PR B 3R L

BIMARER KEEE

ol =] T 2%

Fh B 18

20054 12A4



gelag HYPIHE BET
Aol A e =%

REHE F E W

Fh B

O] jZE I'Eﬁ ﬁiﬁi{_/_ DWYOE &EH&I?}
20054F 121
AETLe] TE fE+-Efr

FHEEER _ B Hl 2
S B kW
S 5 B % ®

EINKER KB

20055 12H



Detection of Beta-rays by using Plastic

Scintillating Fibers

Chan-Hee Park
(Supervised by professor Jae-Woo Park)

A thesis submitted in partial fulfillment of the requirement

for the degree of Master of Science
2005, 12.

This thesis has been examined and approved.

Department of Nuclear & Energy Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



Y MO) 0 3 (610) 13 XS ———— i
LIST OF TABLES -erererrecesrecessesesssaestessasseesssasssasserssssssenssesssseesennns vi
QUMMARY  --eeeeeessereessersmecessssessesssssasmrssessmsssesesssessassrsssassssssassesssssesess vii
[ A] B e ]
I, O] B T cooreerrmrimmmmrimrereneeeres s 3
L ATFTAI G 8] A oo e 3

D ABBAN GO T2 B ERE oo 3

D) TGS AFTHA L AL e 6

0. A3 7] 2 1 o R R ]

1) PIVIT w-eeeereeesrersseemseresssmessommssssasessssasmessesssassessssesssessesssnsnssnsnsssnnes 8

D) IICA ++eesrerermesemeseseemssersssnassessssesesssssssesssssesses et eeet s esss e 14

3 NDBANGE G DAA AZ B 16

D B8 433 RE 883 X-ray imaging e 16

2) Time-of-Flight(TOF)7|«® PSF& &&% FA2 %

AP B S ML A] s 17

3) BHEEZ B85 AN EFYE ZUE S o 18

4) ELSA(Electron Stretcher Accelerator)®] Crystra Barrel

AR AR E = ABPAL AET] e 20



.

v.

Lo

AFAR] W AFHE s

ANA] BL BT o,
1) Non-coincidence 3|2 &3 & AEH HAA AZ oo
2) Coincidence 3] & ZA L MA] A Z} v,

A3

2 A ) 11 USROS UUSRORURUUPRUN
A58 FHEFY 5

oA,

{Jifﬂfi] %L;‘(] ‘%‘ ‘_r’"‘é ...............................................................

1) Non_coincidence :?Q]g_ .............................................................
2) Coincidence ﬁi ......................................................................

AL 9 3H, 14(: Lol ZA HPH]

A AT W FE oo
¥5%F 4dAol g non-coincidence FZ FH HEF -

2. Coincidence 3|2 22L& A et AE i,

L.

21
21
99

S

24

23
27
27
29

31

32
43

48



Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Ig.

o1

-]

&
9.

LIST OF FIGURES

Structure Of the optical fiber ...................................................................... 4
Transmission principal of the optical ﬁber .............................................. A
Basic configuration of a PM tUDE e 10

The spectral sensitivity of a number of photocathode materials of

interest in pM tube ..................................................................................... ]()
BaSiC elements Of a PM tube .................................................................... 1‘2
Spectral sensitivity of the anode in the PM tube(H3784) --oreveveeeee 13
Functional block diagram of a typical MCA - 14
Block diagram of a linear ramp(Wilkinson type) ADC oo 15
Irradiation position using an intensified camera s 16

10. Imaging svstem using a fiber array, showing a pattern of trace

11.

]'7

P

14,

15,

16.
17

detcction ............................................................................................................ 17
Schematic view of the long range radiation distribution monitor -+ 17
Measuring system for TOF method - 1%
Measurement system for the “H concentration in the tritiated oil -+ 19
Fiber optic probe assembly for measuring the *H concentration in the
tntlated Ol] ........................................................................................................... lq
(a) Inner-detector before its installadon into the Cryvstal Barrel. (bY Qutter
laver of the inner-detector before all fibres were fixed on the support tube
.............................................................................................................................. 3)
Emission spectrum for Plastic scintillating fiber (BCF=12) ---o-roeeveee o
Fiber bundie sensors for non-coincidence circuit measurement -+ 23
Vertical cross section of the scintillating fiber sensor for non-coincidence
Ci]'CUit INCASUTCITEINE <om v e e s s re e s s st et e _:3
Fiber bundle sensor for coincidence circuit measurement -« 24



Fig.

Fig.

Fig.
I'ig.

2.

Fig. 24.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

g,

30.

34.

20

The upper view of the coincidence MEaSUTEIMEnt SENSOT -« mmmerrmeenes 24
Vertical cross section of the scintillating fiber sensor for
Coincidence Circuit measurement ............................................................... 2_)

Attention spectrum of the transmitting fiber(Edmund Optics Inc.) 26
Experimental setup for the non-coincidence measurement — - )

PMT adapter used to couple the transmitting fiber with the window

Experimental components for the measurement « e, 29

The aluminum case used for preventing the external light from

enten'ng the [ 1110 SRR R D T T P T P T PP PP PP PP PP PP T PPN 29
Experimental setup for coincidence circuit measurement e 30
The pipette for pouring radioactive solution into the sensors - 31

The pulse height spectra measured with the open type sensor
for the *H sources (1mm diameter FIDErS) «rerversrerenmsensrennaninsnisnsesenis 33
The pulse height spectra measured with the open type sensor
for the '“C sources (Imm diameter FIDEIS) «+rertrrreresrresiemrninieinieinin e 24
The total number of counts vs radioactivity concentration measured

with the open type sensor with and without reflector on the open

The pulse height spectra measured with the closed type sensor
for the "H sources (0.5mm diameter fibers) - wssermssssrmmreiineene 37
The pulse height spectra measured with the open tvpe sensor
for the *H sources (0.5mm diameter fIDETS ) weverreerermmrrnsmareaneiesiieiaaes a7
The pulse height spectra measured with the closed type sensor
for the "C sources (0.5mm diameter fiberg) - wmermmmrmmirinnninn. 38
The pulse height spectra measured with the open type sensor

for the "C sources (0.5mm diameter fibers) - eererremmennsins. 38



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig

Fig.

Fig.

Fig.

Fig.

36.

[OV]
=]

38.

39.

41,

43.

44.

48.

The net total count with respect to the radioactivity concentration of
*H sources (0.5mm diameter FIDEIS)  orerrereresrreese sttt 40
The net total count with respect to the radioactivity concentration of
e sources (0.5mm diameter fIhers) et 40
The pulse height spectra measured for "“C in pCi/ml concentrations
with the closed type sensor. (0.5mm diameter fibers) «oreeeemenn 41
The net total count with respect to the radioactivity concentration of
HC in uCi/ml (0.5mm diameter fiDers) - s sreersrsmsinrnssiesisisininnan, 41
The net total count measured for “H with the open type sensors
constructed with fibers of different diameters -« 42
The net total count measured for “C with the open type sensors
constructed with fibers of different diameters =« eereermrmeereins: 42
The pulse height spectra measured using the coincidence circuit for
the *H sources (1mm diameter fiDerg) s eeresemermimarimnmisisisnens 44
The pulse height spectra measured using the coincidence circuit for
the “C sources (1mm diameter fibers) - r i mtemmeneisiecenis 44
The pulse height spectra measured with the sensor by using
coincidence circuit for the *H sources (0.5mm diameter fibers) - 43
The pulse height spectra measured with the sensor by using
coincidence circuit for the '“C sources (0.5mm diameter fibers) - 45
The total count measured for *H with the sensor by using
coincidence circuit constructed with fibers of different diameters - 16
The total count measured for '“C with the sensor by using
coincidence circuit constructed with fibers of different diameters - 46
Comparison of the cross sectional areas using fibers of different

diameters ......................................................................................................... 47



LIST OF TABLES

Tab]e 1. Specification Of a PM tube (H5784) ........................................................... 1‘_3)
Table 2. Properties of the plastic scintillating fiber (BCF=12) «oreeeeirmininnn 21
'I"db]C 3 physica] proper-ties Of the Optica] fjbers .................................................. 26

Vi



SUMMARY

Optical fibers have been used as sensing materials in various nuclear
applications. Optical fiber sensors have proven to present several advantages
as compared with other conventional sensors. They can be prepared in verv
small sizes and they are light enough to be easily put into very narrow
channels such as between nuclear fuel rods. No electrical power is needed to
the sensor part so they are less susceptible to troubles in harsh environments
such as underground and underwater.

Optical fiber sensors cost relatively cheap to make, so that thev are more
suitable for multi-point radiation monitoring such as in nuclear power plants,
accelerators, fusion study facilities. If one develops radiation sensors using
scintillating optical fibers, that can directly measure the concentration of *H or
“C in radioactive liguid, they can be useful tools to substitute the current
liquid scintillation counters. They can be also used to measure the
radioactivity of liquid radioactive wastes by dipping into the liquid wastes.

Recently, several new scintillating materials of high density and low
hygroscopicity have been found, and they can be transformed into good
radiation-detection tools when they are combined with optical fibers.

In this study, we have used commercially available plastic scintillating fibers
of Bicron model BCF-12 (0.5mm, Imm in diameter) to detect beta ravs
emitted from “H, "*C.

Several types of radiation sensors were constructed | each was constructed
with thirty strands of the fibers being packed an aluminum tube. The optical
signals generated inside the fiber bundle were converted into electrnical pluses

by a photomuluplier tube(PMT). The pulses were counted cither through &

Vi



non-coincidence circult or a coincidence circuit.

Two tvpes of sensors were constructed for the non-coincidence counting.
The open type (sensor A) is a sensor for which one end of the fibers is
open and the other end is coupled with a light-transmitting fiber. The closed
type (sensor B) is the one for which the fibers are bent so that both ends
are coupled with a light-transmitting fiber leading to a PMT. For the fiber of
Imm diameter, only open type sensor was constructed due to the difficulty of
bending. "H or "“C  solution was poured into the sensor and a direct contact
was made between the solution and the fibers.
For the coincidence circuit counting, each end of the sensor was connected
with a transmission fiber which is connected to a PMT. The electrical pulse
signals are fed into the coincidence circuit from which the output signals are
supplied to an MCA system.
The radioactive concentration of the solution is commonly 0.05 0.1 and 0.2
mCi/ml for the "H and "C solutions. For the "C solution, the sensors were
also tested for the radioactive concentration of 1, 3 ‘and 5uCi‘ml. For the
sensors considered, we measured the pulse height spectra using an MCA, and
investigated the proportionality between the total number of counts and the
radiocactivity of the radiation sources.

We have found that the two types(the open and closed types with 0.5mm
fibers) of fiber sensors show sufficient sensitivities for radioactive
concentrations of 005 0.1, 02 mCi/ml H and *C. They also show
measurable sensitivities for the “C solution of uCi order. Fairly good
proportionalities are found between the total number of counts and the
radioactive concentration of the sources.

In case of coincidence circuit, has shown good linearities between the
radioactivity concentration and the total number of counts for the sensor as

long as the non-coincidence is within the measurable limits. But, noise that it

viii



was occur at a low channel for non-coincidence measurement remarkablv
decreased.

Both of the method, it is aiso found that the sensors are about 11-40 times
more sensitive to beta rays from '“C than from *H, and the sensor
constructed with 0.5mm fibers has higher sensitivities than the sensor

constructed with Imm fibers.
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Fig. 1. Structure of the optical fiber
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Fig. 5 Basic elements of a PM tube
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Table 1. Specification of a PM tube (H5784)

Input Voltage(V) +]11.5 to *15.5
Max. Input Voltage(V) 18
Max. Input Current(mA) +9/-1
Max. Output Signal Voltage(V) +10(load resistance 10k®)
Max. Contro! Voltage(V) +1.0(Input impedance 100k&)
Recommended Control Voltage Adjustment _
+0.25 to +09
Range(V)
Effective Area(mm) $8
Peak Sensitivity Wavelength(nm) 20
Luminous Min. 40
|Cathode | Sensitivity (LA/Im) Typ. 70
‘ Radiant Sensitivity(mA/W) 62
Luminous Min. 1.0x10°
Anode | Sensitivity(A/Im) Typ. 5.0x10’ !
Radiant Sensitivity(mA/W) 43 }
Operating Ambient Temperature(C) +5 to +50
o IoMOBo1asER [FMT GAIN: 105]
10 pEEEET 5 =

ANODE RADIANT SENSITIVITY (VinW)

1 B Fat ; PR e ; i
100 200 300 400 S00 800 700 a00

WAVELENGTH (nm)

Fig. 6. Spectral sensitivity of the anode in the PM tube
(H5784)



2) MCA(Multichannel Analyzer, t& 3 224 7])

MCAE F221Z%g Oxy 2 W@ s A/D ¥E7|(analog to digital
converter)9} Zt zidel did (AE £E J|E, EM3te A2 FA4R
th. Fig. 72 713 A AL MCAY FAHEE EAF1 UG F. Knoll
2000].

N

————

, [— Memory |
—_— Linear ! .
— Delay i L T ¢ (A bt ADC ~f_ 4
pate input gate E R
(Open when ' “Not | — ;
ACDis not busy *
_I_ﬂ_. busy) ‘ Ch.1
1t AR [ {  Live time
| :
Live time clock| : '
E Display

Fig. 7. Functional block diagram of a tvpical MCA

Fig. 82 A/D ¥37|2 F£=2 A &5+ Wilkinson-typed] H#H7|E& o5

2 Atk ole Ho HFAO HPste AYoR FHE AAAEHY Us
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oscillator gate register

r
|
i
i

input pulse Linear ramp

Ramp comparator

T

Puise mnput

Fig. 8. Block diagram of a linear ramp(Wilkinson type) ADC
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1) Tetrd HAFBAHFE L3 X-ray imaging

PSF(Plastic Scintillating Fiber) array® ©] &3 Aol WA HAES 7H2

X-ravel image® UElWE A Fojtt PSFE Al&3dte E2dtel A AtREE
&

~F 3}

Fig. 95 F¢ =7t vind & stelatE Ar&stod HAdA Y XS

_7|_;
3= 2ATolm Fig. 102 PSF array® Al&8d A g BoAF
= Imaging svstemol ©{A. Ikhlef 5 2000].

Fig. 9. Irradiation position using an intensified

camera



(a)

1

Fig. 10. Imaging system using a fiber array, showing a pattern of trace

detection

2) Time-of-Flight(TOF)7| £ 3% PSF& &

Al BEE R EE A2, E2s
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Fig. 112
MeExol3, Fig. 125 TOFY && FAX oo
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o] ANxde oz ZAHE FAA EXc dwHoz AdHE FTLHA
g ol&dd EHHAIS vuIAn. FTEATS

Sievert(Sv) A7)
Unfolding methodell ol&l RAH D, £HE A7 dAAHE EAEH

[E. Takada 5 1995].
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Fig. 11. Schematic view of the long range radiation

distribution monitor
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ORTEC VTI20A

System
PMT CFD
HAMAMATSU v ORTEC 583
RGO T I @

ORTEC VTI20A
PMT P CFD
HAMAMATSU v ORTEC 553
R1635.02 Stan Srop
~ 1,000V

ORTEC 367] TAC

Fig. 12, Measuring system for TOF method

(3) FAHERFE €83 HAT EgFE ZUHEF
AFHZE 29 B2y fume hoodoll A tritium gasE& & o, F71 &7
¥ AlolE Qo] AHEET AMRstE Fote] 2 YE CHY o

gatFaold F22 wbdt of A7E ¥e 49 e9# H =it Re EBL

i
&
2

Fig. 132 dolg A& 3 Iz FAHTolx, Fig. l4v Ao &€ o
ojt}[ D. R. Krause % 2001].
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HIGH VOLTAGE AND
SIGNAL CABLES

PMT
HOUSING
BRAKE
LEVER
INEAR SLIDE
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Fig. 13. Measuring system for the 3H concentration in the tritiated oil

Fig. 14. Fiber optic probe assembly for measuring the ‘H

concentration in the tritiated oil
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4) ELSA(Electron Stretcher Accelerator)®] Crystal Barrel 4 8% ol A}
&5 ABFEF FE7

Crystal Barrel® 5% 2o 9+ ELSA(Electron Stretcher Accelerator)ell
Azxsol gtk AAYWE 32GevtA AU E ¥ UG FAE AAFH
Azele] AFEAL o HAdEH, of FA Ay Edd Az
AUz E ZAH3H Yopd 5 At} EFA L Crystal Barrel calorimeter 4%
of ¥, 138070 ¢ CsKTID crystal2 TAHO Ao Fa FH &
8% BAFG o HALZ M1 e AFFAEF FE7e SFALdAY
2Ag Q37 A8 Ae=EAG. o ABFHF A E71= inner-detector2
5o}t Fig. 15(a)¥ inner-detector® R F 3 ed W75 A=
target cell® 93 Atk 513702 MBFFHFE 3N F22 ddHA U
v, 2709 $& dAddgoz doA U

718t A AT FEE 7] A8, FAEAFE AAtubed) TAHHU
t}. Fig. 15(b)¥ inner-detector® vz &9 Alzolr}t o F9 SAFFo 4
FF972 F4H GG, suft 2005).

Fig.15 (a) Inner-detector before (b) Qutter layer of the

its installation into the inner—-detector before all fibres
Crystal Barrel were fixed on the support tube
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1.

[

o] 05mm, lmm & FFE ol &3}

o)1, Fig. 162 BCF-12o] dig &

rx

2 o=

M2y

A gg Zetre 43334 fE BICRONAS BCF-12 modelZ 3

N

E

Attt Table 2 FY& BCF-129] tigt £
3 Jo}. &% & &2 8000photns/Mev

d

=)
o]

24 o FHoln Ho w3 oA 435mmE A YurEAd PMTY 3 ZE%
2 Ao, 2002).
FH s igezt WAATY WeBEo] %y @B FU4E ue
o Hepe MMEHE AASRT
Table 2. Properties of the plastic scintillating fiber (BCF-12)
i Number of Wavelength of Decay |
Matenial Photons per Maximum Time(ns
Mev(1) Emission(nm) )
| Plastic _ |
‘ ey 435
BCF-12  Scintillating ~ 8000 3.2
) (390~570)
Fiber ‘

Scintillating core material

polystvrene

Scintillating core reflective index 1.60
Density 1.05 g/cm i
Cladding material acrylic |
Cladding reflective index 1.49
Numerical aperture 0.58

Trapping efficiency round fibers

3.44% minimum

Operating Temperature

-20CT~+50T
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Fig. 16. Emission spectrum for plastic scintillating fiber (BCF-12)

1) Non-coincidence 82 £33 & U453 AA A

Non-coincidence 3|25 o] &3 ZHF AAME A 05mm, Imm Zet
28 M33d% BCF-128 Zz A 7ol dmm, 5mm ¥ FolE FHo o
2 ool Re Fgeg AU A¥FE AL WRM A" P
MNBE wAtetd 42 HAase1e A% 17mm, Eo] 105mme] ¢ F 7
F Aol£g ol&3td AU,

Fig. 17¢ 05mm, Imm¢ 4% zZz 307t=, 147F=H(e13t 1lmm-sensor
Bl. 0.5mm-sensor B)& &% Zo] d& t}e&Eel(Open type)2 A Zad
Fig. ¥ 05mm 34§ 157}2H0)38} sensor A)Z TH 24 (Closed type! 2

3 dejz AAsAc 2z A daiA s 2FEE o 72
3 Sensor A : 05mm<2 A& (4dmm Aluminium tube) 157+<, Closed type

3 Sensor B : 0.5mm¢ #AH, 30715 (4dmm Aluminium tube), Open type

J Senspr Bl : Imm2 #4d %, 147F=(5mm Aluminium tube), Open type
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Fibers Sensor A Sensor 8,81

Fig. 17. Fiber bundle sensors for non-coincidence circuit measurement

=3, 05mm 4§ F AA7 A5 EBARS HEsE PR
P

BB 7tdEE 30714 e g §Ysieh Sensor BY ¢ @Al

i
o] dal oM AFAAA wAF B d¥It FAHA 43 olESAY
Sensor A9 A$ UZE To] BF A5 E FAFY H&EH7] Aol 2wAYH 3ol
2% syggn ¥ 4 rh Fig 18 AzE Ao gz g BoF3 gk
ARl FAE ot B FC connector® F38t A7 el 3mmd AEE 2

A% A& Bk

Bent end (Closed end)
Open end

Plastic scintillating fiber

Aluminium tube FC adapter

=5

Closed type sensor Open type sensor

—— Transmitting fiber

Fig. 18. Vertical cross section of the scintillating fiber sensor for

non-coincidence circuit measurement
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2) Coincidence 32 ZA4& AAM A
Coincidence 32 & o]&3ld 23 AME 7o #z 05mm, Imm< &

28 AP UZ DS ¢FuE FEE do ¥ Jda AU
Fig. 199} Zo] ¢&uFoz ARY F5AY Cased 7t2, AZ, gole 4%
25, 25, 80mmeo|th YR ZREYH HFUHE FE AP Fo|7] 8 Case?
=742 v 3, Fig. 205 Zo| Cased 9% 62 H2 o] BEZ nA3U

Fig. 21& A%g Axe d4dsg 2dFa ok AxRe 4/ b £
FC connector® E3td 7o) 3mm¢ A48 FAF H&5do

flo

Fig. 20. The upper view of the coincidence measurement sensor
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+C adator

4]
F

Plastic scintillating fiber

T

—— —

Transmitting
fiber

|

Aluminium tube FC adaptor

Fig. 21. Vertical cross section of the scintillating fiber sensor for

colncidence circult measurement

Mol glovt FAMH7E & RAA g1 FHFo] folsty, 7tHCl HEEH,
707t % (Numerical aperture)7} 2 ZAE 7Fx 3 Uch[A 2 2, 2000]

2 Ao gy M4 8 ZTeprd FAHE Edmund OpticsAHDia. 3mm)el |
Zoz MAL Coredl PMMA (Polymethylmethacrylate, n=1.492)7} A}& =0,
Cladding MA@ 2% E247A Z29(Fluorine polymer, n=1.402)7} A& A
Table 3¢ A¥o| A€ H5E Zetrd FHRF S4E UEd Relx, Fig

e H7e mE BH2AEDS Ueb Aol
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Table 3. Physical properties of the optical fibers

Core Refractive Index(n,) 1.492 1
Clad Refractive Inde(n,) 1.402 '
Numerical Aperture(n?—n3) 0.5110.33 1
Max Attenuation(dB/m) 0.19
Acceptance Angle(2sin™ ' [N.A.]) 61°
Operating Temperature(C) -55T to +70TC |
Minimum Radius of Bend 60 l

TYPICAL ATTENUATION (dB/km)

OPTICAL GRADE (TYPICAL)

400 500 600 700
WAVELENGTH {(rwn)

Fig. 22. Attention spectrum of the transmitting fiber

(Edmund Optics Inc.)
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3. MsXe HA U 7Y

1) Non-coincidence %] &
I 2R s AN 2R A4S FAAH, FAA FuFPMT, Photomultiplier
tube), & Z2Z7] ¢ tEnaEA7(MCA; Multi channel analvzer)® T4 3%
t}. Fig. 232 Non-coincidence 32 &A-4& 238 Mo g 48 #x 74
zolth

AMBere w4 F AT E 24 - 84387 daiMe FdAIviTe A
g3ted A7|H AMZE WEsoop ok Fetrd HAFAHF wRHAA]
370-700nmE 7Fx 22 PMT9 Photocathode 9+ o] oUWzl <

A% wE2 WS Bgo]l ST AL WAselo} drh B ATl o

=1
=

o

25 PMTE Fig. 249 #o] ~2¥oc2 #e9 A7|7F 8mm¢ Hamamatsu Model
H57842 Head-on typeolth. H5784% 300 - 650nm H$1e] #@ol ZHA7t53stn
420mmel A HAAS 7MY B QFoA Al E PMTe AL A3ASL e
M A=A

% ZZ 7= (Canberra Amplifier model 2012& ©] &3} 2.5, Power supplye PMT
of M=l HAFF L AAFE7|S FA HAE FFE 4 Ut Hamamatsu
I (38305 AHgstdd AE S 93 MCAMulti Channel Analvzer)= Ortec
trump-8k-32 + Maestro322 board® 2 PColl #aste] A12E + e AFoit
98 2" Fig 250 Jeldt, =& 4R REHY FL awsr] st
Fig. 262+ 2¢ A7 30mm, Z°] 200mme ¢F9F Acl2E AMzstd 2 Ko Al
42 Yo & AE2 d9n ABIFEFY HERAS 922 # J=EF € 729

47 dmmel FHE BE WEE BHRI FAY & UEL AeiAn
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Sensor +———
Light shield case +—

Fiber connector (FC type) +——

Transmitting Fiber

=

Power supply Support

Fig. 23. Experimental setup for the non-coincidence measurement

Fig. 24. PMT adapter used to couple the transmitting fiber with the window
of PMT
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Fig. 26. The aluminum case used for preventing the external light from

entering the sensor

2) Coincidence 3|2

2 AN AEED e FARA Fuj@e gRFoluy FH de o
noise® WA A 71t £3] 0|21 noise pulsest °H, MC T FHd VAT A
o] o& LA AR pulse= WH$ H|SE T, real pulseE TFEFIIZE ol ™
O EANZANE S FE ARFA FAC pused £ A& AY 7150l
97 ®cHkim and Shin, 1997) Wetd, F A FHA FuAE AL F
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B2 AZHPE do JEluE noised FY F AE ReB HAoh
Coincidence 31229 # &A Az A 2E AFE& F4F, 3 S
F F%7] 4% 5 7h Coincedence module 3 WEHLEAM7I2 FAFU
Coincedence module Canberra coincidence model 1446& At&3t¥

= Ax= @AM non-coincidencedl A dF3F R F Ao},

Rubber sealing

PMT
(e Power AMP
I— supply
Light shield case e -
: EC , £ wmca
s « = 1.
Fiber i oincidenc : i .
Sensor -
Timing |
= Power
supply
AMP
PMT

Transmitting fiber

Fig. 27. Experimental setup for coincidence circuit measurement
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4. YAME %H, Mc 89 57 ¥y

‘Hel “cx 23] mlo] HAFd EgH, Aste FERAN LAH AHY
4 A Sol Al gt B3 845 F9 EF =€ WF Lok 33 Al
108 ol4tel wZo] WastA €. *He “Ct z+z 0018, 0.156Meve] Hl
B g W&

B Ao wEld 2HL ARBERH A AR FHOE o] & LANY
e *H3 “C g9o|t}. Tritiated water ¥ejel *H3 NaHCO; &4 eie) “Cg
005, 0.1, 02mCi/mlel FE2 #Astd A% AANoez Ztze MA casedl 9ml
W ZQale] 5Eztel xdd ARG FAFLANE FAHSHAG 0.156MeV e ¥ W
A ge dyze WAMME wEsle “C g9 didide F712 1, 3, 5uCi/ml

rle

o 52 INAA ¥t FAFE rtdez waye o, oMoz
g gol 2 lmmol thsiA BicronAte] BC-620 4% WAMME AHgstd 24

5 B 2 92 2ol 9 A 7tz Adsdrh

gl MARYe] EAHoE FYstn, 29 2L Axss] At Fig 8%
2ol 10miel ARl el AR(W7 5mm, Aol 150mm)el FEE AFAYT @
58 248 Folt AN case® 22 59 o4 MAE ¥ 0E ¥EE 338
ootz dysen.

Fig. 28. The pipette for pouring radioactive solution into the sensors
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V. 23243 2 u3

1. HEH MM f? non-coincidence 8|2 53 MY

370 Imm2 MAY wEerd 28 Zgre ¥BFHH MM (Sensor Bliel ol
A H2zol B (pulse height spectrum)& &A% A& Fig, 299 Fig. 300 v
Aok AFHLE B Fo dAAE HA ¥ Feoln vhabA HEL WA
Hg 2 Aot *Het MC 4o 25 g 2HEYP] RFL v YER
Th Fig. 312 § £do whlssx ¥ge B2 £A5:E dehiz Qledl, wha
A2 A d¥s Az HEd il e o 27%, "CE A M oF 18%F
L EE Agc A ZAHATD F EF Mol taM gAd PATH FASF

Azl e A9 vlAlBAZ 4¥ES & 5 vk S vl e AT}

24y He oy 23T deith AARS 958 BERY HERAIMY FEA B
3 AMEe ol Qe B WA WAAM BAY Ao AAZL 2 4Kl

el AMe 7Eg wmg Ao 00186Mev HMEIM S wWEstE CHel dlsi

0.156Mevel HEIHS WEsls MCo] AUHoZ 11-30%9) & ZEE B
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Fig. 29. The pulse height spectra measured with the open type sensor

for the *H sources (Imm diameter fibers)
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Fig. 30. The pulse height spectra measured with the open type sensor

for the “'C sources (lmm diameter fibers)
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Fig. 31. The total number of counts vs radioactivity concentration measured

with the open tvpe sensor with and without reflector on the open end
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3
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0 _
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Fig.32. The pulse height spectra measured with the closed type sensor

for the “H sources (0.5mm diameter fibers)
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@ 300
i & :
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Fig. 33. The pulse height spectra measured with the open type sensor

for the *H sources (0.5mm diameter fibers)
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Fig. 34. The pulse height spectra measured with the closed type sensor
for the 'C sources (0.5mm diameter fibers)
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Fig. 35. The pulse height spectra measured with the open type sensor

for the 'C sources (0.5mm diameter fibers)
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Fig. 36. The net total count with respect to the radioactivity concentration of
3H sources (0.5mm diameter fibers)
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Fig. 37. The net total count with respect to the radioactivity concentration of

MC sources (0.5mm diameter fibers)
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Fig. 38. The pulse height spectra measured for “C in pCi/ml concentrations
with the closed type sensor. (0.5mm diameter fibers)
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Fig. 39. The net total count with respect to the radioactivity concentration of
"C in pCi/ml (0.5mm diameter fibers)
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Fig. 40. The net total count measured for H with the open type sensors
constructed with fibers of different diameters

3000000 —————

—a— 1 mm
2500000 [—®—0.5mm]

[72]

£ 2000000 |

p ]
i [o]
.0
T 1500000
[
3 1000000 |

500000 | ‘——’—"_’_",_,-————”"’—”’—’—’A
0 ‘

0.05 0.1 0.15 0.2
Radioactivity concentration{mci/ml}

Fig. 41. The net total count measured for "C with the open type sensors

constructed with fibers of different diameters
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Fig. 42. ‘The pulse height spectra measured using the coincidence
circuit for the *H sources (Imm diameter fibers)
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Fig. 43. The pulse height spectra measured using the coincidence

circuit for the '“C sources (Imm diameter fibers)
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Fig. 44. The pulse height spectra measured with the sensor by using
coincidence circuit for the *H sources (0.5mm diameter fibers)
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Fig. 45. The pulse height spectra measured with the sensor by using
coincidence circuit for the C sources (0.5mm diameter fibers)
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Fig. 46. The total count measured for SH with the sensor by using
coincidence circuit constructed with fibers of different diameters

3000000 p=—————=r—
fﬂ— Dia. 1mm

‘—i—Dia. 0.5mm
2500000

2000000

1500000

Net total counts

1000000

‘ 500000
I A |
‘ 0.05 0.1 0.15 0.2

Radioactivity concentration(mCi/ml)

Fig. 47. The total count measured for “C with the sensor by using
coincidence circuit constructed with fibers of different diameters
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Fig. 48. Comparison of the cross sectional areas using

fibers of different diameters
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