −3350# 100# −9020# 100#
Pu 94 14714 22 7832 17 6716 10 −7970# 200# −2734 17 −12120# 300#
Am 95 15600# 330# 6400# 310# 7170# 320# ∗ 510# 300# −11920# 420#
Cm 96 ∗ 5180# 200# 7800# 200# ∗ 740# 200# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

233 Fr 87 5224 24 ∗ 11431 20 13080# 300# 11610# 200# ∗
Ra 88 4234 13 9028 16 7415 9 12964 12 9711 11 7810# 200#
Ac 89 5918 18 6478 16 3360 50 13802 17 11656 17 7468 15
Th 90 4786.39 0.09 7712 13 −1320 50 13680 13 9757 16 9862 10
Pa 91 6528 8 5246.3 1.1 −5800# 110# 14384.4 1.0 11491.0 1.0 9297 16
U 92 5761.7 2.5 6316 8 −10370 80 14205.6 2.4 9610 3 11703.0 2.1
Np 93 7480# 110# 3950 50 −14820# 240# 14850 50 11200 50 11420 50
Pu 94 6380 60 4600# 110# ∗ 15140 70 9680 80 14080 50
Am 95 8210# 320# 2370# 120# ∗ 15690# 120# 11220# 120# 13700# 130#
Cm 96 7110# 220# 3420# 310# ∗ 15590# 310# 9290# 160# 16010 80
Bk 97 ∗ 850# 310# ∗ 16210# 380# ∗ 15550# 270#

234 Ra 88 5475 12 9278 21 8786 8 11569 16 9714 11 6030# 300#
Ac 89 4538 19 6782 16 4886 16 15055 17 11489 18 8407 16
Th 90 6190.0 2.6 7984 13 263 7 12169 13 9714 13 8043 12
Pa 91 5222 4 5682 4 −4120# 160# 15603 4 11387 4 10222 14
U 92 6845.5 2.0 6633.4 0.8 −8577 17 12909 8 9584.7 1.5 9975.6 0.7
Np 93 6070 50 4253 9 −13440# 150# 16056 8 11013 9 12177 8
Pu 94 7770 50 4890 50 ∗ 13700# 100# 9590 50 12190 7
Am 95 6900# 200# 2880# 170# ∗ 16810# 160# 11020# 160# 14480# 170#
Cm 96 8640 80 3850# 120# ∗ 14010# 300# 9180# 300# 14060 28
Bk 97 7450# 280# 1190# 170# ∗ 17770# 250# 10990# 340# 16630# 340#

235 Ra 88 3870# 300# ∗ 10210# 300# 12920# 300# 9920# 300# ∗
Ac 89 5555 20 6862 16 6314 14 13734 16 11724 17 6931 20
Th 90 4667 13 8112 19 1835 24 13421 18 9727 18 9167 16
Pa 91 6121 15 5613 14 −2340 50 14268 14 11706 14 8781 19
U 92 5297.50 0.23 6709 4 −7100# 100# 14140.2 0.8 9836 8 11118.5 0.9
Np 93 6983 8 4390.9 0.9 −11730# 400# 14834.7 2.2 11297.7 1.8 10743 8
Pu 94 6239 22 5061 22 ∗ 14940 50 9690# 100# 13219 21
Am 95 7910# 170# 3010 50 ∗ 15280 80 11130 60 12910# 110#
Cm 96 6780# 100# 3740# 190# ∗ 15440# 150# 9460# 320# 15300# 100#
Bk 97 8700# 430# 1240# 400# ∗ 16190# 410# 11300# 450# 15000# 500#

236 Ac 89 4210 40 7200# 300# 7840 60 15000 40 11750 40 7950 40
Th 90 5834 19 8391 20 3354 14 12125 20 9811 19 7568 16
Pa 91 5026 20 5973 19 −710# 120# 15432 14 11466 14 9672 19
U 92 6545.52 0.26 7133 14 −5408 18 12817 4 9819.2 0.8 9359.3 0.9
Np 93 5740 50 4830 50 −10160# 360# 15940 50 11320 50 11540 50
Pu 94 7352 21 5430.5 1.8 ∗ 13658 8 9820 50 11628.8 2.5
Am 95 6660# 130# 3430# 120# ∗ 16400# 120# 10850# 130# 13740# 130#
Cm 96 8230# 100# 4060 60 ∗ 14100# 160# 9430# 120# 13450 60
Bk 97 7300# 540# 1760# 380# ∗ 17530# 360# 11110# 370# 15900# 380#

237 Ac 89 5270# 400# ∗ 9150# 400# 13600# 500# 11950# 400# ∗
Th 90 4371 21 8550 40 4863 16 13309 21 9978 21 8671 18
Pa 91 5878 19 6017 19 960# 60# 14221 18 11779 13 8333 19
U 92 5125.8 0.5 7233 14 −3860 70 13812 14 9915 4 10423.6 2.5
Np 93 6580 50 4861.95 0.25 −8340# 230# 14663.6 0.3 11590.7 0.4 10179 4
Pu 94 5881.2 2.1 5580 50 −12850 100 14759.4 1.6 10001 8 12593.1 1.3
Am 95 7540# 130# 3620# 60# ∗ 15100# 60# 11080# 60# 12260# 60#
Cm 96 6680 80 4080# 140# ∗ 15330 90 9650# 180# 14540 70
Bk 97 8400# 430# 1930# 230# ∗ 15910# 250# 11350# 230# 14400# 280#
Cf 98 ∗ 2890# 370# ∗ 15880# 410# 9410# 180# 16860 100
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

233 Fr 87 9303 21 ∗ 1610# 400# 7612 24 ∗ 352 22
Ra 88 10025 14 16790# 300# 2547 16 5602 9 ∗ −2892 16
Ac 89 10597 18 15350 15 3215 14 3819 13 −12054 19 −2210 13
Th 90 11226.8 1.1 14063 11 3745 16 1812.5 2.2 −9054 9 −5286 8
Pa 91 12077.6 1.7 12851 13 4375 12 −460 50 −8954 13 −5191.4 1.8
U 92 13029 3 11474.6 2.1 4908.7 1.2 −3130 50 −5816.6 2.2 −8510# 100#
Np 93 13820 70 10050 50 5630 50 −5340# 130# −5290 50 −8480 50
Pu 94 14400 60 8330 50 6420 50 −7240 100 −1850 50 −11440# 310#
Am 95 15270# 320# 6920# 130# 7060# 50# −9490# 260# −1360# 150# −11120# 230#
Cm 96 16120# 310# 5590 80 7470 50 ∗ 1640 80 ∗
Bk 97 ∗ 4220# 380# 8170# 210# ∗ 2060# 380# ∗

234 Ra 88 9709 12 ∗ 2340# 200# 6318 9 ∗ −2449 16
Ac 89 10456 19 15810 20 2930 15 4502 15 −11368 24 −1962 14
Th 90 10976.4 2.6 14462 10 3672 11 2468.0 2.4 −11010 9 −4947.8 2.5
Pa 91 11750 9 13393 14 4076 16 384 9 −8258 14 −4652 4
U 92 12607.1 1.6 11879.7 0.9 4857.5 0.7 −2205 7 −7875.7 0.9 −7870 50
Np 93 13550# 100# 10570 11 5356 9 −4510# 160# −4824 8 −8170 50
Pu 94 14154 18 8837 7 6310 5 −6372 18 −3858 7 −11010# 110#
Am 95 15100# 340# 7480# 190# 6800# 150# −8930# 220# −780# 170# −10900# 180#
Cm 96 15750# 200# 6216 24 7365 9 ∗ −620 60 −14120# 230#
Bk 97 ∗ 4600# 340# 8100 50 ∗ 2820# 190# ∗

235 Ra 88 9350# 300# ∗ 2160# 420# 7110# 300# ∗ −1780# 300#
Ac 89 10094 19 16141 24 2852 16 5068 20 ∗ −1327 14
Th 90 10857 13 14894 16 3376 17 3099 13 −10202 16 −4392 14
Pa 91 11343 14 13597 19 4101 19 1246 14 −9841 20 −3927 14
U 92 12143.0 2.0 12390.8 0.9 4678.1 0.7 −1264 20 −6983.1 2.4 −7107 8
Np 93 13050 50 11024.3 1.2 5193.8 1.5 −3580 50 −6585 4 −7378 7
Pu 94 14010 60 9315 21 5951 20 −5830# 100# −3252 20 −10350# 160#
Am 95 14800# 130# 7900 70 6576 13 −8150# 400# −2620 50 −10170 60
Cm 96 15420# 130# 6620# 120# 7280# 100# ∗ 380# 100# −13450# 180#
Bk 97 16140# 460# 5090# 420# 7940# 500# ∗ 1020# 430# ∗

236 Ac 89 9760 40 ∗ 2720 40 5890 40 ∗ −870 40
Th 90 10500 14 15253 16 3333 17 3811 14 −12160# 300# −4105 20
Pa 91 11148 15 14085 20 3755 19 1960 50 −9312 20 −3656 14
U 92 11843.0 0.3 12746.3 2.4 4573.0 0.9 −456.9 1.6 −8862 13 −6669.8 0.9
Np 93 12720 50 11540 50 5010 50 −2660# 130# −6200 50 −6880 50
Pu 94 13591 7 9821.4 1.6 5867.15 0.08 −4951 18 −5306.2 1.6 −9790 50
Am 95 14560# 200# 8490# 120# 6260 60 −7500# 380# −2290# 120# −10040# 160#
Cm 96 15012 24 7075 19 7067 5 ∗ −1618 27 −12990# 400#
Bk 97 16000# 390# 5500# 390# 7700# 200# ∗ 1630# 360# ∗

237 Ac 89 9480# 400# ∗ 2680# 400# 6490# 400# ∗ −310# 400#
Th 90 10205 21 15750# 300# 3196 18 4565 16 ∗ −3450 21
Pa 91 10904 19 14407 19 3795 18 2656 13 −10980 40 −2988 13
U 92 11671.3 0.5 13206 13 4233.6 1.0 298.5 1.4 −8154 14 −6060 50
Np 93 12314.1 0.9 11995 14 4957.3 0.7 −1700# 60# −7751 14 −6101.2 1.6
Pu 94 13233 21 10405.1 1.3 5747.6 2.3 −4160 70 −4641.9 1.3 −9020# 120#
Am 95 14200# 80# 9050# 60# 6200# 30# −6640# 240# −4100# 80# −9350# 60#
Cm 96 14910# 130# 7510 80 6770 50 −8690 120 −940 70 −12370# 370#
Bk 97 15700# 460# 5990# 240# 7500# 200# ∗ −120# 260# ∗
Cf 98 ∗ 4650# 140# 8220 50 ∗ 2800 100 ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

238 Th 90 5500# 280# 8780# 490# 6360# 280# 12020# 290# 10030# 280# 7040# 410#
Pa 91 4705 21 6350 22 2470 60 15350 21 11740 21 9183 21
U 92 6153.7 1.3 7509 13 −2137 12 12685 14 9883 14 8936 13
Np 93 5488.32 0.20 5224.5 0.6 −6760# 260# 15720.8 0.3 11399.9 0.4 10812 14
Pu 94 6999.8 1.3 5997.4 0.4 −11110# 300# 13500 50 9984.2 0.9 10890.77 0.28
Am 95 6220# 80# 3960 60 ∗ 16230 60 11100 60 13020 60
Cm 96 7870 80 4410# 60# ∗ 14120# 120# 9680 50 12909 24
Bk 97 7070# 340# 2320# 270# ∗ 17070# 260# 11070# 280# 15240# 260#
Cf 98 8730# 310# 3220# 380# ∗ 14450# 470# 9370# 500# 14910# 320#

239 Th 90 4100# 490# ∗ 7910# 400# 13190# 570# 10140# 400# ∗
Pa 91 5630# 200# 6480# 340# 3950# 200# 14090# 200# 11950# 200# 7760# 200#
U 92 4806.38 0.17 7610 16 −570 150 13756 13 10103 14 9964 14
Np 93 6214.9 1.0 5285.7 1.5 −4940# 210# 14631.7 1.1 11730.5 1.0 9623 14
Pu 94 5646.2 0.3 6155.3 0.4 −9610# 120# 14427.4 0.3 10070 50 11790.04 0.25
Am 95 7100 60 4061.8 1.7 −14240# 300# 15009.5 2.1 11352.9 2.3 11660 50
Cm 96 6370 150 4560 160 ∗ 15290# 160# 9970# 190# 13890 150
Bk 97 8040# 330# 2490# 210# ∗ 15710# 220# 11260# 210# 13860# 240#
Cf 98 7150# 320# 3300# 280# ∗ 15700# 260# 9520# 380# 16000# 120#
Es 99 ∗ 940# 420# ∗ 16400# 320# ∗ 15740# 470#

240 Pa 91 4400# 280# 6780# 450# 5500# 200# 15200# 350# 11920# 200# 8640# 450#
U 92 5928.5 2.9 7910# 200# 991 3 12532 16 10052 13 8407 16
Np 93 5066 17 5545 17 −3350# 150# 15719 17 11790 17 10435 21
Pu 94 6534.22 0.23 6474.7 1.0 −7863 18 13381.53 0.29 10117.78 0.21 10381.6 0.5
Am 95 5952 14 4367 14 −12720# 370# 16058 14 11283 14 12285 14
Cm 96 7490 150 4955.1 2.3 ∗ 14010 60 10020# 60# 12279.0 2.2
Bk 97 6660# 260# 2770# 210# ∗ 16930# 150# 11280# 170# 14740# 160#
Cf 98 8280# 120# 3550# 210# ∗ 14480# 260# 9640# 230# 14390 80
Es 99 7480# 470# 1270# 390# ∗ 17660# 470# 11150# 380# 16660# 430#

241 Pa 91 5340# 360# ∗ 6810# 300# 13950# 500# 12080# 410# ∗
U 92 4590# 200# 8100# 280# 2500# 200# 13570# 280# 10170# 200# 9320# 340#
Np 93 6070 100 5690 100 −1670# 190# 14450 100 11870 100 9070 100
Pu 94 5241.52 0.03 6650 17 −6370# 170# 14354.9 1.0 10364.57 0.29 11293.8 1.2
Am 95 6647 14 4479.95 0.17 −10960# 230# 15056.92 0.29 11635.2 0.4 11126.14 0.23
Cm 96 6093.8 2.1 5097 14 −15520# 300# 15022.2 2.0 10140 60 13185.0 1.2
Bk 97 7760# 220# 3030# 170# ∗ 15550# 220# 11400# 170# 13210# 180#
Cf 98 6730# 170# 3630# 230# ∗ 15790# 270# 9970# 310# 15530# 170#
Es 99 8400# 430# 1380# 230# ∗ 16400# 260# 11480# 380# 15320# 350#
Fm 100 ∗ 2290# 470# ∗ 16300# 420# ∗ 17590# 420#

242 U 92 5650# 280# 8410# 360# 3820# 200# 12320# 280# 10150# 280# 7770# 450#
Np 93 4970 220 6070# 280# −340# 240# 15410 200 11710 200 9730# 280#
Pu 94 6309.6 0.7 6890 100 −4670 13 13111 17 10269.9 1.2 9790.6 1.0
Am 95 5537.64 0.10 4776.07 0.19 −9330# 260# 16053.50 0.20 11743.8 0.3 11803.4 1.0
Cm 96 6969.4 1.2 5419.6 0.4 −13600# 400# 14004 14 10277.4 1.7 11861.9 0.3
Bk 97 6300# 210# 3240# 140# ∗ 16740# 140# 11470# 200# 14010# 140#
Cf 98 8010# 170# 3880# 170# ∗ 14430# 150# 10000# 210# 13890 150
Es 99 7160# 350# 1810# 310# ∗ 17520# 260# 11460# 280# 16200# 330#
Fm 100 8890# 500# 2780# 460# ∗ 14890# 540# 9630# 500# 15840# 420#

243 U 92 4210# 360# ∗ 5300# 300# 13450# 420# 10330# 360# ∗
Np 93 5680# 200# 6100# 200# 1120# 30# 14320# 200# 11950# 30# 8440# 200#
Pu 94 5033.6 2.4 6950 200 −3240# 180# 14150 100 10302 17 10685 3
Am 95 6364.3 1.2 4830.8 1.4 −7570# 210# 14930.7 1.2 11913.7 1.2 10505 17
Cm 96 5693.1 1.0 5575.0 1.0 −12130# 130# 14958.4 1.0 10536 14 12703.0 1.0
Bk 97 7130# 140# 3403 4 ∗ 15699 5 11829 5 12826 14
Cf 98 6470# 180# 4050# 230# ∗ 15720# 250# 10190# 240# 14910# 180#
Es 99 8130# 330# 1930# 210# ∗ 16130# 270# 11620# 210# 14730# 260#
Fm 100 7160# 420# 2770# 290# ∗ 16130# 270# 9960# 390# 16970# 130#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

238 Th 90 9870# 280# ∗ 3170# 280# 5220# 280# ∗ −3070# 280#
Pa 91 10583 21 14900 40 3628 21 3439 16 −10420# 400# −2567 16
U 92 11279.5 1.2 13525 14 4269.9 2.1 1144.6 1.2 −9936 16 −5635.2 1.2
Np 93 12070 50 12457 14 4691 4 −970 60 −7362 13 −5708.4 1.3
Pu 94 12881.0 1.6 10859.4 0.4 5593.27 0.19 −3282 12 −6516.0 0.6 −8480# 60#
Am 95 13760# 130# 9530 80 6040 60 −5800# 260# −3740 60 −8900 90
Cm 96 14550 21 8034 12 6670 10 −7830# 300# −2935 12 −11840# 230#
Bk 97 15470# 440# 6400# 280# 7330# 200# ∗ 360# 260# −11790# 270#
Cf 98 ∗ 5150# 300# 8130# 300# ∗ 740# 310# ∗

239 Th 90 9600# 400# ∗ 2950# 500# 5930# 400# ∗ −2470# 400#
Pa 91 10330# 200# 15260# 450# 3560# 200# 4030# 200# ∗ −2040# 200#
U 92 10960.1 1.3 13960 16 4130 13 1984.4 1.2 −9240# 280# −4953.2 1.2
Np 93 11703.2 1.0 12795 13 4597 14 −79.4 1.9 −8872 16 −4923.5 1.0
Pu 94 12646.1 1.3 11379.9 0.5 5244.52 0.21 −2560 150 −6008.5 1.2 −7900 60
Am 95 13320# 60# 10059.2 1.7 5922.4 1.4 −4860# 210# −5353.2 1.7 −8126 12
Cm 96 14240 170 8520 150 6540 150 −7060# 190# −2310 150 −11140# 300#
Bk 97 15100# 310# 6900# 220# 7200# 200# −9380# 360# −1460# 220# −11100# 360#
Cf 98 15880# 150# 5620# 140# 7760 60 ∗ 1470# 120# ∗
Es 99 ∗ 4160# 380# 8440# 500# ∗ 2130# 390# ∗

240 Pa 91 10030# 200# ∗ 3360# 200# 4690# 200# ∗ −1630# 200#
U 92 10734.9 2.9 14390# 280# 4035 14 2590.2 2.7 −11070# 400# −4666.8 2.8
Np 93 11281 17 13156 23 4557 22 806 22 −8310# 200# −4343 17
Pu 94 12180.5 0.4 11760.4 1.2 5255.82 0.14 −1598.9 1.7 −7736.3 1.2 −7336.4 1.7
Am 95 13050 60 10522 14 5710 50 −4150# 150# −5090 14 −7710 150
Cm 96 13864 12 9016.9 1.7 6397.8 0.6 −6264 18 −4153.0 1.7 −10600# 210#
Bk 97 14700# 300# 7340# 160# 7200# 190# −8560# 400# −1020# 150# −10610# 190#
Cf 98 15430# 300# 6034 22 7711 4 ∗ −450 150 −13710# 300#
Es 99 ∗ 4570# 450# 8260 60 ∗ 2690# 420# ∗

241 Pa 91 9740# 360# ∗ 3300# 500# 5430# 320# ∗ −1050# 300#
U 92 10520# 200# 14880# 450# 3820# 200# 3240# 200# ∗ −4190# 200#
Np 93 11140 100 13600# 220# 4360 100 1380 100 −9980# 220# −3880 100
Pu 94 11775.74 0.23 12195.5 1.2 5140.1 0.5 −746.7 1.2 −7049.4 2.7 −6626 14
Am 95 12598.7 1.7 10954.6 1.0 5637.82 0.12 −3050# 170# −6671 17 −6861.2 1.7
Cm 96 13590 150 9464.4 1.2 6185.2 0.6 −5630# 170# −3712.5 1.2 −10030# 150#
Bk 97 14410# 270# 7990# 170# 6990# 180# −7910# 280# −2820# 170# −10080# 170#
Cf 98 15020# 210# 6400# 230# 7660# 150# −9890# 340# 310# 170# −12970# 400#
Es 99 15880# 380# 4930# 310# 8259 17 ∗ 940# 280# ∗
Fm 100 ∗ 3560# 320# 8860# 320# ∗ 3940# 300# ∗

242 U 92 10240# 200# ∗ 3670# 200# 3900# 200# ∗ −3770# 220#
Np 93 11040 200 14170# 280# 4100 200 1950 200 −9610# 360# −3610 200
Pu 94 11551.1 0.7 12576.6 2.7 4984.2 1.0 −86.8 0.8 −8770# 200# −6288.8 0.7
Am 95 12185 14 11426 17 5588.50 0.25 −2280# 140# −6140 100 −6305.1 1.2
Cm 96 13063.2 1.7 9899.6 0.4 6215.63 0.08 −4583 13 −5440.4 0.4 −9250# 170#
Bk 97 14060# 200# 8340# 140# 6910# 150# −7050# 290# −2470# 140# −9650# 220#
Cf 98 14744 22 6915 13 7517 4 −9010# 400# −1604 13 −12580# 230#
Es 99 15570# 450# 5440# 300# 8160 20 ∗ 1530# 310# −12490# 400#
Fm 100 ∗ 4170# 400# 8700# 500# ∗ 1780# 430# ∗

243 U 92 9860# 360# ∗ 3560# 500# 4730# 300# ∗ −3010# 360#
Np 93 10650# 110# 14510# 300# 4040# 200# 2630# 30# ∗ −2980# 30#
Pu 94 11343.2 2.4 13020# 200# 4757.0 2.6 572.6 2.6 −8150# 200# −5784.8 2.4
Am 95 11902.0 1.2 11720 100 5439.1 0.9 −1515 5 −7530 200 −5700.0 1.2
Cm 96 12662.5 1.6 10351.1 1.0 6168.8 1.0 −3810# 180# −4823.9 1.2 −8640# 140#
Bk 97 13430# 170# 8823 4 6874 4 −6060# 210# −4067 4 −8769 14
Cf 98 14480# 250# 7290# 180# 7420# 100# −8330# 220# −1100# 180# −11880# 310#
Es 99 15290# 310# 5810# 270# 8072 10 ∗ −290# 250# −11720# 450#
Fm 100 16050# 330# 4590# 210# 8690 50 ∗ 2640# 130# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

244 Np 93 4640# 110# 6530# 320# 2530# 100# 15330# 220# 11910# 220# 9150# 320#
Pu 94 6019.9 2.9 7290# 30# −1672 3 13100 200 10350 100 9260# 200#
Am 95 5367.2 1.6 5164.4 2.6 −6150# 180# 15873.1 1.2 11788.1 1.0 11210 100
Cm 96 6801.4 1.0 6012.1 1.2 −10510# 200# 13694.63 0.20 10381.55 0.17 11143.12 0.04
Bk 97 6047 15 3757 14 −14880# 380# 16621 14 11876 14 13426 14
Cf 98 7580# 180# 4501 5 ∗ 14440# 140# 10360# 170# 13422.7 2.8
Es 99 6790# 280# 2250# 260# ∗ 17350# 180# 11560# 250# 15690# 250#
Fm 100 8420# 240# 3070# 290# ∗ 14870# 330# 9930# 310# 15280# 260#
Md 101 ∗ 1010# 400# ∗ 17910# 550# 11240# 480# 17350# 440#

245 Np 93 5460# 220# ∗ 4040# 200# 14080# 360# 12090# 280# ∗
Pu 94 4699 13 7350# 100# −207 14 14080# 30# 10630 200 10210# 200#
Am 95 6050.0 1.9 5194.6 2.9 −4420# 170# 14856.7 2.9 12047.6 1.8 10130 200
Cm 96 5518.6 0.5 6163.6 1.1 −9190# 200# 14540.3 1.3 10400.6 0.5 11934.1 0.8
Bk 97 6971 14 3927.0 1.4 −13510# 260# 15342.6 1.7 11874.1 1.5 11992.2 1.4
Cf 98 6164 3 4618 15 ∗ 15406 5 10500# 140# 14227.9 2.2
Es 99 7780# 250# 2450# 170# ∗ 16040# 250# 11790# 170# 14210# 210#
Fm 100 6840# 280# 3120# 270# ∗ 16160# 290# 10250# 320# 16450# 200#
Md 101 8340# 460# 930# 330# ∗ 16720# 290# 11790# 480# 16170# 370#

246 Pu 94 5855 20 7740# 200# 1305 15 12870# 100# 10450# 40# 8560# 300#
Am 95 4978# 18# 5473# 22# −2830# 90# 15899# 18# 12103# 18# 10830# 40#
Cm 96 6458.9 1.2 6572.5 2.0 −7574 14 13448.6 1.5 10306.0 1.6 10508.8 2.5
Bk 97 5920 60 4330 60 −12150# 270# 16230 60 11650 60 12440 60
Cf 98 7366.2 2.4 5012.5 1.8 ∗ 14087 14 10265 5 12554.7 1.4
Es 99 6570# 190# 2860 90 ∗ 17050 90 11690# 200# 14780 90
Fm 100 8070# 200# 3410# 170# ∗ 14880# 180# 10310# 210# 14850# 180#
Md 101 7280# 370# 1370# 330# ∗ 17860# 330# 11660# 290# 17020# 330#

247 Pu 94 4260# 200# ∗ 3100# 200# 14070# 280# 10830# 220# ∗
Am 95 5910# 100# 5530# 100# −1430# 100# 14690# 100# 12210# 100# 9560# 140#
Cm 96 5155 4 6750# 18# −6140# 180# 14343 4 10518 4 11373 4
Bk 97 6550 60 4416 5 −10450# 210# 15196 5 11902 5 11257 5
Cf 98 6052 14 5150 60 ∗ 15006 14 10260 20 13304 14
Es 99 7310 90 2801 19 ∗ 15904 20 11964 20 13511 24
Fm 100 6590# 180# 3440# 200# ∗ 16070# 250# 10510# 260# 15840# 180#
Md 101 8250# 330# 1540# 210# ∗ 16460# 290# 11840# 290# 15560# 280#

248 Am 95 4660# 220# 5940# 280# 260# 210# 15880# 200# 12250# 200# 10360# 280#
Cm 96 6212 4 7050# 100# −4505 9 13110# 18# 10356.4 2.9 9861 13
Bk 97 5430 50 4690 50 −8820# 190# 16220 50 11990 50 11880 50
Cf 98 6943 15 5541 7 −13450# 220# 13980 60 10288 5 11880 5
Es 99 6350# 60# 3100# 50# ∗ 16920# 50# 11780# 50# 14130# 50#
Fm 100 7850# 180# 3970 21 ∗ 14790 90 10450# 170# 14159 9
Md 101 7060# 280# 2010# 260# ∗ 17470# 180# 11620# 270# 16280# 250#
No 102 ∗ 2540# 310# ∗ 15280# 340# 10230# 340# 16140# 300#

249 Am 95 5530# 360# ∗ 1930# 300# 14600# 360# 12570# 300# ∗
Cm 96 4713.37 0.25 7100# 200# −2768 7 14310# 100# 10621# 18# 11002 15
Bk 97 6360 50 4835.4 2.6 −7330 160 15024 4 12093.5 1.4 10499# 18#
Cf 98 5587 5 5700 50 −12060# 280# 14944 5 10620 60 12752.2 1.3
Es 99 7200# 60# 3350# 30# ∗ 15780# 30# 11950# 30# 12850# 70#
Fm 100 6450 10 4070# 50# ∗ 15652 20 10560 90 15075 6
Md 101 7840# 250# 2010 160 ∗ 16220# 240# 11850 160 15010 190
No 102 6970# 360# 2450# 340# ∗ 16560# 350# 10540# 380# 17240# 280#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

244 Np 93 10320# 220# ∗ 3810# 220# 3360# 100# ∗ −2590# 100#
Pu 94 11053.5 2.5 13390# 200# 4665.6 1.0 1354.2 2.5 −9960# 300# −5440.3 2.6
Am 95 11731.5 1.0 12120 200 5138 17 −835 14 −7220# 30# −5374.1 1.4
Cm 96 12494.5 0.4 10843.0 0.7 5901.60 0.03 −3026.3 2.5 −6591.7 2.4 −8309 4
Bk 97 13180# 140# 9332 14 6779 4 −5310# 180# −3750 14 −8350# 180#
Cf 98 14052 13 7903.5 2.5 7329.0 1.8 −7490# 200# −2992.8 2.7 −11340# 210#
Es 99 14920# 310# 6300# 230# 7940# 100# −9570# 420# 50# 180# −11360# 220#
Fm 100 15580# 450# 5000# 200# 8550# 200# ∗ 690# 270# ∗
Md 101 ∗ 3780# 450# 8950 80 ∗ 3560# 430# ∗

245 Np 93 10100# 200# ∗ 3690# 360# 3950# 200# ∗ −2030# 200#
Pu 94 10719 14 13880# 300# 4560# 200# 2174 14 ∗ −4772 14
Am 95 11417.2 2.0 12480# 30# 5160 100 86.6 2.1 −8630# 100# −4622.7 1.6
Cm 96 12320.0 1.1 11328.0 2.5 5624.5 0.5 −2380.6 2.2 −6090.5 2.5 −7781 14
Bk 97 13018 5 9939.2 1.9 6454.5 1.4 −4500# 170# −5354.3 1.7 −7735.6 2.9
Cf 98 13750# 180# 8374.7 2.4 7258.5 1.8 −6810# 200# −2355.7 2.2 −10710# 180#
Es 99 14570# 270# 6950# 170# 7909 3 −9010# 310# −1690# 170# −10720# 260#
Fm 100 15270# 240# 5380# 270# 8440# 100# ∗ 1430# 200# −13480# 420#
Md 101 ∗ 4000# 330# 9010# 120# ∗ 2010# 320# ∗

246 Pu 94 10554 15 ∗ 4350# 200# 2778 15 ∗ −4577 15
Am 95 11028# 18# 12820# 100# 5150# 200# 1030# 60# −8150# 200# −4082# 18#
Cm 96 11977.6 1.1 11767.1 2.7 5475.1 0.9 −1473.3 1.5 −7850 14 −7268.2 1.8
Bk 97 12890 60 10490 60 6070 60 −3850 110 −5220 60 −7490 60
Cf 98 13530.5 2.7 8939.5 1.1 6861.6 1.0 −6101 14 −4203.3 1.2 −10300# 170#
Es 99 14350# 200# 7470 90 7640# 100# −8300# 280# −1280 90 −10440# 220#
Fm 100 14920# 200# 5865 14 8379 5 ∗ −483 14 −13210# 260#
Md 101 15630# 460# 4490# 320# 8890 40 ∗ 2510# 310# ∗

247 Pu 94 10110# 200# ∗ 4310# 360# 3680# 200# ∗ −3860# 200#
Am 95 10890# 100# 13280# 220# 4920# 110# 1660# 100# ∗ −3540# 100#
Cm 96 11614 4 12223 14 5354 3 −576 15 −7151 15 −6510 60
Bk 97 12467 5 10989 5 5890 5 −3089 20 −6793# 19# −6672 5
Cf 98 13418 15 9473 14 6503 14 −5560# 180# −3796 14 −9780 90
Es 99 13880# 170# 7813 20 7464 20 −7360# 210# −2680 60 −9684 24
Fm 100 14660# 270# 6290# 180# 8258 10 ∗ 290# 180# −12510# 320#
Md 101 15530# 330# 4960# 270# 8764 10 ∗ 830# 230# ∗

248 Am 95 10570# 200# ∗ 4900# 220# 2430# 210# ∗ −3040# 200#
Cm 96 11366.8 2.7 12580 15 5161.81 0.25 155 6 −9110# 200# −6168 6
Bk 97 11980 80 11440# 50# 5830 50 −2170# 70# −6310# 110# −6050 50
Cf 98 12995 5 9957 5 6361 5 −4660 10 −5584 6 −9412 20
Es 99 13660# 100# 8250# 80# 7160# 50# −6650# 190# −2480# 50# −9450# 190#
Fm 100 14436 16 6770 9 7995 8 −8790# 220# −1501 17 −12110# 210#
Md 101 15310# 320# 5450# 210# 8500 30 ∗ 1080# 190# ∗
No 102 ∗ 4080# 230# 9300# 100# ∗ 1730# 290# ∗

249 Am 95 10190# 310# ∗ 4830# 360# 3260# 300# ∗ −2360# 300#
Cm 96 10925 4 13040# 200# 5148 13 1028.0 2.6 ∗ −5450 50
Bk 97 11786 5 11890# 100# 5521.0 1.4 −1330# 30# −8010# 200# −5463 5
Cf 98 12529 14 10388 4 6293.3 0.5 −3796 6 −4959.0 2.6 −8650# 50#
Es 99 13550# 40# 8890# 30# 6940# 30# −6010# 170# −4250# 60# −8790# 30#
Fm 100 14300# 180# 7168 16 7709 6 −8270# 280# −1008 8 −11500# 180#
Md 101 14900# 270# 5980 170 8441# 18# ∗ −410# 170# −11580# 280#
No 102 ∗ 4460# 330# 9170# 200# ∗ 2600# 280# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

250 Cm 96 5832 10 7400# 300# −1083 13 13140# 200# 10700# 100# 9430# 200#
Bk 97 4965.6 2.8 5088 4 −5450 90 16270 4 12283 5 11450# 100#
Cf 98 6623.7 1.3 5965.0 1.4 −10400# 200# 13750 50 10545 5 11284 4
Es 99 6020# 100# 3790# 100# ∗ 16700# 100# 11980# 100# 13380# 100#
Fm 100 7518 10 4390# 30# ∗ 14480# 50# 10358 21 13609 16
Md 101 6850 190 2410 90 ∗ 17210 90 11590# 200# 15470 90
No 102 8290# 340# 2900# 260# ∗ 15330# 270# 10490# 290# 15540# 270#

251 Cm 96 4413 25 ∗ 689 27 14260# 300# 10950# 200# ∗
Bk 97 5795 11 5051 15 −3739 22 15188 11 12699 11 10310# 200#
Cf 98 5107 4 6106 5 −8710# 180# 14999 4 10870 50 12389 4
Es 99 6790# 100# 3948 5 −13320# 200# 15500 5 12138 7 12030 50
Fm 100 6185 16 4560# 100# ∗ 15500# 30# 10520# 50# 14367 15
Md 101 7500 90 2394 20 ∗ 16158 20 11933 21 14310# 60#
No 102 6790# 270# 2840# 200# ∗ 16380# 240# 10770# 260# 16600# 180#
Lr 103 ∗ 1030# 280# ∗ 16750# 340# 12010# 300# 16530# 270#

252 Cm 96 5660# 300# ∗ 2240# 300# ∗ 10820# 420# ∗
Bk 97 4770# 200# 5400# 200# −1930# 220# 16260# 200# 12650# 200# 11080# 360#
Cf 98 6172 4 6482 11 −6837 10 13793 4 11052.3 2.6 10930.32 0.25
Es 99 5290 50 4130 50 −11240# 190# 16840 50 12440 50 13090 50
Fm 100 7214 15 4984 7 ∗ 14300# 100# 10510# 30# 12740 5
Md 101 6570 90 2780 90 ∗ 17110 90 11810 90 14940# 100#
No 102 8050# 180# 3384 21 ∗ 15180 90 10550 160 14999 11
Lr 103 7360# 270# 1600# 260# ∗ 17680# 270# 11610# 340# 17000# 250#

253 Bk 97 5680# 410# 5420# 470# −240# 360# 14990# 360# 12800# 360# ∗
Cf 98 4804 4 6520# 200# −5057 8 14784 11 11214 5 11958 11
Es 99 6360 50 4313.1 2.6 −9510 160 15586 4 12704.2 1.4 11704.9 2.8
Fm 100 5542 5 5240 50 −14300# 410# 15545 5 10980# 100# 13821.6 1.7
Md 101 7370# 100# 2930# 30# ∗ 15930# 30# 11970# 30# 13590# 110#
No 102 6584 12 3400 90 ∗ 16103 20 10820 90 15933 10
Lr 103 8090# 250# 1640 160 ∗ 16390# 240# 11820# 260# 15770 190
Rf 104 ∗ 2180# 450# ∗ 16520# 460# ∗ 17720# 460#

254 Bk 97 4610# 470# ∗ 940# 310# 16050# 420# 12610# 300# ∗
Cf 98 6031 12 6880# 360# −3382 15 13520# 200# 10977 16 10340 25
Es 99 5087.7 2.9 4596 5 −7650 90 16670 4 12723 5 12413 11
Fm 100 6514.3 1.9 5396.9 1.7 −12300# 280# 14320 50 11255 5 12414 4
Md 101 5790# 110# 3180# 100# ∗ 17350# 100# 12360# 100# 14590# 100#
No 102 7707 12 3740# 30# ∗ 14970 90 10621 21 14411 17
Lr 103 6950 190 2000 90 ∗ 17490 90 11660# 200# 16330 90
Rf 104 8510# 500# 2610# 330# ∗ 15380# 340# 10240# 350# 16000# 340#

255 Cf 98 4600# 200# 6870# 360# −2000# 200# 14590# 410# 11140# 280# 11400# 360#
Es 99 5976 11 4541 16 −5858 21 15498 11 12919 11 11200# 200#
Fm 100 5173 4 5483 5 −10530# 180# 15501 4 11370 50 13412 4
Md 101 6680# 100# 3349 6 −14750# 280# 16207 6 12890 8 13190 50
No 102 5983 17 3930# 100# ∗ 16350# 30# 11210 90 15642 15
Lr 103 7770 90 2065 20 ∗ 16299 19 11940 20 15130 90
Rf 104 6940# 340# 2610# 200# ∗ 16520# 250# 10660# 260# 17110# 180#
Db 105 ∗ 900# 400# ∗ 16660# 500# ∗ 16700# 340#

256 Cf 98 5840# 370# ∗ −780# 310# 13360# 430# 10980# 480# ∗
Es 99 4980# 100# 4910# 220# −4560# 130# 16550# 100# 12750# 100# 11900# 370#
Fm 100 6387 5 5893 11 −8737 18 14201 4 11338 3 11830 4
Md 101 5460# 120# 3630# 120# −12840# 220# 17260# 120# 12980# 120# 14090# 120#
No 102 7060 16 4308 9 ∗ 15080# 100# 11510# 30# 14124 8
Lr 103 6270 80 2350 80 ∗ 17730 80 12250 80 16220# 90#
Rf 104 8180# 180# 3014 25 ∗ 15290 90 10560 170 15510 19
Db 105 7370# 340# 1320# 260# ∗ 17810# 340# 11520# 450# 17420# 250#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

250 Cm 96 10546 10 ∗ 5170 18 1819 10 ∗ −4928 10
Bk 97 11320 50 12190# 200# 5533# 18# −270# 100# −7440# 300# −4842.0 2.8
Cf 98 12210 5 10800.4 2.7 6128.51 0.19 −2902 8 −6869.3 2.7 −8080# 30#
Es 99 13220# 110# 9480# 110# 6830# 120# −5170# 140# −3910# 100# −8370# 100#
Fm 100 13968 12 7744 9 7557 8 −7490# 200# −2940 8 −11180 160
Md 101 14690# 210# 6480# 110# 8155 28 ∗ −70# 100# −11460# 290#
No 102 15270# 300# 4910# 200# 8950# 200# ∗ 760# 200# ∗

251 Cm 96 10245 23 ∗ 5010# 200# 2513 22 ∗ −4375 23
Bk 97 10761 11 12450# 300# 5650# 100# 716 12 ∗ −4014 11
Cf 98 11730 4 11194 4 6177.0 0.9 −1824 15 −6144 11 −7160# 100#
Es 99 12810# 30# 9913 5 6597.1 1.0 −4455 20 −5729 6 −7632 9
Fm 100 13703 16 8342 14 7424.5 1.0 −6890# 180# −2500 14 −10510 90
Md 101 14360 170 6790# 40# 7963 4 −8860# 200# −1550# 100# −10670# 200#
No 102 15080# 330# 5250# 180# 8752 4 ∗ 1490# 180# ∗
Lr 103 ∗ 3930# 260# 9470# 290# ∗ 2140# 220# ∗

252 Cm 96 10080# 300# ∗ ∗ 3020# 300# ∗ −4240# 300#
Bk 97 10560# 200# ∗ 5550# 280# 1240# 210# ∗ −3670# 200#
Cf 98 11278.4 2.7 11533 10 6216.95 0.04 −782 6 −7902 23 −6548 6
Es 99 12070# 110# 10240 50 6738.6 0.5 −3170 100 −5220 50 −6740 50
Fm 100 13398 9 8932 5 7153.7 1.0 −6055 11 −4607 6 −10221 20
Md 101 14070 130 7340# 140# 7740# 110# −8070# 210# −1330 90 −10450# 200#
No 102 14840# 200# 5779 12 8549 5 ∗ −376 17 −13030# 200#
Lr 103 ∗ 4440# 210# 9164 17 ∗ 2280# 190# ∗

253 Bk 97 10440# 360# ∗ 5400# 200# 1920# 360# ∗ −3180# 360#
Cf 98 10976 5 11924 23 6126 4 −44 4 −7040# 300# −6060 50
Es 99 11644 5 10795 11 6739.24 0.05 −2160# 30# −6810# 200# −5877 5
Fm 100 12756 14 9367 4 7197.9 1.0 −5013 7 −3978.0 2.7 −9190 90
Md 101 13940# 40# 7920# 30# 7573 8 −7350# 170# −3410# 60# −9770# 30#
No 102 14630# 180# 6178 16 8415 4 −9280# 410# 253 9 −12250# 190#
Lr 103 15450# 260# 5020 170 8918 20 ∗ 770 190 ∗
Rf 104 ∗ 3790# 450# 9430# 300# ∗ 3480# 410# ∗

254 Bk 97 10280# 360# ∗ ∗ 2400# 300# ∗ −2980# 300#
Cf 98 10836 11 12290# 300# 5927 5 439 12 ∗ −5740 12
Es 99 11440 50 11120# 200# 6617.2 0.5 −1460# 100# −6220# 360# −5422.7 3.0
Fm 100 12057 5 9710.0 2.9 7307.3 1.0 −3821 10 −5688 5 −8340# 30#
Md 101 13160# 140# 8420# 110# 7800# 140# −6190# 140# −2850# 100# −8980# 100#
No 102 14291 13 6671 11 8226 8 −8480# 280# −1911 10 −11870 160
Lr 103 15030# 210# 5400 130 8822 8 ∗ 1180# 100# −12070# 420#
Rf 104 ∗ 4250# 280# 9210# 200# ∗ 1550# 280# ∗

255 Cf 98 10640# 200# ∗ 5740# 200# 1010# 200# ∗ −5260# 200#
Es 99 11064 11 11420# 360# 6436.3 1.3 −753 12 −7590# 300# −4885 11
Fm 100 11688 4 10079 5 7240.6 0.5 −3011 15 −4830 12 −7720# 100#
Md 101 12470# 30# 8746 6 7905.6 1.7 −5105 19 −4441 6 −7953 11
No 102 13689 16 7112 14 8428.2 3.0 −7520# 180# −1380 14 −10910 90
Lr 103 14720 170 5800# 40# 8556 7 −9650# 280# −790# 100# −11330# 280#
Rf 104 15460# 450# 4610# 180# 9055 4 ∗ 2320# 180# ∗
Db 105 ∗ 3510# 330# 9340# 200# ∗ 2660# 300# ∗

256 Cf 98 10440# 320# ∗ 5560# 100# 1560# 310# ∗ −5120# 320#
Es 99 10950# 100# 11790# 310# 6230# 220# −270# 160# ∗ −4690# 100#
Fm 100 11560 3 10435 11 7025.3 1.9 −2338 8 −6610# 200# −7429 6
Md 101 12140# 160# 9120# 120# 7740# 110# −4290# 150# −3920# 120# −7430# 120#
No 102 13043 12 7657 8 8582 5 −6399 19 −3266 8 −10196 19
Lr 103 14040 120 6280# 130# 8850 120 −8550# 210# −380 80 −10650# 200#
Rf 104 15120# 280# 5079 20 8926 15 ∗ 121 23 −13440# 280#
Db 105 ∗ 3930# 210# 9340 30 ∗ 3060# 190# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

257 Es 99 5850# 420# 4930# 520# −3260# 410# 15310# 460# 12930# 410# 10660# 510#
Fm 100 4966 4 5880# 100# −7276 12 15212 11 11460 5 12895 12
Md 101 6540# 120# 3781 3 −11160 160 15903 4 12954.0 2.0 12645 3
No 102 5647 10 4500# 120# ∗ 16116 8 11660# 100# 14991 6
Lr 103 7150# 90# 2450# 50# ∗ 16560# 50# 12810# 50# 14860# 110#
Rf 104 6427 21 3170 80 ∗ 16630 21 11080 90 16789 14
Db 105 8220# 250# 1360 170 ∗ 16540# 250# 11820# 330# 16150 190

258 Es 99 4770# 570# ∗ −2080# 410# 16370# 510# 12760# 450# ∗
Fm 100 6240# 200# 6270# 460# −5920# 200# 13950# 220# 11200# 200# 11260# 280#
Md 101 5373 4 4189 6 −9820 90 16916 5 12754 5 13248 11
No 102 6840# 100# 4800# 100# −13820# 420# 14730# 160# 11500# 100# 13320# 100#
Lr 103 5960# 110# 2750# 100# ∗ 17670# 100# 12830# 100# 15590# 100#
Rf 104 7593 19 3610# 50# ∗ 15310 80 11261 24 15179 21
Db 105 6720 190 1650 90 ∗ 18000 90 12040# 200# 17210 90
Sg 106 ∗ 2150# 440# ∗ 15710# 450# 10570# 500# 16610# 450#

259 Fm 100 4790# 350# 6290# 490# −4660# 290# 15010# 500# 11380# 300# 12310# 420#
Md 101 6200# 100# 4150# 220# −8430# 120# 15690# 100# 12940# 100# 12030# 140#
No 102 5470# 100# 4900 7 −12440# 180# 15798 6 11490# 120# 14241 7
Lr 103 7000# 120# 2920# 120# ∗ 16320# 70# 12890# 70# 14040# 140#
Rf 104 6050# 70# 3700# 130# ∗ 16410# 90# 11480# 110# 16190# 70#
Db 105 7590 110 1640 60 ∗ 16840 60 12630 60 15890 100
Sg 106 6850# 450# 2280# 200# ∗ 17080# 250# 11090# 260# 17940# 180#

260 Fm 100 6010# 520# ∗ −3380# 480# 13770# 590# 11230# 600# ∗
Md 101 5090# 330# 4440# 420# −7120# 330# 16830# 370# 12820# 320# 12790# 520#
No 102 6540# 200# 5240# 220# −10940# 200# 14630# 200# 11480# 200# 12670# 200#
Lr 103 5650# 140# 3090# 130# −14850# 230# 17510# 160# 12890# 130# 14930# 130#
Rf 104 7290# 210# 3990# 210# ∗ 15080# 230# 11350# 210# 14550# 200#
Db 105 6390# 110# 1980# 120# ∗ 18040# 90# 12670# 90# 16650# 100#
Sg 106 8040# 180# 2730 60 ∗ 15750 90 11260 170 16328 23
Bh 107 ∗ 690# 270# ∗ 18540# 460# ∗ 18620# 260#

261 Md 101 6040# 600# 4480# 670# −5730# 520# 15590# 580# 13020# 550# 11520# 650#
No 102 5230# 280# 5380# 370# −9550# 200# 15600# 220# 11630# 200# 13680# 280#
Lr 103 6790# 240# 3340# 280# −13520# 270# 16190# 200# 12940# 220# 13510# 200#
Rf 104 5900# 210# 4250# 140# ∗ 16180# 100# 11400# 120# 15490# 120#
Db 105 7440# 140# 2130# 230# ∗ 16650# 130# 12830# 110# 15170# 150#
Sg 106 6614 28 2960# 100# ∗ 16720 60 11360 90 17307 25
Bh 107 8120# 270# 760 180 ∗ 17270# 260# 12650# 450# 17220 200

262 Md 101 4980# 680# ∗ −4590# 470# 16610# 620# 12830# 530# ∗
No 102 6430# 410# 5770# 620# −8270# 360# 14260# 480# 11400# 370# 12040# 460#
Lr 103 5520# 280# 3640# 280# −12150# 220# 17210# 280# 12890# 200# 14190# 220#
Rf 104 7000# 230# 4450# 300# ∗ 14830# 260# 11410# 240# 13960# 220#
Db 105 6130# 180# 2350# 160# ∗ 17820# 250# 12750# 160# 16050# 160#
Sg 106 7707 29 3230# 110# ∗ 15410# 100# 11240 60 15650# 80#
Bh 107 6900 200 1040 90 ∗ 18420 100 12600# 200# 17910 110

263 No 102 5040# 610# 5830# 660# −7070# 500# 15260# 710# 11440# 580# 13010# 660#
Lr 103 6510# 300# 3720# 430# −10830# 380# 15930# 300# 12920# 300# 12770# 390#
Rf 104 5710# 270# 4640# 250# −14920# 250# 15910# 250# 11340# 200# 14790# 250#
Db 105 7210# 220# 2570# 280# ∗ 16500# 180# 12830# 260# 14480# 210#
Sg 106 6250# 100# 3350# 170# ∗ 16600# 150# 11390# 130# 16690# 220#
Bh 107 7830# 320# 1160# 310# ∗ 17200# 310# 12810# 310# 16470# 320#
Hs 108 ∗ 1860# 220# ∗ 17310# 270# 11420# 280# 18780# 200#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

257 Es 99 10830# 410# ∗ 6050# 200# 410# 410# ∗ −4150# 410#
Fm 100 11353 5 10800# 200# 6863.7 0.9 −1657 8 −5740# 310# −6940# 120#
Md 101 11992 6 9675 11 7557.1 0.9 −3670# 40# −5480# 100# −6902 8
No 102 12708 15 8131 7 8477 6 −5619 12 −2527 7 −9570 80
Lr 103 13430# 50# 6760# 40# 9070 30 −7490# 170# −2080# 130# −9630# 50#
Rf 104 14610# 180# 5523 18 9083 8 ∗ 754 13 −12500# 190#
Db 105 15580# 330# 4370 170 9206 20 ∗ 1120 180 ∗

258 Es 99 10630# 410# ∗ 5880# 500# 1010# 400# ∗ −3960# 400#
Fm 100 11200# 200# 11190# 370# 6660# 200# −1050# 220# ∗ −6640# 200#
Md 101 11910# 120# 10070# 100# 7271.3 1.9 −3090# 100# −5000# 410# −6628 7
No 102 12490# 100# 8590# 100# 8150# 100# −4870# 100# −4400# 100# −9260# 110#
Lr 103 13110# 130# 7250# 160# 8904 19 −6730# 140# −1500# 100# −9160# 100#
Rf 104 14020 24 6057 18 9196 13 −8950# 410# −1192 17 −11880 170
Db 105 14930# 210# 4820 120 9437 10 ∗ 1550# 100# ∗
Sg 106 ∗ 3500# 410# 9670# 300# ∗ 2140# 410# ∗

259 Fm 100 11030# 280# ∗ 6470# 200# −380# 280# ∗ −6060# 280#
Md 101 11570# 100# 10420# 420# 7050# 100# −2290# 120# −6430# 410# −5990# 140#
No 102 12310 9 9089 7 7854 5 −4290# 70# −3640# 200# −8770# 100#
Lr 103 12960# 80# 7720# 70# 8580# 70# −6140# 90# −3130# 70# −8570# 70#
Rf 104 13640# 70# 6460# 70# 9130# 70# −8150# 200# −400# 120# −11210# 120#
Db 105 14310 170 5250# 70# 9620 50 ∗ −80# 120# −11380# 420#
Sg 106 ∗ 3930# 180# 9765 8 ∗ 2890# 180# ∗

260 Fm 100 10800# 480# ∗ 6300# 300# 160# 480# ∗ −5870# 450#
Md 101 11280# 320# 10730# 510# 6940# 300# −1730# 340# ∗ −5600# 320#
No 102 12010# 220# 9400# 280# 7700# 200# −3540# 280# −5380# 350# −8310# 210#
Lr 103 12650# 160# 7990# 130# 8400# 140# −5400# 160# −2580# 160# −8160# 150#
Rf 104 13340# 200# 6910# 220# 8900# 200# −7400# 200# −2220# 200# −10910# 210#
Db 105 13980# 130# 5690# 140# 9500# 40# −9450# 220# 530# 120# −10920# 200#
Sg 106 14890# 410# 4375 26 9901 10 ∗ 890# 80# ∗
Bh 107 ∗ 2960# 220# 10400 60 ∗ 3840# 200# ∗

261 Md 101 11130# 520# ∗ 6750# 300# −980# 550# ∗ −5100# 550#
No 102 11770# 200# 9830# 350# 7440# 200# −2860# 210# −4600# 480# −7890# 240#
Lr 103 12440# 210# 8590# 220# 8140# 200# −4750# 230# −4280# 370# −7660# 280#
Rf 104 13190# 100# 7340 70 8650 70 −6690 70 −1580# 210# −10430# 110#
Db 105 13830# 120# 6120# 130# 9220# 100# −8770# 210# −1260# 170# −10310# 110#
Sg 106 14660# 180# 4940# 80# 9714 15 ∗ 1570# 200# −13190# 200#
Bh 107 ∗ 3490 190 10500 70 ∗ 2120# 200# ∗

262 Md 101 11030# 550# ∗ 6540# 200# −440# 490# ∗ −4860# 490#
No 102 11650# 410# 10240# 570# 7250# 300# −2290# 420# ∗ −7530# 410#
Lr 103 12310# 240# 9020# 370# 7990# 200# −4150# 250# −3760# 550# −7280# 210#
Rf 104 12900# 300# 7800# 300# 8490# 200# −5980# 230# −3350# 300# −9990# 250#
Db 105 13560# 170# 6600# 190# 9050# 100# −8000# 170# −590# 250# −9820# 140#
Sg 106 14320 30 5360# 200# 9600 15 ∗ −240 70 −12780 180
Bh 107 15010# 220# 4000# 130# 10319 15 ∗ 2660# 140# ∗

263 No 102 11470# 530# ∗ 7000# 400# −1630# 510# ∗ −7050# 530#
Lr 103 12030# 300# 9490# 560# 7680# 200# −3440# 280# −5290# 500# −6800# 320#
Rf 104 12700# 170# 8280# 250# 8250# 150# −5440# 180# −2630# 390# −9570# 210#
Db 105 13340# 200# 7030# 260# 8830# 150# −7390# 350# −2280# 260# −9330# 170#
Sg 106 13950# 100# 5700# 120# 9400 60 −9480# 220# 510# 240# −12130# 130#
Bh 107 14730# 350# 4390# 330# 10080# 300# ∗ 950# 340# ∗
Hs 108 ∗ 2910# 200# 10730 80 ∗ 4020# 200# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

264 No 102 6190# 770# ∗ −5770# 660# 14050# 740# 11300# 780# ∗
Lr 103 5370# 490# 4040# 660# −9580# 470# 16980# 570# 12780# 480# 13440# 670#
Rf 104 6750# 390# 4880# 420# −13490# 360# 14680# 410# 11380# 410# 13270# 410#
Db 105 5920# 290# 2780# 280# ∗ 17580# 330# 12810# 250# 15350# 310#
Sg 106 7480# 300# 3620# 330# ∗ 15240# 320# 11340# 300# 15110# 290#
Bh 107 6610# 350# 1530# 200# ∗ 18300# 180# 12820# 180# 17300# 210#
Hs 108 8190# 200# 2220# 310# ∗ 16020 100 11350 180 17200 30

265 Lr 103 6210# 700# 4070# 810# −8160# 600# 15820# 730# 13000# 660# 12210# 710#
Rf 104 5460# 510# 4970# 570# −12210# 360# 15730# 420# 11450# 410# 14240# 510#
Db 105 6950# 330# 2980# 420# −16240# 490# 16340# 270# 12850# 320# 13920# 300#
Sg 106 6060# 320# 3760# 270# ∗ 16400# 220# 11410# 200# 16050# 260#
Bh 107 7630# 300# 1680# 370# ∗ 16910# 260# 12890# 240# 15790# 280#
Hs 108 6730 40 2350# 180# ∗ 17120# 310# 11510 100 18180 30
Mt 109 ∗ 230# 440# ∗ 17660# 480# ∗ 18020# 450#

266 Lr 103 4640# 770# ∗ −6440# 560# 17360# 800# 13400# 730# ∗
Rf 104 6630# 550# 5390# 690# −11000# 410# 14470# 600# 11330# 470# 12650# 640#
Db 105 5710# 360# 3240# 460# −14930# 300# 17380# 460# 12850# 320# 14720# 360#
Sg 106 7250# 280# 4050# 330# ∗ 15070# 340# 11370# 300# 14510# 290#
Bh 107 6360# 290# 1980# 210# ∗ 18030# 330# 12770# 190# 16640# 230#
Hs 108 7830 40 2540# 240# ∗ 15890# 180# 11510# 310# 16590# 100#
Mt 109 7020# 450# 520 100 ∗ 18820 100 12860# 220# 18820# 320#

267 Rf 104 4760# 710# 5510# 790# −9210# 580# 15920# 790# 11930# 720# 14080# 820#
Db 105 6800# 470# 3410# 560# −13780# 630# 16040# 520# 12800# 520# 13290# 580#
Sg 106 5880# 360# 4220# 390# −18070# 330# 16140# 340# 11410# 350# 15380# 450#
Bh 107 7410# 310# 2140# 360# ∗ 16680# 300# 12850# 390# 15150# 350#
Hs 108 6550# 100# 2740# 190# ∗ 16970# 260# 11560# 200# 17520# 300#
Mt 109 7950# 510# 640# 500# ∗ 17600# 500# 13090# 500# 17480# 530#
Ds 110 ∗ 1080# 230# ∗ 17970# 480# ∗ 19960# 210#

268 Rf 104 6040# 880# ∗ −7490# 730# 14520# 850# 12110# 860# ∗
Db 105 5030# 650# 3670# 780# −12090# 580# 17630# 670# 13230# 640# 14470# 760#
Sg 106 7080# 540# 4500# 600# −16850# 560# 14770# 550# 11280# 520# 13760# 590#
Bh 107 6130# 460# 2390# 460# ∗ 17800# 450# 12780# 410# 15970# 440#
Hs 108 7760# 320# 3090# 400# ∗ 15580# 340# 11440# 380# 15820# 330#
Mt 109 6710# 560# 800# 250# ∗ 18720# 240# 13120# 230# 18400# 330#
Ds 110 8300# 360# 1430# 590# ∗ 16690# 320# 11890# 530# 18390# 300#

269 Db 105 5980# 820# 3620# 910# −10150# 700# 16420# 850# 13880# 750# 13130# 820#
Sg 106 5180# 600# 4660# 650# −15140# 370# 16390# 530# 11820# 460# 15200# 550#
Bh 107 7300# 530# 2610# 600# ∗ 16380# 460# 12720# 450# 14380# 470#
Hs 108 6550# 330# 3500# 400# ∗ 16440# 290# 11250# 210# 16520# 280#
Mt 109 7920# 390# 960# 430# ∗ 17350# 330# 13020# 310# 16840# 350#
Ds 110 6890# 300# 1610# 240# ∗ 17760# 500# 12030 100 19340 40

270 Db 105 4820# 850# ∗ −8310# 610# 17630# 880# 13820# 810# ∗
Sg 106 6330# 590# 5010# 770# −13250# 460# 15080# 700# 12280# 590# 13630# 740#
Bh 107 5320# 480# 2750# 470# ∗ 18140# 560# 13290# 400# 15860# 480#
Hs 108 7450# 280# 3650# 450# ∗ 15120# 460# 11210# 360# 14950# 360#
Mt 109 6660# 370# 1070# 230# ∗ 18450# 360# 12920# 210# 17590# 330#
Ds 110 8220 50 1910# 310# ∗ 16240# 240# 11760# 510# 17670# 100#

271 Sg 106 4890# 750# 5070# 820# −11340# 600# 16180# 860# 12420# 790# 14790# 890#
Bh 107 6440# 490# 2860# 600# ∗ 16880# 530# 13920# 610# 14450# 650#
Hs 108 5490# 370# 3830# 410# ∗ 16930# 470# 11850# 470# 16540# 540#
Mt 109 7680# 380# 1300# 410# ∗ 17320# 360# 13000# 450# 16040# 510#
Ds 110 6800# 110# 2050# 210# ∗ 17360# 330# 11670# 250# 18630# 320#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

264 No 102 11230# 690# ∗ 6820# 400# −1060# 690# ∗ −6730# 630#
Lr 103 11870# 480# 9870# 630# 7400# 300# −2890# 500# ∗ −6450# 460#
Rf 104 12460# 420# 8610# 510# 8040# 300# −4710# 460# −4340# 610# −9110# 400#
Db 105 13130# 280# 7420# 310# 8560# 200# −6700# 300# −1700# 330# −9010# 250#
Sg 106 13730# 280# 6190# 360# 9210# 200# −8780# 280# −1260# 320# −11780# 420#
Bh 107 14440# 200# 4870# 230# 9860# 150# ∗ 1560# 240# −11790# 270#
Hs 108 ∗ 3380 40 10591 20 ∗ 2080# 100# ∗

265 Lr 103 11580# 590# ∗ 7230# 200# −2150# 590# ∗ −5910# 660#
Rf 104 12210# 390# 9020# 610# 7810# 300# −4100# 390# −3610# 690# −8640# 430#
Db 105 12870# 280# 7870# 320# 8400# 100# −6010# 330# −3280# 490# −8470# 360#
Sg 106 13540# 170# 6540# 210# 9050# 120# −8110# 140# −570# 390# −11240# 230#
Bh 107 14240# 390# 5290# 290# 9660# 210# −10230# 500# −160# 340# −11240# 240#
Hs 108 14920# 200# 3870# 100# 10470 15 ∗ 2830# 280# ∗
Mt 109 ∗ 2450# 530# 11120# 400# ∗ 3380# 470# ∗

266 Lr 103 10860# 690# ∗ 7570# 300# −1080# 610# ∗ −5100# 650#
Rf 104 12080# 550# 9450# 720# 7610# 200# −3480# 480# ∗ −8320# 470#
Db 105 12660# 370# 8210# 520# 8210# 200# −5360# 330# −2780# 620# −8130# 320#
Sg 106 13310# 370# 7040# 440# 8800# 100# −7520# 250# −2360# 440# −10850# 340#
Bh 107 14000# 240# 5740# 290# 9430# 80# −9570# 190# 430# 280# −10870# 160#
Hs 108 14570 40 4220# 280# 10346 16 ∗ 1060# 140# −13560# 440#
Mt 109 ∗ 2860# 200# 10996 25 ∗ 3990# 260# ∗

267 Rf 104 11390# 680# ∗ 7890# 300# −2360# 630# ∗ −7370# 640#
Db 105 12510# 440# 8800# 660# 7920# 300# −4750# 460# −4940# 660# −7680# 450#
Sg 106 13130# 300# 7460# 450# 8630# 210# −6850# 280# −1620# 490# −10370# 310#
Bh 107 13770# 360# 6200# 350# 9230# 200# −9030# 570# −1260# 390# −10450# 260#
Hs 108 14390# 100# 4710# 170# 10038 13 −11220# 230# 1750# 260# −13090# 140#
Mt 109 14980# 670# 3180# 560# 10870# 400# ∗ 2400# 530# ∗
Ds 110 ∗ 1600# 210# 11780 50 ∗ 5450# 210# ∗

268 Rf 104 10800# 780# ∗ 8040# 300# −1320# 810# ∗ −6610# 760#
Db 105 11820# 600# 9180# 760# 8260# 300# −3650# 650# ∗ −6820# 590#
Sg 106 12960# 530# 7920# 630# 8300# 300# −6170# 560# −3930# 740# −10040# 540#
Bh 107 13540# 420# 6610# 480# 9020# 300# −8440# 450# −600# 540# −10020# 390#
Hs 108 14320# 300# 5230# 390# 9760# 100# −10680# 430# −130# 400# −12890# 590#
Mt 109 14670# 250# 3530# 280# 10770# 150# ∗ 3100# 350# −12800# 310#
Ds 110 ∗ 2070# 300# 11660# 300# ∗ 3700# 320# ∗

269 Db 105 11010# 730# ∗ 8490# 300# −2330# 730# ∗ −5720# 780#
Sg 106 12260# 450# 8330# 680# 8580 70 −4800# 390# −3070# 760# −9090# 530#
Bh 107 13430# 460# 7120# 530# 8670# 300# −7820# 490# −2870# 650# −9560# 480#
Hs 108 14310# 160# 5890# 290# 9270# 170# −10340# 140# 410# 490# −12730# 270#
Mt 109 14630# 590# 4040# 410# 10480# 200# ∗ 1300# 490# −12420# 430#
Ds 110 15190# 210# 2400# 100# 11510 30 ∗ 4580# 300# ∗

270 Db 105 10810# 780# ∗ 8310# 200# −1830# 650# ∗ −5370# 680#
Sg 106 11510# 660# 8620# 810# 8870# 200# −3680# 520# ∗ −8120# 590#
Bh 107 12620# 490# 7410# 610# 9060 100 −6480# 350# −2210# 690# −8340# 330#
Hs 108 14000# 390# 6270# 530# 9070 40 −9570# 250# −1870# 440# −12260# 400#
Mt 109 14580# 300# 4580# 430# 10180# 100# ∗ 1940# 420# −12200# 190#
Ds 110 15110# 300# 2860# 300# 11117 28 ∗ 2900# 140# ∗

271 Sg 106 11220# 700# ∗ 8750# 140# −3070# 650# ∗ −7680# 660#
Bh 107 11760# 540# 7870# 730# 9420 90 −5240# 510# −3830# 690# −7330# 460#
Hs 108 12950# 310# 6580# 460# 9460# 90# −8260# 290# −1030# 540# −11090# 340#
Mt 109 14340# 450# 4960# 500# 9910# 200# ∗ −420# 450# −11650# 330#
Ds 110 15030# 100# 3120# 160# 10870 18 ∗ 3550# 270# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

272 Sg 106 6170# 910# ∗ −9560# 810# 14830# 900# 12240# 930# ∗
Bh 107 5140# 660# 3120# 800# −13990# 580# 18070# 700# 13960# 650# 15290# 820#
Hs 108 6760# 580# 4140# 640# ∗ 15490# 590# 12390# 630# 14960# 630#
Mt 109 5690# 590# 1500# 560# ∗ 19080# 550# 13850# 500# 17650# 610#
Ds 110 7940# 440# 2310# 540# ∗ 16090# 470# 11650# 530# 17240# 440#
Rg 111 ∗ 470# 250# ∗ 18800# 240# 12800# 240# 19120# 390#

273 Sg 106 4670# 800# ∗ −8370# 420# ∗ 12390# 700# ∗
Bh 107 6180# 840# 3130# 950# −12200# 770# 16780# 880# 14120# 800# 13930# 870#
Hs 108 5310# 630# 4310# 650# ∗ 16620# 540# 12400# 480# 15980# 590#
Mt 109 6770# 650# 1510# 660# ∗ 17800# 510# 14530# 490# 16200# 520#
Ds 110 5870# 450# 2490# 510# ∗ 17900# 360# 12440# 240# 18820# 290#
Rg 111 7960# 460# 490# 580# ∗ 17640# 410# 13070# 400# 17820# 440#

274 Bh 107 4990# 870# 3450# 700# −10850# 620# 17950# 900# 14010# 830# ∗
Hs 108 6430# 600# 4570# 810# ∗ 15330# 710# 12410# 610# 14440# 760#
Mt 109 5600# 570# 1810# 530# ∗ 18960# 630# 14420# 470# 17040# 540#
Ds 110 7160# 410# 2870# 580# ∗ 16430# 620# 12960# 510# 17150# 480#
Rg 111 6340# 450# 960# 250# ∗ 19240# 470# 13520# 230# 19160# 390#

275 Bh 107 6050# 830# ∗ −9610# 750# 16570# 720# 14120# 920# ∗
Hs 108 4990# 760# 4560# 830# ∗ 16520# 880# 12570# 800# 15620# 910#
Mt 109 6550# 540# 1930# 610# ∗ 17710# 540# 14630# 640# 15630# 660#
Ds 110 5600# 520# 2870# 510# ∗ 17600# 540# 13050# 590# 18310# 610#
Rg 111 7290# 490# 1090# 590# ∗ 17820# 470# 14180# 620# 17560# 660#

276 Bh 107 4900# 850# ∗ −8440# 870# ∗ 13890# 720# ∗
Hs 108 6380# 930# 4880# 940# −12180# 880# 15130# 920# 12370# 970# 13910# 820#
Mt 109 5530# 660# 2470# 800# ∗ 18620# 710# 14410# 650# 16280# 840#
Ds 110 7200# 650# 3520# 670# ∗ 16000# 670# 12620# 690# 16420# 660#
Rg 111 6080# 770# 1570# 720# ∗ 18900# 740# 13970# 650# 18250# 760#
Cn 112 ∗ 2320# 670# ∗ 16460# 540# 12340# 640# 17720# 520#

277 Bh 107 5920# 850# ∗ −7310# 760# ∗ ∗ ∗
Hs 108 4880# 850# 4860# 750# −10960# 470# 16310# 750# 12480# 730# ∗
Mt 109 6380# 850# 2470# 980# ∗ 17230# 890# 14470# 810# 14890# 880#
Ds 110 5520# 670# 3510# 660# ∗ 17040# 550# 12710# 540# 17330# 610#
Rg 111 7050# 790# 1420# 720# ∗ 17450# 580# 14070# 610# 16800# 600#
Cn 112 6100# 520# 2340# 650# ∗ 17650# 470# 12590# 260# 18780# 420#

278 Bh 107 4800# 720# ∗ −6150# 560# ∗ ∗ ∗
Hs 108 6230# 540# 5170# 670# −9620# 530# 14980# 670# 12300# 670# ∗
Mt 109 5310# 880# 2900# 730# −13260# 620# 18290# 920# 14140# 830# 15630# 830#
Ds 110 6910# 640# 4050# 840# ∗ 15650# 740# 12350# 640# 15410# 780#
Rg 111 5960# 610# 1860# 550# ∗ 18690# 670# 13720# 520# 17400# 550#
Cn 112 7560# 460# 2850# 640# ∗ 16170# 770# 12310# 630# 16820# 550#
Nh 113 ∗ 590# 270# ∗ 19380# 550# ∗ 19280# 500#

279 Hs 108 4790# 670# 5160# 720# −8520# 720# 16110# 850# 12410# 850# ∗
Mt 109 6250# 890# 2920# 740# −11880# 900# 16920# 810# 14260# 980# 14280# 900#
Ds 110 5300# 790# 4030# 840# ∗ 16730# 900# 12580# 810# 16490# 940#
Rg 111 6870# 570# 1820# 660# ∗ 17340# 580# 14050# 690# 16060# 680#
Cn 112 5890# 590# 2790# 550# ∗ 17330# 610# 12500# 740# 18130# 680#
Nh 113 7640# 640# 670# 740# ∗ 17840# 620# 13960# 780# 17720# 870#

280 Hs 108 6150# 850# ∗ −7240# 840# 14760# 720# 12180# 850# ∗
Mt 109 5150# 900# 3280# 850# −10730# 720# 18000# 670# 14000# 750# 15060# 850#
Ds 110 6780# 960# 4550# 1000# ∗ 15260# 950# 12180# 1000# 14590# 870#
Rg 111 5910# 680# 2430# 810# ∗ 18350# 740# 13660# 660# 16520# 850#
Cn 112 7440# 700# 3360# 720# ∗ 15850# 700# 12110# 750# 16210# 700#
Nh 113 6290# 720# 1070# 560# ∗ 19110# 590# 13770# 430# 18480# 620#

030003-238



Chinese Physics C Vol. 45, No. 3 (2021) 030003

Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

272 Sg 106 11050# 830# ∗ 8620# 200# −2480# 860# ∗ −7410# 790#
Bh 107 11590# 610# 8190# 780# 9300 50 −4690# 720# ∗ −6980# 600#
Hs 108 12250# 570# 7010# 690# 9780# 200# −7080# 660# −2900# 780# −10170# 610#
Mt 109 13370# 520# 5330# 570# 10350# 300# −9290# 540# 330# 620# −10540# 500#
Ds 110 14740# 430# 3610# 490# 10690# 300# ∗ 1100# 510# ∗
Rg 111 ∗ 2510# 300# 11197 13 ∗ 4380# 400# ∗

273 Sg 106 10840# 710# ∗ ∗ −1850# 550# ∗ −6940# 670#
Bh 107 11320# 760# ∗ 9110# 200# −4100# 780# ∗ −6390# 830#
Hs 108 12070# 460# 7430# 700# 9650 60 −6520# 400# −2040# 790# −9790# 610#
Mt 109 12460# 540# 5660# 570# 10880# 200# −8100# 580# −1290# 680# −9370# 600#
Ds 110 13810# 170# 3980# 310# 11370 50 ∗ 1990# 530# −12560# 270#
Rg 111 ∗ 2790# 520# 11160# 250# ∗ 2110# 630# ∗

274 Bh 107 11170# 790# ∗ 8940 60 −3490# 690# ∗ −6080# 690#
Hs 108 11740# 690# 7690# 840# 9550# 100# −5790# 610# −3800# 620# −9450# 630#
Mt 109 12380# 610# 6120# 650# 10600# 230# −7360# 430# −720# 760# −9110# 400#
Ds 110 13030# 580# 4390# 640# 11660# 300# ∗ 140# 540# −11760# 560#
Rg 111 14300# 310# 3450# 530# 11480 90 ∗ 2540# 470# ∗

275 Bh 107 11050# 890# ∗ ∗ −2990# 710# ∗ −5700# 760#
Hs 108 11420# 700# 8010# 720# 9450 50 −5170# 680# ∗ −8830# 700#
Mt 109 12160# 580# 6500# 760# 10480 50 −6630# 590# −2280# 700# −8500# 550#
Ds 110 12760# 370# 4680# 510# 11550# 200# ∗ 970# 580# −11020# 400#
Rg 111 13630# 600# 3970# 620# 11870# 300# ∗ 860# 580# ∗

276 Bh 107 10960# 830# ∗ ∗ −2360# 800# ∗ −5610# 840#
Hs 108 11360# 860# ∗ 9240# 200# −4350# 910# ∗ −8650# 820#
Mt 109 12080# 650# 7030# 790# 10100 10 −6070# 820# −1760# 800# −8430# 630#
Ds 110 12800# 670# 5450# 720# 11110# 200# −7820# 740# −1240# 810# −10930# 710#
Rg 111 13370# 660# 4440# 730# 11480# 400# ∗ 1330# 740# ∗
Cn 112 ∗ 3420# 630# 11850# 660# ∗ 1410# 610# ∗

277 Bh 107 10820# 850# ∗ ∗ −1910# 890# ∗ −5160# 940#
Hs 108 11260# 740# ∗ 9030# 200# −3720# 600# ∗ −8010# 700#
Mt 109 11900# 770# 7350# 890# 9900# 100# −5400# 810# −3230# 890# −7600# 860#
Ds 110 12720# 520# 5980# 710# 10900# 120# −7240# 420# −380# 820# −10370# 740#
Rg 111 13130# 650# 4940# 610# 11200# 200# ∗ −190# 710# −10020# 690#
Cn 112 ∗ 3910# 370# 11620 60 ∗ 2500# 570# ∗

278 Bh 107 10720# 720# ∗ ∗ −1400# 700# ∗ −5080# 600#
Hs 108 11110# 780# ∗ ∗ −3030# 590# ∗ −7860# 730#
Mt 109 11690# 790# 7760# 830# 9580 30 −4750# 700# −2620# 830# −7400# 700#
Ds 110 12430# 750# 6510# 880# 10420# 200# −6590# 670# −2410# 680# −10230# 690#
Rg 111 13010# 740# 5370# 660# 10850 100 −8510# 450# 220# 770# −9880# 420#
Cn 112 13660# 670# 4280# 700# 11220# 200# ∗ 460# 590# ∗
Nh 113 ∗ 2940# 670# 11990 80 ∗ 3330# 520# ∗

279 Hs 108 11020# 750# ∗ ∗ −2520# 850# ∗ −7340# 830#
Mt 109 11570# 940# 8090# 900# 9380# 300# −4140# 790# −4070# 780# −6740# 840#
Ds 110 12210# 720# 6930# 750# 10110# 120# −6000# 720# −1490# 680# −9570# 720#
Rg 111 12830# 630# 5870# 790# 10530 170 −7740# 730# −1330# 720# −9190# 610#
Cn 112 13450# 420# 4650# 560# 10930# 200# ∗ 1480# 650# −12080# 450#
Nh 113 ∗ 3530# 760# 11640# 750# ∗ 1650# 720# ∗

280 Hs 108 10940# 670# ∗ ∗ −1900# 960# ∗ −7240# 900#
Mt 109 11400# 830# 8440# 720# 9140# 850# −3380# 800# ∗ −6590# 850#
Ds 110 12070# 910# 7480# 810# 9710# 200# −5330# 950# −3470# 960# −9470# 860#
Rg 111 12780# 660# 6460# 790# 10149 10 −7350# 670# −990# 860# −9210# 660#
Cn 112 13330# 730# 5180# 780# 10690# 200# ∗ −660# 840# −11880# 840#
Nh 113 13930# 460# 3860# 560# 11430# 750# ∗ 2230# 580# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

281 Mt 109 6180# 850# 3310# 850# −9410# 670# 16610# 850# 14040# 670# 13680# 720#
Ds 110 5120# 900# 4530# 780# ∗ 16400# 830# 12370# 760# 15700# 580#
Rg 111 6620# 940# 2280# 1080# ∗ 17020# 980# 13950# 930# 15210# 970#
Cn 112 5780# 710# 3230# 660# ∗ 16940# 580# 12290# 560# 17340# 650#
Nh 113 7500# 500# 1130# 660# ∗ 17500# 500# 13830# 530# 16940# 490#

282 Mt 109 5020# 750# ∗ −8270# 600# 17750# 750# 13820# 750# ∗
Ds 110 6550# 580# 4900# 670# ∗ 14990# 670# 12070# 740# 13940# 670#
Rg 111 5660# 970# 2820# 770# ∗ 18130# 950# 13580# 840# 15800# 890#
Cn 112 7190# 680# 3800# 950# ∗ 15650# 760# 11970# 690# 15450# 820#
Nh 113 6150# 500# 1510# 560# ∗ 18790# 710# 13570# 560# 17650# 580#

283 Ds 110 5030# 580# 4920# 670# ∗ 16140# 780# 12180# 780# 15060# 780#
Rg 111 6430# 900# 2700# 740# ∗ 16820# 840# 13920# 1010# 14520# 910#
Cn 112 5560# 820# 3690# 850# ∗ 16720# 990# 12320# 810# 16660# 970#
Nh 113 7240# 590# 1550# 700# ∗ 17330# 590# 13770# 730# 16320# 690#

284 Ds 110 6440# 710# ∗ −9320# 830# 14720# 670# 11920# 780# ∗
Rg 111 5480# 840# 3150# 710# ∗ 17890# 580# 13560# 700# 15220# 780#
Cn 112 6990# 980# 4250# 1020# ∗ 15380# 960# 11950# 1090# 14790# 910#
Nh 113 6040# 690# 2040# 810# ∗ 18480# 770# 13510# 670# 16900# 940#
Fl 114 ∗ 3070# 790# ∗ 15760# 770# 11830# 720# 16480# 770#

285 Rg 111 6310# 780# 3020# 780# ∗ 16610# 780# 13800# 670# 13920# 750#
Cn 112 5400# 920# 4170# 710# ∗ 16420# 850# 12210# 780# 15940# 590#
Nh 113 6890# 940# 1940# 1090# ∗ 17140# 990# 13810# 950# 15670# 970#
Fl 114 5920# 770# 2950# 670# ∗ 17080# 600# 12070# 570# 17750# 680#

286 Rg 111 5290# 760# ∗ ∗ 17760# 680# 13550# 680# ∗
Cn 112 6710# 860# 4570# 920# ∗ 15190# 860# 11930# 970# 14270# 860#
Nh 113 5880# 970# 2420# 780# ∗ 18250# 960# 13480# 850# 16220# 900#
Fl 114 7400# 680# 3450# 950# ∗ 15730# 770# 11910# 700# 15920# 830#

287 Cn 112 5150# 990# 4430# 840# ∗ 16350# 920# 12260# 860# 15560# 860#
Nh 113 6570# 920# 2280# 1000# ∗ 17080# 870# 13900# 1040# 15130# 870#
Fl 114 5750# 830# 3320# 850# ∗ 16870# 990# 12200# 820# 17160# 980#
Mc 115 ∗ 1150# 710# ∗ 17530# 600# 13830# 790# 16800# 690#

288 Cn 112 6510# 990# ∗ ∗ 15130# 840# 12070# 920# ∗
Nh 113 5560# 1000# 2690# 990# ∗ 18230# 990# 13750# 860# 15890# 920#
Fl 114 7080# 980# 3830# 1040# ∗ 15670# 960# 12010# 1090# 15480# 920#
Mc 115 6150# 700# 1550# 820# ∗ 18770# 770# 13600# 670# 17540# 940#

289 Nh 113 6490# 860# 2670# 860# ∗ 16890# 860# 13970# 860# 14690# 680#
Fl 114 5520# 920# 3790# 870# ∗ 16720# 870# 12370# 780# 16660# 870#
Mc 115 7050# 940# 1520# 1090# ∗ 17470# 990# 13940# 950# 16370# 980#
Lv 116 ∗ 2500# 740# ∗ 17420# 670# ∗ 18500# 750#

290 Nh 113 5310# 690# ∗ ∗ 18100# 840# 13810# 840# ∗
Fl 114 6810# 870# 4110# 860# ∗ 15470# 990# 12140# 1000# 15010# 990#
Mc 115 5960# 980# 1960# 780# ∗ 18590# 970# 13730# 860# 16980# 920#
Lv 116 7500# 750# 2940# 950# ∗ 16070# 770# 12140# 710# 16750# 830#

291 Fl 114 5300# 990# 4100# 840# ∗ 16660# 860# 12390# 990# 16220# 990#
Mc 115 6680# 940# 1840# 1020# ∗ 17430# 900# 14130# 1060# 15860# 1020#
Lv 116 5860# 830# 2840# 860# ∗ 17270# 1000# 12440# 820# 17970# 990#
Ts 117 ∗ 660# 810# ∗ 17910# 780# ∗ 17630# 800#

292 Mc 115 5650# 1020# 2190# 990# ∗ 18580# 990# 14000# 870# 16700# 860#
Lv 116 7180# 990# 3340# 1060# ∗ 16050# 970# 12310# 1090# 16310# 920#
Ts 117 6100# 900# 910# 910# ∗ 19300# 870# 14030# 840# 18580# 1030#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

281 Mt 109 11330# 900# ∗ 8880# 850# −2930# 980# ∗ −5990# 960#
Ds 110 11890# 780# 7810# 780# 9470# 210# −4670# 630# −2440# 780# −8680# 730#
Rg 111 12530# 880# 6830# 1020# 9900# 400# −6480# 830# −2470# 980# −8390# 970#
Cn 112 13220# 560# 5660# 720# 10430 60 ∗ 340# 850# −11360# 560#
Nh 113 13790# 670# 4490# 520# 10980# 560# ∗ 640# 610# ∗

282 Mt 109 11200# 750# ∗ 8660# 200# −2290# 740# ∗ −5890# 670#
Ds 110 11670# 810# 8210# 670# 9150# 420# −4040# 630# ∗ −8610# 830#
Rg 111 12290# 790# 7350# 840# 9550# 100# −5990# 710# −1950# 840# −8280# 710#
Cn 112 12970# 800# 6070# 930# 10150# 200# ∗ −1740# 740# −11060# 630#
Nh 113 13650# 570# 4740# 670# 10780 100 ∗ 1110# 870# ∗

283 Ds 110 11590# 700# ∗ 8910# 780# −3510# 790# ∗ −7980# 770#
Rg 111 12100# 1030# 7600# 910# 9370# 100# −5180# 810# −3360# 810# −7520# 870#
Cn 112 12750# 730# 6510# 790# 9890# 110# ∗ −740# 680# −10460# 730#
Nh 113 13390# 530# 5350# 890# 10420# 110# ∗ −470# 730# ∗

284 Ds 110 11470# 580# ∗ 8620# 780# −2960# 910# ∗ −7990# 840#
Rg 111 11910# 770# 8060# 670# 9040# 780# −4620# 730# ∗ −7440# 790#
Cn 112 12550# 940# 6950# 820# 9670# 150# −6360# 1010# −2700# 910# −10220# 880#
Nh 113 13280# 670# 5730# 790# 10280 40 ∗ −80# 860# ∗
Fl 114 ∗ 4630# 850# 10700# 300# ∗ 150# 900# ∗

285 Rg 111 11790# 910# ∗ 8910# 850# −4040# 980# ∗ −6760# 970#
Cn 112 12390# 800# 7320# 710# 9390# 120# −5850# 650# −1660# 710# −9580# 740#
Nh 113 12940# 890# 6190# 1030# 10010 40 ∗ −1490# 920# −9080# 1020#
Fl 114 ∗ 4980# 740# 10560 70 ∗ 1230# 860# ∗

286 Rg 111 11600# 680# ∗ 8630# 100# −3450# 750# ∗ −6650# 680#
Cn 112 12110# 1040# 7590# 860# 9240# 760# −5160# 890# ∗ −9390# 1040#
Nh 113 12780# 800# 6590# 770# 9790 50 ∗ −1060# 840# −9050# 720#
Fl 114 13320# 860# 5390# 940# 10360 40 ∗ −770# 750# ∗

287 Cn 112 11860# 860# ∗ 9120# 860# −4560# 930# ∗ −8660# 920#
Nh 113 12460# 1050# 6850# 930# 9650# 200# −6290# 830# −2340# 840# −8220# 900#
Fl 114 13150# 740# 5740# 800# 10170 50 ∗ 190# 930# ∗
Mc 115 ∗ 4600# 890# 10760 70 ∗ 500# 740# ∗

288 Cn 112 11660# 990# ∗ 9050# 860# −3990# 1040# ∗ −8600# 1000#
Nh 113 12130# 920# 7120# 840# 9580# 860# −5700# 880# ∗ −8030# 930#
Fl 114 12830# 940# 6110# 1040# 10076 12 ∗ −1740# 1040# −10900# 880#
Mc 115 ∗ 4870# 800# 10650 50 ∗ 920# 890# ∗

289 Nh 113 12050# 870# ∗ 9400# 780# −5130# 920# ∗ −7440# 910#
Fl 114 12610# 800# 6480# 870# 9950 70 −6990# 720# −750# 870# −10270# 740#
Mc 115 13210# 890# 5350# 1050# 10490 50 ∗ −580# 1050# ∗
Lv 116 ∗ 4050# 800# 11100# 300# ∗ 2250# 910# ∗

290 Nh 113 11800# 840# ∗ 9380# 100# −4480# 760# ∗ −7220# 690#
Fl 114 12330# 1040# 6780# 990# 9860 30 −6300# 890# ∗ −10020# 1050#
Mc 115 13020# 800# 5760# 920# 10410 40 ∗ −50# 780# −9740# 780#
Lv 116 ∗ 4470# 940# 11000 60 ∗ 270# 750# ∗

291 Fl 114 12110# 870# ∗ 9710# 990# −5740# 940# ∗ −9360# 920#
Mc 115 12650# 1070# 5950# 890# 10300# 200# −7470# 950# −1420# 870# −8920# 920#
Lv 116 13360# 800# 4800# 810# 10890 90 ∗ 1220# 940# ∗
Ts 117 ∗ 3610# 980# 11480# 400# ∗ 1570# 840# ∗

292 Mc 115 12340# 920# 6290# 840# 10210# 990# −7020# 970# ∗ −8720# 940#
Lv 116 13040# 940# 5180# 1040# 10791 12 ∗ −660# 1040# −11590# 970#
Ts 117 ∗ 3750# 890# 11530# 400# ∗ 2150# 990# ∗
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(n) S(p) Q(4β−) Q(d,α) Q(p,α) Q(n,α)

293 Lv 116 5640# 920# 3320# 870# ∗ 17100# 900# 12640# 780# 17480# 870#
Ts 117 7260# 1030# 990# 1090# ∗ 17900# 1000# 14260# 950# 17280# 980#
Og 118 ∗ 2110# 980# ∗ 17860# 930# ∗ 19420# 900#

294 Ts 117 6100# 980# 1460# 790# ∗ 18980# 970# 14020# 860# 17860# 940#
Og 118 7550# 900# 2400# 960# ∗ 16410# 870# 12530# 810# 17720# 830#

295 Og 118 6020# 860# 2320# 880# ∗ 17650# 1020# 12610# 940# 18880# 1010#
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Table III. Nuclear-reaction and separation energies (continued, Explanation of Table on p. 030003-102)

A Elt. Z S(2n) S(2p) Q(α) Q(2β−) Q(εp) Q(β−n)

293 Lv 116 12820# 810# 5510# 870# 10680 60 −8230# 880# ∗ −11130# 840#
Ts 117 13370# 980# 4330# 1070# 11320 50 ∗ 540# 1050# ∗
Og 118 ∗ 3020# 940# 11920# 500# ∗ 3380# 1040# ∗

294 Ts 117 13370# 890# 4780# 920# 11180 40 ∗ ∗ −10480# 920#
Og 118 ∗ 3390# 940# 11870 30 ∗ 1460# 760# ∗

295 Og 118 13580# 970# 3780# 830# 11700# 200# ∗ ∗ ∗
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Graphs of separation and decay energies

Figs. 1– 9. S2n two-neutron separation energies.
Figs. 10–17. S2p two-proton separation energies.
Figs. 18–26. Qα α-decay energies.

Mass numbers and element symbols are indicated only along the borders of the graphs; those for the
intermediate points must be derived by enumeration.
Points represent experimental values.
Open circles represent values estimated from TMS (see Part I, Section 5).
Lines connect points for isotopes (S2n,Qα ) or isotones (S2p).

Other types of graphs are available at the AMDC website [12].
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1984Bl.A P-Darmstadt 134 F. Blönnigen, G. Bewersdorf, C. Geisse, W. Lippert, B. Pfeiffer, U. Stöhlker,
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1985Sc09 ZPAAD 320, 595 U.J. Schrewe, H. Dornhöfer, E. Runte, W.D. Schmidt-Ott, T. Tidemand-

Petersson, R. Michaelsen
1985Sc16 NUIMA 236, 225 H. Schölermann, B.R.L. Siebert
1985Sh03 PRVCA 31, 875 B. Sherrill, K. Beard, W. Benenson, C. Bloch, B.A. Brown, E. Kashy,

J.A. Nolen,Jr., A.D. Panagiotou, J. van der Plicht, J.S. Winfield, see P-Darmstadt
p. 82

1985Si07 PRVCA 31, 1891 J.J. Simpson, W.R. Dixon, R.S. Storey
1985Si25 JPSLB 46, L1095 C. Signarbieux, G. Simon, J. Trochon, F. Brisard and PrvCom GAu Jan 1988
1985So03 PRVCA 31, 1801 L.P. Somerville, M.J. Nurmia, J.M. Nitschke, A. Ghiorso, E.K. Hulet,

R.W. Lougheed
1985St02 PRVCA 32, 582 R.E. Stone, C.E. Bingham, L.L. Riedinger, R.W. Lide, H.K. Carter, R.L. M-

lekosdaj, E.H. Spejewski
1985St16 ZPAAD 322, 83 [190Pb]C. Stenzel, H. Grawe, H. Haas, H.-E. Mahnke, K.H. Maier
1985Ta01 IJARA 36, 89 H.W. Taylor, D.A. Craig, B. Singh, D.A. Viggars
1985Ta.A P-Swansea 343 V.L. Talrose, E.N. Nikolaev
1985Ti01 ZPAAD 320, 405 P. Tidemand-Petersson, E. Runte, W.-D. Schmidt-Ott, U.J. Schrewe
1985Ti02 NUPAB 437, 342 P. Tidemand-Petersson, R. Kirchner, O. Klepper, E. Roeckl, D. Schardt,

A. Płochocki, J. Żylicz
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1986Bo46 PHSTB 34, 591 M.J.G. Borge, A. De Rújula, P.G. Hansen, B. Jonson, G. Nyman, H.L. Ravn,
K. Riisager, ISOLDE

1986Bu18 PRVCA 34, 2316 B.L. Burks, R.L. Varner, E.J. Ludwig
1986By01 NUPAB 448, 137 A.P. Byrne, G.D. Dracoulis, C. Fahlander, H. Hubel, A.R. Poletti, A.E. Stuch-

bery, J. Gerl, R.F. Davie, S.J. Poletti
1986Ch01 PRVCA 33, 130 T. Chapuran, K. Dybdal, D.B. Fossan, T. Lönnroth, W.F. Piel, Jr., D. Horn,
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J. Schött, K. Sümmerer, I. Zychor, M.E. Leino, R. Hingmann, U. Gollerthan,
E. Hanelt

1987NeZZ BAPSA 32, 1119 B.M.K. Nefkens, S.D. Adrian, D.B. Barlow, P. Dibernardo, A.D. Eichon,
R.S. Kessler, J. Labrenz, C. Maruyama, C. Pillai, J.W. Price, J.A. Wightman,
W.J. Briscoe, M.F. Taragin, D.F. Ottewell

1987Pe06 PRVCA 35, 1617 K.I. Pearce, N.M. Clarke, R.J. Griffiths, P.J. Simmonds, A.C. Dodd, D. Barker,
J.B.A. England, M.C. Mannion, C.A. Ogilvie

1987PfZX P-Birmingham 75 B. Pfeiffer, K.-L. Kratz, H. Gabelmann, W. Ziegert, V. Harms, B. Leist
1987Pr09 ZPAAD 328, 501 H. Prade, J. Doring, W. Enghardt, L. Funke, L. Kaubler
1987Ra04 NUPAB 464, 349 V. Rahkonen, T. Lonnroth
1987Ra06 PRVCA 36, 303 M.S. Rapaport, C.F. Liang, P. Paris, and PrvCom GAu July 1988
1987Ra12 NIMBE 26, 72 H.L. Ravn
1987Ru05 ZPAAD 328, 373 E. Runte, F. Meissner, V. Freystein, T. Hild, H. Salewski, W.-D. Schmidt-Ott,

R. Michaelsen
1987Sa53 JUPSA 56, 3881 H.S. Sahota, T. Iwashita, B.S. Grewal
1987Sc.A P-Rosseau 477 D. Schardt, R. Barden, R. Kirchner, O. Klepper, A. Płochocki, E. Roeckl, P. K-

leinheinz, M. Piiparinen, B. Rubio, K. Zuber, C.F. Liang, P. Paris, A. Huck,
G. Walter, G. Marguier, H. Gabelmann, J. Blomqvist

1987Se04 NUPAB 464, 381 P.B. Semmes, R.A. Braga, R.W. Fink, J.L. Wood, J.D. Cole
1987Se05 PRLTA 58, 1930 K.K. Seth, M. Artuso, D. Barlow, S. Iversen, M. Kaletka, H. Nann, B. Parker,

R. Soundranayagam
1987Se.A P-Rosseau 324 K.K. Seth
1987Sp02 PRVAA 35, 679 P.T. Springer, C.L. Bennett, P.A. Baisden
1987Sp09 NUPAB 474, 359 L. Spanier, K. Aleklett, B. Ekström, B. Fogelberg
1987Sp.A P-Leuven S559 A.M.J. Spits, S.J. Robinson
1987St04 ZPAAD 326, 139 E. Stiliaris, H.G. Bohlen, X.S. Chen, B. Gebauer, A. Miczaika, W. von Oertzen,

W. Weller, T. Wilpert
1987St11 PRVCA 35, 2033 G.S.F. Stephans, H.T. Fortune, L.C. Bland, M. Carchidi, R. Gilman, G.P. Gil-

foyle, J.W. Sweet
1987St.A P-Rosseau 489 J. Styczen, P. Kleinheinz, W. Starzecki, B. Rubio, G. de Angelis, H.J. Hahn,

C.F. Liang, P. Paris, R. Reinhardt, P. von Brentano, J. Blomqvist
1987To02 PRVCA 35, 310 K.S. Toth, D.C. Sousa, J.M. Nitschke, P.A. Wilmarth
1987To09 PRVCA 35, 2330 K.S. Toth, D.M. Moltz, F. Blönnigen, F.T. Avignone,III
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1988Ay02 NUPAB 480, 104 J. Äystö, C.N. Davids, J. Hattula, J. Honkanen, P. Jauho, R. Julin, S. Juutinen,

J. Kumpalainen, T. Loenroth, A. Pakkanen, A. Passoja, H. Penttilä, P. Taskinen,
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1989Wi01 ZPAAD 332, 33 G. Winter, J. Döring, L. Funke, L. Kaubler, R. Schwengner, H. Prade
1989Wi05 NUPAB 491, 395 Ch. Winter, B. Krusche, K.P. Lieb, S. Michaelsen, G. Hlawatsch, H. Linder,

T. von Egidy, F. Hoyler, R.F. Casten
1989Wi11 PRVCA 39, 1976 J.A. Winger, J.C. Hill, F.K. Wohn, E.K. Warburton, R.L. Gill, A. Piotrowski,

D.S. Brenner
1989Yu01 PRVCA 39, 256 S. Yuan, T. Zhang, S. Xu, W. Li, L. Zhang, M. Liu, X. Ou, W. Li
1989Zh04 PRVCA 39, 1985 Z. Zhao, M. Gai, B.J. Lund, S.L. Rugari, D. Mikolas, B.A. Brown, J.A. Nolen,Jr.,

M. Samuel
1989Zl.A PrvCom GAu May I. Žlimen
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1991Jo11 ZPAAD 340, 21 A. Jokinen, J. Äystö, P. Dendooven, K. Eskola, Z. Janas, P.P. Jauho, M.E. Leino,
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1991Kr.A AnRpt LBL 57 S.A. Kreek, et al
1991Ku12 NUPAB 534 367 I. Kurniawan, T. Aoki, T. Komatsubara, T. Hosoda, M. Yamanouchi
1991Le09 PRVCA 44, 336 M. Leino, P.P. Jauho, J. Aysto, P. Decrock, P. Dendooven, K. Eskola, M. Huyse,

A. Jokinen, J.M. Parmonen, H. Penttila, G. Reusen, P. Taskinen, P. Van Duppen,
J. Wauters

1991Le15 ZPAAD 340, 107 M. Lewandowski, A.W. Potempa, V.I. Fominikh, K.Y. Gromov, M. Janicki,
J.V. Juschkevich, V.G. Kalinnikov, N.J. Kotovskij, V.V. Kuznetsov, N. Raschko-
va, J.A. Sajdimov, J. Wawryszczuk

1991Li05 PYLBB 256, 141 P. Lievens, R.E. Silverans, L. Vermeeren, W. Borchers, W. Neu, R. Neugart,
K. Wendt, F. Buchinger, E. Arnold, and the ISOLDE Collaboration

1991Ly01 PRVCA 44, 764 J.E. Lynn, E.T. Jurney, S. Raman
1991Ma65 ZPAAD 341, 1 U. Mayerhofer, T. von Egidy, J. Jolie, H.G. Börner, G. Colvin, S. Judge, B. Kr-

uschke, S.J. Robinson, K. Schreckenbach, S. Brant, V. Paar
1991Me05 ZPAAD 339, 315 F. Meissner, W.-D. Schmidt-Ott, K. Becker, U. Bosch-Wicke, U. Ellmers,

H. Salewski, R. Michaelsen
1991Mi08 ZPAAD 338, 371 S. Michaelsen, K.P. Lieb, S.J. Robinson
1991Mi15 NUPAB 530, 211 B.J. Min, S. Suematsu, S. Mitarai, T. Kuroyanagi, K. Heiguchi, M. Matsuzaki
1991No07 JPGPE 17, s291 E.B. Norman, B. Sur, K.T. Lesko, M.M. Hindi, R.-M. Larimer, T,R. Ho,

J.T. Witort, P.N. Luke, W.L. Hansen, E.E. Haller
1991Om01 ZPAAD 338, 241 J.P. Omtvedt, P. Hoff, M. Hellstrom, L. Spanier, B. Fogelberg
1991Or01 PYLBB 258, 29 N.A. Orr, W. Mittig, L.K. Fifield, M. Lewitowicz, E. Plagnol, Y. Schutz,

W.L. Zhan, L. Bianchi, A. Gillibert, A.V. Belozyorov, S.M. Lukyanov, Yu. E. Pe-
nionzhkevich, A.C.C. Villari, A. Cunsolo, A. Foti, G. Audi, C. Stephan,
L. Tassan-Got, and PrvCom GAu December 1990, and erratum PYLB-
B 271(1991)468

1991Pa05 ZPAAD 338, 295 R.D. Page, P.J. Woods, S.J. Bennett, M. Freer, B.R. Fulton, R.A. Cunningham,
J. Groves, M.A.C. Hotchkis, A.N. James
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P. Armbruster, A.N. Andreyev, A.G. Popeko, A.V. Yeremin, M.E. Leino,
R. Janik, S. Saro, M. Veselsky, and PrvCom AHW September 1995
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J. Äystö
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A. Popov, V. Rubchenya, J. Äystö
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S.J. Mannanal, G. Mouze, K. Schreckenbach, J.P. Vorlet, N. Warr, A. Williams,
C. Ythier

1997Ga12 PYLBB 398, 415 F. Gatti, P. Meunier, C. Salvo, S. Vitale
1997Ge15 BRSPE 61, 1719 A. Sh. Georgadze, F.A. Danevich, Yu. G. Zdesenko, V.V. Koby-

chev, B.N. Kropivyansky, V.N. Kuts, V.V. Muzalevsky, A.S. Nikolaiko,
O.A. Ponkratenko, V.I. Tretiak

1997Gi07 ZPAAD 358, 369 A. Gizon, J. Genevey, Gh. Cata-Danil, D. Barnéoud, R. Béraud, A. Emsallem,
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J. Kern, A. Raemy, J.C. Dousse, W. Schwitz, J.A. Cizewski, G.G. Colvin,
H.G. Börner, P. Geltenbort, F. Hoyler, S.A. Kerr, K. Schreckenbach, R. Georgi-
i, T. von Egidy, J. Klora, H. Lindner, U. Mayerhofer, A. Walter, A.V. Murzin,
V.A. Libman, I.A. Kondurov, Yu. E. Loginov, P.A. Sushkov, S. Brant, V. Paar,
V. Lopac

1998Ba.A P-Bellaire 90 Y. Bai, D.J. Vieira, H.L. Seifert, J.M. Wouters, and PrvCom AHW June 1998
1998Ba.B P-Bellaire 264 J.C. Batchelder, C.R. Bingham, K. Rykaczewski, K.S. Toth, T. Davinson,

T.N. Ginter, C.J. Gross, R. Grzywacz, Z. Janas, M. Karny, S.H. Kim, B.D. Mac-
Donald, J.F. Mas, J.W. McConnell, A. Piechaczek, J.J. Ressler, R.C. Slinger,
J. Szerypo, W.B. Walters, W. Weintraub, P.J. Woods, C.-H. Yu, E.F. Zganjar

1998Be19 PRVCA 57, 2740 T. Belgya, B. Fazekas, Zs. Kasztovszky, Zs. Revay, G. Molnar, M. Yeh, P.E. Gar-
rett, S.W. Yates

1998Be28 NUPAB 636, 419 A.V. Belozyorov, R. Kalpakchieva, Yu. E. Penionzhkevich, Z. Dlouhy, S. Piskor,
J. Vincour, H.G. Bohlen, M. von Lucke-Petsch, A.N. Ostrowski, D.V. Alexan-
drov, E. Yu. Nikolsky, B.G. Novatsky, D.N. Stepanov

1998Bh04 PRVCA 58, 1247 M. Bhattacharya, A. Garcı́a, M.M. Hindi, E.B. Norman, C.E. Ortiz,
N.I. Kaloskamis, C.N. Davids, O. Civitarese, J. Suhonen

1998Bh12 PRVCA 58, 3677 M. Bhattacharya, A. Garcı́a, N.I. Kaloskamis, E.G. Adelberger, H.E. Swan-
son, R. Anne, M. Lewitowicz, M.G. Saint-Laurent, W. Trindler, C. Donzaud,
D. Guillemaud-Mueller, S. Leenhardt, A.C. Mueller, F. Pougheon, O. Sorlin

1998Bi.A P-Bellaire 474 C.R. Bingham, J.C. Batchelder, J.A. Cizewski, C.N. Davids, R.J. Irvine, W. Re-
viol, D. Sewerniak, K.S. Toth, W.B. Walters, J. Wauters, J.L. Wood, X.J. Xu,
J. Uusitalo, E.F. Zganjar

1998Bo30 NUPAB 642, 419 R. Böttger, H. Schölermann
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1998Oi02 NIMAE 416, 485 M. Oinonen, R. Béraud, G. Canchel, E. Chabanat, P. Dendooven, A. Emsallem,
S. Hankonen, A. Honkanen, J. Huikari, A. Jokinen, G. Lhersonneau, Ch. Miehé,
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M. Hellström, N. Iwasa, Z. Janas, A.R. Junghans, M. Karny, S. Leenhardt,
M. Lewitowicz, A.C. Mueller, F. de Oliveira, P.H. Regan, M. Rejmund,
K. Rykaczewski, K. Sümmerer
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W. Brüchle, K.E. Gregorich, N. Trautmann, S. Taut

1998Ut02 PRVCA 57, 2731 S. Utku, J.G. Ross, N.P.T. Bateman, D.W. Bardayan, A.A. Chen, J. Görres,
A.J. Howard, C. Iliadis, P.D. Parker, M.S. Smith, R.B. Vogelaar, M. Wiescher,
K. Yildiz; erratum Phys. Rev. C58, 1354 (1998)

1998Vi06 PYLBB 437, 264 S.M. Vincent, P.H. Regan, D.D. Warner, R.A. Bark, D. Blumenthal, M.P. Car-
penter, C.N. Davids, W. Gelletly, R.V.F. Janssens, C.D. O’Leary, C.J. Lister,
J. Simpson, D. Seweryniak, T. Saitoh, J. Schwartz, S. Törmänen, O. Juillet,
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1999Le67 NUPAB 654, 683c S. Leenhardt, F. Azaiez, O. Sorlin, M. Belleguic, C. Bourgeois, C. Donzaud,
J. Duprat, S. Grevy, D. Guillemaud-Mueller, A.C. Mueller, F. Pougheon, I. De-
loncle, J. Kiener, M.G. Porquet, J.M. Daugas, M. Lewitowicz, F. de Oliveira,
M.G. Saint-Laurent, J. Winfield, J.C. Angelique, N. Orr, A. Gillibert, F. Marie,
C. Borcea, Yu.-E. Penionzhkevich, Yu. Sobolev, R. Beraud, G. Canchel, E. Cha-
banat, A. Emsallem, C. Longour, J.E. Sauvestre

1999Lh01 PRVCA 60, 014315 G. Lhersonneau, J.C. Wang, S. Hankonen, P. Dendooven, P. Jones, R. Julin,
J. Äystö
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tani, T. Kubo, H. Okuno, H. Sato, N. Aoi, K. Yoneda, H. Iwasaki, N. Fukuda,
N. Fukunishi, M. Ishihara, H. Miyatake

1999Og07 NATUA 400, 242 Yu. Ts. Oganessian, A.V. Yeremin, A.G. Popeko, S. L Bogomolov, G.V. Buk-
lanov, M.L. Chelnokov, V.I. Chepigin, B.N. Gikal, V.A. Gorshkov, G.G. Gul-
bekian, M.G. Itkis, A.P. Kabachenko, A. Yu. Lavrentev, O.N. Malyshev, J. Ro-
hac, R.N. Sagaidak, S. Hofmann, S. Saro, G. Giardina, K. Morita

1999Og10 PRLTA 83, 3154 Yu. Ts. Oganessian, V.K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin,
A.N. Polyakov, I.V. Shirokovsky, Yu. S. Tsyganov, G.G. Gulbekian, S.L. Bo-
gomolov, B.N. Gikal, A.N. Mezentsev, S. Iliev, V.G. Subbotin, A.M. Sukhov,
G.V. Buklanov, K. Subotic, M.G. Itkis, K.J. Moody, J.F. Wild, N.J. Stoyer,
M.A. Stoyer, R.W. Lougheed

1999Og.B B-Seeheim O5 Yu. Ts. Oganessian, V.K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin,
A.N. Polyakov, I.V. Shirokovsky, Yu. S. Tsyganov, G.G. Gulbekian, S.L. Bo-
gomolov, B.N. Gikal, A.N. Mezentsev, S. Iliev, V.G. Subbotin, A.M. Sukhov,
G.V. Buklanov, K. Subotik, M.G. Itkis, K.J. Moody, J.F. Wild, N.J. Stoyer,
R.W. Lougheed, and email

1999Oi01 EPJAA 5, 151 M. Oinonen, P. Baumann, P. Dendooven, Y. Fujita, M. Górska, H. Grawe, Z. Hu,
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J. Äystö
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C. Schlegel, H. Schaffner, P. Cagarda, M. Matos, S. Saro, A. Keenan, C. Moore,
C.D. O’Leary, R.D. Page, M. Taylor, H. Kettunen, M. Leino, A. Lavrentiev,
R. Wyss, K. Heyde

2000As.A AnRpt JAERI 13 M. Asai, K. Tsukada, S. Ichikawa, H. Haba, A. Osa, Y. Nagame, S. Goto,
M. Sakama, Y. Kojima, M. Shibata, K. Akiyama, A. Toyoshima

2000Bb01 PRVCA 62, 054302 P.H. Barker, M.S. Wu
2000Be42 EPJAA 8, 307 D. Beck, F. Ames, G. Audi, G. Bollen, F. Herfurth, H.-J. Kluge, A. Kohl,

M. König, D. Lunney, I. Martel, R.B. Moore, H. Raimbault-Hartmann,
E. Schark, S. Schwarz, M. de Saint Simon, J. Szerypo, ISOLDE

2000Bo24 NUPAB 673, 85 V. Bondarenko, T. von Egidy, J. Honzátko, I. Tomandl, D. Bucurescu,
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witowicz, C. Miehé, W. Gelletly, D. Appelbe, L. Axelsson, A.M. Bruce,
W.N. Catford, C. Chandler, R.M. Clark, D.M. Cullen, S. Czajkowski, J.M. Dau-
gas, P. Dessagne, A. Fleury, L. Frankland, J. Giovinazzo, B. Greenhalgh,
R. Grzywacz, M. Harder, K.L. Jones, N. Kelsall, T. Kszczot, R.D. Page,
A.T. Reed, O. Sorlin, R. Wadsworth

2001Ga59 EPJAA 11, 413 M. Gaelens, J. Andrzejewski, J. Camps, P. Decrock, M. Huyse, K. Kruglov,
W.F. Mueller, A. Piechaczek, N. Severijns, J. Szerypo, G. Vancraeynest,
P. Van Duppen, J. Wauters

2001Ge07 PRVCA 63, 054315 J. Genevey, J.A. Pinston, C. Foin, M. Rejmund, R.F. Casten, H. Faust, S. Ober-
stedt

2001Gi01 EPJAA 10, 73 J. Giovinazzo, B. Blank, C. Borcea, M. Chartier, S. Czajkowski, G. de France,
R. Grzywacz, Z. Janas, M. Lewitowicz, F. de Oliveira Santos, M. Pfützner,
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Y. Le Coz, W. Korten, J. Döring, M. Górska, K. Schmidt, O. Dorvaux, K. Helari-
utta, P. Jones, R. Julin, S. Juutinen, H. Kettunen, M. Leino, M. Muikku, P. Niem-
inen, P. Rahkila, J. Uusitalo, F. Azaiez, M. Belleguic

2001Ha66 HYIND 132, 291 M. Hausmann, J. Stadlmann, F. Attallah, K. Beckert, P. Beller, F. Bosch, H. E-
ickhoff, M. Falch, B. Franczak, B. Franzke, H. Geissel, Th. Kerscher, O. Klep-
per, H.-J. Kluge, C. Kozhuharov, Yu. A. Litvinov, K.E.G. Lobner, G. Munzen-
berg, N. Nankov, F. Nolden, Yu. N. Novikov, T. Ohtsubo, T. Radon, H. Schatz,
C. Scheidenberger, M. Steck, Z. Sun, H. Weick, H. Wollnik

2001He29 PRLTA 87, 142501 F. Herfurth, J. Dilling, A. Kellerbauer, G. Audi, D. Beck, G. Bollen, H.-J. Kluge,
D. Lunney, R.B. Moore, C. Scheidenberger, S. Schwarz, G. Sikler, J. Szerypo,
ISOLDE

030003-385



Chinese Physics C Vol. 45, No. 3 (2021) 030003

2001He35 EPJAA 12, 57 F.P. Heßberger, S. Hofmann, D. Ackermann, V. Ninov, M. Leino,
G. Münzenberg, S. Saro, A. Lavrentev, A.G. Popeko, A.V. Yeremin, Ch. Stodel
and PrvCom

2001He36 PRVAA 64, 062504 T.P. Heavner, S.R. Jefferts, G.H. Dunn
2001He.A AnRpt GSI 3 F.P. Heßberger, S. Hofmann, D. Ackermann
2001Hi06 PRVCA 63, 065502 M.M. Hindi, B.O. Faircloth, R.L. Kozub, K.R. Czerwinski, R.-M. Larimer,

E.B. Norman, B. Sur, I. Žlimen
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2001Og01 PRVCA 63, 011301 Yu. Ts. Oganessian, V.K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin,
A.N. Polyakov, I.V. Shirokovsky, Yu. S. Tsyganov, G.G. Gulbekian, S.L. Bo-
gomolov, B.N. Gikal, A.N. Mezentsev, S. Iliev, V.G. Subbotin, A.M. Sukhov,
O.V. Ivanov, G.V. Buklanov, K. Subotic, M.G. Itkis, K.J. Moody, J.F. Wild,
N.J. Stoyer, M.A. Stoyer, R.W. Lougheed, C.A. Laue, Ye. A. Karelin,
A.N. Tatarinov

2001Og08 PRVCA 64, 054606 Yu. Ts. Oganessian, V.K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin,
A.N. Polyakov, I.V. Shirokovsky, Yu. S. Tsyganov, A.N. Mezentsev, S. Iliev,
V.G. Subbotin, A.M. Sukhov, K. Subotic, O.V. Ivanov, A.N. Voinov, V.I. Zagre-
baev, K.J. Moody, J.F. Wild, N.J. Stoyer, M.A. Stoyer, R.W. Lougheed
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Zs. Fülöp, T. Gomi, Y. Higurashi, M. Hirai, N. Iwasa, H. Iwasaki, Y. Iwa-
ta, H. Kobayashi, M. Kurokawa, Z. Liu, T. Minemura, S. Ozawa, H. Sakurai,
M. Serata, T. Teranishi, K. Yamada, Y. Yanagisawa, M. Ishihara

2001Th01 PRVCA 63, 014308 M. Thoennessen, S. Yokoyama, P.G. Hansen
2001To06 PRVCA 63, 034314 B.E. Tomlin, C.J. Barton, N.V. Zamfir, M.A. Caprio, R.L. Gill, R. Krücken,

J.R. Novak, J.R. Cooper, K.E. Zyromski, G. Cata-Danil, C.W. Beausang,
A. Wolf, N.A. Pietralla, H. Newman, J. Cederkall, B. Liu, Z. Wang, R.F. Casten,
D.S. Brenner

2001Va33 HYIND 132, 163 R.S. Van Dyck, Jr., S.L. Zafonte, P.B. Schwinberg
2001Va.A PrvCom AHW Oct R.S. Van Dyck,Jr.
2001Va.B AnRpt GSI 14 K. Van de Vel, A.N. Andreyev, D. Ackermann, S. Antalic, H.J. Boardman, P. Ca-

garda, J. Gerl, F.P. Heßberger, S. Hofmann, M. Huyse, D. Karlgren, B. Kindsller,
I. Kozhoukharov, M. Leino, B. Lommel, G. Muenzenberg, C. Moore, R.D. Page,
C. Schlegel, P. Van Duppen

2001Wa04 PRVCA 63, 024309 Y. Wang, P. Dendooven, J. Huikari, A. Jokinen, V.S. Kolhinen, G. Lhersonneau,
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R. Collatz, M. Górska, H. Grawe, M. Hellström, Z. Hu, R. Kirchner, W. Liu,
M. Rejmund, E. Roeckl, M. Shibata, J. Agramunt, A. Algora, A. Gadea, B. Ru-
bio, J.L. Tain, D. Cano-Ott, S. Harissopulos

2003Gi10 PRVCA 68, 034330 T.N. Ginter, J.C. Batchelder, C.R. Bingham, C.J. Gross, R. Grzywacz,
J.H. Hamilton, Z. Janas, M. Karny, A. Piechaczek, A.V. Ramayya,
K.P. Rykaczewski, W.B. Walters, E.F. Zganjar

2003Go11 PYLBB 566, 70 M.S. Golovkov, Yu. Ts. Oganessian, D.D. Bogdanov, A.S. Fomichev,
A.M. Rodin, S.I. Sidorchuk, R.S. Slepnev, S.V. Stepantsov, G.M. Ter-Akopian,
R. Wolski, V.A. Gorshkov, M.L. Chelnokov, M.G. Itkis, E.M. Kozulin,
A.A. Bogatchev, N.A. Kondratiev, I.V. Korzyukov, A.A. Yukhimchuk,
V.V. Perevozchikov, Yu. I. Vinogradov, S.K. Grishechkin, A.M. Demin, S.V. Zla-
toustovsky, A.V. Kuryakin, S.V. Fil’chagin, R.I. Il’kayev, F. Hanappe, T. Mater-
na, L. Stuttge, A.H. Ninane, A.A. Korsheninnikov, E. Yu. Nikolskii, I. Tanihata,
P. Roussel-Chomaz, W. Mittig, N. Alamanos, V. Lapoux, E.C. Pollacco, L. Nal-
pas

2003Gr13 NUPAB 724, 14 C. Granja, S. Pospı́šil, J. Kubašta, S.A. Telezhnikov
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A. Płochocki, K. Van de Vel, P. Van Duppen, L. Weissman

2004De40 EPJAA 21, 243 S. Dean, M. Gorska, F. Aksouh, H. de Witte, M. Facina, M. Huyse, O. I-
vanov, K. Krouglov, Yu. Kudryavtsev, I. Mukha, D. Smirnov, J.-C. Thomas,
K. Van de Vel, J. Van de Walle, P. Van Duppen, J. Van Roosbroeck

2004Di18 EPJAA 22, 163 J. Dilling, F. Herfurth, A. Kellerbauer, G. Audi, G. Bollen, H.-J. Kluge,
R.B. Moore, C. Scheidenberger, S. Schwarz, G. Sikler, ISOLDE

2004Fo06 PRVCA 70, 34312 B. Fogelberg, H. Gausemel, K.A. Mezilev, P. Hoff, H. Mach, M. Sanchez-Vega,
A. Lindroth, E. Ramstrom, J. Genevey, J.A. Pinston, M. Rejmund

2004Fo08 PRLTA 93, 212702 C.M. Folden III, K.E. Gregorich, Ch. E. Düllmann, H. Mahmud, G.K. Pang,
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F. de Oliveira Santos, O. Perru, O. Roig, K. Rykaczewski, M.G. Saint-Laurent,
J.E. Sauvestre, O. Sorlin, M. Stanoiu, I. Stefan, C. Stodel, Ch. Theisen, D. Ver-
ney, J. Zylicz

2004Sc03 ARISE 60, 263 R. Schon, G. Winkler, W. Kutschera
2004Sc04 ARISE 60, 317 H. Schrader
2004Sc42 PRVCA 70, 054318 A. Scherillo, J. Genevey, J.A. Pinston, A. Covello, H. Faust, A. Gargano, R. Or-

landi, G.S. Simpson, I. Tsekhanovich, N. Warr
2004Sh04 PRVDA 69, 017302 M. Sher, I. Turan
2004St05 PYLBB 586, 27 J. Stadlmann, M. Hausmann, F. Attallah, K. Beckert, P. Beller, F. Bosch, H. E-

ickhoff, M. Falch, B. Franczak, B. Franzke, H. Geissel, Th. Kerscher, O. Klep-
per, H.-J. Kluge, C. Kozhuharov, Yu. A. Litvinov, K.E.G. Löbner, M. Matoš,
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M. Huyse, A. Kellerbauer, H.-J. Kluge, U. Köster, K. Kruglov, D. Lunney,
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2005Ka46 EPJAA 25, s129 A. Kankainen, S.A. Eliseev, T. Eronen, S.P. Fox, U. Hager, J. Hakala, W. Huang,
J. Huikari, D. Jenkins, A. Jokinen, S. Kopecky, I. Moore, A. Nieminen,
Yu. N. Novikov, H. Penttila, A.V. Popov, S. Rinta-Antila, H. Schatz, D.M. Se-
liverstov, G.K. Vorobjev, Y. Wang, J. Aysto, and the IS403 Collaboration

2005Kr20 EPJAA 25, s633 K.-L. Kratz, B. Pfeiffer, O. Arndt, S. Hennrich, A. Wöhr, ISOLDE
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H. Penttilä, S. Rahaman, S. Rinta-Antila, A. Saastamoinen, T. Sonoda, J. Äystö,
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M.L. Chelnokov, V.I. Chepigin, D. Curien, O. Dorvaux, B. Gall, V.A. Gor-
shkov, M. Guttormsen, F. Hanappe, A.P. Kabachenko, F. Khalfallah, A. Korichi,
A.C. Larsen, O.N. Malyshev, A. Minkova, Yu. Ts. Oganessian, A.G. Popeko,
M. Rousseau, N. Rowley, R.N. Sagaidak, S. Sharo, A.V. Shutov, S. Siem,
A.I. Svirikhin, N.U.H. Syed, Ch. Theisen

2006Lu19 IMSPF 251, 286 D. Lunney, N. Vieira, G. Audi, C. Gaulard, M. de Saint Simon, C. Thibault
2006Ma.A PrvCom GAu Jul M. Martin
2006Me03 PRVCA 73, 024307 D.A. Meyer, C.W. Beausang, J.J. Ressler, H. Ai, H. Amro, M. Babilon, R.F. Cas-

ten, C.R. Fitzpatrick, G. Gurdal, A. Heinz, E.A. McCutchan, C. Plettner, J. Qian,
N.J. Thomas, V. Werner, E. Williams, N.V. Zamfir, J. Zhang

2006Me04 PRVCA 73, 024318 T.J. Mertzimekis, P.F. Mantica, A.D. Davies, S.N. Liddick, B.E. Tomlin
2006Mo07 PRVCA 73, 035801 F. Montes, A. Estrade, P.T. Hosmer, S.N. Liddick, P.F. Mantica, A.C. Morton,

W.F. Mueller, M. Ouellette, E. Pellegrini, P. Santi, H. Schatz, A. Stolz, B.E. Tom-
lin, O. Arndt, K.-L. Kratz, B. Pfeiffer, P. Reeder, W.B. Walters, A. Aprahamian,
A. Wohr

2006Mu03 NATUA 439, 298 I. Mukha, E. Roeckl, L. Batist, A. Blazhev, J. Döring, H. Grawe, L. Grigorenko,
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2008Fa11 PRVCA 78, 022801 J. Fallis, J.A. Clark, K.S. Sharma, G. Savard, F. Buchinger, S. Caldwell,
J.E. Crawford, C.M. Deibel, J.L. Fisker, S. Gulick, A.A. Hecht, D. Lascar,
J.K.P. Lee, A.F. Levand, G. Li, B.F. Lundgren, A. Parikh, S. Russell, M. Scholte-
van de Vorst, N.D. Scielzo, R.E. Segel, H. Sharma, S. Sinha, M. Sternberg,
T. Sun, I. Tanihata, J. Van Schelt, J.C. Wang, Y. Wang, C. Wrede, Z. Zhou

2008Fe02 EPJAA 35, 167 M. Ferraton, R. Bourgain, C.M. Petrache, D. Verney, F. Ibrahim, N. de Séréville,
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A. Kankainen, I.D. Moore, H. Penttilä, S. Rinta-Antila, J. Rissanen, A. Saas-
tamoinen, T. Sonoda, C. Weber, J. Äystö
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jos, A. Chatillon, D. Cortina-Gil, J.M. Espino, A. Fomichev, J.E. Garcı́a-Ramos,
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2008Qi03 RAACA 96, 455 Z. Qin, W. Brüchle, D. Ackermann, K. Eberhardt, F.P. Heßberger, E. Jäger,
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2009Ch25 PRLTA 102, 222501 B. Cheal, K. Baczynska, J. Billowes, P. Campbell, F.C. Charlwood, T. Eronen,
D.H. Forest, A. Jokinen, T. Kessler, I.D. Moore, M. Reponen, S. Rothe, M. Ruf-
fer, A. Saastamoinen, G. Tungate, J. Aysto

2009Cr02 PRVCA 79, 054320 H.L. Crawford, P.F. Mantica, J.S. Berryman, R. Broda, B. Fornal, C.R. Hoffman,
N. Hoteling, R.V.F. Janssens, S.M. Lenzi, J. Pereira, J.B. Stoker, S.L. Tabor,
W.B. Walters, X. Wang, S. Zhu

030003-419



Chinese Physics C Vol. 45, No. 3 (2021) 030003

2009Cu02 PRVCA 80, 024303 D.M. Cullen, P.J.R. Mason, S.V. Rigby, C. Scholey, S. Eeckhaudt, T. Grahn,
P.T. Greenlees, U. Jakobsson, P.M. Jones, R. Julin, S. Juutinen, S. Ketelhut,
A.M. Kishada, M. Leino, A.-P. Leppanen, K. Mäntyniemi, P. Nieminen, M. Ny-
man, J. Pakarinen, P. Peura, P. Rahkila, J. Sarén, J. Sorri, J. Uusitalo, B.J. Varley,
M. Venhart

2009Da03 NUPAB 818, 264 J.V. Dawson, C. Reeve, J.R. Wilson, K. Zuber, M. Junker, C. Gössling, T. Köttig,
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Ch. Böhm, R.B. Cakirli, R.F. Casten, P. Delahaye, M. Dworschak, S. George,
F. Herfurth, A. Herlert, A. Kellerbauer, M. Kowalska, D. Lunney, E. Minaya-
Ramirez, S. Naimi, D. Neidherr, M. Rosenbusch, R. Savreux, S. Schwarz,
L. Schweikhard, C. Yazidjian

2010Br15 PRVCA 82, 044312 A.M. Bruce, S. Lalkovski, A.M.D. Bacelar, M. Górska, S. Pietri, Zs. Podolyák,
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Z. Patyk, C. Scheidenberger, K. Siegień-Iwaniuk, B. Sun, H. Weick, K. Beckert,
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W.F. Mueller, F. Montes, A.C. Morton, M. Ouellette, E. Pellegrini, J. Pereira,
B. Pfeiffer, P. Reeder, P. Santi, M. Steiner, A. Stolz, B.E. Tomlin, W.B. Walters,
A. Wohr

2010Ia01 PRVCA 82, 035502 V.E. Iacob, J.C. Hardy, A. Banu, L. Chen, V.V. Golovko, J. Goodwin, V. Horvat,
N. Nica, H.I. Park, L. Trache, R.E. Tribble

2010Il01 PYLBB 687, 305 G. Ilie, G. Neyens, G.S. Simpson, J. Jolie, A. Blazhev, H. Grawe, R.L. Loze-
va, N. Vermeulen, L. Atanasova, D.L. Balabanski, F. Becker, P. Bednarczyk,
C. Brandau, L. Caceres, S.K. Chamoli, J.M. Daugas, P. Doornenbal, J. Gerl,
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2010Kw02 PRVCA 81, 058501 A.A. Kwiatkowski, B.R. Barquest, G. Bollen, C.M. Campbell, R. Ferrer,
A.E. Gehring, D.L. Lincoln, D.J. Morrissey, G.K. Pang, J. Savory, S. Schwarz

2010La16 PRVCA 82, 051304 G.J. Lane, G.D. Dracoulis, F.G. Kondev, R.O. Hughes, H. Watanabe, A.P. Byrne,
M.P. Carpenter, C.J. Chiara, P. Chowdhury, R.V.F. Janssens, T. Lauritsen,
C.J. Lister, E.A. McCutchan, D. Seweryniak, I. Stefanescu, S. Zhu

2010La.A PrvCom GAu Mar Alain Lapierre
2010Li13 PRVCA 81, 045803 W.H. Lippincott, S.B. Cahn, D. Gastler, L.W. Kastens, E. Kearns, D.N. McKin-

sey, J.A. Nikkel
2010Lo14 ARISE 68, 1454 M. Loidl, M. Rodrigues, B. Censier, S. Kowalski, X. Mougeot, P. Cassette,

T. Branger, D. Lacour
2010Ma08 PRVCA 81, 024302 P.J.R. Mason, D.M. Cullen, C. Scholey, P.T. Greenlees, U. Jakobsson,

P.M. Jones, R. Julin, S. Juutinen, S. Ketelhut, M. Leino, M. Nyman, P. Peura,
A. Puurunen, P. Rahkila, P. Ruotsalainen, J. Sorri, J. Saren, J. Uusitalo, F.R. Xu

2010Ma20 PRVCA 81, 047301 F. Ma, X.H. Zhou, Y. Zheng, S.W. Xu, Y.X. Xie, L. Chen, X.G. Lei, Y.X. Guo,
Y.H. Zhang, Z.K. Li, Y.H. Qiang, S. Guo, H.X. Wang, H.B. Zhou, B. Ding,
G.S. Li, N.T. Zhang

2010Ma27 CPLEE 27, 062104 F. Ma, X.H. Zhou, Y. Zheng, S.W. Xu, Y.X. Xie, L. Chen, Y.H. Zhang, Z.K. Li,
Y.H. Qiang, X.G. Lei, Y.X. Guo, S. Guo, B. Ding, H.X. Wang, G.S. Li,
H.B. Zhou

2010Mc04 PRVCA 82, 024603 P.M. McCowan, R.C. Barber
2010Mo03 PRVCA 81, 032501 B.J. Mount, M. Redshaw, E.G. Myers
2010Mo09 PRVCA 81, 054304 V. Modamio, A. Jungclaus, A. Algora, D. Bazzacco, D. Escrig, L.M. Fraile,

S. Lenzi, N. Marginean, T. Martinez, D.R. Napoli, R. Schwengner, C.A. Ur
2010Mo29 PRVAA 81, 064501 B.J. Mount, H.S.P. Müller, M. Redshaw, E.G. Myers
2010Mo30 PRVAA 82, 042513 B.J. Mount, M. Redshaw, E.G. Myers
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S. Hennrich, C.J. Jost, A. Wöhr, A.A. Hecht, B. Pfeiffer, J. Shergur, N. Hoteling

2011As03 PRVCA 83, 014315 M. Asai, K. Tsukada, H. Haba, Y. Ishii, T. Ichikawa, A. Toyoshima, T. Ishii,
Y. Nagame, I. Nishinaka, Y. Kojima, K. Sueki

2011As08 PRLTA 107, 102502 P. Ascher, L. Audirac, N. Adimi, B. Blank, C. Borcea, B.A. Brown, I. Compa-
nis, F. Delalee, C.E. Demonchy, F. de Oliveira Santos, J. Giovinazzo, S. Grevy,
L.V. Grigorenko, T. Kurtukian-Nieto, S. Leblanc, J.-L. Pedroza, L. Perrot,
J. Pibernat, L. Serani, P.C. Srivastava, J.-C. Thomas

2011As.A AnRpt RIKEN 44 -22 M. Asai, H. Haba, N. Sato, Y. Kasamatsu, D. Kaji, K. Morimoto, K. Morita
2011Av01 JPGPE 38, 025104 M. Avgoulea, Yu. P. Gangrsky, K.P. Marinova, S.G. Zemlyanoi, S. Fritzsche,

D. Iablonskyi, C. Barbieri, E.C. Simpson, P.D. Stevenson, J. Billowes, P. Camp-
bell, B. Cheal, B. Tordoff, M.L. Bissell, D.H. Forest, M.D. Gardner, G. Tungate,
J. Huikari, A. Nieminen, H. Penttila, J. Aysto

2011Be02 JPGPE 38, 015103 P. Belli, R. Bernabei, F. Cappella, R. Cerulli, F.A. Danevich, A. d’Angelo,
A. Di Marco, A. Incicchitti, F. Nozzoli, V.I. Tretyak

2011Be08 PRVCA 83, 034603 P. Belli, R. Bernabei, F. Cappella, R. Cerulli, F.A. Danevich, A. Incicchitti,
M. Laubenstein, S.S. Nagorny, S. Nisi, O.G. Polischuk, V.I. Tretyak

2011Be34 PRVCA 84, 041303 A.D. Becerril, G. Lorusso, A.M. Amthor, T. Baumann, D. Bazin, J.S. Berry-
man, B.A. Brown, H.L. Crawford, A. Estrade, A. Gade, T. Ginter, C.J. Guess,
M. Hausmann, G.W. Hitt, P.F. Mantica, M. Matos, R. Meharchand, K. Mi-
namisono, F. Montes, G. Perdikakis, J. Pereira, M. Portillo, H. Schatz, K. Smith,
J. Stoker, A. Stolz, R.G.T. Zegers

2011Be39 JPGPE 38, 115107 P. Belli, R. Bernabei, F. Cappella, R. Cerulli, F.A. Danevich, S. d’Angelo, A. In-
cicchitti, V.V. Kobychev, D.V. Poda, V.I. Tretyak

2011Be53 PACHA 83, 397 M. Berglund, M.E. Wieser
2011Bo09 NUPAB 856, 1 V. Bondarenko, I. Tomandl, J. Honzatko, H.-F. Wirth, T. von Egidy
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W.R. Hix, R. Lau, G. Lorusso, P. Möller, J. Pereira, M. Portillo, A.M. Rogers,
D. Shapira, E. Smith, A. Stolz, M. Wallace, M. Wiescher

2011Fa10 PRVCA 84, 045807 J. Fallis, J.A. Clark, K.S. Sharma, G. Savard, F. Buchinger, S. Caldwell,
A. Chaudhuri, J.E. Crawford, C.M. Deibel, S. Gulick, A.A. Hecht, D. Lascar,
J.K.P. Lee, A.F. Levand, G. Li, B.F. Lundgren, A. Parikh, S. Russell, M. Scholte-
van de Vorst, N.D. Scielzo, R.E. Segel, H. Sharma, S. Sinha, M.G. Sternberg,
T. Sun, I. Tanihata, J. Van Schelt, J.C. Wang, Y. Wang, C. Wrede, Z. Zhou

2011Fi01 PRLTA 106, 032501 P. Finlay, S. Ettenauer, G.C. Ball, J.R. Leslie, C.E. Svensson, C. Andreoiu,
R.A.E. Austin, D. Bandyopadhyay, D.S. Cross, G. Demand, M. Djongolov,
P.E. Garrett, K.L. Green, G.F. Grinyer, G. Hackman, K.G. Leach, C.J. Pearson,
A.A. Phillips, C.S. Sumithrarachchi, S. Triambak, S.J. Williams

2011Fo08 IMPEE 20, 1491 A.S. Fomichev, I.G. Mukha, S.V. Stepantsov, L.V. Grigorenko, E.V. Litvino-
va, V. Chudoba, I.A. Egorova, M.S. Golovkov, A.V. Gorshkov, V.A. Gorshkov,
G. Kaminski, S.A. Krupko, Yu. L. Parfenova, S.I. Sidorchuk, R.S. Slepnev,
G.M. Ter-Akopian, R. Wolski, M.V. Zhukov

2011Fo15 PRVCA 84, 054310 N. Fotiades, M. Devlin, R.O. Nelson, J.A. Cizewski, R. Krucken, R.M. Clark,
P. Fallon, I.Y. Lee, A.O. Macchiavelli, W. Younes
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2011Ki16 PRVCA 84, 014316 H. Kikunaga, T. Suzuki, M. Nomura, T. Mitsugashira, A. Shinohara
2011Ko01 ARISE 69, 500 K. Kossert, O. Nahle, P.E. Warwick, H. Wershofen, I.W. Croudace
2011Ko03 PYLBB 697, 116 V.S. Kolhinen, T. Eronen, D. Gorelov, J. Hakala, A. Jokinen, A. Kankainen,

J. Rissanen, J. Suhonen, J. Äystö
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2011Ko.B PrvCom GAu Nov F.G. Kondev
2011Kr.A PrvCom GAu May S. Kreim preliminary
2011Ku16 PRVCA 84, 044304 J. Kurpeta, W. Urban, A. Płochocki, J. Rissanen, J.A. Pinston, V.-V. Elomaa,

T. Eronen, J. Hakala, A. Jokinen, A. Kankainen, P. Karvonen, I.D. Moore,
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M. Reponen, A. Saastamoinen, J. Szerypo, W. Urban, C. Weber, J. Äystö
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P.J. Mason, C. Mihai, F. Molina, D. Mücher, B. Rubio, A. Tamii, S. Tashen-
ov, J.J. Valiente-Dobón, P.J. Woods and Pub. Note PRVCA 85, 039904

2012An08 ARISE 70, 1985 E. Andreotti, M. Hult, G. Marissens, R. Gonzalez de Orduna, P. Vermaercke
2012An12 EPJAA 48, 140 B. Ananthanarayan, D. Das, I. Sentitemsu Imsong
2012As05 PRVCA 85, 054316 A. Astier, M.-G. Porquet, Ch. Theisen, D. Verney, I. Deloncle, M. Houry, R. Lu-

cas, F. Azaiez, G. Barreau, D. Curien, O. Dorvaux, G. Duchene, B.J.P. Gall,
N. Redon, M. Rousseau, O. Stezowski

2012At01 EPJAA 48, 22 D.R. Atanasov, N. Winckler, D. Balabanski, L. Batist, F. Bosch, D. Boutin,
C. Brandau,C. Dimopoulou, H.G. Essel, T. Faestermann, H. Geissel, I. Hachiu-
ma, S. Hess, T. Izumikawa, P. Kienle, R. Knöbel, C. Kozhuharov, J. Kurcewicz,
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et, S. Franchoo, A. Gadea, A. Gottardo, T. Hüyük, B. Jacquot, A. Kusoglu,
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Urban, C. Mazzocchi, A.G. Smith, J.F. Smith, J.P. Greene, I. Ahmad
2012Ku26 PYLBB 717, 371 J. Kurcewicz, F. Farinon, H. Geissel, S. Pietri, C. Nociforo, A. Prochazka,
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2012Po13 ARISE 70, 1913 S. Pommé, G. Suliman, M. Marouli, R. Van Ammel, V. Jobbagy, J. Paepen,
H. Stroh, C. Apostolidis, K. Abbas, A. Morgenstern

2012Po14 ARISE 70, 2608 S. Pomme, M. Marouli, G. Suliman, H. Dikmen, R. Van Ammel, V. Jobbagy,
A. Dirican, H. Stroh, J. Paepen, F. Bruchertseifer, C. Apostolidis, A. Morgen-
stern

2012Pr11 PRVCA 86 034329 T.J. Procter, J. Billowes, M.L. Bissell, K. Blaum, F.C. Charlwood, B. Cheal,
K.T. Flanagan, D.H. Forest, S. Fritzsche, Ch. Geppert, H. Heylen, M. Kowalska,
K. Kreim, A. Krieger, J. Krämer, K.M. Lynch, E. Mané, I.D. Moore, R. Neugart,
G. Neyens, W. Nörtershäuser, J. Papuga, M.M. Rajabali, H.H. Stroke, P. Vinger-
hoets, D.T. Yordanov, M. Žáková
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T. Grahn, P.T. Greenlees, K. Hauschild, A. Herzan, U. Jakobsson, P. Jones,
R. Julin, S. Juutinen, S. Ketelhut, M. Labiche, M. Leino, A. Lopez-Martens,
K. Mullholland, P. Nieminen, P. Peura, P. Rahkila, S. Rinta-Antila, P. Ruot-
salainen, M. Sandzelius, J. Sarén, B. Sayǧi, J. Simpson, J. Sorri, J. Uusitalo
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S. Lalkovski, S. Pietri, M.V. Ricciardi, A. Algora, N. Alkhomashi, J. Benlliure,
P. Boutachkov, A. Bracco, E. Calore, E. Casarejos, I.J. Cullen, A.Y. Deo, P. De-
tistov, Zs. Dombradi, C. Domingo-Pardo, M. Doncel, F. Farinon, G.F. Farrelly,
H. Geissel, W. Gelletly, J. Gerl, N. Goel, J. Grebosz, R. Hoischen, I. Kojouharov,
N. Kurz, S. Leoni, F. Molina, D. Montanari, A.I. Morales, A. Musumarra,
D.R. Napoli, R. Nicolini, C. Nociforo, A. Prochazka, W. Prokopowicz, P.H. Re-
gan, B. Rubio, D. Rudolph, K.-H. Schmidt, H. Schaffner, S.J. Steer, K. Steiger,
P. Strmen, T.P.D. Swan, I. Szarka, J.J. Valiente-Dobón, S. Verma, P.M. Walker,
H. Weick, H.J. Wollersheim

2013Ba41 PRVCA 88, 024315 A.E. Barzakh, L. Kh. Batist, D.V. Fedorov, V.S. Ivanov, K.A. Mezilev,
P.L. Molkanov, F.V. Moroz, S. Yu. Orlov, V.N. Panteleev, Yu. M. Volkov

2013Be07 EPJAA 49, 24 P. Belli, R. Bernabei, F. Cappella, R. Cerulli, F.A. Danevich, S. d’Angelo,
A. Di Marco, A. Incicchitti, G.P. Kovtun, N.G. Kovtun, M. Laubenstein,
D.V. Poda, O.G. Polischuk, A.P. Shcherban, V.I. Tretyak

2013Be09 PRVCA 87, 034607 P. Belli, R. Bernabei, F. Cappella, R. Cerulli, F.A. Danevich, S. d’Angelo, A. In-
cicchitti, G.P. Kovtun, N.G. Kovtun, M. Laubenstein, D.V. Poda, O.G. Polischuk,
A.P. Shcherban, D.A. Solopikhin, J. Suhonen, V.I. Tretyak

2013Be16 EPJAA 49, 50 J.W. Beeman, F. Bellini, L. Cardani, N. Casali, S. Di Domizio, E. Fiorini,
L. Gironi, S.S. Nagorny, S. Nisi, F. Orio, L. Pattavina, G. Pessina, G. Piperno,
S. Pirro, E. Previtali, C. Rusconi, C. Tomei, M. Vignati

2013Be31 EPJAA 49, 92 G. Bellini, for the Borexino Collaboration
2013Bi14 PRVCA 88, 067301 M. Birch, J. Flegenheimer, Z. Schaedig, B. Singh, M. Thoennessen
2013Bu12 PRVCA 88, 022501 S. Bustabad, G. Bollen, M. Brodeur, D.L. Lincoln, S.J. Novario, M. Redshaw,

R. Ringle, S. Schwarz, A.A. Valverde
2013Bu17 PRVCA 88, 035502 S. Bustabad, G. Bollen, M. Brodeur, D.L. Lincoln, S.J. Novario, M. Redshaw,

R. Ringle, S. Schwarz
2013Ca18 PRVCA 88, 034313 C. Caesar, for the R3B Collaboration
2013Ch12 PRLTA 110, 122502 L. Chen, P.M. Walker, H. Geissel, Yu. A. Litvinov, K. Beckert, P. Beller,

F. Bosch, D. Boutin, L. Caceres, J.J. Carroll, D.M. Cullen, I.J. Cullen,
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C. Wagemans

2013Fi08 PRVCA 88, 011303 M. Fisichella, A. Musumarra, F. Farinon, C. Nociforo, A. Del oppo, P. Figuera,
M. La Cognata, M.G. Pellegriti, V. Scuderi, D. Torresi, E. Strano

2013Fl09 PRLTA 111, 212501 K.T. Flanagan, K.M. Lynch, J. Billowes, M.L. Bissell, I. Budinčević, T.E. Coco-
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P. Boutachkov, A.M. Bruce, M. Górska, J. Grebosz, S. Pietri, Zs. Podolyák,
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dersson, A. Di Nitto, Ch. E. Düllmann, J.M. Gates, K.E. Gregorich, C.J. Gross,
F.P. Heßberger, R.-D. Herzberg, J. Khuyagbaatar, J.V. Kratz, K. Rykaczews-
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M.B. Gómez Hornillos, J. Hakala, A. Jokinen, D. Jordan, A. Kankainen,
V. Kolkinen, T. Martı́nez, P.J. Mason, I. Moore, H. Penttilä, Zs. Podolyák, M. Re-
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inazzo, D. Henzlova, B. Jurado, K. Langanke, G. Martı́nez-Pinedo, J. Pereira,
O. Yordanov

2014Ku.A RSINA 85, 053305 Peter Kunz, Corina Andreoiu, Pierre Bricault, Marik Dombsky, Jens Lassen,
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M. Pfützner, S. Pietri, P. Boutachkov, H. Weick, J. Grebosz, A.M. Bruce, J. Al-
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2014Na10 PRLTA 112, 142501 T. Nakamura, N. Kobayashi, Y. Kondo, Y. Satou, J.A. Tostevin, Y. Utsuno,
N. Aoi, H. Baba, N. Fukuda, J. Gibelin, N. Inabe, M. Ishihara, D. Kameda,
T. Kubo, T. Motobayashi, T. Ohnishi, N.A. Orr, H. Otsu, T. Otsuka, H. Saku-
rai, T. Sumikama, H. Takeda, E. Takeshita, M. Takechi, S. Takeuchi, Y. Togano,
K. Yoneda

2014Ne15 PRVCA 90, 042501 D.A. Nesterenko, S. Eliseev, K. Blaum, M. Block, S. Chenmarev, A. Dörr,
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T. Sumikama, P.-A. Söderström, P. Doornenbal, Z. Li, F. Browne, G. Gey,
H.S. Jung, J. Taprogge, Zs. Vajta, J. Wu, A. Yagi, H. Baba, G. Benzoni,
K.Y. Chae, F.C.L. Crespi, N. Fukuda, R. Gernhäuser, N. Inabe, T. Isobe, A. Jung-
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J. Timàr, C. Timis, Zs. Vajta

2015CaZM Th.-Chicago S. Caldwell
2015Ch56 PRVCA 92, 044308 R. Chapman, A. Hodsdon, M. Bouhelal, F. Haas, X. Liang, F. Azaiez,

Z.M. Wang, B.R. Behera, M. Burns, E. Caurier, L. Corradi, D. Curien, A.N. Dea-
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A.M. Sjödin, Y. Tsunoda, P. Van den Bergh, P. Van Duppen, J. Van de Walle,
M. Venhart, W.B. Walters, K. Wimmer

2015Ga24 PRVCA 92, 021301 J.M. Gates, K.E. Gregorich, O.R. Gothe, E.C. Uribe, G.K. Pang, D.L. Bleuel,
M. Block, R.M. Clark, C.M. Campbell, H.L. Crawford, M. Cromaz, A. Di Nitto,
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J. Hakala, M. Holl, M. Jeskovský, A. Jokinen, A. Kankainen, J. Kopo-
nen, A.J. Mayer, I.D. Moore, D.A. Nesterenko, I. Pohjalainen, P. Povinec,
J. Reinikainen, S. Rinta-Antila, P.C. Srivastava, J. Suhonen, R.I. Thompson,
A. Voss, M.E. Wieser

030003-467



Chinese Physics C Vol. 45, No. 3 (2021) 030003

2016Al10 PRVCA 93, 044325 M.F. Alshudifat, R. Grzywacz, M. Madurga, C.J. Gross, K.P. Rykaczewski,
J.C. Batchelder, C. Bingham, I.N. Borzov, N.T. Brewer, L. Cartegni, A. Fi-
jalkowska, J.H. Hamilton, J.K. Hwang, S.V. Ilyushkin, C. Jost, M. Karny, A. Ko-
rgul, W. Krolas, S.H. Liu, C. Mazzocchi, A.J. Mendez, K. Miernik, D. Miller,
S.W. Padgett, S.V. Paulauskas, A.V. Ramayya, D.W. Stracener, R. Surman,
J.A. Winger, M. Wolinska-Cichocka, E.F. Zganjar

2016Al28 PPNUE 47, 986 E.N. Alexeyev, Yu. M. Gavrilyuk, A.M. Gangapshev, V.V. Kazalov, V.V. Kuzmi-
nov, S.I. Panasenko, S.S. Ratkevich

2016Al30 IMSPF 406, 1 M. Alanssari, D. Frekers, T. Eronen, L. Canete, J. Hakala, M. Holl, A. Joki-
nen, A. Kankainen, J. Koponen, I.D. Moore, D.A. Nesterenko, I. Pohjalainen,
J. Reinikainen, S. Rinta-Antila, A. Voss

2016An10 PRVCA 93, 064316 B. Andel, A.N. Andreyev, S. Antalic, F.P. Hessberger, D. Ackermann, S. Hof-
mann, M. Huyse, Z. Kalaninova, B. Kindler, I. Kojouharov, P. Kuusiniemi,
B. Lommel, K. Nishio, R.D. Page, B. Sulignano, P. Van Duppen

2016An14 JPGPE 43, 095202 G. Angloher, M. Bauer, P. Bauer, I. Bavykina, A. Bento, C. Bucci, L. Canon-
ica, C. Ciemniak, X. Defay, G. Deuter, A. Er, F. v. Feilitzsch, N. Ferreiro I-
achellini, P. Gorla, A. Gutlein, D. Hauff, P. Huff, C. Isaila, J. Jochum, M. Kiefer,
M. Kimmerle, H. Kluck, H. Kraus, J.-C. Lanfranchi, J. Loebell, A. Munster,
C. Pagliarone, F. Petricca, S. Pfister, W. Potzel, F. Probst, F. Reindl, S. Roth,
K. Rottler, C. Sailer, K. Schaffner, J. Schieck, J. Schmaler, S. Scholl, S. Schon-
ert, W. Seidel, M. v. Sivers, L. Stodolsky, C. Strandhagen, R. Strauss, A. Tanzke,
V. Tretyak, H.H. Trinh Thi, C. Turkoglu, M. Uffinger, A. Ulrich, I. Usherov,
S. Wawoczny, M. Willers, M. Wustrich, A. Zoller

2016As01 NUPAB 946, 171 K. Asakura, A. Gando, Y. Gando, T. Hachiya, S. Hayashida, H. Ikeda, K. I-
noue, K. Ishidoshiro, T. Ishikawa, S. Ishio, M. Koga, S. Matsuda, T. Mitsui,
D. Motoki, K. Nakamura, S. Obara, M. Otani, T. Oura, I. Shimizu, Y. Shira-
hata, J. Shirai, A. Suzuki, H. Tachibana, K. Tamae, K. Ueshima, H. Watan-
abe, B.D. Xu, H. Yoshida, A. Kozlov, Y. Takemoto, S. Yoshida, K. Fushimi,
T.I. Banks, B.E. Berger, B.K. Fujikawa, T. O’Donnell, L.A. Winslow, Y. Efre-
menko, H.J. Karwowski, D.M. Markoff, W. Tornow, J.A. Detwiler, S. Enomoto,
M.P. Decowski

2016Ba42 PRVCA 94, 024334 A.E. Barzakh, D.V. Fedorov, V.S. Ivanov, P.L. Molkanov, F.V. Moroz,
S. Yu. Orlov, V.N. Panteleev, M.D. Seliverstov, Yu. M. Volkov

2016Ba60 PRVCA 94, 054301 H. Badran, C. Scholey, K. Auranen, T. Grahn, P.T. Greenlees, A. Herzan,
U. Jakobsson, R. Julin, S. Juutinen, J. Konki, M. Leino, M. Mallaburn, J. Pakari-
nen, P. Papadakis, J. Partanen, P. Peura, P. Rahkila, M. Sandzelius, J. Saren,
J. Sorri, S. Stolze, J. Uusitalo

2016Ba65 IMPEE 25, 1650107 T. Bayram, Se. Akkoyun, S. Uruk, H. Dapo, F. Dulger, I. Boztosun
2016Be11 PRVCA 93, 045502 P. Belli, R. Bernabei, V.B. Brudanin, F. Cappella, V. Caracciolo, R. Cerul-

li, D.M. Chernyak, F.A. Danevich, S. d’Angelo, A. Di Marco, A. Incicchit-
ti, M. Laubenstein, V.M. Mokina, D.V. Poda, O.G. Polischuk, V.I. Tretyak,
I.A. Tupitsyna

2016Bi08 PRVCA 93, 064318 M.L. Bissell, T. Carette, K.T. Flanagan, P. Vingerhoets, J. Billowes, K. Blaum,
B. Cheal, S. Fritzsche, M. Godefroid, M. Kowalska, J. Kramer, R. Neugart,
G. Neyens, W. Nortershauser, D.T. Yordanov

2016Bl05 PRVCA 93, 061301 B. Blank, T. Goigoux, P. Ascher, M. Gerbaux, J. Giovinazzo, S. Grevy, T. Kur-
tukian Nieto, C. Magron, J. Agramunt, A. Algora, V. Guadilla, A. Montaner-
Piza, A.I. Morales, S.E.A. Orrigo, B. Rubio, D.S. Ahn, P. Doornenbal, N. Fuku-
da, N. Inabe, G. Kiss, T. Kubo, S. Kubono, S. Nishimura, V.H. Phong, H. Saku-
rai, Y. Shimizu, P.-A. Soderstrom, T. Sumikama, H. Suzuki, H. Takeda, J. Wu,
Y. Fujita, M. Tanaka, W. Gelletly, P. Aguilera, F. Molina, F. Diel, D. Lubos,
G. de Angelis, D. Napoli, C. Borcea, A. Boso, R.B. Cakirli, E. Ganioglu, J. Chi-
ba, D. Nishimura, H. Oikawa, Y. Takei, S. Yagi, K. Wimmer, G. de France, S. Go

030003-468



Chinese Physics C Vol. 45, No. 3 (2021) 030003

2016Bo19 PYLBB 760, 273 G. Bocchi, S. Leoni, B. Fornal, G. Colo, P.F. Bortignon, S. Bottoni, A. Bracco,
C. Michelagnoli, D. Bazzacco, A. Blanc, G. de France, M. Jentschel, U. Koster,
P. Mutti, J.-M. Regis, G. Simpson, T. Soldner, C.A. Ur, W. Urban, L.M. Fraile,
R. Lozeva, B. Belvito, G. Benzoni, A. Bruce, R. Carroll, N. Cieplicka-Orynczak,
F.C.L. Crespi, F. Didierjean, J. Jolie, W. Korten, T. Kroll, S. Lalkovski, H. Mach,
N. Marginean, B. Melon, D. Mengoni, B. Million, A. Nannini, D. Napoli, B. O-
laizola, V. Paziy, Zs. Podolyak, P.H. Regan, N. Saed-Samii, B. Szpak, V. Vedia

2016Br01 PRVCA 93, 025503 M. Brodeur, C. Nicoloff, T. Ahn, J. Allen, D.W. Bardayan, F.D. Becchet-
ti, Y.K. Gupta, M.R. Hall, O. Hall, J. Hu, J.M. Kelly, J.J. Kolata, J. Long,
P. O’Malley, B.E. Schultz

2016Ca15 PRVCA 93, 034307 R.J. Carroll, R.D. Page, D.T. Joss, D. O’Donnell, J. Uusitalo, I.G. Darby,
K. Andgren, K. Auranen, S. Bonig, B. Cederwall, M. Doncel, M.C. Drummond,
S. Eeckhaudt, T. Grahn, C. Gray-Jones, P.T. Greenlees, B. Hadinia, A. Herzan,
U. Jakobsson, P.M. Jones, R. Julin, S. Juutinen, J. Konki, T. Kroll, M. Leino,
A.-P. Leppanen, C. McPeake, M. Nyman, J. Pakarinen, J. Partanen, P. Peura,
P. Rahkila, J. Revill, P. Ruotsalainen, M. Sandzelius, J. Saren, B. Saygi, C. Scho-
ley, D. Seweryniak, J. Simpson, J. Sorri, S. Stolze, M.J. Taylor, A. Thornthwaite

2016Ca22 EPJAA 52, 124 L. Canete, A. Kankainen, T. Eronen, D. Gorelov, J. Hakala, A. Jokinen, V.S. Kol-
hinen, J. Koponen, I.D. Moore, J. Reinikainen, S. Rinta-Antila

2016Ca33 PRVCA 94, 024314 L. Capponi, J.F. Smith, P. Ruotsalainen, C. Scholey, P. Rahkila, K. Auranen,
L. Bianco, A.J. Boston, H.C. Boston, D.M. Cullen, X. Derkx, M.C. Drum-
mond, T. Grahn, P.T. Greenlees, L. Grocutt, B. Hadinia, U. Jakobsson, D.T. Joss,
R. Julin, S. Juutinen, M. Labiche, M. Leino, K.G. Leach, C. McPeake, K.F. Mul-
holland, P. Nieminen, D. O’Donnell, E.S. Paul, P. Peura, M. Sandzelius, J. Saren,
B. Saygi, J. Sorri, S. Stolze, A. Thornthwaite, M.J. Taylor, J. Uusitalo

2016Ca43 JLTPA 184, 952 N. Casali, A. Dubovik, S. Nagorny, S. Nisi, F. Orio, L. Pattavina, S. Pirro,
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2016Wa16 PRVCA 93, 054301 Z.M. Wang, A.B. Garnsworthy, C. Andreoiu, G.C. Ball, P.C. Bender, V. Bild-
stein, D.S. Cross, G. Demand, R. Dunlop, L.J. Evit ts, P.E. Garrett, G. Hack-
man, B. Hadinia, S. Ketelhut, R. Krucken, K.G. Leach, A.T. Laffoley, D. Miller,
M. Moukaddam, J. Pore, A.J. Radich, M.M. Rajabali, C.E. Svensson, A. Tan,
E. Tardiff, C. Unsworth, A. Voss, P. Voss

2016Wa19 PYLBB 760, 641 H. Watanabe, G.X. Zhang, K. Yoshida, P.M. Walker, J.J. Liu, J. Wu, P.H. Regan,
P.-A. Soderstrom, H. Kanaoka, Z. Korkulu, P.S. Lee, S. Nishimura, A. Yagi,
D.S. Ahn, T. Alharbi, H. Baba, F. Browne, A.M. Bruce, R.J. Carroll, K.Y. Chae,
Zs. Dombradi, P. Doornenbal, A. Estrade, N. Fukuda, C. Griffin, E. Ideguchi,
N. Inabe, T. Isobe, S. Kanaya, I. Kojouharov, F.G. Kondev, T. Kubo, S. Kubono,
N. Kurz, I. Kuti, S. Lalkovski, G.J. Lane, C.S. Lee, E.J. Lee, G. Lorusso,
G. Lotay, C.-B. Moon, I. Nishizuka, C.R. Nita, A. Odahara, Z. Patel, V.H. Phong,
Zs. Podolyak, O.J. Roberts, H. Sakurai, H. Schaffner, C.M. Shand, Y. Shimizu,
T. Sumikama, H. Suzuki, H. Takeda, S. Terashima, Zs. Vajta, J.J. Valiente-
Dobon, Z.Y. Xu

2016We07 NATUA 533, 47 L. v. d. Wense, B. Seiferle, M. Laatiaoui, J.B. Neumayr, H.-J. Maier, H.-F. Wirth,
C. Mokry, J. Runke, Kl. Eberhardt, C.E. Dullmann, N.G. Trautmann, P.G. Thi-
rolf

2016Xu10 PRLTA 117, 182503 X. Xu, P. Zhang, P. Shuai, R.J. Chen, X.L. Yan, Y.H. Zhang, M. Wang, Yu. A. L-
itvinov, H.S. Xu, T. Bao, X.C. Chen, H. Chen, C.Y. Fu, S. Kubono, Y.H. Lam,
D.W. Liu, R.S. Mao, X.W. Ma, M.Z. Sun, X.L. Tu, Y.M. Xing, J.C. Yang,
Y.J. Yuan, Q. Zeng, X. Zhou, X.H. Zhou, W.L. Zhan, S. Litvinov, K. Blaum,
G. Audi, T. Uesaka, Y. Yamaguchi, T. Yamaguchi, A. Ozawa, B.H. Sun, Y. Sun,
A.C. Dai, F.R. Xu

2016Ya02 PRLTA 116, 182502 X.F. Yang, C. Wraith, L. Xie, C. Babcock, J. Billowes, M.L. Bissell, K. Blaum,
B. Cheal, K.T. Flanagan, R.F. Garcia Ruiz, W. Gins, C. Gorges, L.K. Grob,
H. Heylen, S. Kaufmann, M. Kowalska, J. Kraemer, S. Malbrunot-Ettenauer,
R. Neugart, G. Neyens, W. Nortershauser, J. Papuga, R. Sanchez, D.T. Yordanov

2016Ya.A PrvCom SNa Apr A. Yagi updates 2015Ya.1

2017

2017AgZZ EPJWC 146, 01004 J. Agramunt, J.L. Tain, F. Albiol, A. Algora, R. Caballero-Folch, F. Calvi-
no, G. Cortes, I. Dillmann, T. Eronen, A.R. Garcia, E. Ganioglu, W. Gelletly,
D. Gorelov, V. Guadilla, H. Hakala, A. Jokinen, A. Kankainen, A. Montaner,
M. Marta, E. Mendoza, I. Moore, C. Nobs, S. Orrigo, H. Penttila, M. Reponen,
S. Rinta-Antila, A. Riego, B. Rubio, A. Saastamoinen, P. Salvador-Castineira,
A. Tarifeno-Saldivia, A. Tolosa, E. Valencia

2017Al34 PRVCA 96, 044325 N.A. Althubiti, D. Atanasov, K. Blaum, T.E. Cocolios, T. Day Goodacre,
G.J. Farooq-Smith, D.V. Fedorov, V.N. Fedosseev, S. George, F. Herfurth,
K. Heyde, S. Kreim, D. Lunney, K.M. Lynch, V. Manea, B.A. Marsh, D. Neid-
herr, M. Rosenbusch, R.E. Rossel, S. Rothe, L. Schweikhard, M.D. Seliverstov,
A. Welker, F. Wienholtz, R.N. Wolf, K. Zuber

030003-475



Chinese Physics C Vol. 45, No. 3 (2021) 030003

2017Am01 PRVCA 95, 014330 B.M.S. Amro, C.J. Lister, E.A. McCutchan, W. Loveland, P. Chowdhury,
S. Zhu, A.D. Ayangeakaa, J.S. Barrett, M.P. Carpenter, C.J. Chiara, J.P. Greene,
J.L. Harker, R.V.F. Janssens, T. Lauritsen, A.A. Sonzogni, W.B. Walters,
R. Yanez

2017An16 PRVCA 96, 054327 B. Andel, A.N. Andreyev, S. Antalic, A. Barzakh, N. Bree, T.E. Cocolios,
V.F. Comas, J. Diriken, J. Elseviers, D.V. Fedorov, V.N. Fedosseev, S. Franchoo,
L. Ghys, J.A. Heredia, M. Huyse, O. Ivanov, U. Köster, V. Liberati, B.A. Marsh,
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terna, Ł. W. Iskra, A.G. Smith, I. Ahmad, A. Blanc, H. Faust, U. Koster,
M. Jentschel, P. Mutti, T. Soldner, G.S. Simpson, J.A. Pinston, G. de France,
C.A. Ur, V.-V. Elomaa, T. Eronen, J. Hakala, A. Jokinen, A. Kankainen,
I.D. Moore, J. Rissanen, A. Saastamoinen, J. Szerypo, C. Weber, J. Äystö
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F. Calviño, L. Canete, G. Cortès, C. Domingo-Pardo, T. Eronen, E. Ganioglu,
W. Gelletly, D. Gorelov, V. Guadilla, J. Hakala, A. Jokinen, A. Kankainen,
V. Kolhinen, J. Koponen, M. Marta, E. Mendoza, A. Montaner-Pizá, I. Moore,
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A. Fomichev, H. Geissel, A. Gorshkov, Z. Janas, G. Kamiński, O. Kiselev,
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H. Penttilä, I. Pohjalainen, W.S. Porter, S. Rinta-Antila, R. Surman, A. Voss,
J. Äystö
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P. Boutachkov, F. Browne, I. Çeliković, M. Dewald, P. Doornenbal, T. Faester-
mann, Y. Fang, G. de France, N. Fukuda, A. Gengelbach, J. Gerl, J. Giovinazzo,
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di, P. Boutachkov, A.M. Bruce, M. Górska, J. Grebosz, S. Pietri, Zs. Podolyák,
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P.T. Greenlees, J. Henderson, A. Herzáň, U. Jakobsson, R. Julin, S. Juutinen,
J. Konki, M. Labiche, M. Leino, P.J.R. Mason, C. McPeake, D. O’Donnell,
J. Pakarinen, P. Papadakis, J. Partanen, P. Peura, P. Rahkila, J.P. Revill, P. Ruot-
salainen, M. Sandzelius, J. Sarén, C. Scholey, J. Simpson, J.F. Smith, M. Smolen,
J. Sorri, S. Stolze, A. Thornthwaite, J. Uusitalo

2019Pa45 PRVCA 100, 044323 E. Parr, J.F. Smith, P.T. Greenlees, K. Auranen, P.A. Butler, R. Chapman,
D.M. Cox, D.M. Cullen, L.P. Gaffney, T. Grahn, E.T. Gregor, L. Grocut-
t, A. Herzan, R.-D. Herzberg, D. Hodge, U. Jakobsson, R. Julin, S. Juuti-
nen, J. Keatings, J. Konki, M. Leino, P.P. McKee, C. McPeake, D. Mengoni,
A.K. Mistry, K.F. Mulholland, B.S. Nara Singh, G.G. O’Neill, J. Pakarinen,
P. Papadakis, J. Partanen, P. Peura, P. Rahkila, P. Ruotsalainen, M. Sandzelius,
J. Saren, M. Scheck, C. Scholey, M. Siciliano, M. Smolen, J. Sorri, P. Spagno-
letti, K.M. Spohr, S. Stolze, M.J. Taylor, J. Uusitalo

2019Ph02 PRVCA 100, 011302 V.H. Phong, G. Lorusso, T. Davinson, A. Estrade, O. Hall, J. Liu, K. Matsui,
F. Montes, S. Nishimura, A. Boso, P.H. Regan, R. Shearman, Z.Y. Xu, J. Agra-
munt, J.M. Allmond, D.S. Ahn, A. Algora, H. Baba, N.T. Brewer, C.G. Bruno,
R. Caballero-Folch, F. Calvino, M. Wolińska-Cichocka, G. Cortes, I. Dill-
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D.A. Nesterenko, H. Penttilä, I. Pohjalainen, M. Reponen, S. Rinta-Antila,
A. de Roubin, W. Satułla, J. Suhonen

2019Vo03 EPJAA 55, 17 M. Vostinar, F.P. Hessberger, D. Ackermann, B. Andel, S. Antalic, M. Block,
Ch. Droese, J. Even, S. Heinz, Z. Kalaninova, I. Kojouharov, M. Laatiaoui,
A.K. Mistry, J. Piot, H. Savajols

030003-500



Chinese Physics C Vol. 45, No. 3 (2021) 030003

2019Wa14 PYLBB 792, 263 H. Watanabe, H.K. Wang, G. Lorusso, S. Nishimura, Z.Y. Xu, T. Sumikama,
P.-A. Soderstrom, P. Doornenbal, F. Browne, G. Gey, H.S. Jung, J. Taprogge,
Zs. Vajta, J. Wu, A. Yagi, H. Baba, G. Benzoni, K.Y. Chae, F.C.L. Crespi,
N. Fukuda, R. Gernhauser, N. Inabe, T. Isobe, A. Jungclaus, D. Kameda,
G.D. Kim, Y.K. Kim, I. Kojouharov, F.G. Kondev, T. Kubo, N. Kurz, Y.K. K-
won, G.J. Lane, Z. Li, C.-B. Moon, A. Montaner-Piza, K. Moschner, F. Naqvi,
M. Niikura, H. Nishibata, D. Nishimura, A. Odahara, R. Orlandi, Z. Patel,
Zs. Podolyak, H. Sakurai, H. Schaffner, G.S. Simpson, K. Steiger, Y. Sun,
H. Suzuki, H. Takeda, A. Wendt, K. Yoshinaga

2019We03 PRLTA 122, 122501 T.B. Webb, S.M. Wang, K.W. Brown, R.J. Charity, J.M. Elson, J. Barney, G. Cer-
izza, Z. Chajecki, J. Estee, D.E.M. Hoff, S.A. Kuvin, W.G. Lynch, J. Manfredi,
D. McNeel, P. Morfouace, W. Nazarewicz, C.D. Pruitt, C. Santamaria, J. Smith,
L.G. Sobotka, S. Sweany, C.Y. Tsang, M.B. Tsang, A.H. Wuosmaa, Y. Zhang,
K. Zhu

2019We11 PRVCA 100, 024306 T.B. Webb, R.J. Charity, J.M. Elson, D.E.M. Hoff, C.D. Pruitt, L.G. Sobotka,
K.W. Brown, J. Barney, G. Cerizza, J. Estee, G. Jhang, W.G. Lynch, J. Manfredi,
P. Morfouace, C. Santamaria, S. Sweany, M.B. Tsang, T. Tsang, S.M. Wang,
Y. Zhang, K. Zhu, S.A. Kuvin, D. McNeel, J. Smith, A.H. Wuosmaa, Z. Chajecki

2019Wi04 PYLBB 792, 16 K. Wimmer, F. Recchia, S.M. Lenzi, S. Riccetto, T. Davinson, A. Estrade,
C.J. Griffin, S. Nishimura, F. Nowacki, V. Phong, A. Poves, P.-A. Soderstrom,
O. Aktas, M. Al-Aqeel, T. Ando, H. Baba, S. Bae, S. Choi, P. Doornenbal,
J. Ha, L. Harkness-Brennan, T. Isobe, P.R. John, D. Kahl, G. Kiss, I. Kojouharov,
N. Kurz, M. Labiche, K. Matsui, S. Momiyama, D.R. Napoli, M. Niikura, C. Ni-
ta, Y. Saito, H. Sakurai, H. Schaffner, P. Schrock, C. Stahl, T. Sumikama, V. W-
erner, W. Witt, P.J. Woods

2019Wi08 PYLBB 795, 266 K. Wimmer, P. Doornenbal, W. Korten, P. Aguilera, A. Algora, T. Ando, T. Arici,
H. Baba, B. Blank, A. Boso, S. Chen, A. Corsi, P. Davies, G. de Angelis, G. de
France, D.T. Doherty, J. Gerl, R. Gernhauser, D.G. Jenkins, S. Koyama, T. Mo-
tobayashi, S. Nagamine, M. Niikura, A. Obertelli, D. Lubos, B. Rubio, E. Sahin,
T.Y. Saito, H. Sakurai, L. Sinclair, D. Steppenbeck, R. Taniuchi, R. Wadsworth,
M. Zielinska

2019Wi11 PRVCA 100, 054331 J. Wisniewski, W. Urban, M. Czerwinski, J. Kurpeta, A. Plochocki, M. Po-
morski, T. Rzaca-Urban, K. Sieja, L. Canete, T. Eronen, S. Geldhof, A. Joki-
nen, A. Kankainen, I.D. Moore, D.A. Nesterenko, H. Penttila, I. Pohjalainen,
S. Rinta-Antila, A. de Roubin, M. Vilen

2019Xi06 PRVCA 100, 034315 Y. Xiao, S. Go, R. Grzywacz, R. Orlandi, A.N. Andreyev, M. Asai, M.A. Bent-
ley, G. de Angelis, C.J. Gross, P. Hausladen, K. Hirose, S. Hofmann, H. Ike-
zoe, D.G. Jenkins, B. Kindler, R. Leguillon, B. Lommel, H. Makii, C. Mazzoc-
chi, K. Nishio, P. Parkhurst, S.V. Paulauskas, C.M. Petrache, K.P. Rykaczews-
ki, T.K. Sato, J. Smallcombe, A. Toyoshima, K. Tsukada, K. Vaigneur,
R. Wadsworth

2019Xu09 PRVCA 99, 064303 X. Xu, M. Wang, K. Blaum, J.D. Holt, Yu. A. Litvinov, A. Schwenk, J. Simonis,
S.R. Stroberg, Y.H. Zhang, H.S. Xu, P. Shuai, X.L. Tu, X.H. Zhou, F.R. X-
u, G. Audi, R.J. Chen, X.C. Chen, C.Y. Fu, Z. Ge, W.J. Huang, S. Litvinov,
D.W. Liu, Y.H. Lam, X.W. Ma, R.S. Mao, A. Ozawa, B.H. Sun, Y. Sun, T. Ue-
saka, G.Q. Xiao, Y.M. Xing, T. Yamaguchi, Y. Yamaguchi, X.L. Yan, Q. Zeng,
H.W. Zhao, T.C. Zhao, W. Zhang, W.L. Zhan

2019Xu13 PRVCA 100, 051303 X. Xu, J.H. Liu, C.X. Yuan, Y.M. Xing, M. Wang, Y.H. Zhang, X.H. Zhou,
Yu. A. Litvinov, K. Blaum, R.J. Chen, X.C. Chen, C.Y. Fu, B.S. Gao, J.J. He,
S. Kubono, Y.H. Lam, H.F. Li, M.L. Liu, X.W. Ma, P. Shuai, M. Si, M.Z. Sun,
X.L. Tu, Q. Wang, H.S. Xu, X.L. Yan, J.C. Yang, Y.J. Yuan, Q. Zeng, P. Zhang,
X. Zhou, W.L. Zhan, S. Litvinov, G. Audi, S. Naimi, T. Uesaka, Y. Yamaguchi,
T. Yamaguchi, A. Ozawa, B.H. Sun, K. Kaneko, Y. Sun, F.R. Xu

2019Ya04 EPJAA 55, 8 H.B. Yang, Z.G. Gan, Z.Y. Zhang, M.M. Zhang, M.H. Huang, L. Ma, C.L. Yang
2019Ya18 PRLTA 123, 222501 A. Yamaguchi, H. Muramatsu, T. Hayashi, N. Yuasa, K. Nakamura, M. Takimo-

to, H. Haba, K. Konashi, M. Watanabe, H. Kikunaga, K. Maehata, N.Y. Yamasa-
ki, K. Mitsuda

030003-501



Chinese Physics C Vol. 45, No. 3 (2021) 030003

2019Yo03 PRVCA 100, 031302 R. Yokoyama, R. Grzywacz, B.C. Rasco, N. Brewer, K.P. Rykaczewski, I. Dill-
mann, J.L. Tain, S. Nishimura, D.S. Ahn, A. Algora, J.M. Allmond, J. Agramunt,
H. Baba, S. Bae, C.G. Bruno, R. Caballero-Folch, F. Calvino, P.J. Coleman-
Smith, G. Cortes, T. Davinson, C. Domingo-Pardo, A. Estrade, N. Fukuda,
S. Go, C.J. Griffin, J. Ha, O. Hall, L.J. Harkness-Brennan, J. Heideman, T. Isobe,
D. Kahl, M. Karny, T. Kawano, L.H. Khiem, T.T. King, G.G. Kiss, A. Korgul,
S. Kubono, M. Labiche, I. Lazarus, J. Liang, J. Liu, G. Lorusso, M. Madur-
ga, K. Matsui, K. Miernik, F. Montes, A.I. Morales, P. Morrall, N. Nepal,
R.D. Page, V.H. Phong, M. Piersa, M. Prydderch, V.F.E. Pucknell, M.M. Raja-
bali, B. Rubio, Y. Saito, H. Sakurai, Y. Shimizu, J. Simpson, M. Singh, D.W. S-
tracener, T. Sumikama, R. Surman, H. Suzuki, H. Takeda, A. Tarifeno-Saldivia,
S.L. Thomas, A. Tolosa-Delgado, M. Wolinska-Cichocka, P.J. Woods, X.X. Xu

2019Yo06 HYIND 240, 67 D.T. Yordanov, M. Kowalska, K. Blaum, M. De Rydt, K.T. Flanagan, P. Himpe,
P. Lievens, S. Mallion, R. Neugart, G. Neyens, N. Vermeulen, H. Stroke

2019Ze02 ARISE 152, 101 J. Zeng, Y. Gong, X. Guo, Q. Xiang, F. Hao, Y. Xiang, C. Zhang
2019Zh23 PRLTA 122, 192503 Z.Y. Zhang, Z.G. Gan, H.B. Yang, L. Ma, M.H. Huang, C.L. Yang, M.M. Zhang,

Y.L. Tian, Y.S. Wang, M.D. Sun, H.Y. Lu, W.Q. Zhang, H.B. Zhou, X. Wang,
C.G. Wu, L.M. Duan, W.X. Huang, Z. Liu, Z.Z. Ren, S.G. Zhou, X.H. Zhou,
H.S. Xu, Yu. S. Tsyganov, A.A. Voinov, A.N. Polyakov

2019Zh49 PYLBB 799, 135036 G.X. Zhang, H. Watanabe, G.D. Dracoulis, F.G. Kondev, G.J. Lane, P.H. Regan,
P.-A. Soderstrom, P.M. Walker, K. Yoshida, H. Kanaoka, Z. Korkulu, P.S. Lee,
J.J. Liu, S. Nishimura, J. Wu, A. Yagi, D.S. Ahn, T. Alharbi, H. Baba, F. Browne,
A.M. Bruce, M.P. Carpenter, R.J. Carroll, K.Y. Chae, C.J. Chiara, Zs. Dombradi,
P. Doornenbal, A. Estrade, N. Fukuda, C. Griffin, E. Ideguchi, N. Inabe, T. Isobe,
S. Kanaya, I. Kojouharov, T. Kubo, S. Kubono, N. Kurz, I. Kuti, S. Lalkovski,
T. Lauritsen, C.S. Lee, E.J. Lee, C.J. Lister, G. Lorusso, G. Lotay, E.A. Mc-
Cutchan, C.-B. Moon, I. Nishizuka, C.R. Nita, A. Odahara, Z. Patel, V.H. Phong,
Zs. Podolyak, O.J. Roberts, H. Sakurai, H. Schaffner, D. Seweryniak, C.M. S-
hand, Y. Shimizu, T. Sumikama, H. Suzuki, H. Takeda, S. Terashima, Zs. Vajta,
J.J. Valiente-Dobon, Z.Y. Xu, S. Zhu

2019Zh54 PRVCA 100, 064317 M.M. Zhang, Y.L. Tian, Y.S. Wang, X.H. Zhou, Z.Y. Zhang, H.B. Yang,
M.H. Huang, L. Ma, C.L. Yang, Z.G. Gan, J.G. Wang, H.B. Zhou, S. Huang,
X.T. He, S.Y. Wang, W.Z. Xu, H.W. Li, X.X. Xu, L.M. Duan, Z.Z. Ren,
S.G. Zhou, H.S. Xu

2020

2020An12 PRVCA 102, 014319 B. Andel, A.N. Andreyev, S. Antalic, M. Al Monthery, A. Barzakh, M.L. Bis-
sell, K. Chrysalidis, T.E. Cocolios, J.G. Cubiss, T. Day Goodacre, N. Dubray,
G.J. Farooq-Smith, D.V. Fedorov, V.N. Fedosseev, L.P. Gaffney, R.F. Garcia
Ruiz, S. Goriely, C. Granados, R.D. Harding, R. Heinke, S. Hilaire, M. Huyse,
J.-F. Lemaitre, K.M. Lynch, B.A. Marsh, P. Molkanov, P. Mosat, S. Peru, C. Rai-
son, S. Rothe, C. Seiffert, M.D. Seliverstov, S. Sels, D. Studer, J. Sundberg,
P. Van Duppen

2020Ar04 PRVCA 101, 055501 V. Araujo-Escalona, D. Atanasov, X. Flechard, P. Alfaurt, P. Ascher, B. Blank,
L. Daudin, M. Gerbaux, J. Giovinazzo, S. Grevy, T. Kurtukian-Nieto, E. Lienard,
G. Quemener, N. Severijns, S. Vanlangendonck, M. Versteegen, D. Zakoucky

030003-502



Chinese Physics C Vol. 45, No. 3 (2021) 030003

2020Ar09 ZCCNE 80, 674 E. Armengaud, C. Augier, A.S. Barabash, F. Bellini, G. Benato, A. Benoit,
M. Beretta, L. Berge, J. Billard, Yu. A. Borovlev, Ch. Bourgeois, M. Briere,
V. Brudanin, P. Camus, L. Cardani, N. Casali, A. Cazes, M. Chapellier, F. Char-
lieux, M. de Combarieu, I. Dafinei, F.A. Danevich, M. De Jesus, L. Du-
moulin, K. Eitel, E. Elkhoury, F. Ferri, B.K. Fujikawa, J. Gascon, L. Gironi,
A. Giuliani, V.D. Grigorieva, M. Gros, E. Guerard, D.L. Helis, H.Z. Huang,
R. Huang, J. Johnston, A. Juillard, H. Khalife, M. Kleifges, V.V. Kobychev,
Yu. G. Kolomensky, S.I. Konovalov, A. Leder, J. Kotila, P. Loaiza, L. Ma,
E.P. Makarov, P. de Marcillac, L. Marini, S. Marnieros, D. Misiak, X.-F. Nav-
ick, C. Nones, V. Novati, E. Olivieri, J.L. Ouellet, L. Pagnanini, P. Pari, L. Pat-
tavina, B. Paul, M. Pavan, H. Peng, G. Pessina, S. Pirro, D.V. Poda, O.G. Polis-
chuk, E. Previtali, T. Redon, S. Rozov, C. Rusconi, V. Sanglard, K. Schaffn-
er, B. Schmidt, Y. Shen, V.N. Shlegel, B. Siebenborn, V. Singh, C. Tomei,
V.I. Tretyak, V.I. Umatov, L. Vagneron, M. Velazquez, M. Weber, B. Welliv-
er, L. Winslow, M. Xue, E. Yakushev, A.S. Zolotarova

2020Au01 PRVCA 101, 024306 K. Auranen, U. Jakobsson, H. Badran, T. Grahn, P.T. Greenlees, A. Herzan,
R. Julin, S. Juutinen, J. Konki, M. Leino, A.-P. Leppanen, G. OŃeill, J. Pakari-
nen, P. Papadakis, J. Partanen, P. Rahkila, P. Ruotsalainen, M. Sandzelius,
J. Saren, C. Scholey, L. Sinclair, J. Sorri, S. Stolze, J. Uusitalo, A. Voss

2020Au04 PRVCA 102, 034305 K. Auranen, J. Uusitalo, H. Badran, T. Grahn, P.T. Greenlees, A. Herzan,
U. Jakobsson, R. Julin, S. Juutinen, J. Konki, M. Leino, A.-P. Leppanen,
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