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Development of Fiber-optic Radiation Sensor Using LY SO Scintillator
for Gamma-ray Spectroscopy

Ki-Tek Han!, Wook Jae Yoo!, Sang Hun Shin!, Dayeong Jeon!, Jang-Yeon Park!,
Byung Gi Park?, and Bongsoo Lee!:*

Abstract

A fiber-optic radiation sensor was fabricated using a sensing probe, a plastic optical fiber, a photomultiplier tube, and a multichannel
analyzer for gamma-ray spectroscopy. As an inorganic scintillator of the sensing probe, a LYSO crystal was used. In this study, we
obtained the relationship between the photon counts of the fiber-optic radiation sensor and the activity of the radioactive isotope. In
addition, the gamma-ray energy spectra were also measured using a fiber-optic radiation sensor to discriminate species of gamma-ray

emitters.

Keywords : Gamma Spectroscopy, Fiber-Optic Sensor, Radiation Sensor, Plastic Optical Fiber, Multichannel Analyzer

1LME

T AFAA E QE A A AR A Y] G 3 A F 9
Z(radioisotope)®] Arg-o] wl¥is|o] whel WA #H7]=
(radioactive waste) ¥ WA £29] 27 L. Aofl gk 4lo]
ofx| 1L 9t} B3] UYL © HE (contamination) L
QP SOl A A|&A Q1 ALt )7} REEA] B asieil, 2],
WA AR QIet S oA THAISE] fleliA= AR
o] oA E(energy spectroscopy)s £3t A dHE
(radioactive nuclide)?] &1} &%) HARs(radioactivity) &
ﬂo] Aol aE]ofof gtk TLejut URFAQL A, WA Y
= PAse 279 2 45}3: Zlo] tiF-2el Aot E3t
HH\W 49 284S 4 W A A 712 WL o
4 W T ZA A AS7 ]% 7HA AL AR E7st= Ao

A
202 o] AL olA|9] FAMM T ZE(radiation exposure)©| 7}

-

0

o

l

=

-

b

wﬂ Jl)l

£

1Aa=dital ozt skgahe, o3ati-87]&d+4x(School of
Biomedical Engineering, College of Biomedical & Health Science,
Research Institute of Biomedical Engineering, Konkuk University)
270 stn gt o v 2| 8H4 38t Department of Energy &
Environment Engineering, College of Engineering,
Soonchunhyang University)

*Corresponding author: bslee@kku.ac.kr

(Received : Mar. 16,2012, Revised : Jun. 29,2012, Accepted : Jul. 3,2012)

—287—

Hsjrhs s 7RIt

Autz o 2 HA-H(optical fiber)E ©]-8-3t WA
Al(scintillator), B4 Z12]aL F ASHH| = ?'H%EHS. 1. o]
4 AR AlA (fiber - optic radiation sensor)
(spatial resolution)o] %11, F¢] &&= 9 o] Hge W]
ouj AA] AZo] 75tk S 7HAAL ek, E3E A
THelectromagnetic wave)2] HaS W &%E , ég‘/\]{} A Zo0]
7hEsteH4 - 6], olefgt A 1
2 A-gRie}, 58] A A ﬁﬂ/ﬂ% 01%5}04 ”J ’\V

o gy ode 2ag 42, %;—% 17&%6}1%% de

rlr
=
o

dr
:?i:g,

oL

3
>
ox,
offl
do
s
B~
N1
e
= o
_&
>
FU(E)E o

2 ﬂ:rloﬂ*i% uL”Vﬂ & %J’@Tor AR *11*1—‘4 NS 913t
Ae) Ygko = A4 =
AR, = J—__’l:lv‘}i], |(multi channel analyzer, MCA)E ©]4-
a}o] CS*1373'1L 0076001]*1 FEEE Ak ovAE 35t

5
oﬂ EHU} Jm 0 HRW WH HBW hnearlty)% St
& K ol] diat ZubAl o 2] A%E H(spectrum) S 248t

2, d3 4d

JSST. Vol. 21, No. 4, 2012



|48 Ki-Tek Han - Wook Jae Yoo - Sang Hun Shin - Dayeong Jeon - Jang-Yeon Park - Byung Gi Park - Bongsoo Lee

dutA o Zupds Bgstr] 913 AgARe YA =
L7143 A (inorganic scintillator)7} AREHETE, Aol £2+
317] 9)3k 234 (hygroscopic)o] = F7)4FA o= BaF,,
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orthosilicate) & Ch¥st 714438450 9lou, LYSO9} BGO2
75 A A&l 7P At E4S 7 Qe

Table 1& LYSO9 BGO 2% EA4& HojFi glon
LYSO9| - BGO] Hlall 4d3a-&(light yield)o] 48] 7H =2
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& 1.82% FERY = E iR 77 dleel F Al
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Table 1. Characteristics of BGO and LY SO crystals

BGO LYSO

Density (g/cm3) 7.13 7.40

Melting Point (C) 1,050 2,050
Radiation Length (cm) 1.12 1.14
Refractive Index 2.15 1.82
Luminescence (nm) 480 402
Decay Time (ns) 300 40
Light Yield (%) 21 85

Absorption Efficiency of the LYSO
100 — -

gol i L iifiiE %

60+

501

| Thickness : 20 mm
1 Thickness : 15 mm
S Thickness : 10 mm

)1 IR

Percent Absorption (%)

20t

10t 102 108 104
Energy (keV)

Fig. 1. Absorption efficiency of the LYSO.
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AE F83] S5 = e 4olE 7HAof gt £ AolXe
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50 % & 58S 7FA A, 1.5 MeV oA+ 2F 40 % & 885 7}
2 15 mm 4 AolE 2k= LYSOS o5t Ade Waysisict.
Fig. 25 LYSO “d%¥A|(Advanced Microwave Technologies
Solution)?} S2t28 FA3(CK - 120, Mitsubishi Rayon)E At
fato] A2kek A5 AR XA 9] THR| 2 E (sensing probe)
O F25 HolEr), Ao AMH St e AYE =4
E(step —index)S Zk+= HE|EE(multimode) 334724 AL
3 mm 0|3, Zol= 2 m |t} Foj(core)2t 2 (cladding)®]
2AEL 27 1,492, 1.4020]1L, 7|4 (numerical aperture,
NA)E 0.5100]ch, 43841 9] F7e= Fidfreke] Agto] &olshes
BHGo A7 £YU% 3 mm X 3 mm 27|19 AWE(square
type) LYSO ZAE AHE3I% . 44 888 wol7] Ys5t9q
LYSO9 WS HEZE BHA|0]Z(BC-642, Saint Gobain)Z
W F, ol YFnlE 3 Y (aluminum foil) 2 24 EejmE
H e 2 H 0| E(polymethyl methacrylate, PMMA) 24
(holder)& F-2A|A T3] M-S Faseiqict, E3t 434
o} FHRE A3 A, 2EE Aol ot F A HasHA7]7] 9
sho] ek =X (optical grease : BC—630, Saint Gobain)& A

&3t
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Fig. 2. Structure of a fiber-optic gamma sensing probe using
LYSO crystal.
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ofzt,

Table 2. Characteristics of Cs-137 and Co-60 gamma ray
sources

Radioactive Source Activity (¢ Ci) Energy (keV)

0.9160

2.5159
4.4267
7.6890
91.6633
29.6901

Cs-137 661.6

1173, 1332

Co-60
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Fig. 3. Experimental setup for measuring gamma-ray energy
spectra.
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Spectroscopy of Cs-137
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Fig. 4. Measured energy spectra of gamma-ray using the fiber-
optic radiation sensor(a: Cs-137, 0.92, 2.52, 4.43 and 7.69 1
Ci, b: Cs-137,91.66 1 Ci, c: Co-60, 29.69 1 Ci).
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Fig. 5. Linear response of a fiber-optic radiation sensor according
to activities of Cs-137.
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Spectroscopy of Cs-137 and Co-60
(Front : Co-60, Back : Cs-137)
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Fig. 6. Energy spectra of gamma-ray emitted from Co-60 and Cs-
137.
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