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I8 T kb AE STA0L BDRL A ERAR b AR 6= 8 prAili 775, R Geantd S¢4F R & AL X 54k
AR FLE N R S AT N, 102 R A3y b TR B RE &, AT EA R =8, AT
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L(E,) = 0.83E, — 2.82(1
— exp(—0.25E)%)), (1)
L(E,) = 0.41E, — 5.9(1

— exp(—0.065E1°1)), (2)

L(Eg.) = 0.0821Epk, (3)
L(Fg) = 0.0375Fg, (4)
L(Ec) = 0.017Ec, (5)
L(Ee-) = Ee-, (6)

H, E,, E,, Epe, F, Ec, E.- 72 & L&
T HIRE &, AL AMeV; L(E,), L(E,), L(Eg.),
L(Eg), L(Ec), L(E.-) 4332 %7 Bk 178 TN 1k
PRAF AT E =R, B4 MeVee (electron energy
equivalent), & X &1 MeV e~ AHf#|ST401 LA
AU ARG E ST 1 MeVee.

Geantd F 1 B2 = Be Y b & 07 R S5 K
FEMEFA, Wik oy M e T (n) Mp 4
ZMRL T B, y B2 X2 X A
FPHAERLHIASR], EATLE DA R A4 o 50 0t 7= i — 3
(), AT TR P AT X 5. Geantd A H A
TSR, 67 8RS B TR S AE DR
REB 500 T P AR e 4 R A Rt b, 128 i R A
FEAEN. BRI AR SO R AP AN XA 2l rp AR
STA401 (i ¥ia i 12, FHad s AL BN F R+
RRIUFIRE R By, HA ZUTHSAT B 6 4. &6
g3y ORI T SRR G, REE I A DTARAE I Bk
RN, LhREsE By R INERAR. B Eo THEAS R
HT 8 L(Eo) 5 By vHEAR B 06780 L(E4 ) AH Yk
s BRL - 8 DR BR AR R AR S D = i L, H(7) 2C
FiA:

L=Y L(E)-) L(E), (7)
Hrp Z e Xt P e AR IR IR Ry Bk SR AL

B B X R S AT v A BEALIE, AR
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Geantd AT K B HAL BT, HHAS [E B 43
) S PRI & U ART 45 0 5 L R 5 s AE
R K AR E Bl sk RALEE
FZHEN: 1) DetectorConstruction ZEH 5 #

ST401 B R} A FRAK B A1 KE JUfR RSP AL E, C,
HIEFAMNEE RN 11, %EN1.05 g/em?, R
920 cm x 20 exh, NHRRJEE b EUEN 1 mm,
3 mm, 5 mm, 1 cm, 2 cm, 3 cm, 5 cm, [AERATR
TEPR B T 26U 2 m Ak, S 4R UR 5 TN SR A4 2 TR) B 2
SR 2) AR A 2 M RS R, 3 R ER
M7 QGSP_BIC_HP, HHa$E 5 s B, R
U 55 X 2 S R A AR, T
AEEAKT 20 MeV (117, QGSP_BIC_HP K i
S 1R K B H 1 o Al e A S SR R A b L
fibn Py BEAS YA L, AT DASE RS o A 0 b i is i
#£; 3) PrimaryGeneratorAction ZEH 1% & i £ i
B, KRR o X & 7, XT2Re &N
0.3 MeV M10.75 MeV, T RER UK 1 fir 5], B £&
JEA2 cm x 2 e KR/NTHIUE, W& 3 B T INERE
BI77 35 51 R ST, BRFP T 2R e B T AT 108 SR
4) SteppingAction 2EH L TR (5 B, WHK T2
DA R A H BT = A2 B FORE ¥, 7E newpar SO AR
SRR BURIRE &, o ST HoR ok R AR, AR
outpar X HIE SRR RE &

B (1)—(6) 2ok B A3 A7 7= A iy ok 1 1) AH
XoF S 7 AR A A 16t A UKL 1R AR O O R A, AR
A (7) 20, BI43 108 AR NS SO A, 49
B FRASKLF PR A B 12 X2t
HAER. 5 mm B INERAR B A BT 1 R AR S
BRI 6= A0, AE Ik A SR BRI b N R o)
Z, K1 T AFRRGEREF 715 0.3 MeV X LA
5 mm JF ST401 H (A0 't 40 LU Ve an ot . 3L
b J5E PR DA BRAAS B8 AH S ' 7= 8 A | 2 T 204
K 3 .
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Fig. 1. Light output of 0.3 MeV and 0.75 MeV X-ray.
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Fig. 2. Light output of 2.5 MeV and 14 MeV neutron.
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W TR A5 i JEE 55 P 386 i oA g 28 1 388 n. 1 3 3R
HH - TR RE S ' 7R A0S I R R 1 K 2R 1 .
X 2 R ) s N A T AN A R TR R R
T2 IL R VR H I 45 PL1 mm [N ERA N, BEE
W R R OK, OSBRI 3G OK, 7R AR B A FRL
RE B OK, ok H DR AR B R AN O 2. Y
i REE /N T 8 MeV I, e B A T Ay HL R 1 R
B E G EEAE A, A AR S M
T RE R T8 MeV I, 36 H DA AR A 1 5 FERL 1
32 5 EAE R, MR AR W N e Ah,

P 3 FRAR AE R 0.1 MeV AT10.2 MeV H T HIA X e 7=
WA, RS (1) R TR EE e A
E, > 0.1 MeV, E, < 0.1 MeV [ARX S =4 i 5
AEIARIE, TR T 0.2 MeV I &7
HKE E, < 0.1 MeV RT, &R RKHE,
0.01-—0.2 MeV REEE Bl P (1 Hh 7 AR 6 7= 2Pk
A — TR A LR () 1) . TH 536 W, 0.3 MeV LR
BEEMITF PR E, < 0.1 MeV i T 5] A FIAR X
FEF=ER ZE /N T 5%, TE ki oo B G0 & R
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Fig. 3. Light output of neutron vs. energy.

#1 P15 XA 5 mm & ST401 F AR 6= 4R Ll
Table 1. Ratio of neutron light output to X-ray in 5 mm thick ST401.

i H1¥/0.3 MeV i H1¥/0.3 MeV i H11/0.3 MeV
e REE / PR / e / .
MV X AR MoV X AR MoV X R AR
e - € - e -
S LA Sere gt Sere gt
0.1 0.0512 1.1 1.7687 9.0986
0.2 0.1002 1.7 2.7211 9.7959
0.3 0.2993 2.0 3.1803 10 10.3912
0.4 0.4966 2.5 3.9286 11 10.4422
0.5 0.6752 3.0 4.5748 12 10.9354
0.6 0.8707 4.0 5.8333 13 11.1565
0.7 1.0476 5.0 6.8878 14 11.5816
0.8 1.2211 6.0 7.6871 15 11.4286
0.9 1.4116 7.0 8.4524 16 11.4626

4 FEZR
4.1 PP X GHirE

Bkl X A S P LRGSR
B A ) AT, o X 5

0.3 MeV, FEH R ~F218 1.2 mm, FEEVE2 mAbn]
DA AR SITHVR, R FH FAORE ' 771 S R I 25 0 2 PR Ao
PRAb 4R BT . SREO AR R W] 4 Fow: BUEOR &
SH ARG 2R 5 O Ry U ST HE A, 8 TR AR A
HO AR S B RO SRR R E A ko R TR
()R rEAAT AR, HLSRE8 R KA PR, A 1 em B
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RN A T RR . SR GCO-23 B3z O B
B8 S /N B il B R K B AZ . Andor 2 W] DH734
T8 55 B AT RS A 2 (ICCD) ML IN KR A &
K% (K 5). w546 3 mm JEARM R K H & B AL
PR R, T DUBE i T B R 55 AR P18 R SOk
(T30, BRI S 10 cm JEETEE, 1F X 528 25 0k

N T U /IN AT LT JOSR R DR AR A S O T 22 1D 1)
2 RS, E 200 mm x 200 mm [ A $RAK 2 1T &6
Wi 7R AR, AAE BT IR B 4.5 cm x 4.5 cm
(X 3 O, S B PR B TR AR A B /N BE 2558 14 em.
RIGEE AL 500 x 500 I 2 X 35 K 2K FE T 3418,
FIUR TG 22 R S I A R K B, A3 BIAHALNT X 5
Lo B, GnER 2 AT ).
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mhis P

I iﬁ;‘i
_/_: __________ | B
@ LY

i

|
/

L ] [T WA
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Fig. 4. Layout of calibration experiment.
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Fig. 5. Flash image of scintillator irradiated by pulsed X-ray.
4.2 BORHRFARE

Jik b b AR 52 S A v [ R P AT B i
J6ERASHE ST L AR -TIT ML EREAT . SEE6 A R

Lkt X S5 b s SEER AR A, N FRIR AL 14 MeV H
TSR 106 A4S /em? 2. 7 BRI B
AR FE PO R P AE A i DOV . & 4 bR ik
RE 15 em Bk +10 em T 245 +10 cm 8544 8HH B,
YER 43 0 184k 14 MeV A1, RIS B A A1
IR 25, 814 MeV 208 3 MR H. FKRIL
SONE R Ab R 7 15 ik XS 4 S5 A [R], 45 SR an
R2PHI.

R2 FRELBRLR

Table 2. Results of calibration experiment.

2k PR R AR RS Fiilkss FIE IR A
/mm /A -em~2 JADU- A ~l.em—2

0.3 MeV X 200x200x10 4.9x108 1.37x107°
0.3 MeV X 200x200x20 6.1x108 1.87x107°
0.3 MeV X 200x200x30 4.4x108 3.78x 1075
0.3 MeV X 200x200x50 6.5x108 5.14x 1075
14 MeV #1-F 200x200x 10 3.3x 106 1.76x10~%
14 MeV H1-F 200x200x20 3.6x 106 2.20x 1074
14 MeV H1-F 200x200x30 4.7x 106 4.80x 104
14 MeV H1-F 200x200x50 2.8x 106 6.72x 1074

5 4T

A% € S50 45 SR 1H R AT 45 S 14 MeV i
50.3 MeV X SFZHA G 8 LbAE, W 3 gl
SRR IR A S S50 I A R 2 N T
10%.

S B6 W0) B2 FH KF  7E A LUARL  AS f  E OR R
BAREPITT IR — 2 kAN O AN e
FE R 5% (101 ik ik XS5 28 71) 8 M 0 7 S A
4.1% Bl R ko X SR IR R AR B g HAT —
SE MBS A, BINBIASHE BE N 5% . & As
B B2 8.17%. ASEADLTH SR AH R 't 7 i LU AR 1) AN
S FERYR 2 BALHE = 5T — & R AR e
B AR E R 5% M R B, < 0.1 MeV
MBI 5] NI E FEN 5%; =R R Y
BB KR AT ) N PR AN o L

BT SIEIG I B ANH 8 FEIROK HL SR R R B
1) A P AT 51 N (R AN 72 AN 5 VR AL, AR S04
HE PR AR NS S PR BOR A 7 v TR B 2 I R IR
T3t T AR SCHER B S B 2 25 . SRS
14 72 EH O LA 38 B A5 1 R BBURE, AR R R L
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{8 5 A6 AL A S o 4, 2] S e A o
TR X 2N S B AR AR L 5l 7 A X 5 5.
SCHR [4, 5] v B 57 B 5 A 0 R AR 7 3R A
Ri¥ e AT e, BANEIR 500K (4, 5, 12] I
S 25 BT B R 2205 22.16%, I KA R 2%

N 43.71%. SCHR [13] )95 45 2R 5 84D 45 R AH 2 2
fELL L, 10 mm P ERARSS S EESTHR [12] $19 mm 1)
g5 v 3%, 1ZOUER T R B R BRI i, A ATIAN
72 7% () BU T 1 AR y S 2R TP i T s
R

3 X AR G AR AL X EE

Table 3. Comparison of experimental and simulation results.

> ol 2L Pcu=A =1 S A B Ak
0.3 14 200 x 200 x 10 12.39 12.85 3.71
0.3 14 200 x 200 x 20 12.82 11.76 8.27
0.3 14 200 x 200 x 30 13.03 12.70 2.53
0.3 14 200 x 200 x 50 13.61 13.07 3.97
0.3 14.85 200 x 200 x 1 ($25 Y6l 6.33 4.3714] 30.96
0.3 14.85 200 x 200 x 3 ($25 Y6l 10.36 77114 25.58
0.3 14.85 200 x 200 x 5 ($25 Y6l 11.54 9.36 4] 18.89
0.3 14.85 200 x 200 x 10 (925 H:Hll) 12.20 9.94 4] 18.52
0.3 14.85 200 x 200 x 20 (925 H:Hl) 12.88 10.46 4] 18.79
1.25 14.85 200 x 200 x 1 (25 JHlh) 5.56 3.13 9 43.71
1.25 14.85 200 x 200 x 3 (25 JeHl) 4.09 2.90 [ 29.10
1.25 14.85 200 x 200 x 5 (925 JeHl) 3.65 2.82[5] 22.74
1.25 14.85 200 x 200 x 10 (25 Al 3.36 2.74 5] 18.45
1.25 14.85 200 x 200 x 20 (25 Al 3.40 2.73 9] 19.71
0.662 14 P50 x 9 5.32 7.36 [12] 38.35
1.25 14 @50 X 9 3.38 2.98[12] 11.83
1.25 14 P50 x 3 4.04 10.77 13] 166.58
1.25 14 @50 x 10 3.33 12.86 [17] 286.19
1.25 14 @50 x 30 3.23 11.99 [13] 271.21
AR T VA W] LA D 5 RE B Ik b b 7 R R
6 & b W 2R 48 1) A8 22 HHK A

AL T — Rk b e NS 2] ST401 3K
DN IR AR KRG S P2 B DA v, 1% T I s R
5 BGUE SEIG AR 25 /N T 10%, 15 SCHR S5 R ARRE 5%
ZEANT 44%. BE Rev ik R EHE I R S
IR N EFE I 10%—90% B A1 NI & A 3d, 7]
1) B A O AR LA A s 1A %o B B 7 1A 8 2R
WR 2 HE R GRS B RFEN 60%, 1% 5 KA
ZIHEL, SEBRIRIU B IR FE N BRI 34%—86%.
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Abstract

High speed imaging technique is an effective method to test the information about pulsed neutron source. Imaging
system is usually composed of a pinhole, a scintillator, an image intensifier and a charge-coupled device (CCD) camera.
ST401 plastic scintillator is widely used to convert the neutron image into visible light image since it has features of high
conversion efficiency and fast time response. When testing a pulsed neutron source of wide energy spectrum, we should
evaluate the light yields of ST401 irradiated by neutrons with different energies and make the CCD camera exposed to
the light appropriately. A 0.3 MeV pulsed X-ray source is often used to calibrate the imaging system because of its low
cost than the D-T fusion neutron source. In this work, a method of evaluating the relative light yield of ST401 irradiated
by 0.1-16 MeV neutron to 0.3 MeV X-ray is proposed.

Geant4 Monte Carlo software is used to simulate the transport performances of neutrons and X-rays. The software
package can simulate the transport process of photons. But the conversion factor of ray energy deposition into photons
is unknown. It is difficult to calculate the number of photons generated in ST401 accurately. In this article, we calculate
the relative light yield according to the energy of charged particles produced in ST401. Firstly, all information about
the particle type, energy deposition, kinetic energy is monitored on event-by-event basis in GEANT4. Secondly, the
complete history of the tracks is then used to calculate the light output from the scintillator according to the neutron
response functions. Thirdly, the light output caused by charged particles going out of ST401 is deducted. Ratios of
average light yield of 1 mm, 3 mm, 5 mm, 1 cm, 2 cm, 3 cm, 5 cm thick ST401 irradiated by 0.1-16 MeV neutron to
0.3 MeV X-ray are given. To confirm the correctness of the simulated result, validation experiment is carried out on IVA
pulsed X-ray source and SGIII pulsed neutron source. The simulated ratio of average light yield of ST401 irradiated by
one single 14 MeV neutron to 0.3 MeV X-ray has a discrepancy of less than 10% compared with the measured value.
Compared with the results of experiment conducted on a constant current source, the simulated results have a maximum
discrepancy of less than 44%. If CCD camera exposure 10%-90% of the full scale, the image will have high contrast and
information loss can be avoided. According to the simulated results and the neutron yield, exposure can be easily set to
be 60% of the full scale by adjusting the gain of the image intensifier. Assume that the simulated results have a 44%
discrepancy, the actual exposure will be in a range of 34%-86% of the full scale. Underexposure and overexposure can
be avoided by presetting the imaging system sensitivity appropriately based on the simulated results. It implies that the

method proposed is effective in predicting the imaging system response to pulsed neutron with wide energy spectrum.

Keywords: pulsed ray detection, ST401 plastic scintillator, relative light yield, Geant4
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