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Abstract

In this study, an optical fiber detector was constructed by using a Ce:GAGG scintillator, optical fiber, and
photomultiplier. The single crystal size of the scintillator was set to 3 x 3 x 20 mm after simulating the
counting efficiency of gamma rays in the scintillator by using the MCNPX code. The constructed detector
used the standard gamma ray sources Cs and ™Ba to measure radiation and analyze the spectral
characteristics of gamma rays. The resulting trend curve showed excellent linearity with an R-squared value
of 0.99741, and the detector characteristics were found to vary 2% or less with distance based on comparison
with the MCNPX value. Furthermore, the spectroscopic analysis of the gamma ray energy from the single-ray
and mixed-ray sources showed that BCs had its peak energy at 662 keV, and Ba had at 356 keV. It seems
that if the fiber-optics detector is used, working hours and exposure of worker can be reduced.
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Fig. 2. Radiation tracking model using MCNP
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Table 1. Physical Characteristics of LYSO, BGO, CsI (optical grease)& ©]&3kow FAd WS 471
and Ce:GAGG A FF dAniAE }%3}04 v} }05‘3}[3] [71,[8].
F 1. LYSO, BGO, Csl, CeGAGGS] 284 54 A e MRS £33 58S =0]7] St 250
Ce:GAG ol Al 1000nm7kA1 ¢} WEaFd ol wiste] 90% ol
Scintillator |\ LYSO:Ce/BGO | Cs| abe] WEALES ZPA T Saint Gobain®l HIZE WAL
Density (teflon reflector)¢l BC-642% A&ttt T3 9
(g/cm®) 740 | 71314511 663 A Bolot Yoz g AsHes Zolr 8
Peak emission o] WhALAl ZWol| H24 ofad FHRJIEE =X3%
wavelength 420 480 | 550 520 o H3 235 E F457] 98 FAA = Hamamatsu
(nm) o] FAAZu] T H3164S ARG B FARS
Decay time i & 300nmell A 650nm7FA] 2] GBS g Go Aol w
(s) 40° | 300 110001 90 7 3 (sensitive peak) e ZHAW Al w7 wge
Light yield 5200 420nmo|t}. FA g e g At - 1250Vel )
(photons/Mev)| 2000|3001} 55000 FAAFTe] FES fskel - 3000014 3000V 7
pho
Hygroscopicity No No | Yes No A AFA7F7E 7HEdE Ortece] 556 high  voltage

power supply® AF&3Ath X 2+ H3164 FAAS
v 7o) SAd3to|tt.

Table 2. Characteristics of H3164
i 2. H31649] EA4

Short Wavelength(nm) 300
Long Wavelength(nm) 650
Peak Wavelength(nm) 420
Operating Voltage(V) -1250
Dark Current(nA) 1
Rise Time Typ(ns) 0.8
Transit time Typ(ns) 9
Transit Time Spread Typ(ns) 05
e Counter
And Santillator
Fig. 3. Measurement system ANz e ¥= 52 7] (amplifier)$F 31252 7] (multi
R e channel analyzer) Z12]al wlo]= & Ao & X (micro

controller unit)2 FA®ch FAAZa| o] QJALgH

a9 32 FA Azdeld. AR HEVE AE sbel BAtE sute] WAS FAET A WA
Fo} AzAERER FAET HERE CeGAGG A 2 FuRAs)e melam Ao A A sy
FA} AR 283 B8l F(photo multiplier) F A= 2V o|Ae] =AEs st 2V o]
22 TAAG. 4% BAUE CeGAGG HToA o WEF 2V ol AER FE3] SAste] Ortec
FAR dAgkEn WgkE PE FAFE FsA o] 2Z7)9 575 amplifier® AH&31%TH B Z2Z )9
FRAAS T ALErh S AHEE B gain range= 5914 125074 olth. 2Eg NE= w
© AEE FHES Ae HEEE FHFE Fo9 A A7 sE Aol mE A e Sisto] vl
2uHel =HES A 14929 1402017 0510 22 Al FX9l Arduino Mega25600.5 ¥ o]
A+ (numerical  aperture)&  7FA¥=  Misubishi WU UET 7tubde] RBRAS oshe] A
Rayone| CK-120& AHgetale. B4frel A& A 7} Ortec®] shmEAl7]el 926 MCBZ des|n], 7l
BAsk MR Atel=E aeistel SmmE dAEH SZ20 Maestrog o] &3t ~HAEY S ST
dol= wjd fFEE FE8] syl fAste] Im= o,

ARG AFA e B Aol e B
Zo]7] $3te] Saint Gobain®] BC-603 %—?—E}i
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Fig. 4. Measurement method of radiation
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Fig. 5. Measurement method of gamma-ray energy
spectra
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Fig. 6. Responses of the fiber-optics detector as the
intensity of radiation
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Fig. 7. Efficiency curve calculated from MCNPX values as
a function of the measurement distance using 137Cs
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