$a0% 3
20264 6 1

KT R4

Journal of Rocket Force University of Engineering

Vol. 40 No.3
Jun. 2026

DOI: 10.20189/j.cnki.CN/61-1527/E.202603009

TEARRZAL BHE N Db 1~ 2 J PR 5 i QIR
FRE WS

FUUR', H M, ATRET, REF, BEK
(L. KREFFETRERY:, PO 7100255
2. FE T RERLE IR BE B A RS AT, Jhat 102413)

W OE: AE#H. cURERABCHANYERE, STANAEKENETZERY F FHaE. &
ES5AEGRNER, AIfl] —2ETRARNBNR T FLERST T FTFAXRFANER R, &
7 B EJ-301 5 BC-501 7 (A %M & n/y BB M RE, #8224 Fl n/y B4 M A8 E R B BC-501 R & (&
FiE#%FOM H1213) #EAKEKLHEANERE, AFAATCIHERT REMNKEEMFE4TTHFHZ
Bo ZREREKEH: Geand BN BF R L FHF FHRMNKE N8I, FEEHMNEF LIHEELE,

BIET ZEWTEME; ZRAANGHZCIREF FTEAREFHELN 12232, RIETHFFARFERAD
BEpE. IAREALTEEMOXERH#TRFFTLERMNE, —. =, —EHHXEXERENULE

R K F0.99; MOX & $ 6 F ol f 234 -71.21%~—68.18%, LR AR FBEEMR E556%~15.15%, %
AAREGARRELSZERTRE SRR REANBRRFR, EAT Ha &7 & ERM N EEIGEF

Hy R F VAT

RBIR: MREE; P TASEMR; FFAREK: RNRAE: o/yEA
XEPR AR A

hESHES: 0571.51
NERS: 2097-2741(2026)03-0109-11

T [ O 2 4 ) 5 WUHE R R, BB A% RE Y
TREEFAT, %Ok Bt s B B AR X T By - A R 1
B DR AR F) A2 45 22 G H 2 [ B )i 1 g
HL# (International Atomic Energy Agency, TAEA)
AR A 22—, RIVR KR SE ik (0 Je s i F R
XREAR R SCHE R, e . SRR B R
SEHEATHERR I E S b 7 2 Em AR TR R S
BT RAZ AR W T 2 AR AT, BERS
AR A R R h TR AR
Fid SO SR, B RO A% R B U 0 E SR b
BHRCR AR DT R 2 — 07 SR, MBS AT AR
R B PR 22 E P D vk A A B 4 B R R

WEE A 2026-01-07 EE B 2026-03-26
E2WE: HRARBS¥IESE (12475307

TR ZEFRIRAB(OSID):

TP AR SN, 2251 W3 1 W 225 it
[ N AMIT TS AR T T 2 R EIESENS , filn, BRER
o« FHURSENR R T T A [ E R BB IE 1
IR AR, 35 5 | A 45 [ 38 5E 28 B0 S it o
TRYARRY S HE A, X B G AE A SORT I R Hoazs
BT, R RB S S 2 B, XA
RIERBIEAR; Liv 5 7 WS HERBIE
W, BITIELHR SRR AR, Wl s AURE 2 R
W, XPEARAS G R PEAE, (HAR RS R ) 4R
e OB O BRURR, A B (BB BBOAS 4 AT BE S EUAN W8
ol B AR R (E s Geist SFUMHL R T 20t A ITAR
RS T R LA/ 3 A D 22, %07 6 DR AR R 2

FHBEH. 2026-04-06

F—EE: FYUR (1996—), B, MELOFTTA, TR R E PR AR R B FTY
SEEMEE: I (1976—), B, HdZ, FENFEEORSHZ 2R,

SIARER:

YUK, VEIG, MIDUE, SF L RRBREBRHRIN P 2 R S A IR SIS (7). KA TR R A4, 2026, 40 (3D

109-119. LI Kaile, XU Peng, HE Hantao, et al. Fast neutron multiplicity and neutron angular correlation of special nuclear materials

based on liquid scintillation detectors [J]. Journal of Rocket Force University of Engineering, 2026, 40 (3): 109-119.



110 KA T AR AR

55 40 %55 3 1]

e, AU T ROESCR s A2 e, A
HeRE, AN T/ ZR i bn g, HAazJrikxt
SRR AR R 25 A B R 22 . 1A, A
TR ARk AT BE AU B AR 7 ik S B
FENGURY T ZARR G IR, S e 1 A% AR B AT
TRK SR — DS, R 51 A Se ki 15
SAL PSR, I 2R 5 A o 4
REERFHENT

[ s, SR 2 A ) 2 25 g RO S A R b
BHESUE BARBE TR RO AT RE . A BILIA R A R 2
PR G R ey T i 17 60 A 208 614 Ik v FE R R 531 e
B2 L TR R RO 5 R A B A
T RN AR AR, A LI R R B R R b T
SERAORE T T RIRE R . IR R R IR B R AT TS
] {5 B0 3 — A A A R ] — £ 00 5 [ 510 T
Jie S48 vh 1 £ BE SRR R IE S IR T RERY . R -
TR W T [R] — 27 =R AR A A B B R T
Z I T AR SN, A 5 RO RE B A Bl
KA ¥ BRI S OW ) B R UIAR G, BA R
Je P figp 2 AR AL AR R DX 23 AN (] 28 AR A% 1Y) T UL
WAk, SRR IR B, TR
I, T FREYA % F 5 /912 2 F 2L B0 £
KRBT IR A 15 R T RS2, fE5esym, Z4
[ P F 5 AT BA M) BRE [ 51 sl B3 B, % 2 Cf
Fl SR8 I SR 4z T AL B Hh A SR I 4% 1) S 4
PEAT T VRN A, ESE T R R R S AR
A2l [ 4 , F SR T 5 R R B R A Y
RIE2T

SMEWNSNBA IS, b T2 EENES
Fr eI R R T RET T, H¥YESE
FHRH By 2R VA AR N AERR R, HES AT T
ERZ ML IFIE o X P BRI e B, R AE
3 A BT (A 00 45 ] ) 2 358 B[] 5C BB 5
i QAR SR B R E . B B 9T v R R AR
B3R AR T T ol e G 00 A AR R AT TR —
LE-H, X ZEME . WHE L S Y
F S BEE M 5 R, O S 2 Rk R T
WEHE. HamPERE . ET M, AR
TEATF A — 7 5 T A DR A D00 2 ) 2K 5 00 52 6
ARG, HT, XF PR PRI P RE , FEIL
P R, RN RE S ZIE . g
2 22 G5 43 ) FF JE& 2 C bR o U8 14 v 7 i G 3E
i, DUSCEARER . MOXOU B S5 R iR A2 AR P
T2 BN, KR BV RE 5 IS I i)
itk

1 MERFKITSEE

1.1 BRMFER S n/y BRI MERE S T
TERF IR B TR & A g, s akIX
O3 5y S W N AR T g AR AR E R S R
B4, 10 n/y 15 = B0 B8 I o 2 A 2 48 00 2% 1
REM — I EESHR bR . I, A E Sext it
T PR E AR & E1-301 15 BC-501 f ik v
WIEHE ] (pulse shape discrimination, PSD) 16 .
PSD J& —Fft i T Ik w5 5 T2 AR ARp A ok DX 43 A ] e
TR KRB A . HAZ O AL T b1 H oy 5
2R T AR I 28 v oRE AR T A B K P R AR A
FH2ESE o TR NI 2 v, 3 SR IR O ok
Nz U2 /NI I o K /N L J T LA
=W
N (1)~ Me_m'-i-Me_m‘ (D

7 7.

A N Ce) Gk o B[R] 224k p A H
BIRE; Ne(Cp)o N.Cp)aral st 18 misrpr e &
BIYCTFE oo o o AR L 18 A0 R S U B ]
TGN ns Bl s A FLAGERLF P, 18 55
A, yE5 R K 1B, i
TR SR/ Bk, Bk, Sy
LRI IR R AEAE 22 . B LR T 3@
ik BC=501 Y DA FR I 25 0] St 45 2] 4 o -7 Ry 5 2 ik
WY . FTLAE Y, v STk np I8 B B
B R RN A A 0 ik b v B, ik i
D)3 A0S A b % s R AR B ) ik vl B B

[ — kT
1.0 _thj?

Ak ikl

100 125 150 175 200
f/ns

0 25 50 75

B 1 BC-501 AN RN S S bk i
Fig. 1 Signals pulse waveform of liquid scintillation
detector BC-501
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Fig. 2 Histogram of charge integration ratio statistics
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Fig. 3 Relationships between different charge integration

ratios and pulse amplitudes

it E2ME 3R LLAB, BC-501 ) n/y ¥
SIRE S WAL T ET-301, %5 A% P i ) it 2455 v i
PERER v 55T, S0 n/y BN AR ) BOCE S, A
B, FH BC-501 $0 #8544 # I : FE 51
12 RGELMHEKLSEK

PR S5 3 2 e Wt 3R 498 RO RV 8 G
MEZERER ., R RRFRM SR, ETHA M
6 NRSFR @12.7 em X 12.7 em 4 BC-501 #8702 ,
XL AR Jmy AT T OEARIE 5T o & 5, 0 il 1 X
4 FN 1 X 6 7K T B 1) P A Sl RA RY , n RT 4 o

B 22 R R E T Ay B b BT, D45 7 A
fitli #4100 280 53 S R 4.59% F6.58%
PR 28 AR AR BE 1 AR T 000 25 9 2 = 114 25 [
SEARS, 3 kB I PEI EE ASFonT DL S R



112 KEFHE TR

5% 40 B 3

TR ECR o Ry ilt — 25 $E THR50R I S = 4 =
7 55, FIH Geantd S 4% = B BRI T /S 3k
SRR, S (a) B, MBI KE
T A0 B 4RI RS, IR R b R
BB — Ao B PCE SRR T AR R s 45
M E IR 4w M R . B R
FEHT, AR B s SR B RN R AT A 9.02%,
BER TR 4w, Wik, AT
PCAR AR Y, LR T 2 N R SR . AR G
B0 25 B 5 . A o AR ORGSR A AL B
F W 15 DUE BT T O AR 2 (MPD-4) 52
B 6 B AS 5 1 SZI n/y EB LB R AR C R B
sy BiRAmZEERS (MCS6A) LR i
MLEAT A S BT RG TAERBWE S (b
i, ROk T R Gehe LA R D A
PR R E R, RN R S
Ak g B, S 220 QI A AT

E4 RABZMERE

Fig. 4 Simple liquid scintillation measurement device
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Fig. 5 Liquid scintillation measurement system
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Table 1 Efficiency calibration results of each probe

WERE 1598k 295%k 398k 49k 558k 65k P WRUME/%

1 111157 144173 142491 148677 114852 154992 8 163.42 8.31

2 110993 146495 142908 148 462 114458 155112 818428 8.33

3 110748 148763 142821 148493 113455 154137 8 184.17 8.33

4 112115 148052 145318 151527 115952 156665  8296.29 8.45

5 112068 146856 144705 150782 116412 157570  8283.93 8.44

22 FEINETHE R2 TCHRRER

FEATTHF R T2\ b — AR Table 2 **Cf standard source

SR, ZSECS R R R A DG, FE&T158 /ns &R eps
UG, FESEATSCIR N AR AT, T R FH A o R R R 10 670
T2 E VSR ETTHE T R TTHEF 0 20 1237
FERAFFTG T8 LA S R Ge s el B[] AR 152 5 3 24 30 1457
I R ORI ) R R O WOE R, W ALY 40 1516
AL AR R 5555 T T F BOE . 50 1 540
KL, A58 R P CObR R IR HE AT 20 B2, g HE 60 1546
T O AL E, S alid sk GOl Gy I RR 70 1 549
M58 T BAREHHECE, BT 09I & S 30 1551
H200s, PIFBILLIEOCER N 90 1554
Do, _ e (1—e™") 75 100 1556

Do, o™ (1—o"")

KF . Do, M De, 53590 G F1 G RPN 58 F B4
TR s Tep N TUEEIR IS [B] 5 7 oA 28 46 5 ik Bs) 1]
X (4 v, RG] ¢ R
7=—G/In (D¢,/D¢,—1) (5
WGy, Gyl H20ns M 10 ns, D¢ De 433
J31237.52, 67041, fRAX (5 HHHEMGH RS
TV ] 7 29 59.91 ns. AR 48 R 56 2 ek B (1] 1] LA
WHRERETIN, WEZHELMUWHLEC~
1.277, WL, REENGFATIRIZENT6ns. K
BTG 198 P ER M, SR A P COAR ME IR #E 17
LT S =5 =03 o b = 0 0D R (1 RTINS
B G TTTE, RS BCR A, kT
ol AR, G5 RAFE 2 iR,

ME2WTLE N, BERFETTRMK, eI
BORS B Z . M KRR 70 nsBF, fFETHECR
BT g 3 ) G T . R, 2 76 ns fE
RABE NG TR RE R, AHRIRS
T ) AAE A TS S, Rl A X 2O bR i R
fremdma, Iimtre —EFETTH T LR =
FATIRT £, HEERERAN

o 21J51D
Si= oS (6)
6U51T
t = (7)
f 8212535

X SO DL T —TE, TE, ZEIPECR;
e NERGRMAAE; va vy va 00N CHEA K
WA — . T =R AR, v =



114 K TRER 24

540 B 3

3.757, vo=11.948, v, =31.636", YEFE G &
JEE B Hp O BB R CE AR IR, LAY T 5 Ui
i, RO I OE 200 s, Z5RINE 3 R
R3 TCMRERZEMNESR
Table 3 Multiplicity measurement results of the **Cf

standard source cps
MWEFH —FEIE  CEIR ZEIME
1 15 637.30 1549.82 85.02
2 15 589.01 1552.45 86.30
3 15 590.02 1 547.90 85.51
4 15 568.45 1553.10 84.94
5 15 579.41 1553.14 86.56
FIME 15592.84 1551.28 85.67
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Table 4 Measurement results of neutron angular

correlation
WEFS  D,W/X10°  D,/X10°  Fisiik
1 5.5511 44594 1.244 8
2 5.5442 4.490 1 1.234 8
3 5.779 4 47172 1.2252
4 5.197 4 43712 1.198 1
5 5.747 6 47389 1.2129
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Table 5 Measurement results of standard plutonium

oxide samples

& TEIHER —EIHER
RR/e jpg/ RSD/ if#i%/ RSD/ i/ RSD/
cps % cps % cps %

11.4125 86.52 0.89 1.06 6.05 0.017  34.64
28.5610  276.73 0.42 2.81 3.02 0.049  29.50
57.0074  626.24 0.31 5.96 2.14 0.122 2531
114.0710 1339.44 025 12.63 1.82 0.295 12.36

285.730 0 5592.71 0.18 33.60 1.75 0.783 9.27
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Fig. 6 Multiplicity counting rate and mass fitting curves

of standard plutonium oxide samples
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Table 6 Result of standard plutonium mass calculation

Feapie/g  Higfi/g  HEME/g WE/Y%
11.4125 0.54 0.47 -12.96
28.561 0 1.35 1.19 -11.85
57.007 4 2.70 2.29 -15.19

114.071 0 5.41 4.61 -14.79
285.730 0 13.55 11.50 -15.13

&7 MOXHHREFEMNELR

Table 7 Passive measurement results of MOX fuel pellets

CEHE @R SEiHE
/g it4g RSD/ i RSD/ it¥C RSD/
H /eps % # [eps % & /eps %

12 116 0.51 1.53 534  0.02 61.08
18 192 0.53 2.21 4.62  0.03 43.66
24 278 0.69 2.98 263 0.05 20.52
30 381 0.36 3.91 224 0.07 3199
36 504 0.76 4.68 246  0.11 2932
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Table 8 Active measurement results of MOX fuel pellets

—HEIFHR TEHR ZEHR
/g 4% RSD/ ¥ RSD/ ¥ RSD/
K/eps % K /cps % R/eps %

12 258 0.47 1.93 790 0.03 38.15
18 401 0.37 2.79 648  0.05 33.70
24 538 0.69 3.64 279  0.06 26.68
30 742 0.83 4.61 347  0.09 2772
36 912 0.94 5.65 1.55 013 2396
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Fig. 7 Fitting results of the relationship between MOX

fuel pellet mass and the multiplicity counting rate function
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<D

Ream g/ (BT prgemyes
B/ew wmi/g /% WA/ Bi%/%
12 0.66 0.21 -68.18 0.76 15.15

18 0.99 0.30 -69.69 1.12 13.13
24 1.32 0.39 -70.45 1.45 9.85
30 1.65 0.51 -69.09 1.88 13.94
36 1.98 0.57 -71.21 2.09 5.56

MR LIA L, RAIR T Z BT 8K
1 MOX @ B *Pu A 88 i A7 (e B 22, L
P ZoR AP TT T . — o MOXOEB A Al A7 K =
JEAFAE BRI N, HBR T REfF e 225 —
S ASF 5 T 5k B R R I R, (E TR
FHR R B 22 [ 2 A B B S A, IR AN BES
[F] 7 7] 45 J5T Ak B SRS i, v B SR RN A T 22
S, 2k 2 H RN A 2 R G A 220 SR TS
(9) HATBIE)S , W22 RN, Bk 1T i%75 %
FRIAT R

AWEGT B GERAR BE WE BEok, WFd T — &L
F BC-501 W NI 5 1 e b 7 2 B 5 7 o6
BRI B R G0, SCH R T > CI AR b7 & 5
45 ) S, 3l e - 22 EE M O R S B
T X EAREREE SR MOX B RE i 5 R i . BF
FERIL, 558 A I O Pu i A7 7E 12.96%~
15.13% 1% R Ge A 22, T 6 B3 3 MOX otk e (g i)



2026 4%

FUUR, B FRIREOMPRHRIN Prb 1 2 R S A G SE SR 05T 117

g 7R 152 2 JLAT LA KGR 5 B REXS 22 F P O3 A
9 50 25 R0 o RN I R GRS TR R
{55 b BRI G BT B 2 TR RN RE , R 7L
B — A R B, ) R TR R e A U, A
SLAIUAT TR 2 0 e SR AR L R B S Ak 2 1
SEHF o YT AR ST R D AR R A O X A
T P Th 2 8], AR a3 i AE 44 I B 1) A
JRy o R Z AR RR I A L S JRE G A S A A 4
F5E, 2t — A 48 TH % 5 ¥k 18 R f B 40T 38 1) B2 ]
R

SE XM

(1] ERA&. EREWEZ2EBINTRLER]. K
TETREREE2EM, 2023, 37(1): 1-9.

Wang Minle. Overview of national strategic security
situation analysis[J]. Journal of Rocket Force Uni-
verstity of Engineering, 2023, 37(1): 1-9.

(2] BUKWI, #regde, FEbE, 5. RORE B ES 9 B0R

kD] JRFReRlsdoR, 2024, 58(2): 438-
451.
Zhao Yonggang, Jin Shangtai, Zhuang Xiao, et al.
Current status and development of detector for nu-
clear safeguards[J]. Atomic Energy Science and
Technology, 2024, 58(2): 438-451.

[3] Ehosi, vFI8, Z3%, . HBOEREYIE I fE D
SDNAR ) s T R QT B B o == 1
2023, 37(3): 24-30.

[4] Di Fulvio A, Shin T H, Jordan T, et al. Pas—
sive assay of plutonium metal plates using a fast—
neutron multiplicity counter[J]. Nuclear Instruments
and Methods in Physics Research Section A: Ac-
celerators, Spectrometers, Detectors and Associat—
ed Equipment, 2017, 855: 92-101.

[5] Zhang Quanhu, Yang Jianging, Li Xinshe, et al.
High order fast neutron multiplicity measurement
equations based on liquid scintillation detector[J].
Applied Radiation and Isotopes, 2019, 152: 45-51.

[6] Fraisse B, Bélier G, Meéot V, et al. Complete
neutron—multiplicity distributions in fast-neutron—in-
duced fission[J]. Physical Review C, 2023, 108:
014610.

[7] Cifarelli D M, Hage W. Models for a three-param-
eter analysis of neutron signal correlation measure-
ments for fissile material assay[J]. Nuclear Instru—
ments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associ—
ated Equipment, 1986, 251 (3): 550-563.

[8] Li Sufen, Li Kaile, Zhang Quanhu, et al. A fast

neutron multiplicity measurement method based on

the correction of multiplication coefficient[J]. Nu-
clear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment, 2022, 1027: 166314.

[9] Li Kaile, Li Sufen, Cai Xingfu, et al. Analysis
and correction of spatial neutron multiplication in
fast neutron multiplicity measurement[J]. Journal
of Radioanalytical and Nuclear Chemistry, 2025,
334(5): 3129-3137.

[10] BFEIF, FIUR, KK, 5. iR T2E

PRI DT A (7). W HsEdfR, 2022, 71(9): 60-
68.
Li Sufen, Li Kaile, Zhang Quanhu, et al. Deriva—-
tion of fast neutron multiplicity measurementequa-
tion of uranium material[J]. Acta Physica Sinica,
2022, 71(9): 60-68.

[11] 2Bk, BEDF, KRR, 4. R T2 I R 4L

& IE B BR B8 B h 1 22 PR A (0], W R,
2025, 74(2): 34-41.
Li Kaile, Li Sufen, Cai Xingfu, et al. Fast neu-
tron multiplicity measurement of plutonium materi-
albased on spatial multiplication coefficient correction
[J]. Acta Physica Sinica, 2025, 74(2): 34-41.

[12] Liu Xiaobo, Chen Ligao. A two parameter itera-
tive approach of multiplication correction for assay—
ing plutonium metal parts with neutron multiplicity
counting[J]. Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrom-
eters, Detectors and Associated Equipment, 2021,
1016: 165779.

[13] Geist W H, Mayo D R, Krick M S. Achieving
accurate neutron—multiplicity analysis of metals and
oxides with weighted point model equations[CJ1/
Proc. of the annual meeting of the INMM. 2004.

[14] Zhang Quanhu, Su Xianghua, Hou Suxia, et al.
Analysis and improvement of the influence of sam-
ple shape on Pu measurement results[J]. Journal
of Nuclear Science and Technology, 2020, 57(6):
678-688.

[15] Li Kaile, Li Sufen, Zhang Quanhu, et al. Studies
on fast neutron multiplicity measurement based on
neural network[J]. AIP Advances, 2021, 11(5):
055309.

[16] Hoom, MENR, 2K, %F. HETEMElyhT
Z PR O AT AT MR SE (J/OL] . SOt Sk
3, (2026-03-20)[2026-03-25]. https: /link.cnki.
net/urlid/51. 1311. O4. 20260320. 1032. 006.

Feng Yuanwei, Zheng Yulai, Li Yong, et al. Fea-
sibility study on neutron multiplicity countingmethod

based on neural network[J/OL]. High Power Laser



118 KEFE TR

55 40 %55 3 1]

and Particle Beams, (2026-03-20) [2026-03-25].
https: //link. enki. net / urlid / 51. 1311. O4. 20260320.
1032. 006.

[17] Enqvist A, Pazsit 1, Avdic S. Sample character-
ization using both neutron and gamma multiplicities
[J]. Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment, 2010, 615
(1): 62-69.

(18] Rk, L2, XU, . b5 Z H &

HARBETE[I]. AR, 2023, 40(2): 454~
461.
Zhou Zhibo, Li Duohong, Liu Yuezhuang, et al.
Study on fast neutron multiplicity measurement tech—
nology[J]. World Nuclear Geoscience, 2023, 40(2):
454-461.

[19] Verbeke J M, Randrup J, Vogt R. Fission reac—
tion event yield algorithm, FREYA: for event-by-
event simulation of fission[J]. Computer Physics
Communications, 2015, 191: 178-202.

[20] EME, BEIF, £K, 5. FET Geantd R BH R

P SR A BB AL [T] . kOB A TR R A2 A
2024, 38(4): 98-107.
Wang Peng, Li Sufen, Wang Fei, et al. Numeri—
cal simulation of Geant4d-based neutron angular cor—
relation distribution of fission nuclides[J]. Journal
of Rocket Force University of Engineering, 2024,
38(4): 98-107.

[21] Kopatch Y, Chietera A, Stuttgé L, et al. Detailed
study of the angular correlations in the prompt
neutron emission in spontaneous fission of **Cf[J].
Physics Procedia, 2015, 64: 171-176.

[22] Guseva 1 S, Gagarski A M, Sokolov V E, et al.
Detailed investigations of neutron neutron angular
correlations in slow—neutron—induced fission of **U,
U, and *PulJ]. Physics of Atomic Nuclei, 2018,
81(4): 447-454.

[23] Vogt R, Randrup J. Event-by-event modeling of
prompt neutrons and photons from neutron—induced
and spontaneous fission with FREYA[J]. Nuclear
Data Sheets, 2014, 118: 220-223.

[24] Zhu Jianyu, Huang Meng. Numerical simulation of

[

[

fission neutron angular correlation distributions[J] .
Chinese Journal of Computational Physics, 2018,
35(4): 429-436.

Marcath M J, Shin T H, Clarke S D, et al.
Neutron angular distribution in plutonium-240 spon-
taneous fission[J]. Nuclear Instruments and Meth-
ods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment,
2016, 830: 163-169.

[26] Shin T H, Di Fulvio A, Clarke S D, et al.

Prompt fission neutron anisotropy in low —multiply—-
ing subcritical plutonium metal assemblies[J]. Nu-
clear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment, 2019, 915: 110-115.
Yoon S, Lee C, Kim H D, et al. Monte Carlo
simulations of correlation between anisotropic emis—
sion characteristics of prompt fission neutrons and
sample multiplication[J]. Radiation Physics and
Chemistry, 2021, 181: 109328.

[28] Li Kaile, Li Sufen, Cai Xingfu, et al. The influ-

ence of matrix effect on neutron —neutron angular
correlation and energy—angle correlation of special
nuclear material[J]. Nuclear Engineering and Tech-
nology, 2026, 58(4): 104056.

Li Kaile, Xu Peng, Li Sufen, et al. Using neu-
tron—neutron angular correlation as a complementa—
ry observable in the fast neutron multiplicity count—
ing for low-quality nuclear materials[J]. Radiation
Measurements, 2025, 189: 107541.

Brown D A, Chadwick M B, Capote R, et al.
ENDF/B-VIII0: the 8th, major release of the nu-
clear reaction data library with CIELO-project cross
sections, new standards and thermal scattering Data
[J]. Nuclear Data Sheets, 2018, 148: 1-142.
FHUR, BEIF, kR, % RTHRh T ZE M
T ECR B B RE SRR Z A A0 Hr [T] . KRR TR
2FEM, 2021, 35(1): 59-64.

Li Kaile, Li Sufen, Zhang Quanhu, et al. Analysis
of Pu sample shape influence based on fast neutron
multiplicity counter[J]. Journal of Rocket Force
University of Engineering, 2021, 35(1): 59-64.



2026 4F: FUUR, B FRIREOMPRHRIN Prb 1 2 R S A G SE SR 05T 119

Fast Neutron Multiplicity and Neutron Angular
Correlation of Special Nuclear Materials Based on Liquid Scintillation Detector

LI Kaile', XU Peng"”, HE Hantao’,

LI Sufen', PENG Leyi'
(1. Rocket Force University of Engineering, Xi’ an 710025, China;
2. Institute of Radiochemistry, China Institute of Atomic Energy, Beijing 102413)
ABSTRACT: To achieve an accurate and comprehensive characterization of special nuclear materials, a
combined measurement system was developed in this study for fast neutron multiplicity counting and neu-
tron angular correlation based on liquid scintillation detectors, given that organic scintillation detectors pre-
serve complete neutron information including time, energy, and direction. Through comparative tests of EJ-
301 and BC-501 detectors, the BC-501 detector with superior n/vy discrimination performance (figure of
merit=1.213) was selected to construct a six—probe, surrounding-geometry measurement device. A *’Cf
standard source was used to calibrate detection efficiency and gate factors. The results show that the aver-
age neutron detection efficiency of the system measured by Greatd simulation is 8.37%, which meets the
common uncertainty range of radiation measurement and verifies the reliability of the device. The average
anisotropy of fission neutrons from **Cf measured by this system is 1.2232, verifying the existence of sig—
nificant anisotropy in neutron emission. Fast neutron multiplicity measurements are conducted on standard
plutonium oxide and mixed uranium-plutonium oxide (MOX) fuel pellets, and the R* values of the first,
second, and third count rates and sample mass fitting are all greater than 0.99. The deviation of MOX fu-
el pellets before correction is —71.21%-—68.18%, but after mixed nuclide correction, it decreases to 5.56%-
15.15%.These results demonstrate that the system can effectively establish a functional relationship between
the multiplicity counting rate and sample mass, validating the application potential of the joint measurement
method in nuclear material property certification.
KEYWORDS: nuclear safeguards; fast neutron multiplicity; neutron angular correlation; liquid scintil-
lation detector; n/vy discrimination
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