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SUMMARY

As applications of radiation in industrial and medical fields expand, high—tech
radiation sensor production and measurement methods are developing. For
example, ilonization chamber, which is the most commonly used in the
measurement of radiation absorbed dose, can be measurable in real time,
vet it has problems such as low spatial resolution or complex correction
process, caused by the volume and component materials of the detector.
Also, Metal Oxide Field Effect Semiconductor Transistor (MOSFET), which is
used in medical fields, has fine spatial resolution with small sensor part and
measure dose at many points at the same time. However, it is uneconomical
to measure in the hish dose rate fields since it is depletable and has a
limited life. Alanine chemical dosimeter shows an exact dose and low
deviation; it is has a disadvantage of decoding dose rate and the form of
energy only with an expensive decoder since it cannot distinguish them
directly. Therefore, the development of a new dosimeter to measure radiation
in real time has been required. In order to compensate the weak points, the
dosimeter, combining optic—fiber and scintillator, has a high spatial resolution
since it makes the volume of scintillator in sensor part small. In addition,
dose measurement is exact and easy, as measuring the amount of scintillation
in proportion to dose. Also, it is not affected by electromagnetic wave and
can measure dose in real time by using optic fiber, which is optical transfer
medium. In this study, dosimeter has been created, combining oxide
scintillator and plastic optical fiber and connecting GaP photodiode. After
finding Calculated results, from MCNPX code and current changes of the

photodiode which is measured by distance between sensors, changes of

= Vil -



normalized distribution with dose rate of ionization chamber, which is
measured at the same point, and transmutation constant which is converted
by linearity, resulting from current and dose rate, the researchers analyzed
the possibility of dosimeter by comparing dose rate. Several types of
scintillators such as BGO(BisGesO12), CWO(CAdWOy4), and LYSO(LusY2SiOs)
were used in the sensor part of the dosimeter. Also, %CO source of 5400Ci,
obtained from the radiation room of applied radiological science research
institute in Jeju National University, was used. The error between dose rate
of transmutation constant and that of ionization chamber was 0.4~30% in
BGO scintillator, which was not almost right; the error in CWO and LYSO
was within 8% in high dose field with a few errors in whole part. The
results of normalized distribution in BGO scintillator showed high deviation
with different aspects of change as measured at the point which distance
between dose and sensor is 20cm. The results of normalized distribution in
CWO and LYSO scintillators were similar to inonization chamber and aspect

of normal distribution change of MCNPX code.
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Fig. 2 Schematic diagram of SOF(Scintillator with Optical Fiber) detector

system
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Fig. 5 Composition of sensor tip to detect beta rays.
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Table 2 Characteristics of plastic optical fiber (PGR-FB3000)

Parameter Performance
Material Polymethyl Methacrylate (PMMA)
core Reflective index 1.49
Material Fluorinated Polymer
Cladding
Reflective index 1.41
Refractive index profile Step index
Angle of incidence 60°
Temperature range of use -55~70TC
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(4) Photodiode®] T4

Photodiodes= Thorlabs, Inc., o4 913t current-type®l A% o] SMO5PD7A
ojt}, o)A AHER Syuide] 150-550nm & 7FAW 5Vt dishe] fall
timeo] 140ns, rise timeo] Inseld, S &EWA] 48mm°e Schottky $E3
GaP-Photodiode®]t}. ©] Photodiode®] Z7]&= A7 oF 1.3cmeol® ¥l l4em
2 AYeRE AZY o] olgido]l FoW ¥3hA Alofo] Wit} el ko W

glo] wE o= AR I Ak 1% RRre = g v TElan 3
9} photodiode® ZA33l7] 9134, B2 &l FCH connectors F-2Hs}) il
photodiode®l = FC3¥ adapterE H-Z3sle] A= dAZAsAvt FAFe oy
GaP photodiode & UAFHA Apole] A S FHugh 7l7to] dho] HAHE vl &S
=4 37] 98 AR #2 FCH connector HHe.2 5mm Z=EAAY. 95

= AFE 393 B

}i= #A 23 Thorlabs, Inc.,, oA 793 PDA200C

AFow FE7|et dAFH AFolv), e =AH HiF 99 10pA~10mAo] L

Ol

+10V Ale] g AQFS photodiodeo]| &% & F dow, 7] A}-&% photodiode
T

o = +5V Hehs FF3t}h Fig. 11914= ZA 59 GaP photodioded] €472 4

Fig. 11 GaP photodiode (Thorlabs, Inc.,)
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GaP
BGOBiGes01z), CWO(CAWO,), LYSO(LusY:zS510s)

photodiode =

393 A7)E A2 5mm, 20| 10mmE ZE A3A7 $93 27

Ao 742 Fig. 70 UERHl o,
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(1) A8y

AF st WA S L AT 20 ZAA A UCo HYomBE 20, 25 30 35,
40, 60, 80, 100, 120, 150, 200cme] AT oAl 187F 33 wkHE =AH3sto] Hat AT
mA)E T3t durd oz AFotu AL A A AF9 FHo=E AEA

of WAAZEALE k= Eolot Wake AHl=d, 4 wolw AR AWl

(

A 35em Fololal FAMHRRFS CHHEkH(Fig. 12)0.2 3F3ivl. 18] al WAbd o] 4
449 oz A} ohd BAfoIlA AR wARE AU
B S, AdSE DS AAR] A5 ABAZL PE 10m 2ol BAF

g W% ARt AP} Sste] etda, AYA AelA BgHE A

[e)

Al photodiode 8] HWFE A4S Th Fig. 1304 & ZApA oA A& 3 AF2AS
Bl ar gl
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0:=zaus
O-a 2
| -8 L]
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@ HE AR

Fig. 12 Picture and schematic of 5400Ci *Co irradiation chamber
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Fig. 13 Measurement of dosimeter using GaP photodiode in irradiation

chamber

o] o A= Farmer—typed A#ldto = PTW FreiburgAt7l A 23k A e A 4
o] 0.6cc ¢ A&7 Aedhe ARRSIT o] =59 AFEr] dYTLe T
SZ/tEAS AUge How Ao wA Huvl FHopx| ¥ Ealeo] FEH
ow, PCo Mo A ZAA o= AAFF S FAS Hste] A ¥F
AE HAsHE PMMA buildup capes AF&3skoh, Zelal dedg WHE=Z 377}
ArEA Evs 7 7] wdel 29 fHel thdk BAo] Ha sttt e g
ion transit time 180ms©]3l 99.5% o] FH ZE&9 ko] 28Gy/solth. A
g oA SAHEA dalEe A9 A (Elecrometer, Cardinal Health Co. model
350400914 FAd & ATk SAAHL PCo AYewFH 20, 25 30, 35, 40,
60, 80, 100, 120, 150, 200cm®] A Hel A FA4stAth Z4 FHAH o ZHH 1+

3t Fig. 14014+ Aglgde] AA F23 A9AE el
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Fig. 14 Ionization chamber (PTW Freiburg) and Electrometer (Cardinal
Health Co. model 35040)

(3) MCNPX code #AAF

E

CTHI7FEZH S dE B SEY Wior =24, 59 AL

AL ddsh=s Wielth Az Ao TR ik ARl dxz A s o] o
& ZAlES E7] 918ke] 22k AlA Y’ S Manhattan Project® 58 §-7t%] 7]
AFEtel, FA & ZEZERYel od ¥ Eokl H&H93 Manhattan

Project &<t HZHIEZRHE A58 1|9 Los Alamos 17204 19774 <

-

MCNPE AH&o= 713kt MCNP(Monte-Carlo N-Particle)= H-&54, <
Zoux], vty Fef, A E, FAA-FA-AAE FAl thE F gla 73}
A Fx7F B3 WA ZAbAolv AxtE Eel, WA A Bl A4 &
T e ZHIEE Aladolth 2 dgtelA A& MCNPXE MCNPY
extend 3FA = o2 A& F A= YATS (34 particles), Aoy A
24, old 7FA Tally Card A4E 54 Sl &4 HUa, LANLelA 7
LAIS0 ge]lBeel & AMg-3taL dth

o] AF-olAE AFEM WA G EHTATA A HARS Wo®
MCNP code®] 7]3}e4 x5 AAsArt 7 & FAsta v 49 =44
2 ggsta YCo WAL dUAE At MCNP codeol A= 4134
35 ghvhe] AR FI F6 tallysE AMESte] 99 AHd oA (MeV/g)

EN
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£ Axbseivt. o] &9 A FFoluA = 7zt AaAe diEe waElFo
2 W3kl 212l MCNP codedl ZA3bghe] Aoz ghol 5%
4 Aot Aol = A=
24 kot w3t At obd 22X MCNP code AHAl 74k
Fro] A meyr BAECh F, MCNP code A4 ko] A2 EE o] 93 %
M F 3 2= MCNP code W2l HistoryE S7HA1 71 "Who] ot o] # 3k 2
W2 wEA7]7] 98l History(N7l, nps)E 1x10"~5x10°7}2] ¥ 7 318 4]
49 wqke]l gl ks FA A Fig. 15914 ZARE 2] MCNP code
simulation Fig.& e AT}

Sensor part

Fig. 15 Simulation depending on the MCNPX code
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Table 3 Measurement result of BGO scintillator and Al case

Net Photodiode current [nA]

o
-
1

o
(=)
]

=

2(')0 ' 4(')0
Dose rate [Gy/h]

I
600

I
800

Fig. 16 Linearity of the BGO scintillator and Al case
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BGO(AD)

) Measurement number of times Net
Distance 1st(nA) 2nd(nA) 3rd(nA) average
(cm) Sensor | Dummy | Sensor | Dummy | Sensor | Dummy (nA)
20 0.58 0.11 0.58 0.14 0.57 0.14 0.41
25 0.43 0.12 0.44 0.12 0.43 0.12 0.31
30 0.33 0.11 0.33 0.11 0.32 0.11 0.22
35 0.26 0.10 0.26 0.10 0.26 0.10 0.16
10 0.22 0.10 0.22 0.10 0.22 0.10 0.12
60 0.13 0.08 0.13 0.08 0.13 0.08 0.05
80 0.09 0.05 0.09 0.05 0.09 0.05 0.04
100 0.07 0.03 0.07 0.03 0.07 0.03 0.04
120 0.05 0.02 0.05 0.02 0.05 0.02 0.03
150 0.04 0.01 0.04 0.01 0.04 0.01 0.03
200 0.03 0.01 0.03 0.01 0.03 0.01 0.02

0.5

0.4 |—m— BGO(AI case)|
0.3 4

0.2 4

1000




Table 4 Measurement result of BGO scintillator and PE case

BGO(PE)

) Measurement number of times Net
Distance 1st(nA) 2nd(nA) 3rd(nA) average
(cm) Sensor | Dummy | Sensor | Dummy | Sensor | Dummy (nA)
20 0.53 0.14 0.53 0.14 0.53 0.14 0.39
25 0.38 0.12 0.39 0.12 0.38 0.12 0.26
30 0.29 0.11 0.29 0.11 0.28 0.11 0.18
35 0.24 0.10 0.23 0.10 0.23 0.10 0.13
40 0.19 0.10 0.19 0.10 0.19 0.10 0.09
60 0.12 0.08 0.12 0.08 0.12 0.08 0.04
80 0.08 0.05 0.08 0.05 0.08 0.05 0.03
100 0.06 0.03 0.06 0.03 0.06 0.03 0.03
120 0.04 0.02 0.04 0.02 0.04 0.02 0.02
150 0.03 0.01 0.03 0.01 0.03 0.01 0.02
200 0.02 0.01 0.02 0.01 0.02 0.01 0.01

0.5

o
~
1

| -m— BGO(PE case))|

©
w
]

//

T T T T T T T T T
0 200 400 600 800 1000
Dose rate [Gy/h]

o
-
1

=

Net Photodiode current [nA]
o
1

o
(=)
]

Fig. 17 Linearity of the BGO scintillator and PE case
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Table 5 Measurement result of CWQO scintillator and Al case

CWO(AD
_ Measurement number of times Net
Distance 1st(nA) 2nd(nA) 3rd(nA) average
(cm) Sensor | Dummy | Sensor | Dummy | Sensor | Dummy (nA)
20 4.83 0.14 4.52 0.14 432 0.14 4141
25 2.95 0.12 2.88 0.12 2.88 0.12 2.77
30 2.15 0.11 2.13 0.11 2.12 0.11 2.03
35 1.63 0.10 1.64 0.10 1.63 0.10 1.54
40 1.31 0.10 1.31 0.10 1.31 0.10 1.23
60 0.66 0.08 0.66 0.08 0.65 0.08 0.60
80 0.40 0.05 0.40 0.05 0.39 0.05 0.35
100 0.27 0.03 0.26 0.03 0.26 0.03 0.22
120 0.19 0.02 0.19 0.02 0.19 0.02 0.16
150 0.13 0.01 0.13 0.01 0.13 0.01 0.11
200 0.08 0.01 0.08 0.01 0.08 0.01 0.06

Fig. 18 Linearity of the CWO scintillator and Al case

Net Photodiode current [nA]
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Table 6 Measurement result of CWQO scintillator and PE case

Fig. 19 Linearity of the CWO scintillator and PE case

@ jeju

_25_

CWO(PE)

] Measurement number of times Net
Distance 1st(nA) 2nd(nA) 3rd(nA) average
(cm) Sensor | Dummy | Sensor | Dummy | Sensor | Dummy (nA)
20 2.80 0.14 2.83 0.14 2.76 0.14 2.66
25 2.05 0.12 2.04 0.12 2.06 0.12 1.93
30 1.56 0.11 1.52 0.11 1.51 0.11 1.42
35 1.23 0.10 1.20 0.10 1.21 0.10 1.11
10 0.97 0.10 0.97 0.10 0.98 0.10 0.87
60 0.52 0.08 0.52 0.08 0.52 0.08 0.41
80 0.32 0.05 0.33 0.05 0.33 0.05 0.28
100 0.21 0.03 0.22 0.03 0.22 0.03 0.19
120 0.16 0.02 0.16 0.02 0.16 0.02 0.14
150 0.11 0.01 0.11 0.01 0.11 0.01 0.10
200 0.07 0.01 0.07 0.01 0.07 0.01 0.06

5
g 4 [—=— CWO(PE case)
c
9 3-
5
o
3 24
o)
<]
S
g 1-
o
3
0_
) ' ) ) ' ) )
0 200 400 600 800 1000
Dose rate [Gy/h]




Table 7 Measurement result of LYSO scintillator and Al case

LYSO(AD
) Measurement number of times Net
Distance 1st(nA) 2nd(nA) 3rd(nA) average
(cm) Sensor | Dummy | Sensor | Dummy | Sensor | Dummy (nA)
20 10.33 0.14 10.34 0.14 10.17 0.14 10.14
25 7.58 0.12 7.53 0.12 7.53 0.12 7.43
30 5.43 0.11 5.40 0.11 5.42 0.11 5.31
35 4.33 0.10 4.30 0.10 4131 0.10 4121
40 3.46 0.10 3.43 0.10 3.48 0.10 3.36
60 1.75 0.08 1.76 0.08 1.71 0.08 1.66
80 1.06 0.05 1.06 0.05 1.05 0.05 1.01
100 0.72 0.03 0.71 0.03 0.71 0.03 0.68
120 0.52 0.02 0.52 0.02 0.52 0.02 0.50
150 0.36 0.01 0.36 0.01 0.36 0.01 0.35
200 0.22 0.01 0.22 0.01 0.22 0.01 0.21

Net Photodiode current [nA]

-
o
1

(o]
1

| —m— LYSO(AI case)|

T
200

T
400

I
600

Dose rate [Gy/h]

I
800

Fig. 20 Linearity of the LYSO scintillator and Al case
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Table 8 Measurement result of LYSO scintillator and PE case

LYSO(PE)

_ Measurement number of times Net
Distance 1st(nA) 2nd(nA) 3rd(nA) average
(cm) Sensor | Dummy | Sensor | Dummy | Sensor | Dummy (nA)
20 6.11 0.14 5.93 0.14 5.89 0.14 5.84
25 4121 0.12 4.06 0.12 4.07 0.12 3.99
30 3.03 0.11 2.92 0.11 2.94 0.11 2.85
35 2.25 0.10 2.26 0.10 2.26 0.10 2.16
40 1.78 0.10 1.77 0.10 1.75 0.10 1.67
60 0.89 0.08 0.89 0.08 0.88 0.08 0.81
80 0.54 0.05 0.54 0.05 0.53 0.05 0.49
100 0.37 0.03 0.37 0.03 0.37 0.03 0.34
120 0.27 0.02 0.26 0.02 0.26 0.02 0.24
150 0.18 0.01 0.18 0.01 0.18 0.01 0.17
200 0.11 0.01 0.11 0.01 0.11 0.01 0.10

-
o
1

(o]
1

|—m— LYSO(PE case)

Net Photodiode current [nA]

2 -~
04
I ' I ' I ' I ' I '
0 200 400 600 800 1000
Dose rate [Gy/h]

Fig. 21 Linearity of the LYSO scintillator and PE case
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Table 9 Deviation of scintillator BGO(Al case) for ionization chamber

dose rate
BGO(Al)
Distance Net value| Conversion function(Gy/h) | Dose rate | Deviation
(cm) (nA) K=2126.021-11.82 (Gy/h) (%)
20 0.44 916.54 895.55 2.29
25 0.31 654.33 641.85 191
30 0.22 448 82 457 .62 -1.96
35 0.16 328.34 352.42 -7.33
40 0.12 243.30 282.92 -16.28
60 0.05 94.48 134.28 -42.13
80 0.04 73.22 77.60 -5.98
100 0.04 73.22 50.55 30.96
120 0.03 51.96 36.40 29.94
150 0.03 51.96 23.71 54.36
200 0.02 30.70 13.90 54.73
50

2 40

g 30 L n

e ]

£ 20

) J

E 10 i

T "m

L 104

5 1 n

S 20
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= -30 4
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D -50 X I I I I I I | I I I

6o
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a3 22 Deviation of scintillator BGO(Al case) for ionization chamber

dose rate
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Table 10 Deviation of scintillator BGO(PE case) for ionization chamber

dose rate
BGO(PE)

Distance |Net value| Conversion function(Gy/h) | Dose rate | Deviation
(cm) (nA) K=2294.071+8.28 (Gy/h) (%)
20 0.39 902.97 860.14 474
25 0.26 612.39 609.22 0.52
30 0.18 413.57 440.76 -6.57
35 0.13 314.16 347.35 -10.57
40 0.09 214.775 270.60 -26.01
60 0.04 100.04 126.19 -26.13
80 0.03 77.10 74.81 2.98
100 0.03 77.10 50.09 35.04
120 0.02 54.16 35.35 34.73
150 0.02 54.16 23.47 56.67
200 0.01 31.22 13.70 56.12

50
= 401
@ =
2 30
=
5 20
Q
.S 10 - _
g o s .
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L2 -10 g
5
o -20 4
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19 23 Deviation of scintillator BGO(PE case) for ionization chamber

dose rate
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Table 11 Deviation of scintillator CWO(A] case) for ionization chamber

dose rate
CWO(AD
Distance |Net value| Conversion function(Gy/h) | Dose rate | Deviation
(cm) (nA) K=202.431+14.73 (Gy/h) (%)
20 4.42 906.76 847.09 6.58
25 2.18 576.13 623.50 -8.22
30 2.02 426.33 444 53 -4.27
35 1.53 327.14 352.80 -7.84
40 1.21 263.71 280.72 -6.45
60 0.58 135.50 135.35 0.11
80 0.35 84.90 78.96 6.99
100 0.23 59.93 51.59 13.91
120 0.17 4711 36.61 22.28
150 0.12 36.99 24.28 34.36
200 0.07 26.87 14.28 46.85
50
— | ]
= 40
r [ ]
2 30
=
8 20 s
g n
2 s n "
ﬁ 0 »
E -10 - un
5
£ =2l = CWO(AIl)
= 55
2
w 404
3
QW tr———T—TT VT VT7T T T T T T T T T T T T
O 20 40 80 80 100 120 140 160 180 200 220

Distance from the source (cm)

1Y 24 Deviation of scintillator CWOQ(Al case) for ionization chamber
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Table 12 Deviation of scintillator CWO(PE case) for ionization chamber

dose rate
CWO(PE)

Distance |Net value| Conversion function(Gy/h) | Dose rate | Deviation
(cm) (nA) K=306.751-7.33 (Gy/h) (%)
20 2.66 807.60 808.68 -0.13
25 1.93 584.70 585.14 -0.08
30 142 428.26 425.02 0.76
35 1.11 334.18 331.99 0.66
40 0.87 260.56 264.95 -1.66
60 0.44 127.64 128.05 -0.32
80 0.28 771.54 7491 3.51
100 0.19 49.93 49.49 0.90
120 0.14 35.62 35.34 0.77
150 0.10 23.35 23.32 0.11
200 0.06 11.08 13.64 -18.78

50
3‘;} £y m CWO(PE)
& 30
=
8 20
Q
E 10 -
E 04— mmuE_ = . u u -
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3 201 .
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1Y 25 Deviation of scintillator CWO(PE case) for ionization chamber

dose rate
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Table 13 Deviation of scintillator LYSO(AI case) for ionization chamber

dose rate
LYSO(AI)
Distance |Net value| Conversion function(Gy/h) | Dose rate | Deviation
(cm) (nA) K=84.321-4.42 (Gy/h) (%)
20 10.14 850.55 847.09 041
25 7.43 621.77 623.50 -0.23
30 5.31 443.02 444 53 -0.27
35 4.21 350.83 352.80 -0.63
40 3.36 278.60 280.72 -0.656
60 1.66 135.54 135.35 0.15
80 1.01 80.46 78.96 2.25
100 0.68 53.19 51.59 257
120 0.50 37.74 36.61 3.08
150 0.36 25.09 24.28 3.34
200 0.21 13.28 14.28 -6.95
50
40 4 m LYSO(AI)
30 -
20 4
10
| | u L

0— Sumge |

200

=20

“30

_40
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1% 26 Deviation of scintillator LYSO(AI case) for ionization chamber

dose rate
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Table 14 Deviation of scintillator LYSO(PE case) for ionization chamber

dose rate
LYSO(PE)
Distance |Net value| Conversion function(Gy/h) | Dose rate | Deviation
(cm) (nA) K=160.261+3.96 (Gy/h) (%)
20 5.84 939.34 923.14 1.72
25 3.99 643.93 645.31 -0.21
30 2.85 461.24 471.96 -2.32
35 2.16 349.59 364.17 -4.17
40 1.67 271.06 286.81 -5.81
60 0.81 133.24 136.89 -2.74
80 0.49 81.95 79.21 3.35
100 0.34 58.45 51.54 11.81
120 0.24 42 96 36.39 15.28
150 0.17 31.20 24.04 22.97
200 0.10 19.99 13.90 30.47
50

£ 404

E ]

.2 30 -

E 204 "

Q 4 [ |

o 10 .

- 1 |

S 104

E 20
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13 27 Deviation of scintillator LYSO(PE case) for ionization chamber

dose rate

_35_

@ jeju




BGO(Al)
BGO(PE)
CWO(AI)
CWO(PE)
LYSO(AI)
LYSO(PE)

=
=
1

Deviation about lonization chamber (%)
N N 1 N N
| B %
(>[>
=
n (=e
e
=
3

[>mp» O @« O =

o
fan]
1
[ @« mO

20 4 &

40 - &

I I . I 5 I al : I Y 1 N I : I : I y
0 20 40 G0 g0 100 120 140 160 180 200 220

Distance from the source (cm)

19 28 Deviation of scintillators for ionization chamber dose rate

_36_

@ jeju



o] Aol Al e AA B WALAEARAL HeAS dolry] f&E A
Q¥ ABA e Ao wEl GaP photodioded ARE =A3ta dydgoz 7
2 A HAFE&S =AU =49 GaP photodiode dAF9} Aglgoz =
Ast AEgs Agd wE A1 3 (normalize) £ ¥ W3 E Bl EAste] HIALA
FARAY 758E Lotr il Ats FxE 7 AHuitr AL ALt
Ans Adz AATE A7t 20em] AFAA S AsE AR groz o
o} AbE3k9) T,

Fig. 29914 BGO 4340 Al caseE #¢ 49 Ao} dggoz =4
3 AFES A9 AAY AR A s 2¥XE et A2 A" 2
el Ao F4E A Ayfst BEXE Wk el
o}, AR "o sk E29 BAE 0.1-66%= e A 9l

Fig. 30914 BGO A3 Aol PE case® 29 4% Aol delgdor =4
3 AFES A4 AAY AR As 2¥E et A2 39 2
el AdEggtez AN A A s By E Wik FHAAE 2 AolE B
oh AR Hu AFarsl Exe] BAE 5~46%2 UER L gt

Fig. 31914 CWO A3 Al cases #¢ S4Y daet Aoz =4

g AEEs Al A AR AE 2 X2 dEidie dM2 SA4d 2

>
b
el
)
s
(ld
s
3

[o

"

O
e

2 =249 Ay As B¥E ki oz HEAw e
AR N FAE Aol AE AolE HArt FAAHwvl Aqfst ¥ AAE
5~18%= e}l 9t

Fig. 32914 CWO A#Al PE case® 29 =49 ZAye dggtoz =4
o AEFes A AA e AR Afst FX2 JERdST AAE 49 2
et Aoz A4y dae Aarg F¥v vk

A A7t BAFE 49 Aol e AolE AT FAAHvr A4t s}

o] A= 03~25%= e 9T,

B

iz
e

_37_



dop deldtor A" Ao A st EE= W= FoeR WA 22
A elA SAE Aol A= AelE Bl FAA R Aafsl £ ARk

0.1~18%= Etar St

&2
0
o
I~
=
o)
rir
—
=
w
@)
o
o
—_&,
o,
!
=
(@}
o
[02]
(@)
(il
A
o,
e
i)
v
B
i)
2
_VE
i
o
f
Ao
o

=A% Aol Rits PEE LR PP WsAW o

=
Aol SR8 Aol Aole HAT. ZRARY} A58 Bre AR

_38_

@ jeju



10 5

—u— Measured(BGO-AI case)
—e— Calculated(lon chamber)

0.1

Normalized value

0.01

—T——T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220

Distance from the source (cm)

1% 29 Normalized distribution of measured BGO(Al case)

current and ionization chamber

10 5

—=— Measured(BGO-PE case)
—e— Calculated(lon chamber)

015

Normalized value

0.01

e B e T EL s m m e p e S e S B B e e
0 20 40 60 80 100 120 140 160 180 200 220

Distance from the source (cm)

1% 30 Normalized distribution of measured BGO(PE case)

current and ionization chamber

_39_

@ jeju



10 5

—=— Measured(CWO-AI case)
—e— Calculated(lon chamber)

0.1

Normalized value

0.01

. — —
0 20 40 60 80 100 120 140 160 180 200 220
Distance from the source (cm)
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Fig. 35 Normalized distibution of absorption energy from
measured BGO(ALI case) and calculated MCNPX code
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Fig. 36 Normalized distibution of absorption energy from
measured BGO(PE case) and calculated MCNPX code
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Fig. 37 Normalized distibution of absorption energy from
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Fig. 38 Normalized distibution of absorption energy from
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Fig. 40 Normalized distibution of absorption energy from
measured LYSO(PE case) and calculated MCNPX code
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