465 o 81
2023 £ 8 H

#% P AR NUCLEAR TECHNIQUES
www.hjs.sinap.ac.cn

FH

FERE RS R TR
b

CHEJETRERMEF B S E A sie = Jba 102413)

T REE, S P AR S B A% R R B AR B R S [ B A A% P B IR A 7T bt
FERERBEER . ZEEEN R R BB 23S B S0 RO e et T SRR B . SR IR O R AR DG T
VASE TR 5 Ji A% Bt P AT ) O STl DR bk, A 0 S 36 AE A B AT 0 b o L A 7. TR A% 3
PRI IR T 20 20 A, S AR R R IR T SRR R . AR SN 1T A AR A U SR IR AT TR
B, IR R AR R .

XA REGE, WRAdE, bR

FESHEE 05715

DOI: 10.11889/j.0253-3219.2023.hjs.46.080003

Nuclear data measurement progress in China

RUAN Xichao

(Key Laboratory of Nuclear Data, China Institute of Atomic Energy, Beijing 102413, China)
Abstract Nuclear data, especially neutron nuclear data, forms the foundation of national defense, nuclear energy
development, and the applications of nuclear technology. It also plays a critical role in fundamental nuclear physics
research. The quality of nuclear data directly impacts the effectiveness, safety, reliability, and economy of related
devices and products. Experimental data serves as the foundation for developing theoretical models and nuclear data
libraries. Therefore, experimental research holds a paramount position in nuclear data research. The experimental
research on nuclear data in China commenced in the mid-1950s and has achieved fruitful results after decades of

development. In this article, we provide a brief overview of the progress made in experimental research on nuclear
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data in China and outline potential future advancements.
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Table 1 Main neutron sources and parameters for nuclear data measurement in China

1% % Facility

Hh R RE R ST T, v AR B U RESS , S MIHE China Institute
of Atomic Energy, China Academy of Engineering Physics, Reactor

P R 7 RERLE T BE , HI-13 2 71 i3 2% China Institute of Atomic

Energy, HI-13 tandem accelerator

R E T RE BFEWEFTRE , 2% 1.7 MV /N2 %)) China Institute of Atomic

Energy, 2x1.7 MV tandem accelerator

oh [ R BERL AT U L MR o E AR AT T e 4, IS R n 4%
China Institute of Atomic Energy, Lanzhou University, China Academy of

Engineering Physics, Cockcroft-Walton accelerator

EET K2, 4.5 MV B B INE &% Peking University, Van De Graaff accelerator
VUK, 2x3 MV H B inig 2%, Sichuan University, 2x3 MV tandem

accelerator

o E R B iR P ERHE 9T Shanghai Institute of Applied Physics,

CAS, TMSR-PNS

F [ L B = Be A BRI AL T Institute of High Energy Physics, CAS,

CSNS Back-n

7 -¥-HE 5 Neutron energy 55 [ Intensity
# ¥~ Thermal neutron 10“n-cm?>-s”
4~42 MeV 10°~10° n-sr g™

0.03~6,14~20 MeV 10°~10° n-sr' s

2.5, 14 MeV 10°n-sr's™,
10 n-sr'-s™
0.03~7 MeV 10’~10°n-sr'+s™

0.03~9,15~22 MeV 10°~10° n-sr'+s”

o FkeV
Thermal neutron ~keV

o F~300 MeV
Thermal neutron~300 MeV

10*n-cm™s™

10'n-cm™-s™

2 EEIESSIEER

FeF B IR, BT RS B S 1
Jiti , B HE LT B .
2.1 HI-13 E5MiRE ERZIRMBEBIRPF AT
B )T

TS 3 s e R SR O Ay
B IR 1 XU 43 488 T 5 B & . 1

B WA = A TR g . — NS ER A — &
B A VS R, BRI A B T DAZE 55 -30°~160°, KAT
FEBAIIA 7 m, WA 3 AT 1 ns. IZIEAX R A TS
PREEFRSAAREE R G0, v £ RE & 5~42 MeV fig
X T FRAH 5250 T4
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Normal Fast Neutron TOF Spectrometer

B E T RERAWT TR AP b 7 AT I TR X
Fig.1 The fast neutron TOF spectrometer at the China
Institute of Atomic Energy (CIAE)
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2 FT o, BRI 28 BE 51 B 6 > Clover #8010 25 A1 6 /> /)N
P T R 25 2H B, AN Clover R0 25 HH 4 AN FH X #8
MR R 38% [ =y AL G PRI 2% 40 A% , FEE A BGO Jx
e 32\

B2 HPGe R &L
Fig.2 HPGe detector array
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RIARTHT o 141 3 iR R e R RN R e
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30%, —J7 0 BA B RN AR, 53— 5 i 5 H

(3 R VB TR R A% 00 255 AH L B A X Al A R 880
(W=

B3 A3 TR A
Fig.3 Spherical He-3 detector array
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Fig.4 Fission fragment identification spectrometer
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Fig.5 The GTAF-II facility

2.6 CSNS Back-n _EAJC.D,iZ{L
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6 CD, %
Fig.6 C,D, detector system
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Fig.7 The LPDA facility

2.8 CSNS Back-n_EAIZ &N 2 3L FIXM
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Fig.8 FIXM spectrometer
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P T REETEAR AR X 52 B Z H F 1 = R,
I, 8~14 MeV it X (1 4 2 7~ XU 43 BT £ 7
PR b 5 R 5 Be R0 78 Be 72 B Br b g
W TR R R AT I TR AN R
WA AR F A 45 A, AT OB i R 1Y
s, R B AR AR D B 45 SR I Re = o FE . T SE A
FETAES T £ 2", KB 941027 MeV 1 F

55 LA L R 0 IR b 1 XU R 4 2R

2 FERRREFFRE S EEMNETIE
Table 2 DDX measurements achieved at CIAE

fie & Neutron energy  Ff iy Sample

~14 MeV C.”*U.D.*Bi.*Li.Zr Al
~6 MeV Be
~8 MeV “Li.Fe.Be.D.Ga
~10 MeV *Li.Be.V.**U.*”Bi.Fe.C
20~40 MeV Be.C.*”Bi
10° r SLi(n, xn) E,= 10.268 MeV
%
= 4
T= r
-"é 3
™ 3
] r
S
= r
© r
r
r
10715r | 1 | L 1 1 | 1 | 1 |
0 1L 2 3 4 5 6 7 8 9 10 1l 12

Secondary Neutron Energy / MeV

9 10.27 MeV 75 °Li W83 U -1 WU o T
k=R p S
Fig.9 Part of the measured DDX results for °Li induced by
10.27 MeV neutrons

32 HTHNE

AR P R A AR BT T S S HE 1
THE B AT ARG TN 25 U7 T 1 B B A . B e
Ja ST AR AT R P A S LR AN R
%, FE R T KRR SR GR3) . Tk, E A
TRERI AW UL « P4 AL BORBT TT e L b [ AR
BRI U Be B S5 AL 20T T P AR R R SR A TR
B AR, Hoh o (5 JR 5 B A A 0 7 B A
FFIS 1A% B 58 A P 115 5 U J P AR Y AR
PR R AR IR, R4 T e o R R S B s

*3 FTERMRTERR“HNEIE

Table 3 Cumulative fission yield measurements finished at CIAE

AN /-7 B Neutron energy FEYIR% & Product nuclide

Fission nucleus

U-238 FAFHE Fission spectrum3 MeV.5 MeV.  *Zr.”Mo- '"Ba."'Nd 24 | Fh 445 ™ #) Dozens of fission products
8 MeV.14 MeV such as Zr, “Mo, '“'Ba, ''Nd, etc.

U-235 #AHE Thermal energy~0.5 MeV.1 MeV. *Zr.*Mo- "“Ba. “'Nd £ —.+ £ Fl 4 45 '~ ¥) More than 20 types of
1.5MeV.3 MeV.5MeV.8 MeV.14 MeV fission products including *Zr, Mo, *Ba, '“/Nd, etc.

U-235.238 #AfE Thermal energy 3 MeV.14 MeV BmETEK | Xe AR AR AR ¥ Gaseous fission products such as

SMATSIC BSIY e efc,
Th-232 14 MeV *Zr.”Mo- '““Ba. "“'Nd & — + £ Fi 2425 7~ ) More than 20 types of

fission products including **Zr, Mo, '“Ba, ''Nd, etc.

U-235, Pu-239  #4fE Thermal energy

Y. *Cs. """Mo. "?La %5 % 1 55 7 iy % & Various short life nuclides

such as Y, *Cs, """Mo, "“La, etc.
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Fig.10 Measured results of mass distribution for **U induced
by thermal neutrons (amu means atomic mass unit)
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