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DL : HIRIRSARAR O & & FIRME (mSv)

K:3

ts (=t) : WEFEH (sec)

np: N7 770 REHECE (eps)

e o HURAR 1310 B a4 72 0 ORI

CFiny : FEBUBSRED b FUR IR #R £~ O HE LR (mSv/Bq)

F:15H0 5 HER OB S v R OFREE =R

“lpmbif (EEFIZOWTIEI S5 pmbiv) O 1EEABRE:TOME
w7 7T RERERT (137Cs #RIF : 20 1 Sv/h X% 60Co #RJR : 20 1 Sv/h) 28T 5.
PR AR AR B TR A R 4 — 1 — 31233, 300 8 (54y) ORIERE 2k TEh
X, BNy 7 770y REFRE TICB W TH FRARSMR & O FIRME L LT
10mSv AP MR TE D Z &R o To, £lo. MERBDIKE < &b akilid w LA
ZBRITIE 150 B ORERF T 10mSv OFHMl NIRESHRETE 5 2 LR gnolz,
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F4—1—-1

AEHEE THEA U7 i s O 418k & 133Ba #RIE A D 0 356keV y #RIZ

xfd 2 ekl SR
A CdZnTe LaBrs(Ce)
&7 48,730,53 57,35
AEERHE 1.5ecm X 1.5emX0.75 cm 2.54 cm X2.54 cm X2.54 cm
A R em?)] 1.5 16
TRV X — 3 fiRAE 2.8% 5.5%
v R 0.39 cm? 1.9 cm?2
Fza4—1—-2 vrFL—va MRHaAE LR O /R
I H ft =3

axyH BEANKROT A RSV AEBE AT BNC a7 4 4 21

PMT M @&EHT) (BfEtE) - SHV 2327 % 2 {#

KR M ONE{EHIE © USB Mini-B (ch1/ch2 H:i#)
WEotres (PHA)  FYFAY 7Y 7 )53« 40Msps 10bit

TR A 2 1 256/512/1024 F ¥ /L

F—A1E 30 By b F v kL

AT LTA 0 X0.5~ X 48

=R X1~ X32

TrAUTA Y X056~ X1.5

NS © POS./ NEG.

WIS . B 7 L&

Rise Time : 0.5~60.0 1 s

Flat Time : 0.2~10.0u s
e FE IR Ch1/ch2 1@

&R - AftE 0 (OFF) /-100V~-1000V

i 1EWE © K 0.5mA
BfE Chl/ch2 #im

(5 7= PR

W5 EE © 119200bps

USB ##¢ (/8 COM &~ — 1)
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Fd4—1—3 @Ry 7770 &R (201 Svh) BREE T2 5 R IR ZEm#R £ O
AN T BRAE (mSv)

BRI e ] FLIR /N EUN ==
300 # 8.62 4.82 1.42 2.36
137Cg
150 # 12.20 6.83 2.02 3.35
300 # 6.21 3.48 1.03 1.68
60Co
150 # 8.80 4.93 1.45 2.39
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M4—1—1 HIRIRE=XHEZORIERE

RITECH & puspecl1500 LaBr, & &&

(a) CdZnTe & (AR H% (b) LaBrs(Ce)> v F L — 3 U Fites
M4—1—2 KREECTHEALZBERRHE

X4—1—3 vorFlb—varmtaiEaiEiiEEm (7 U 790 258 80404 1Y)
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Bl4—1—4 FELMHE R A

SUS#R

ava
\d

SR SRR

[
A

SUSHR

B4 —1—5 FAMEL kR oW
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O =nmazE - w56

ROI $REHRE

566 - 636
906043+ 3225
00£00
1.300E+000
196307

04

ROI $B5tIRE

6§79 - 625
730668+ 2914
00+00
1.300E+000
1583£06

04

16367121 4346
1.000E+000
2728%07

04
1.200E+000 (18)
3273

2019/03/18 19:09:29

JPAMF)  BEES  Y-M
®wes 0-h
ARHML &35 1 - CZT(uSPEC) [ RONESRRSED D
20190307-03-Cs 137-Odeg-C Ba-133a | Ba-133 | Cs-137
ROI J7
2 ROI §5&(ch)
i~ o METTE(count)
R RIR & Fh5 Keount)
~ BE{F8(Ba/cps)
K4 |back eround k $4teE(Bg)
Ik D 1RHPRF(Ba)
BG. Meas ‘ R
ROI Iy ?
ROI B2 (ch)
T o N (count)
1] 100 200 300 400 a=51’30*“/600 700 800 900 1000 JihH5 Fcount)
cursol : 880ch, Ocnt B %E8(Ba/cps)
5R4taE(Ba)
1#&88 2 - CZT(uSPEC) 1 4BRSF(Bq)
7540
6911 2RI EE
6283 o NETR(count)
o 8 IR E{RE1(Ba/cps)
¥ 5026 5R4taE(Bg)
— + 4398 18R (Ba)
" L
BIEER e— BEREe
BRSNS £ G HEERE
2019/03/07 1340:01 : 2513
SAF5{L() | 60000 1883 Z8Bw 18
1256
UPIAA Lls) 606.75 628
0 100 200 300 400 500 600 700 800 900 1000
cursol : 539ch, 150cnt FraIL

X4—1—6 mMmHEIWRGEHY 7 b =7 OAA HimE

ROINESR RoilInfoS. TMP -
X100 Yy120 Z2130
ROI Jw2 7 ROI $R5HRE
ROI #5EH(ch) 70- 100
o hEfE(count) 00£00
Jiwhd5 s Fleount)  00£00
RE{%&(Bg/cps) 1.100E+000
$R&14E(Ba) 00£00
18LBRFR(Bg) 00
ROI J¢2F ROI $EE6RE
ROI B5EH(ch) 70- 100
v MEfE(count) 0000
PishHS Flcount)  00£00
2 G {%&1(Ba/cps) 1.100E+000
hi4taE(Ba) 0000
1#84PRR(Bg) 00
2% WHEeE
o hEE(count) 00£00
B (%E1(Bg/cps) 1.000E+000
$R&t4E(Bq) 00£00
1BHPER(Bg) 00
RERE2 1.000E+000 (18)
FRETEIDIREFE(mSY) 00
#iBE% 18 v hRatRESTE

SERES, BIE(ChRATRESTE

EIAPLIRARESTE

ISR SO FAEZEE T OB s o0 388 4R i

X4—1—7
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®© FREBAE - k5
TP BES) Y-
#®EE p-h

[ #l#z0H
102
BER

CZT(uSPEC) v

LaBr3(80404)
e 1R
K4 |JAEA

JAh

measument | ]

101

O NFeFIL

cursol :

102 sy

M4—1—8 ZARMUINEEA MOk tgs O

BIFEFR OZT(USPEC) v

BB pypse

ROBEEIDIRE
ROI No ROIEEE(ch) 1748 R E{&4(Bq/cps)
1 42-70 ¥x100 1.100E+000
> 2 Yy120 1.200E+000
3 330-400 72130 1.300E+000
B85 1 - CZT(USPEC)
6867

6294
5722
5150
4578
4005
3433
2861
2289
1716
1144

ROIFEEHEE - ROI-2 : #&183(1)

ROI (ch) 554 - 995

L » <« ||

RN e

NI NFreHIL

540 560 580 600 620 640 660
cursol : 600ch, 656cnt FrRIL

X4—1—9 B0k (ROI) O EHEH
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FARIRE= 2R EBDOR I

=
-

f
[
/
e 5
7 g -
\ " Y6
4 Lo —
s ol - |

MK4—1—10 vy ERERIESRICBIT S FIRIRE = 2 3 E O iR
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7000

RO S
6000 / OB &t
5000 181] ¥ — /- 4E1E,
=)
S 4000
\
*IEE 3000
[=] & BE 5+
2000 /
1000 e
0 ™ l
0 200 400 600 800
S [ch]

4—1—11 B7CsHR v FHEUELIZ B W CTHIE L7 m oA of) (CdZnTe #iH
) JERREYSER 204 Sv/h

1000
900

800
700 131 E—2 5818

600 b

70 BAOEAND
1o 400 0) ﬂﬁ ETJ'

300 —
500 " EIEREEED

100

+#4.ch

o

200 400 600 800 1000
RS [ch]

4—1—12 60Co By BAEAELLZ B W CTHIE L2 & oA O (CdZnTe #H
) JEREYSER 204 Sv/h
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4. 2 EREERURYES U RERIEOE

4. 2. 1 W=HE

PERI - AEERBIAR 7 BL 7 7 o b A TEHE L7z B2 O T IR IE 575 2 BRE L, Rk 29
FEFEICHUE L7 3 FREOERMBISE 7 7 > b AL 133Ba SRR A VT, RIE L2 FRIRIR
=X PERROFHECNFEZTM L 72, £, FIRIBOKE & JFLMEEOE S SO AT
OWNWTC, A RBET7 7 FAEINEBEIETHZ LICED VI ab—a VEHRE BT
L, CNDFENRICE 2 2B LI Lz, & 51T, HHEZ OFIBREL I 1811 8
EL, FRBE=2HELSREZHWT-HIRRE=2 ) V JICBT D560\ 7 7 I 0
RISSTRR DR BH E 1R 2 BR%E LT,

AT KD MR R, RS K AR R R A BE LS T 7 v F ALK D
i 70 TE iR SER S H T,

4. 2. 2 HIRIREE=ZKEHEORZ

HFORIRE =2 OIEIE, fEk, ORINS 7 7 > b AZEZ AW TIThITE 29, LaL,
INHDOT7 7 v b AE, 181 R0 138Ba FEERIRIRE 2 LB & 35 2 LITMA T, FliE 2 &
\ZH72 DY A ROV ZHAET 2L ERSH 5, BT 5 HFIRRE=41%, Ak L7z
LB R HEESE ORISR T I C 2R T 5 Z L2 EL TV D, 29
L7eHIRIRE =4 % BARHE 2 CHERFEEE L T < BT BIED 72 O AEME 2 BRI S B
DR L 725 T e, F72 RIEICHEH L7127 7 > b A EAROEE A 7208 O FZEE O SEES
R RO K E SRR E OEWIC L - T, AREZ RS 2 Z N ERfMEsh T
5)

ik 29 FEOFETIE, FRIRE =X ORIEDTZD, FURIRZ B U 72 (KRR Tl
<o RVED BDHEE SRR & ST 7 > A EHWTRIET 2 EERFE L9, =
DIFEL, FRARSCE O JE AR O iR 200 70 i i 2 SO U 72 4R R 00 3 (RDEHER 7 &
N7 57 b (ICRP BRABMAEHEZ 7> s P (BUF, [ICRP-AM) & #5754 %), GSF
NERZ BT 7 F a9 (LUF, TCHILD| & %4 %), KOXGSF JLIRRZ7 L7 7
28 (LLF, TBABY) &L 7T2), X4 —2— 12 =R LT, L FZBRT
WZRHT 5 b DO TH D, Rk 29 FFEHREE 0 TIE, 120 LaBrs(CofiigRloxt LT, A
7 /N7 7 v b AOBARIRNIZE — 545 5 B FREN S O 364 keV Y1 H7-0 Ot
Boh & BRI BT 0 ORI EE 525 L5 RS T7 7~ AHd 133Ba
BIROAE (RFR) 2R Lz, AFRIBE=21F, gl L7z &R0, EfgRiclEnz 2
DO LV FRIRN O 811 e 2 E&TH D Th D, > T, KAFRBEE=4 D
&E%@m“*kuﬁoib% 2 SOftHERE Yy M LTITI FRLEE LV, IbHIT
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Rk 29 R TIE, RELALZEHT DI, FEAHNESEZEZEBLTELT, 2. 1F
¥FEMomtgs s L TERH L7z CdZnTe RIS 2 KA HFAM L TR o7, £
Z T, AREEL, 250 LaBrs(Ce)f sz Na 3 2 %M (A, /MR, $LIE) KTv2 o>
0 CdZnTe 2k & W7 2 1EHEE F O FRIRE = Z 12D T, ok 29 FEFHETIRE L
ToRIERLE I L TRERZ RO ERRICEREL 2SS 7 7 ba (M4 —2—-2) &
RIELIZHFRIRE =2 2 AW CEHEIRZIRE Lz, S 612, RE LR LG o
AT G B TR RE A A LT,

(1)  fRFEAE

KRR ORI VI, REAICEE U7 A0S K DB, BU s BEER R 1o x4 5

BRI ERR ONFIZEEE LTHOWLRTE 29, RFEE, ZRZIGH L TRO X DI

LT, RERERDT,

O #%AR7+EN7 7> b2 (ICRPAM, CHILD, BABY) O HURIRPNICH—453Ai4 % 1811
BIRD BEF R Sd 364 keV OYTIZxt LT, 77> AR DOZERMA v =
(5 mm %I 7%) DOF (L), )ICBIT D 364 keV KT DT LT R Y% ZET 0
NEEREICEVER (K4 —2—3()

@ OOZENZENORZ BT 7 v N AHIET HESEE 7 7 > & (AL /DR,
B) 2T ML, 77> h ANONE (x,y,2z) (ZELE L7z 133Ba SARE D D57k
HE5 356keV X TIZx LT, 77 FARISFDZEMA v o (5mm AH) O
ﬁ@ﬁmmﬁwé3%k&ﬁ%%@7wmyx¢$f%%y%ﬁwmﬁ%u;@%m
(4—2—3®0b)

@ @IzB\W\T, 133Ba KR A MBS ST 7 > S ANTEDN L, TNENDALE (%, y, 2)
WKL T, T CERSIND dEFH, 22T, (4,j,k)0fE, filEd 2 Fikipe =
Z DBHERE VIchl-»> T o 72, did, BT AL natEickiT S E
bk L C. Mg C - o TR 7 B LB T L LS ST T L COREBRNRO—
EErRLELDOTHY, /hEWIEE, —HBEITE,

n d)point — pVoxel 2, n 1
_ ijk i,jk
d= | J Uik ce e e (2)
. pyoxel bl Uj k2
i,jkcv Ljk ijkcv b

n o BRHEESEEVNO A v a5
Upjp o BT ANVREIEIZB T HEERAEN B R DI
(@7t — DY) DY D AN S
@ @TIBELY d NE/NERDLEEXDEETR T 72 F ANO 133Ba SR OB
er, Y 2p) 3, RERTH D,
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EUT A aEHEICIE, PHITS 2.8.8 (EGS®—R) a— R WEFEHLEZ, £, AF
EOZEMEE RGET 5 72012, HURIRZ i U7 (RFEHRIA 2 F52 ORINS 7 7 > b ATkt L
TAFEABHA L, ORINS 77 > b AZET/LL, 1 A »F3)5D LaBrs(Ce)f g
TECx LT, lRABSSEH 7 7 > F ANORERZRD T, RE L7RFK AT 133Ba i
FRIFZ 40 A L 356 keV 1253 2 5 4 FEBRAYIZFEG L 72, —/ T, ORINS 7 7
b AT LT, ARSI CREGH R A BHGHI L, W& 2 e LT, EROBRF42 X4 —
2 — 410, BONTEEEEEAL— 2 — 1ITFRT, MEOEBILI8UTHY . RENED
PN T L2 Z &, KRFEOZRYMEEZRGET 5 Z LB TE 2,

(2) EEEORE (#KIE)

KRBT 7 P AEHRIE=Z OMAGDOEIIH LT, REAMELFEIZED
Kdtz, B LR 7 w7 7 o b ARG CTEBGIE LGSR & REANLE O SR
RN BHE LG R A L 2 A, ZTOEIT5%UNTH Y | WENRRADEE
ENTVDHIENHERTE (F4—2—-2K0FK4L—2—-3), Kz, fGEH7 7> b
LNOWRGE LT ARERALEIC 133Ba SRR Z A L CLafE L 72 FRR IR = 2 OIS E 2 J1E
L. TIZI0BRFHIEEZHNTBIL O 364 keV KT T DRI EEFTM LT (X4 —
2—5), RERAMEL LB, BEMICRVGONTEEDFELRL -2 -2 KK 4 — 2
— 3ITRT,

(3) M FERACHBE DA

R ORI R & | RN & 2 B AR JI0F 8 BB R 1 1B AR 2 i
NORBRNTHELNTIZ ARy 7 7T 0 RAXT MUVERWT, Ny 7 770 RN 7
VORI T 181 O FERBUEE A RE L7 (4 —2—4), B FRENET (1) K
AV, BERRIT 150 0 L LCTHRI Lz, S 51T, B L7 FIRESEEN S | BT
PR F R AR AR 2 54 L 7=, MR ERIC B W TIE LS L b, M a £ 4 —
2 — 5T, £72., 364keV OIFEE— 7 OFHIZ OV T, 150 B ORIE TE OFFHEE
D 10%LL T & 72 2 Fd e R VIR IR SR AR & 2 5 L 72/ SR A3 4 — 2 — 4 ROk 4 — 2
—5ITRT, ZOMRED . 10mSv LUT O FRIREAL#R & OFGA FTRE Tdh 2 Z & 23 h
STz, 72E, 10% &\ D FEEHEEE X, HURAREIARR O A ZE0m RS O E T L 5 R
N E & RTINS,

THUCEY SRR EE ST 7 VLT 7o N B AR UTe, f8E D IERE 7 FUIR R
=X O IENAREIC IR 5 7=,
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4. 2. 3 FHEERONHED S OFHM

AT TR LITRIEFEZ AV D 2 & T, G 2R R & Pk U 72 AR HERY 70 Bl ~
7 ¥ b DITHEDS W FRRE = 7 O ERIENATREIZ 2 o 72, LN L72R3 6 RHEGHERIC
e MET & B 2 b FHRIMATEC HUR IR AT E 2l orER], £ L0 2E
Bndo Z EBMER STV D W12, £ P O FHRIRLE & HFRIRE = 2 OLE§
TS K> THEHEGIERNPZENT D, BN CAThyMARA 72y =7 b BIZEBWTH, HUR
RN RS LT M 3 O B OJEICR T 2 N SPRAT. BERFOWNETH->TH
HONZ LTINS, EBEL TS, €I T, ZhDLORBZFEMICIHE L, S
ZRHl (WETHIUT, MEHFEOHRFbEDT) LT ZLFEETH D,

(1) AKX 2 A1 S G

FARIIAR S ONLEIZ X D FHERN RO AN S i T 5720, R K787 7
¥ N BITKET D HRIRE = Z ORI R A RN L 7z, S W7 7 o b A KIE
IZHW ICRP-AM & IR HNRIRIZ IR 72 EDN BRI HFIHADO NN 7 BV T 7 b b %
BATE (R4—2—6BH), £4—2—61T1F. FRETED BAANBMELE S RFIC
RLTED, ZThoD7 7 FARET, IR ARN IO N—L TN EEZ bND, il
BOIEFHREIL, T T hna— R PHITS 2.8.8 (EGS £—F) v, £R7 L7
7 ¥ R AOBRIRNICHE — 55340 L7z B 255 D 364 keV Yok L TIT o7, RHEEHRD
oG SHE R I RS R I O 25 em ICEE L (M4 —2—6 K OK4 —2—7),
NRMFREE=2 (2 20 LaBrs(Ce)fii#mZ WNEl) 12k LT, ICRP-AM OFHE#H T
B b Ll R 787 7 o D AOFHEGIREZK 4 — 2 — 818 Lz, RIEIFRERIEE
HWT ICRP-AM 7 7 > R AZHESWTITON DS DT, BRENPKE < FURIRATHRE 2
VY Otoko 7 7 & b LD X 9 7e it 2 WE L2 5813, FRIRARN OFRE 1811 B REZ 17 %
W/ NGHET 5, —J5 T, JF-103 O L H IRV S < FURBRATHLARIE 23 i 2 J0E
L72aid, 24 %G RE 2 K5 b o0, #/ GRKR) FHIOREE L 25 %
W EDZEBHLN Tz, o, 2D ORERIE, FURIROIAIR K 0 & FURARATHLAR
JEDRFHECNRICR & B L TV DM R B 7z,

Z 2T, HURBRATHEARE & ORI FE DS S BRI R TE 2 BB R 5 72
(12, ICRP-AM & OZEBRNR K TH 72 JF-103 7 7 > b LE& I, FIRIRATARE K OH
WA A WA Lo 7 BT 7 o P ARERER LT (M4 — 2 —9), FARIRATHELREIC
DNTIE, 22 05 52 5% ETO HARABRACK LT, FEMEBA T 55511 mm, BT
3.970.8mm & WO WENH D 12, 1o T, FRIRAHEHREZ 1.8 mm (oo JF-103 7 7
¥ b AOFRIERTFAE) 205 11.8 mm £ TE LS ENIET A Th L EE2bND, B
JRIRFEIZ, BARANT 14.3~19.2 g L OWMENH D03 19, 5 EREERFAEICS O R
R BHEE L7 FURIRMATE O FRRIZ, 18, 19 OFMEE T cmd TH o772 1, 6.4

_25_



ecm3 75 19.7 cm3 £ TCE(LSH7 God JF-108 7 7 > b AlX 16.0 cm3),

Flo, FIRBMATRITIFR L & I RELS BT 270, NEAFRBE=Y ORIEDK L
72% CHILD 7 7 > b & (7TrEMR. 4.7 cm3) OFRARAFEZE 1.1 cm3 225 13.0 cm3 £ TE
b &7 (18 5 IR R REH A 12 255 < STk WIZ B W T, 3 i~ 17 ik £ COERMBEIZH L,
FRIAREITR 1 em3 206 15 em3 £ TOWERH ), Fo, FRRAHEEEIC OV TS,
1.5 mm (Jo® CHILD 7 7 & b A O HRMEATGEARE) 725 5.6 mm £ A ¥, AR
IZOoWTiE, BABY 77> A (0% (% 81H) . 1.1cm3) OHURIRAFEZ 0.7 cm3 2>
5 3.0cm3 £ TS, Zhud, BERSHR W TR S 72 05k ~2 sk OFE#EHED HUR A
HORTH D,

INBDT 72 b AT HARARRERE =& 0 1811 725 0 364 keV YT DN R
AEBEFME L (M4—2—100n56K4—2—14), #REOFRIENEBEDD L
DR SINLE L T DI OWTHTBRFIIAHTH 2720, AFREE =% 2 W2 lliE
X, SEESH L OSEERE E 2 DR HER R £ TORHE (2.5ecm) 2 —EICLTITH 2L LT
Wb, ZDT2s, FURIHERRE QI BRI — B HERE OB R E < 220 | §H&
NRITD T 5, 7272 L, AEERE U #HN TOF RO L, AR T 24 %,
INEITC 23 %ITR E > T, Fio, FRIMEREIC L 228 idvh & <0 BIEEIE T AL
HKHT 5 %L, /NEHT 3 %UNTH -7,

PUEDZ Lnd | RRRBZIRS FR IR ATHLARE O AT L 2 N S1E, B4 25 %fE
ETH D, BKIND CAThyMARA v =7 b B2 K5 & S — M HEREERES TV (<5
em) A, KIEA 7 7 > b ACRKT 2 RN S1220-30 %785 & LTRY . RKFREE
=X T L7 AN S ORE SITFRTE D LA D,

(2) (PLEFHIIC X DD S

PR 2 9FEFEFEICLY . METNOEELZITOL < 0D X ) ITHRHELE & R E L
7o E72. PIERFOPME OG22 SFFEE T HIERAIC L - T LERE DN L& RIAAT
WD LU S| #RE O RRLE S EMRICIIAA R 2 & BIER ORI FIZ L > T
RIERHZEE L7V A A MY R TLES AIREERSZ X2 DD, 22T, KFHEFET
(X, BRI D OB AR S B O THRE L7z FRIRE = Z Bl okt L, A3 0c X 2 31500
KO E T T A EEIC L EHE L7,

X4 —2—15Z2773 k912, ICRP-AM, CHILD, BABY OZ Ikt LT, $hiE)y
W], ZEA 7 1A, R G AN HRIRE = % 2 BB S, 2 X D3RO L b 2 3l L 7=,
WREXA4—2—-1605K4—2— 1 8IRT, SAEFHEICE L ik, s ROE I
13%LINT, EAFFIZHONTIE, EHIT/NEL A%LUNTH > 72, ARSI L T,
+5 mm OZALFEPHN TIX, =20 %A E > TV 5,

BRI CAThyMARA 7' ¥ 7 bl 18, SHH — i N R FEEREAY 10 cm o FUIRIRE =
ZTiE, 5 mm OFTNNEL0 D RHENS DRI/ D EWEIN TS, RE=XIE,
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SEES— R 2R EIEEREZ 2.56em THIET 2 Z & 2MEL TR, /o, EHEEHREICEY
ARG ONE TN OREITNSNEBXONL I E2BRT DL, FRTE D NHENS
DEHANTHD LWV Z D,
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4. 2. 4 RuZ 7T NEEBROREMIEEDRF

FREZOE Ny 7 7700 REEEORE FIZBWT, % L FRRE =2 lEdw
T 256, BRE OFIRIRSELE S D ERICIEER 2\ 2, 181 B ik S
% 364 keV y HRCOWT, #IE O FLRIRD B D5 & IR EL ) b O %5 % 5] L CH
ET D2 ERFHENICRAEETH D, 2O, FUREED D OXF5 0% BIEHIE LT,
Ny 7790 RELTELSIWTHIET2HENRD D, L, EBEORIERIZIEZ, FIR
JRE =X JERR O EEICHERE DB DRI D700, FLEREED D O v BUTK L TR
DYEERR—E ORI REFFOZ L1 D, FIRRE=ZREHRDO LTI HERE L
TRy 7 770 RHIEDTZDOREZFEMT 5 & HRE IS X2 EMIRENZE S
NI 725020, Ny 7770 RORBERMKMETHZ LR e L THIRR
EAMRR 2 NG 9 5 2 & 1T D, IEMER FURIR AT = O RIE « FHM D 7 012 1%, #ekk
FOSEEIN L DWW R EBE LI= Ny 7 7T 7 RSO B IEE OB SN LHE &
75,

FIT BET L NAERAWEELCTIAB Y ab— g VEMEIC LY BRE D
SEESIC X DR R A BB L GRS NNy 7 7T 7y RIEHROFREEZ 2 1L Z LN T
X DMIEEE BT LT,

F9, P ORI R Z TGS D72 DIZEET 7 > o FUR. ANESUTER A B M) &
HFORIRE = 2 MIE SR OBERE A ML B DR T3 RERR 2 ERR L, 25000 AT 181 )
5Oy BIRE SN GE ORHEROINE (364keV y MONE Y — 7 §H55) ZiHf L. #%
B B OB g8 BRI S 2 WS B OIS & D 2RI Lz, I LZFHRAREX 4 —
2—19KUK4—2—20IZ7R7, FHHEIZITPHITS3.02 2— K% EGS £— RCEA L
7o BILFRRIE, FARIRE = 2 RIESR O H#R 2 D & L7288 40cm DO ERBR I IZFRE L
Tz 72k, FEZFEEZ M LS D OICERBEO NG R O F y BN &4 5 S TR
HEIT>T,

eAm K O i FH SRR 0D 1 57 A3 72 WG DI RE T 2 T DUV TR L 72/ R %
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{+$%1 : 5th Asian and Oceanic IRPA Congress on Radiation Protection (AOCRP-5)%& X &}

Characteristics of Spectrometer and Shield for Portable Thyroid Dose
Monitoring System in High Dose Rate Environment

Yoshihiko Tanimura?, Sho Nishino?, Hiroshi Yoshitomi?, Masa Takahashi!
1 Japan Atomic Energy Agency, 2-4 Shirakata-Shirane, Tokai, Ibaraki, 319-1195, Japan

A portable thyroid dose monitoring system consisting of spectrometers and a shield has been
developed in order to assess the equivalent dose to the thyroid for workers and members of the public
in a high dose rate environment at an early stage after a nuclear accident. The LaBrs(Ce), Srlz(Eu)
scintillation and CdZnTe semiconductor detectors were selected as the spectrometers of the system in
the view point of the energy resolution, sensitive volume, which affects the detection efficiency of the
detector, and ease of handling such as non-cooling requirements. The material and thickness of the
shield were optimized by the calculation and experiment. As the size of the shield is limited on upper
and lower sides of the throat especially for small children, tungsten heavy alloy, whose large stopping
power can achieve a downsize of the shield, was selected as a shielding material of these two sides.
Lead was employed as the material for the other part. Their characteristics in a high dose rate
environment were studied in the photon calibration fields at the Facility of Radiation Standards of the
Japan Atomic Energy Agency. We confirmed that the spectrometers with the shield have enough high
energy resolutions and efficiencies to assess the thyroid equivalent dose in a high dose rate
environment. In this presentation, the performance test of the spectrometers and the shielding
materials will be introduced.
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Characteristics of Spectrometer and Shield for Portable Thyroid
Dose Monitoring System in High Dose Rate Environment

@ Yoshihiko TANIMURA , Sho NISHINO, Hiroshi YOSHITOMI and Masa TAKAHASHI

A b s t ra ct Nuclear Safety Research Centre, Japan Atomic Energy Agency, 2-4, Shirakata, Tokai, Naka, IBARAKI 319-1195, Japan

A portable thyroid dose monitoring system consisting of a couple of spectrometers and a shield has been developed in order to assess the equivalent dose to
the thyroid for workers and members of the public at an early stage after a nuclear accident. Characteristics of the spectrometer and shielding materials were
evaluated using 356 keV photons from a "3Ba source to mimic 364 keV photons from 131,

« Enough high energy resolution and detection efficiency are required. > The LaBr;(Ce) and Srl,(Eu) scintillation and CdZnTe detectors were selected

» Ashield is necessary in a high dose rate environment. > Ashield consisting of tungsten heavy alloy and lead was designed.

Characteristics of spectrometers

Energy resolution and responses of E
the spectrometers were evaluated| |
using 356 keV photons from a '¥°Ba
source.

Requirement for the monitor
Measurement time: 150 s
Assessable thyroid eq. dose: 10mSv
Count error : <5 %

iCd‘ZnTe ‘ 356‘kev ]

gl |~ LaBr,(Ce)
Sl (Eu)

m Adult
B Child

Count / channel

J

f

N ® o

, CdZnTe % 2 v; ,/ \ - mBaby
‘\ detector oL ‘ s S
I 200 250 300 350 400 2
Pulse height [keV] 2]
&,
Detector CdznTe LaBry(Ce) Srl,(Eu) 1 I III .I
Dimensions 1.5%1.5x0.75cm® 2.54%2.54x2.54 cm? 2.54 x2.54 x2.54 cm? © mes . S
ZnTe detector LaBr3(Ce; ri2(Eu
Effectlve Volume 1 5 Cm3 16 Cm3 16 Cm3 scintillator scintillator
: Count error (10) when a couple of the
Energy resolution @ 356 keV 2.8% 5.3% 5.5% spectrometers detect photons from the %I
d to 10 mSv thyroid equivalent dose.
Response @356 keV 039 sz 1 9 sz 25 Cm2 '?::respon 0time isTSO\; an!zganc(:ag::?ei:surfiseem
center of the spectrometer is 2.5 cm.
« CdznTe  Energy resolution: quite high, Detection efficiency: enough high to assess the dose only for adult

* LaBrs(Ce) Energy resolution: relatively high, Detection efficiency: enough high to assess the dose for all public members

Characteristics of shielding materials

Shielding material
i CdZnTe detector 10°

Attenuation rates of 356 keV photons was evaluated for
a few shielding materials by the calculations using
PHITS code and the experiments using a "®Ba source.

T T
Exp. Calc.
o

Pb
o —— W heavy alloy
——Sus 4

Attenuation rate
3

Pb W heavy
alloy
: 10°
: Atomic 82 ~74
J number
Tungsten(W) h Il - L : . . -
ungsten(W) heavy alloy Density 134 1774 ; 10 h : 5 s , S
(g/cm3) : : ) Thickness [cm]

+ Tungsten (W) heavy alloy can effectively shield photons
« Attenuation rate of 10 can be achieved by using 2.5-cm tungsten heavy alloy and 3 cm lead.

Shield design Summary
-
\srecroneirfl S

Energy resolution and detection efficiency of the
LaBr,(Ce), Srl(Eu) and CdZnTe spectrometer were
characterized by using a "¥3Ba source.

+ Though the CdZnTe is applicable to assess dose only for
adult, the LaBr,(Ce) is applicable to assess the dose for
all public members.

+ Performance test of W heavy alloy and Pb shields were
examined by experiments using a 13°Ba source and

Schematic drawing of the designed monitor ~ Measurement setup of the thyroid monitor Monte Carlo calculations.

> Optimum thickness: 2.5 cm for W heavy alloy
* Using a couple of spectrometers and 3 cm for Pb
= increase the detection efficiency and decrease the effect of misalignment + Portable thyroid dose monitor consisting with a couple of

« Aperture size was determined to be 5 cm height spectrometers and a shield was designed.
> considering the typical thyroid height

+ Shield size (27 cm(L) x 8 cm(W) x 7 cm(H)) and total weight (about 16 kg) has been
decreased by the combination of W heavy alloy and Pb shields. Acknowledgements
= easily set up on common desks

This study was supported by Grant from the Nuclear Regulation
Authority, Japan



A new method to evaluate radioiodine activity in thyroid by the gamma
spectroscopy measurements using a simplified physical phantom
incorporated with numerical simulations

Hiroshi YOSHITOMI?, Sho NISHINO?, Masa TAKAHASHI?, Yoshihiko TANIMURA!
1 Japan Atomic Energy Agency

A new portable thyroid monitoring system equipped with gamma spectrometers has been developed
in our project. To evaluate radioiodine activity in thyroid, it should be properly calibrated. The
calibration of a thyroid monitor has been widely performed using a neck phantom with a thyroid
shaped volume source. However, they cannot reflect the anatomical feature of the thyroid and its
surroundings in detail, because their shape, dimension and location can be varied depending on the
age and sex of the monitored subject. For the precise assessment of radioiodine activity in thyroid, the
difference of the counting efficiency between the calibration and the measurements of the wide variety
of the subjects should be corrected. However, it is not practical to manufacture various volume sources
reflecting anatomical feature precisely.

To solve this problem, we have developed a novel method to evaluate radioiodine activity in thyroid
precisely by the measurements using a simplified physical phantom in conjunction with numerical
simulations. The primary photon fluences around the neck were firstly evaluated by Monte Carlo
calculations using mathematical phantoms reflecting anatomical feature around the thyroid. Secondly,
the combinations of an acrylic phantom with 133Ba point sources were selected by calculations so as to
provide the equivalent photon fluence varying the phantom size and the source location. By applying
the corresponding physical phantom for the test of the thyroid monitor, the same counting efficiency
as measured in the realistic situation was obtained.
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A New method to evaluate radioiodine activity in thyroid by
the spectroscopy measurements using a simplified phantom
incorporated with simulation

@

Hiroshi YOSHITOMI, Sho NISHINO, Masa TAKAHASHI and Yoshihiko TANIMURA

Department of Radiation Protection, Nuclear Science Research Institute, Japan Atomic Energy Auency, 2-4, Shirakata, Tokai, Naka, IBRRRKI 319-1195, Japan

E-mail: yoshitomihiroshi@jaea.go.ip

Motivation

Proposed thyroid monitoring system \

Conventional method for calibration \

2 spectrometers

Shielding to reduce
background photons
:> See Poster PP. 27

» Large sets of systems would be deployed
for nuclear emergency.

Neck phantom

Problems

- Different size of volume sources corresponding
to the age group would be required.

+ Radioactive standard solutions are required for
the preparation of volume sources in some
cases.

- Geometrical differences between calibration
and measurements of the monitored subjects

@ & |

volume sources

= All systems must be properly calibrated in order to
evaluate radioiodine activity in thyroid.

New method for calibration

> Simple and reliable calibration method is required

Simplified phantom including a point source at a “representative position”

Voxel phantom
to simulate anatomical feature of thyroid
gland in detail

Simplified phantom
including a point source

npoint(xr: yr’ Zr)

The counting efficiency of the detectors
for 356 keV photons from the point source

n voxel

The counting efficiency of the detectors
for 365 keV photons from thyroid grand

@ Monte Carlo calculations were performed to find a
‘representative position” (x, 3 z.) of the point source
so0 as to have the same fluence over the detector volume

Monte Carlo Code: PHITS 2.8.8 (EGS mode)
Voxel phantom:  GSF voxel phantom (BABYNEW, CHILD)
ICRP reference phantom (Adult male, Adult female)

JL
(@ Measurement using a simplified physical phantom
including a point source at the “representative position”

Detector: 1in® LaBr,(Ce)

133Ba point source

(D Method to find a representative position ‘

For all the positions of the point source (x,y,z) ,
following & were calculated over the detector volume V/

n point |
i | 3 [(E e, k/Z
] N (=% oo ) iju’
)

he detector volume V
fluence at each point
drepresents the dvffefeﬂce between voxel modef and simpte phantom model.
The representative position (¥, ¥y, z;) is a point
at which is minimized.

Simplified phantom

Voxel phantom

Source position
(x.y,2)

@ Simplified phantom \

3 acrylic cylinder phantoms corresponding to the age group

Ahole to insert a source

.
Baby Chlld AdU |t An example of t_he child phantom
6cmdx2.0cm 105cmdx89cm 13 omd X 12.0cm eeting e poin source
@) Validation

This method was applied to the calibration using the ORINS phantom including a volume source
which has been widely used for the calibration of a thyroid monitor.

133Ba point source at the representative
position corresponding to the ORINS
phantom

ORINS phantom

Counting efficiencies for LaBr,(Ce) detectors

Representative
point method

0.18+0.01

(k=1)

Direct measurement
using the ORINS phantom

0.19+0.04

Counting efficiency
(cpm/photons/s)

LaBrs(e) detector

The two values are comparable within uncertainty (s % difference)

Results

Summary

The representative positions of proposed detector arrangement for each voxel model

Baby Child Adult male Adult female = A novel calibration method for the thyroid monitor was proposed.
e T . s m.E = Only an acrylic phantom including a sealed point source is
oo /”“\ﬁ e ﬁ.: g sufficient for the calibration rggar@less of the age group.
] 1 MW * This method enables the calibration based on the voxel model
o {—/ \—} 5 which mimics the measuremgnts: of the monitored subjegts.
Smplfiedphantom 8 B CH  E =) = * Large sets of proposed monitoring system could be easily
vith the distibution ofthe d value but precisely calibrated using this method.
— | Moot Acknowledgements
atthe regelilaﬂvf position 0.030 0.043 0.050 0.055 This study was supported by Grant from the Nuclear Regulation Authority, Japan
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Conceptual Design of Thyroid Dose Monitoring System using Gamma-ray
Spectrometers

Sho Nishino?, Hiroshi Yoshitomi?, Yoshihiko Tanimura?, Masa Takahashi!
1 Japan Atomic Energy Agency (JAEA)

Abstract (less than 400 words)

In the situation of a severe nuclear accident, a large amount of radionuclides could be
released into the environment, and cause internal exposure of residents and workers. In order
to estimate thyroid equivalent dose that largely contributes to the total internal dose,
individual monitoring based on the radioiodine measurement in thyroid gland should be
started immediately after the accident because half-lives of radioiodines are short (8.02 days
for 1311). In-vivo measurement method using thyroid dose monitor is generally used for
determination of radioiodine activity in thyroid. However, the most of currently-used thyroid
monitors includes large radiation shields and is not supposed to be used at evacuation centers
or emergency command posts in the radiologically affected area. Consequently, early
measurements for a lot of people are significantly difficult.

Here, we propose conceptual design of the portable thyroid dose monitoring system that
satisfies the following requirements; (1) a few mSv in thyroid equivalent dose is measurable
under a highly-dosed environment around several 10 pSv/h. (2) portable enough to install into
the each evacuation center and command post in the affected area. (3) easy to measure even
for small children or people who need special care. The portable thyroid monitor consists of
two gamma-ray spectrometers embedded into well-type radiation shields. The distance
between two detectors is variable to fit physical size of the thyroid which depends on subject’s
age. The radiation shield consists of lead(Pb) and partially tungsten(W), and has an aperture
only for upward. The adoption of tungsten allows to downsize the monitor so as to be
applicable to small child’s throat. The subject sitting on a chair puts their throat on the
thyroid monitor from upside, and the radioactivity in thyroid is measured based on spectral
analysis of gamma-ray energy.

The performance tests of CdZnTe detector (1500 mm?), LaBrs;Ce and Srlx;Eu scintillation
detectors (1 inch3), which are candidates of spectrometer, were performed in the photon reference field at
the Facility of Radiation Standards of the Japan Atomic Energy Agency. We confirmed that detectors show
high energy resolution in the room temperature, and have enough detection capability even in
the high-dose-rate field, by using an appropriate radiation shield. In this presentation, we introduce the
detailed design of the monitor and give discussion on applicability of each detector to the thyroid
dose monitor.



@ Conceptual Design of Thyroid Dose Monitoring

e System using Gamma-ray spectrometers

S - Sho Nishino! (nishino.sho@jaea.go.jp), Hiroshi Yoshitomi?, Yoshihiko Tanimura®, Masa Takahashi?

1Department of Radiation Protection, Nuclear Science Research Institute, Japan Atomic Energy Agency (JAEA)
n L]
=Thyroid Dose Monitor

Thyroid dose monitoring for a large number of people should be performed
immediately after severe nuclear accident.

Schematic drawing of the thyroid monitor

two spectrometers |

Proposed monitor

Conventional monitors

portable and can be installed easily to
-fixed at laboratory evacuation centers and incident command post
*large radiation shields -available under a high dose rate condition
*reliable estimation based on spectral information

Pb Tungsten(W) heavy alloy

Requirement for proposed thyroid monitor lodine-in-thyroid measurement using the monitor

| Requirement Notes Y

Minimum assessable
. <10 mSv when measured 3-5 days after intake
thyroid dose

Acceptable background evacuation centers, command posts
several tenth uSv/h . o
dose rate in the radiologically affected area.

< 5 minutes / subject  >150 subjects / day/1system
. . operational with connecting to a laptop PC
Power supply supplied via USB cable or a mobile battery

=Experiments & Results

i | thyroid dose monitor

1333 356keV spectrum Evaluation of counting efficiency
Spectrometers to be tested  (instead of % 365keV)
- Fluence rate [s?ecm?/Bg]at detector position
CdZnTe: 1.5cm3 LaBr3(Ce): 16cm3 ¢ ROl, ) ) [sem?/Baq] p.
. .8 S is obtained by Monte-Calro calculation.
S 5  356keV y
S 4 | absorption peak A % Detector arraignment is optimized so as to minimize an
g 3 ~ influence of uncertainty due to positional displacement
§ 2 divided by detector sensitivity [cm?] given
z1 in experiment (see left).
AE/E 2.8% 0 P (see left)
- 230 330 430 = y- i ici -1
sensitivity  0.39 cm? pulse hooht [keV] €. counting efficiency [s/Bq]

Minimum Assessable thyroid equivalent dose; Hy,, i Rough estimation of BG counts

ke (=1.65) ghves 55% confidence level ne: number of continuous-BG counts within

t: measurement time [s] evaluation area of 356 keV (RO|356).
£.: counting efficiency [s/Bq]

k CF,
chy,min = E (k + 21, zno) . ;,hy

The gamma-ray reference field (37Cs) in FRS/JAEA was

ny: BG counts within ROl ;54 R . .
used to simulate a high dose rate condition.

CF,,: thyroid dose conversion factor [mSv/Bg]

F: retention fraction at the date of measurment No given with the detector shielded by wW heavy aIon

. . t % i
Hipy,min@s @ function of measurement time [s] and BG dose rate [mSv/h] 2.5 cm' * was examined.
(% optimized so as to be; thyroid =1 36skevrate >> BG 13 365kev rate )

3 10

% 9 CdZnTe \—aBr3 137Cs 662 keV (corresponding to 80 pSv/h) irradiated
10

é 8 Gamma-ray irradiato kol

T 7 nths) - - 356

e 3-mo -

1 6 \ Ba‘o\[ ( L on ! -,

£ . 77 L ]

] 5 N ©

= rs) e

i B child (582 S

u c

g 3 . § 0.1

< 2 =

g 1 = = /)%Om SO, Ad\,\\t = CdznTe with

£ - = ) . . e /h\ W heavy alloy 2.5cm

c - te \\15\’/ Cp ST ate WSV 0.01

§ 0 BG d0s® e % 8G dose ! 0 200 600 800

400
Pulse height [keV]

=Summary

Performance requirements can be satisfied by using CdZnTe or LaBr; detectors with W heavy alloy shield.

*For adult-radiation workers at a incident command post : — CdZnTe l
High BG dose rate, small-number of subjects, various kinds of radionuclides (higher energy resolution)

*For members of public at evacuation centers : LaBr; l
Low BG dose rate, large-number of subjects, necessity of short-time measurement (higher counting efficiency)

This work is supported by Grant from Nuclear Regulation Authority, JAPAN
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Conceptual Design of a Portable
Thyroid Dose Monitoring System Using
Gamma-ray Spectrometers

(@) Japan Atomic Energy Agency

Y. Tanimura, S. Nishino, H. Yoshitomi
and M. Takahashi

The 4" ARADOS Annual Meeting 17-19 Oct 2018 (Seoul)

Background @

Internal dose assessment in the nuclear accident at Fukushima
Daiichi Nuclear Power Plant(FDNPP)

Nuclide | Evaluand Method Feature and problems
Radio- | Many public WBC -Relatively rapid and accurate
Cs and workers measurement is available
Radio- | Limited public | -Dosemeter -Rapid measurement is required
lodine and worker -WBC due to short half live of radio-
-Guess from I/Cs lodine
ratio, Airborne -measurement using dosemeter
lodine conc. etc. has many difficulty under high
dose rate environment

Rapid internal dosimetry procedure for lodine is required

» We started to develop the portable thyroid dose monitoring system using
gamma-ray spectrometers from Aug 2017 to Mar 2020 as the Radiation
Safety Research Program of Nuclear Regulation Authority in Japan.
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Objectives @

A portable thyroid dose monitoring system using photon
spectrometers has been developed for the rapid and
accurate assessment of the thyroid dose for workers and
public at an early stage after a nuclear accident. The
system has been designed in consideration of using in
evacuation centers or incident command posts.
Following subjects have been studied
(1) Development of the thyroid monitor

Selecting suitable spectrometers and designing photon

shields in consideration of high dose rate environment
(2) Development of calibration method

Developing the calibration method to determine the

lodine activity using a simplified phantom and voxel
phantoms

The 4" ARADOS Annual Meeting 17-19 Oct 2018 (Seoul)

Performance target of the system @

Subject Target Remarks
B(S ;.)s:rslei’rrrliatt)e A few tens of uSv/h
Measurement time Within 5 min./body
Assessable number More than 150 body/day Using one system
Lower limit of 10 mSv (Thyroid) Measuremgnt on .3 to5
assessment days after inhalation

Operation available for a few
Power supply hours using a Laptop PC
without AC power
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(1) Development of the thyroid monitor

The 4% ARADOS Annual Meeting 17-19 Oct 2018 (Seoul)

Characteristics of spectrometers @
—— '
Semiconductor Scintillator
CdZnTe LaBr;(Ce) Srl,(Eu)
Atomic
48/30/52 57/35 38/53
Number

Dimensions 1.5x1.5%0.75 cm3 2.54 x2.54 x 2.54 cm3 2.54 x2.54 x2.54 cm3

Effective
1.5cmd 16cm3 16 cm3
volume

RITEC pspec1500 LaBry(Ce)  PMT

Energy resolution and responses of the spectrometers were
evaluated using 356 keV photons from a 133Ba source. @




Following characteristics were evaluated
using 356 keV photons from a '33Ba
source (which mimic the 365 keV
photons from 131]) ;
» Energy resolution AE/E (FWHM)
» Photon sensitivity R

AE/E R 4

CdZnTe| 2.8% 0.39cm? °
LaBr; | 53%  1.9cm? ’
Srl, | 55%  2.5cm? )

Energy resolution AE/E
CdZnTe: quite high
LaBrj;: relatively high

Counts / channel

Energy resolution and sensitivity

The 4% ARADOS Annual Meeting 17-19 Oct 2018 (Seoul)

= R

_ CdZnTe

" detector
T e

CdZnTe
LaBr,
Srl,

356keV peak

230

280 330 380
Pulse height [keV]

A0

Selection of the spectrometer

—
Requirement for the monitor

* Measurement time : 150s ( 5 min. including exchange time)

» Assessable thyroid eq. dose : 10mSv
Count error : <5%

9 W Adult
8 M Child
7 H Baby
g 6
§ 5
T 4
€
S 3
o
o2
: I III III
0
CdZnTe detector LaBr3(Ce) Srl2(Eu)
scintillator scintillator

Count error (10) when a couple of the
spectrometers detect photons from the 31

correspond to 10 mSv thyroid eq. dose.
Meas. time: 150s, spectrometer center : 2.5 cm from neck surface

The 4" ARADOS Annual Meeting 17-19 Oct 2018 (Seoul)

CdZnTe spectrometer
Enough high sensitivity
assess the dose only for adult
» Applicable to workers

to

LaBr3(Ce) spectrometer

Enough high sensitivity to
assess the dose for not only
adult but also child and baby
Energy resolution: higher than
Srl(Eu) spectrometer

» Applicable to public members

@
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Characteristics of shielding materials (@)

Lead W heavy alloy
Atomic 82 ~74
number
Density  11.34 g/cm3 17.74 g/cm?

Attenuation rates of 356 keV photons
were evaluated for the shielding
materials by the calculations using
PHITS code and the experiments
using a '33Ba source.

The 4% ARADOS Annual Meeting 17-19 Oct 2018 (Seoul)

Characteristics of shielding materials ((@ )
10° IExp. Callc.
o Pb
.3 o —— W heavy alloy
€ o't —— 8uUS
S
§ 107F
C
9
< 107
10™E . . " E
0 1 2 3 4 5

Thickness [cm]

Tungsten (W) heavy alloy can effectively shield photons
Attenuation rate of 10* can be achieved by using 2.5-cm tungsten
heavy alloy and 3 cm lead.

O,
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Designed thyroid monitor @

Upper shields
(W heavy alloy)

Spectrometers

[Pb shield

|W heavy alloy shield]

Pb shield

Measurement setup of
Schematic drawing of the designed monitor the thyroid monitor

Using a couple of spectrometers

=) increase the detection efficiency and decrease the effect of misalignment
Aperture size was determined to be 5 cm height

=) considering the typical thyroid height
Shield size (27 cm(L) x 8 cm(W) X7 cm(H)) and total weight (about 16 kg)
has been decreased by the combination of W heavy alloy and Pb shields.

=) easily set up on common desks

The 4% ARADOS Annual Meeting 17-19 Oct 2018 (Seoul)

@

(2) Development of calibration method
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Simplified neck phantom @)

Three age groups Phantom and source
Baby
Point source
N/ﬁ cm® x2.0cm

Point source

13cmdx 12 cm ‘, o i,
X i
“‘—." = " 3

Acrylic cylinder phantoms with a .
point source

The source position is variable

12

The 4% ARADOS Annual Meeting 17-19 Oct 2018 (Seoul)

New method for calibration using a point source @

Simplified phantom

133Ba point source

Detectors Detectors

Nvoxel = N point(xr» Vr) Zr)

A “representative position” (errZz) of the point source, which
gives the same fluence at the detector, was determined from
Monte Carlo calculations.
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Representative positions (@

The representative positions for baby, child and adults were calculated

Baby Child Adult male Adult female
LaBr,(Ce) . .
m : Cm | Ed o | Thyroid = |
Voxel | — Thyroid ~— ! : T v et
model J & ) o~

& & .

Simplified phantom Cm (= m | mJ (m{E m ==
(d-val. distribution) ﬁ\ ) )

| o : a

min d max :

‘—; Rep. positions
dvalue @ rep. pos. 0.030 0.043

d value represents the difference between voxel
model and simplified phantom model

Differences (d value) are less than 6%

E> The thyroid monitor can be easily calibrated using the simplified
phantom with a '33Ba point source at the representative position.

The 4" ARADOS Annual Meeting 17-19 Oct 2018 (Seoul)

Summary @

———
(1) Development of the thyroid monitor

* Energy resolution and detection efficiency of the LaBr,(Ce), Srl,(Eu)
and CdZnTe spectrometers were characterized by using a *°Ba
source.

e The CdZnTe is applicable to assess dose for workers and the
LaBr,(Ce) is applicable to assess the dose for all public members.

e Performance test of W heavy alloy and Pb shields were examined
by experiments using a '33Ba source and Monte Carlo calculations.

* Portable thyroid dose monitor consisting with a couple of
spectrometers and a shield was designed.

(2)Development of calibration method
* A novel calibration method for the thyroid monitor was proposed by
using the simplified phantoms with a point source at the
representative position.
e Large sets of proposed monitoring system could be easily but
precisely calibrated using this method.
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(4) Fabrication and characteristic test of the prototype monitor
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