405 F1 W 1% Hi ¥N Vol.40, No.1
201741 H NUCLEAR TECHNIQUES January 2017

KRS SIPM R v AL AR S

Yo R OBt o xsEr o sl Meerg& ' EEY
1 CGRAUE Zfnmtse it B B 430064)
2 (R R EH AR #FH 421001)

WE s A A5 E (Silicon photomultiplier, SIPM) & — i B4 1% FEAR AR AF,  TAEE R TS =
WA R FIH GEANT4 Z245 2 A A% LaBrs:10%Ce® . Nal(TI)IA 4R it A4 SiPM Il & v S 2 Atk
BEAT T ARSI, 83t Aok LED JeUR RS SiPM, 133 SiPM [ S BN A BT IORE . SRR
25 AR 2 R TR B B | AR TR T BE T 1 R 5 o IR B0 662 keV y SR RE R A FERIAT B
IE, BJaS59a R LSRR S, R T — A PRSI AR R SR NEF S5 P 4
IOUE T BAR 7 8 B 1 IR R S SRR A S8 A B E S T S0, h IR AR 2R TR Bt T —&TF
N

KEER NHREIR, REEYCHMEINE, GEANT4 B{F6, fEE0

FESHEES TLSI2'.1

DOI: 10.11889/.0253-3219.2017.hjs.40.010401

Simulation study of scintillation crystal photocoupling with SiPM for gamma spectrometry
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Abstract Background: The silicon photomultiplier (SiPM) is a new type of photo detector consisting of avalanche
photodiode arrays operated in Geiger mode. Its photocoupling performance with scintillation crystal is helpful for
gamma spectrometry. Purpose: This study aims to provide a reliable tool for the design of scintillation detector
photocoupling with SiPM to achieve effective gamma spectrometry with the GEANT4 code. Methods: GEANT4
toolkit is used to simulate Nal(TI) and LaBrs:10%Ce’" scintillation crystal detect 662-keV y-ray photocoupling with
SiPM by building a complete Monte Carlo model of a scintillator includes ionizing particle and optical photon
transport. Energy resolution of 662-keV gamma spectrum is modified with the contribution of dark current noise
amplified by the electronic system and statistical fluctuation of optical photon absorbed by avalanche photodiode of
SiPM which was previously illuminated with monochromatic LED light. Results: Simulation results show that
energy resolution of 662-keV gamma spectrum is in accordance with the result of experimental measurement. A
group of parameters (P,s) which corresponded to scintillation crystal intrinsic energy resolution is obtained
simultaneously. Conclusion: The GEANT4 simulation of Nal(TI) and LaBry:10%Ce®" scintillation crystals
photocoupling with SiPM for 662-keV y-ray spectrometry results consistently with experimental energy spectrum,
and confirms the reliability and rationality of material properties and parameters which set in GEANT4 toolkit.
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Table 1 General parameters of SiPM and PMT.

5 Type R R ViRiREENE ESIERQIS JCIEMANTEE 92 Gain
Active area/ mm*>  Recommended voltage Peak wavelength Spectral range
/'V / nm /nm
MicroFC-60035-SMT  6x6 27.5 420 300-800 3x10°
CR110 25%25 1 000 420 300—650 2.11x10°
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Fig.1 Structure diagram of experimental system.
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Fig.2 Energy spectrum of sample scintillation crystal detected
662-keV y-ray with SiPM photocoupled.
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Fig.3 Normalized energy spectrum of monochromatic LED
light illuminate SiPM and PMT.
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Fig.4 GEANT4 toolkit simulate optical 5photons spectrum
inside scintillation crystal in 10° events.
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Fig.5 P, in GEANT4 vs. intrinsic energy resolution of
scintillation crystal when energy of y-ray is 662 keV.

®2 INMREEEREIER TS

Table 2 Physical properties of sample scintillators.

NPENES R Prip 2 RIS i W YK MR AT it e 1 98 K T
Scintillator Density Refractive index Peak wavelength of Peak wavelength of Light yield
/g-em”® emission spectrum / nm absorption spectrum / nm  / photons-keV "
Nal(TI) 3.67 1.85 415 234, 293 38
LaBry:10%Ce*"  5.08 1.90 358, 386 — 63
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Fig.6 Normalized energy spectrum of simulation and
experiment.

R3 H#1 #H2HRRIEHES SIPM IE 662 keV y BLILAER
DIPREIRIL G SEILE REEBU(%)
Table 3 Simulated and experimental energy resolution of
sample #1 and #2 scintillation crystal detect 662-keV y-ray
with SiPM light out (%).

‘ ~#1 Nal(Tl) in Experiment
—#1 Nal(T1) in GEANT4 Simulation|

400, | 4

o~

bR S SR DL R S 45 R BIEgR
2% Sample and  Simulated Experimental Revised
type energy energy energy
resolution resolution resolution
#1 Nal(TI) 6.570+£0.147 8.400+0.263  8.454+0.217
#2 2.581+0.104 4.270+0.143 4.317+0.160

LaBry:10%Ce’"
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