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Fabrication and Characterization of a Fiber-Optic Alpha/Beta Detector for
Nuclear Medicine Application

Seunghan Hong!, Wook Jae Yoo!, Sang Hun Shin!, Jeong Ki Seo!, Ki-Tek Han!, Dayeong Jeon!,
Seunghyun Cho2, and Bongsoo Lee!:*

Abstract

We fabricated a fiber-optic alpha/beta detector, which is composed of a sensing probe, a plastic optical fiber, a photomultiplier tube,

and a multichannel analyzer, to obtain the energy spectra of radioactive isotopes. As inorganic scintillators of a sensing probe, a ZnS(Ag)
film was coupled with a CaF,(Eu) crystal for alpha and beta spectroscopy. In this study, 2!0Po and 9Sr were used as alpha and beta
sources, respectively, and we measured the radiation energy spectra using a fiber-optic alpha/beta detector to identify alpha and beta

emitting radionuclides for nuclear medicine application. Also, the variations of energy spectrum were obtained according to the length of

plastic optical fiber.
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et O]h ZnS(Ag)®] W=FA7} 25 mg/em? oo] E|H =5
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ZhA 2 AtoAE Eeol2H 2 BE(polyester film)oll 3.25
mg/cm?9] WEE 7] & ZnS(Ag) S-S E¥3t ZnS(Ag) ZES
ARg3LgTh ZnS(Ag) Hke) JJFH AabAY w2 450 nmo| B2
Al AREE PMTE] i W1zt abgel 450 nmt 5 U5t
ZnS(Ag HFo A A A ‘% S45}7]of ™8}t

F HAR g HES fJste] £EE Can(Eu) z4
(Saint-Gobain Ceramics & Plastics)= AF-3FIT, W& YA
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5/3o] W7 wizel] Aoy ZupAlef ol || Egoll= FAEst
o}, SHARE 4= ¥ keVO| AUAIE 2he= FrHd Ee s RSt
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CaFy(Eu) 2749 &2|4 542 HojEr,

J. Sensor Sci. & Tech. Vol. 21, No. 5, 2012

Table 1. Physical properties of inorganic scintillators

ZnS(Ag) film CaF,(Eu) crystal

Density 3.25-7ZnS(Ag) 3.18 (g/emd)

36 - polyester film (mg/cm?)
Luminescence 450 435
(nm)
Decay time 200 940
(ns)
L1ght Output 300 (relative to Anthracene) 50 (relative to NaI(T1))

(0

F1g 12 2579 F7AgAS AR HE A Z2HY
25 HolEth A AES Slote] ARSH SekaE AR
= 74]‘45" 24 &(step-index)S 7M1= T2 E(multimode) 3
--(CK-120, Mitsubishi Rayon)2A4 £]70] 3 mmoltt, F4
9] Fol(core)E Tt EHS FyMEHEIYY ol
(polymethyl methacrylate, PMMA)Z =8£0] 1,490]1 2|9
F52 BA4% A (fluorinated polymer)E %o Qlom] 4]
9] Zht4= 0.51000 0, E3F F) A& Al 650 nm
o] ¥lo- AAAIZE ) 200 dB/km ©]afo|ct, HEFIHR T} Abth
Hog e vAE 7MA= e 1este] ZnS(Ag) BE0
CaFy(Eu) 274 oll A 22 1A Z2HE A|Zks}qle),

o

® InS(Ag)

@ CaF,(Eu)

@ PMMA Holder

@ SMA Connector

(® Plastic Optical Fiber

RAAS
RAAS
RARS

Fig. 1. Structure of a sensing probe using a dual scintillator and a
plastic optical fiber.

CaFy(Eu) 242 Z15°] 5 mm, F77} 0.6 mm¢l HA3 e

ola, FAY A& Avlol A HetdH 05re] f B|Ho]
CaFy(Eu) 2414 0.56 mmY-S &8}t CaFy[Eu) 24 o)Al
HIEFA Y] Hdf 1A R, (@/em?)e= HIEFA Y] Hdf o|A]7} E
MeV)Q w, offe] A1) ol--stef 72 4= qleh.

Ripa = 0.407EL38 (0,15 ¢ E € 0.8 MeV) )

905re] A oz Y9& AEsl7] 3t CaFy(Ew) 2AY] F7
£ AAsl7] fJet Ules EHFER YA H(montecarlo
simulation) o]-&sF%ltt, A F7] WSl w2 webde]
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Fig. 2. Flux variation of beta particle emitted from 9Sr according
to the thickness of a CaF,(Eu) crystal.
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Fig. 3. Experimental setup using a fiber-optic alpha/beta detector.
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Fig. 4. Structure of two solid-disc type radioisotopes.
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Fig. 5. Measured energy spectrum for 210Po using a ZnS(Ag) film
without a plastic optical fiber.
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Fig. 6. Measured energy spectrum for 90Sr using a CaF,(Eu)
crystal without a plastic optical fiber.
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Fig. 8. Variation of energy spectra for (a) 219Po and (b) 90Sr
according to the length of plastic optical fiber.
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