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Abstract The level structure of 8 Kr isotopes is discussed within the framework of Interacting Boson Model (IBM-2).

One-phonon mixed symmetry states J * =2* and two-phonon mixed symmetry states J * =1%, 2% and 3" have been identi-

fied by analyzing the wave function and M1 transitions. Special attention is paid to the occurrence of 0; which is not repro-

duced well by other calculations. The study of the influence of the [d* d]L+[d* d]} interactions on the nuclear structure of

these nuclei are undertaken. The calculated results are compared with available experimental data; the results are in general

good agreement.

Key words mixed symmetry states, 5 ** Kr isotopes, IBM-2

1 Intreduction

In recent years, many mixed symmetry states have
been found for even-even nuclei. In a given mass region,
the mixed symmetry states usually show similar properties
in energy and electromagnetic transition. The occurrence
of mixed symmetry states has been predicted in various
models, such as the geometrical model'*?! and the Inte-

13751, The interacting boson model

racting Boson Mode
assumes that the low-lying collective levels of nuclei are
composed primarily of ] =0" and 2" coherent pairs of va-
lence nucleons which are approximated by s and d boson
respectively. In the original version (IBM-1), no distinc-
tion is made between proton boson and neutron boson,
therefore all states are symmetricm. The second version
the IBM-2, does distinguish between proton boson and

neutron boson. The states in the new version include all

symmetry states as well as mixed symmetry states belong-
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ing to the U (6) representation[ N-1, 1]. The different
neutron-proton symmetries can be conveniently labelled by
introducing a new quantum number called F-spin. A bo-
son is an object with F-spin equal to 1/2 and with projec-
tions 1/2 and — 1/2 for a proton and neutron boson, re-
spectively. The two kinds of bosons form a F-spin multi-
plet namely | x) =11/2,1/2) and | v) = 11/2, = 1/2).
The states with, F = (N, + N.)/2, belong to the
maximally symmetric representation [ N] of U(6). The
mixed symmetric states characterized by decreasing F-
spin values, such as F=F,, — 1 belong to the [ N-1, 1]
representation and so on!”’. The mixed symmetry states
have the following signatures: weak collective E2 transi-
tions to the symmetric states and strong M1 transition to
symmetric states with matrix elements of order (Jgs| M1
| Jms) =1pN. One example of the mixed symmetry states
is the J =1%, which is called the scissors mode. In the

IBM-2 picture, some 17 states arise from the proton-neu-
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tron mixed representation of the group U(6). Classical-
ly, these states can be regarded as small amplitude oscilla-

tions of the angle between symmetry axes of the deformed

8] 1t is discovered

in a high-resclution electron scattering experimentm.

valence neutrons and valence protons

Many nuclei have been investigated within the framework
of IBM, which gives a good agreement between the ex-
perimental and model result! 10141

Several experimental and theoretical investigations of
even-mass Kr isotopes have been carried out:

(i) Kaup and Gelberg!'®’, have performed systemat-
ic analysis of even-even Kr isotopes in the framework of
the IBM-2, satisfactorily reproduced the excitation energy
levels with the exception of the 0, states which were in-
terpreted as intruder states .

(ii) Hellmeister et al ., Wormann et al."""); and
Barfield and Lieb!"® have considered the same set of
Hamiltonian parameters which extended the calculations
to include B(E2) and obtained a reasonable agreement
with the experimental data.

(iii) Meyer et al.''? have investigated the structure
of % Kr isotope using in-beam and decay spectroscopy
studies. They also made a comparison between the experi-
mental data and the IBM-2 results.

(iv) Brusserman et al.'2®!, have performed the cal-
culation using rotor, interacting boson and Gneuss-Greiner
models for ¥Kr isotope, and compared the obtained re-
sults with multiple coulomb excitation. The authors con-
sidered that the 1957 keV 25 state asa F = F,,, — 1 state
in this nucleus.

(v) Giannatiempo et al.'®!, have studied the life-
time measurement of the 0; state in the ®Kr isotope and
compared with the calculated values of the IBM-2. This
study also includes the IBM-2 calculation for " # Kr iso-
topes.

(vi) Dejbakhsh et al.?!, have performed the IBM-
2 calculation using two different approaches. The first in-
vestigation is based on (€ ,= € ) and the second investi-
gation is based on (€ ,7 € ). The agreement between
the results obtained in this study and the experimental da-
ta is reasonable except for 25 in the two approaches.

(vii) Recently, Giannatiempo et al. %], have inves-
tigated the symmetry character of the bands in the
7284 Ky isotopes by calculating the F-spin and the ng4

components of the wave function of the states of these

bands. The bands investigated are restricted to those built
on the 0;, 2; and 3] states.

The aims of the present paper are the following:

1) To carry out systematic IBM-2 calculation of the
even mass ¢ **Kr isotopes in the contex of new experi-
mental data.

2) To study the mixed symmetric characters of the
eigenstates through a study of various quantities, for in-
stance correlation in the energy levels, the wave func-
tions, the F-spin values and the electromagnetic transition
probabilities.

3) Identification of the one-phonon and two-phonon

mixed symmetry states.

2 Interacting boson model-2

The IBM-2 Hamiltonian can be written as:

A ) A A A A
H=Ed(nd,,+ ndu)+/cm;Q1r'Qu+ EVW+M"”+
p=mv
4

M eP([ar a1l - [dr a1, (1)

L=0
where € jis the d boson excitation energy, ng4,, ng4, are

A
the number of proton, neutron d-boson operators. #,,Q.*

A
Q, is the quadruple interaction between proton and neu-

A
tron boson, where Q, quadruple operator is given by

A 3 -
Q, = (spd, * 57 d) + (d"dn, ()
and
M, = &[(dist —dist) « (dyse — drsy) 1P +
LS alara® - 12,2,1% 3)
k=1,3

is the Majorana operator, it only affects the position of the
mixed symmetry states. The V,, represents the interac-
tion between like-bosons, usually it is

A ~ o~
V,=1/2 > [2L +1]1cPld}a;1V - [d,d,]",

L=0,2,4
(4)

where p=m, v.

In the IBM-2, E2 and M1 operators are expressed as

A A A A A
T (E2) = e, T(E2) + ¢,T,(E2) = ¢,Q, + €,Q.,
(5)

A A
where the quadruple operators Q, and Q, are defined in
Eq.(2), e,and e, the proton and neutron boson effective
charges.

The M1 operator is expressed as



F7H

I, K FF RN R BRI RS R IR S X R 719

T(M1) = J3an(g.lo+ gl),  (6)

A
where L is the angular momentum operator,

A -

L, = J1old,+d,]1", (7)
g.and g, are g factors for proton and neutron boson, re-

spectively.
3 Interaction parameters

The even-even Kr isotopes with Z =36 and 40N
<48 were studied systematically, taking Z=28 and N=
50 as closed shells. According to this, the proton boson is
of particle-type while the neutron boson is of hole-type.
The best fitted parameters are summarized in Table 1. It
can be seen from the table that the values of CL = CE
(L=0,2,4)=0.1 for all isotopes, and that the absence
of these terms corresponds to the U (5) limit'®?. The
adopted values of the parameter ¢4 show a smooth varia-
tion with the neutron number. Similar type of neutron
number dependence has been observed for the parameter

(23] The values of &, increase with

¢4 in other calculation
the increase of the neutron number. The parameters y,
and y, have been kept constant in all Kr isotopes, and are
taken as the same as those in Refs. [21,23]. On the oth-
er hand, we choose £3=0.1 for all isotopes and vary &,
and &, to best fit the spectrum. This selection of Majorana
parameters will depress the 2 mixed symmetry states
with respect to 17 states. The aim was to minimize the
position of 27 mixed symmetry states in the Kr isotopes,
and to monitor the effects of such a change on the calcu-
lated energy levels. In order to obtain a better agreement
between the calculated spectra and the experimental re-
sults, we added the G- (L =0,2) terms. The parameters
G- (L =0,2) are adjustable to put the 0" and 3” ener-
gies right, and they have very small effect on the ground
state band. They are given in Table 1.

Table 1. The parameters of the IBM-2 Hamiltonian.
¥==—-0.1, y,=-1.1,C5=C5(L =0,2,4)=0.1
and &, =0.1 have been chosen for 76—84Kr. All the parameters
are in MeV except x, and x, which are dimensionless and
ey, €,are in e.bunit.
A ky €4 & & Gh Gn e e
76 —0.100 0.85 0.050 0.035 —0.40 —0.25 0.085 0.100
78 —0.094 0.84 0.101 0.130 —0.25 -0.33 0.085 0.100
80 —0.083 0.90 0.240 0.050 —0.14 —0.46 0.080 0.095

82 -0.078 0.99 0.180 0.050 —0.14 —0.48 0.070 0.085
84 —0.075 1.00 0.600 0.430 —0.14 -0.48 0.065 0.080

4 Energy levels

In this section, we systematically show the results of the
present calculation of energy levels of 7% Kr nuclei. They
are shown in Figs. 1—5. Reproduction of the trend in the
experimental data can be seen, especially those of the 0* and
2" states. The data are quoted from compilation in Refs.
[19,20,24]. The energy levels have been grouped according
to bands and F-spin values, and they provide an opportunity
to study the possible collective band structures that are pre-
dicted in these nuclei. Examining these figures, they agree
very well with the experiment, in particular, all 0; and 25
states, except the 0; in the "*Kr where the deviation is 0.27
MeV higher than the experimental one. It is possible that this
large difference is due to an intruder configuration. The 05
states in the ®8 Kr have boson seniority 7 =2, and these
nuclei are close to the U(5) limit. Comparing these results
with the experimental levels, we find that the calculated
ground state bands in the 8% Kr isotopes are generally high-
er the experimental ones. However, it should be emphasized
that the closed shell N = 50 plays an essential role in these
parameter values. We should point out that the energy of 3,
states predicted is in a good agreement with the experimental
ones. This is a consequence of the presence of a G5, terms in
the Hamiltonian. We have chosen these parameters in such a
way that it pushes up 3; states higher than the 2; gamma
band head state. The IMB-2 prediction of the gamma band of
the Kr isotopes is satisfactory. The staggering of odd-even
angular momentum levels in the gamma band, (i.e (3;,
4, ), --*) has been reproduced satisfactorily in the IBM-2 cal-

(N§] (n-1,1]

6 -
76Kr 10¢_
10— ot—
94‘——
9" —
+ 10. L _
4 HO— g8 r—
> 8 T e
— —6
ﬁ 8" T 8" 65—
[ & —6+ —6t_ st— 3
? 5t— st— 42— £ g
& N r'— _ = r—
5 Zfe—fz= - —fm 0= !
+
.4*_2_* F— o —
s ¥ 2
Lo — o' —
0 Exp. IBM-2

Fig.1 Comparison between energy levels in the IBM-2
calculation and experimental data in *Kr.
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culation. Though the predicted 0; levels around 1.8 [N] [N-1,1]
. _ . 6 r r x .
MeV in the 8 Kr have not been observed, the cal- “Kr o 0= Py
culated 05 state in the *Kr is very close to the exper- 10— o -
: . 5— g T
imental one at 2.170 MeV. The calculations are done 4 b . g 5= ;—
6— + —
using the IBM-2 computer code NPBOS!S 1V, g g o 2‘,3,‘}1_ P — 2%
6— " = ;. A
Fa At + 2
[N] [N-1,1] & e =L
6 r r - Y 17) 4 0—
g 2 feu .
75Kr 10" —~— 2 O 4 . 0—
3 10" — 10% ~— 9 —
9 — 2 2
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. — .
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g 2 be— e o ¥ ‘5‘*_ 2= = r'— Fig.5 Comparison between energy levels in the IBM-2
+= , 2'— T e f— o 2— . . .
L2 3~ T—y=0 calculation and experimental data in #*Kr.
 — g 2— 4
— —0 2
27— P .
o fo—  Exp o— IBM-2 5 Mixed symmetry states

Fig.2 Comparison between energy levels in the IBM-2
calculation and experimental data in "°Kr.
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Fig.3 Comparison between energy levels in the IBM-2
calculation and experimental data in *°Kr.
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Fig.4 Comparison between energy levels in the IBM-2

calculation and experimental data in ¥Kr.

The excitation energies of the mixed symmetry state
are related to the Majorana interactions. We have also cal-
culated the ratio

R=CJ1F 1 ])/Fau(Fpp + 1), (8)
as a measure of the mixing F-spin states. Since we are in-
terested mainly in the F=F_,, and F= F,, — 1 states,
we can assume a state has the following form

| J) = al Fopo + B Fope — 1),

at+ =1, (9)
and it is easy to calculate
JIUF1]) = a®Frp(Froge + 1) +

B*(F ey — 1) F g (10)
The values of the @ and f are important as they are a
measure of the amount symmetry mixing in each state.
We found that the excitation energy of states such as 25
and 3, states have predominatly mixed symmetry charac-
ter and are strongly affected by the &, value. The 25, 3,
and 45 states have the similar behaviors and these levels
are members of the gamma band. In order to identify the
lowest mixed symmetry state, the value of a® of the 25
and 2, as a function of &, is plotted in Fig.6, and the &,
varies around the best fitted value. Among the lowest 2°
states, the result shows generally that the 25 is the lowest
mixed symmetry state and is from the s¥ " 'd configura-
tion. What is noteworthy is the a” around 0.5, and the

crossing which occurs so that the 2 state of predominant

1) Otsuka T. Yoshida N. Computer Program NPBOS. Japan Atomic Energy Research Institute Report JAERI-M85094 1985.
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full symmetry becomes yrast. The larger component of
the mixed symmetry in the 2; of "®Kr compared with oth-
er Kr isotopes, could be due to the very small energy sep-
aration between 25 and 2, in ®*Kr. In "®Kr a first and
second scissor mode state at 2.067 and 2.870 MeV are
close to the experimental ones with spin (1,2%) at 2.091
and 2.816 MeV respectively.
strongly suggests the 1, state at 2.245 MeV be close to
the observed one at 2.240 MeV with possible J =17,
2" . In ¥Kr the energy levels with spin (2%,3,4%) at
3.185 and 3.426 MeV are calculated by the IBM both
with spin 2" at 3.241(F = F,,,) and 3.451 MeV (F=
F o — 1) respectively. The IBM analysis gives a first and

In ®Kr the calculation

100

80 76Kr
S
% 60
g
40
X
k20
0
100
80 7!Kr
S
% 60
E
w 40
X
k20
ol
100
~ 80
,,\\°/
X 60
g
o 40
X
20

[=

U O R ey gt

202, 22,2203, 3,4,4,4.5.5,616,7, 7,8, 111,

second scissor state at 2.352 and 3.890 MeV in this nu-
cleus which could correspond to the observed levels with
spin (1, 27) at 3.365 and 4.084 MeV respectively. For
the 3" states, one should clearly distinguish between the
two lowest 3" states, however, they are not so directly
related to the mixed symmetry structure, since it is possi-
ble to have a 3% with d> configuration which is of full
symmetry as well as the lowest mixed symmetry with d?
configuration state. We conclude that the 3; states to be
the lowest J*= 3" mixed symmetry states with two-
phonon excitation in all these isotopes. The low-lying
states with J*>3" with a large mixed symmetry compo-
nent 100 also predicted by this IBM calculation, and they

are drawn in the figures.

1.0 best fit

-0.05 0 0.05 0.10 0.15

Fig.6 The (JIF?|J)/Fm( Frex+ 1) and the full symmetry component of the 2; and 2, states

in the "% Kr isotopes.

6 Electromagnetic Transitions

In our calculation the adopted values of the effective
boson charge in the T(E2) operator have been determined
by normalizing the calculated B (E2) value to the corre-
sponding experimental results for the 2; =0; transition.

The E2 matrix elements are very sensitive to the differ-

ence between neutron boson and proton bosen effective
charge, and they have kept constant at 0.015 for all
768 K1 isotopes. For illustration we list the calculated
and the available experimental data for "® Kr in Table
2, and those for ¥ %Kr in Table 3. The fit of B(E2;]"
—J* = 2) values in the yrast band is satistactory except
B(E2;8; =6, ) in the ¥Kr isotope, where the experi-

mental value of this transition is surprisingly very small
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compared to the neighboring Kr isotopes; and cannot be
explained on the basis of the model according to the posi-
tion of 8; (see Fig.35). The transitions from the second
27" to the ground state are very weak in comparison with
the yrast ones. This feature is well described by the IBM.
It is interesting to note that the M1 transition can also be
used to prove the symmetric properties due to the predom-
inantly isovector nature of T(M1). The M1 transitions
have been calculated by using the g, = 0.8y, and g, =
0.3, . Since the reduced M1 transition probabilities de-

pend on the ¢,, ¢,, yrand y.as well as on grand g,, we
do not have sufficient experimental data at our disposal,
and there could hardly be a unique fit to so many parame-
ters. Therefore, we kept the boson g-factor values con-
stant for all Kr isotopes. Reasonable good agreement is
obtained and they are given in the tables. The 2; =2,
transition is dominated by its M1 component and the rest
of transitions are dominated by E2 transitions. The M1
matrix elements gave more information on the structure of
the mixed symmetry states than the E2 matrix elements

alone.

Table 2. Experimental and calculated B(E2) (in unit ¢*5*) and B(M1) (in unit p%) for " "*Kr isotopes.

e Ry 8Ky
I P B(E2) B(M1) B(E2) B(M1) B(E2) B(M1)
Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal.
27 =0 0.1640(57) 0.1623 0.1206(79) 0.1213 0.0727(43) 0.0748
2 07  0.0090 0.0046 0.0030(4) 0.0038 0.0038 0.0018
2, =2 0.0038 0.1035  0.0429 0.0029  0.0118(39) 0.0943  0.0157(21) 0.0021  0.0511(102)0.0815  0.0004(1) 0.0019
25 =2 0.0003 0.0987 0.0001 0.0898 0.0001 0.0855
0y =2 0.1145 0.1180 0.0881
17 —=2) 0.0005 0.0354 0.0005 0.0268 0.0004 0.0142
17 =2 0.0010 0.1091 0.0002 0.1142 0.0001 0.1273
17 =25 0.1405 0.0051 0.1053 0.0332 0.0694 0.0014
37 —=2{ 0.0019 0.0078  0.0154 0.0012 0.1353 0.0029  0.0011(3) 0.0025 0.0007(2) 0.0037
327 0.1685 0.0036 0.0058 0.0006  0.0695(102) 0.0935  0.0015(4) 0.0028
3 =2 0.0002 0.0209 0.0001 0.0143 0.0001 0.0079
47 =27 0.1982(190) 0.2561 0.1740(138) 0.1974 0.0899(122) 0.1245
4 —2{ 0.0011(4) 0.0003 0.0011 0.0005(3) 0.0016
4 —~27 0.0858(286)0.1211 0.1147(158) 0.1010 0.1021(613) 0.0653
4y 4] 0.0209(76) 0.0613  0.0172(62) 0.0163  0.0474(118) 0.0508  0.0046 0.0078 0.0395  0.0054(35) 0.0043
Sy =3¢ 0.1907(760) 0.1462 0.1523(223) 0.1145 0.1021(347)0.0731
57 ->4{ 0.0057(3) 0.0033 0.0018(9) 0.0021 0.0051(13) 0.0034  0.0013(10) 0.0015  0.0024(14) 0.0022  0.0039(18) 0.0012
6; —~4; 0.1773(150) 0.2912 0.2017(336) 0.2278 0.1267(326) 0.1468
77 =55 0.1506(476) 0.1641 0.1408 <0.0919 0.0877
8/ =6, 0.2326(228)0.2906 0.1938(296) 0.2282 0.1839*§3%0.1471
9 =7/ 0.1779 0.1246(257) 0.1285 0.0721
10/ —~8; 0.2286(305) 0.2581 0.1385(295) 0.2023 0.0960(490) 0.1283
Table 3. Experimental and calculated B(E2) (in unit ¢’b%) and B(M1) (in unit p3,) for 52%Kr isotopes.
B2 8Ky
1 =1; B(E2) B(M1) B(E2) B(M1)
Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal.

2 =0/ 0.0450(14)  0.0428 0.0244(11)  0.0264

25 —~0; 0.0002 0.0004 0.0052(13)  0.0001

25 =2 0.0053 0.0566 0.0010 0.0036 0.0239(87)  0.0386 0.0256(53)  0.0012

25 =2 0.0014(8)  0.0001 0.0825 0.0002 0.0509
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82Ky 8Kr
17 —=lf B(E2) B(M1) B(E2) B(M1)
Exp. Cal Exp. Cal Exp. Cal Exp. Cal

0; =2/ 0.0317(105) 0.0521 0.0344
17 -2} 0.0003 0.0062 0.0001 0.0018
17 =27 0.0001 0.1318 0.0002 0.1120
17 =24 0.0418 0.0034 0.0197 0.0002
3 =2 0.0006 0.0005 0.0001 0.0002
3 =2 0.0554 0.0065 0.0325 0.0053
3527 0.0001 0.0028 0.0001 0.0006
4727 0.0676(253) 0.0693 0.0479(65)  0.0411
4727 0.0024(4)  0.0005 0.0003 0.0001
452, 0.0195(4)  0.0375 0.0035(5)  0.0216
4547 0.0812(13)  0.0277 0.1414(208)  0.0047 0.0182 0.0003
53] 0.0407 0.0211
5¢ >4 0.0004 0.0015 0.0001 0.0005
6 ~4;  0.0116 0.0801 0.0152(39)  0.0451
7 =5 0.0444 0.0193
8 6/  0.0126(17) 0.0771 0.0049(2)  0.0392
9 =77 0.0305 0.0077
107 =87  0.0232* {49  0.0623 0.0174(5)  0.0244

7 Conclusions

We have calculated the energy levels and electromag-
netic transition of " **Kr isotopes using the interacting
boson model-2. The IBM-2 calculation well reproduce ex-
perimental data for these isotopes. We have found that the

0, state in the ’® Kr alone is outside the IBM - 2 space . The

results of this work show that when the 2;, 25 and 3{
eigenstates are strongly dominated by the F = F_,,, the
strongest contribution to the 27 and 3, states is the one
with F= F,,—1. We can describe the 25 and 3; states
as mixed symmetric states in the 7 **Kr isotopes. The
IBM predicted more mixed symmetric states, and further

experimental investigations are expected.

References

1 TIudice Lo N, Palumbo F. Nucl. Phys., 1979, A326: 193—208
2 Iudice Lo N. Prog. Part. Nucl. Phys., 1995, 34: 309—318

3 Arima A, lachello F. Ann, Phys., 1976, 99. 253—317

4 Arima A, Iachello F. Ann, Phys., 1978, 111;: 201—238

S Arima A, lachello F. Ann, Phys., 1979, 123; 468—492

6 lachello F, Arima A. The Interacting Boson Model. Cambridge:

Cambridge University Press, 1987

7 Isacker Van P, Heyde K, Jolie J, Sevrin A. Ann. Phys., 1986,
170: 253—296

8 Casten R F. Algebraic Appraches to Nuclear Structure: Interacting
Boson and Fermion Models. New York: Taylor & Francis Books
Ltd, 1993

9 Bohle D, Richter A, Steffen W et al. Phys. Lett., 1984, B137:
27—31
10 Garrett E P, Lehmann H, McGrath C A et al. Phys. Rev.,
1996, C54: 2259—2263
11 LIU Y X. High Energy Phys. and Nucl. Phys., 2000, 24
(Supp. ): 50—53(in Chinese)
(NEH. REWESEWHE, 2000, 24(38T]):50—53)
12 ZHANG Z]. et al. High Energy Phys. and Nucl. Phys., 2000,
25 220—228(in Chinese)
CGREES. REWESEWRE, 2000,25: 220—228)
13 ZHANG J F. et al. High Energy Phys. and Nucl. Phys., 2000,
24 1066—1072(in Chinese)
(HEE. MBHESBYE, 2000,24: 1066—1072)
14 Gade A, Klein H, Pietralla N, Brentano Von. P. Phys. Rev.,



724

HHEYWEESEY ® (HEP & NP)

%28 %

15
16
17
18
19

20

2002, C65: 054311

Kaup U, Gelberg A Z. Phys., 1979, A293: 311—313
Hellmeister P H et al. Phys. Lett., 1979, B85: 34—37
Wormann B et al. Nucl. Phys., 1984, A431; 170—188
Barfield F A, Lieb P K. Phys. Rev., 1984, C41: 1762—1767

Meyer A R, Wild F J, Eskola K et al. Phys. Rev. 1983, C27:

2217—2238

Brussermann S, Lieb P K, Sona P et al. Phys. Rev., 1985, C32:

1521—1533

21

22

23

24

Giannatiempo A, Nannini A, Perego A et al. Phys. Rev., 1993,
C47: 521—528

Dejbakhsh H, Kolomiets A, Shlomo S. Phys. Rev., 1995, C51:
573—579

Giannatiempo A, Nannini A, Sona P. Phys. Rev., 2000, C62:
044302

Firestone R B. Table of Isotopes. Eighth Edition. New York:
John Wiley & Sons, Inc., 1998

-8y FFE R AL IRA A FIE & X FRAES

x5!

%%%1,2,3;1)

| (BEXEYERBRTHESHERFRESLRE 4N

100084)

2 (PEBEREERHESN Jtx 100080)

3(EMNENTHERERLERERTFRERL

ZHM  730000)

WE ZHIEAREGTEI 2 FRHB T UK W REH, BASKEES ML REH 24, HAT &
FFRAMBAMKEF 1,273 " BREAEMKAS, BALETRHATEF S L RABERAREH A8 0)
EHAR, RMNHHELESRBRTRET S LRNF/A, AR T[d AL [d"dly HEEA N Z L H N E
MR, TEERGEAXLBREERT TR, HEERPEIRE S,

XA

BEMHRE VK A E

2003 - 12 - 25 WH, 2004 — 02 — 23 IR

MEFRAHETHE 2

x EFERB2ES T H (10047001, 10325521), BF E S M H H (G200077400), HEHEL I EETEFEH

1) E-mail: gllong@tsinghua. edu. cn



