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at the CSNS Back-n white neutron source”
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Abstract: The GLi(n, t)4He reaction was measured as the first experiment involving neutron-induced charged particle
emission reactions at the CSNS (China Spallation Neutron Source) Back-n white neutron source. The differential
cross-sections of the GLi(n, t)4He reaction at 15 detection angles ranging from 19.2° to 160.8° are obtained from 1.0
eV to 3.0 MeV at 80 neutron energy points; for 50 energy points below 0.1 MeV they are reported for the first time.
The results indicate that the anisotropy of the emitted tritium is noticeable above E, = 100 eV. The angle-integrated
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cross-sections are also obtained. The present differential cross-sections agree in general with the previous evaluations,

but there are some differences in the details. More importantly, the present results indicate that the cross-sections of

the 6Li(n, t)4He reaction might be overestimated by most evaluations in the 0.5 — 3.0 MeV region, although they are

recommended as standards below 1.0 MeV.
Keywords:
DOI: 10.1088/1674-1137/44/1/014003

1 Introduction

The 6Li(n, t)4He reaction is one of the most important
nuclear reactions for the following reasons. Firstly, this is
a tritium production nuclear reaction, and tritium is a key
material (7, = 12.4 a) for fusion energy production [1].
Secondly, the 6Ll(n t) He reaction is widely used in neut-
ron spectrometry and calibration of detectors because its
Q-value is high, 4.78 MeV, and the cross-sections have
been adopted as standards from 0.0253 eV to 1.0 MeV
[2]. Thirdly, the only neutron-induced reactions on ‘Li
below 1 MeV are the (n, el), (n, y), and (n, t) reactions
[3]. Therefore, Ll(n t) He is one of the best choices for
experimental and theoretical study of nuclear reactions
with light nuclei.

At thermal neutron energy, the cross-section of the
Ll(n t) He reaction is large (938.5 b) [4]. Below 0.01
MeV, the cross-section shows a 1/v behavior [5], and at
~0.24 MeV there is a strong resonance peak due to the
7.46 MeV level of the compound nucleus "Li. At higher
energies, the cross-section decreases. Because of the im-
portance of this reaction, a number of measurements have
been conducted since 1950 [6]. However, discrepancies
among different measurements and evaluations are no-
ticeable in the MeV region. The cross-sections of the
latest measurement conducted by Kirsch et al. [7] in 2017
are slighty smaller than the results of most evaluations
above 0.5 MeV. For example, the cross-section at 1.0
MeV measured in Ref. [7] is smaller by ~8% than the one
reported in the ENDF/B-VIIL.O library [8]. Furthermore,
the measured differential cross-sections, which are very
helpful in the research of nuclear reaction mechanisms,
are scanty except for the energy region on the right side
of the resonance peak around ~0.24 MeV. In particular,
there are no differential cross-section measurements be-
low 0.1 MeV up to date [6]. In addition, the discrepan-
cies among the existing measured differential cross-sec-
tions are significant [6].

In the present work, the LPDA (Light charged
Particle Detector Array facility) [9], consisting of 15 sil-
icon detectors mounted in a vacuum chamber, was de-
veloped to study neutron-induced charged particle emis-
sion reactions at the CSNS (China Spallation Neutron
Source) Back—n white neutron source. The measurement
of the L1(n t) He reaction was the first experiment of

6Li(n, t)4He reaction, differential cross-section, angle-integrated cross-section, LPDA

this kind. The differential cross-sections (15 detection
angles ranging from 19.2° to 160.8°), as well as the
angle-integrated cross-sections, were obtained from 1.0
eV to 3.0 MeV (80 neutron energy points). In addition,
the present results are compared with the existing meas-
urements and evaluations.

2 Experiment
2.1 The neutron source

The present experiment was performed at Endstation
#1 of the CSNS Back-n white neutron source [10]. The
neutrons were generated using the proton beam (double-
bunch, 25 Hz, 1.6 GeV, ~20 kW) to bombard a tungsten
target [11]. The time width of each proton bunch was ~41
ns, and the interval between the two proton bunches was
410 ns. The diameter of the neutron beam was ~5.0 cm at
Endstation #1, the neutron ﬂlght path was 57.99 m, and
the neutron ﬂux was ~3.5x10° n/cm’/s.

The neutron energy spectrum [12] was measured us-
ing a multi-layer fission chamber at Endstation #2 of the
CSNS Back-n white neutron source with a flight path of
75.78 m, and with the accelerator operated in the single-
bunch mode [10]. In the calculations of the neutron en-
ergy spectrum from the measured fission events, the
cross-sections of the U(n /) reaction were taken from
the ENDF/B-VIIL.O library [8] below 0.15 MeV, and
from the standard library [4] above 0.15 MeV. The neut-
ron energy resolution (mainly caused by the moderation
length of the neutron source for neutron energies below
0.01 MeV) was used to smooth the evaluated cross-sec-
tions of the U(n f) reaction. In the neutron energy re-
gion below 2.5 keV, deviations between the measured
and actual neutron energy spectra were expected because
of: a) the cross-sections of the ~~U(n, f) reaction were not
standard; and b) the moderation length of the neutron
source was not accurately known.

In the present experiment, the samples and the detect-
ors were placed in a vacuum chamber with an entrance
window (tantalum sheet 0.10 mm in thickness), so that
the neutron energy spectrum was corrected according to

—ooNd
pc =poe ", (1)
where ¢ is the corrected relative neutron fluence, ¢g is
the relative neutron fluence, o, is the cross-section of the
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181Ta(n, tot) reaction [8] which is smoothed using the
neutron energy resolution, N is the atomic density of
181Ta., and d is the thickness of the tantalum sheet.

The neutron energy bins and the neutron energy spec-
trum, with the uncertainties presented by the blue bars, is
shown in Fig. 1. In the present work, 80 energy points (£-
bins) were chosen from 1.0 eV to 3.0 MeV: a) 50 energy
points in the neutron energy region from 1.0 eV to 0.1
MeV are distributed in equal logarithm intervals; 20 en-
ergy points in the region from 0.1 to 1.0 MeV are distrib-
uted in equal logarithm intervals to show better the reson-
ance peak of the 6Li(n, t)4He reaction from ~0.1 to ~0.4
MeV; and 10 energy points in the region from 1.0 to 3.0
MeV are distributed with equal separation of 0.2 MeV.
The centers of two adjacent £-bins are their boundaries.

It should be pointed out that the position of the exper-
iment (Endstation #1) was ~17.8 m away from where the
neutron energy spectrum was measured (Endstation #2),
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Fig. 1. (color online) Neutron energy bins and the neutron

energy spectrum with uncertainties presented by the blue
bars.

so that the neutron energy spectra at these two positions
were expected to be slightly different.

2.2 The samples

Two enriched (90%) °LiF samples were separately
evaporated on each side of a stainless steel sheet 0.10 mm
thick. Their thickness was 776 and 787 ug/cmz. Their dia-
meter and non-uniformity were 50 mm and 5%, respect-
ively. The °LiF samples were installed in one of the four
sample positions of the LPDA sample holder, as shown in
Fig. 2. In the other sample positions, two back-to-back
*Am « sources and a stainless steel sheet 0.10 mm thick
were installed. The **'Am o sources were used to calib-
rate the detection system, and the stainless steel sheet was
used for background measurement. To minimize the en-
ergy loss of the charged particles in the samples, the
angle between the normal lines to the samples and the
neutron beam line was 60°, as shown in Fig. 3.

Fig. 2.

Photo of the samples and the sample holder. In three
of the four sample positions, the back-to-back *Am «
sources (right), the stainless steel sheet (second from right)
and the "LiF samples (left) were installed.

2.3 The charged particle detector

The samples and the detectors were placed in a vacu-
um chamber 50 cm in radius and 50 cm high. Fifteen
rectangular silicon detectors (2 cm x 2.5 c¢cm, 500 pm
thick), 20 cm away from the center of the SLiF samples

AE-E detector #2

AE-E detector #3

@~
C :

Left side Si /
detectors

I8
neutron beam

SLiF target
P

e

60°§ R1 / Right side
5 Si detectors

g /
§R7//

7 AE-E detector#1
Gridded ionization chamber (b)

Fig. 3. (color online) Configuration of the detectors: (a) photo of the detectors in the vacuum chamber; (b) sketch of the configura-
tion of the detectors.
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and covering angles from 19.2° to 160.8°, were used to
measure the emitted charged particles, as shown in Fig. 3.
To keep away from the neutron beam, the detection angle
could not be smaller than 19.2° or larger than 160.8°. In
addition to the 15 silicon detectors, 3 AE-E detectors and
1 GIC (gridded ionization chamber) were also installed
and tested. To avoid shielding the AE-E detectors, the
centers of the silicon detectors were lower than the beam
line. The angle between the normal line to each silicon
detector and the horizon was 16°. In this configuration,
the solid angles of the silicon detectors with respect to the
°LiF samples were (0.0123 — 0.0125) (£0.3%) sr, calcu-
lated using a Monte Carlo simulation. The distribution of
the receiving angles of the detectors is shown in Fig. 4.
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Fig. 4. (color online) Distribution of the receiving angles of

the detectors. The numbers in the legend are the average re-
ceiving angles of the corresponding detectors.

2.4 The data acquisition system

The DAQ (data acquisition) system [13] was de-
signed based on a PXle platform. The sampling rate of
the DAQ system was 1 GHz, and the resolution was 12
bits. If the amplitude of the signal surpassed the trigger
threshold of the DAQ system, the signal waveform of the
corresponding silicon detector was recorded in the ~15 ps
time window. Also, the duration between the start of each
recorded waveform and the moment when the corres-
ponding proton bunch hits the tungsten target was recor-
ded by the DAQ system. Thus, TOF (time-of-flight) of
neutrons producing the detected events could be calcu-
lated. Since the silicon detectors were also sensitive to y
rays, the generation time (7)) of neutrons could be de-
termined using the detected y flash events. The width of
the detected y peak was ~8 ns, indicating that the time
resolution of the detection system was smaller than 8 ns
because the width of the y flash events also contributed to

their time distribution. As the time resolution of the de-
tection system was much smaller than ~41 ns, the length
of the proton bunches, the time resolution of the detec-
tion system could not noticeably degrade the total time
resolution, and was ignored in the present work.

2.5 The experimental procedure

The detection system was first calibrated using the
“'Am o sources. The °LiF samples (foreground) and the
stainless steel sheet (background) events were then meas-
ured in turn. The beam duration for each turn was ~24 h,
and the total beam duration was ~196 h. The number of
protons hitting the tungsten target was used as the nor-
malization factor for background subtraction. The uncer-
tainty of the normalization factor was less than 0.03%,
calibrated using the Si-Li detector array installed on the
neutron beam line.

3 Data analysis and results

With the recorded signal waveforms, the measured
foreground and background events could be extracted and
counted. The background events were then subtracted
from the foreground to obtain the net events. The convo-
lution effects, caused by the double-bunched proton
beams and the spread of receiving angles of the silicon
detectors, were then unfolded using an iterative method.
Finally, the measured results were obtained. The flow-
chart of the data analysis is presented in Fig. 5.

e J—

The extraction and the The unfolding of the spreads
statistical analys1s of the events of receiving angles

Iterated?

The background subtraction ]

differential cross section

[ The relatlve angular

The unfoldmg of the double
bunched proton beams

Fig. 5. Flowchart of the data analysis.

3.1 Extraction and statistical analysis of the events

From the recorded signal waveforms of each silicon
detector, the amplitude and TOF of each event were ob-
tained. Using TOF of each event, the corresponding neut-
ron energy could be determined. The E,-Amplitude two
dimensional spectra at the corresponding detection angle
were so obtained. An example is shown in Fig. 6. Since a
1.0 mm thick cadmium plate was placed in the neutron
beam line to suppress the very low energy neutrons that
could mix with neutrons generated by the next arriving
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Fig. 6. (color online) £ -Amplitude two dimensional spec-

trum at 90.3° in the laboratory system.

proton bunch, there are no tritium events for neutron en-
ergies below 0.5 eV.

From the E, -Amplitude two dimensional spectrum,
the area of tritium events could be determined as shown
in Fig. 6. These events were counted into the correspond-
ing neutron energy bins shown in Fig. 1. As the width of
the neutron energy bin must be taken into account, each
event was weighed as

cor yre
W= E-bin,f i (2)

cor It
Tk

where w is the weight of the event, “o’; . , and C"rcrrEe P
are the relative differential cross-sections of the L1(n
t) He reaction for the emission angle 6 and neutron ener-
gies E-bin and E, respectively, where E-bin is the neut-
ron energy bin and F is the energy of neutrons producing
the event. “o’7_ ., is the measured result, described in
Sec. 3.5, and “’o;, is the result of linear interpolation.
Starting from the 1n1t1a1 w of 1, this iteration process was
repeated until the difference between the last two itera-
tion results was smaller than 1%, or the number of itera-

tions reached 10.

3.2 Background subtraction

The net events in each energy bin and for each detec-
tion angle were obtained after background subtraction.
An example is shown in Fig. 7. The normalization factor
for the background subtraction was the ratio of the total
number of protons hitting the tungsten target during the
foreground measurement to that during the background
measurement Although the background from the sample
( Liand ' F) cannot be subtracted the interference of the
background from "Li and "°F can be ignored. Among the
neutron-induced charged particle emission reactions with
neutron energles below 3 MeV, only the reactlon chan—
nels L1(n nt) He (Q-value = 2.5 MeV) and ' F(n ) N

200

O = 160.8° - - - - Foreground
— E.=120MeV - -~ Background
=5 P07 Net events
¥e)
5 U hreshold
| pper thresho
E 100 Lower threshold
a0
o=
0]
B 50
o and noise
A l—“l“' .y
. Tfiton evénts
LA
01 T T T T VA
0 80 120 160 200
Amplitude channel
Fig. 7. (color online) Measured tritium events for the detec-

tion angle of 160.8° and neutron energy of 1.20 MeV.

(Q-value = —1.5 MeV) are open [14]. However, the ener-
gies of the emitted tritium and a particles are too low and

are outside the tritium event area shown in Fig. 6. For the

same reason, the background from 6Li(n, nd)4He (Q-value
=-1.5 MeV) was ignored.

3.3 Relative differential cross-section

With the neutron energy spectrum, the number of °Li
nuclei in the sample and the detection solid angles of the
silicon detectors, the relative differential cross-section

T _ping 18 calculated as

WE-bin,8

—_—, 3)
@E-binQoNLi

OE—bing =
where wg i, ¢ 18 the total weight of the net events, ¢z, is
the relative neutron fluence, Qg is the detection solid
angle of the corresponding silicon detector, and Ny is the
number of °Li nuclei (the two samples are not the same).
The subscripts E-bin and 6 represent the neutron energy
bin and the detection angle. The uncertainties of wg_pi, g,
OE-pin» g, and Np; are <11.5%, 0.5% — 21.4%, 0.3%, and
1.0%, respectively. An example is shown in Fig. 8
labeled “Measured”.

3.4 Unfolding of the double-bunched proton beam

The neutrons are generated using double-bunched
proton beams, such that the bunches hit the tungsten tar-
get with a spacing of 410 ns. This results in an incorrect
determination of the neutron energy, especially for high
energies. Therefore, the influence of the double bunched
proton beams was unfolded using an iterative method
[15]. In the unfolding process, every event is split into
two child events and each is weighed. As the interval
between the two proton bunches is 410 ns centered at 7,
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the TOF of one child event equals the TOF of the event
plus 205 ns, while that of the other equals the TOF of the
event minus 205 ns [15]. The neutron energies £, 1 and
E, 2 of the two child events can then be calculated. Us-
ing the obtained relative differential cross-sections, and
multiplying the number of neutrons in unit duration of
TOF (i.e. n/ns) corresponding to the TOFs of the two
child events, the relative counts C1 and C2 at £, 1 and
E, 2 are calculated. The weights of the two child events
are C1/(C1+C2) and C2/(C1+C2) [15]. With the known
energies and weights, the two child events were counted
in the corresponding bins, and the new relative differen-
tial cross-sections were obtained using the methods
presented in Sec. 3.1, 3.2 and 3.3. This iteration process
was repeated until the difference between the last two it-
eration results was smaller than 1%, or the number of it-
erations reached 10. An example of the result is shown in
Fig. 8 labeled “Energy unfolding”.

Although the unfolding decreases the spread of neut-
ron energies, it brings additional uncertainties in the ob-
tained differential cross-sections. As the energy resolu-
tion, determined by the interval between the two proton
bunches, is relatively small for low neutron energies, the
full neutron energy range does not need to be corrected.
In the present work, the correction was performed for
neutron energies above 0.1 MeV, and the corresponding
uncertainties are 0.7% — 73.9% (97% of which are smal-
ler than 10%).

3.5 Unfolding of the spread of receiving angles

As the spreads of the receiving angles of the detect-
ors are 3.8° — 4.0°, their influence should also be correc-
ted. For each neutron energy bin, the relative angular dis-
tribution curve was obtained by fitting the 15 measured

relative differential cross-sections o% .. , using Le-

gendre polynomials of the third order and the least-
squares method [16] (second order Legendre polynomi-
als cannot fit the data very well for some neutron energy
points). For each detection angle 9, the fitted curve was
normalized to b —bing: The normalized fitted curve was
then convoluted with the distribution of the receiving
angles of the detectors (shown in Fig. 4) to obtain a new
relative differential cross-section ﬁ‘o-i?_bmyg. The corrected
relative differential cross-section O pine is

O_re
cor _re _ Te E-bing
o-%—bin,(? = U E-bind g o : (4)
E-bin,d
New relative angular distribution curves were ob-
tained by fitting the 15 “o'c for each neutron en-

E—bin,0
ergy bin. New flot . and new o'% were calcu-

E-bin,0
lated using the new relative angular distribution curves.
The unfolding process was iterated until the difference
between the last two iteration results was smaller than
1%, or the number of the iterations reached 10. The final
relative differential cross-sections are shown in Fig. 8
labeled “Angle unfolding” and “Fit”. After the correction,
the uncertainties of the receiving angles were reduced to
~0.01°, resulting in uncertainties of the relative differen-
tial cross-sections of <1.1%.

It should be noted that the distribution of the receiv-
ing angles of the detectors shown in Fig. 4 deviate from
the actual distribution because in the simulations the
charged particles are assumed to be emitted isotropically
while in fact they are not isotropic. Fortunately, the influ-
ence of these deviations is small since the spreads of the
detection angles are small, and the change of the differen-
tial cross-sections inside the receiving angle spread is
tiny.

3.6 The results

Fitting the relative differential cross-sections
o _ping With Legendre polynomial of the third order
and integrating the fitted curves over the 4w solid angle,
the relative angle-integrated cross-sections of the 6Li(n,
t)4He reaction were obtained. As the cross-section of the
6Li(n, t)4He reaction is adopted as the standard below 1.0
MeV, the cross-sections from the ENDF/B-VIILO library
[8] in the range 0.1 — 0.4 MeV, where a strong resonance
peak exists, were used for normalization. Finally, the dif-
ferential cross-sections opi, ¢ and the angle-integrated
cross-sections o of the 6Li(n, f) He reaction after normal-
ization are shown in Figs. 9 and 10. The measured data
are presented in Appendix A, and the differential cross-
sections as a function of the tritium emission angle are
presented in Appendix B. The uncertainty of fitting is
<0.4%, and that of normalization is 1.0% , based on ex-
perience. The uncertainties of the differential cross-sec-
tions o pin g are 1.7% — 74.3% (1.7% — 21.5% below 0.1
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Fig. 9. (color online) Differential cross-sections of the 6Li(n, t)4He reaction as a function of the incident neutron energy obtained in

the present experiment, compared with the existing evaluations and measurements. The evaluations of ENDF/B-VIIIL.0 and JEFF-3.3
and the experimental data are taken from the ENDF [8] and EXFOR [6] libraries, respectively. “Chen” is the result of the R-matrix

analysis performed by Prof. Zhenpe

MeV; 2.1% — 11.4% in the region 0.1 — 1.0 MeV; 2.3% —
74.3% in the region 1.0 — 3.0 MeV), and of the angle-in-

tegrated cross-sections ¢ are 1.5
21.5% below 0.1 MeV; 1.8% — 3.

ng Chen from Tsinghua University.

% — 21.5% (1.5% — Table 1.

1% in the region 0.1 —

1.0 MeV; 1.8% — 3.7% in the region 1.0 — 3.0 MeV). The
sources and magnitudes of the uncertainties are given in

Table 1. Sources and magnitude of the uncertainties.
source magnitude (%) source magnitude (%)
WEbin, 0 <11.5%0.1-2.2" UDB 0.7-73.9% 02-2.9"
PEbin 0.5-21.4 URA <1.1%<0.1°
Q 03%0.1" Fit <0.4
Ni; 1.0 normalization 1.0

a: for differential cross-sections; b: for angle-integrated cross-sections; UDB: unfolding of the double-bunched proton beams; URA: unfolding of the spreads

of receiving angles.
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Fig. 10.
6Li(n, t)4He reaction obtained in the present experiment,
compared with the existing evaluations and measurements
since 1990. The evaluations are taken from the ENDF lib-
rary [8]. “Chen” is the result of the R-matrix analysis per-
formed by Prof. Zhenpeng Chen from Tsinghua University.
The experimental data are taken from the EXFOR library

[6].

4 Discussion

As shown in Figs. 9 and 10, the measured differential
cross-sections and angle-integrated cross-sections fluctu-
ate below 0.1 keV. This is due to the fluctuation of the
neutron energy spectrum in this region. The obtained
angle-integrated cross-sections of the “Li(n, t)4He reac-
tion agree well with most evaluations in the region 0.1
keV — 0.5 MeV, which demonstrates the reliability of the
present results.

The measured differential cross-sections indicate that
the anisotropy of tritium is noticeable above 100 eV
(shown in Appendix B). Compared with the evaluations
of ENDF/B-VIII.0, JEFF-3.3 [8] and the “Chen” result,
which is the R-matrix analysis performed by Prof. Zhen-
peng Chen from Tsinghua University, there is a general
agreement, but also some differences in the details. 1)
The present differential cross-sections agree well with the
results of evaluations and the “Chen” result below 0.5
MeV, except in the region around 60 keV where the
measured differential cross-sections are lower for emis-
sion angles above 130°. 2) In the neutron energy region
0.5 — 3.0 MeV: (a) for emission angles below 50°, the
measurement results are generally smaller than the evalu-
ation results in the region ~1.0 — ~2.5 MeV, and for emis-
sion angles 30° — 50° our measurements are generally lar-
ger than the evaluation results above ~2.5 MeV; (b) for

emission angles 50° — 110°, the measured differential
cross-sections are generally smaller than the evaluation
results, except in the region around 1.5 MeV where our
measurements agree with the evaluation results; and (c)
for emission angles above 110°, the measured differen-
tial cross-sections are generally smaller than the evalu-
ation results above ~0.7 MeV.

Compared with the existing measurements of the
angle-integrated cross-sections of the °Li(n, f)'He reac-
tion included in the EXFOR library since 1990 [6], the
present results are in good agreement with the results of
Kirsch (2017), Romano (2006) and Zhang (2006) (our
previous results) within uncertainties, as shown in Fig.
10. Compared with the existing evaluations, the present
results generally agree better with the evaluation of
Standard (2006) than with the other evaluations shown in
Fig. 10. In the region 0.5 — 3.0 MeV, the present results
are smaller than most evaluations [8] beyond the uncer-
tainties of the measurements. Compared with the evalu-
ation of Standard (2006) [4], the present results agree
with the evaluations below 1.6 MeV, and are smaller
above 1.6 MeV. According to the measured results, the
cross-sections decrease by ~5 mb when the neutron en-
ergy increases from 1.6 to 1.8 MeV. However, the cross-
sections in most evaluations (except JENDL-4.0) do not
decrease noticeably. Above 1.6 MeV, the present results
agree with the evaluation of JENDL-4.0 which is based
on the measurements of Bartle [17, 18]. The decrease of
the cross-section from 1.6 to 1.8 MeV is very likely due
to the competing reactions 6Li(n, inl)6Li and 6Li(n,
nd)4He. According to the ENDF/B-VIIL.0 and CENDL-
3.1 libraries [8], the cross-sections of the 6Li(n, inD6Li
and 6Li(n, nd)4He reactions increase respectively from 0
to 5 mb, and from 0 to 2 mb, when the neutron energy in-
creases from 1.6 to 1.8 MeV. These values agree with the
decrease (~5 mb) of our measured cross-section of the
6Li(n, t)4He reaction from 1.6 to 1.8 MeV.

It should be stressed that the position where the neut-
ron energy spectrum was measured was not the exact pos-
ition of the present experiment. The actual neutron en-
ergy spectrum is expected to deviate from the one used in
the present work, which will bring deviations in the
measured cross-sections. As the measured cross-sections
are normalized to the evaluations of the ENDF/B-VIII.O
library [8] in the region 0.1 — 0.4 MeV, the relative devi-
ations between the actual and present cross-sections are
small in the region 0.4 — 3.0 MeV. According to our sim-
ulations, the deviations should be smaller than 5%. In the
lower neutron energy region, e.g. below 1.0 keV, the de-
viations may be larger, but the angular distributions are
not affected. More precise results require better measure-
ments of the neutron energy spectrum.
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5 Conclusions

In the present work, the 6Li(n, t)4He reaction was
measured in the neutron energy range 1.0 eV — 3.0 MeV
at 80 energy points. Differential cross-sections at 15
angles ranging from 19.2° — 160.8° were obtained. For 50
neutron energy points below 0.1 MeV, there are no previ-
ous measurements in the EXFOR library [6]. Compared
with the evaluations shown in Fig. 9, the present differen-
tial cross-sections in general agree well with the evalu-
ations, although there are some differences in the details.
The present angle-integrated cross-sections of the 6Li(n,
?) He reaction agree well with the evaluation results of
Standard (2006) below 1.6 MeV, demonstrating the reli-
ability of the present results [4]. The measured data are
listed in Appendix A, and the differential cross-sections
as a function of the tritium emission angle (in the laborat-
ory reference system) are plotted in Appendix B.

As the present results are systematic and consistent,

they are important for the evaluation of the 6Li(n, t)4He
reaction, especially in the neutron energy regions beyond
the standard cross-sections for this reaction. They can
also be useful in the studies of nuclear reaction mechan-
isms with light nuclei, and in the measurements of neut-
ron fluence and energy spectrum. It is important to note
that the present results indicate that the cross-sections of
the 6Li(n, t)4He reaction might be overestimated by most
evaluations in the region 0.5 — 3.0 MeV, although the
cross-sections below 1.0 MeV are adopted as standards.
This observation is also supported by the latest measure-
ment results of Kirsch (2017) [7]. However, this conclu-
sion is not yet definitive and more measurements are re-
quired for further verification.

The authors are indebted to the operations crew of
CSNS, and are grateful to Dr. Qiwen Fan for preparing
the samples.

Appendix A: The measured differential cross-sections

Table Al. The measured differential cross-sections of the 6Li(n, t)4He reaction in the laboratory system.

E, /MeV

OF-bin, ¢ /(mb/sr)

19.2° 26.9°

36.5° 46.7° 57.3° 68.0°

1.00x10 *+4.2x10°  1.29x10"+2.3x10°  1.30x10"+2.3x10°

1.26x10 °+5.3x10°  1.03x10*+2.8x10>  1.06x10"+2.8x10

1.28x10%*+2.2x10
1.04x10%+2.8x10

1.29x10%2.2x10°  1.30x10*2.3x10°  1.30x10*2.3x10°

1.04x1042.8x10°  1.05x10*2.8x10°  1.04x10*2.8x10

1.58x10 °46.7x10°  8.19x10°42.3x10°  8.26x10°+2.3x10°  8.23x10°+2.3x10°  8.26x10°+2.3x10°  8.38x10°+2.4x10°  8.32x10°+2.4x10
2.00x10 48.5x10°  7.49x10°42.3x10°  7.58x10°+2.3x10°  7.71x10°42.4x10°  7.75x10°+2.4x10°  7.73x10°+2.3x10°  7.68x10°+2.3x10
25110 °£1.1x10°  6.83x10'+3.2x10°  6.50x10°+3.0x10°  6.58x10'+3.0x10°  6.72x10'+3.1x10°  6.59x10’+3.0x10°  6.68x10’+3.1x10°
3.16x10 *£1.4x10°  7.20x10°+2.6x10°  7.19x10°42.5x10°  7.22x10°+2.6x10°  7.47x10°+2.6x10°  7.37x10°+2.6x10°  7.31x10°+2.6x10°
3.98x10 £1.7x10 °  5.33x10£6.3x10°  5.46x10£6.4x10°  5.32x10°£6.2x10°  5.42x10°£6.4x10°  5.51x10°£6.5x10°  5.35x10°£6.3x10°

5.01x10 £22x10°  5.10x10°+3.7x10°  5.27x10°+3.8x10°

6.31x10 °+2.8x10°  5.28x10°+2.8x10°  5.13x10°+2.7x10°

7.94x10 £3.7x10°  4.16x10°+8.7x10°  4.33x10°+9.0x10°

1.00x10°+4.7x10°  4.39x10°£1.7x10°  4.26x10°+1.6x10

1.26x10°+6.1x10°  3.54x10°+3.1x10>  3.60x10°+3.1x10

1.58x10°£7.9x10°  2.92x10°+4.3x10°  2.97x10°+4.4x10

2.00x10 °+1.0x10 7 2.35x10°+4.2x10>  2.38x10°+4.3x10

251x10°£1.3x107  2.66x10°£1.3x10°  2.78x10°+1.3x10°

3.16x10 "£1.8x107  1.87x10°+4.0x10°  1.80x10°+3.9x10°

3.98x10 £2.4x107  1.85x10°+1.7x10°  1.94x10°+1.8x10°

5.01x10 °£32x107  1.79x10°+1.3x10°  1.83x10°+1.3x10°

6.31x10 £4.4x107  1.38x10°+1.4x10°  1.39x10°+1.4x10°

7.94x10 °£6.0x107  1.28x10°+1.2x10°  1.37x10°+1.3x10°

1.00x10 *+8.5x10 7 1.15x10°+8.8x10'  1.17x10°+8.9x10'

12610 “£1.1x10°*  1.08x10°+1.1x10>  1.09x10°+1.1x10

521x10°+3.8x10°
5.34x10°+2.8x10°
4.40x10°+9.2x10
4.18x10°+1.6x10
3.55%10°+3.1x10°
2.97x10°+4.4x10°
2.37x10°+4.3x10°
2.68x10°+1.3x10
1.86x10°+4.0x10
1.95%10°+1.8x10
1.77x10°+1.3x10
1.39x10°+1.4x10
1.33x10°+1.3x10
1.18x10°+8.9x10"
1.08x10°+1.1x10

5.19x10°£3.8x10°  5.21x10°+3.8x10>  5.30x10°+3.8x10

5.12x10°£2.7x10°  5.24x10°2.8x10°  5.21x10°+2.8x10°

430x10°49.0x10°  4.38x10°£9.1x10°  4.28x10°+8.9x10

4.18x10°£1.6x10°  4.22x10°£1.6x10°  4.18x10°£1.6x10

3.55x10°£3.1x10°  3.58x10°+3.1x10>  3.58x10°+3.1x10°

2.97x10°£4.4x10°  2.99x10°+4.4x10°  2.91x10°+4.3x10°

2.35x10°£4.2x10°  2.37x10°4.3x10>  2.26x10°+4.1x10

2.63x10°£1.3x10°  2.61x10°£1.3x10°  2.73x10°+1.3x10°

1.89%x10°+4.1x10°  1.86x10°£4.0x10°  1.90x10°+4.1x10

2.00x10°£1.8x10°  1.91x10°£1.7x10*  1.95x10°+1.8x10°

176x10°+1.3x10°  1.76x10°£1.2x10°  1.81x10°+1.3x10

141x10°£1.4x10°  1.37x10°£1.4x10°  1.38x10°+1.4x10

1.34x10°£1.3x10°  1.32x10°£1.2x10°  1.34x10°+1.3x10

121x10°49.2x10"  1.19x10°£9.0x10"  1.22x10°£9.3x10'

LO7x10°+1.1x10°  1.10x10°£1.1x10°  1.10x10°1.1x10

Continued on next page
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OF-bin, 0 /(mb/sr)
E, MeV

19.2° 26.9° 36.5° 46.7° 57.3° 68.0°

1.58x10 *£1.3x10°  9.67x10%7.4x10"  1.01x10°+7.7x10'  9.74x10°47.4x10'  9.52x10°+7.3x10'  9.82x10°+7.5x10'  9.72x10°+7.4x10'
2.00x107*£1.7x10°  8.13x10%£6.7x10'  8.67x10°+7.1x10'  8.34x10°+6.8x10'  8.23x10°£6.7x10'  8.06x10°£6.6x10'  8.29x10°+6.8x10'
2.51x10 *2.2x10° 7.90x10%£6.7x10'  7.93x10’+6.8x10'  7.84x10£6.7x10'  7.90x10’£6.7x10'  7.65x10°£6.5x10'  7.96x10°:6.8x10'
3.16x10 42.7x10°  6.96x10+4.5x10"  6.83x10°+4.4x10"  6.71x10°+4.3x10'  6.65x10°+4.3x10"  6.50x10°+4.2x10"  6.34x10°+4.1x10'
3.98x10 *+3.5x10 ¢ 6.61x10°+4.3x10"  6.82x10°+4.4x10'  6.31x10%+4.1x10"  6.26x10°+4.1x10'  6.36x10°+4.1x10'  6.46x10°4.2x10'
50110 *44.4x10°  5.68x10%+2.7x10'  5.79x10+2.8x10"  5.67x10+2.7x10'  5.65x10°£2.7x10'  5.63x10°£2.7x10'  5.69x10°+2.7x10'
6.31x10 *+5.6x10°  5.07x10%+2.0x10"  4.99x10°£2.0x10'  4.95x10°+1.9x10'  4.86x10°£1.9x10'  4.81x10°+1.9x10'  4.74x10°+1.9x10'
7.94x10*472x10°  4.73x10%£2.2x10"  4.81x10£2.2x10"  4.57x10°£2.1x10'  4.46x10°£2.1x10"  4.70x10°£2.2x10"  4.52x10°2.1x10'
1.00x10 °49.3x107°  3.84x10°£1.5x10"  3.80x10°:1.5x10'  3.86x10°1.5x10'  3.80x10°t1.5x10'  3.84x10°+1.5x10'  3.65x10°+1.4x10'
1.26x107°£1.2x10°  3.65x10%+1.1x10"  3.58x10%+1.0x10'  3.51x10%+1.0x10'  3.46x10°+1.0x10'  3.34x10°+9.9x10"  3.44x10°+1.0x10'
1.58x10 "£1.6x10°  3.22x10°49.8x10"  3.14x10°£9.5x10°  3.08x10°£9.2x10°  3.10x10°£9.2x10°  3.11x10°+9.3x10°  2.88x10°+8.8x10°
2.00x107°£2.2x10°  3.01x10%+8.7x10"  3.09x10°+8.9x10"  2.84x10°+8.3x10"  2.88x10°+8.4x10"  2.90x10’+8.4x10"  2.80x10’+8.3x10’
251x10 43.0x10°  2.69x10°£1.5x10"  2.74x10°£1.5x10'  2.64x10°£1.5x10"  2.62x10°£1.5x10'  2.50x10°+1.4x10"  2.43x10°+1.4x10'
3.16x10 °+4.1x10°  2.61x10+8.1x10°  2.54x10°+7.8x10°  2.44x10°£7.5x10°  2.47x10°£7.5x10°  2.41x10°£7.5x10°  2.36x10°£7.3x10°
3.98x107°+5.5x10°  2.31x10°+6.8x10°  2.18x10°£6.6x10°  2.20x10°+6.5x10°  2.12x10°£6.4x10°  2.10x10°+6.4x10°  2.00x10°+6.1x10°
5.01x10°47.6%10°  1.97x10%£6.2x10°  1.99x10°£6.3x10°  1.95x10°£6.1x10°  1.87x10°£6.0x10°  1.86x10°£5.9x10°  1.79x10°+5.7x10°
6.31x107°+1.1x10 " 1.79x10%+5.5x10°  1.80x10°£5.6x10°  1.74x10°+5.4x10°  1.77x10°£5.5x10°  1.78x10°+5.5x10°  1.63x10°+5.1x10°
7.94x10°£1.5%10°1  1.67x10%£6.4x10°  1.73x10°£6.5x10°  1.70x10°£6.4x10°  1.64x10°£6.2x10°  1.51x10°£5.9x10°  1.51x10°+5.8x10°
1.00x10 42.0x10*  1.63x10°£7.6x10"  1.65x10°+7.7x10°  1.57x10°7.3x10°  1.53x10°£7.1x10°  1.53x10°+7.1x10°  1.40x10°+6.6x10°
1.26x107°£2.8x107"  1.54x10%+4.4x10°  1.57x10°+4.5x10"  1.47x10°+4.2x10"  1.37x10°+4.0x10"  1.32x10°+4.0x10"  1.25x10°+3.8x10’
1.58x10 “#4.0x10*  1.42x10°44.2x10"  1.35x10°+4.0x10°  1.27x10°+3.8x10°  1.31x10°£3.9x10°  1.24x10°+3.8x10°  1.14x10°+3.5x10°
2.00x107°£5.5x10%  1.34x10%+3.9x10°  1.34x10%+4.0x10°  1.25x10%+3.7x10°  1.21x10%£3.7x10°  1.15x10%+3.5x10"  1.11x10°3.4x10’
251x10 47.8x10%  1.21x10%3.4x10"  1.17x10°£3.3x10°  1.11x10°3.2x10°  1.03x10°£3.0x10°  1.01x10°+2.9x10°  9.09x10'+2.7x10°
3.16x10 £1.1x10°  1.05x10°%3.1x10°  1.04x10°3.1x10°  9.56x10'+2.9x10°  9.73x10'£2.9x10°  8.77x10'+2.8x10°  7.97x10'+2.6x10°
3.98x10 7+1.5x10°  1.04x10°+3.3x10°  1.04x10°£3.3x10°  9.23x10'+3.0x10°  8.77x10'+2.9x10°  8.17x10'+2.7x10°  7.18x10'+2.4x10°
50110 42,110 9.89x10'+3.0x10°  9.87x10'+3.0x10°  8.88x10'+2.7x10°  8.34x10'£2.6x10°  7.59x10'+2.4x10°  7.08x10'+£2.2x10°
6.31x107£3.0x10°  9.71x10'+2.2x10°  9.41x10'+2.1x10°  8.68x10'+2.0x10°  7.90x10'+1.8x10°  7.35x10'+1.8x10°  6.28x10'+1.6x10°
7.94x10 °£42x10°  9.88x10'+2.3x10°  9.46x10'+2.2x10°  8.45x10'+2.0x10°  7.91x10'£1.9x10°  7.50x10'+1.8x10°  6.10x10'+1.5x10°
1.00x10 '4£5.9x10*  1.06x10°£2.7x10"  1.02x10°+2.5x10°  9.27x10'+2.3x10°  8.26x10'+2.1x10°  7.42x10'+2.0x10°  6.11x10'+1.7x10°
113x107'£6.7<107*  1.13x10%+2.7x10°  1.09x10%+2.6x10"  1.03x10%+2.5x10"  9.17x10'+2.3x10"  8.05x10'+2.1x10"  6.50x10'+1.8x10’
127x10 '£7.6x10*  1.21x10°2.9x10"  1.17x10°+2.8x10°  1.06x10°42.6x10°  9.54x10'+2.4x10°  8.32x10'+2.2x10°  6.72x10'+1.9x10°
1.44x107'£8.7x107"  1.44x10°+4.8x10°  1.44x10°+4.9x10°  1.28x10°+4.8x10"  1.11x10°+3.3x10"  9.85x10'+3.6x10"  7.79x10'+2.5x10’
1.62x10 '49.9x10*  1.73x10°4.6x10"  1.66x10°+4.5x10°  1.44x10°+4.7x10°  1.32x10°£3.2x10°  1.08x10°+3.3x10°  8.66x10'+2.2x10°
1.83x107'£1.1x107°  2.42x10%+6.6x10°  2.31x10%£5.7x10°  2.00x10°+5.2x10°  1.66x10°+6.9x10°  1.43x10°+4.5x10"  1.06x10°+5.3x10’
2.07x10 '£1.3x10°  3.78x10%£9.4x10°  3.54x10%t1.1x10'  3.07x10%£7.9x10"  2.57x10%t5.9x10"  2.17x10’+4.6x10"  1.65x10+4.7x10’
234x107'£1.5x10°  5.97x10%+4.1x10"  5.63x10°+4.3x10"  4.79x10%+3.5x10'  3.93x10°£3.1x10"  3.16x10°+1.8x10"  2.28x10°+1.1x10'
2.64x10 '£1.7x107°  4.22x10°2.8x10"  3.88x10°+2.9x10'  3.29x10°42.4x10"  2.61x10°£2.3x10'  2.22x10°+1.2x10"  1.61x10°+8.7x10°
2.98x107'£2.0x10°  2.55x10%+1.4x10'  2.37x10%t1.4x10'  2.00x10°+1.3x10'  1.69x10°t1.6x10"  1.28x10°+6.2x10"  9.47x10'+5.3x10’
3.36x10 '+23x10°  1.38x10°+7.9x10°  1.29x10°£6.4x10°  1.06x10°+6.5x10°  8.57x10'£6.3x10°  6.95x10'+4.0x10°  5.21x10'+2.9x10°
3.79x10'42.6%10°  1.02x10°+4.6x10°  9.50x10'+4.1x10°  7.92x10'£3.7x10°  6.47x10'£3.2x10°  5.23x10'+2.4x10°  3.93x10'+1.8x10°
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OE-bin,  /(mb/sT)
E, /MeV

19.2° 26.9° 36.5° 46.7° 57.3° 68.0°

428x10 '£3.0x10°  7.89x10'+1.8x10°  7.19x10'+1.6x10°  6.08x10'+1.4x10°  4.97x10'+1.2x10°  4.11x10'+1.1x10°  3.11x10'+8.5x10 '
4.83x10 '£3.5x10°  6.39x10'+1.4x10°  5.69x10'+1.3x10°  4.84x10'+1.1x10°  4.03x10'£9.3x10""  3.34x10'+8.1x10"'  2.54x10'+6.9x10'
5.46x10 '+4.0x10°  543x10'£1.2x10°  4.98x10't1.1x10°  4.18x10'£1.0x10°  3.44x10'+8.8x10°"  2.90x10'+7.3x10™"  2.20x10'+6.8x10 '
6.16x10 '+4.7x10°  4.85x10't1.1x10°  4.48x10't1.0x10°  3.78x10'8.7x10""  3.06x10'+7.8x10""  2.59x10'+6.8x10""  2.05x10'+5.5x10""
6.95x10'£5.5x10°  4.46x10'£1.0x10°  4.00x10'+1.1x10°  3.56x10'+8.3x10°"  2.96x10'+7.4x10"  239x10'+6.6x10""  2.01x10'+5.4x10”"
7.85x107'£6.4x10°  4.02x10'+1.1x10°  3.82x10'£9.5x10™  3.18x10'+8.1x107"  2.87x10'+1.5x10°  2.52x10'£1.9x10°  1.97x10'+7.4x10”"
8.86x10 '+7.5x10°  3.90x10'£1.0x10°  3.48x10'£9.5x10"'  2.97x10'+8.0x10”"  2.31x10't1.8x10"  1.95x10'+1.8x10°  1.75x10'9.4x10 "'
1.00x10°+8.8x10°  3.56x10'+1.1x10°  3.32x10'+9.8x10™"  2.81x10'+7.9x10"" 2.38x10'+6.8x10""  2.12x10'5.7x10""  1.84x10'+4.9x10""
1.20x10%£1.1x107  3.17x10'+7.7x107"  3.03x10'£7.2x10°"  2.59x10'+6.0x10™"  2.27x10'£5.7x10"  2.09x10'+5.7x10™"  1.87x10'+5.1x10"'
1.40x10°£1.4x107  2.82x10'+8.0x10™"  2.67x10'+7.2x10""  2.44x10'6.6x10"  2.23x10'£6.0x10"  2.13x10'£6.4x10""  1.95x10'+6.9x10""
1.60x10%£1.7x107  2.58x10'+9.8x107"  2.44x10'£8.3x10°"  2.37x10'+7.4x10™"  2.26x10'£6.6x10  2.23x10'+7.7x10""  2.10x10'+9.0x10 "'
1.80x10%+2.1x107  2.30x10'+1.1x10°  2.33x10'£9.9x10°"  2.31x10'+8.5x107"  2.27x10'£7.2x10°  2.27x10'+7.7x10""  2.16x10'+8.3x10""
2.00x10°£2.4x107°  2.16x10'£9.4x10™  2.13x10'£1.0x10°  2.29x10'+1.1x10"  235x10'+9.1x10""  2.35x10'£8.1x10"  2.17x10'+8.2x10™"
2.20x10%2.8x10°  2.10x10'+8.1x10"  2.14x10'+8.8x10"  2.32x10'+9.4x10"  2.28x10'+9.9x10"  2.34x10'£1.2x10"  2.06x10'+1.3x10"
2.40x10°£3.2x107°  1.90x10'+8.7x10"  1.99x10'+8.2x107"  2.23x10'+1.2x10"  2.21x10'£1.7x10°  2.18x10'+2.1x10"  1.97x10'£2.3x10°
2.60x10°3.5x10°  1.96x10'£1.4x10"  2.09x10'+1.1x10"  2.40x10'+9.6x10"  2.33x10'£1.5x10"  2.22x10'+2.0x10°  1.84x10'+2.2x10"
2.80x10°+4.0x107°  1.97x10'+1.9x10°  2.00x10'£1.1x10°  2.29x10'+1.0x10°  2.24x10'+9.3x10™"  2.11x10'£9.6x10"  1.72x10'+1.0x10°
3.00x10°+4.4x107°  1.99x10'+1.6x10°  2.10x10'£1.2x10°  2.37x10'+1.2x10°  2.21x10'£1.0x10°  1.90x10'+1.0x10"  1.53x10'+8.6x10""

Table A2. The measured differential cross-sections of the 6Li(n, t)4He reaction in the laboratory system.

O-pin, o /(mb/sr)

E, /MeV
78.8° 90.3° 101.2° 112.0° 122.7°

1.00x10°+4.2x10”° 1.30x10*+2.2x10 1.30x10*+2.3x10 1.30x10*+2.3x10 1.29x10*+2.2x10° 1.31x10*+2.3x10
1.26%10 *+5.3x10° 1.05%10"+2.8x107 1.03x10*+2.8x107 1.05x10*£2.8x10 1.04x10%:2.8x10 1.05%10*+2.9x107
1.58x10°+6.7x10”° 8.29x10°+2.4x10° 8.29x10°+2.4x10° 8.35%10’+2.4x10° 8.13x10°+2.3x10° 8.33x10°+2.4x10°
2.00x10 °+8.5x10”° 7.69%10°+2.3x10° 7.62x10°£2.3x10° 7.87x10°+2.4x10° 7.62x10°+2.3x10° 7.64x10'+2.3x10°
2.51x10°+1.1x10°° 6.48x10°+3.0x10 6.42x10°+3.0x10 6.53x10°+3.0x10° 6.63x10°+3.1x10° 6.45%10°+3.0x10°
3.16x10 *+1.4x10 ° 7.46x10'+2.6x10° 747x10°2.7%10° 7.34x10°+2.6x10 7.30x10°+2.6x10° 7.27%10°42.6x10°
3.98x10°+£1.7x10"° 5.34x10°+6.3x10° 5.34x10°+6.3x10° 5.58x10°+6.6x10 5.37x10°+6.3x10° 5.50x10°+6.5%10°
5.01x10 *+2.2x10 ° 5.36x10°+3.9x10° 5.19x10°+3.8x10 5.14x10°3.7x10° 5.20x10°+3.8x10° 5.07x10°+3.7x10°
6.31x10 *+2.8x10"° 5.29x10°+2.8x10° 5.29x10°+2.8x10° 5.19x10°+2.8x10° 5.23x10°+2.8x10° 5.24x10°+2.8x10°
7.94x10 *+3.7x10 ° 438x10°£9.2x10 4.29x10°+9.0x10 4.23x10°+8.8x10 4.14x10°+8.6x10 4.29x10°9.0x10
1.00x10°+4.7x10"° 4.32x10°1.7x10° 4.11x10°+1.6x107 4.24x107+1.7x107 4.07x10°1.6x10° 421x10°1.6x10°
1.26x10 °+6.1x10"° 3.60x10+3.1x10° 3.41x10°43.0x10 3.44x10°+3.0x10° 3.48x10°+3.0x10° 3.53x10°+3.1x10°
1.58x107°£7.9x10"° 3.00x10°+4.5%10 2.87x10°+4.3x10° 2.94x107+4.4x107 2.86x10°+4.3x10 2.85x10°+4.2x10°
2.00x10 *+1.0x10" 2.32x10°+4.2x10° 2.32x10°+4.2x10° 2.26x10°+4.1x10° 2.31x10°+4.2x10° 2.32x10°4.2x10°
2.51x107°+1.3x10” 2.63x10°1.3x10° 2.57x10°+1.3x10° 2.64x107+1.3x107 2.55x10°+1.2x10 2.64x10°1.3x10°
3.16x10 +1.8x10 1.85%10°+4.0x107 1.80x10°+3.9x10 1.84x10°+4.0x10 1.80x10°+3.9x10 1.90x10°+4.1x107
3.98x107°+£2.4x10" 1.97x10°+1.8x10° 1.86x10°+1.7x107 1.95x10°+1.8x107 1.91x10°1.7x10° 1.86x10°1.7x10°
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E, /MeV

OF-bin, o /(mb/sr)

78.8°

90.3°

101.2°

112.0°

122.7°

7

5.01x10°£3.2x10"

7

6.31x10°+4.4x10"

7

7.94%10°+6.0x10"

7

1.00x10 *+8.5%10"

6

1.26x10 *£1.1x10

6

1.58x10 *+1.3x10"

6

2.00x10 *£1.7x10

—6

2.51x10 *+2.2x10

6

3.16x10 *+£2.7x10"

6

3.98x10 *+3.5x10"

6

5.01x10 *+4.4x10"

6

6.31x10*£5.6x10"

6

7.94x10 *£7.2x10"

—6

1.00x107°+9.3x10
1.26x10 *+1.2x10°°
1.58x107°+1.6x10~°
2.00x10 *42.2x10"°
2.51x10 +3.0x10"°
3.16x10 °+4.1x10"°
3.98x10 +5.5%10"°
5.01x10 £7.6x10°

4

6.31x10°+1.1x10"

4

7.94x10 +£1.5%10"

4

1.00x10°£2.0x10”

4

1.26x10 °+2.8x10

4

1.58x10 °+4.0x10"

4

2.00x10 °+5.5%10"

4

2.51x10 £7.8%10”
3.16x10 +1.1x10°
3.98x10 £1.5%10"
5.01x10 +2.1x10°
6.31x10 +3.0x10"
7.94x10 *+4.2x10"°

4

1.00x10'+5.9x10"

4

1.13x10'+6.7x10

4

1.27x10'+7.6x10”

4

1.44x10'+8.7x10
1.62x10'+9.9x10"*
1.83x10 '£1.1x10"°

2.07x10 '£1.3x10”

1.81x10°+1.3x10
1.35x10°+1.3x10
1.31x10°+1.2x10°
1.19x10°+9.1x10"
1.06x10°+1.1x10°
9.52x10°+7.3x10'
8.28x10°+6.8x10"
7.73x10°£6.6x10'
6.45%10°£4.2x10'
6.06x10°3.9x10'
5.85%10°+2.8x10'
4.62x10°+1.8x10"
4.49x10°+2.1x10"
3.54x10°%1.4x10'
3.36%10°+9.9x10°
2.92x10°+8.9x10"
2.73%x10°+8.2x10°
2.47x10°%1.4x10'
2.26x10°£7.1x10°
1.86x10°+5.9x10°
1.69%10°+5.5%10°
1.54x10°+5.0x10°
1.41x10°£5.6x10°
1.34x10°+6.4x10°
1.14x10°3.6x10°
1.12x10°+3.5%10°
9.70x10'+3.1x10"
8.14x10'+2.5x10’
7.18%10'£2.4x10°
6.76x10'+2.3x10°
6.03%10'+2.0x10°
5.39x10'+1.4x10°
5.50x10'£1.4x10°
5.17x10'+1.5%10°
5.31x10'£1.5%10°
5.32x10'+1.6x10°
6.09%10'+2.0x10°
6.78x10'+1.8x10°
8.32x10'+3.9x10’
1.28x10°+3.3x10°

1.77x10°+1.3x10
1.32x10’+1.3x10
1.34x10°+1.3x107
1.14x10’+8.7x10'
1.08x10°+1.1x107
9.78x10°+7.5%10'
7.82x10°+6.4x10'
7.67x10°£6.6x10'
6.60x10°4.3x10'
6.51x10°+4.3x10'
5.73%10°2.8x10'
4.67x10’+1.9x10'
4.27x10°£2.0x10'
3.45%10°+1.4x10'
3.03x10°£9.5x10°
3.00x10°£9.3x10°
2.64x10°+8.2x10’
2.43x10°+1.4x10'
2.10x10°7.0x10’
2.00%10°+£6.4x10°
1.58x10°+5.4x10°
1.51x10%5.1x10°
1.30x10°+5.4x10°
1.24x10°£6.1x10°
1.10x10°+3.6x10°
9.67x10'+3.3x10°
8.79x10'+3.0x10°
7.59x10'+£2.5%10°
6.72x10'+2.4x10’
5.82x10'+2.2x10°
5.40x10'+1.9x10’
4.82x10'+1.3x10’
437x10'+1.3x10°
430x10'+1.4x10°
4.48x10'+1.4x10°
4.61x10'+1.5x10°
5.25x10'+1.8x10’
5.85x10'+1.8x10°
6.96x10'+4.2x10’
1.13x10°3.6x10°

1.78x10°+1.3x10
1.35x10°+1.3x10
1.30x10°+1.2x10°
1.14x10°+8.7x10'
1.07x10°+1.1x10°
9.59x10°+7.3x10'
8.03x10°+6.6x10"
7.42x10°£6.3x10'
6.40x10°£4.2x10"
5.96x10°+£3.9x10"
5.45%10°+2.6x10'
4.44x10°+1.8x10'
4.18x10°+2.0x10"
3.41x10°1.4x10'
3.46%10°+1.0x10'
2.81x10°+8.9x10°
2.68%10°+8.2x10"
221x10°1.3x10'
2.12x10°£7.0x10°
1.79%10°+5.9x10°
1.59%10°+5.4x10°
1.31x10°+4.5%10°
1.34x10°£5.4x10°
1.17x10°+5.7x10°
1.02x10°+3.4x10°
9.41x10'+3.2x10°
8.50x10'+2.9x10’
6.88x10'+2.3x10°
5.81x10'+2.2x10°
5.16x10'+2.0x10°
4.78x10'+1.7x10°
4.19x10'+1.2x10°
3.96x10'£1.2x10°
3.76x10'+1.2x10°
3.75%10'£1.2x10°
3.74x10'+1.3x10°
4.43x10'+1.9x10°
4.84x10'+1.8x10°
6.60x10'+2.7x10°
1.11x10°+4.4x10°

1.75x10°+1.2x10
1.33x10°+1.3x10
1.27x10°+1.2x10°
1.11x10°+8.5x 10"
1.03x10°+1.1x10°
9.15%10°+7.0x10'
7.66%10°+6.3x10'
7.22x10°£6.2x10'
6.46x10°£4.2x10'
5.91x10°+£3.9x10"
5.16x10°+2.5x10"
4.41x10°+1.8x10"
4.03x10°+1.9x10"
3.39x10°1.4x10'
2.95%10°+9.2x10"
2.78x10°+8.8x10"
2.39%10°+7.6x10°
2.24x10°£1.3x10'
1.98x10°+6.6x10°
1.67x10°+5.6x10°
1.43x10°+5.0x10°
1.24x10°+4.4x10°
1.21x10°£5.0x10°
1.06x10°+5.3x10°
9.78%10'+3.3x10"
8.23x10'+2.9x10’
7.35%10'+2.6x10°
6.18x10'+2.1x10°
4.93x10'+2.0x10°
4.44x10'+1.8x10°
4.02x10'+1.5%x10°
3.41x10'+1.0x10°
3.29%10'+1.0x10°
3.15%10'+1.1x10°
3.19%10'£1.1x10°
3.31x10'+1.2x10°
3.84x10'+1.5%10"
4.75%10'+1.5%10°
6.26%10'+3.6x10"
1.13x10°+3.5%10°

1.71x10°+1.2x10
1.34x10°+1.3x107
1.28x10°+1.2x10°
1.16x10°+8.8x10'
1.05x10°+1.1x10°
9.01x10°£6.9x10"
7.40x10°+6.1x10"
7.64x10°£6.5%10"
6.14x10°+4.0x10"
5.67x10°+3.7x10"
5.18x10°+2.5x10"
4.50x10°+1.8x10'
4.12x10°+2.0x10'
3.36x10°+1.4x10"
3.01x10°+9.4x10"
2.71x10°+8.7x10"
2.53x10°+7.9x10"
2.01x10°£1.2x10"
2.01x10°+6.8x10"
1.72x10°+5.7x10°
1.51x10°£5.2x10°
1.20x10°+4.3x10"
1.12x10°+4.8x10°
1.03x10°+5.2x10°
9.22x10'£3.2x10°
7.64x10'+2.8x10"
6.77%10'+2.5x10"
5.53x10'+1.9x10°
4.99x10'+2.0x10"
4.17x10'£1.7x10°
3.76x10'£1.4x10°
3.13x10'+1.0x10°
2.90x10'+9.6x10""
2.93x10'+1.0x10°
2.97x10'£1.1x10°
3.13x10'1.1x10°
3.96x10'+1.7x10"
4.79x10'+1.4x10°
6.78x10'+3.5x10"
1.28x10°+3.4x10"
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Table A2-continued from previous page

E, /MeV

OE-bin, o /(mb/sT)

78.8°

90.3°

101.2°

112.0°

122.7°

3

2.34x10 '£1.5%10

3

2.64x10 '£1.7x10

3

2.98x10'+2.0x10"

3

3.36x107'£2.3x10~

3

3.79x10'+2.6x10°

3

428x10 '+3.0x10”

3

4.83x10 '+3.5%10°

3

5.46x10"'+4.0x10~

3

6.16x10'+4.7x10"

3

6.95x107'£5.5%10~

3

7.85%10'+6.4x10"
8.86x10 '+7.5x10
1.00x10"+8.8x10"°
1.20x10°1.1x102
1.40x10%1.4x10
1.60x10°+1.7x10 >
1.80x10%2.1x10
2.00x10"2.4x102
2.20%10°+2.8x10
2.40x10"+3.2x10
2.60x10°+3.5%10
2.80x10"+4.0x10 2
3.00x10°+4.4x10 7

1.84x10°+1.3x10"
1.25%10%+9.1x10"
7.72x10'+5.3x10°
4.22x10'+2.9x10"
3.33x10'+1.6x10°
2.65%x10'+7.6x10"
2.17x10'+6.2x10""
1.93x10'+5.6x10 "
1.83x10'+5.0x10""
1.66x10'+6.3x10 "
1.79%10'+1.0x10°
1.58x10'+7.6x10""
1.65%10'+4.3x10""
1.71x10'+4.7x10""
1.77x10'+6.1x10""
1.95%10'+7.0x10 "
1.91x10'+6.8x10""
1.96x10'+7.1x10 "
1.96x10'+1.1x10°
1.67%10'+1.8x10"
1.61x10'+1.7x10°
1.40x10'+6.9x10 "
1.20x10'+1.1x10°

1.63x10°+9.3x10°
1.19x10%+6.4x10"
7.11x10'+2.8x10°
421x10'+1.7x10°
3.08x10'+1.1x10°
2.42x10'£7.3x10”
2.06%10'+6.2x10”
1.89x10'+£5.4x10~
1.74x10'+5.2x10°
1.66x10'+4.8x10~
1.56x10'+4.7x10°
1.45x10'£7.2x10~
1.55%10'+4.6x10°
1.61x10'+4.9x10~

1
1
1
1
1
1
1
1
1

1

1.66x10'+6.0x10~
1.72x10'46.4x10
1.73x10'+6.1x10~
1.67x10'+7.1x10
1.57x10'+8.4x10
1.37x10'+1.1x10°

1
1
1

1

1

1.35%10'49.4x10°
1.02x10'+1.1x10"
9.92x10°+1.6x10°

1.63x10°£9.2x10°
1.21x10°+9.6x10"
8.15x10'+7.5x10"
4.25x10'+3.6x10"
3.31x10'+1.5x10°
2.61x10'+7.5x10 "
2.09x10'+6.0x10~
1.85%10'+5.4x10 "
1.69%10'+4.9x10"
1.59%10'+4.6x10 "
1.60x10'+7.5x10""
1.40x10'+7.2x10 "
1.46x10'+4.3x10""
1.48x10'+4.4x10 "
1.48x10'+4.9x10"'
1.52x10'+5.0x10 "
1.44x10'+5.4x10
1.45%10'+5.5%10 "
1.30x10'+5.5%10°
1.11x10'+6.8x10 "
1.00x10'+7.5%10""
7.41x10°£7.5x10""

1

1

1

1

7.87x10°+7.3x10”"

1.84x10°49.7x10°
1.48x10%+7.4x10"
9.07x10'+3.6x10"
5.19x10'+2.8x10"
3.95x10'+1.7x10°
3.00x10'+£8.5x10""
2.30x10'+6.4x10"
1.91x10'+6.3x10 "
1.77x10'+5.0x 10
1.65%10'+4.7x10""
1.70x10'+1.3x10°
1.36x10'+9.4x10 "
1.41x10'+4.6x10 "'
1.34x10'+3.9x10 "
1.32x10'+4.3x10 "'
1.36x10'+4.4x10 "
1.26x10'+4.9x10 "'
1.19%10'+5.1x10 "
1.10x10'+5.7x10
9.78x10°£6.0x10™"
8.38x10°+6.8x10
6.78x10°£9.0x10™"
6.38x10"+1.7x10"

1

1

1

1

2.18x10+1.3x10'
1.75x10°1.0x10'
1.11x10°5.3x10°
6.20x10'+3.3x10’
4.51x10'+1.8x10°

1

3.45x10'£9.3x10”

1

2.63%10'+6.9x10”

1

2.18x10'£6.0x10”

1

1.90x10'+5.2x10

1

1.69x10'+4.8x10~
1.71x10'+1.3x10°
1.26x10'+1.4x10"

1

1.45%10'+5.8x10

1

1.36x10'£4.6x10~

1

1.32x10'+4.3x10°

1

1.26x10'£4.3x10~

1

1.18x10'+4.7x10
1.13x10'+5.3x10™"
9.68x10°+7.5%10
9.04x10°+7.5%10
7.56x10°8.1x10

5.71x10°£7.9x10

1
1
1

1

4.65%x10%+1.5%x10°

Table A3. The measured differential cross-sections in the laboratory system and the angle-integrated cross-sections of the 6Li(n, t)AHe reaction.

E, /MeV

O -bin, g /(mb/sr)

133.2°

143.5°

153.1°

160.8°

o /mb

—6 9

1.00x10 "+£4.2x10"

9

1.26x10 *+5.3x10"

9

1.58x10 *+6.7x10
2.00x10 *+8.5x10”°
2.51x10°+1.1x10°°
3.16x10 *+1.4x10 °
3.98x10°+£1.7x10"°
5.01x10 *+2.2x10 °
6.31x10 *+2.8x10"°
7.94x10 *+3.7x10
1.00x107°+4.7x10"°

1.30x10*+2.3x10
1.08x10*+2.9x10
8.32x10°+2.4x10°
7.57x10°+2.3x10°
6.43%10°+3.0x10°
7.43x10°+2.6x10°
5.55x10°+6.5x10°
5.16x10°+3.7x10°
5.15x10°+2.8x10°
4.30%10°+9.0x10
4.14x10°+1.6x10°

1.28x10*+2.2x107
1.07x10"+2.9x10
8.25x10°+2.4x10°
7.54x10°£2.3x10°
6.55%x10°+3.0x10°
7.41x10°£2.6x10°
5.53x10°+6.5x10°
5.22x10°+3.8x10°
5.22x10°+2.8x10°
4.09%10°+8.5%10
4.02x10°+1.6x10

1.28x10*+2.2x10°
1.04x10"+2.8x10°
8.37x10°£2.4x10°
7.82x10°£2.4x10°
6.59%10°+3.0x10°
7.33%10°+2.6x10°
5.28x10°£6.2x10°
5.12x10°£3.7x10°
5.20x10°+2.8x10°
421x10°+8.8x10°
4.24x10°+1.7%10

1.28x10*+2.3x107
1.04x10"+2.8x10°
8.33x10°+2.4x10°
7.44x10°£2.3x10
6.45x10°+3.0x10°
7.40%10°+2.6x10
5.44x10°+6.4x10°
5.09x10°+3.7x10°
5.18x10°+2.8x10°
4.31x10°+9.0x107
420%10°+1.6x10°

1.63x10°+2.5%10°
1.32x10°+3.3x10°
1.04x10°+2.7x10°
9.63x10*+2.7x10’
8.24x10°+3.6x10°
9.24x10*+3.0x10’
6.82x10°+7.9x10°
6.53x10"+4.6x10°
6.57x10"+3.4x10°
5.37x10*1.1x10"
5.27x10°+1.8x10°
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Table A3-continued from previous page

E, /MeV

OF-bin, o /(mb/sr)

133.2°

143.5° 153.1°

160.8°

o /mb

1.26x10°+6.1x10™°
1.58x10°+7.9x10™
2.00x10°+1.0x10”
2.51x10 °+1.3x10”
3.16x10 °+1.8x10"
3.98x10 °+2.4x10 "
5.01x10°+3.2x10"
6.31x10°+4.4x10"
7.94x10 °+6.0x10"
1.00x10*+8.5x10”
1.26x10 *x1.1x10°°
1.58x10 *+1.3x10°°
2.00x10 *+1.7x10°°
2.51x10*+2.2x10°°
3.16x10 *+2.7x10°°
3.98x10 *+3.5x10°°
5.01x10 *+4.4x10°°
6.31x10 *+5.6x10°°
7.94x10 *+7.2x10°°
1.00x10°+9.3x10™°
1.26x10 °+1.2x10"°
1.58x10°+1.6x10~
2.00x10°+2.2x10"°
2.51x10°+3.0x10”
3.16x10 £4.1x10"
3.98x10°+5.5x10"
5.01x10°+7.6x10"
6.31x10°«1.1x10™*
7.94x10 +1.5x10"*
1.00x10 *+2.0x10™*
1.26x10 °+2.8x10 "
1.58x10 °+4.0x10"*
2.00x10°+5.5%10"*
2.51x10 °+7.8x10"*
3.16x10 *£1.1x10"
3.98x10 °1.5x10"
5.01x10 *£2.1x10"
6.31x10°%3.0x10"
7.94x10 "£4.2x10"
1.00x10'+5.9x10™*

3.50x10°+3.0x10°
2.83x10°+4.2x107
2.37x10+4.3x107
2.66x10°+1.3x107
1.83x10°+3.9x10
1.86x10°+1.7x107
1.75%10°+1.2x10°
1.33x10°+1.3x107
1.32x10°+1.2x10°
1.16x10°+8.9x10'
1.06x10°+1.1x10°
9.28x10°+7.1x10"
7.77%10°+6.4x10"
7.41x10°£6.3x10"
6.09x10°+4.0x10"
6.11x10°+4.0x10"
5.33x10°+2.6x10"
4.45x10°+1.8x10'
4.08%10°+2.0x10'
3.43x10°+1.4x10"
3.13x10°+9.6x10"
2.60x10°+8.4x10"
2.53%10°+7.8x10"
1.96x10°£1.1x10'
1.96x10°+6.6x10"
1.60x10°+5.5x10"
1.45%10°5.1x10°
1.20x10°+4.3x10°
1.07%10°+4.6x10"
9.88x10'+5.0x10"
8.31x10'+3.0x10"
7.25x10'+2.7x10°
6.42x10'£2.4x10°
5.21x10'+1.9x10°
4.24x10'+1.8x10°
3.79x10'+1.6x10°
3.03x10'£1.2x10°
2.73x10'+9.1x10”"
2.36x10'+8.4x10""
2.53x10'+9.4x10""

3.47x10°+3.0x10°
2.95%10°+4.4x10°
2.25%x10°+4.0x10
2.57x10°£1.3x10°
1.79x10’+3.9x10

3.42x10°+3.0x10
2.84x10°+4.2x10°
2.30x10°+4.1x10°
2.62x10°+1.3x107
1.73x10°+3.7x10
1.86x10°+1.7x10° 1.89x10°+1.7x107
1.75x10°+1.3x10° 1.76x10°+1.2x10°
1.32x10°+1.3x10 1.35x10°+1.3x10
1.26x10°+1.2x10° 1.23x10°+1.2x10°
1.14x10°+8.7x10' 1.10x10°+8.4x 10"
1.06x10°+1.1x10°
9.53x10°+7.3x10'
7.80%10°+6.4x10'
7.18x10°£6.1x10'
6.34x10°=4.1x10"
5.96x10°+£3.9x10"
5.07%10°+2.5%10'
4.39x10+1.8x10'
3.97x10°+1.9x10'

3.26x10°£1.3x10'

1.05x10°+1.1x107
9.16x10°£7.0x10'
7.80x107+6.4x10"
7.55%10°£6.4x10'
6.06x107+4.0x10"
5.89%10°+£3.9x10'
5.12x10+2.5x10"
4.25x10°+1.7%10'
4.11x10°2.0x10'
3.22x10°1.3x10'

2.95%10°£9.2x10° 2.94%10°£9.2x10°
2.59x10°+8.4x10" 2.51x10°8.1x10°
2.24x10°£7.2x10° 2.26%10°+7.3x10°

2.01x10°£1.2x10'
1.79%10°+6.2x10°

2.04x10°+1.2x10'
1.83x10°£6.3x10’
1.54x10%+5.3x10° 1.53x10°+5.3x10°
1.37x10°+4.8x10° 1.33x10°+4.7x10°
1.26x10°+4.4x10° 1.21x10°+4.3x10°
9.90x10'+4.4x10’
9.12x10'+4.7x10°
8.34x10'+3.0x10°
6.64x10'+£2.6x10°
5.77x10'+2.2x10°
4.95x10'+1.8x10’
4.02%10'+1.7x10°
3.22x10'+1.4x10°
2.64x10'+1.1x10°

2.30x10'+8.3x10""

1

1.06x10°+4.5x10°
9.11x10'+4.7x10°
8.11x10'2.9x10"
7.17x10'+2.7x10°
5.76x10'£2.2x10°
5.15x10'+1.8x10°
3.74x10'£1.7x10°
3.27x10'+1.4x10°
2.89x10'x1.2x10°
2.53x10'+8.7x10""
! 1.97x10'+7.6x10
2.31x10'+8.9x10"

2.28%10'£8.3x10”
2.41x10'+9.2x10""

3.42x10°43.0x10°
2.84x10°+4.2x10°
2.28x10°+4.1x10°
2.60x10°+1.3x10°
1.80x10’+3.9x10
1.88x10°+1.7x10°
1.73x10°+1.2x107
1.31x10°+1.3x10°
1.23x10°+1.2x107
1.14x10’+8.7x10'
1.03x10°+1.1x107
8.92x10°6.8x10'
7.26x10°6.0x10'
7.26%10°£6.2x10'
6.04x10°+3.9x10'
5.48x10°+3.6x10'
5.02x10+2.4x10'
4.38x10°+1.8x10'
3.95x10°1.9x10'
3.27x10°£1.3x10'
2.79x10°+8.8x10°
2.46x10°+8.1x10°
2.22x10°7.2x10°
1.98x10%+1.1x10'
1.85%x10%£6.3x10°
1.49%10%+5.2x10°
1.31x10°+4.7x10’
1.15%10°+4.2x10°
1.01x10°+4.4x10°
8.73%10'+4.5x10°
7.30%10'+2.8x10°
6.40x10'+2.5%10°
5.65%x10'+2.2x10°
4.65%10'+1.7x10°
3.92x10'+1.7x10°
3.07%10'+1.4x10°
2.50x10'+1.1x10°
2.13x10'+7.9x10”"
2.01x10'+7.7x10"'
2.33%10'£9.0x10™"

4.41x10"+3.7x10°
3.66x10"£5.4x10°
2.91x10"£5.2x10°
3.31x10*1.5x10°
2.31x10*5.0x10°
2.40x10*+2.1x10°
2.22x10"1.5%10°
1.70x10*+1.7x10°
1.64x10":1.5%10°
1.46x10*+1.1x10°
1.34x10":1.4x10°
1.20x10*+8.8x107
1.00x10*+7.9x10
9.58x10°+7.9x10
8.08x10°+4.9x10
7.74x10°+4.7x10
6.90x10°+3.0x10
5.81x10°+1.9x10
5.44x10°£2.2x10°
4.45x10°+1.4x107
4.07x10°+7.2x10"
3.61x10°+7.1x10"
3.34x10°+5.9x10"
2.93x10°+1.5%107
2.74x10°+5.3x10'
2.36x10°+4.2x10'
2.07x10°+4.4x10"
1.85x10°+3.5%10'
1.70x10°+4.8x10"
1.58x10°+6.3x10'
1.41x10°+2.5%10"
1.26x10°+2.4x10'
1.16x10°+2.4x10"
9.87x10°+2.1x10"
8.53x10°+1.6x10"
7.74x10°£1.9x10"
7.17%10°+1.8x10"
6.58x10°1.2x10"
6.39x10°1.2x10'
6.50x10°+1.3x10"
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Table A3-continued from previous page

E, /MeV

Of-bin,  /(mb/sr)

133.2°

143.5°

153.1°

160.8°

o /mb

1.13x10 '+6.7x10"*
1.27x10 '+7.6x10™*
1.44x10'+8.7x10"*
1.62x10"'+9.9x10™*
1.83x10 '+1.1x10"
2.07x10 '+1.3x10°
2.34x10 '£1.5x10"
2.64x10'+1.7x10°
2.98x10 '+2.0x10”
3.36x10 '+2.3x10°°
3.79x10 '+2.6x10"
4.28x107'+3.0x107
4.83x10 '+3.5x10"
5.46x10'+4.0x107
6.16x10 '+4.7x10"
6.95x10'+5.5x10
7.85x10 '+6.4x10"
8.86x10'+7.5x10
1.00x10°+8.8x10"°
1.20x10%1.1x1072
1.40x10%£1.4x10
1.60x10%+1.7x107
1.80x10%2.1x10
2.00x10%+2.4x107
2.20x10%2.8x107
2.40x10%+3.2x107
2.60x10%3.5%107
2.80x10%+4.0x107
3.00x10%+4.4x10

2.73%10'+1.0x10°
2.85x10'+1.1x10"
3.92x10'+2.1x10°
4.83x10'+2.2x10"
8.04x10'+2.3x10"
1.48x10%+3.8x10"
2.69x10°+1.8x10'
2.16x10°+1.3x10"
1.34x10°+4.4x10"
7.90x10'+2.4x10"
5.51x10'+1.9x10°
4.00x10'+1.0x10°
2.97x10'+7.8x10""
2.39%10'+6.8x10 "
2.09x10'+6.1x10""
1.89%10'+5.9x10 "
1.59x10'+5.6x10""
1.45%10'+6.1x10 "
1.39x10'+5.0x10""
1.35%10'+4.0x10 "
1.26x10'+4.2x10""
1.20x10'+4.2x10 "
1.13x10'+4.7x10""
1.03x10'+5.0x10 "
9.00x10%+5.7x10""
7.67x10°£5.8x10""
6.54x10"+8.9x10""
5.45x10°£8.5x10""
6.00x10"+9.7x10”"

2.57x10'£1.0x10°
2.79%x10'+1.1x10°
3.76x10'+1.6x10°
5.21x10'+1.7x10°
8.47x10'+3.5x10°
1.67x10%+3.8x10"
3.09x10°+2.4x10"
2.39x10°4+2.0x10"
1.59%10°+9.2x10°
9.04x10'+2.7x10"
6.04x10'+1.9x10°
427x10'+1.1x10°
3.13x10'+8.5%10""
2.48x10'+7.3x10”"
2.25%10'+7.6x10""
1.94x10'+5.5%10™"
1.62x10'+6.2x10""
1.49%10'+5.1x10™"
1.42x10'+5.6x10""
1.27%x10'+3.8x10™"
1.19x10'+4.1x10""
1.15%10'+4.1x10™"
1.12x10'+4.9x10""
1.08x10'+5.8x10™"
9.42x10+8.2x10""
8.51x10°£6.9x10""
7.82x10%£5.9x10""
6.29x10°+7.3x10"
4.10%x10°+3.0x10°

2.58%10'£1.0x10°
3.00x10'+1.1x10°
3.97x10'+1.4x10°
5.92x10'+2.6x10°
8.58x10'+6.2x10°
1.80x10%+5.2x10"
3.18x10°£1.5%10'
2.66x10°+1.4x10"
1.67x10°+6.7x10°
9.55%10'+2.8x10°
6.42x10'+2.0x10°
4.54x10'+1.1x10°
3.38x10'+8.5%10""
2.73%10'+6.9x10"'
2.32x10'+6.9x10"'
1.98x10'+5.7x10 "
1.69%10'+4.9x10""
1.39x10'+1.0x10"
1.42x10'+6.3x10""
1.27x10'+3.8x10 "
1.18x10'+4.1x10""
1.14x10'+4.1x10 "
1.10x10'+4.6x10""
1.04x10'+5.4x10 "
9.85x10%+7.4x10 "
8.86x10°£6.4x10""
7.76x10°+7.4x10 ™"
6.09%x10°+8.7x10 "
5.46x10°£9.3x10 "'

2.55%10'+9.9x10 "'
2.84x10'+1.1x10"
4.05%10'+1.7x10°
5.66x10'£1.7x10°
9.20x10'+3.9x10"
1.81x10%+4.3x10"
3.39x10°+2.3x10"
2.69x10°+2.1x10"
1.81x10%1.3x10"
9.79x10'+4.1x10°
6.71x10'+2.3x10"
4.64x10'+1.1x10"
3.41x10'+8.7x10""
2.75%10'+7.0x10"'
2.25%10'+6.1x10""
1.97x10'+5.2x10 "
1.68x10'+5.3x10 "
1.54x10'+4.7x10 "
1.40x10'+5.2x10""
1.26x10'+3.7x10 "
1.17x10'+4.0x10""
1.16x10'+4.0x10 "
1.06x10'+4.6x10""
1.02x10'+4.8x10 "
9.61x10"+6.3x10""
8.18x10°£6.5x10""
7.86x10’+6.3x10""
7.14x10°£7.0x10”"
4.93x10"+1.4x10"

6.90x10°1.2x10'
7.23x10°+1.5x10"
8.66x10°+2.0x10"
1.01x10°+2.1x10"
1.37x10°+3.7x10'
2.25%10°+5.1x10"
3.54x10°+9.7x10"
2.61x10°+8.1x10"
1.60x10°+3.7x10'
8.93x10°+2.7x10"
6.50x10°+1.5x10"
4.95x10°+1.1x10"
3.93x10°+9.8x10"
3.35x10%+8.3x10"
3.00x10°+6.7x10°
2.74x10°+4.8x10"
2.65%10°+6.5%10"
2.30%10°+5.7x10°
2.33x10°+5.0x10°
2.25x10%+4.3x10"
2.19x10°+4.1x10°
2.20x10%+4.0x10"
2.15%10°+3.9x10°
2.11x10%+4.0x10"
2.01x10°+4.4x10"
1.84x10%+5.5x10"
1.78x10°+5.4x10"
1.58x10%+4.2x10"
1.49x10%+5.4x10"

Appendix B: Differential cross-sections of the 6Li(n, t)4He reaction as a function of the tritium
emission angle

~0.13 to ~0.34 MeV; d) For large emission angles, it decreases in
ent neutron. a) It approaches the isotropic distribution for neutron the region from ~0.34 to ~1.6 MeV; and e) For small emission
energies below ~100 eV; b) It tends to forward directions in the angles, it decreases in the neutron energy region from ~1.6 to ~3.0
neutron energy region from ~100 eV to ~0.13 MeV; ¢) For large MeV.

emission angles, it increases in the neutron energy region from

The angular distribution changes with the energy of the incid-
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Fig. Bl. (color online) The differential cross sections as a function of the triton emission angle in the laboratory system. The evalu-
ations of ENDF/B-VIIIL.0 and JEFF-3.3 and the experimental data are taken from ENDF and EXFOR libraries, respectively. “Chen”
is the result of the R-matrix analysis performed by Prof. Zhenpeng Chen from Tsinghua University.

014003-27



Chinese Physics C Vol. 44, No. 1 (2020) 014003

References

w

W

G. Zhang, J. Chen, G. Tang et al, Nuclear Instruments and
Methods in Physics Research A, 566: 615 (2006)

M. Devlin, T. N. Taddeucci, G. M. Hale et al, International
Conference on Nuclear Data for Science and Technology,1243
(2007)

S. J. Bame and R. L. Cubitt, Physical Review, 114: 1850 (1959)
NEUTRON  CROSS-SECTION  STANDARDS  (20006),
https://www-nds.iaea.org/standards/

W. P. Poenitz, Z. Physik, 268: 359 (1974)

EXFOR: Experimental Nuclear Reaction Data, https://www-
nds.iaea.org/exfor/exfor.htm

L. E. Kirsch, M. Devlin, S. M. Mosby et al, Nuclear Inst. and
Methods in Physics Research A, 874: 57 (2017)
ENDF: Evaluated Nuclear Data File,
nds.iaea.org/exfor/endf.htm

https://www-

10
11

12
13

14
15

17
18

014003-28

H. Yi, Y. Zhao, W. Jiang et al, JINST, 14: P02011 (2019)

Q. An, H. Bai, J. Bao et al, JINST, 12: P07022 (2017)

H. Jing, J. Tang, H. Tang et al, Nuclear Instruments and Methods
in Physics Research A, 621: 91 (2010)

Y. Chen, G. Luan, J. Bao et al, Eur. Phys. J. A, 55: 115 (2019)

B. He, P. Cao, D. Zhang et al, Chinese Physics C, 41: 016104
(2017)

QCalc, http://www.nndc.bnl.gov/qcalc/

H. Yi, T. Wang, Y. Li et al, The double-bunch unfolding method
for the Back-n white neutron source at CSNS, submitted to
Nuclear Instruments and Methods in Physics Research A (to be
published)

J. C. Overley, R. M. Sealock, and D. H. Ehlers, Nuclear Physics
A, 221: 573 (1974)

C. M. Bartle, Nuclear Physics A, 330(1): 1 (1983)

C. M. Bartle, D. W. Gebbie, and C. L. Hollas, Nuclear Physics A,
397(1): 21 (1983)


http://dx.doi.org/10.1016/j.nima.2006.06.064
http://dx.doi.org/10.1016/j.nima.2006.06.064
https://www-nds.iaea.org/standards/
http://dx.doi.org/10.1007/BF01668910
https://www-nds.iaea.org/exfor/exfor.htm
https://www-nds.iaea.org/exfor/exfor.htm
http://dx.doi.org/10.1016/j.nima.2017.08.046
http://dx.doi.org/10.1016/j.nima.2017.08.046
https://www-nds.iaea.org/exfor/endf.htm
https://www-nds.iaea.org/exfor/endf.htm
http://dx.doi.org/10.1088/1748-0221/14/02/P02011
http://dx.doi.org/10.1088/1748-0221/12/07/P07022
http://dx.doi.org/10.1016/j.nima.2010.06.097
http://dx.doi.org/10.1016/j.nima.2010.06.097
http://dx.doi.org/10.1140/epja/i2019-12808-1
http://dx.doi.org/10.1088/1674-1137/41/1/016104
http://www.nndc.bnl.gov/qcalc/
http://dx.doi.org/10.1016/0375-9474(74)90484-9
http://dx.doi.org/10.1016/0375-9474(74)90484-9
http://dx.doi.org/10.1016/0375-9474(83)90076-3
http://dx.doi.org/10.1016/j.nima.2006.06.064
http://dx.doi.org/10.1016/j.nima.2006.06.064
https://www-nds.iaea.org/standards/
http://dx.doi.org/10.1007/BF01668910
https://www-nds.iaea.org/exfor/exfor.htm
https://www-nds.iaea.org/exfor/exfor.htm
http://dx.doi.org/10.1016/j.nima.2017.08.046
http://dx.doi.org/10.1016/j.nima.2017.08.046
https://www-nds.iaea.org/exfor/endf.htm
https://www-nds.iaea.org/exfor/endf.htm
http://dx.doi.org/10.1088/1748-0221/14/02/P02011
http://dx.doi.org/10.1088/1748-0221/12/07/P07022
http://dx.doi.org/10.1016/j.nima.2010.06.097
http://dx.doi.org/10.1016/j.nima.2010.06.097
http://dx.doi.org/10.1140/epja/i2019-12808-1
http://dx.doi.org/10.1088/1674-1137/41/1/016104
http://www.nndc.bnl.gov/qcalc/
http://dx.doi.org/10.1016/0375-9474(74)90484-9
http://dx.doi.org/10.1016/0375-9474(74)90484-9
http://dx.doi.org/10.1016/0375-9474(83)90076-3
http://dx.doi.org/10.1016/j.nima.2006.06.064
http://dx.doi.org/10.1016/j.nima.2006.06.064
https://www-nds.iaea.org/standards/
http://dx.doi.org/10.1007/BF01668910
https://www-nds.iaea.org/exfor/exfor.htm
https://www-nds.iaea.org/exfor/exfor.htm
http://dx.doi.org/10.1016/j.nima.2017.08.046
http://dx.doi.org/10.1016/j.nima.2017.08.046
https://www-nds.iaea.org/exfor/endf.htm
https://www-nds.iaea.org/exfor/endf.htm
http://dx.doi.org/10.1088/1748-0221/14/02/P02011
http://dx.doi.org/10.1088/1748-0221/12/07/P07022
http://dx.doi.org/10.1016/j.nima.2010.06.097
http://dx.doi.org/10.1016/j.nima.2010.06.097
http://dx.doi.org/10.1140/epja/i2019-12808-1
http://dx.doi.org/10.1088/1674-1137/41/1/016104
http://www.nndc.bnl.gov/qcalc/
http://dx.doi.org/10.1016/0375-9474(74)90484-9
http://dx.doi.org/10.1016/0375-9474(74)90484-9
http://dx.doi.org/10.1016/0375-9474(83)90076-3
http://dx.doi.org/10.1088/1748-0221/14/02/P02011
http://dx.doi.org/10.1088/1748-0221/12/07/P07022
http://dx.doi.org/10.1016/j.nima.2010.06.097
http://dx.doi.org/10.1016/j.nima.2010.06.097
http://dx.doi.org/10.1140/epja/i2019-12808-1
http://dx.doi.org/10.1088/1674-1137/41/1/016104
http://www.nndc.bnl.gov/qcalc/
http://dx.doi.org/10.1016/0375-9474(74)90484-9
http://dx.doi.org/10.1016/0375-9474(74)90484-9
http://dx.doi.org/10.1016/0375-9474(83)90076-3

