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Fig. 1. Experimental layout of Back-n.
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Kl 2 GTAF%E  (a) HESTEZ P (b) B S TE B2 T A b T iR

Fig. 2. GTAF unit: (a) Sample in air; (b) sample inside the vacuum pipeline and neutron absorber.
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Fig. 3. Common electronics and data acquisition system.
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Table 1.  Experiments on the Back-n beam line with the

GTAF.

RO SRS s s
2019.12 80 30/40 ¥ ¥
2021.05 100 30 ¥ ¥
2022.02 125 30 T/ B T/
2023.04 140 3/30 T/ B /B

2 MRS
Table 2.  Parameters of the measured samples.

i HE /(g-cm?) HAZ/mm JEJE /mm

197Au 19.32 40 0.20

nat( 2.25 40 1.08

natp}, 11.34 40 1.18

2.5 N=EHEE
AR T T e A SR AN S AR R B
FERR, AR
Yy, = (Ciey — Be))/(€fPus,))s (1)

fCEF', Y;(En) %éi_\‘ (n, ’Y) fiﬁ_‘ZFE%ﬁ, C(En) ﬂ:ﬂ B(En)
o3l FER GTAF 2 B A B ST EONA IR Y
T, Boy) ST, [ D FHOR 5 b
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Fig. 4. Energy resolution measurement of ?Na with 40-

channel BaF, detection units.
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Fig. 5. Variation in energy resolution of the 40-channel
BaF, detection units.

120103-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 12 (2026) 120103

3.2 SEUHSHAREEMNZE

BaF, fb AR KR A PR 453 Y £kt ] 0.6 ns,
PAASERIN BT B ] A3 HE <1 ns. BHE L (n, ) )
L7 A BRI v SR, APl R I B ) B R
|, S bR O LA A A [ ) 25 5 LR TR
3B {5 515 5 AN A BRAS ] 19 22 53 LA & ADC K i
FEE BARHR 1, 28 T2 S B A R
BOLIE S A7 AER I 22, I E X—4~ (n, 7) F
PR b & S0 FEASE IR 7 1 P, A0 s 3
AL LB ITE S (RN EYE My = 2),
NI AR JR TR 7L SRy SF28 | BaF, fbik
H 1 o BT FIRSRIAEE = AR

N TF2E A A IR B ISR B R, &
Fo RGOy B2k, FEmE S (n, ) FOEIREG W
R E K, SHKy FRE AR MR A R
K6 R T B AN FAFA I A A5 2 A 197 Au
FERTE 4.9 eV iFIT LRI BT E (L7240t ] i
BRI 8 ns). BE R AL, PRI TTEL
TN, A RN 64 ns Z 5, HBUR
A AL, AR LR SE AT A I R % R 64 s,
ZEWE My = 2.

— BHE = 40 ns
0.12 F e TR = 48 ns

T/ BT i

HHE) % = 56 ns
- - - I} =64 ns
Hfa)% = 72 ns
O.UO 1 1 1 1 1
3.5 4.0 4.5 5.0 5.5 6.0 6.5
N FRER /eV

B 6 4.9 eV HEIEIIRIE A ITE (V7Aw)

Fig. 6. Count of resonance peak near 4.9 eV (17Au).

3.3 yHE&mMMERENZE

B 7R THEAS T TRER (35 eV < B, <
6.5 eV) REX P, TIHERE Y ~ BFER I AnRERS. LRk
XA T 9TAu s R IE, I (n, ) I
R, Hd 6.5 MeV IR FFA 19TAu 73K+
L5 A RE. [RIITE e C i RETS HmT LA B, P8
FEHUR G, SHMRITH Ba MEIN E A4 (0, 7)
FONE = HE AR RS, X H 455 68 4.7 MeV (%*Ba),

8.6 MeV(137Ba), 9.1 MeV(1%Ba). 7£ £ 4 &b 3 v,
FIBRAS A — 2 AR B B IR RE (e,
F BaF, #0 BA5T (1 g 4 PR A &, ARG 97Au
P2 A RE 6.5 MeV, B8 v B 2R in FnRE B (E A
3.5 MeV<E, < 8 MeV.

100
zi‘fﬁ? > 1 — 197Ay nat

LZEM: =2 - 197Ay s ntC

e o
T 97Au(n,y)
10-2
\"\"i%' »»:"Mﬂ‘»'“’:'}“.’f "‘"‘"““' p i

P A e
¢ 138Ba(n,7) i

T/ Bk

i %ts;
135Ba(n,y) *s%;
| %ifl‘

PR

10-4§:

! 3.5—8 MeV !

O. 2 ‘ 4 6 8 10 12 § 14
~VHEEAIFRIRE B/ MeV

7 GTAF 3% & & 97Au Fl veeC Yy 5 £ A fig 3%

(3.5eV < E, < 6.5eV)

Fig. 7. 7 ray sum energy spectra of “"Au and "'C meas-
ured by GTAF (3.5 eV < E, < 6.5 eV).
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en  Cc Y?“

gy Caw Y, ®)
Hh o B A SR e I U R T iR
e, T (n, v) S EHRBOR e A, Hi Cq
M Cpy 72 GTAF 35 43 5 M 3t »a0C A i A1 197 Au
FER IR 2 FE R AR SR BT, Y R Y 2R
i ENDF /B-VIII FE i i B S s 2101
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GTAF % & Y HI PR IRFEL S 5, (eG4
WEAEDEA GTAF 2EEHT 1 m 1907 &M H 51
TR ELZSAEIE, R 25 B D SRR RE A AR
AAEZS S (DL 2(a)). A TSN AE HE, BX
YA TACH ZERE ST BaF, 10 BT 2 A5 T
TR, BT LB s D O T AR, PRk
PB4 25 A GTAF 268 1 S Frgh i
FURRERLAS, T T B2 4 TE Frp A, JfF
2022 4F- 2 H IFJ& T X e f 5255
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) i

B8 (a) EZEEAM DT IET; (b) B2 8 8 A b7l iAor 7

Fig. 8. (a) Photograph of the vacuum pipeline and neutron absorber; (b) schematic diagram of the vacuum pipeline and neutron ab-

sorber.
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DA SN TR AR AR, AR AL T B A A
W, i T GTAF &M .o &, 5 TAC K,
GTAF &1y AZ A2 100 mm, P2
£ 50 mm fERSE, B H EAR 55 mm #9781 E
TERASETE b BT A R R ik
AR B OL, fR3Rh TR A &y B2k, (H2
2 B R WA B il R AS 0, GTAF 256 5 BE £ 10 4
BHREIER 24 (B,C Fiit b H 30%), FEm AL
fyrhF2ad B A5 2R OB £74R, & 0.48 MeV
1)y B4k, MR E 2 mMEEE My = 2.y FEn
FIAE M 3.5 MeV<E,,, < 8 MeV, A] LLII[R X

—a— ISR
(5B ZH5-30%_B4C)
—v— I+ Rl

— %k

100 —— %ﬂ%%’%‘ﬁ
10-'F

10-2F

HFREBE (en/es)

10-3¢

10-4 ! ! f . .
0 100 10t 102 103 104 10°

NGHRTRERL eV
9 RFSEEREMT T RBUZ I L

Fig. 9. Comparison of neutron sensitivity under different ex-

perimental conditions.
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RRERAL T2 SR | A R | e h TRk
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FH L7 38 AP TR, P T A% W)
{15, BERSA XM T 7o A,
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(=B Rt A N S e 3 ol N < i P
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PR PR BE), BRI SR AE I LR ; W]k
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% 500 kW, % GTAF % E 1Y 7E4 I 2 5250 A] GEAS
SRR IR

h B 1 A E R FTAE BaF, fiik B, TR
BE 142 7 ZE<55 mm. B UK S5 5 i S R0 Y
¢ 40 mm H R EE B0 AT LR A T e
GRS (0, 7) RO AR, BT
FREER R, TREZE AN A 640 mm
TR IR 2 R SR ¢49.8 mm, 530 T H
FEFTAERE A b B T 85U TR, AR
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Fig. 10. Comparison of neutron sensitivity at different ac-
celerator powers: (a) Air; (b) pipeline + neutron absorber.
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Fig. 11. Comparison of neutron sensitivity with different
neutron beam spots: (a) Air; (b) pipeline + neutron ab-

sorber.
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Fig. 12. Experimental results of "Pb, "C and blank
sample measured by GTAF.
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Fig. 13. Energy of ¥ ray versus ratio of fast to total component spectrum: (a) *Na; (b) %Co; (c) ¥7Au.

2
10 —Au AR
....... atQy 234,
- bR
B 1tk
z 10
b
=
=
F
= 100f
101 :
7 8 9 10

I 14
Fig. 14. Comparison of multiplicity (0.3 eV < E, < 10 keV): (a) Air; (b) pipeline + neutron absorber.

LZEMER L (0.3 eV < E, < 10 keV)

102

(b) — 197 Au_EHE + Rl
....... At C_EIE + TRl
- - - SRR A+ Pk
% 10'
o
= o100f 2 h
N B

LN

(a) Z5; (b) i+ T WA

120103-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 12 (2026) 120103

A, AR TH AT SO (R 1 N A T
HOR I WA LS A5 TE R AR A (5 U A
RUREARELS T B AR, FER & IE H P REE 114K
SRR N B N [RS8 450 0 SE RS [R]85 1 PR 5
FTERKZES, M FaEE >1 keV I, 7E25 SR
T S ) S B R A 1A > 2%.

10[]

(a) — TAy R
nat( 2%/
SR
§ 10-1F
=
M
S : ;
~ Il |
= | 3.5—8 MeV |
= 1072 f "
_g L ) N ) i , Iy
1072 2 4 6 8 10 12 14
VHTEIIFIREE / MeV
100 -
(b) — 19T Au_ I+ TR
nat G + sl
- - SRR 4 itk
% 10-1 ¢ ! j
M T 8.5—8 MeV |
HE i :
] | |
B o102 [ |
10-3 ! . L . ; b Y

0 2 4 6 8 10 12 14
VHLIFIRE R/ MeV

B 15 v BEEIMAEE A (0.3 eV < E,< 10 keV)  (a) 25
A (b) B+ IR A
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Abstract

To fill the gap in domestic experimental data on neutron radiative capture reactions, the Key Laboratory
of Nuclear Data at China Institute of Atomic Energy has developed a gamma-ray total absorption facility
(GTAF), which consists of 40 BaF, detection units. Excluding the two units for neutron beam entrance and exit,
the BaF, crystals form a spherical shell with an outer radius of 25 cm and an inner radius of 10 cm, covering
approximately 95.2% of the solid angle and enabling nearly full-absorption measurements of Y-rays. In 2019, the
facility was relocated to the back-streaming white neutron source of the China Spallation Neutron Source
(CSNS), where research on neutron radiative capture cross section measurement methods was carried out.

After capturing a neutron, the nuclide forms an excited compound nucleus. The GTAF measures the
cascade 7-rays emitted during the de-excitation of the compound nucleus, records (n, 7) reaction events, and
determines the energy of the incident neutrons causing the reaction using the time-of-flight method.
Comprehensive analysis of multiple experimental measurements on “”Au sample verified the long-term stability
of the energy resolution of the BaF, detector units and established the experimental conditions for online
measurements: a coincidence time window of 64 ns, a multiplicity of My = 2, a summed 7-ray energy threshold
of 3.5 MeV =< E,,, < 8 MeV, and a standard neutron beam spot size of ¢30 mm. These conditions were
adopted to reduce backgrounds from electronic noise, natural environmental radiation, and (n, ) reactions in
other materials.

To further suppress backgrounds caused by scattered neutrons at the sample position, the vacuum pipe and
a matching neutron absorber made of boron-loaded polyethylene were designed and optimized. Quantitative
analysis of neutron sensitivity, together with comparisons to experimental data obtained under air conditions,
verified the effectiveness of the vacuum pipe and neutron absorber configuration. The neutron sensitivity of the
measured results remained nearly constant as the accelerator beam power increased. It was expected that the
future upgrade of the CSNS Phase-II accelerator to 500 kW will not significantly affect the signal-to-background

ratio of online experiments. Given the sample size of ¢ 40 mm, measurements confirmed that using the standard
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Support Basic Scientific Research Program (Grant No. BJ010261223282), and the Research and Development Program of
China National Nuclear Corporation (Grant No. FD010241222552).

1 Corresponding author. E-mail: zhangqw@ciae.ac.cn

i Corresponding author. E-mail: wuhy@ciae.ac.cn

120103-12


mailto:zhangqw@ciae.ac.cn
mailto:zhangqw@ciae.ac.cn
mailto:wuhy@ciae.ac.cn
mailto:wuhy@ciae.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 12 (2026) 120103

¢ 30 mm neutron beam spot results in low neutron sensitivity. Under two experimental conditions-measurement
in air and measurement with an aluminum-alloy vacuum pipe and a matching neutron absorber-several
background components in the "7Au experimental data were subtracted separately. Using the saturated
resonance peak normalization method combined with the Back-n neutron energy spectrum, preliminary results
of the (n, ) reaction yield spectra and cross sections were obtained. Comparisons show that the vacuum pipe
and a matching neutron absorber significantly improve the signal-to-background ratio, yielding experimental
results closer to evaluated data; this configuration will therefore be adopted in subsequent experiments.

At present, the experimental cross sections of "Au measured by the GTAF are in good agreement with the
Evaluated Nuclear Data File (ENDF) in the resolved resonance region, verifying the reliability of the facility
and measurement method. Future plans to optimize the data processing include: correcting the detection
efficiency ¢ for different incident neutron energies by combining Monte Carlo simulations with experimental
measurements; reducing uncertainties induced by the double-bunch neutron beam using unfolding algorithms,
applying corrections for multiple scattering effects, and analyzing resonance parameters of the 197Au(n, 7)
reaction with the SAMMY code to obtain more precise cross sections; conducting a quantitative uncertainty
analysis component by component to determine the total uncertainty of the "Au(n, 7) cross section data.

The GTAF offers the advantage of nearly 4w solid-angle coverage and full 7-ray absorption, making it well-
suited for measuring (n, 7) cross sections of small samples and nuclides with small cross sections—especially
fissile nuclides such as ?U and 2°Pu. It facilitates the use of anti-coincidence techniques to subtract
backgrounds from fission reactions, providing important experimental data support for the development of the

domestic nuclear industry.

Keywords: gamma-ray total absorption facility, cross section of neutron radiative capture reaction, neutron

sensitivity, white neutron source
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