55 34 555 11 ) o OOt 5 kK OF K Vol. 34, No. 11

20224 11 H HIGH POWER LASER AND PARTICLE BEAMS Nov., 2022

Rt TR

BT L RSB A5 I E 1
FERME RS

BXK, ##EE, X
Cofv TR B 5 b 45 L2 S, DI 408 B 621900)

W OE: BRI R AT BB AR O SE I I Y R A o b TR DR AR I A A, R R AR R BT
P 25 i A LA S 300X A6 A0V B B 25, T B A0V S M T 8 4% T LB B R B A A ANl H TN
BRI MR A W 1) ZnS(Ag) TR R AR FE Sy 8 I R BOM R BCE T B8 P A A O e B R O 27 K IR
PRRAE 5 51 %5 A 25 4, O 30 2 Rk o't F A% 1 A 52 BT DA R AR A5 45 0 SR 4 o8 P 2 B R B 2 3 ST 1 R S0 TSI
R GRE N T 9% P 25 4 PR B0 AU S 0 i o 90 i R 4 AR A LA SR S IR B 28 RE L AR e L, B
T FEAR, 45 4 AR X ) B0 45 00 5, SE BT B A4S A N BRSO I Y G R R ) e, B A iy IR AR T o kL
W+ BE 77 .

KA BRI INHRIR; PR R AR; RESG AT G AT B A

RESES: TLII2'I MEARER: A doi: 10.11884/HPLPB202234.220101

Plutonium aerosol measurement system based on wavelength
shift fiber and silicon photomultiplier

Xia Wenyou, Hao Fanhua, = Wu Jian
(Institute of Nuclear Physics and Chemistry, CAEP, Mianyang 621900, China)

Abstract: It is necessary to monitor plutonium aerosol when doing experimental research with plutonium
material. Plutonium material experiments are usually carried out in sealed containers, which guarantees that the
plutonium aerosol will not leak out to the environment. The widely-used monitoring equipment are not suitable for
plutonium aerosol monitoring in sealed containers because of its large volume. A new plutonium aerosol measurement
system based on wavelength shift fiber and silicon photomultiplier (SiPM) is developed. In the new plutonium aerosol
measurement system, ZnS(Ag) scintillator is used as detection material and wavelength shift fiber is used as photon
transmission media . The new plutonium aerosol measurement system has the advantages of customizable detector size
and shape, low power consumption, and relatively simple structure, which realizes remote measurement of plutonium
aerosol in sealed containers. The measurement system can also discriminate a particles in n/y-mixed radiation field.
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Fig. 1 Schematic diagram of the plutonium aerosol measurement system

B SR R S R

1.2 ZnS(Ag) ARRMEIR L HI1E

KA AR ZoS(Ag) INIRARER S, IR 2 IR G T I EM IR G R Y ZnS(Ag) ¥ S TR IR AE 2 7 d kL I,
Tor RS20 i 2 00 6 5 B AR T IS 20 ZnS(Ag) INHRAR . JEHIE T 7 AN W] o i J5 B K 45T ZnS(Ag) INHR
W —HeJ5 1 ZnS(Ag) N R, K 4B KRR R SF R 0.5 emx4 em, B PR UL 2, J5 B ZnS(Ag) IN A R
80 mmx80 mm, i & JE [ A 63.2 mg/cm?,
1.3 BT HE

WK 2 W97 M T A ST B SR 2F I, S5 B SR F N i I & AEAE T, OB 7 ) &5 R K 4, Ok
5, B £ A T 1) A S B AT RV AR [, 2557 9 A 5 1o 4 B S AR A E, BV RTAE SRS O AT A, IR A Bt
AR . SEHIEROCA ) B B RN T S AE MR A B DU R RO H A 2R, K ZnS(Ag) TN R IR I 5
A (A6 HEA T WA A% i 2 0 L e 4 B8k, TR AT DURE DA BRAAC R JS 22 1Y SiPML B2 % L - 2 0 4 0 5, 3kt i H 23
1132 34 B R g A R sE e o DR AR % ] Kuraray 23 & (977, #1454 Y-11(200) ST, HEABOEEF, SGAF B A 1 mm,
BRI AR R 78, BAA 2 54, i B R T 3.5 m, LA A 1Y & 67 A, AR SCrb B A0 I i AR G OB K
JEh 50 cm,

116004-2



HCRS: T WHRBOCH R AR E KRR E RS

1.4 SiPM #i%

FEOGHLAS 1448 (SIPM) J2& —F i DG L 4 8808, th 24> T/E7E 32 980T 19 APD 451 41 B, 24~ APD HJI
SiPM ) —AME 2, 2 FH % SiPM A SensL 24 ] 1977 i, 152 60035, 1% SiPM EA FAR A I THE0CR R s i 6 18
3% %, A7 3 X 38k 6.07 mmx6.07 mm, 7 (i ] SiPM A, H4 SiPM & T L% 5 il & PN, [R) At 4 o S 06 25 R B8 I R ]
REMY IR ERTE 25 °C K244,

2 MERGEYIELREIREM
2.1 YIEEE

S VEAS BT BR AU I R SR R ),
Geant4 5¢ < DU P X O o 3od B AT T SR AL . 0 X
Gl — B2 AR, AR K BE 30 em, 55 30 em, A N H
JE, AR 25 R, R 2 B2 I VAR JEE B St A T80 4 5 i,
J2 AR R FE R B R AT AR SR SR BV L 0~ 4 em. BRI IR
KL BEDLYS 5) 53 A AE B JZ AR Y, S 8 A o R O
128 4n J7 1a) BEHL . ZnS(Ag) FRIM &5 4 1F 5 B AR 48 45, R
PR AR SR, BT )E AR 0, PRI 25 2 L Ae) A A 4
2 Fi7R, G0 s AR e s BRADL ) B 23 s AR 25 ), o fa 2 ke 3
7N o BT3B B, N R E TR Z I AR, ek R
UG 25 m] DL A% i ok R AH DG HE R S8, DRI B A3 A ok Fig. 2 Measurement geometry of ZnS(Ag) detector
AR o (g B2 ZnS(Ag) RN 25 5 JLAa] 455 %1
22 HANRFEESEHIF o L FHHNE B

SRR T o kT (BERE 5.2 MeV) Fl y 54k (BB 661 keV) 7E 30 mmx30 mm 7% ZnS(Ag) AR HR I % (i 1
JERE R B 100 mg/eny?, {fi15 5.2 MeV 1 o KL RE it BE 58 2 DR Hh 19 RB R DTRR #2 , ARAR B A [R) 5 46 1 g it TR
TEANE 3 AR o MRE B TOBLE 0T LA Y, 400 25 B8 AR 4 138 2 B8 1 15 B IX 4 o ki TRy P2k, B BB SE BLIR A 4R 4
YR o b PRI A o SRR Sk B BB R 400 keV B, v 553552 R AR H 1.6x10°°, B 28 0] LUK K41 v 5

LAnF HATIHBE
1400 800
1200 + 700
1000 | 600
500
z 800} 2
g S 400
S 600} 3
300
400 | 200
200 100 |
0 0 0.5 1.0 15
energy/MeV energy/MeV
(a) a particle (b) y ray

Fig. 3 Energy spectra of ZnS(Ag) detector
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Fig. 7 Reference response spectra of ZnS(Ag)
scintillator with different mass thickness
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Table 2 Test results of ZnS(Ag) detector’s reference response

No mass thickness of characteristic of counting rate of peak position of a
ZnS(Ag)/(mg-cm?) spectrum a spectrum/s ™! spectrum channel
1 3.75 a peak overlapped with background noise 69.36 124.88
2 6.53 o peak overlapped with background noise 132.50 124.53
3 7.62 visible distinction 316.02 138.12
4 14.69 visible distinction 396.75 150.66
5 26.85 visible distinction 463.48 164.50
6 62.85 visible distinction 478.95 172.34
7 123.95 visible distinction 499.39 183.86
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