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S

BRI 2 A S HL WE L U TEA D W SBNMEEROMHTIE. LT by 70 —N—0Dff
BEHDEO R, ut RFORBAETH S ut et + ODBENRBENTWVWS, ZRICE DL,
pt —et +yid, BED pt RiFORETH S pt —et + 70+, ICKHUFIREECL T 107 ~ 10714
BETHZZLZEILNTWS,

BfE. XA AENL PSIFFZEFMNFIBEL TWA. 3 x 10%(muons/sec) DRIBED pt B — L&A
FUEHL W pt —et + 4 BBBRERNZAONTBY., yBOTRIVF —LAEe 2IEBICHD
BETHRIETE, Ny I 7502 R EDOFREWREL T 2RIERDERME LU TR Xe MRETSH
TW3, BR Xe FBENEL 3g/cm®). HEFHFRESIENGWEETHY ., YV FL—Vay
RADKEHISELHR VDT, HHREHEL THN>TNWS,

AREFZETIE. BHE Xe 2 AWE v AT Y X — R BEMEREEUEL . ZOBRHEN ut —et 4 8
ROARERTEFEATETHEINZEEMA TV, BEEMRERE L TE. Wik Xe DB %L
W74 b =7 R L HETHEAL =, KR T T OEREIEE 2 HOXE AT (R6041Q) T
BYBGZE T, yHCKDY Y FU—Yay HBEBHIL =, FEERTIE 320 ~ 1835 keV O  Hihi
BEEHAL., Zh 2K Xe HO, SMALBFTHZLTYYFU -y aVEEENEL 2.
ZNHDOTRIVF —HETOTRIVF — R - MESFEREIREL. pt —et +y B K ST
BRI D 52.8MeV D ¢ HRCKT T 0BEERLLEZL 25, TXIVF —SFREICL T 1%. 7
ERAEICLU T 3mm AT OREER2E L 2EIEB LR THEZ N oh o,
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F1E B

1.1 2ERHS FREE

KR FHEORBEO TR BT RERRE 2 REL TEE, KERIE ZORH DN
R—VBFRDZLICKY, ZORROBRIFHEIC L > TRATH > EHEMEHICODWTOE
BBl BE s Z oA HRE. 1970 FBRUABOR 4 L BERVER  ERHIERIC K> T, BED
BRFYEI T =7, VTNV OF VUGB L TOR—MICEETAZ LR o2, 2D
T T S5h TR L I X N T WA D, BIEORK YR OFEL., = OEEER R EERIC
BYIT2E Bl FYBWITRIVF —RF — VTN TS & Bbh 2 EERR 2B 55 W
PEICOWTEREZ L THY., MHEDREROBNEFHANS ZLiE, EhFEND—>TH 5.

FPEERERICOWTHRICE L 9o e, BERERICIMWES L L ZHRSDREY 1/20
Dx—2, VT RNIDNEGENTWS, 73 =7V T N BOHEERIS —UkiFL HEIn s X
Y 1 ORFOWRIR, HHIC k> THIERZ 3N S, EHEEEICIZ SUB) x SUR)xU (1) DEDD
5= UBHCHIRL TENENDS — VR FHEAINTWS, 20D B SUB)BHLY +— 7 2R T
RN BAC 1A% B VARG L . 204 — UKLV —F > LEN S, SU(2) x U(1)
FHL B AR L RO iR E 5 E R Z TVWHEERICKIGL . Zh D 2 abETER
MEER LS, 205 —IUkFiE. BOHEMEREEN T 2EENH 80GeV O WE K7L 4y
91GeV D ZO bif-. BRAEEAEENTIER DT TH D, T AIMIAZRETZRIC X B R
MFEDTHENEFIEFZL WE D 20 K HCEER2 5X 500 Higgs BAEFENTWS, Higgs
BOFEMNE 72 ERINCIIREES TV WAS, BEERER O I Bl Tl Higes B0 B HE
D> E—DFHEANS —KFL LU TENEZ RSN THBY, 20 Higes i F2RRATHZ
E NI DN D EDICE SN R EERERWVFETH 5. —F., 72—V Ty
DEED Higgs L OHEERICK > TEUTWS, DF Y, 73—V 7 b Uid Higes %
IR, BT 28 HEER 2472 TWBH, BEFNHED B RWHENARZ 5L, ZOMHAE
VERZEBC T 4 —2. VT N VICEBREL BZ LIRS,

R TIIY D& D REEHRRY M- TWEHhEZ B L, B, NVAVE, VT MUE
BHFONB, —F. NVAVBIEENEFNDY #— 71T +1/3. FDORKFIC -1/3. VLT dY
BIXZENEFNDUVT NI 41, FORPFIC -1 LEFEINDIETH D, EAEEROMEE/ERIC
. Za—2%7x—7ICEHBLEY, VTN ERVT N UICEBRTSHEERIESENATWT
b, VA= % VT M UICEBETIHAEERISEELTWARN, DY, NUFVEPLVT Y
WIIEARNHEEAOBBTRESNTWS D, EHEHRTIEINY TV ER VT N BHRED
WTEZ S awn, sz

K+—>,u++1/#+7ro

DX D RFBEIBWTE., FERONV VB, VLT MBI, FnFn 0. 0 THY FRERDF
nSE NUAVEBFRWDT O, VTR VEIE T+, v, T-1LR2DTHLETOLRS,
ZHNCEYUN)FVEL, VT N BIXBEORBETRESINTWS,



1.2 LD 2VIU—/\DOREDRN

B CR ANz & S RAREFRIZSNS B, BHEEER TR L T bV BIEXM Y TN VT~
VEWMREEINE, ZhEVT R TV —N—DREFELIER, DFY, e~ v IKEBETFVT M UB
B4l opm &y, ila—FY VTN EE AL rm 8 AUV VT RN UBE 1 EL, D
ENDORBACENENDVT MY BE -1 LEHFT D L. RAUFSORERTIIZENENDOL T
N UEMNMNARE SN D, PIZAE, 2 -FVOEELRFEERETH D

pt—et + 7.+ v

ICBL T, ZOBEORRTIEI a—F Y VT MU BIE ut. 7, N E0Eh -1 THRESHh, ¥k
BFUT R VEE et D =1, v. B +1 2OTEOOEELHLS W, ELUVT RNV 7V —=N—{f
BOWNAHB L THL., HzIE

pt— et 4y

EWHEEREHEND, Ia—FY VT NIVBN -1 DRBIEFLVT MU -11CEDSEHIC,
ZOBEFRUT N U BIIEE SN ARV T VBT RE S R,

—J. 7 & —=ZICBU TN VB RN AAE S N R, EEE, K RO FETIE
EWOHROAN VYV Y = WE—~HMRDOT7 VT I = V7ICEBINTWS, ZHiE KT o
ANVITI D F—=IDNT7OT I x—=TIEDY., Z0ICEY KE RO\ ED5,

ZOEdIRY A=V L VT NI TDIV—=N—DZBEDFE WL, EEHRTCIE=a— Y N
BErHBERWZL LEEL TW5S, BIRDE DI+ —7, VT NVRF —=VUkifer —UM
HYEM. Higegs B G)IIMEER %2 TN, 20D By —UMHEERTI AR XU 2, FlE
e, p, 7 EXFOHAEAIFACHEEEBTEADN., 74—V ICBWTHAKTHS., ZOHEIX
F—=UMHMHEIC & o THRIAESNTWS, FRICL ., BJIMEERIRC HAD Y +—7 %>
RIEMVTRL, HoHREE SRS HAEEREDVE S, EEL., EYha= ) —F#*x
FHZLICKY, BIMEERAO—IINALTEZENHRE., ZOB, F—IUMHEERTZ
OHEEADE@BHEIC X VERINARW, VA —VITEM+2/38 —1/3D7 #—VICEER 52
5 REOG)MHEEREFL, 205 b—F0B)IMEERAII=2) RO HHEIC K5
THALTBEZENTELID., O —FIEARKIEINALLTERN., ZDEH. 74—7 D&
HEERIC TV —=N—0DRENE-STLE D, ZRICKHL T, VT MV OBAICITEY 214X
) =2 & VB EEROIBTAEHSEITARTHRVWTILEDIZ LA TES, Zhit. BEE
AR T —a — M) IR EEBYOTHEZ L 2UEL TWAD T, SJIMHEEMIT—FE
BHUMWHADBTHE, ZOEHVT M VICETIHEERIATEHU AR TEEN EE, U
TRNYTV—N—%BZ 5 &M EERIEEERICITITTIRY,

LAL ., BITIHERERR B 2HR L U BN R EAL B HMERERIN S X S0
THBY., ZOEBTIEILVT MY 7V —N—DBADNERICGEAZINS,

1.3 EBUIMEAEIER

L L. AEY 0. 1. 2D Bose RN DRI T-&. AE Y 1/2, 3/2 D Fermi Fiahil i
SRIFE DEDOKFHEDZ L THY ., 1970 FEMRUCHOHEROBEIL U TEBAINE. ZOXFE
AN RO R —BEaRIC A 3 5 R ORI & OBTEMN B2 < D AICERSNXL DD,
1980 FERICR > TABTH S,



e, AEUERENIMRA A EL S BRIICKRIEINTE Y., 100GeVEBEDIRIVF -2 —)UT
FELKYINESTWBZ RO ->TW5S, UHLUEEREIIE Planck A —)LE WD 109GeV
FREOHBROBAD T RIVF — A = )UNEET 5. Planck A7 =)Lk, EEHRTIIZBEIH
TWaWEHEERNEII O —VHEER L AREDBIICRZ EZEXADNEZITRIVF -2
F=)VTHY., ZNEBZ 5 L EEMRIBEZERO L S REN 2 EUH MR L > TESH
AbNBEDEEIDNTWS, £, Planck A7 —)VEVEBHT FOTRNVF — A —)UT,
HEHERD =205 — UHEEAN D OHEERAIC X > TH—3H 5 &\ D REFE—EERA L
TWBHEENESH 5, 1.1 ICBNFEEZBICWN EERIC BT 5, HEEROKR—:2H5bL
EEERT, Z2Z2Tar's of's o7 EENEN, BEES, WS, BOAEHS DL, 106 GeV
DIRIVF =R —=)UT. o7l a7, az' D3I DDHAPHKE—INBZ DB HHh 5.

g

Grand Unified Theories

o |
L)

LEP

Coupling Constants 1 /a(w)
&8 & 3

g

i)
=]

]

o |:||||||i veomdvrmd - veomd el cond ol el ol el ol ol comd ol cood

10 16° 10° 10* 10° 10° 10" 16® 10" 1d° 1d" 1d? 19% 1d* 1d° 1d® 1d7 1d
(GeV)
Mass Scale i

B 1.1: BXFEE ANZHERTOD 10'5GeV BEIC BT 2HHEEH ORR—.

ZDEIIT, BUEHLOF—HERPRNFE—HBNEL W T5 &, SEHEEERD Planck 27—
VDL EFT UM EDTRNF ~ RO E->TEFDOE FERERTFICHALL TWH L EX
BN, EZANZOIRIVF — AT —)VOBEEE. BEOHOMEBOABTIIIEBICAER
TRINT XA =R DWEFHBORERE U TUMNEHER W ZBALNTEY, Zh *EHEHERICHERE
T2 TREEHEORE] LIFATWS, K YERNLRBERIHR—DIRINF - = VIlHbL T
Le, EHEFENIHN AR FOERIIIEILAL 0 L3 2 2RI T 5 LD XL EATS
BN BH Y . Higgs BT & U BRI FOESRBN S R o> TWEDTIEARL, Planck A —
WETCERNFLUTRES LEXESES. ZOEODREERETZENTEEINMELL T
TBFENHE—EISNEDDTH S, ZFD= 1980 ELCHTEED S FEUEFER D A — TR % 0
FMEL BN B DN TEE,

BTN Y > L 7 IV I A OO T, BT EED & O ICERERREIET S
. 2TORFISHU AE YN 1/2 B @0 EEEAL 2T TR 52, AE Y 0D Higgs
R F-OBMIRTEAE Y 1/208 9TV — ), AEY 1 OF = IR TF-OBMNIRIFIE ALY 1/2



D —=I—), REV 1207 %=, VT MY DBMHRFEIAE Y 0DAKNS =T+ —F, A
AT—VT MU TH5. XE-BAHHERTIE. MNFEE2RDZDICTBNHR T 28727
HEEHESEAL 2T RS v, BIAEEEOS —UMHEERICHBL T, F—=Y—) &2
N, BBFTEZLTI A=, VIRNIYDBNAAST =T %=V, ANT—VT M UICEHEIND LD
RHEVERAMNEIEL . Higes BOG)IIMHEERICKHIBL T, 74 =2, VT RhYRev T Yv—) %
RN, BHTBZETANS =T =7, AAS—VT M UICEBRINE LD R EERYEET
%, ZD & DITBAFERFED & O ICHEIR U 7= LR AR & 8 I AR R AR & R3S (1],

1.4 BUIMEDENEL T > L —/\—DIREDEN

U BB, 55 WEBNHERE RN EL WETE. £ 100GeV BEDE =
D—BHOBHNHRFHRREINDITZTTH L, —F. BEEEBIHRFE*RRETERLITE, &7
FHIE &2 BL TR A R BRFRR 7 ORI R BN SRR H D, FH VT R TV —N—fR
BFOBATENERERTII IR TE SR TH Y., TR 1 —sety 2 OBEBETEISH
BHREHENH S,

VT N7V —=N—REOBNT., BNHHERDOE D —> DEBERME T H 2 BNHEOBH
DORIEL BEL TW5, BN BBICRY I ->TWS L T5 L, hifL 20BN TS
WEERFHOZeMNEIND, ULHMLBREICEF 7 +—7. VTNV EEENELWART—F *—
7. ZAAT =V T N VEFEL 2WDT, BFMEL 100GeV BED T X)VF — 27 —)U Tl Eh
TWAaL TiEabizwn, 2F YBEXHEOBRNDIRICE S>TAAT =V =Y, AAST—VT B
VRV A=Y, VTRV B SEEEBRFEDZENTEBEDOITTHS, HAHAS -V T hVIC
LTk, ZOHEICEASNEERBITIINVT MY 7V —N—RERIRZ 2125, flx
. VTN Y3F =Y =) AR5 -V T N L OB 2R, BHEN BB EN T
%6, ZOMEERATEEDS —UHEERRRCHEEEROSEE2FL, VLT 70—
N—BRENHEN D Z LT, UL, BHHEOBNDRERELUTAAS VT NN VT B
Ve EBHRREERRFOE. VT MY L Higes R OG)IMHEEMREX AL TEXAT -V
7N OBEATIIEBC AL TE S LIXRES VW, BLAAT VT NV OBEOEAIRE
ICBWTCZOMEERE2RZ L, BREZTIV—-N—2FEDOVT NV EAAS VT N YOED
RIMHEERANEL Z5DT, VT MY TV =N—BREIHENTLUE D, ZORRLL T, 1 —ety
DEDRFISHNBIEFRZIN S [2), H1.21C 4 —ety DEBERFEOX A7V S L2 T.

ZDEDRERID—DICZa — M) JITNSREREEZ B0 TMERRRNDH D, A —/N—
AIFAVTICEoTHLMIESNEZEDIC, KEFEZa—HM) JPRK=a—HM1) ) DOR#EIZ,
Za—hMIIJIREICKZ2EDTHY., REFEZEZ TE-OEEHRIEGEZ_a—N) ) 2T
A Y=Yk TZa— NI JINSREER R ZHEANZZAONTWS, ZD5A,.
HHEEZZa—N) ) DEEIT 10 ~ 10MGeVBETHY., ZOTRIVF — R —)VOEIERAIE
— VT MY T U—N—DREEEZZENTES, UL, RE—EROBELERIC, &
XFMED IR WEBITIE ut —et + v OSILIIBHIC O B2FEORE SITIT RS v, —F, &
FPMEHEF R CIE, —a— ) JIREE5XEZ THAEERL., TWVERERTHEI DD N B
SBVWOREXDLVT MY 7V —=N=FREDRRCE R > TWBHBERH S [3]. LEN-T.
V7 Y7V —=N—REOHNORRIL, RFE—HmPAEEEZ_a—N) ) OHEEERARE O
WEPER 2 BA D YPOMRFEC DA DL FA S 4.
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F28 RIAXetzites

2.1 put —et 4+ PR

BATEEITIRANE yt —et + 4 IER R T HHERE. XA XD PSI OHFFROTEE % #
Dt E—LEAWTHRY 2RI SINTWS, BHEXZTNDELZ A MEGA ER [5]ICE>T
pt —et + FHED EBMEN B BN TH Y., BED 1 DFETH S pt —et + 70+ v, IKXHT5S
DUEEIC U T 4.9x10" 11 THB, X—F v MY TEIESEE v W, pt —et 4 DIBFEC K5
TBICHIET 2 L. et &y ZNEND pt RiFOBEDFFICH=5 52.8MeV DR IVF —%
o TRXMAMICRATOZ s, ZFZTIDet &y DI RIVF — LAE ZREBICHE T
BZENTENE, FBRNYITSTURERE ut et + T+ v, +7 BETZ LN BB 22
Y, pt et +y BENEEEBRICIIHEIINY V7SOV R BT LZ N RS, =
ZOBREARY MDA —=N—=F 9T 2@mS TEDICEVWRFEBEELELLTWS,

ZZTANRY MIHTBREE S(ut —et + ) NELED pt —et + B3R RIRER B 2T HUE
W RWDED, WEKEZKRATEALNS,

1 " 1
Q/4r €e " € €cut
( Y

+ + _
S = e +7) = (2.1)

BB E N pt BEFOEIEFE, I ZRRERRE, QIRHESRDONVEA, o & o, XBF vl
DENENDRRHZNER, ont 1A XY MBJORIRE U2 ZI0, IFOEEIER SN TS
&L HIREhBRE S I

N,=3x10%s7" t=10"s, Q/dm = 0.1, €. = 0.9, €, = 0.8, €cut = 0.6,

S=0.8x10"14

Y, HEOERTESNTWS LEEE 2~3#7 LFESZ N FTREL 2 5, ZDRIGDEIC
HTR By BOTRIVF —, MER EOERBEVICHIET S + HRHESREBZRL TWEHLZATH
BN, MHEBOREIRE ZEANEYaAIV—=yvaryEfThd e, FORR[6] LT, 52.8MeV
D v BIKTU TUATORENMHETH 2L FEbh TS,

o TRV —fFEE 1%
o NEDFREE 2 ~ 3mm

o HWEEIHNE ~100nsec



2.2 SRIK Xe& Nal(T() DEEER

BIETOD & D ICEEL WESR BB TRIEZEL LT, YAP, BGO, Nal RE DY VR Z)VEHWE
AIEATY = A= ABBEZSNTVWS, UHL, Nal(T) IXERISEMEDN (B 100ns) & FEL, A —
IN=F 9T DFFENFHNT K 5. YAP DORFEISEILE (300s,270ns) ARERT U R ZINVEES
ZUARHETH D, BGO BLEEDHMTIEY V RAZIVOKREUEARHL <. F=BEEE (300ns)
BBV, ZhSORIERICHA T, B4D7 ) AZVDOE—~E (2=T7x—-3IF 1) 2 EF5Z L
DNEFEOHEMTIER#ETHY ., 2L L TRVF —& REBC, +FoRBENEShRWRY
DRIEND Y. pt —et 4+ v BRERICITHEL TORWEZBI SN, HEIC EROEREfHA
AL U TEAONDZEDIC., BEXe DD, Xe ZBETIEIHATHY., Zh &K 160K 72
EETwHITa L. EFBENEL (3g/cm®). BWRERELG TOWAL 0D, LAT. Wik
Xe & Nal(T/) & DH#ER4T72 D,

FAZIRICOWTE IS W (TF—lE DK VHTDICET 2T XLF —) ICkoTRE
END, WK XelDWTIX 23.7eV TH Y, Nal(TH)ICDWTIE 17.2eV TH Y, FHIEFEL
LEDLNTWS Nal(TY) L ABEDORNREL 25, F2.1ICHE Xe DFEFHEELL 53 [7].

Atomic Number 54
Mass Number 131.29
Density 3.00g/cm?
Boiling point 165K
Melting point 161K
Radiation length 27.7Tmm
Scintillation wave lemgth 175nm
Energy per scintillation photon 23.7eV
Decay time(recombination) 45ns
Decay time(Fast Components) 4.2ns
Decay time(Slow Components) 22ns
Scintillation absorption length > 1000mm
Attenuation length(through Rayleigh scattering) 300mm

2 2.1 W Xe DEAFIE,

W, FEBHC OCo D v HfFE W TEIL 2R Xe DV > F U —Y 3V KT K B L Nal(TY)
ISk BWL RHBL THBEUTOR2.1 £DI1Chb, ZhEk R5 LA Xe B Nal(T0) IZHA
HEBCHENEFHIREETHZ LN 5.

T, ut —et + vy BREROL DNV 77 ST R e OFBH 24T DO REBTIE. BT
HHICEEN T SHRHAERNEOHEEENY 775Uy NICHER2 525, Nal(T6) ORGHHE
FAARICOWTIX, £23DEDTHY, HEHREDBNAMENZ < o TWD, ENICHL
T, B Xeld, 220D & DS, HHHRFM CROFEHHNEN =D HEHRNY 7 7572 KB
Dl WL WSHEEEEMN . WEHLRESRERELTLZ L BHBWASTHLLER S,
55 HEHMHETFORED RSHER 2 W THEREEZHEL Tva,

ZHBIE, B Xe kv #ADOY XA—ROEMRE U TERATRICIERICENEZENTHED. £



RE P | EAEER | TRVX — (keV) | BETHRE

125mXe || 57.0 sec IT 140.8(7) 0.85 Bq
111.8(y)

125Xe || 16.9 hour EC 243.4(7) 5.1 Bq
188.4(7)

12TmXe || 69.2 sec T 124.7(%) 0.013 Bq
172.4(%)

127Xe || 36.4 day EC 375.0(7) 0.10 Bq
202.9(7)

129m¥e || 8.88 day IT 39.58(7) 0.03 Bq
196.6(7)

131mXe || 11.8 day IT 163.9(v) 0.6 Bq

133mXe || 2.19 day IT 233.2(7) 0.43 Bq

133Xe || 5.24 day 8- 346 () 3.9 Bq
81.0(y)

135mXe || 15.3 min IT 526.6(7) 10.0 Bq

135Xe | 9.14 hour 6~ 910(5) 0.9 Bq
249.8(7)

137Xe || 3.8 min B~ 4170(3) 0.75 Bq
3720(B)
455.5(7)

D—FT Xe DHALPWHI DY 2T LEBICFE-ENDNY ., =+ P AR T 2EHOEE R -
EEE, WHEHEEED IRITIL., v HROAFSEIBFICEDTL O MEND LAY, BE
FAREEIIHEN ZNITEI IR ATEETH B L ZBZ D, BiHE Xe Ik pt —et + v BEERER
BRI TH DL EAD. EREOERTIEIH 22D E DI, v HAEE Xe FTHTY Y
FU—varvihr, AELSE*E - =ETHEGE (LT PMT L7 TEENE T2 AIETTHT
BROYZLERFLTWS, PMT TEENE.2THZLICES>T PMT OXRBEHICHETLY VF
V=Y ayDREERFRRICERTZ N TE, TRIVF —0fRE. MEDFEED LN R
ENB, FZT, BAT pt et + y BREROUERERL LU T, 32480 PMT 2FEL. ZH
5 R Xe DHICERIBL T, BEEVYFU—yavieBlillds2 LT, B Xe DDV

# 2.2: Xe QR ERAR,

VFU—YarBIOERETTO PMT OB % 1778 - 7=,

10




%RE

R | B

TRCHHRTR

24Na

1281

15.0 hour

25.0 min

57(93%)

EC (6.9%)

14.9 Bq

174.4 Bq

% 2.3: Nal O MERINR,

_14||||i||||i||||i||||i||||i||||i||||i||||

— 0.2 T T T T
Z :
z 0
[=]
‘T -0.2
I
3 -04
=
0 -06
.8

"-0.1

0

0.1

0.2

0.3

04

0.5

0.6 0.7
Time [psec)

B 2.1: Wtk Xe & Nal(TI) @ v B K 562,

11



Liquid Nitrogen flow

| | cooling pipe
Al | |
honeycomb| :=
| =escaecaaa ]
] L]
| % vacuum for
Incident | = S : .
yray % % thermal insulation
] e Ll PMT
=] (B
1 E.g
= L]
1 _— Bl
~] Liquid Xenon []]
=] ]
] L]
- B o

B 2.2: ut —et 4+~ BREEEBRFITE Xey BEAT D A =X, K Xe BEOAREEL T, $0.7m3,
AL TR, L =01 2BELTWA,

ar

12



2.3 ~iROEEIER

v T, BRI R RFELRVWEDICYE T R ERT LB EEEHOEEREZ IR, LESNS
T vy, WEEMHEERU ZBICAET 2 2RbFE2RETEZLICE > TORRETE S,

BT RIVF — 4 BROFEBICAWT, HIE L 3 DOBEN IR RS, Zhik, RERIN, O
VT RNUBEL BXUOBFRHERTHSZ., 20D DEBETIE. IANTO v #IZRIVF —D—H)
FERILUEBAICER D, TO BT, STRIHEKL Y., RERAETHELZNEY T3,
IS DEEEBRTCERINEERE . MOMERTL Ak WL OBEEERD ROk
W, HEHRE R YR TRIVF 2R S5TPL, LEN ST, ZHhH D 2REFACK VAERKSH
FEHETREDBICHIN D EDIRE, H2.310 ¢y fTRIVF — & 2EERHFHRBOEGRE

Y [8]. AFT. Ak = 3 D0 v MHEEFEEIC DWW TR S,

Attenuation Coefficients (cm?®/g)

B 2.3: WK Xe IS T2, v HIRIVF — L 2EERBIFRE. ~0.3MeV X TIE BRI,

102\
H Toﬁo\ Attemuaﬁojn
LT T X Tl s B
i AN
L N
N
[ \
T s N Ll
—1
10 N B N A Y e BB -
i Sc%]tterimg '\-\
- 3 ',\ N & Pair Creation
"072 | | \\\\H‘ | | \\\H\‘ | | \\‘\\‘\HL \'\'.\\HT‘\ | \\\\H‘ | Lol
10°° 107 107" 1 10 107 10°

Photon Energy (MeV)

0.3MeV~6MeV X7 N VEELD. 6MeV BAETIZBFNERDNXENTH 5.
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2.3.1 YERILEE

WBRDGEFRE T, . RNERFLHEERAL T, ORIV — & R IR
SNTWEBTHICEAD, BTFOITRIVF =DM T RIVF —ICEL T L, RIRSH SR
WFREL B, ZOLDREAL. HEFLEHEIN., RO D BRTRXIVF—2FHD,

E() = hv — Eb

ZZT. Bid. REIRALVX —THd, £, AETFEREL 2R, WETFOEBHETOH
EMMDBRDOBETOHEEINC LY., EEBICHEROELLED L, ZORIC 1E. HEVWIEZ
NAEDOFE X MERET 5. 2050 X BRERINCERINEZGHOISELTHE VIR
HLTWRWRELE RBRINE L THRNENTLUED, LALELS, bIFNTHEINRZLA
BE2E2908Hh5., ¥, ZOREXORDVICH Y2 BFEHHETEIHEENIOLHID
HETHEET S,

YBIRIGEFRL, v HOTRIVF —MEL B ON THEMERMENREL 25, FHFHEY
DI BRINFER = FHTEN IR Z 21X TERVA, HOEER L L TRORDRH 5,

n

r = (BE)

ZZT, T FBEMRSHEY OXABIROFEEHETHY., B, Ty HZXIVF-THY, ZIFK
THRETHS.
BE Xy ORIV F - HICBL, BEZ. 4.5 TR AL REAEY D,

2.3.2 1V~ EELGIZ

YD TERNF —NBFOBRIEERTINF —LVEREIRSTLB L L. RFH0EF
LR TCIRANF —%2RDXDICRE, KEFOEFE. XL RWVIBEHETFLAES
DT, TR FL U THEHIEL TWA HHEBEFLEHRL, TXVF —-D—HEBEHICEAL, Z
DOWEEN YT M UBEEETH 5., TV T M UBENEFEHD P2 HETHELSNSDT, K
BBFICITERL ETRVF —AREZHN5, DY, BESETOaY 7 N U EELORIRITE
WOk 5Ex 5,

2.3.3 T INEA

Y DT RNVF —NBFOHILERED 25 Thb b 1.02MeV 38X 5. HFRIRFHDOE
WREHEEALERL CTET-LBETFON LS. BEFIE. WEEOITIREHEERT
JEMHT D, ZORIC 2REFRD L LT 2 HOEEETF2E15., REZBOBZITHAWTEFXT
AR EEDEEE. KUY RS., Rt TAREESANSBN L Z2ICKYEZZV YT )vT
A =T =V, RT)WIAF =T =V REBEFIHNEL ., ETR)VF—Tk. HBE—7
DORIGHTERE VI REL RBZLEH S,
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2.4 FL—SEL TORIK Xe

ARERTE v BIC K VBE Xe MHTYUF U=V aVRERHBL TV Z2ICARBDEMN, i
BT & YR Xe FICRE T 2 ENTEEENATH S,
2L AT DMEFRICHE VY

Xe + Xe* — Xel — 2Xe + hv
BHREEIATOMWEIC LY REINH 5,

XeT + Xe — Xe;'

Xe%’ +e — Xe** + Xe

Xe™ — Xe*

Xe + Xe* — Xej — 2Xe 4+ hv
(2.2)

EFEOWTNICBWTE, BRIGCIFIES T (Xe;) DOOREHATH Y. 20D OWTNOiER
MHDORNETH, HUONEER 175nm |, PEIE 10nm FREDRNNNREET S, BIE Xe DENGTIE
EEOREEEZOTH, WERENE 10ns LIBERENEDTH S, WK Xe IHL T, HF1
AEDYHTDICETZTRIVF — Wy, 1. IMeV DBETFDHER 23.7eV. o K F-OHEEH
19.6eVTH %, WIhDOHEELBEHNT2 W (—2DEF. A4V E2ESDICET LRIV
¥—) TH5 15.6eV EYEAREV, ZHhIIEFOESIERSGESNE, TA—TEBFPERRE
LEZIDBNTWS,

FEFMERISOWTIER 2.4 D X D REZENEER L TS, LHL., BEEFRNET—M
BN B ETHEDLNTWA AR Y 1 Y R TRELBEL TLU DD, AHEMHEEICL
MREENZRN, ZZT, BAFAE (Vx—Y) 271 NUICERAL., BIE Xe IHRERTOR
AMRBEREE IRV BFHEERFE S Z L UE, RBFHEEOHMIREILHT.
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100 5
|

%0 S

80 o =

- /-~ — Quartz of 2mm thickness|| E
3 70 / ~ Relative Scintilation Intensity | &
S 50 / i
g / E
£ 50 / 'e
(7)) / j
Z 0 / ‘5
= / 3 z
30 2
I g

20 e E

/ Q

10 / 5

, 3

0 - &

150 155 160 165 170 175 180 185 190 195

Wave Length (nm)

B 2.4: BB Xe DY VFU =Y ayRDARY NSLEAE (74 —Y) OB BRI,
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F3= =

3.1 kv
3.1.1 RIKXe v#g70' A=Y

pt —et + 4 BRBERICBWTHRE Xe v AT ) A= AW IERICE HREHTH S Z L 2 HiE
TRRER, FZTCHEAI/NIDWBE Xe A1) A—ZDFEMEL T, ZDHBEDFME 21T =,

WE, BIEXe Dy HUIC KDYV FU -y ary A BRERETHHTREEEL LT, AE
FHEAEE (AT PMT LB, ) 2T Z LICHEL . WEERRY RERVMAEATED KO R
RRHES B SR 1=,

WA Xe HO ) A—XONE., BEREZNEFNE3.1,. 32173, H3.1idH0U XA—=&0D
NEEHIFMNEEZ DS DL TWS, H3.213AH00 A—XDOREKTHY., SOHOBFITREC
BYAMTISNTWS PMT DB FERL TWS, PMT IZBHESRORNANC BRI CRESN
THY. REZSRAIBDOEIE Xe TOY VF U= ayirBEENET 5. O Ringl~3,Plate4,5
DOHTI, HEE A CICEREL =2 ZI, #FED D REMEBANEL < 2b, T —RXIREDEED
NUH—FELL Tk, % Ring(Plate) WD PMT DEFICOWTHIER > DD EFHHL .

ZOADY) A—REBEERBOFICK 3.4 D& HICHEL ., FHICEZRESE 2470 -E%KIC, Xe
HAEREAL., BBBREFAVWTERICHEP T2 THRIEL TWL, A0 XA —X DA RKERE
116mmx116mmx174mm TH Y., Z DOFHEREBRIELIEELHM Y 24 3T, 32 RONGEBFHE
5% (AT PMT 25E9) TRYEA, HEY Y FU—Yar 0@l 24iTR -7, BETHRNE
IR Xe T —110°C TH Y, YVFU—Y ayROWEEE 175nm OEINETHY, 20D
WM T THEMEREER PMT OfEAFEE U TER R6041Q BH 5, AEERTIXZD R6041Q % v
T. 320~1836 keV D v BHRIC KBV VY FU—YaryhiHlel .
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Al plate

- :
gamma source — e

HAMAMATU
R6041Q

Active region
Y 116X116X174 mm

A i | okl
8 g7
25 ¥ 26 | O L7 A"
,,L”jﬂgi
R

Pl at e4

B 3.1: AOD XA—XDAEL ., Bk Xe v AT ) A—ZOMREME. EEIAEE2RT. BT
PROE BRI 116mmx116mmx174mm TH Y, ZOFEEE 32 48D PMT THBYBEAT, YV
FU—yarytrEENETS., TETRIIABHOHERITHY ., A BIRFREMELZRL.
DOFROEFE PMT DEFSE2ET,
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Plate4 Plate5

Ringl Ring2 Ring3

B 3.2: A0Y A—RXDER., ZZT AB,CIIHEERELZMETH Y. HLEZFDOHDLOETF
I PMT DB FE2FRL TWB, 7= Ringl~3 BEXU Plated,51Z M U A —HERADREEE D BB
ICHIZE L 5= PMT 23, 20 Ringl~3 BXU Plated,5 AD PMT I A,C ORIRAEN S RS
CHRUIMEAEEL TW5,

19



3.1.2 XeDRIL

B 3.3 ICEBICEHL =0 AMERS 4> 2R3, #9540 ~ 500 DA Xe A Xe BFIEA > 7 NI
BINTBY., Xe DT A VHOBEIEICREEZEAWTEZ 2abh, Xe #BHL 2WHEFZ
BEICHDTZ L TREIXE S,

FALIC DWTIE, FICHIBICIEM (Ti,V) 2EIL =25y & — LN B LEE T Xe HOARFEAY
EMYRNVTWS, RERTIE Xe RIEOH TV FU—Yaryiti PMT 2HWTHIET 5=
». Rk BB TORERE OFET L, ERICIEHETNE —7 20 2BEICHE
MNEE - T, R BN HBRS.

Getter

S m———————

Calori Meter

0

________________________________

VacuumBessel @ 0Tv--------mm--------------------s .

----= Liquify \E/E “y’ &

—wmem Purify

150L
@  Pressure Sensor Xe Tank
® Valve

B 3.3: HZ25 A > OISR, Xe lZBEIE Xe ZY VNIFEEINTBY., Fy X —%2aEHiET
2Lk o THAE R TR o TWB, EZEF[EL TMP (A —RHSTFHRYT) AWTIT v, ER
WRYBIVAD Xe 2WHTHZ LT Xe AR EBEH S E, ZZTHRILEZED D, ERETRD Xe
DEIUCEIL Tld Xe TR > 7 2HAIL TR D,

EENCEEL TlE, AU A—ADASTWERYyEILE 1077 ~ 10 Torr FREDEZEE T
TMP(R —HRGFRYT) TEZFIEL., E0H. XefTAY 7By BIVHIC Xe H A EHA
LIBfL 2 FI#h T 5. Fh & ARICAMIEZEDEZES[Z 24T\, 7 x 10~ Torr BE R R B, MiEk
BLLTW3, Xe DBALIE, B3AICRENTWSENA TICIRBEERE2TFETZ L THEIT 3,
HNA T p10mm OFIETHENK 100mm BEDOHIC 3BEZL EHDTHBHIZ Z Tk
s, WIKEHRE 10 BEFEERLET 52 L T Xe lZWEIEN., Ny IV Xe Tz &
o, ZOBLOBICHEKRT 1.2 ~ 14atm QEINMNZHEEENH Y. PMT X% D EINCTH
AB2EDTRIFMI RS RV, RERTEHL = R6041Q1E PMT AEMIEIC SUS DR %
BYATITHZDT, 3atm TTCRFDICEETZ2ZL VW00 - THY ., BEERIBFNCANTHEH
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ULEEBDICDWTIHZ R SEMEL 2, BIEERTRIEADY A—-ZDA>TWBEXR Y BIVAEID
JEFM 1.3atm ZBX WL DICHEAEROREL BREATHEL. (K20 0B8XI0) BiEERE
L. Xe 2BUEDIRRBE HERL BB 21T o=, ALK TH. 10 BIREERD L IRENZEL |
¥ 7= PMT BEBEEBINDRVIREBIC Y, ZERHEAEESND XL DI B,

T — RINEICIE 2~3 HEMT, BEARBREDT — X 2B o 2410, Xe HIEEAL 505, Z
DB, Xe BFEA Y 7 BWHIL Xe DEIREATARD, ZHICK Y, Xe 2EBNCT 22 MEL
BYEBELUFEHTEZENTES,

5
o £
c c
) 3]
s 8
O
s = <
z Pz %]
A R
S R =)
> =}
S.E
4 |
[ ]

kept in vacuum

filled with liquid Xe

X 3.4: EZERHOMERNE2RT, Xe W A% EAIMSEAL., BHRERE LTSV UICO0WTW
LEINATDOHERL THEITE, FZTHRINE Xe TBILUEZERBOT AN EE ST
W<,
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3.2 HEFIBEE (EHAR6041Q)

BIETRNEX DI, HEXe DY YFU—Y 3y ORI RNAEN S L, BREBENHE L
WOIEDTHok, ULHALZED—HT, BIEOREBEFEOEDIC-110°CREEDKB T TERET
LZHAENRDHY ., FEVVFU—Yay T 175nm OEEEARTH Y., ZOEERERICEVEE
ERHRONTREBOIDETH S, ZZTENALDERRH ZIRHEHZLL T, TMTA MV R
DY ETHEE R6041 28 £ 12 R6041Q Z2BIFL 7=, R6041Q IX. R6041 DM & FHZZERAE
IS U TEBEBNENY 4 —VICEZXEDDTHY, W7+ =7 AMVEUEL . HERZE R
FREARZAN 7R TS Xe T OEMEMER S KO EREFHE 21T o 7=, ZOKE. PMT(R6041Q) %
HERBOHFICANT, BAED Xe AEERYBEOZE T, BERVYFU -V aytEBHILE,

3.2.1 A R6041Q (DI

SHED Xe AA Y A—RIHEAL EABFEEET. T T74+ =7 28 R6041Q THY., UTF
DEORFFHEEL TW5,

o AANF v Y RVEIR £ ) —RICkY, BER (FAY) OMREBIOHRAHORES L WE
BEDRBOWN & EHL TW\W5,

o FEWEFRIHEME (Transit Time (FWHM) 0.3 nsec) 2HL TW5,

o JEEEAME Rb-Cs-Sb 2 FHALURTOABEROEERE*MA 22 LT, BFIRDET %
BEVVT WS,

o HEYAYRUICEY, HRBEEEREEZEARALMIL, XeDYYFU—vavk
(B 1750m) IKHL CEFDREEE 5,

o IR Xe {iE (—110°C), 3atm TOEHENHEETH 5.
o REAFDRAEN DR,

ZZTRARIF Y Y RIIVEBIR £ ) =R Lid, EROX A ) —RICHARTH A ) — R EOREN
BWEDIC, BEWEHEREEGWEIERERBLEX A ) —RThd, XA ) —KOHEEN
5. MERHBICEHERTAZNTE, ¥4 —REDZORN=I0NDkan, 351X X))V
FX U RIIVEIR £ ) —ROfEER, 3.6 IC—iR PMT DX £ ) — NG ERT,

0.8mm

B 3.5: AX)IF¥ 2 RIVEIR £ ) =K DR, &4 ) —RICAFU EABHIZFDE ETDMET
BEER Y EL TWL,
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\
Dynode
e
Photo Cathode K J
1
1
1

B 3.6: —fE7 PMT DX £ ) — R OfE, & 4 ) —RICAHU EXABFIMVEICEGRRL, #
BXn3,

MEICDWTIE, Xe H A 2L T 2E0BAEHICIZ EZERONERL 1.2atm BBETHEN,
—EINEEZZENRH L EDEDIC. R6041Q AEDF VIC SUS304 TTEE 0.5mm ED
HEBWTEMIHNT LML . 3atm TOEMERZ FHREICL =,

2 ZTHBFHEE (R6041Q) DAIER % 3.7 1CF T

WERFEICOWTIE., AEYA YR ERATLIZLICE ST, KiBICSHEN 23N E, K38
ICHBETFHAEE (R6041Q) DETRIRE AGERRDOBEGRERT [10. ZhEV1RoeLT
OAN=I)VAHSA L AEEFHALUEBROREERLEZEDTHEMN, IN=)IVAZ A 300nm %@
AEHEY NS RBICETIEMETL TV AN, GBS Xe IR T ORFRIREMERL TV
5, BRBEX 2mm DALY 4V KU EBEBERTIBIE Xe DYV F U =Y ay IR 70% THY.,
HURT 200nm DKLU T, BRI 10% TH D, R6041Q DEFERFMEEE 3.1IRT,

PMT Type R6041Q
Dynode Type Metal-Channel
Number of Dynode 12 stages
PMT size 5Tmme
Photo-Cathode material Rb-Cs-Sb
Photo-Cathode size 46mmeo
Quntum Efficiency at room temperature 10% ~ 15%
Typical High Voltage 1000V
Current amplification 9 x 10°

2 3.1: PMT (Hamamatu R6041Q) DEHsE
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PCB (Glass Epoxy)
PMT Cover (SUS304)

Telephone Tube (F-8014-04)

PMT: R6041Q Capacitor Signal Output Cable
+HV Cable
Ao = j r/
™ /. 1 —
, \
2 A4 T
5 2 B | { —
o F ® |
3 & o |
® 8 B |
5 o & | S
w9 g iy i
QoA Q| I 8
~8 S
yvrl ]
321 10
e e |
3000t 50
646425 (cable) 10 |5
- - - |- -

B 3.7: JEFEEREE (R6041Q) DHTEBIYEEFHEFE O ARBMEICIE 0.5mm FED SUS304 D
HEEE, Jatm DENCEMAELIRE L EHL TW5,
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99/01/22 00.12

=
o
w

=
o
N

QUANTUM EFFICIENCY (%)

'_\
o
\

L e —

10

07 S ——— S, - —

200 300 400 500 600 700
WAVELENGTH (nm)

B 3.8: HEFHEEDETIROBERMENE. BN ATET 2 RIS, SENIN-IVHF R
ICHBMBI2RBEIBEL XD PMT OB TFHIROBEEEETH S,
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3.2.2 'O

ARERTEHEALZ PMT OF ) =& HEN—-VICHL TH, EETFTTOREL EEELERL
THY., ZNEEHTZ DL LT, HRe R SYVEDER, MEEHRNAtHlo~ A oy
FoY, BHETLHEOF v TR HarF o3 EHEHALE, ZH5RWTHDEHREER 8
ATOBRTCEMESE L Z LIl DDT. SFEURICEMAT OEMERR ® 17> 7=, ZDRE.
Xe{RETHRECEET 2 Z ARSI, EROZRCBWTHIERICEEL 2, B, PMT
DT ) =X EHDOEERE, K3.9D&D>THY., RBEEEHZ 2 E=DICETEDOEWT 1) —& K
Pt (26T 79.5MQ) 2L TW5, 1kV ZEIML ZBROFEHEIT 12.5mW TH 5.

Ktt4 HALRSY Y T¥
vl NG FH e BB I P AL
% RH1/8HVD
HhiE 10k~100MQ
TEHES Lw)b.C.
WARFTRZE +1(%)
HECREL 100(ppm /°C)
5 YR ~55~150°C
Eyawa HET
vl FAVT RIS AaVT oY
A% DM20C103J5
BE 0.01pF
et BT D.C.500(V)
5 PR ~55~125°C
Eyaw IS E
R E-IRYAfAhaAvFoH
A% CM42XC392M25
EAS o 0.0039uF
et BT D.C.2500(V)
5 IR —55~125°C

# 3.2 7V =K EEN—YDOHRHE, FHEEE -55~125°C L H I, BESHEFTHER
(EFifE, BERY ) OZLITPRL, —200°CICBWTELEMEREETH S,
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K DY1 DY2 DY3 DY4 DY5 DY6 DY7 DY8 DY9 DY10 DY1l DY12 P C4

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13

C1 c2 C3

ey o'

RL: 11.2M+5%, 1/8W HV Signal

R2-12:  5.6M Qi5%, U8W B olﬂn ut

R13: 6.7M Q+5%, 1/8W (RG-188A/U) p
(RG-196A/U)

R16: 200k Q+5%, 1/8W
R14, R15: 10k Q+5%, 1/8W
C1-C3:  0.01pF, 500V
C4,C5:  0.0039uF, 2.5kV

X 3.9: BEFHIEE (R6041Q) DIEIERE, R6041Q DARMHITIIHE LORETE -4 4 ) —K
CEBLTWS, RBEICEEEMNT TEAEHLE OBMENERTLUED L, FIBRDX A ) —KIC
ABBFBOBFHEBS L TUEDIDT, +H.V. ENT TEMESEZ R EH- =,
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3.2.3 KR TFCOPMTIE

EERFICTARS N Xe BETTO R6041Q DEBEHEIC DWW TS, —HIC PMT X HiE
TEESEZZ MWL, 50°C 2BA A EEP —100°C 2 FHS & D> 2EETEESEL Z 21X
2V, ULAU R6041Q IHMER T EE TIRDE BIABMN DR WHEEME Rb-Cs-Sb AW T W5
Z e, KRTHRMENEZIL RWEIBRR T2 EZEL 22 2H Y. EFREEMERTICHWT
P/ E. PMT OEMELHERTAEDIC. H5 PMT 2 BiREETEESE, 22ICEA
LED (Apeak=450nm) DY & FARED I Fiber & AW TEZEAEROHICEAL T PMT 25 L,
ZONEBERHEBTEZ L THHFEORWEEIIL =, £ PMT OF AV 2 EHMICE=X—F
% L EICH LED(KU Y Fiber) 2L . AL EHEL TS, ZZTHEAL 2 Fiber I&
HEMEAE Fiber TH Y., FMIIER3IDEDTH S, 20 Fiber [XHTEEICE L 5H, KBTI
FREBIEE R 50% FEEICE BIAATU EON, a7, 75 v OB AEENREZIC XV EE
NBEZENDRVEWIBEHTERICERTLZL L UE, R3JICERICHEHU 23 Fiber D3
RtEx R T,

JBHTERLSAG | Q7B | a7 | VSyRE | B | BIDE | AREER (A\Lep=450)
AFwT | FEEAEE | 600(um) | 750(um) | 1.4(mm) | 0.2 4.0x102(dB/km)

& 3.3: FFEA T fiber DR,

B 3.111C PMT(R6041Q) D - (KEFFEEH D bT., 20 LTI, BRLERTO PMT
D5 A VHliEEHLHLL THY, BETFTTEERDZZIZ 2/DT AV o TWBZ DTN 5.
ZOEHLLUTEALNSZLIE, PMTHMRHIZINSZ L TIENBZ Y, & £ ) —K ORREN
W25 (1% AT O Z2Iic kY, FBOX A ) —R TOEBEOESHENTEZLTHS.
XA ) =K DI & 2BHENSHELTRIVF —IZBEL WA, & A ) — K ORI bLE
BHEM BT OBV TBY., FEREL T PMTLEOF AN ENBZ L XENTHELEX
B TW5S, ZOMICET ) =X BHOBEHEMER T CLE T 52 L. I EABROEETN
BETTRELIRZZLT. XBEHEIBDX £ ) —NEDBENREL Y., BN B
HETODBEBFBNEML ., FERMICT AN REL 2B ZLREDHEIDY., ZHhDHEhE 5
ERIREUTT AN 25 2L BAONEN, EEWRERE THICEE>TwWARWL, ¥
ETENC PMTICHDT B EER 900V ICHEREL =& ZICERSN S ADC EEEL ADC fEDH 7R
MO HEBEONARBTREOEGRERT. Z0OL = ADC OHTRIH I AHHHKEDIEDLL .,
E— T DWEMN 1/ /Ny \HBIT 2B THEFRBN, . 2FEL =, ZHICKY. PMTAMER
TTHEEICEEL TWEZ LRI TE 5,

ZZT. REBLIOF AV DERFEIIOWTEH T, T LED D ADC HAE2H IV 7T
T AT A VT BTV, ZOBOE -V fE% ADC pears [BER 0 &L, Npo & PMTICASEN
BIH. G % PMT QHEfER (FAY)e3se. HE2DOBERIFRANTRINS,

ADCpeak

[

)2

ADCpear X 0.25pC
Np.e % 1.6 X 10-19C

Np.e. - (

G=
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ZZT 0.25pC LIXEBRTHEAL = LeCroy 8 ADC(2249W) D 1 F % ¥ RIVICKIET 3 B &
THd, ZhEDHLICHEREHELE, ULAL. LED DRI AV DRBEH VX LED H
BOREORENREENC L 5T, PMT OF L VW 5% BEID DWTWB EIICERIXhTL
5, TZT. RHESFPICHREL 7= o HFEOAEEZ|ET EZ LIS & 5T PMT OEHED RERTZE
fLERZTE L. aBOREDOY — 7 EL BEOEREIK3.10 DE D THo=. PMT HEDID
DETRAGE T, 250 3 F T OB Xe DIRENLEIC /2o TORWRILZ BRFIE. 0.5% EX
MICEE E5THY. PMT(R6041Q) IMMER F CTE T HICEEL EEMEERNT TV 5 Z LA HR
SN,

.%’ 1.02 # ¢ T 0
-% i ++ # t* +0.5%
T !
LT ¢ e AW o
: ANCRIRS Al ¢¢ )
0.98
0 | | 100 | | 200 | | 300 | | 400 | | 500 | | 600 | | 700

Time (min)
PMT No. 24

BT 3.10: o #RA N N DOMEDOIFHEZEE. WENKEL =88 (250 7LARE) 1. REREIVER
I3,
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Gain

PMT.operated.at room.temperature ...

700 800 900 1000

5000

4500

4000

3500

3000

Numer of P.E.

2500 [z — T — — T
2000 [ T o e T

O T e S
1000 Fromfon g e PIT Gperated ot Tiguid Xenan temperatire

500 EA e L T T T ==

0 /‘/ [ ‘ [ 1 ‘ [ 1 ‘ 1 [ ‘ 1 1 1 ‘ 1 1 1 ‘ [ 1 ‘ 1 [ ‘ 1 [ ‘ [ 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

ADC Channel

B 3.11: PMT OFiR - SRR, 22 TEOEIR S ITBIE Xe DREDZETH Y, # —100°C
DZLTHb., TEZOHTRHEHDNEROZLTHY ., BEMEETTCOREEHSHL TH
%, EEE. F€LED 2%IEICHWERO PMT OF A Y HTH Y., EEFTCEXEEDIIE 2
BOF AV hoTWs, FEFTEIE. PMT AQEIMIEEMN 900V D& =D PMT M5 EHHlSH
L ADCHEE RBFBEHSDLELDTHS., 2LV ER - EELBICADCICE>TH
XN BEL EBEONREFBE DBERIIT A DEIHZEOD, FELBICHFBERICHY, 1B
WREEEL TWAZ LW HEZEN =,

30



3.2.4 BBRUBDRTE

ARSERR FI WV =R v BRIRE U Tl Cr(320keV). Cs(662keV). Mn(835keV), Co(1172,1333keV).
Y (898,1836keV) D 5 FEEHTH Y. o FHFIC 241 Am (5486keV) 2L =, £ 34ICHEHL = v #
BEO o fHROFMRT — X 2R T,

~HRR || TRIVF — (keV) | FRIREE (kBq) i —HEEH =Y DIRE (%)
P1Cr 320 10 27.69 H 9.86
137Cg 662 10.0 30.2 4 85.2
54Mn 835 23.6 0.855 4F 99.98
60Co 1173,1333 300 5.217 4 99.89,99.98
88y 898,1835 300 106.61 H 94.3,99.24
40K 1460 Back Ground | 1.26x10° 4
R || TRIVF — (keV) | HRFRE (kBq) I —HAZEH 1= V) DIREE (%)
241 A 5486,5442 1.0 433 4¢ 85.2,12.8

2 3.4: ERRCEAL = v, o BERIRO TR IVF —, GREE & 5,

MURDEEIC DWW TE, K 3.2k DI, Cs,Mn i Plates D 4 DD PMT OBREDHLL (B) I
REL, Cridhoy A—Z@_EEO PMT1,2,3,4 HOBREOHUL (B) THY, Co,YidhAD A—
BN (BZEARBRON) D OITHRAAE, ZOL E—FEDERT, A0V A—XNEICHE T HH
FiE—oeLTWa, iz 3.51SmLUE,

T o RIS OWTIE 1 EFICREL 2 & 21k PMT25,26,27,28 DRREID H1D (A) I, 2 T
ICEREL 7= & Z1d PMT29.30,31,32 OBREOHLL (C) BEEAL 2. FEHIEER 3.5 1CRL =,

ERB o IR VAR v IR AL
1 241 Am A 137Cs C
2 241 Am A > Mn C
3 A - 60Co 45
4 M Am 2@ fT | A,C S1Cr B
5 2Am 2MEFT | A,C | %BY & 5'Cr | AMEE B
6 2 Am 2fFFT | A,C | 9Co & ' Cr e B

7% 3.5: ay BRRDAT Y A— X NETOEER, Cr,Cs,MnlZTRIVF —=DEND THRHZRFAERIC
FEL. Co,YILODWTIEZERODIMUT S > Y (SUS 5mm BN 2 HM57) DT AN SITHIAR,
FHEL TR 5 y S OWTHIEL =,
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3.2.5 ~'JH—DEE

SEOERTIE 3.2 TREIN = Ringl,2,3(& PMTS &), Plate4,5(%& PMT4 ZK) ICDWTW5
PMT i z B XL CHERFRTH Y. B EDE o MEN D DR L RMENZEL <. AUIHE
AEEFLTWS, Ringl,2,3,Plated,5 DNICH B % PMT FEDBMO—EEBMYEL., FhbD
FEB->THM)AH—=ICHERL =,

T — ZIVEEDOEKIC b ) A —1E Ring1,2,3 2 EICERATLDEN., o ffiddsx & ) > rTcidmE
AEL, WEXE ) YHTEE pm BELUAMBE T2 Z ENHRRVWOD T, o RO EMET
DARY NORIFE a MR EDEDELEZD L, Zh& Y, o HHEDOAEICE Ringl (3=
D a MR E DT RE Ringd BEEH) DfEEE oA XY PO N VA —ERADREEFLL. v R
MHDARY ME Ring2 #fFF5 & M UA—ERHAOFEFLLE, LML, ZZTH#EARXY D
F—RINERITROBAHHTS Ring2 T v BRICE B ARV MUANCE a S E B ARV N TH
MUA—2ERLTLUEDDT, ERIIE y ARV D& affA XY MR EL 27 — Rl
TLE D,

ZZT affiCk B4RV N EBHPEBRL v #RA N2 MK 2505 % 5 572 9HIC Ringl,3 D
BE%E a ARV ND Veto BERTHEHDFFL L. Ringl,3 ThUH—EERKL =AY MM
PERL 2. ZRICKUBONERAEETROSH R 3.141ICL 5T, ZZTIEAIC o #HC K2
=M, B ARk BE - N HERTE 5,

e, ENFEND 4 FHRICOWTEREHR N VA -V ARG OB E 2D VX DICRE
35, 3120 (2) ENUH— VAV EBEICL THIEL 2L 20O RETBOSHTHY ., H
DE—=IIN Y #ICKBEDTH S, (b)~(f) IZENEH. Ringl~3,Plated,5 DIHETHE LHNE
FEDOHAETH D, EHD Threshold Level ZBR=ANRY NDAET —XIREL =, ZDEDHIC
ULTHRELEN VA=V EEBIRICOWTE LHEEDNE36 TH S,

v #R | Ringl(p.e.) | Ring2(p.e.) | Ring3(p.e.) | Plated(p.e.) | Plate5(p.e.)
137Cs 30 50 55 25 25
>Mn 50 70 300 30 60
60Co 40 150 40 40 200
P1Cr || 850(« Veto) 100 850(a Veto) - -
88y 850( Veto) 145 850( Veto) - -
80Cr || 850(«x Veto) 145 850(a Veto) - -

# 3.6: FNFHD Ring,Plate ICDWT DKM VA — Level 2:37F, Cr,Co,YICDWTIE, NUAH—

BURET 7 M A XY b & o AR N REBIL 2,
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200 —

100

o

500

1000

Number of P.E.

1500 40 60
Number of P.E. in Ring1

1500

Number of P.E.
=)
8

o
[}
s}

80 100

1500

1000

Number of P.E.

500

s}
O rrrrT

50 100 150
Number of P.E. in Ring2

C Threshold Lebel

Oi““‘

250 0 200 400

o
o}
s}

Number of P.E.
@ IS
8 8

o

Thresﬁo\d Leve

cea b b o C

600 800

Number of P.E. in Ring3

X 3.12: %4Mn D 4 SO WTDLRBEBFEE Ringl,2,3,Plated,5 & DBIRE, (a) X 2NBEFHD
DHERL. (b) DD () ETEENFNLD Ring(Plate) TONBTHLELABTHERL LD
THd, ZNENDEIIDOWT v NS DfFFEYIS W K 51T, Threshold Level ZHEL 7=,

50 75

100 0 100
Number of P.E. in Plate4

hrjesho\d Level

200

300
Number of P.E. in Plate5

400

BIHHD Threshold Level ##BA =4 N M OMEREERY M)A —24EKT 5,

Source | Energy(keV) | Toal Attenuation(cm?/g) | Range(mm)
SCr 320 1.67x107" 19.96
137Cs 662 7.67x1072 43.46
54Mn 835 6.51x1072 51.20
60Co 1172 5.24x1072 63.61
60Co 1333 4.88%x1072 68.31
88y 898 6.20x 1072 53.76
88y 1836 4.21x1072 79.18

7% 3.7: Wk Xe(px.=3.0 g/cm?) HTD v MEDOAEFE. Znid v MOREERIREB B EHHL =

S HHITETH 5.,
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3.3 7 —YINE

3.3.1 T —YUNERAHDE

T —AIEX, M3.130MEEEAW TRk, MUA—FRETBIV TN VA —TI7W, &
ST ADC EHWTE PMT 2D DEBFDOTF — X INER TR, ZOB, N UH—ARKIC
Apeendix] TREN B K D%, SUM Module ZHHE, EHL =, ZD SUM Module Ik, ASS
NEFEFHDD—H % Module NFRICH 2 HHEHTHT HZ ETHRY L. 8 F¥ 2 RIV5OF
PWAHZENTEDL, HAL U TEIAINMEEBICHOEFEAEONS, EFRTIE 3MED SUM
Module ZHWT, 3.2 T3 Ringl~3 WD 8 fll,Plate4,5 ND 4 fHD PMT MSDEEXRV &
DM SUM Module Z FAWTHFIZEY., NUA—ERHADEEE2E-E. ZOHEER AWTIES
NET—RE2BLICRBTBODMERDZ L. K3.14DE DI -1,

PMTx8 delay 100ns
(Plated)
PMTx8 delay 100ns
(Plates)
PMTx8 delay 100ns
(Ring2) \\
PMTx8 delay 100ns AD((;4)
(Ringl) \ )
PMTx8 delay 100ns
(Ringd)
. -signal [ qing | | gate | | gate
[disor Switch coinidence [ gate 1 e, [oate
[ | 1 gate
[ discri | fan o -veto generator | gate
infout output
[suM H{ discri register
output
clock register
generator ~<—Leve
coincidence— I%e;pter F——LEDdriver — LED
fan coincidence|—| I:Vde;pta, —{LEDdriver — LED
in/out Teve -
coincidencel— adapter [|LEDdriver — LED

coincidence— Iilde;pta, —{LEDdriver — LED

X 3.13: v AT XA — & FARREEEK %2R T, PMTx8(Ringl~3 28 ) h&REFFD—E% SUM
Module Z FHWTERYEL., ZNSOFEEREL TN VA —-FAEEL T4, Zh 2 BRHESELADC
HAWTT 4 YV R)UALT B,

34



I y signal
25000 &
 threshold
20000
15000 ﬁh
I a signa
10000
5000
O | | | | | | | | | | i s s O dnrpnf | | | | | | | | 1 | |
0 500 1000 1500 2000 2500 3000 3500 4000

Number of Photoelectron

B 3.14: € PMT CHIRINERBFHOM. ZHIE Mo D 4 #E 2"Am D o AR M &
Ringl~3,plate4,5 Z FIWTHIEL ZEDTH 5, ARHIOE =T N ol E B AR NTHY, £
M A BIC K BE -V TH B,
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F45 ZEBODBRCTDFCH

4.1 T —YIHN
4.1.1 afFAN\U E AR\ DB

affFARY NEBRYETHY N EPETEEDIC, ol RO R MHBEL TWET —
BITXTL THEEX Ring(Plate) & 2B EOBRRY 2HFNE,

Bl 4.10D (a) X a #ie v HROBWET M UH =B D o7 —ZDORBEFHTHY. FHIC o HiD
=7, BiCyBOE—=IMNRASE, 2ANY NHT o #HEEEB AU T 3000 M4IicE — 7
BRoTW5, (b)~(d) 17E& PMT OXEBEFBEMNEIS B EDEELTH Y, affid x,y HHIC
XU CEHIMTTIC, 2 FIHEICHL T 2= 30 (ETH B Z AR TES., FEH420 (a) 1
x,y HIADEMIE R RLEBDT, HRED A XY N DEENEWGHNE o DA XY N TH
%, (b) I2AEBTHL Ringl TOXREBETEBEDHHTHD. ZhiY Ringl DHEFED 500 LA
ETCHBEARY MIFIELT o BT BARY N RRTZENTES, a ARV N ERETS
EDICUATOES>AAy NEegEEL =,

o -2mm<x<4mm, 0mm<y<7mm, -35mm<z<-24mm
o Ringl DY T4 500 LA L

ZDAY N EBALUEZRD o #f. ¥ HOABFBOBHEIZENEN 4.2 D (). (d) D& DI
25,

() FARY MBI EY o A XY DDA ERY KLU E2RBFBOHETHY, (d) 1 o Bl
RY NERWE, yBRENY I TSTUICEBARY NORHTH B,
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: | | | R
> : : : > : : : : :
G 3000 o e b g B
IS 3 3 s Foo : : :
g : : : g 5000 [ N o
£ 2500 e [ o S C
E} : : : E} C : : :
= | | | Z 4000 b AR TR MR -
2000 e B Co | ‘ | |
3000 [odi S N -
1500 r o . : : :
1000 2000 g R =
1000 b p P N
0 o L R V= SRR IR Coa
2000 3000 4000 —-50 -25 0 25 50
Number of P.E. X Position
= 6000 e e e — = — ‘ ‘ ‘ ;
° r o : : : : o 3500 e R SRR SRR P
> ~ > - : : : :
0 o ‘ ‘ ‘ ‘ 0 Fo : : : :
R Rt e R o 000 Ede AR R
o : : : : : © C : : : :
s — ie) =
S Co ; ; ; ; S Co ; ; ; ;
2 4000 bl — | 2 2500 e e =
o ; ; ; ; 2000 [t b -
3000 e P P Lo : : : ;
o (| B R e
T R —— 2T
[—_— : : : : 1000 f—-eeeees e SR AR bo-e
1000 g o - 500 b L
o Lu Lo e b e ™~ by o ‘ J,_LJ\ R
—-50 —-25 0 25 50 —-50 -25 0 25 50
Y Position Z Position

B 4.1: 22T Am D a #iE 5Mn D v BRA XY N OFHIK 1. (a) 1 Z2 PMT TORXBFHOFEE -
LEDARY NT L, (b). (¢). (d)IFL2PMT WS DRBEFHOEMIBERFHELZEDT, A
NS ENEN x,y,z AEICDOWTOENTH 5.
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40

30

Y Pasition

1400

1200

Number of Event

1000

800

B 4.2: *TAm @D a #RE **Mn O v #EA XY NOFHIE 2, (a) I x,y AHEICDWTEMLE 2R
LEEDOTHY, HIMIEDEDOEBEDEVMEFL a BIC KD ARV MLk 2D L HFESIND,
(b) 12 PMT OXBEFHBOFIL Ringl DBIRERLEZEDTHY. (b) HDHEHH SEIHIC
afRANY SABHENS, (o) IXEMLEL Ringl DXBEBTBEDHLICUEAY MEMT. ofif
ARY N EZRUELZORAEBTHTH S, (d)Id a kA XY b ERYERWE L ZDLAEEBTH

TH5.

o] 1000

X Position

\\LLL

2000 3000

Number of P.E. about Alpha Event

4000

Number of P.E.

Number of Event

3500
3000
2500
2000
1500
1000

500

6000

5000

4000

3000

2000

1000
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4.1.2 FPMTREDT 7> EEFRERDMEIE

PMTIZNT7 7 AN=ICKYBAINELED DXEELICUT, AN 107 &d K DICH
MBEERPEL =, ZO%IT LEDIC KB EZX — R EHINCHT Y A > DR ®1T -7, BH&W
& PMT RIOME o BRBHE Xe FTHIY Y FU -V aryORER FAWE, ZORIER o ff
DD RS2 TEENZEL W PMTICOWTE =7 F v Y XU RHERL . Zh 500 <
L EDITHERITRD ., WEZZTE DOHRED D REBMENRAENFT PMT 21X, K3.2TD
Ring1,2,3,Plate4, 5 ICDWTW5 PMT DO Z 2 TH Y., BIAIE Ringl WO PMT1,2,7,8,13,14,19,20
RIS WL CHRU ALEE L B A

ZZT. HEPMT D atfif XY DY — 7 HEDLE ZNEND Ring(Plate) Z LICEHHTS, £
BRI, o ORI T2ICEL (~ pm), IRTD a ARy MEECEHRTYYF L —Yay
FeEHL TWABDT, F— Ring(Plate) O PMTICIZFC BEDRENATL TWBIETTH5, %
DFRERMHE PMT OB I N EABTBOTNERMIEL 2. K431 3%RT 2MMEDHY M &
MF T, REBOHIMIAETY Y F U - aryieHLELZALNE A XY NDEKEDHFi
THY., ot —7IC Kk BRHIERAT2 D BIHRD v #RE — 2 (Mn 835 keV) DB E TR o> TV 5,
FHIERTD B FHIEB AT SIREED 6.36% DD 6.26% N HEMHHERD AN BWSRERX 5 T
5. 5B PMT OXEFBICOWTIE, ZORIE (BAF. Tallkd PMTHIE] &3T) 217745
DL T 5,

< X /ndf 1843 87
o178 A Constant 162.4
° 150 Before. Applying 7%—‘ M.e(]h 727.6
) ﬁ\ Sigra 49.95
125 3 ation /(L KL
100
AAU \LV Resolution = 6.87 %
" it \
50 F H/B \_4\
2 F [
OE‘WJ‘LD;P‘HHHHH““H‘L‘D‘x‘\tmmm_mm
500 550 600 650 700 750 800 850 900 950 1000
Total Number of P.E.
2 180 | 2 [adf—140.1 86
[ . N_ Constant 160.3
s o After Applying “ Mean 775.0
E o Vé [[Sigra 51.14
120 [ lpha.Calibration Nt
100 /Fd H
80 IAH q R lutton. =.6.60Q
60 - # it
w0 [ s 3\
2 J/j k‘kt
o Bivendn e, booio

500 550 600 650 700 750 800 850 900 950 1000

Total Number of P.E.

B 4.3: a #RE =V IC K BHEZRITROTRD **Mn DD v Y — 7 IR T E2MEDOHY N %
MIEEDTHE. EDN aDE—VIC K DHIER. TAMERTH Y., HIEEXITRD L oRED
6.36% M5 6.26% N\N&H 35,
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4.1.3 /\VDT TN

AR Xe AOYD —A—ADNY 7T STURICOWTERS, 2TOMREAT Y A — X NEH
SEYBRWTT =2 2B =0 DMNK 4.4 D LETH S, FTRIIERRTEMEBDOHAY M ENTEL
XD, ERBFBHHTHS, ZhE2R5L PE=1500FEDE Z AICE — 7 B EZIHR S, Z
NIABEOIY 7 ) —MREICEENS VKDL D 1.46MeV D A HETHY ., BNV IV TSI
ROFERFEEADD DL RoTWS, ZNSDONY 77 ST RIE, SHEARE 217D v e
FAREOTRANF —2FLTHY., ARV NDBJ24TR->TH, ERICHEHL = RO A X
Y N EXFIAONRNEDICHERT 2 Z A HBRR, £, ZOKRORNY 7T ST RO
VA=V =M 120(Hz) BETH Y., 5'Cr EHICANEREDO N VA=V —MiE 3900(Hz) BETH
5DT, NI TS0V NOGEIBHETERIEEEDN, EEBHRDOADBFTHIAAE 0Co,58Y
IKOWTHMNY A=V —=FERDB L, FNFN 220,170(Hz) THY ., N 77570 RITERT
ERWV, ZhkY, BEEFHEDOAND v #REFTHBRAEEBRICOWTIEINY 7T 5T R E2ERV
TWDEDRH S,

Number of Event

500 1000 1500 2000 2500 3000

€ 700 s s B e
o . . . . . .
>
o i i i i i i
B 600 [ e i i
3 f f f ? ? f
2 h h h } h h
€ 500 i~ e R — b Backgroundl
= ; ; ; : : ;
400 oy R M i oo R i
300 Dfooo O SO S After Pasition.Cut. i
200 oo SO S S LKL ABMeV)
100 fercomeeenioanennaaaas o foerermmee e e TR
0 1 1 1 1 I ot ) ‘ ol 1 L L ‘ L L1
500 1000 1500 2000 2500 3000

Total Number of P.E.

X 4.4: N 7750 ROHE. EFILNy 775 R, TRIENY YT STV RICHL T
DB T BMEDAY NEMNIEEDOTHD, BNV VTSV RDEERRFTH D YK 4
NV NRERRATWS,
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4.1.4 IBOI=R/I*—DEEEE
F5T —YI DN TODIR/ILF—DiREE

ZPMTICBWTEH SN =BT BOBINDS + MOTRXIVF —SEEREZ2 5., 2XBET
UL EIC PMT % RIAADYHEADRIITHRE 5 TL 20, PMTICHEWEFT ¢ R T RIVF —%
FELUEAXRY NI PMT BEDORZINHNWTL 2DT, 2RBFEN S REE - EZEMIEIT
ERICTRIF —2FE L EEFH S THTEHIZNS, ZHE PMT HEFECTIRXIVF —2F L=
Y HRA XY DT PMT OB E RAOVEANRES RATUE SN, PMT & PMT O
MDE LS TTRNF —2EL A XY MIVEANNS K RoTLU D Z e REIERL TWa,
ZHICKY ., ABTBOBHADNHNT K 2T RIVF —SREEICOWTE, MEREEEFED, Z0
IS 2NBFEIT Y # —VETOREPAHO ) A—=RXORED 7 IV I EHTORERE BT
LW, ZOMRIINEADBELY ENS hoTWE, ZOMERFEER2IERTS LI, &
PMT % RIAOYVHEANEETH Y ERINC, HEMSEHUEEMIBLY VF U —Ya r T
RLEDNZEL WHUIDEB D A XY MIOWTEZTWL, ZHICk Y, £TO PMTIIRIEHEZICY
VFU=Ya RN AFTE yIRARY NDOARERYBL TTRAVX —DFEEEET2Z2N
HR5,

Z Z TIIRHEFRDH Y5 DO (x-y30mme, ~10mm<z<10mm) DFHKEZX ., (FHRZ D
Zh% TAIEAY M1 2IES) ZOFHRNICEEDE LN B y ANV MOAZREBRY T, 22
T. DAY N DEIMIE x,y,z 1 X, 1(i=1~32) BEHD PMT OALE x;,y:,2; & F ZICAHU =%
BN, EFHWT

32
N = >N
=1
132
X = —>» %N
N
1 32
y = <2_vi'Ni
N

1 32
7 = —» 7N
N

CHETZEDET S, Cs 662keVICDOWT, MEDA Y b 24T TWRWE EDOLNET
BOSHIETHY., MEAY D E2TR-FELEDOHHIKA45DTFHTHE., ZOLEHETH
LU THB L, BEONENFIDDA XY N2 RBICHEMNIE =T OEfIDARY N A
DARY SHAAY RIS TWD,

22T, E—VDEMICESTWS ARY MIDOWTIE, MEDAY MIEY v fh ks
DETIRIVF —2FLEARY DDA E LY EL N, EBICIRHER0AE BIHRNE T, Fo
TWEIRIF —D—HOREIAY T N URICESTELEARY N THEEZBADNTWS,
ZDHE, MEBANITIRIF —2FLEO LM o= v HlE, BYDZRANVF —2FoEFF, &
HEMEBATRD Zo T o 22 ZZIDBNS,

Zh &Y, E—7DHEMZ ZNRHEZIN ARG > TWBHRE ML TWEEZA B, E—7
DEMET AT AT FTEHZLICEY., ZOMRHBEARD D FRERRDZZ A HHKS, H4.6
& 137Cs(662ke V) ICDWT, a #UC KBFHIELMBED A Y N EZNMT =L EDOENETHH AN
UTC. 79T 4T OEBEA IS 7 LEEDTHY., H4.71E B7Cs(662keV) ICDWT,
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a BRI K BHEEALEDAH Y b ENMNT L ZOLNBFEOMHIU T, ZEIENHRA TS T
TE—VDEERTAVTAVILELDTHB, 22T, BEHIBIHRATY 7Y LiX. mean
DEHRT o 8BRAEAIY TV THD, ZOGBYDT 4y T4 VT 2HANWT. E—7 DAEAIDIE
B RO R R FAHL TV <,

000 : :

Before PositioniCut

ubeaGof Lvegt
O
S
S

oNueg
o O
o O
o O

6000
4000 |
2000

0 200 400 600 800 1000
Number of Total P.E.

Number of Event

800 1000
Number of Total P.E.

B 4.5: B¥7Cs DN BIFELHTH S, ElZPMT %2 o lEORBICEBHIERITRoE=EDTH
Y, THAHBEORIHNEBICEDAY N EMNTEBROSATH S,
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;T ndt | 3178 /3
L - 3 3 | Constant | . 297:4
"5 300 [ I S e N R S S
. i | | | Mean | 608.9
s i | | | Sigma | 4406
5250 s T e N e e
z I | | | | | | | |
200 I %,,,,,,,,,,,,,,,,,EGQUSSJ,OD;,HHMQ ,,,,, ,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,, ,,,,,,,,,
i iReso\ut'\oim = 7.263(%)

150

100

50

O Il Il [ : Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il A_"“I_Lt_ﬂ—r
0 100 200 300 400 500 600 700 800
Number of Total P.E.

X 4.6: PMT OFFIEDRRIC. MEBEICED AV N EMNIELZD B Cs DEBFROTHE. T4V
FAVTDEBEAIY T L., HEEY - DEMDO—EEFE ST I IVFAV T LEEDT
H5,
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[ [nar 4ehs 7 @
"5 300 [ S R R e e e e
ez 612.4
e L gPs gy 5072
2200 [ e I ADET
200 I 3 ,,,,,,,,,,,,,,,,,, %Asyfmnﬁe%y”Goussﬁlm”Hiﬁm%””””””””é ,,,,,,,,,,,,,,,, ; ,,,,,,,,,,,,,,,,, ,,,,,,,,,

i Resolution (Right)i= 6.97 (%)

150 L o Resolution (Left) =828 (%) || i | I A

TOO b
e S e e e
O L L | =lms | 1 ‘ I | ‘ I | ‘ I | ‘ I | ‘ I | ‘ 1 ,—J—"“H“—ﬂ—r

0 100 200 500 400 500 600 /700 800

Number of Total P.E.

X 4.7: PMT OFEIEDHRIC, MNEICEZAHAY NEMIELED 137Cs DB FBOS A E LA
IR IV T AW -V DEER T4V TF AT LEEDTH B,
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PEDOAYNBEE T4y N 2O 4y HRIC KB ARV MIOWTETRSTWL,, TR

IR EREL = Cre MnliCOWTAREDZ & 2T RN 4.8 TH 5.

WIC 0Co M 1.173keV & 1.333keV ICOWT TRIVF —HREEEZX TV DEMN, BHEHEOD
SRR LIS 2D DT RINVF —AEVD T, TRICZDDE — 7 LBMIT 5 Z L IF#LU W, K
4.9 D (a), (b)IC affCE D PMT FHIERICALE A » kN 2T EBRD Co DEMETRD 5T %
~Y,

EHIC, CCo DV TIHEZREARLHDOANMUN HFBRAAEZ LT, HZARZHED SUS(5mm A Z4X)
PR FHDWBIE Xe TTRVF —2FETZERDHY., BOWIRIVF —D v 2 EZEEZRDOIM
MWOFTBRAATEERTIRINF —2FE L TLEDIARY MEDHY, FERMENTRIVF —D
E—=ZICHBEREXTLUE D, Fhi, CCoDE—r % 1.173 £ 1.333MeVICHIT 5 Z 1k
IHICHEEICRY, TRIVF —HE 1.333MeV D v BRICHL T, Cs ¥ L RT & DI AR
AT 72T 49 N BT > TE R IERHR S RREIZ RO W,

FEBYICOWTH, “Co L ARKICEERHDOMIDNSFTHERAATNSDT, TRIVF -
WE =7 DERDOHFEEZEX TRRRACERLRSHERIIB/ONRN, B49D (o). (d) 1T affic &
% PMT fEIEZ 1T ERICAED A Y M 2T EBRO BY OB FOMERT.

ZZT. By MERICHT S, TRXNVF—SEERICELHDH L, R41DXDITRSB,

R || TRIVF — | SRR (A UY 7 Y) | 4fERE GENRA T R)
S1Cr 320 keV 9.86+0.67(%) 9.3940.32(%)
137Cs || 662 keV 7.2740.31(%) 7.2940.27(%)
> Mn 835 keV 6.51+0.37(%) 6.37+0.34(%)

F4.1: ERT —RE B, yHFEOTRVF —L 2D, AUV T7VRE -V DERDLE
AWTTAVRLEEDTHY ., IBAHH TR LI -V DEET o DERBHIVTZYTTLY N
U EROIRIVF —SRETH S,
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- C X /ndf 30,681 /16 2600 Nl ndE 31780 /8.
% 600 o (a) | constant § 570 3 % - (D) | P | 560.2
< c | Mea L2954 | 2 - ) L 297.7
500 —59 rrrrrrrrrrrrr 2943111500 fEi """"""""" 3""23:;:

1 1
0 200 400 0 200 400

Number of Total P.E. Number of Total P.E.

- C : X /ndf 2028 / 182 = C 3 X'/ naf 30.97 / 451

% 180 Eole) b Constantto oo 17424 % 180 l(d) rrrrrrrr (SR TR R 162:8-

= B | Mean j\ 7740 = B | P2 | 785.2

L) 160 e e Sigmg Y 50427 L] 160 PI A i 7170

1 Ut : £ 3 3 44.72 ¢

% 140 B 1 A

— 120 1 . MD,,S,SS,(RS,\/) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
(o) E

g 100 1 i \Fitting....
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40 et e 4] e e R

20 b R D) e e
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B 4.8: PMT OWIEDOHIC, MEICKBHY MENTELED 5'Cr, *Mn OLABEBTHROH T
TH5, Cro Mn EBICTEBYD T AYF A VT ETFRD, ()R Cr2HFIY 7Y, B)ECr &
ERERNHA IS T (o) Mn BH IS 7Y, (d)Mn REGIRNHH IV 7> 2o 2BDT
H5,
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B 4.9: PMT ORFIEDHIC, MEICEZHY M EMTIELED OCo & BY DLNBFBDHAET
H5. (a)ldO0Co DENBFEHHATHY. 1.173 & 1.333MeV O =7 I W N TEH SN T,
—D2DE—FICHA S, (b) X CCollDWTERIENHIH IV T7YTT7AYNLERRTHS. £
= () X 3BY OLRBFBHHETHY. ()X BYICOWTERIENHA IV TV TT 49T 4
TUERETH 5.,
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Monte Carlo Simulation

EBRDOERE FIU BfTENEEIC v HEEEL .. 2hICKY RIAENSE PMT TOXETFH
2Yall—yavilkYGRs, YaIl—YarIilid EGS4(Electron v Shower ver.4) & V)
T v DR Xe ICEL ETRIF —2H LIS, HEPMT THIES NS B FBEFHHEL =,
ZZD O Xe D W AH (23.7eV) ZAWT, ERLUEXATBERT VY SR> THEL., £
FEETO PMT OEEER2E LIS, & PMTICENE T ORTRAHL E0EFHET S, PMT O

BTEIERIL 6.1% & U =,

yHEARY PICDWTOL2 PMT DAL DHERY 2 IV —Y a Y OFERET — XD TITR
D, YaIl =Y arvoRRICOWT, H4.101C Cs(662keV) D v BHIHL TD., EBRT — &
BLOYVaIV—YaryRICE 22 PMT OXEBFESERUE. (a) BERRRTH Y. (b)

MyaIV—vasiERTH b,
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&
8

6000 |-

4000

2000

B 4.10: **Cs(662keV) D v FHKTL TD, T — 2 BIVa IV -y a RS2 PMT

"""""""""""""""""""""""""""""""""""""""""""""""" Cs662(kev):

Experiment
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Number of Total P.E.

RO A T

CaB82(keV) b

Il
200 400 600 800 1000 1200
Number of Total P.E.

DRETFHG. (2) REBRERTHY. (b) A3V —Y 3V HETHA,
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ERETBORHND TRIVF —DREEERX. TOLEICETTEAY N, FORLYERE
A TWL, v DSBS Xe ITHEMER 2R ZU EEFTE PMT OXBEFHE ZOEEN S RDS
NEEMIBEE RHEETL L, M4110X D15, £LE xAH) &AL (v AH) &Y. x,y AW
WAL T, AERHEICL T 15mm BAFOHETRWI Z7 U F A WMRENTWS, Zh EHRRAE
ICEHL T x,y EIXA R TH D Z DB, x,y FHEICOWTDOA Y M 30mme DHEEITEWELWZ
%, AT, 2z AECK T2 EMIE LM EERAMEE OETHY ., HTFIEXENIC x,y HH
IKDWT 30mme DAY hEMNFIEZLZEDEDTH S, ZHHERLL. EE5E 7, (ERIERT
o722 & 7gim EVE. 2=7gim — 8T(mm) DEEFRTH 5 ) O EAERACLED 40mm LAFDA XY M
JER->THY., BEOMIEICK T HEBHEEZR->TWaRY, ZhEY, FBOCH TR - T
WBHIMIED A XY DAEY HFTAHY U T, 8Tmm<zgy, <107mm(—10mm<z<10mm
ICHE=5) N EYTH5,
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conversion Point in y Direction (cm)
o

—~ 20 ~ 20

€ €

5 18 REEL: T S

§ 16 e s § 16 e

T e S e

S 12 b L R T

N N

& 10 b e

T8 €8 i

< <

0§ Feei e O 0§ e

[y <

R S o I 1 . S —

& &

S p [ S— & g [l |l

g O \\‘\\\\ g O L1 L1 L1 I

© 0 15 20° 0 5 10 15 20
P.E.Mean in y Direction (cm) P.E.Mean iny Direction (cm)

Bl 4.11: Ya I —yavilksd, v b Xe PCHEMEMAZEZ LU 25T BOME L OB
. ZEZ x A, AEXy A, ZFEz AACOWTENWENDOHEERAREZL EAEE
BB OEBRTH B, FEATE -y ICDOWTERE 15mm OFETRNICEIEN X 7= 4 N
Y NSXHT B, 7 FHOMHEMERAAE L BEMIEDOBERTH S,
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WICYaIV =Y avilHU TeRBIEOMA L ZDORERICOVTEALATWL, £F. ER
FERICHU T, TRIVF —DREE RO L HIRICMEDA Y N E2TR5EZHDICDONWT, E
By aIV—yaryERORRENES NI EHERT L. 2O, BHLUESHELE4.21C
FLHTCRT. FEL Y HRICOWTDLREFBES 2R 4.12105R 7,

v F!fvi{}/%

IRIVF —

ITRIVF -5 fREE

137CS
54MH
88Y

662 keV
835 keV
1835 keV

7.29+40.27(%)
6.37+0.34(%)
4.5440.44(%)

F4.2: Va3V —YarvERIIOWTD ¢ BIRDT RIVF — & FD45fREE.
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B 4.12: YaIb—yaryoRERiyEshE,
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4.1.5 yHRONBDBEE
8T — Y2 DN TDUEDREE

~ RO RN T T RIVF — 2 %L EHFTE PMTIC A EXNBEOEIE L DEND RV
DD 3mm O FAEIRISIC O W TES R R 1T, AESFRIC OW T, ME#E 2 Fim
(x=0) ¥ I (y=0) TZOICMT o 2 HHICOWT B AT ORBZOELEFEL., ZhD0D
ZRLDHZLTHEEUE, WE, REBE ZDICHTTROELED, ZRENDORETHE N,
& Ny, 7z FHIDEMIER 7, £ 72, 2B, IRDEDICEKINS,

16
Nl = E n;
=1
32
N2 = E nj
=17
16
1
71 = —E 7Zi * Ny
Nl i=1
32
1
79 = E 7Zi * Ny
Ny
=17

ZZTC. 2z FAIDER 27, =21—20 LT B L. 20, DBILE dZL, FRANTEADNS,

dzan, = dz; —dze
dza, = (dzq — d22)2
dZZAZ = dz% + dz% — 2dzydzq

22T, YUFU—YarHEEANICHAEDLIRET B L., 7y & 7y EIXFNFNILE E
ALNBEDT,

ledZ2 =0

EEAD. 2N &KV, 2, DB oo IFIRANTHEADBN S,

2 9 2
OAz = 071 +022

UL o Loz, n ENENDHBET B,
IBHICZZT. REBOMIHMHEIY ., 0,0 =0, EBZB L.

OAz = \/5021
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LY, ZrOHBEIV2ETHEZENSH D, ToTRHEES® —DICHTEZLICkY., &
W 2 DRERIIFINCKIRD T2 2o TWDRT THS, UL, REBORDAROA
BEORELRT ok, ABETHOBRFTOHREIWT K HDT, MNEOHRRIIREEVG S,
%kf%‘minh®%@ﬁ%%®égtﬁéobﬁb\%b:ZTéPMTéﬁiﬁ\ﬁﬁﬁ%
%Mﬁg&U%éBKE<&éMff&éa:@%%ﬁPMT@Kﬁ@%%EHT%ié&%ﬁ\

\/%:\/iq‘%ﬂi‘ SHICRL AT THS., ULHL. RERTIE v DB AHL T 2mIC BT
% PMT THRHETEZHENZVDT, DI R TORE BRI ER S TRENE L, M
@ﬁ%%u§§t¥Mbtﬁﬁ%§?&éu:m&%tm%m%nmﬁﬁuomfﬁﬁwﬁﬁﬁé
FLHEIONEA3THD, FEFNFNDHIRICOWTDNESFREERX4.13 1017,

v IR | TRIVF — ARy 451

S1Cr 320 keV | 7.3440.150 mm
137Cs 662 keV | 3.75+0.024 mm
54Mn 835 keV | 3.674+0.032 mm
88y 1835 keV | 2.90+£0.039 mm

K 4.3: ERT — RIS OVWTD 4 #RRDO TR IV F — L AED KA.
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B 4.13: BT — R D, +HK Cr(0.320MeV),Cs(0.662MeV),Mn (0.835MeV) Y(1.836MeV) I XF

Y ndf 7449 ) 42

Constant - 1122:
ol 1.3996
igho 15.308

X/ndf 1631/ 22
Constant 1879.2
Son .900BE-02

pighna 4107
: Y

T HALEDERE. (a) A Cr,(b) A Cs,(c) M Mn,(d) N Y TH 5,
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Monte Carlo Simulation

FEVaAIV—YavIiloWTHESMEXEE TS, EROT —RICOW TN ESRER
P & FRRIC, HUOEBDFEE 3mm OFEEDE2BZ T, SEDDEETOMNEDE 2 MH - T
PEDIREE* BIRRICH U CEHTAFR44 b, T, FOLED Az I 4.141RU 7=,

YHER || TRIVX — | MBS
7Cs || 662 keV | 4.5440.035 mm
>Mn 835 keV 4.0240.027 mm
88y 898 keV 3.4240.047 mm
88y 1835 keV | 2.6140.022 mm

F4.4: VaIV—YaVERICOWTO v BHRO T RV — L MBS FREEIRENE.
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Bl 4.14: ¥aI V=Y avFERO., y#EK Cs(0.662MeV),Mn(0.835MeV), Y (0.898, 1.836MeV) I
X3 BALESFERE. (a) A Cs,(b) A Mn,(c) A Y(0.898MeV), (d) A Y(1.836MeV) TdH 5.
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FEE FCHESERDEE

5.1 1&HssDIEeE
5.1.1 T=x/IL*—DRaE

WA Xe y HEADO D A—=XOERICOWT, ETTRVFX —DRERXEZ 5, DEELERICE
LHBE. £51NDEDIIRD, FEFFIICTRVF —HFEOTRIVY —REEER T, ER
F =KL T BRIENHRA IV 7Y TTAVT AT 2T ERONEITHY., AUy
TYRFESEEDONBITHY, TNENIRXNF —HEEEZHO DL TWS, HEZAN I
V= aryhbBEBUEIRVY —SEETH 5.,

pt = et 4 BRI K Y AR I N B 52.8MeV D + FRCHT T2 TRIVF — B8 1% ®ZERH
BTHINZAD. AETFBOGHNC XY SMEEN 1/ /E, (ZEZL, Ed vy, BOZRVF —&
T2)ICHBITEZLEFIHTE L. 52.8MeV THREE 1% L2 5 L EDITRIVY —HIREITE
51 DEMDE DR THOHLIND, 2F VY, ZOHMBLY FTOEKTIE, ut — et ++ R
ERICETEZIRVF —DEREEEL TWELEZALND, ERfELAL L, BNTXILF —D
A R (Cr,Cs,Mn) ICDWTIFEREWHEL TWAZ W R TES., LAHAL. BLIRLF -0
Co & YICDWTIE., EBROBRC v i BEZERBOND SITHRAAEZHIC, v DR HEFAERNC
T[T HLABNC., EHZERHE (SUS) ®AT Y A—XDNMUDETEHOWE Xe 28 TTRIVF —%
—EELTL £, FOREL LU TRESBNEICAS T % vy BHIARRO TR )IUF — &Y BEL
BRoTWAHDEHY, ZOFHRTEFRMSEHL ZTX)VF -SRI, ERCREZENEL
TWABIRIVF —HfRiE L Y BELBHEHTL £,

EBHC ~ RO D . EERZBROER (SUS 1em) ROBRHEE TISERT 2 WA Xe D
Hi#E (Xe 7cm) TO 4 MOBMERZX 5L, TRVF —2E I FICREBAEICIZET 5 it £
ORI 20% FBETHY., BYDARY MEZRIVF — 2R TH S RHEIBIAEICA - TL B HEE
HNHD., ZHICEY, v HROERETBOLMIMELEL R>TLE D,

ZDZ D, RESRONMIOWEERERBYES 2. FETHHRE S 2REBROE
BAEERD T AMINCEHY M B2 Z & T AR, ZOREBIPEL TWSHREEL R T2 Z LW
BIC5., £, SHEHOBED/NSW (BRFHEL 116mmx116mmx 174mm) K Xe BT,
Y (1.836MeV) DX DICTRIVF =M MeV FED v . BHEBHFABICTERACTRINVT — 2%
SFICANEIT TV oTUES ZLBH Y., HERMCREBARO D FEEEBHN T 52 LT
R, ZNHEEEZXT, ut — et + BREERTHE Xe ADV AR EHEHT2H5EE. «
HRAG F O E RO L MR HFOREUENDHETH Y, ZHhD ORAEHEBIXHTR
BXe O A—RIMNBELINIHREERHTLEZENHETH S,
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vHEIR | TRIVF — (keV) | TRIVF —SMREE (FHME) | TRIVF —SFE (Va2 IL—Y3Y)
S1Cr 320 9.86+0.67(%) -

137Cs 662 7.2740.31(%) 7.2940.27(%)

4Mn 835 6.5140.37(%) 6.3740.34(%)
8y 1835 5.8540.45(%) 4.5440.43(%)

7= 5.1: yHRRED TRV F — & Z DR,

N

o
\

Energy Resolution (%)

'Gammo Energy (MeV)

B 5.1: WK Xe v #EATOY A= RSB 2TRIVF —SBED T RIVF —RFEHE, BEANEH1HE
DOHIY T effio TROEDREEEREL . HANEGIENHH IV 7Y TROELIRETD
Y, HEANY IV -y ayOERMSHESNESEEER T, HIIMED Y N DHREMNT
EEICE =7 0E[ET 1y NUEROSHERRT
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5.1.2 [UBDRREE

AR Xey fEA TV A= XD ESREEZE 5.21TRT. ERT — A0, 1.836MeV D ~ HRODAL
EBEOREEE 2.90mm EROB N, F52ICTRIVE —ICK T BMESREDIREE S . FEERE
BEOYaIV -y aryOERIIOWTRLE, Zh &Y T R)UF =D EW 4 BUCHL Tk, X%
BIBENEZHZ2LICKY, HKEFBOIDLDENHLDT. SOICIBEDDFEEDN NS LE
AbNd, ¥, HRBINWREZ L TE PMT TOILDOXEFHELL., 2O HREEL L T
METHZENHFTEL, ZhEY put — e + ¢ BREIC Ko THIEEN 2 52.8MeV v FEICKT

Uik, MEOSHFEREICL Tl mm WO HREEHTLIZLEFHETH S,

YRR | TRIVF — (keV) | MLES RS (ZHME) | AESFRE (2L —Yay)
S1Cr 320 7.3440.150mm -

137Cs 662 3.7540.024mm 4.5440.035mm

54Mn 835 3.674+0.032mm 4.0240.027mm
88y 1836 2.9040.039mm 2.614+0.022mm

2% 5.2: Y HHRD T RIVF — L LB fREE.
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€]

mm)

Position Resolution (

'Gammo Energy (MeV)

B 5.2: WA Xe vt O ) X — RIS BT DABEBDFEOTR)VF —KEME. RIS EHAED 5 K
DESREERL ., HEADRY IV -V a3V ORENSR/ONEFREERT.
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5.2 FEHERRDEE
5.2.1 RIFFT /2 4800 I A—ISKD PMT DNE

pt — et + vy BERERTIE. $0.7m° OBRBEDOWIE Xe Ré2EHITEITFETH Y., 2201k
BEMNDSTARD PMT Z2HY AT 5 Z e REFTSHTW5S,

PMTIZOWTIE, &4 ) —=RBE RS T2 2%, HEN=YO/NULETITHEZLICELS
Ty BOETHFROWEERRS L TV FETH S, SHICAKERTIX, PMT AL [HE/N—
YV DEEINTWBEE L DRI Xe MAVAE WX DI, BEEEHRDY —)UCHES )
OV TCHRERED D Z LT, WEEDEREBLED TV ZERFINTHY, ERICEY
BIZFICEMA R ZEMNOD - TWB, ZHICKY ., AFU = v #D R HES N DA Xe DA REAHIR
KA TR BETIC, TRNVF—2FELTLUEOBRETT2ZLNAREIC RS,

PMT D7 VY =& HEEN—VESFDORZIICOWTCH, BRI 24T R->THEY., BHAEFHL TW
BHHBEN—V/NS LTV FETH L. ZOBMEL TEHERTIX. Fv 7/ 85His LU HE
S IvIFTaAVFUY, IARF T AVTF U RENDN >TWE, FyTRERL v A
AFVTAVF ROV, KETOMREEMLE DR REMEBLEA. EEHEESIY
JFvTAVTIHICOWTE, BESREBEETEREMIFDLR-TUEIA, 2THELIARE
ICRBERFSEDDEEDIZLTHOIZLDHETH S,

5.2.2 pt — ety BREREER(CGIT T

BENE L, BHRO B WHRETHREEATH 2K Xe XYY F U -2 L U GEEICENE
HEEEZAL THBY, TXUX —, MEOSHEICBVWIEWEEEZEL TWS, RERORRE L
W, ut — et +y BETHERIN S 52.8MeV O y HRCK T HWE Xe ATV A—XDOHEREE. =
RIVF —SIREEICL T 1%, MESIREICL T 3mm BAF2EK T2 Z LI INE, SHRITEK
B Xe AOV A—RICKY pt — et + ¢ BERER, OWTIHL WIHEADEDI I NEZ LT
H5D,
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"7 32 A SUMMODULE[DEY

B A1ICT — R INEDBEICAHE AL 7= SUM Module DEIER %279, 20 Module 1 8 F¥ > R)U
DAY, ZZIC Ao PMT OHIMEEO—EHEWMYEL TRIEERY., M)A —-ERAGE®
EBEDTH5,

AHEBE IKQDEMTBELTAEL TS F Y Y RIVOFERY, C2H5EDICAXRT Y
7 OPAG5SP T 1 fHICHEIET 5., 208, HIEL 2E52—DDHAIEEL TS, £EEY—D
AL U T, BEIEROFBHITAERD Threshold TEEA ZITR\, Z3E NIM Level D Logic
gL THNT 5,

7S5y REBILTZEDIC, 3DDWNRT SV RIS, WBOAXRTY VT ICA>TEEI A
A& 2BEDODAXRY VT TIBIEL TW5,
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BREEREEHRIC. 2L T BEHETRVWICEEDLS T, BAOMEE 2HBIESWEEWE, i
PGB, FREHBZEE. FRERZCBT 2MIREHC 4 bnIXREL T T ok, &
RESLEIIR O ER - BHAFZEEDF 2 IR B . ZZICBILHL BFE 9,

T2, PEOBFRICOWTABES b o ERMC, pt —et 44 ERON B BT ORELU WEEICH
BHH ST, FIZEEICOWT—2 B IEEL T TS - EHPHBRED. MOICU & D RERE
ICUCIHSE, S5ICBTOMHEN S ZHEEWEZRERICIIAZBHFTCRY U E, BUR
#HELET,
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