U 2RICHTL TEVMUENMREEZ TS 1=
SUFLV—Y 3 URESORE

FHSREAR A A FERE P - YL
SYBLIEs e E R Y s 7/ B BhES
LEE =4

Ak 18 42 H 21 H
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BT keVr BUMeV D 4 #UT DWW THIEAERIL 72 Vi 2 SRS CHIE T 2 Ml dsia s < 2 1y
TOEHME SN S, FHYHEO M B TIE, v Mo ASHMEE 2 KER HET 5 & <.
Ay RRDIRKR ORI ERE R FD 5 Z LA TE, JLEGRC K FIde & FH TR 5 ~ MUieH
ZE2 O BIGORIHIC D7 nd 5, BERO NI TIE. PET REICBWT, ~ o AR E 2 KR
CHIET 5 Z & THMEEDIRGIED 235, ZhiTkY., KV/NEREEROT L2 oMW T
T EHGRISHEO T <,

BUE. MENMREER FFD ~ S22 LU T Si % Ge & FHW /2 kM 28, MeRSRi s o~ F
V=22 v F U= g VIR e 3D 5, — R L 8T E O E MREED
BoNTHED, BRI EZ 00UV, Wy v F LU —v g MBS TIEE ML)
KRR ONTODED, BOIEINMRREEZ 152 OV HEL W, 7 2 TRIFSECITMERS RS > 7L —
5L WEEMT 7 AN—E B EDEY VF U — g IR ILEL | MeV 4O ~ % 5
L EAMRAE - SRR THIET 5 2 L 2ikA Tz, 2 OMILES CIIRRIMIELIRT 7 4 N —
PAUNT IR IAPACTHEAL T, ZhICEVS U FL— ar oz llEL . RlthE ik
ET 5D,

Zlulld LSO(LuySiOs). Nal. YAP(YAIOs) @ 3 DD flifa% vz, LSO IZREED Nal @
5% BEH V., B JRFETFVEG, Nal lZFAERPERE RO P CRb 200, WtE1RH
B 7DD PRHYEEL v, YAP 1T FRERIE Nal @ 40% FEEEIEMRIE AR MV ol gk< |
WREMRT 7 A N—GuAHUICEL T b, 3 DDFERIC OV TOERE HRL 7248, LSO o
BI¥ Nal @ 88%. YAP OYEEIT Nal D 32% TH -7z, 511keV D v FUTK T 5 1 RICALE SR
BEZ FEMEL 7245, LSO Tl 1.2mm. Nal Tl 2.7mm. YAP Tl 1.2mm TH -7z, HEITX
L C Nal DWENRRESEN DL, FRE 7 7 AN — ORI Z [ e oNT Y > 7%
L2, ML S>TLEINS L EX TS, £y Ialb—Yavitkh), vrFL— g
YHDIEMNY L ES e ORNCHIENS 5 2 L & MERL 7z, SlloEE 1 JOTEAS, Ko i
MO RRERT 7 AN=THHANTZ LI LY 2 RITMEMERIITE, HOHREZ > TZ D
VUF U= a il E Rkl . HEMETHAR T 52 & TEN T 3TUCEMKRD TE S
W[ BEME D B,
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1.1 XIS

MoV 4tRoD  $ihop AISHI i % FRFECHIE S 2 MU ST B 4 2 P C oIS RSl S h . L
MU . BUERIMEE SRR B MU % 773 5 ISR Sh C o, AT 7
D &5 OB E HIEL . RS Y F L — 2 BRI T » A R — TR TS o
FU— 22 MIBSROBRE 117 5 72, DT 4 e W o MEEIC S WO 3L . BItED
- B S TR B,

1.2 ~#REMEE DMEFR

o T o O RO OTEERIIT B 2 22T X, AR LY 4 SoT 3L% —
PRI IBE TR MET B, - Me W L DML, JAE . 2> b o 8L 8 PAVER
DIOMETH D,

1.2.1 HEHMR

100keV £ TOTXI)VF —HEIC B TKEIN A BT, S YE P O fUEE I T
INF =" GR . ELH

K.=FE, -1 (1.1)

DI TR )VF — & o TR TOINTHESREN DIETH L, 22T E 1E MO FRIF —,

TFEFORMIINTX —TH 5, ZOEDORTHFRL 4 MO T X IVF — 0 7/2 FE XHAPIL |
JR g0 5 FHAT 5,

1.2.2 avFb UEEL

100keV 2> 58 MeV @ T3 )X — I BTN M AFH T, 20T 2 VF 4o
FUTHTL CE ORI IV — 13 MHTE 20 TCHIEL TWAE L olElE 52 5L, =%
WX — E ol y#ata s 7 b U BEUC & 0. A0 S A 0 ICHELS e D ~ o
THRIVF — B 1F

, E
E = 8l
K 1—1—%(1—0089)

%, a7 UBEUIE AR AN TWAE L oM BT Z ITHAIT 5,

(1.2)



1.3. AR E AR ES 5

Nal BGO GSO LSO YAP
Nal:T1 Bi4G€3012 GngiOg, :Ce LllQSiO5ZC€ YA103 :Ce

B (em) 2.59 1.12 1.38 1.14 2.76
FOCBS (nm) 415 480 440 420 370
Jt& (photon/MeV) | 40000 4800 8000 25000 15000
FOCIRER ER (ns) | 230 300 60/400~600 40 27
JE S 51 75 59 66 36
I (g/cm?) 3.67 7.13 6.71 7.4 5.55

J 4T 1.85 2.15 1.85 1.82 1.95
e i 13 13 13 13

] 1.1: RS EY VTV — F AR,

1.2.3 TBFITER

VDT RNX —DNEFOFIEEED 2 5P Ficke 5 L EZ V6D, B MeV DL Lo T 21 —
WIS BTN A EAEHTH 5. B ERIE T RIVF — & TR O REA % i/ 70
I MR O —H% ST XD JR AT B B, OCKTTHIFE Z 0 2 A 5.

1.3 yRRAIEMREES
1.3.1 B EE

JEHE, RN A 7 ZAZ NS 5 2 & CLZEZIFNILMNY . Z IISHER AR 5 &
B B S, oL —HRICHAPIL 72ERA TN 2 0T, ToEEEHIET 5.
BT BT % A2 DI ETR T2 )VF —h3 Si T 3.76eV. Ge T 2.96eV & /NSNDTRNT X)L
¥ —EE e s, L., EFHETHHRN/NS < BSOS S e, ik
Mgz ko A EHECEHL b o LT, Fer il Sz 2 8 ) o Al TERESE
eV aryah Uy THMIEEPFERIN TS, FANV v I 6o joE L% FHEL TAY
MEZRD L, 2t Uy T OREEAS 50um Db D Tl/NA A ALK AL TR 5um D ALE SR
BEREON TS, RITTIE SR Ge &V U RERFFHFTERO>TNVMEAR I 7 4 (CdTe)-
FIVIALHES I R I 7 e O MIZBIR SN TE Y. LV EW 4 MHIERER FFo 2 2l
fFah b, BUE y MUSHIL T 800um DALENMRAEN RSN TS (1],

1.3.2 Y UFL—Yarvptss

VUF L= RILERE A GO MR TH L, Y UF L FITARY U F L —F L
e v F U —FITRNTE DD, R O F U — 2 O MR FES. BENEODT ~ fkrt2s
ICHL TW5, BV F L —2TlE 1290V F U — 3 kR FESE B DICERT X
NE =D eV &L, FEARIBIRITZY O XVE —REEIE S N R RS - BN
OO T 4 UL TRORIBIERNE O S, ERERERY VT — 2 0dRF %R R 1.1
ICE L ® 5, Nalld 1948 FFICHHFES N CLLR. ZL o THHAINh THWLEY Y F L —FThH
b, HRIBIZNTZD T RXNVF —MREEHEN Z0VERAVNE WL MIEEEL T 5 2 3L



6 H1E FE

V, ERGROTIREDS B IO PReOASEEL v, BGOIXERE., HFESA K& L. Ml
WM EN, SRR ERI Nal L [AFEETH 5. B4R L TEITEMNKE VD TY)
KORWHWELEE E2H0E03H 5, GSO &R, JHFHFNIICKE L MIBAIENEN,
KRB U F U= a3 VIRITHEORRERER DR 5 2 [’ H 5, HORIMNE 60ns F2
JECH Y. BOIKIMNE 400~600ns FEETH 5. BRI IHD 10% BIEFET 5. LSO 1
ENTZHRSER SV F U —F DR NT v ARHRIHA TS, BENREL. PO ET
MREVDOT/NS BRI THOEOMEIENE SN 5, FdOtRERERDY NS OO TR
NMREEV R L, SEHCRIRBE MC b B TE 5, 2L OLED Nal @ 5% FEH V. FEE
MNATNVH ) AEROR IR Go>Tnb, LU, Lud g kBN Ny 2750
ROFEER., LuMESiTH o WO MELH 5. YAPIZJEED Nal D 40% FEH 5, L T
SRR ERAVNS L RN REEN RV, LU PRSI ES <~ MR ¢
KEHREFRE TEHEINS 2 D,

YUF U=y aryRIBBERFO ASMUEREICICHL 2oL LT, 1 2offiE #Iox
MECHr L T, Y F U= a VOB S RS E HHK T b0 L, fiRt ks X
YRMEL Ty v F U= a v R RAETITERD B,

1.4 A A=D VT RITE

FiloilidsZ ICHL T~ #o AJ /52 {ET 2 Bbidsnfre s h, FHEYPEAR R0 5y
FTHusNhTWS,

1.41 AVIFIbUARAS

FHYHZONMIIBNT, ZOZRXNLVE —HIRTEORREZZET T8 7 M A
TTCHDB 2l AT N AATIIEMEOMLITH S, TRIVX— E;,, D 4B AHL TE
S 18 Homiies (BeEUE) Ta v 7 UL EC L THELSh B oz 2 V¥ — B &,
2 G H oM Es (BDUR) TIRIKE N7z 4 MO TR VF — By, W& ECoMMuELZ HIET 5.
TR RFEH & = 3V F —LRFHIC &0 Ay BROBEL 013

Ein = E1+ Es (1.3)

2 2

MeC MeC
cost) =1— + 14
Eo E\ + E5 (1.4)

EROINDDT, AH ~ OBPRA RN KTAA 0 ZF>HEcHIRsh 5, 200t CZ D
I RLER O A BEMRBED IR % RO MBRCHIET 5, #I D v MUC L HHREZER DL Z & T 4 it
DR NEZFET S, HIEXZR 1.11CRT, Ecary T kx5 2 HOTREE
HIF T 5 DM CGRO HIZICHEE SN 72 COMPTEL THh 5, MILZEHROMIREZ X 1.2127R7,
COMPTEL Tl&. HBGURCEKRS > F LV =% v, IIUKICIE Nal Z HTwWb, Ny 77
I RERS T2, BELERD & IRIK £ CoBELDE FORITRI Z A X2 N BIRO SRR
AN T 5, HEURD U E A MRERET 1MeV C 2cm. RIPUAD M EMREET lem TH B, /2, Z
DIV E —AURCITE I & 2 HERR > 7 N U EEL. PR e BrEAREK S oM B AEH
LB Ay 75T RPFEL . MO ROBHIZ TR bh Ty, BIE, Bdlke L
AR 2SS (-TPC) ZH Wz a Y T N 51 A5 DBRMIEA TS [3],



14, A A=Y TR

X 1.1: 227 N Hh AT DORIEN.

X 1.2: COMPTEL OHHUEX, BEURIZEEY » 7L — %, IRIUKICIE Nal 23 b
TWw5,



8 H1E FE

Photomultiplier Tube

X 1.3: PETICHWSNE Y VF U — 3 v RiEs,

1.4.2 PET L8

PET MR E T U 72 B eE FROHASKE C BEER S h 72355000 & Tl S 7= B e 703k
WL TTE ey #E U 7 ROBIBE CIRIEFFHNIC KV #A . SRS S 7o (ViE 2 Ml ds 2 4
St LICHRET 2, ABORGYT — 2 2 WEL . IMEFIKT 5 2 212 & - THREER I\ & 2
AOREMME SR E U THET &,y MOUERIBITIZ S 22 MESH /I fiR & LR TGS
(PMT) A GbEY v F U — a VRIBEREDh TS, BB %X 1.310R7, 420
PMT oiti/jZ hZh A, B,C,D & ¥ 2% L FHRI(X,Y) I1E

(A4 B) - (C+ D) (A+C)— (B+ D)

A+B+C+D ’ A+B+C+D (1.5)

IR VEHEESh S, MRONUEICHL T (X,Y) BNEROIEER T 5 & IR EIiSh T
W5, PET M8 72> v F L — ¥ O e L Tk

o MULIRDT v b & A L% D7 T 5 72 DITHIEKER ERD /NS v,

o MEFIE T T2 7010 4 SIS 2 RIRIERAE D (R PR S - S imn),
BTy T b B SRERE S T4 Ry M ARAER B T A B TH Y. AR
AL ST R (L MREEDS LS 2 B

o (WENMHAE. FFRUNRAE. T %IV — AR LD T2 DIZFIERM L, CHIIK 4 % (6]
FFEHHIC L VX D70, FEIAMHAEN D ETH S5, TR T T~ ULz s
L. MBS A>T 5 ARy M2 HRT 572013V —AREEVP L ETH 5.

BEMH 5B, BUED PET MIZRICIZEIC BGO ® GSOHWH TS, PET MiLZRo(E
NMREEZR ] L& 572013 T A Vv F L — 2 DREESRNEL, DOMEL T 508N D
b, UFV—FOEINTIMEVKICEISGZET LD, HBEV/NSILITERY, Z0DMlE
WERDOY U F U =2 2Tz i b, LPLYYFU—FBELSRbE, VU F—
v oa YA G L HEIC D 5 TIN5 L0 b, ZDODIHEMEL TL T,
KRB DI2 725, ZHITE Y TRV —NRAE - LEMREEICEL R 5, EREEOEE,
MEEHL 728 DIE S D EIWRE LY. ENMEREVE RS, GSOE. BT 5 Ce DIE
FEIC & o CTHOEIRERFERDY 30~60ns & ZALT 2 HHENH V. BES TN s ek R ER o e
HRMEERTY Y F U — a VRRINEBEZ KL . 1B O R & ~ M EAFRHL 72
RS ZFET % DOI(Depth of Interaction) Mtigi~NDJEHREA 5N TS,




1.5. AhsEoHN 9

gamma-ray

Crystal —— 7
3 \— Fiber
Y
o
CH

X 1.4: WEEMT 7 A N —Gu 1L OMEIEE,

1.5 ZhfED BH)

yRRA A=V U ZITICHT & 2 EMEZE. FRSBE keV 2 6 B MeV OHIRD ~ #t% kil
R, EENMREECHIETE 2MILEEZRRT 20RO HNTH 5, BUE A A—
YTICHOABN TS Y Y F L=y g UV RIBZRIEFICHRZ 27 AV MEL T, YU FL—v g
VHMEIIS RN E DAL 217 5T b, 7 AV "I OCEE, (LENMEEETE < 72
LIMXAVERN DR {20 MRS T35, /-, Miligsokvy b7y 7y, L0 NEHCR
5, fimk 7 A2 MET 5 Z & S EWVESMRAEL SO MBI ERIC S h B Fike L
T, YU F U= a Vv ROBEEMRT 7 A=l L 225, fRoRMMWELEET » A
N=% AR, ZF v > XIVOKMILZITRT 7 A= Wil d, B 1.4 1R %2R,
VUF U=V a v ADRERNCES S B 6. RAERUCITNT 7y AN—RELDHEMRA LD
TYUF U=y a v KOMIPEFRNEERETHIEMNTEL, ¥, BV AV METZZ L
BT LT, Y UF U= a YOS FARDES bFETE Hu[REENH 5.
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F2E MLZEEDEBK

ARAFFET O B LR OREIKIC DV TR B,

21 YUFL—4

AT MR ONT, YU FU—Y a v R WEEMT » AN—-TALTZ s, R
MENFEREL Thvd, £2lE LSO. Nal. YAP @ 3 2% HW5, X 2.11C 3 2D DHFE
29, ENS LSO, Nal. YAPTH D, fMimDOKkEZIT 3D b, 40x40x5mm CTH 5, Nal
WIS 20 2B =IZEH EhTna, Y rF LU — g oAl UIdEsEn o 2830
AT, FhEe 77 AN—REETHEHRNVE =2 X 221RF, TDHRVY =TT 7 43—
BWNRDI=DDEREOENT NS, e 77 AN—2[EETLHZ LT, HEFOKRE 77 A
N—=payx 7 MNRizh, XROFRMELEEL L E2T05,

2.2 BREWMD 7 A/13—

WREEWT 7 AN—LIX AL TELZNL . HRAEEITR I T AN—THbH, ZOH
RAENT=HOND NP 2V IRT e T AN—Heib b, HHT 5IKEZEH
Ty AN—1F. FROFART NIV T 7 AN—DIRINAR T MU ED koIl Gby %
WA TZ, LSO & NallZld KURARAY #o Y11. YAP iZiZ KURARAY #lo B2ic k->Tv >~
FU—YarvirmA T, 77 AN—ZEEY 1.2mm Db DR W, 77 A NX=12iF> v
TIN5y R a7l 2 EoOWEM T 2EL i< )VF 275y KRS 5, SMUEREITEN
FL RS> TNTNVF I Ty K OFFWEDORIRNIFEN Ry, Y11, B2Hic~vF 27 5y R %[
Wb, 77 AN=DIRIN - FEHAARTZ MV EF] 2312, FROFRIHEANRT MV E N 2.412RT,
YAP IZFHNEMN 3 DDREDOHFTIRE DR, RAHANRT NV Y v =T TT 7 A N—DIRIX

X 2.1: SEIEHAL 245, £ 56 LSO, Nal. YAP TH 5,



2.2. WREWET v A )N— 11

| e |

0 i

Scintillator-Fiber Holder

X 2.2: fifhe 77 AN—2EET BHRNVE —DOREH,

B-2
a
Emissan

oE

ns -
] o
‘ ar |

- —— . —
J 2 o e 450 0o %0
l az Warrs bnaghth [om]
‘ a4

oe
1
‘ as b

850 100 l

LK)

]

X 2.3: WEEMT 7 A NN—DFRHAXT MV (L), TRIXAXZ RV (),



12 Ho2w Mhds ok

\
I\
AN

0300 350 400 450 500 550 600 650 700
nm

i

X 2.4: HHL ZHERES O F LU —FZOFAEAXT RV, BAYLSO. BA Nal, 28 YAP
DFAANRY MV EFRT, fHiE. ZhZh oMl ToR KFRAREICBT 5
FEE 1L L AT,

AR M GSTWT, T7AN—DFREAANRT MIVBINA TV A Y AETLOER FIERE G-
TW5,

2.3 JmHti2s

HAR IR MR b =7 21l 64 F v > V<V F 7 — R REFAEE (MAPMT)HSS04
EHWS, ZhidEfi~vF7 2 — R EEFGE H7546 DNy r — V% KoK EEATIH A X
NTW5 SciBar MILZEHICEEL 720D TH 5, H7546 DIEARFMEE K 2.1 17, HFHL =
F o Y INVDACE K 251R7T, 7O AK—=ZF0 AR ECETLF v 2V k0 bREET
BF ¥ U RIANDHERRKENZ MNP ST DS 4], Sllid 7 a R s — 7 OFEI RN

Parameter ‘ Description/Value

JEEEIA NATIVAY
TR D B 5 R 300~650nm
B 20%@390nm

7/ =K 8x8(1 F ¥ » R )V 2x2mm)
G max 1000V

7Av 3.0x10°@800V
I D B 5 A 0.6mA PI'F
JHaAN—7 2%

& 2.1: NVF7 ) —RKAEFHGE H7546 OFEAFRE,



2.3. MR 13

57 64

2.5: L7/ — RN O, BYEL TH LB SEIERL 725 % > 2 b,

5 EMHEHT 5 F v > FIVDSBERZL 72 WOECHITC v 72,

2.3.1 mAHLELTILIPOZIR

MAPMT 226D 64 F% > ZINDDY T F IV EGAETZOIC, KK REMTHEHAINh TS
Scibar MiL#RO 7z DICPIFE SN/ VA/TA 7Y YRR =R Z {15 [5]. Zhid MAPMT
D6AF X RNV ST VTP IAEL T1F ¥ RNV T B 7ay "y RulfgCh 5,
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B3E VUFL—U a2 vRIEBE L TORAH
HESHA

BT F U —variiidie L ToiARtEgEE L T St =3 ) ¥ — 2 RAEL Milidi
MY 5, ETETUF L - 3 LR MRTN S EiEA L T SRR FLR O LR
17729, BITWEERT 7 AN=IT L5 H L THRONZARZHIEL . TXNVX —2MiREER
T 5, RICHEERT 7 A N —THA L 7ZFED 511keVry SU KT 2 IR E 3T 5,
LSO g B ZE Z THES MR CEN S TN TS, g & 0 UE Sh 2 Uty
FU— argitigie U TCoMEEHioBD NNy 77570 R Hu[EMNH 5, D720,
F9 LSO 26 B RO P& 1772 5,

3.1 LSOBEMNLD/NyHLTSHUR

LSO ITi& Lu ORI TCR T Lu ¥ & En S, 1Lu o g HEIC LY. KT X VE—T
IMeV @ (3 #tE 308keV,202keV,88keV D ~ #AM it s b, 22T, £9T2D LSO HH»S
OISR EZ HIEL . MeV UKD v FMRE DNy 7759 0 N2k 22N 5,

Ln @ g RIS LV B S 25 1% LSO HETHA. ThicglEfs i sh 5 4 iz
MoOMILZERTHA 5, ShlENal Z WY v F U —2 a VIR T A MEHRR 5, WEDTD
Oy N7y T EF31ITRY, FidZCEFHEGE (PMT) OXERMCHERL Ty rFL—v g
VHRILEREZ KL 72, PMT 2607307 Y7 F)VE ADCICL>TTFIF ML, avEa—
PITEERT S, MIZRO T RIVF —BRIEN 511keVy #ONEY — 7 T8> T 5, LSO H
DT1E Nal S DT TF v A2 ERT LI LT, galERA L. a4V YTV A
DRFIEE 40ns & L 7=,

HERREZ X 3.21C7R9, LSO FCOEFIE IMeV T, REEIHN 4mm TH 5, LSO DKE &
13 40x40x5mm 22D T BHHETHUHL SN2 E B LSO HTILE L ARV N UIFET 5L ERH
N5, fE>T, LSO TRATHBIHKT IMeV DHEHEANR Y " VT 6Ly @ g RIETHIT & %

a decay
[ Y
o
PMT LSO Nal PMT

X 3.1: LSO ICE £ 5 Lu O HEEICED g HHIEIC L 22 ET 270 D
¥y h79v 7, LSO Nal DAV VTV AR ERT LI LT, ZTOMRAN
YhERZ B,



3.2. JeRHIE 15

2500 m 6000 |
2000 5000

JI 1‘|\ 4000 |
1500 r
Jfl IHl 3000 F ’l

1000 | ! r
I I' ‘H\ 2000
500 L |I||
x\ - %fﬁ l
o M o e T
0 200 400 600 800 1000 0 100 200 300 400 500 600
keV keV

X 3.2: (£)LSO THIE SN 7z 1T5Lu @ g FHRIC LV U S 5 gk AT M v,
(£5)Nal THIES N7z g S| S B S 5 y o A7 My,

HFT. Nal THRATWEANY MUE g G E e UM S b yMTH L EA 6N 5,
Nal THA T2 32D =23 ZhZFh 297+28keV,199+19keV,594+5keV ThH o7z, kb T
FNVEX — DN Y O TRV X = LERE L 1352 5, 2 OHHIT N> Ty, o 2 20 4
FROTRNF =T HMEE — BT 52 200 TXNF —RIEDOHBENTIFRWVWE Ex 6N 5, L
ML, ZOTHIXSEDOHEICHEL 221y, Nal THZ 5 AT MVOAIDE — 713 308keV
& 202keV D 20D 4 MEMILL 7oA RV N THHuJREUEN B2 5N 5, PET ML ClE4 |
DODUEL BRI AT Y AN VT —THIEZ 1172 5 DT LSO Z HW=g&k g HiEe . %
MTHIERL AMC KD ALV T U ARy I 7TV R EZ SN D, 511keVy D3RP TE
IRNVEX =K LAY NDOREZREFLETHETYH. 308keV & 202keV2 2D ~ fi% L
TeARY Iy I 750 RIZiR5ulBEERH 5, SlloHEDFHE. LSO 6 ORI
MeV WUICIFEEL . SBROHEDNY 27T RiZihbZ e ®RL 7z, LIrL, Ny 27
SR AR MVEHET B M TELDT, HIEF —XITRE DNy 2757 Kok
A2 eMTENEELFIK 2N TE S, 20O LSBEOAETIXREICR S 20,

3.2 HEAIE
3.2.1 [E#EZFRHAHHL

BRSOV THA TRV Bz IcHEoh b tEZHIEL . AEOHIKE T2 5, ADC
H Y NS B (pe) ~NOEITIT, HIEL 72 Ip.e. D ADCHD Y &5, X331
NN 1p.e. DAMNIZIRT ., EOE = 2ERT AZ) (Op.e.) T. EOE—=71F Ip.e iHIET
%, 1p.e. DMIZHIET 572012 LED 2 vz, RF 22X NV OEIEE 96% 72 DT, ML TH
ENDLHBNRT vV UHEEHIHED L UET 5 & LED O-FEERIE 0.04p.c. BRI SN T
WHZ LI b, NTAZ), 1pe. =TI 7 TT 4y L THIMEZKRD, 1p.e D
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10 %

10 ;
| L

10

1

I

165 170 175 180 185 190 195 200 205 210 215
ADC

1

Xl 3.3: SluEHL 72 CE FHGE TR O N 2 MINNZ 1p.e. Do, Ml log A7 —
WTHD,

ADC AUV N ERD 5,

HEDOZRNF —IK{FMHEE HIET 5 729DI2 57Co DFE FHIEIC IR 5 122keV. 2Na d gHIT &
DG & B BFEE PSR L TR SN B 511keV. 137Cs @ g BT HL 5 662keV D 4 T
HBHEEZ TR 572, ZOTRNVF —HRD y fAFER P TR TONIV AV —HEL. EER)
R, A>T N UEELD 3072, VAU —HBEUIRRPICT RV -2 &L SR VO THRILTE
R, PHHRKTIE 511keV @ 4 #0382 D HWNCIEN OIS & b, D 2 DD ~ i ik
22T WS D~ RTH B Z L2 RIET 5. TR S O 4 #o 1 D3R % JIE
THMBTHA. I 12Dy FUE Nal Z ey v F LU=y a VRIBEBTHA 5, 200v >
FlL—Yarpiigreoliioaf o F o A ERT L2 L TOHIC K DAV M 2H#x
5, ZHITLY LSO OBEHEDKR. HAHED S OBUHNC L2y 7 750V R &2ik6 T
ZENTEDL, REBUHRRC LB Ny 27757 0 R U IEET 208, okl ot illE I
TEDLRPZRNDT, LSO THA BNy 775 RIF 1 Lud g HEEIC L 2 b O ETH D &
FBAO6NS, MHIKICEVBUR SN S 200 vy #Z A 5 2 & T LSO ORHIEITEL 58y
2750 K OEIEE 1% KiElc72 5, 122keV & 662keVy ST 5B HIE Tl Z o5
R, Tk, HKEBAXZ MVTRE 2Ry 7797 RoiE HfE-T. ZLHIL, &
e A TICHIEL I ART MUDINY 2757 RTH Y. JIEISHH - 72 BFR BT
L TNy I 7oKy kb, 122keV & 662keVy #UC KT 5 LSO O /EEHIE TR
CoaNy 759 RER341RT, 122keVy MOERHIETIE 15%. 662keV TIE 10% /3
2750 RWNRE 20 TEHROHETITZEL HlnTHL,

511keVy MHIEDKFHIZ, T ATV AMENTANY FDOY T F &R 351TRYT, —& L
RS DY 7 F VT, BAPFIEIHRANRY N2 HRZ 57201 > T b Nal b Dy 7
FNTHD, —BNEADCADT — KNS T FNTHDL, 7IVADE FROIHDTH 6 HO Y
I KUV ETRAERMIEE. LSO T 240ns. Nal T 900ns. YAP T 200ns CH 5, 4[ulH
W AER O TIE YAP OB RO N 2R T X 5,
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122keV p-e 662keV P&

X 3.4: (£)LSO THA % 122keVy D AXZ b, (45)LSO THA % 662keV D AN
7 MV Ny FRUDBHEDN S D o % A SR THLEDART RV Ty
F& DD B D ~ fiEk A S TOROVEFD 2R ML, Zh b D ARy
N VIZHIER Y CRUASIEL TH 5.

B ORI EDHREZ N 3.61TRT, KEE—rarI ooy VoREsEHBETs L.
VB ETRANT —EREPICEE TAXY NOEERRLZNDIX LSO TH L, JHFHTL
BRSO TSN 21HY) LSO 2N BV MIERER > T b, B 22TV 7 TT 49
NLCTERZRDZ, RO RXIVE —(K{FHEZ N 3.710Rk7, Zo8F{RE 1 KRBT 19 b
L. BT VX — YY) OEFHERD Tz, SHmTHU CEFEGEZ HOTHIEZ TR >
DT, ZoEMBOGEOhE L 5, HEROR FIERORENN T » 2LV ENEROK
WEATIR D Z LM TE DL, LSO DRI Nal @ 884+2%. YAP OJEIE Nal @ 32+1% & W5 56
Wi,

3.2.2 TJr7rANnN—HEHHEL

IRSHEEMT 7 AN=THHANL RO BRZHIET 5., MEOREEMRT 7 £ N—% 32
RUWNRT, o F Uy a—rhkirlilL EHEGICHEONLEREZ|NL, v N7y 7T 7>
AN=THHABL TOBHELIMNIEEZA L L O EL TH D, SO 511keVy HUITTT
BHANRY MV E R 381TRT., Z DR FHYERIE LSO T 12p.e.. Nal T 10p.e.. YAP T Tp.e.
THbH, 77 A=A L TIEES N HHEENDLR N T )V — M REENHE L. JEEE —
pRAVI N Ty VERYTHIEMTERY, Z0EHY Ial—Ya ik T r)LF¥ —
IMREEZ T 5, I 2l —3 g r DFHANC OV TUIRETIRN S, 511keVy MU L BTV F
U=y a VB REEMRT » AN—TCiAHL ZFRICEOW I HBEDOY I 2L —Y g VHREN
39ITRT, Ny FRLMBEANY NDOHEMMIT, Ny FH VI P FEPTRT RVF —
BRI STZARY NORBEAMITH D, ZDOVIal—a illVBEoNENEEY -2 %20y
VTV UTT7 4y M TBHZEITLY 511keVy MUTHTL TR SN LR E T3 )VF — M fAEZR GFMId
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S DA,

Chi 20.0mve: 20.0mvs: M 200ns| A A -620mv Chi 10.0mver 10.0mv<: M 200ns| A L -560mv
21 Oct 2005 20 Oct 2005
10.80 % 10:55:10 i 10.80 % 14:55:27

LSO Nal

PreVu [0
v -

34 " # "
1 !
L !
Chl_10.0mVQ €h2 20.0mv<e M 200ns| A L -620mV,
19 Oct 2005
H10.20 % 13:43:17

YAP

X 3.5: 511keVy #HUC LB U F L — g v AR HEFHEE CoR L 2o 1)
o = EIBHEN»S DT T FNT, BATIEISHHKA XY 2R 5720
WS> TOWE Nal DS DY T FINTHDL, —&H ML ADCADY =M T F v
THsb,
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122keV p-e 511keV pe 662keV pe

X 3.6: bk 122keV 225 662keV T D ~ MOHR A7 F)b, EX SIS LSO.
Nal. YAP OB ANRY MVvERT, £ENPSIAC 122, 511, 662keVy fRD
HEART NNV ERT,
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X 3.7: HEHHAIEDK R, =AM LSO, WMAAS Nal. AAS YAP #FEKT,

2000 |
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r "'l.lllll
Ihhl‘l""!'!!—-—
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p.e.

X 3.8: Al IEEIRT 7 A N—% WX THANL 72D 511keV ~ FROHHE AN
7 MV, BAYLSO. A Nal, 2% YAP OHIERRTH D, Zh b ol
A CHB LI T 5,
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7000

6000 |- rLL
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.e. .e.
LSO P YAP P

X 3.9: 511keVAy #UC LB U F L —3 g VB WMELMT » A N —THA L 2K
BoONDIHEARI M NVDY I a2l =Y g ViR, Ny FRLBEA XV boD
HERMMIT, Ny FH VT PFREFP TR XNF -2 R >RV b
TR,

5. TORHE LSO TIEERIT 13p.e.. ZOXBITEEZRALL 2D 0.7% THY, TRIF—
NMREEIE 40% TH 572, YAP THEON L HEIL Ipe.. ZOABIFERERALL 2BE5D 1.2%
THY, TXNVX —DMREBL 57% TH -7z, Nallc2W I Y I a b — g Y MHER R % HBL
L Tanizd, T VX —MREBIEHET & T,

3.3 REMEHIE

CITRY YTV Y ariibide L ComBEEHIRT 5. 2 2 TE ORI, i
SIS AL 72 v Mo W, ERIERIC KV Y v F L =Y g VbR R E G TH B, MK
WEDEy b7y 7 %N 31017, HESTNNEIC L VB S 5 2 2D 511keVy #it% H
Wb, =Dy BIIMILAEREZHIET 5 SRR THRA. b O —/51% Nal & KEFRFGEZ A
DY Nal HU > Z TR D, Nal ho > & RO MREE 70em & L. ik 2 SR e o RifkE
125cm & L7z, 2O, —HD A Nal ho > ZIC AL 25 E. b 5 —HD  fudkiRo
{7 CIEE A 0.9cm ODHOWEHIT AR T 5, #E->T. Nal AT > ZIT 4 M AL 7RS4 i
KEyﬁﬁAW?éMEmﬁofwéoNﬂﬁﬁy&#éwyﬁ%w%bUﬁ~LLTME%
W, Nal AT v FTHEE — 7 420 NITAS ANV MBS 5 72 FFIC 511keVy 2L 7229 5,
DE DRI AL 72 v ORI Nal Hh > Z OHFEE — 7 120 HOAXRY ML T2, 20
ARV DN, FETYH yMEMBL ARV boEGZHET S, MEP6DY Uy FL— g
YHEGAHEL TS 32F ¥ R NB LIS

RFERH N + 26(XF AH ) (3.1)
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12.5cm 70 cm

Nal Counter

d w0
5cm (p

X 3.10: MHEFEHEEZ Y N7 v,

EVIHMEEBET S, 22T EFENTH L, Fr o xNVHTIES 2EEH 508 16135 0.2p.e.
WIS T2, ORI 2 H IS F ¥ o RN 1D EFEET ARV & ~ %
ML 7ze L. iR o kEEZ HIEL 72, HERREZ X 3.11 1R, LSO 2 EEIRT 7
AN=THHANL ZRRRO BORMBAERE LN Z 2B 5Tz, 77 A= 1KLY DK
BO ¥ pe &0 20, MiliZHEVELTERY, SHIFRFAZIVARY hEBRL DI
NRFZZNDE 30 ICBELZFET S, ZhEN 0.7p.e ICHLET S, Z DB MILRIEIL LSO
T 23%. Nal € 15%. YAP CT16% T®H 5.

3.4 FROERMRETHROE LD

o LSO I GIHEZ % g iYL . ZhICH|E IS SN 2 y MOTFEER [ERL 72, LSO 25
DRI 775 v R e 5003, HET —ZICRS B2 - TELGILZ
EMMTEL, ZORDSEOHEIFIBINC 2 6720,

o BAGHONBOHIE 1T /KR, LSO YR Nal @ 88%. YAP DOFHEIE Nal @ 32%
THolz, WEEMT » AN—TiAr L EETEN ERITEFERAL L G0
1% BERE & A7 e DIC TRV E —REENIEL | 3 DD TR CTHEBE -2 ar T
Moy VZRRECE TR, LSO & YAPICOW T Y Ialb—y g ik r
X —MRBER FHL 72, ZOFEHR. LSO TiX 40%. YAP Tld57% CTh -7z,

o WREMT 7 AN—TuA L 2RO Z HIEL 72, LSO & Y11 OflA G0k
Y RIERIERE . XTAZINVNS 30 ZEE L L 2B G OMIEAEIE LSO T 23%. Nal
T 15%. YAP T 16% ® -7z, TXNLNF —fRAERZ HI/ET 2 Z LT ERD 5 2R3, Sl
AL 3o0fERoHB T, LSO ZHWEY v F LU —3 g Vgt B b B LZL . &Y
EOMIEIERE > Tnb 2 & 2 ERL 12,
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, g
JU S R DU BTN DU DO N o N
1 2 3 4 5 6 7 8

X

X 3.11: MIAIRORERFM, &5F % > XIS, XTAF ) 430(RXT AZ)V) L
IEMEZ BT 5, ZORBEEEBR 513 S S7eF v > 21 DL EFET
ARV N v E ML 295, =AM LSO, WUAA Nal, AU YAP.
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BAE MUEEEEDVIaL—Y 3y

FEWCHENBIEER T 572012, geantd IS L VRO Y I 2L —v a0 %2110 H, 7
HFHL 723 v F U — ¥ 0FRNEE HBT 52010, BiEGANL RGO NEARY M VoXE
=7 oduMl, EBE2HEBTLZEICSVFL—2ORABLE ZDOESOEOIEEITR D, X
WCEEWT 7 AN—THA L L IZRFONE AR MV EHBLT 5 & 18T 7 AN — DRIBRIE
DFE LT D,

4.1 [EEFAHEL EHEDNE

VUF V=Y g EFERAL L ROAEAR MV EHBIT L X OICHBEITR D, #
BETIRONT XA—=FILITD2oTH 5,

o FELR LTI/ MeV)
o FEHOE S F (6T H)

CETCHHTAY I AL —Y gy TRV YFLU—Y a AR R FOME., FEBOIZS o X
2o T BRI AMNES TRAESE S, FAEBOIES DXL, AR N LHRoARE—M
S REDAGRICEAE R MREETIC LY

RAROITS DX = [VN (4.1)

TRINTWSE, ¥Ialb—varBRAC L VESNT 511keVry MDOILEE — 7 O HULME & 1§
BT L IR FNEOIT S DELWET S, AR SIS L. + BROBU DY

% WA VAR NIC— RIS OMET 2 K DICHMEZEX 5, YU F UV — a ko iiLid,
t B EONRERE B ME. RO b o MRS E T, ZoAEmMIA-TL S
HFBUC B FRERE DT CREFRICEIRT 5, Zofiz FEEE T5R7 vV o MchE S 6L
WaRESE, HBonlizyIal—va ik VRSN AETRE T2, Ho6h RN
TN D TCHE FIGEE D 1p.e. MRBETI ZZ 2V, BRI TR TOWREITHL T 20% &
L7z, 2=y aryofiREN 4110RT, ELPEL AT A—F DL R41ICELD
5, tfiim CHREL LFRCEZR 1.1 0L HIRT 5 & YAP OFEEVBS N T SED 60%
THoTz, ZOHEITND > TR, 511keVy FUTHTT 5T 2V F —MEAEIE. LSO T 6%.
Nal C 8%. YAP C7% CThH 5, BFHOHEANRT M UIZHOWT, GO —ZIIHEE -7 T
B, TOENRAT RNy THL, avyT by Y kD Bk A7 hWE, JEEm
THEABEERI L ARV N TH S, TN TCORETCEATBEUNTOHETF — 2> Ialb —
VarvotThkEn, HETIE, L2 OBRTEELS XY E2MFEEL Tnd, ZoJRI§EL
T, Y 3al—¥ gy Ty SV ETERELEZ RS T EARERPDINIAZEL ThRnz et
Ex o5, HERAVEE. CEIMPSOE FHMGE OMKEZRC, G, B, KLy Ia
V=¥ a VTCIRERINTRWYERZRFET SR Tirabh iz,
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LSO p-e Nal p-e YAP pe

3000 3000 H
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X 4.1: 511keVy MEDOHEZANRY MV, fOYHIET — 2 T, Y I 2L —¥ 3 ok

BT D,
TOERE (8 TI/MeV) | FmDlE 6> (8 1)

LSO 24700 840

Nal 36700 1800

YAP 9450 450

3k 4.1: RHOHBEAXRY MVEHBLTLRIEL Y v F U —F2DORNEL ZDIEEDE,

4.2 BREEWD 7 AN—THLEL HEDILE

VUFU =V a B MEEMRT y AN—GRANL RGOV I a2 —Y ar TR, HH
L7z 7 AN=LECME - RO OEFMHRENCHENRT, ZDT 7 A N=IC A>TL AT
127 7 AN—DARRRE, BFRIIERE DT ORE FRUCEIRT 5, REROREEMRT 7 A N1
WRUX - FHFICONFITRAKITD D H0%, ST HFRL Ty, 2L T2 oXE PR E FEHE
ETERY v VM EIE RAESE S, B oz iz L. 55 ¥ 2V D Ip.e.
NREER 0 & T HH 7 AN EE RAESETEOLNALL. ZOF v > XIVONE I
L5, BF ¥ 2 RIVD Ip.e. HMREBIHEL 2l % VD, F ¥ > RV & > UL B 503,
FEI70% @ 1p.e. MREEZFF > T 5, BT 2135 A= FITREEMRT 7 AN —D

IR x FELRNE x ARIBIK = ¢

THbd, 77 AN AHL 2O N., 77 AN—DEE b bElEk 7 7 AN—DMEEE
MEEZ 21T 5, SHEETHSTNE T 7 AN TRCEL HEEZ > TWA 21T 52T 5
W, FEMROARLE] MR RE T AN—ar 7 NOREY . TRTDOF % RIVTEL T
HDHLIFEBEATHW, TIT. 77 AN—DMUREE - fike 77 AN—Day 2 7 b - fEo R
—MDTRXTEGDIF v > 2NV OMNREE BRT 208N H 5, SlTRbMEEDFWF ¥ > %
NOE%R 18T 5F v xVIOMOERER HIEL . a2l —Ya vy TUbERT S,

5FDM 5 ICRTARCEMTIY A= L, T7 AN— IR 1K v iE AT 5, 4 #E AS
L COBMEICHIET 2F ¥ RV TEHOLNLGHBEEZ TRXTOF v RV OWTHIEL . K&
DENF ¥ VXNV OE%E 1 & T HMIHEZRD 5, ZhEF v xVlloMttEEE 35, HIE
MRE M 4.21RT, ZOMGMERER &7 7 A X—=12D2WW T, AL TELETFRICOT S, &
i3I RToT7 7 AN=THL T, ETERL e 2T 5, WEL AR ARY M vE
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X 4.2: %7 7 AN—D L5 5l1keVy fZ AT SE. TDORKZDOF ¥ > RV TS
haitgoNMiz7ay NLZb D, RO ARBDOLZNF ¥ U R NVOfix 1 &
L7,

HBT 2L e 2PUEL K, LSO & Y11 ZMAGDOELEED 13 4%, Nal & Y11 ZH#lA G
DOELGEIE 8%, YAP & B2 2l GbeEald10% &L, HiET —4&>¥Ialb—v 3
VR L 7245 2 X 4.310R T, TRTORRICOWT, KBOFWICHIET —¥ &> Ia
V=Y aryoThlkEN, ZoBERIE > TR, FHINal TFhnkEL, ¥ Ialb—
v a Vi kK HMILZICEOHFY TE TR,
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FFOHBANRYZ MU, s HET — 2 TN I a2l -2 arTh b,
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B5E MWENRRERIE

RETITHEL 72> v F U = a VRO SHIN & FHrix FRERT 5 /572 REL « 511keVy #i
THEHEZITR ), ZOROFEBOIELY Ial—Yar2HOTHMTS, ZL TV
V= a Y HDEMNY & AR OES & OfRP. MILEBOICEDOH R OJE SIS 5 IKk{F %
Iial—varyrEHWTERT L.

51 yHRUBAIEEYN 7T

AP REMR T 7 A N =% WNT 1R LRI GTRALL . ¥ F U — a3 o kin
5RAMEHWRT 5, MEPS D A MEMTIY A=K T 52 LI &> TAYMLEZ EFHL .
KB AN S E T L UEICHWBKRTE 202N 5, ¥y b7 v 7 2R 511RT, ~ K
1213 2Na 2 5, SERHED K & AR HHEKIC L O U S % 2 DD 511keVy #Z A 5
Z & TR BE FIC L BNy 2 759V R EMA D, 200 v HON, — AR THR
AT, b —HiE Nal L B FHEELHAGDOEL Nal Ao v F 2 v, JBE 10cm DT
ME lmm DAY v M EAEY . 4y it a2 A= 8T 5, JES 10cm DN 2 511keVy ffD Fithy
FE0.001% BEEL 2% L, +4a ) X—=MERTHWS, MAPMT 260 /idvay vy R
Ty U 7MEEN, DAQR—RICEeNS, ZhPINS IR enkzor7rrarZ s 7kl
BRI eMNTERY, Z2C, MUN—2E50ICL ) —HOMRE» S bIELMRT 7 4
N HEFHEEIC L DmALL 21109, 2OV T FNE Nal ATV EDYTF DAY
VTV AR MY LI LTIy MERA S, AU v b HTICHAREEIRT 7 A
N—% MAPMT CatAHL., ¥V FU— a v Hopkiz{lET 5. FRHoduii v 2 A
L. RO E T2 D,

5.2 MAPMT D45 A VEKIE

FIML CTwd HV OEG 212 kY. 7 A V23 & I EH T 5 o gEED H 2 0 THIER
17725 TC5 [0, 1pe. DADCHAT Y NDE=Z —%1172D, TZ T, H6»CDHFEHT S
MAPMT O&F ¥ > X VOMNT A > 2 HEL THL, M7 A &idikb sy A v oFnF »
VEANDEER 1T BT A THDL, HERIEND 1F % FIVD 1p.e ADC H 7> k&2 HIE
L. ioF ¥ > %)V 1p.e. ADC HD ¥ MIHEL 72F ¥ > XV D 1p.e. ADC A7 > b &S
AU BEETRD B, M7 A L e EL Thd, F¥ 232 jD 1p.e. ADC A
vk O ZHEL 2R, F ¥ 2RIV i D 1p.e ADC AV Y b Gl

G
R,
IC&VRES, TZTR,. RIEENENF v 2NV i OMIT A2 Fx > 2 §j ONG A
YERT,

Ci = R; (5.1)
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-

Imm

to Nal Counter

X 5.1: y MASCEHEDEZ v b7 v,

S OHETIE 1p.e. AR NVEHIET 572D LED Z Wz, LED 6 OHIE T 7 A /83—
ZiC T MAPMT IC AT 5., HEOGRIC LED # A6 ¥, 1p.e. ADC H7 > b ZHIET 5.
MAPMT THZ % 1p.e. DAXRYT MV UG % X 5.217RkT, XT ZAZIVOEIGIE 96% TH Y .
MAPMT THEON RN T v V) UHEHIHE D L IUET 5 & REMIC E < YEilE 0.04p.e. 1T
BIhTndzeicksd, Moty A oflERKRZR 53R, HO7 A DRENF ¥ Xx
JVEINENF ¥V XIVT 40% FBIEDOECH 5, LIRZ M7 A > 2 HGTY A > ofiE% 4T
%9, ShloHEFRE=%—L 7 1p.e. ADC 7 > b ORFIEE% X 5.4 127RT, FERIZHOEE
ERETILIAT Y N TH o7z, SHEZ D% 1p.e. ADC A7 Y b OHEREL T 5, 1p.e.ADC
J17 2 b OFEHEE 17472 DT, 7 A > OEIEREIZN 6% TH 5.

5.3 LSO~ A EMRL

5.3.1 BEROAE

BMEBETHIA AR MNIRELINTDE, v F L —YaryBRMEL ARV b 2L
MolzARY D 2FERNH D, A X2 b WINAIZ X 5.5 1RT, Z DRZRMIN S Rz
R T AL L T To 3227,

o NE1LARVRNEH ISPV T T 49 hT 5
o FHE 2RV o TF v U RN EREET D

o HiE3ZF ¥ RN x; ONEE Fr) 2L T L 2FRL T 5.

i
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H5b,

13 r

12 F

11 F

09 ® PR

0.8 o ® *0 -

0.7 | ® ® D)

06 °

05

04 |

03 Lot

CH

X 5.3: T AL DENF ¥ RV 1 & T HMT A,
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