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Summary

Optical fibers have been investigated for their uses as sensor materials in
various nuclear applications. Comprehensive overviews of their potential
usages in nuclear environments can be found in the literatures. Optical fibers
with doped scintillating elements in the core have drawn special interests as
nuclear radiation detectors. The two important functions of a scintillating
optical fiber, as a radiation detector, are scintillator (light emitter) and light
transmitter. When radiation interacts with the core material, scintillation
occurs and resultant lights are transmitted through the fiber to an
opto—electronic device such as a photomultiplier tube. Optical fiber sensors
have several advantages as compared to other sensors of conventional
material. Since they do not require electric power in the sensor part, they are
less susceptible to trouble in harsh environments such as underground or
underwater. At relatively low - cost ''a multi-point distributed radiation
monitoring system could be made using the fiber sensors. Furthermore, unlike
the conventional scintillating counters they are not influenced by any
magnetic field surrounding them.

This study has been conducted to investigate the feasibility of using
scintilating optical fibers for the detection of gamma rays emitted by “Cs.
Several types of gamma-ray sensors have been constructed by packing
different numbers of fibers into aluminum tubes, and tested to detect the
Bics gamma ray. During the study it has been found that a tapered fibers
might be more efficient to collect the lights produced inside the sensor and
transfer them into the transmitting fiber. In order to investigate the
effectiveness of the tapered fiber, tapered plastic scintillators, composed of
polystyrene with minute amount of dPOPOP and PPO or bPBD, have been
fabricated and tested for the detection of gamma rays from 1.0, 1.5, 3.0 and
5.0 pCi YCs sources. The pulse hight spectra and the relationship between
the radioactivity and the total counts were analyzed. It was concluded that the
tapered scintillating optical fiber could be practically applied to the development
of gamma-ray sensors which are suitable in pCi-level radiation measurements.

- vii -
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Fig. 8 The measured current versus the dose rate.
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FAAFAAFAY FAAL 01~Fmm 7HA o]tk [ 2002]
o= AMA+= BICRONAFS] BCF-12 model 1mmée} #pA| A =3k

Tapered @Ele] #HFHYAS Agsl A4 sk Table 13 Fig. 14t
BCF-120] % 543 W 28=ge deha Aol

Table 1 Properties of The Plastic Scintillating Fiber(BCF-12).

Material Number of Photons|Wavelength of Maximum| Decay
ateria
per Mev(1) Emission(nm) Time(ns)
P1lastic 435
BCF-12 o . ~8000 3.2
Scintillating Fiber (390~570)

Scintillating core material polystyrene
Scintillating core reflective index 1.60
Density 1.05 g/cr
Cladding material acrylic
Cladding reflective index 1.49
Numerical aperture 0.58
Trapping efficiency round fibers 3.44%6 minimum
Operating Temperature -20C ~+50C

BCF-12

1

A oa

: [

L o8

| ,( "\

T oa

(1] ‘! \b

ozl

{
A \“'-..._
g 450 00 550 800 [
WVWAVELEMGTH fren}

Fig. 14 Emission spectrum for Plastic scintillating fiber (BCF-12).
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FAE AlAs AT

& =wol A= styrene el SE& HUbstel A Mo R EEAE A3A
2 AZsg 1 PMMAZR =2 38359 th. Table 29 Tapered Z2f2~g 3
AFag Al AHgE EEv e 548 JUEhiSlal Fig. 169 coreg o2 AEH

PSe] wd a3 EAS e AT [Ph. Rebourgeard et al. 1999]

Table 2 Properties of polymers used in the fabrication of scintillating fibers.

= o Refractive index
23 €%  |Peak emission(nm)
at 450nm
Polystyrene(PS) Core 305 1.613
Polymethyl .
Cladding weak 1.502
methacrylate(PMMA)
A 2 2714 §2 o] X7ty += 39 A (ternary scintillator) S Al #H8F3A

o, 3¢ u%iﬂ% styrenes |2 A18&d=Z bPBD(2-4-T-Butylphenyl) 2}
PPO(2,5-diphenyloxazde) T+ &H/E AF&3l9 3, A28 dZ+= dPOPOP(dimethyl
POPOP)E #7}3}]

Table 390419 2ol 39 WA A4S s AAHE ALGAE QAbgAA
NIAE Foate] WpsAw WPshgol Fig 16914 miws ol 7] uE
of gd FAN F557) Arh(Fig 17) 2BE o F olAE Fatel 3

Sge] Be WANA PSol 9% FrEAL Folxw FAAFM T 2HEY
Zwel AHA77] Slste] A2eA e Arhsrach

Table 3 Optical Properties of fluorescent molecules used in the elaboration

of scintillating fibers.

Dopant Molar mass Peak absorption Peak emission(nm)
bPBD 354.5 305 365
PPO 221.3 310 365
dPOPOP 392 370 430

|49 FwEv Al§EES PPOR AMESH A9 AFA #H AF M. Mizue
Hamada et al. 1999]ell 4] AF&% A4 PPO F%( ~10'%)9] @l 7|&<

il PPO9 TEE 01%= Aata #2849 #5F 0.01~0.04%= <23 H
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Fig. 17 Absorption of polystyrene measured in an undoped
PS rod.
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A 2 AIBN(Azobisisobutyronitrile, o}FH|2o|AFEHZUEH)S Y1 71¥3d
JNAIAQD AIBNo] d®3lste] A Suzds AAAA 71 AAZHE A 2ozl
2EHe] o]FAES FAsY Tl dounsE srfs] A Ao

AIBNE #H7hahgint.
FENAL Bavgolne
AAkshel 717 HAFEA
0CAA HA3 L= A4
22ke] 9 A Ao

Mixing the ingredients

Heating to initiate polymerization (90~100°C, 2hr)

Heating to complete the polymerization(50°C, 80hr)

Annealing

Fig. 18 Preparation procedure of plastic scintillator.

Tapered 34434 AAel SH=E dvt AT dgE S8 Fo=
ALE¥ PSET F2&0] v PMMA (Polymethyl methacrylate)E A& 3lo] A
FANA AT FalT 15 H23 9. PMMALE MMAS Eiv
(Monomer) 258 = gtz FFIES Fsto] SFA7E @ AS Zeoh
MMAE A ez EAets 79 Revott, & & A% M2
100.12g/mole| ™ H-3 = ¥ 1 liter = 0.

kel

pu
p
_,__

PMMA Zw7l A= TF 7
2 BA2RE AZEY A5 gy %iﬂhﬂ&%oﬂ AR EE A AE dE 57
7F A GE B o A= AIBNS AFE35F T AIBN ZHATA =% 40T ©]2d]

o9& 7ta| 54 Isobutyronitrile F-io] & B FH Ado] ZolAHA A
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BICRONAF] BCF-12 model® #HA| Al 2bgk Tapered #4434 W& 3

ol M9+ 350~600nme] tf. W}Fjr/‘i A58 e o 3 HAdA dEE
dol AL HAEE SH=HAAFE AASATH

e e R R R = R R B e H]F—OP@ AgEado]l Z(2F 1.5[dB/mlold) &
ol o FH7F & FEAA &a FHsgo] §olstH, 7FH4e] A-EH,
37+ % (Numerical Aperture)7t & &3S 7FA a0 A oh[A €2 2000]

2 Ade) AHEE EetaY B e 78 @A o] & Edmuond OpticsAHDia

.3mm)e] AEFCR AHELE core 272 PMMA(n = 1.492)°] AH&% ™ cladding
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Fig. 23 Attenuation spectrum of plastic optical fibers. (Edmund
Optics Inc.)
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Fig. 24 PMT Case used to fix transmitting fiber on the
window of PMT.
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Fig. 25 Arrangement of the source and the fiber sensor for

detection.

Fig. 26 Experimental setup using lead bricks.
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g
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Wl
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(b)

Fig. 27 Pulse-height spectrum measured with the sensors having
the different number of strands for a 3uCi Cs-137 source. (a) is
the Case using the lens, and (b) is the Case without using the

lens. Measured time is five minutes for every Case.

B without lens [ with lens

total counts

1 3 5 7 9 1 13 15 17 19 21 283 25
The number of strands

Fig. 28 The total counts measured with sensors having the
different number of strands. 'unused’ denotes the measurement
using the lens. 'use’ denotes the measurement without using the

lens.
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Fig. 29 Pulse-height spectra measured for a 3uCi Cs—-137 source

with sensors made of 20 strands of fibers with different tube.
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Fig. 30 Pulse-height spectrum measured with the tapered
scintillator sensor. PPO and dPOPOP concentrations are 0.1%,

0.01%(mol/ ¢ ), respectively.
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Fig. 31 Pulse-height spectrum measured with the tapered
scintillator sensor. PPO and dPOPOP concentrations are 0.1%,
0.02%(mol/ #), respectively.
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Fig. 32 Pulse-height spectrum measured with the tapered
scintillator sensor. PPO and dPOPOP concentrations are 0.1%,
0.03%(mol/ ¢ ), respectively.
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Fig. 33 Pulse-height
PPO and dPOPOP concentrations are 0.196,

scintillator sensor.
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Fig. 34 Proportionality of the total count versus the source activity

measured with the sensors having different concentrations of

dPOPOP.
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Fig. 35 Total counts as a function of PPO concentration.
dPOPOP concentration is 0.02%.
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Fig. 36 Pulse-height spectrum measured with the tapered
scintillator sensor. bPBD and dPOPOP concentrations are 0.1%,
0.01%(mol/ ¢ ), respectively.
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Fig. 37 Pulse-height spectrum measured with

the tapered

scintillator sensor. bPBD and dPOPOP concentrations are 0.1%,

0.02%(mol/ # ), respectively.
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Fig. 38 Pulse-height spectrum measured with

the tapered

scintillator sensor. bPBD and dPOPOP concentrations are 0.1%,

0.04%(mol/ #), respectively.
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Fig. 39 Pulse-height spectrum measured with the tapered
scintillator sensor. bPBD and dPOPOP concentrations are 0.195,
0.06%(mol/ #), respectively.
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Fig. 40 Proportionality of the total count versus the source activity

measured with the sensors having different concentrations of dPOPOP.
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Fig. 41 Pulse-height spectrum measured with the tapered
scintillator sensor. bPBD and dPOPOP concentrations are 0.1%,

0.02%(mol/ #), respectively.
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Fig. 42 Pulse-height spectrum measured with the tapered
scintillator sensor. bPBD and dPOPOP concentrations are 0.196,

0.01%(mol/ #), respectively.
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