) 32 % 3R Acta Phys. Sin. Vol. 74, No. 7 (2025) 072901

RFiF & Cr IR ER B m N =

BT EEED XBEV HRXY HER?Y IRV
ESOED  FRRY FERD AV Eek) BEERY kKHLeD

1) (P EEFRERIEMT b, AT A SRR, JbaT 102413)
2) (HFRZEA R 5 TR, MHF 411105)

(2024 4£ 11 F 28 HUkZ; 2025 4E 1 A 26 H R B k)

B — AR HE X 2 AT ROR A2 A P AR T O A SR 30 D) B TEORE B A A P RO A I s AN B
VR S B R A e}, TH: v S T 22 85 100 I L P A5 G T %) S 6 ) 2 7 I s A s 1 TR A ) 0 o 2
Sy, T R TR HE TR AR . E b R R RE R AR Y B 1 HI-13 HR A s A, R IBE K v
LRI 7E N B N A5 B 647.47 keV, 935.54 keV, 1333.65 keV, 1434.07 keV Hil 1530.67 keV T4 AR # 1
By Sz R R, 35 T =ANAER (5.62 MeV, 6.24 MeV 1 7.95 MeV) 4 b 735 o 92Cr (4 IE PR B 4% imd
ST AE R [E A BRI T BER /N T 20 MeV BT 5 520 YA SR B AR . S5 R, =4
F e S AR B o 7= A O 5 Mihailescu 55 (9 45 SR [Mihailescu L C, Borcea C, Koning A J, Plompen A J M
2007 Nucl. Phys. A 786 1) fE1R 2270 N W&, BN & BETE /N, 5246 I £ 4048 457 Mihailescu % 1Y 45 8. B
SR 5 SR B A SR 22 5, WTRESI IR T 52Cr B 2 2R 11 11 v 8 2538 0 1) SE 6 £ B BB 2

S T AR, o, WK SIS, BRSNS

PACS: 29.30.Kv, 29.85.Fj
CSTR: 32037.14.aps.74.20241660

1 5 =

R EE & TR 5 5 I A EAE T Y
A% IO K5 L A 3 B A 38 FE AR TR B A 4 A A
TR PR AR KR I GE PR . A% K ) i ELE S R AT
R R AT R, | el A2 1
TR, B S S A% RN A SR T A% fE
RSB Z R P HA TR SR E 2. B
SV RE R S B R BRI R, T REIX .
FY R, T REEE R T SRR,

FVUR (GenTV) T30 ) 15y 0822 1 vl 5 2 24
PIRVRHE SIS O4R 1, (A3 AT TR P 5-hE

* R SRR R R (LS BJ010261223282) YEBIAY AL

T W(EVEE . E-mail: ngamma(@163.com
i BIEYE#E . E-mail: wuhongyi@qq.com
© 2025 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.74.20241660

T (RAZ Iy ME FR T A T %R, Aliberti 45 B AF5E
WA T A% B (A AN B 5 14 X i 257 9K 3l 2R 45 19 e
N HES BN E MR, B MERT RIS DL R 254
PRV E R O, AR S IR AR AN S P et S
FHIEFEA T ke B E MBI E S M. XFF
RO HER R, R T A R e a1,

AN EZA R I, 5]
TN A B ZE R, TR XA Bl R A%
T L AR}, s h M R S5 R A AR (R A ZE N4k | 4%
BRAF R AR SRR HIUR A SR 2 30%, BT
P4 A AR P PSS ) o A o T R e A S M
R 1.

F1HIH T EXFOR WCRH 5> F52Cr 1)

http://wulixb.iphy.ac.cn

072901-1


https://doi.org/10.1016/j.nuclphysa.2007.01.004
https://doi.org/10.1016/j.nuclphysa.2007.01.004
https://doi.org/10.1016/j.nuclphysa.2007.01.004
https://doi.org/10.1016/j.nuclphysa.2007.01.004
https://doi.org/10.1016/j.nuclphysa.2007.01.004
https://doi.org/10.1016/j.nuclphysa.2007.01.004
https://doi.org/10.1016/j.nuclphysa.2007.01.004
http://doi.org/10.7498/aps.74.20241660
https://cstr.cn/32037.14.aps.74.20241660
mailto:ngamma@163.com
mailto:ngamma@163.com
mailto:wuhongyi@qq.com
mailto:wuhongyi@qq.com
http://wulixb.iphy.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 % 3R Acta Phys. Sin. Vol. 74, No. 7 (2025) 072901

E[S N Ch M SR DR M. aba) INEZRULE A I
S bR A O, SR RO A B ) S e A e
AL 1954 45 FAITAYN 2020 4F. XEESIARIK
WP AR, el TOF ATHHAERE | Bk v
SR S SEER R T ORTRE RIS, FLIIE B
B TN IR AR BRI 2% | 3He 55 #R I 48 A1 HPGe
BRI 845 ACFMER 5L 2007 4 Mihailescu 45 8
FIFH HPGe #1025 1 TOF A | 7£ (1564 T8
GELINA il T %2Cr ARSI BI{EE] 18 MeV
(%) 3% 22 1 DX AR SR RO . X T s R,
RETE St 52 2%, AEAURIGESHR, thFREEE A ¥ AT
IR 0, R 40 PRS2 FR T HP Ge £RI 45 1Y
[ 43¢

£ ENDF /B-VI.0, JEFF-3.3, JENDL-5, BRO-
ND-3.1 #1 CENDL-3.2 #ZE 1PN, & T
52Cr JE S AR P PR B . R TR PEAN R A
PR Z AR R B 255, FRALEAE 5—12 MeV
Hf-RE R X ], PP R 5 Mihailescu 45 B )
SRR L T B 25 5, O SR A Bl
HAEBRWOASEE. ST 0, TR IHZEERE
HERPE, I AR AN PR AR AL T I mT 5 %) S 4R 4

i, AL BT R B RS B ELIR = S RE A SE BRI
AR, R BY T4/ N BE 5 S0 2 R Y 22
P R BN B ] SR

2 LIt E

Wt v S EIE R B AT R AN A 1 TR PR
BRRME A M R70 SZZ42 4t HI-13 BR8] ind#s
REf Nk D+ Z R[F AR, Jfilad R70 4555
. DORGREE o D, SRR, 35T D(d, n)
SHe A B — RGN [F] BE & 1) HLRE 1

Ze BRRCRME BRI 0077 [ A ) B AR
i I, P9~ CLOVER BY =54l g v HR00#5% BBl S8 i
E, TG 585 RN A0y 14k, X
S 28 AE KT T AE X T P RO T 43 1 A
30°, 70°, 110°, 150° A A B E, HivmiE s s
25 cm. 4 MR FIEE2Cr(n, n'Y) #ifif) CLOVER
PRI SRR STARE A 2 Bz, g 1 /048 BR300
Fly A, TR T 2.5 cm JERETBRRL,
PRI A8 3 T R 35 R Y S 4 52

F 1 3Gk (EXFOR) #43 (n, n' ) S50 28 i ey A 1)
Table 1. Summary of the main characteristics of (n, n’ 7) cross section measurements from the literature (EXFOR) 9.
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Fig. 1. Prompt 7-ray method online experimental platform.
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Fig. 2. The 3D schematic of the CLOVER detector array for measuring the cross section of *?Cr (n, n' 7) at 4 detection angles.
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Fig. 3. Image of the experimental sample.
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Fig. 5. 7.95 MeV neutron-induced **Cr beam 7 spectrum.
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Fig. 7. The **Ti 983.5 keV production cross section!'sl.
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Fig. 8. Production cross sections of the five energy characteristic 7 peaks: (a) 647.47 keV; (b) 935.54 keV; (c) 1333.65 keV;

(d) 1434.07 keV; (e) 1530.67 keV.
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Neutron-induced inelastic scattering cross-section
measurement of *2Cr”
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Abstract

With the development of next-generation reactors, the demand for higher precision in nuclear data has
increased significantly to ensure operational efficiency and safety. Especially, inelastic scattering cross-section is
one of the key parameters in nuclear reactor physics calculations, which directly affects neutron economy,
thermal-hydraulic design, and safety analysis. Stainless steel is widely used in the nuclear industry. Chromium
(Cr) is one of the main alloying elements in stainless steel, and 52Cr is the most abundant isotope in nature.
However, the measurement of the inelastic scattering cross-section of ?Cr has not been explored in China, so
the study of the **Cr(n, n' 7) reaction cross-section is crucial for nuclear reactor calculations. In this study, the
neutron beams with energies of 5.62, 6.24, and 7.95 MeV via the D(d, n) ®*He reaction are generated from the
HI-13 tandem accelerator at the Institute of Atomic Energy in China. These neutrons are used to bombard a **Cr
target. Four CLOVER detectors are located at 30°, 70°, 110° and 150° relative to the beam direction in the
horizontal plane. The prompt 7-ray method is used to measure the inelastic scattering cross-section by using an
HPGe detector array. This is the first time that the cross-sections of five inelastic Y-rays with energies of
647.47 keV, 935.54 keV, 1333.65 keV, 1434.07 keV and 1530.67 keV have been obtained experimentally in
China. Additionally, theoretical model calculations are performed to determine the inelastic scattering cross-
sections of neutrons with energies below 20 MeV interacting with *?Cr. In the analysis of the experimental data,
Y-ray self-absorption correction, neutron flux attenuation and multiple scattering correction are considered. The
total experimental uncertainty includes the measurement uncertainty, correction term uncertainty, and
standard cross-section uncertainty. The results show that the 7-ray production cross-sections obtained at the
three neutron energy points are in good agreement with the data measured by Mihailescu et al. [Mihailescu L C,
Borcea C, Koning A J, Plompen A J M 2007 Nucl. Phys. A 786 1] within the error margins, and the
uncertainties are smaller. However, significant discrepancies are observed between the theoretical model
calculations and the experimental data, which may be attributed to the lack of experimental information about
the high-excitation-energy levels in the *2Cr level scheme. This study not only fills a gap in the measurement of
the °2Cr inelastic scattering cross-section but also provides important nuclear data for designing and optimizing

the next-generation reactors.

Keywords: neutron inelastic scattering, 7-ray production cross-section, prompt 7 ray method, high purity
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