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The 7*Se is one of 35 p-nuclei, and 32Se is a r-process only nucleus, and their (n, ) cross sections are vital input
parameters for nuclear astrophysics reaction network calculations. The neutron capture cross section in the resonance range
of isotopes and even natural selenium samples has not been measured. Prompt y-rays originating from neutron-induced
capture events were detected by four CgDg liquid scintillator detectors at the Back-n facility of China Spallation Neutron
Source (CSNS). The pulse height weighting technique (PHWT) was used to analyze the data in the 1 eV to 100 keV
region. The deduced neutron capture cross section was compared with ENDF/B-VIII.O, JEFF-3.2, and JENDL-4.0, and
some differences were found. Resonance parameters were extracted by the R-matrix code SAMMY in the 1 eV-1 keV
region. All the cross sections of "™ Se and resonance parameters are given in the datasets. The datasets are openly available
at http://www.doi.org/10.11922/sciencedb.j00113.00019.

Keywords: "'Se (n,7) cross section, CSNS Back-n facility, C¢Dg detectors, resolved resonance region, R-

matrix
PACS: 01.52.4+1, 24.30.—v, 29.25.Dz, 52.70.La

1. Introduction

Most of the elements heavier than iron in the uni-
verse are mainly formed by the slow neutron capture pro-
cess (s-process)!?! and the rapid neutron capture process (r-
process).3! which account for about 50% of the whole sta-
ble elements respectively.!*! The rest of elements heavier than
iron, about 1%, are produced by the capture of charged parti-
cles (p, 7) and the photonuclear reaction (¥, n), which is called
p-process, and eventually produces the stable proton rich p-
nuclei.’® The study of these nuclides and the accurate mea-
surement of Maxwellian averaged cross section (MACS) of re-
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lated nuclides for neutron capture reactions are of great signif-
icance in nuclear astrophysics.[®! The s-process mainly occurs
in asymptotic giant branch (AGB) stars, in which the neutron
density is low. The unstable sub-nuclei of the s-process form
stable isobars through B-decay, and then continue to form
new nuclide by means of additional neutron capture processes.
Therefore, the slow neutron capture process takes place mainly
along the f stable line. The r-process mainly occurs in su-
pernova explosion or neutron star mergers. Due to the ex-
treme neutron densities (~ 102° cm~3) and short time scales
(~ 10 s, very neutron rich nuclei are formed, which even-
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tually decay through a series of beta decays.

Se is one of the key elements in nuclear astrophysics re-
search. Isotopes of Se are in the path of slow neutron capture
process. The (n, y) cross sections of Se isotopes, help to de-
termine the abundance of the related elements in the universe.
The slow neutron capture process in the Se-region is presented
in Fig. 1. The accurate measurements of the neutron capture
cross sections of Se isotopes play an essential role in the re-
action network of the nuclear astrophysics. According to the
different properties of Se isotopes, measurements of neutron
capture cross section of Se isotopes follow different methods.
Se, with a half-life of 295 ky, is one of the long-lived fis-
sion products (LLFPs) for which neutron capture cross sec-
tion is important from the viewpoint of nuclear power.'8! Be-
sides, 7Se is an important branching point in the s-process
path. However, there are no direct measurement neutron cap-
ture cross section data because it is difficult to obtain samples
of Se. The "°Se (n, }) cross section was constrained by its
reverse reaction of 8Se (¥, n) by the laser Compton scattering
gamma source (LCS-y) in 2009.°! The neutron capture cross
section of the other six stable isotopes can be directly mea-
sured via (n, y) reaction. The natural abundances of the stable
Se isotopes are 0.89%, 9.37%, 7.63%, 23.77%, 49.61%, and
8.73% for "*Se, °Se, 7’Se, 8Se, 3°Se, and ¥’Se, respectively.
In which,”*Se is a p-nucleus, synthesized by the p-process, and
its abundance is only 0.86%; 7%77:78:80Se isotopes are mainly
produced by the s-process, while 8?Se is produced by the r-
process.
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Fig. 1. Synthetic network diagram of nuclei near Se isotopes. The black
boxes represent stable nuclei, the orange boxes represent unstable nu-
clei that can undergo B+ decay, and the gray boxes represent § — decay
nuclei; The red arrows represent B— decay, the blue arrows represent
B+ decay, the dark yellow arrows represent s-process, the yellow ar-
rows represent p-process, and the dark blue arrows represent r-process.

Until now, there has not been enough experimental neu-
tron capture cross sections for the selenium element in the
1 eV-1 keV resolved resonance region, except keV-region’s
MACS for 76Sel!% and 78Se!!!l isotopes. Recently, Babiano-
Suarez et al."?) measured the 3Se (n, 7Y) cross section at
n_TOF in 2020, gave some resonance peak in the energy range
from 0.1 keV to 100 keV but without R-matrix analysis. This
work is the first experimental measurement of neutron capture

cross section of natural selenium in the energy region between
1 eV and 1 keV at Back-n facility in CSNS. The experimen-
tal methods and data processing are analyzed in detail below.
Finally, the neutron capture resonance parameters of "'Se are
also given.

2. Experimental setup
2.1. The Back-n facility

The neutron time-of-flight facility Back-n is one of
the neutron beam lines in China Spallation Neutron Source
(CSNS), which can provide continuous neutron energy spec-
trum in the energy range from 0.1 eV to 200 MeV. CSNS is the
first spallation neutron source in China.!'3! Here, neutrons are
produced by a pulse proton beam with an energy of 1.6 GeV
and a repetition frequency of 25 Hz, bombarding a tungsten—
tantalum (W-Ta) target. The proton pulse of CSNS can be
divided into three operation modes: i) the narrow beam bunch
with the proton bunch width of 3.7 ns; ii) the single bunch
mode, the bunch time structure is parabolic shape with bunch
width of 60 ns; iii) the double-bunch mode, which consists of
two single-bunch protons with a spacing of 410 ns. The mea-
surement of neutron capture cross section in the resonance en-
ergy region is carried out under the double-bunch mode. The
Back-n white neutron source is built at the back-scattering di-
rection of the proton beam, which mainly focuses on nuclear
data measurements and detector calibration. This beamline
has two experiment stations ES1 and ES2 with the distances
of 55 m and 76 m from the spallation target to each station,
respectively. ES1 mainly studies the (n, light charge particle
(Icp)) reaction cross section, and ES2 is mainly for the mea-
surement of (n, y), (n, tot), and (n, f) reaction cross sections.
Our measurement is carried out at ES2. More detailed infor-
mation on the Back-n facility can be found in Refs. [14-19].

2.2. The C¢Dg detectors

Four deuterated benzene (C¢Dg) liquid scintillator detec-
tors were used for the y-ray detection. The CgDg detectors
were placed upstream of the neutron beam sample to reduce
the scattering neutron background. The main advantages of
these detectors are a fast time response, with pulse width of
the order 10 ns, and a very low sensitivity to scattered neu-
trons, which are widely used for (n, ) cross section measure-
ments up to now. The shell of the scintillator is made of alu-
minum due to its low capture rate, with a diameter and length
of 130 mm and 76.2 mm, respectively. The distance between
the detector center to the sample centre is about 150 mm, and
the distance from the neutron beam centre to the centre of the
front face of the detector is about 80 mm."*’! Figure 2 shows
the Geant4 geometry of the sample and detectors implemented
for this experiment.
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Neutron beam > i

Fig. 2. A schematic view of the detectors and sample setup used for this
experiment by Geant4 simulation.

In the neutron capture cross section measurements, the
amplitudes of the anode signals of the C¢Dg detectors range
from 0.01 V to 3 V. Signals from the C¢Dg detectors are
delivered to flash ADCs, which can digitize the signals into
a full waveform with a 1 GS/s sampling rate and 12 bits
resolution. [>!l The incident neutron energy was determined by
the time-of-flight (TOF) technique. The neutron energy E, is
given by Eq. (1) and the corresponding neutron resolution is

presented by Eq. (2),1?4]
1 72.2977L\?
En =t = <Tf> , (1)

AE, ALN\? [ AT\?
Ex _2\/(L) +<Tf> ’ @

where the neutron flight length L = Ly 4+ AL(E,), Lo is the ge-
ometric distance from the spallation target to the experimental
sample, and AL(E,) is the equivalent change in moderation
length associated with the incident neutron energy. Tt is the

neutron time of flight, given by Tt = t, — 1, + L/c, where t,
and fy are the start time of the neutron capture signal and the
start time of the gamma flash recorded by the data acquisition
(DAQ) system, respectively; c is the speed of light.

Besides, the neutron flux was measured by using a silicon
monitor; and the silicon monitor consists of a thin °LiF conver-
sion layer and eight silicon detectors outside the neutron beam
(Li—Si monitor) to count the number of neutrons by detecting
alpha particles and H through the reaction °Li (n, ot)*H.[??]
It is worth mentioning that with this detection system we have
measured the neutron capture cross section of 1°7Aul?¥! and
natgr(291 guccessfully, which validated the performance of the

detection system and the processing methodology.

2.3. Samples

The "Se sample consisted of selenium monomers in
powder form with a purity of 99.99%. In addition, the natural
carbon sample and empty holder were used for the neutron
scattering background and surroundings 7y-ray background
subtraction, the "™Pb sample for in-beam y-ray background.
Data were also recorded with a '°” Au sample for normalizing
the cross section using 4.9 eV resonance for the saturated reso-
nance method.?3 Table 1 shows the properties of the samples
used in the experiment. The ™!Se sample was measured for
80 hours with a proton power between 22.8 kW and 23.4 kW.
Then the gold sample and carbon sample were measured for
12 hours respectively, and finally the empty target was mea-
sured for 10 hours with a proton power 31.2-33.4 kW.

Table 1. Properties of the samples used in the measurement.

Sample Formula Mass (g) Diameter (mm)  Thickness (mm)  Area density (atom/barn)
Se > 99.99% Pb =4 ppm Cu =9 ppm
natSe Fe =17 ppm Sn = 8 ppm Al = 19 ppm 18.8940.02 50+1 2.00+0.02 7.304x1073
As =7 ppm Sb =6 ppm Ni= 11 ppm Bi = 8 ppm
natc > 99.90% 4.4240.02 50+1 1.00 +0.02 1.128%1072
197 Au > 99.90% 37.9340.03 50+1 1.00 £0.02 5.907x1073
natpp, > 99.90% 4.24+0.01 3041 0.53 +0.01 1.748x 1073

3. Data analysis
3.1. Pluse height weighting technique

The CgDg detection system is one of the total energy de-
tection system that is widely used for neutron capture cross

e!®] first pro-

section measurements. In 1963, Moxon and Ra
posed the principle of the pulse height weighting technology
(PHWT), then Macklin and Gibbons 29! for the first time used
this method to measure the neutron capture cross section in
1967. PHWT has been developed for decades and has be-
come a mature neutron capture cross section measurement
method. According to this technique, two conditions must be
met. First, the detection efficiency to gamma-rays has to be so

low that at most only one gamma ray is detected in a capture

event. Second, the detection efficiency is directly proportional

to the energy of the gamma, &, = k- Ey. Owing to &, < 1 and

E. = E, + S,, the capture efficiency €& can be written as?7]

3

m m

(1—gy)~) &, =kY Ey=k-(E,+5a). (3)

&E=1—
i=1 i=1 i=1

L

However, the response of the detectors to gamma-rays is not
linear with the gamma energy, resulting in different detection
efficiency (&:(En)) of capture events in different de-excitation
paths. In order to meet the second condition, the weighting
function (WF) W (E;) can be introduced as follows:

4
W(E,) = Z leEik. (4)
k=0
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The weighting function W(E;) was taken as a fourth order
polynomial Zi:o apE* of which the coefficients a; were de-
termined by likelihood maximization (Eq. (5)) using the sim-
ulated detector system response function (shown in Fig. 3(a))
to several monoenergetic gamma-rays,

2

=Y [kEw' - /EO:R (Eq,Ey;) W (Eq)dEq| . (5)

J

Usually, the coefficient & is set to one, and R (Eq,Ey;) is the
response function of the detectors of the jy, y-rays with an en-
ergy of Ey; from the Geant4 simulation. The detailed geom-
etry in these simulations includes the sample, sample holder,
and detector. The simulated y-rays with energy ranging from
0.15 MeV to 11 MeV were produced from the Se sample,
then emitted homogeneously, and partial gamma-rays were de-
posited energy in the C¢Dg detectors. Figure 3(b) shows that
the original detection efficiency of the primary C¢Dg setup is
approximately 2%, the weighted efficiency is proportional to
the y-rays energy, and the ratios between the weighted effi-
ciency and gamma energy of each energy point are very close
to one.

—T T T T T T T T T T T T T T T

(a)

natSe ®50X2 mm

R

Counts/10 keV /y-ray
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Deposited v energy (MeV)

e
o
o
ot

nat§e (b)

0.015

0.005
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0 2 4 6 8 10
Energy (MeV)

Fig. 3. (a) The response function of the C¢Dg detectors of "™'Se simu-
lated by Geant4 with energy broadening. (b) The original efficiency of
the C¢Dg detectors in the top tile, the weighted efficiency of the detec-
tors shown in the middle tile, and the ratio between weighted efficiency
and the corresponding Yy energy in the bottom tile, which is very close
to one.

3.2. Determination of the capture yield

The experimental capture yield Yw %31l has been ex-
tracted dividing the weighted counts Cy, after subtraction of

the total background B, by the incident neutron fluence ¢y:

Cw(Eq) —Bw(Ey)
Pn(En) X €k,

where fy is the normalization factor, which was obtained from

Yw(En) = fN X

(6)

the measurement of the saturated 4.9 eV resonance in the
thick %7 Au sample. &g, is the detection efficiency, which for
weighted counts is equal to the excitation energy (S, + E,) ac-
cording to Eq. (3), and S,, = 7.054 MeV for "™'Se. Cw and Bw
are the weighted pulse height spectra for the "™'Se sample and
the total background, respectively. The neutron fluence was
measured with the Li—Si detector, while above 10 keV it was
measured with a U-235 fission chamber. More details can be
found in Ref. [32].

The neutron capture yield is the probability for an inci-
dent neutron to undergo a capture reaction, which is related
to the capture oy and total cross section Oy. Considering the
neutron self-absorption, we have

O
e _nctot) 777 (7
Otot

Y(Eq) = (1
where n represents the sample’s areal density. Combining
Egs. (6) and (7), we can give the experimental neutron cap-

ture cross sections, where oy are taken from ENDF/B-VIII.O.

3.3. Background estimation

A number of background contributions to the observed
counts were identified and are shown in Fig. 4 along with the
measured spectrum of the "Se sample. Their contributions
were the ambient background subtracted by the empty holder,
neutron scattering background from sample subtracted by the
carbon sample, and in-beam 7y-ray background deduced by the
lead sample. The whole samples have been normalized by the
Li—Si monitor shown in Fig. 4. Because the "'Pb sample has
high gamma scattering cross section and low neutron scatter-
ing cross section, it was used for in-beam gamma calibration.
It can be seen that the in-beam gamma mainly contributes to
the energy region above 100 eV. The background contribution
in the low energy band from the ™'Pb sample was less than the
empty sample background contributions as shown in Fig. 4.
The total background B(E,) was expressed as following for-
mula:

B (En) = BO +Bem (En) +an (En) +BYS (Eﬂ)
= Nempty + 1 (NC *Nempty) + (NPb *Nemply) , (8)

where By is the time-independent background that mainly
comes from the natural environment, Bey, (E,) is the sample-
independent background originating from the neutron beam
flux with anything other than the "Se sample, By (Ey) is the
background caused by the neutron scattered from the sample,
Bys (Ey) is the background attributed to in-beam y-rays scatter-
ing from the the "™'Se sample; and 7 is the ratio of the product
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of the neutron elastic scattering cross section and the number
of nuclei per unit area of the "Se sample to that of the carbon
sample.

3.4. Uncertainty analysis

The experimental uncertainty of this work comes from
the recent experiment conditions and data analysis. According
to the Back-n collaboration’s work,*?! the uncertainty of the
neutron energy spectrum varies between 2.3% and 4.5% above
0.15 MeV and less than 8% below 0.15 MeV. The uncertainty
from the proton beam power was recorded during the measure-
ment, contributing an error of 2.0%. Uncertainty in data anal-
ysis mainly concluded the PHWT method, normalization and
background subtraction. The system uncertainty of PHWT
was 2.0%-3.0% according to Tain et al.'33! The systematic
uncertainties from different sources contributing to the result-
ing yield normalization are summarized in Table 2. Owing to
the diameter of samples (50 mm) larger than the neutron flux
diameter (30 mm), the uncertainty caused by the relative po-
sition Se/Au is negligible. The uncertainty of the normalized
factor of the gold sample at the saturated resonance energy of
4.9 eV is about 1%. According to J. Ren et al.,’ there is an
obvious in-beam gamma background at time-of-flight between
20 ps and 400 ps, namely, the keV energy region. The whole
uncertainties are presented in Table 2.

Table 2. The statistic uncertainty and systematic uncertainties of this
experiment.

e Meaning Value
Experiment conditions
Oy, uncertainty of neutron energy spectrum below 0.15 MeV < 8.0%
Gy, uncertainty of neutron energy spectrum above 0.15 MeV < 4.5%
OBeamPower uncertainty of proton beam power <3.5%
Data analysis
OPHWT uncertainty from PHWT < 3.0%
ONormalized uncertainty of normalization 1.0%
Statistical error
OStatistic statistic uncertainty <2.0%
- — n+11atse b
B — n4ratC T
s r — n+1atPh
2 . — n+empty sample |
—= 10 E
o,
i
e
~ -
wn
=
= 1072k =
o o c
© X ]
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10-6 -

10> 10~ 10-3 10-2 10!

Neutron energy (MeV)

Fig. 4. The measured "Se spectrum together with the various mea-
sured scaled background components has been normalized by a Li—Si
monitor; and the count rates are expressed in a width-independent log-
arithmic equidistant binning.

4. Result and discussion

It is worth mentioning that the neutron capture cross sec-
tions of natural Se can be calculated by weighting the cross

sections of Se isotopes according to their abundances. Figure 5
shows the neutron capture cross sections of " Se and the con-
tributions of Se isotopes in the energy region of 1 eV-100 keV
respectively. The Se isotopes capture cross sections are taken
from the ENDF/B-VIILO0 evaluation database.*>! We also plot
the existing experimental data of "™ Se neutron capture cross
section in Fig. 5. In Fig. 5 one can see that the current exper-
imental cross sections for neutron capture in Se isotopes are
seriously deficient, and there are only few experimental results
in the energy range below 100 keV.
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Fig. 5. The neutron caption cross section of "Se is calculated by weighting
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solid line represents the ™'Se(n, y) cross section and the dashed lines are the
contributions of each isotope capture cross section. The magenta and blue
solid dots represent the existing experimental data.
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Fig. 6. The neutron capture cross section of "™Se in the energy region
from 1 eV to 100 keV.
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Fig. 7. The neutron capture cross section of "™'Se in the unresolved
resonance region from 10 keV to 100 keV.

This work measured the neutron capture cross section
of "™Se in the 1 eV to 100 keV energy region, as shown in
Fig. 6, where the red dots are the current experimental data
and can roughly match the evaluated data ENDF/B-VIILOB>!
(green solid line). Figure 7 shows the neutron capture cross
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section of "™Se in the unresolved resonance region (URR) of
10-100 keV, where the evaluation data JEFF-3.3.137] shows a
large number of resonance peaks in this energy region, which
differs significantly from our experimental data. Compared
with the ENDF/B-VIILO data, our results are in better agree-
ment with the evaluated data JENDL-4.0, 3¢ which also ver-
ify the reasonableness of the experimental data. And in this
region, there are only three previous experimental data points
from R. L. Mackin ez al.*”! and T. S. Belanova.!*°! Consid-
ering there being a large in-beam gamma background,*#! it
is difficult to subtract completely the whole background lim-
ited to the current experiment conditions. On the other hand,
the white neutron source (WNS) used the double-bunch mode
of proton pulse, which limits the neutron energy resolution
in the energy region of above 1 keV. For the above reasons,
there are large errors in the experimental data in the resolved
resonance region (RRR) above 1 keV, and unfortunately the
resonance analysis cannot be performed in this region. This

natSe in the 1 eV-1 keV energy region. Among them, the ex-
perimental results in the 100 eV to 1 keV energy region are
compared with the ENDF/B-VIIL.O evaluation data as shown
in Fig. 8, and overall, the experimental data can match the
evaluation data well. The individual peak positions that are
not matched, e.g., at 130 eV, are brought about by the neutron
energy spectrum (8! structure.
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Fig. 8. The neutron capture cross section of "Se in resonance regions
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Fig. 9. The resolved resonance range of 1 eV to 1050 eV analyzed in this work. The pink points are the experimental data, and the black line

is the R-matrix fit performed with SAMMY.

Neutron resonances up to about 1.05 keV neutron energy
were identified and analyzed using the multilevel R-matrix
code SAMMY. 38! The fitting procedure applied in the Reich—
Moore approximation to find the “best fit” values of resonance
parameters and the associated parameter covariance matrix
was based Bayes’s theorem. In the above 1050 eV, due to
the limited energy resolution of the detection system, the R-
matrix analysis was not performed. The fit included multiple
scattering and self-shielding corrections, and Doppler broad-
ening with an effective temperature of 300 K using the free gas

model (FGM). Owing to many energy broadenings, the mea-
sured resonance widths were larger than the natural widths;
and only the capture kernel could be determined. It is related

to the resonance area vial*!]

1.1,

2 [t

, 9
8 nT ©)

where A denotes the de Broglie wavelength at the resonance
energy, and Iy, Iy represent the neutron and gamma par-
tial widths, respectively. The statistical spin factor g3 =
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(2J+1)/(2S+1)(2I+1) is determined by the resonance
spin J, the neutron spin § = 1/2, and the spin I of the target
nucleus. And the resonance spin J = I + .S +1 relates to the
neutron orbital angular momentum [, i.e., [ = 0 corresponding
to s-wave neutron, / = 1 to p-wave neutron. The resonance
fits up to 1050 eV are shown in Fig. 9, which match the ex-
perimental data well. At last, we extracted the corresponding
resonance parameters, i.e., the neutron width (I};) and gamma

partial width (I) seen in Table 3. We get three resonances
for "*Se contribution at 27.1 eV, 270.8 eV, and 1018 eV; and
most of the resonances are of /' Se nuclei’s contribution. Since
some of the nuclei 7’Se weighed resonance cross sections are
relatively low, introducing increased background errors, the
authors recommend measuring the neutron capture cross sec-
tion of 77Se isotope separately and extracting the correspond-
ing resonance parameters.

Table 3. The resonance parameters above 27 eV obtained by this work. Quantum number 7, [ and J™ are taken from ENDF/B-VIIL0, and Eg

represents the ENDF/B-VIIIL.0 evaluated resonance energy.

Epsperiment (V) Er (eV) Tsotope I ! e This work ENDF/B-VIIL.O

Iy (meV) I; (meV) Iy (meV) I; (meV)
27.08 27.10 4Se 0 0 17 242.9 146.5 210.0 170.0
112.8 112.0 71Se 0.5 0 1- 838.6 1.65 700.0 1.60
152.7 151.6 71Se 0.5 1 ot 5474 0.559 380.0 0.760
177.4 176.4 77Se 0.5 1 1+ 400.0 0.501 380.0 0.493
211.3 211.6 71Se 0.5 0 0 463.8 2005.0 350.0 1520.0
270.8 2715 4Se 0 0 I 290.1 6004.4 300.0 4449.0
289.6 290.6 71Se 0.5 0 1- 382.0 8.29 380.0 12.2
340.7 340.8 71Se 0.5 0 1- 440.0 145.5 380.0 120.0
3772 378.0 76Se 0 0 %* 244.0 299.6 240.0 300.0
382.7 383.0 78Se 0 0 %* 97.87 81.9 210.0 325.0
440.8 442.0 71Se 0.5 1 ot 389.1 751 380.0 17.40
483.4 482.0 77Se 0.5 0 1- 438.2 2.78 380.0 10.53
516.5 517.0 71Se 0.5 1 2t 422.6 1.10 380.0 2.00
549.6 552.0 71Se 0.5 1 ot 290.3 3.90 380.0 17.2
687.7 690.0 71Se 0.5 0 0 345.7 5917.2 330.0 2380.0
861.7 864.0 71Se 0.5 0 1- 279.6 1691.5 380.0 613.3
918.4 920.0 6Se 0 1 ' 270.6 30.76 232.0 40.0
968.1 970.0 71Se 0.5 0 1- 561.4 165.8 380.0 126.7
992.0 997.0 71Se 0.5 0 0 502.5 11325 450.0 7600.0
1018.0 1029.0 74Se 0 0 y 206.2 6610.7 300.0 2371.0

5. Conclusion Data availability
The data that support the findings of this

For the first time, the "Se neutron capture cross sec-
tion in the 1 eV-100 keV energy region has been measured
at the Back-n facility of CSNS by using the four C¢Dg liquid
scintillator detectors. A detailed description of data analysis
with PHWT and system uncertainty evaluation are given. The
cross sections in the 10-100 keV energy are a good agree-
ment with the JENDL-4.0 and ENDF/B-VIIL.O evaluated data,
which verify the correctness of the experimental method and
data processing. Data in the 1 keV-10 keV energy range ex-
ist larger errors due to the large in-beam gamma background
and the limitation of neutron energy discrimination at current
experimental conditions. The data of the 1 eV-1050 eV were
analyzed in detail and the R matrix program was used to pro-
vide the isotope contribution of the natural selenium resonance
shape and the corresponding resonance parameters. The result
shows that 7#*Se and 7”Se isotopes have greater contributions
on the resonance peaks of natural selenium in the 1-1050 eV

energy region.

study are openly available in Science Data Bank at
http://doi.org/10.11922/sciencedb.j00113.00019.
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