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T F—VERBICOWTHEICE O TR, 7, BED 4 RITHZE L ITHINCNIHZERE NS O
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O, 2K L TBRERIRAETH L E WO EFE LS — VR LS, TIhbENLEBRNT —Y
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2.1 H|ME

Fox OEBRT N—T O HENTRRO REEZRIZLHIT TRE—ERORIEEIT2H & ThHh D, EBR
XA A 2D A A AEE PSI(Paul Scherrer Institut) HFZEAF 1772 59 Z LB RESNTRY . V7 R KiIRTE
DN D pt = ety REEZRATAZ LN BEETH S,
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AL ADPSINZH D 7ES Fr o FMT p B —2 L L TIRBRAEMMREREZEY ., 1 - ey ERITIT
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spot size 4x4 cm?
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Michel B L pt — ety L OIRERI27ERIT. Michel FHETAL 58 b 113 52.8 MeV A
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L. MEZWHNTL2OTH D,
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7L 0% TH L DRERETHY, BMARIIBEIZ60m R, ~VUAZKVEES —v L #EEZ
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cm BREOBETHIRESZ, £ 74 —DOFRNBIZIIN—=T Ry R EEINDIENT T AF V77 )b
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H<RDBZZET, 2z FADOMBEZIRETE 5,
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RO P B AT AT H— (K8 TEHRY hav BN AT X —IZBELTX A IV T 2B
ET D, SOAVH—TORY bury LiEExt ) o~ BRHEBTOT L ~REDE A I T ER
BZLET NI REut = ety A0 E BRI 5,
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p— ey ERTH U <BERHTHONKI OBREBTHY | EIEFE X~ BOMEERIZL S
VUFL—va a0 EONEFEEEIC LV EERL D, ZOXICEHONEFHEEE CHRL
ARV NERET B2 LT LD il TRAX — B L BICEOARER BN Z LR TX 5 LI
ShTWna,

RS v OEN T EFEEE R E ROV TOMITREURE TR S,

e H ./

Refrigerator :E_L — Signals

Vacuum
for thermal insulation

Al Honeycomb
window

0 50 100cm

9: IEx &/ H v~ BRSSO, EFR T mini-Kamiokande” T&H 5,



2.5 RE

p— ey ERIZBT 2MHERO A~ M T DREIUTO L SI2FT 5,

_ 1 o 1 (1)
o N, -T-(Q/41)  €c-€y - €sel

B(pt —ety)

N,: ptRirofEREE, T JIERHE,
QO BHIRONLIRA, €: EFOBRHME,
€ AU VROBRHDE, oz A2 NERIOHFH.

Valb—va i EUEEIREEII N, = 1x 10% sTL BETH Y, JIERERIT T=2.2%x107 s & FE
ENTWD, 72, RHBONEAIZSY —7 v b L ELRIEX /) U F o~ BRSO NEATRED |
Q/dn =0.09 £ 725 (K 4), AIEROBHEBIRITL I 2 — 3 L0 ERATRELRKEN RE- TR,
€e =0.95, €, = 0.7, €51 = 0.8, DERENFERR SN D ET5 &, HFHFINDEE BT

B =10.94 x 10714, (2)

LY BEOERTHLNA TV D LIRMEZ 2~3H7 BI85 Z L3 FREL 2 5.

2.6 NyITIIUK LR RRE

ZITHEH, S bBRATHWS T A=F 2 EERT D,
BUBCRNENDHY b LW ROEINF —% B, B, L L, ZbE plFOBEREm,
THUEEL |
2F, _2E,

T = , = )
my my,

3)

%, RYbar b <wReBllL -RMZEE te, . MHESNDRY b bV <R DRI A% Oy
&9 % (back-to-back DIFEL 0oy = mrad &£725), 72, THHD/NT A—=FIT 00, DX HITHNTZ 6 &
DIFBHIET, lo DHfREEZERT Z LT 5. 6 T3 A DHEEIFHERE (FWHM) &2,

2.6.1 JAOVIThrNNvHTSHUR

= ey ERIIBITAERN\y I T NE2EELD, 1201%, ur T MRv I 75070 R EMT
NTWBHLOT, phiFOBERRE ut — etv.r,y DORET LN TRY ha v b Ay <ianitic
52.8 MeV (2725 Z &322 <. p — ey B L ORI HERO = R LX — 3 ffRE & (LB D REET2 T ITRTF
T5, M10(a) iZy I ab—yaic kv, 10" HO p R+ 2EHRBESE, (71— 0.y) <84 mrad Th
BARY FETERBOFEL, EBIZ10 40 FO ut = ety FiEEZRA ST O TH D, ATHENT
AR ME0.995 < 7 < 1.005, 0.99 <y < 1.01 & LB BRHENZHOT, £T pt — ety RREET
Hb,

10



2.6.2 FOUTURLNYGGTSHUR

HI1DNE, TIVTUENRY I T T R EMEND H DT, Michel FREEZREICX AR brd
TRAF—OFHNY BN ERICFRRFEI S TLEI>LOTH 5,
TIIT U HEI e Ny 77T K Baee 13,

Bace X 0E, - 8toy - (0E,)” - (68,)° (4)

TRIND [10), BEETRDNEEX | o0~ gitisaosT o N % A 7 OERTORETIE, 52.8
MeV OH > < BUTx L TR AF —DIREENR T % D T F /X — 43 fiF6E & 5 mm OB 53 fFREAS EERL AT HE

BB ENMoT, ZOMEESEL, AE,~1%, A, ~84mrad, & L, B kv fiHgEox L
X —fRiE%x AE~05%, RY hu v by <z RERH T 2 B0 R 78D Ate,~0.15 nsec &\
IRMEZFERTED LT 5701F, Baee =5 x 10715 L7220 BRHBOBREL FIZMZ 55 (K 10(b)),

KIHLDT —=1%, 52.8 MeV H > < #UTHT BIEIEX T ) o H o < R HER OB S REED M TH v |
RY b a BRI E T~ BARHIER & TORRE S EREDS

At., = 150 [psec], (5)

ERRBNE ODRIET A ZENBITH D, AT b il 20T 40 psec R DORFE S fREETHIETE %
TEBRGMoOTWVWADT, R v H Yy <SR O RS REE o) 1

o¢ < 1/(150/2.35)2 — 402 ~ 50 [psec], (6)

THITRWZ LTy, URIhZBEEE T2 L1275,

5 T T T s ——
102 - 10" p Decays in Acceptance - 102 10" p Decays in Acceptance B
1 - 1 . -
008 ;- - B . . . B 008 - c . ~4 . : 5 o - .' . A B
096 |- - 096 - 1. e -
Lo Sy Acmdental L
. ».Promp’[ 1 Lo - TR 1
094 [ o094 | Back T‘OUI’ld ol 7
Background ] S g REEEREE 1
0.92 -4 092 I -
09 Lol iy e e ] 0 b A U T e 1
0.9 0.92 0.94 0.96 0.98 1 1.02 ) 0.92 0.94 0.96 0.98 1 1.02
X X

(a) (b)

10: (a) ey T M I 7T Re pt > ety L OB, (b) T IV T v ENNY I T T TR
Lot s ety BEEL OB, RTEHENZEMODN R ST ut s ety BRETH D,

11



3 u—eyHRRIZERERRAZRAX/ VH U TEBEES
31 VUFL—ARA—¢LTOREXTE/ D
3.1.1 LUFL—F—DNfREE

p— ey ERICBWTRHEICER SN AE « = RLX— « B MREEIIEFE ORI CERAETH
DM ENE 3 DOLHEMRTE DMHIBRIE ETRVBRDELEL R -T2,

BAETIEIFL—F —EHIEZ S HFEL . TRENBEFTZFF> T b, FlxiX, Nal(Tl) i3 Won (8
F1EZSL YV HTOIMBERTFAXF =) IZLT1I7.2eV EBWREIREAL . TRAX —HREEICE
IWTWD, F72. YAP [IREHISAFREICEN . LR BRYE < . HFEEOE TIE p — ey EBTEL 7=
VUFL—E—btWxb, L., BEEORHBIIRETHLZ LN FREIND =D, BIETH S Nal(Tl)
X YAP O K& S BBz ED 2 LITENEICITEEL <. KEYEL TH—HE K S 2 LIZ XD 0fFED
KT znén ) BEEZEL TV D,

p— ey RBRCTERINDDMEZERTE . DOBEIC KN ES v FL—F—L L TRVEN
RiE#I X ) Th D,

3.1.2 AUIBERETE/DOHEEER

By 2 BITERMERF20 20, WEEBEET HRICEEEHCEZ LI X720, LR TH Y <#R
ERHT A HET. WEEHAEERALZBRIZEL 5 2 R 2 T 2 LMZ 20,

BIE FZZ0OMEERO S B, Zhhbiks 3 SO@ENXEHICR S, ZAbOBRT., 2ToH
VeI RNNFX — DL EBEFICEXAFRICHERLIZY, —HE2EX TRERAETEILINTZV T 5,
ZL T, Al 2 mEEFIIMORER & [k, WE & OEBEELR ORI, HlEBHZ 80 KL
TRNF —FRKSTPL, LEB->T, ZTNHD2REFIZLVAERINTZEREEFREZREL T~
WA ERICEBIT 2 Th 5,

FEERIR
WEFRTHRFIZRFEHEMEAEZL T, TOLETRXNAF —Z2FEFFICHBENTWEIEFICEZ, HE
FaBHT 2, AEFERHLZREFIZEEDICREROEL LD 503 ZORRME XS L <34 —
VxBEFEHRET S,
HF DT —RNREN TR —THIUT KV BINEINCT <D, £, T vBOZRALX —n
RS 2 BIZ ON THAERBEENRELS 25,

avT b UEEL

HyvBOTRINE —RNEFOHIEECTILX—LVERELS - TLBE, HrvBIREFTDE
FEHEHEL TR —2RI) IR D, ZTOBERTIIXAFEIHOPIAETHIEINZDOT, KEKE
FOZRNAVX —GAAITEREE 2D,

BEFER
Hy<wBOTRNLX—NEFOFHIEEED 2 4% (1.022 MeV) 282 5L . FHFEDOHOL 2 ERE L DO
HERIZE D ERL TEFEBEFONEZ DL b, BEFIIWEZ DT e HEHEZ EECMITHIRT 5.
Z OIS B1D 0511 MeV O R AF—%H o7 2 HOEBEF N BRERE 2D, MHBOIREICE
WTEFRERZECHAIIIVEETH S, HREFARHSENA~En S Z ik vEZ V7T
A== FTNVERy—TE— 7 R ERNBEECHEAHL . B3 —CTIIAEY — 7 OKIEWHE
LUV HRELRDZIELDH D,

12



INBOBBEOEZ ZHERIIH Vv ROTI A — L WEOE NI L > TELT S, BEXTE/ VA
VI ROMEEAER L [T IcEenbhb,

p— ey EBRTII 52.8 MeV LLTOH v ~v#E BT 5720, BFRAERD BB TON v~ i %
BHT B LT b, —Fh. b EUBR TR KRS ) 0 <07 a &% (A 7ERTIE, 898
keV 75 1836 keV OH v ~#JRZ M HL TWADOT, EXFE /> FTIEa v 7 b v HELETEN ZEHY
s,

S
~
& |
S,
U) 102 e\
*G‘C)' -
.G :
y— -
g

TO | N N
O F -
C -
O -
= :
S
T 1 N N
+— C
+ B
< i

—1

10 T [ NN

: Scat'gerlng J/ < Pair |
I ; 3 Vo Production
“Oﬁz 1 \\\HHI \ \\\HHI | \\\\\'\HL \~\'\HHI\ \\\HHI 1 L1111l
107 107 10" w 10 107 10°

Photon Energy [MeV]

B 11: v R EH < BROMAEIERO 2R (EE BRI . 1 — ey ERIZBWTITEFR AR
XEHIE 2D,
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WELBETIHRARZ ERTIE, TNAT7 7 BICKT 2 RESMFREDRIE L 720 THREX & /7 vicxtd 270
Ty BICRT ALV EK 12 ICHETEL (7).

Range [g / cm?]

o Particle Energy [MeV]

12: &/ HTOTAT 7OV Y, 5.5MeV OT /L7 7 IR > Am OF4, 12213 0.013 g/cm?
LY | EFE 2 (3.00 g/em®) FTOL Y VIEE L F 40 pm b 73?5 F72. KT CSDA(Continuous-
Slowing-Down Approximation) Range |3, K. ¥ E Tl 25812 RWIEELE 72 U | Projected range
B EBRTHAGEICBVELEZ 5220 T, Zanb 1‘/\6%5& (2% CSDA range (= X % 3HE M #
BThD,

14



3.1.3 ®AEXtE/DOLUFL—L 3R

BRI L VIRIEFE / PICRET DI HITEEENXRTH D, ZOEEENLT OB D ABBE
MHRY | FhEYEFERAII O ND T EBMLN TS (8],
JAhE 1T

Xe + Xe* — Xey — 2Xe + hv (7

LWV IBRRIZHEV, A RIIUTOBRICXI Y EHIN 2,

Xet + Xe — Xef (8)

Xes +e — Xe*™ + Xe (9)

Xe*™ — Xe* (10)

Xe + Xe* — Xe; — 2Xe + hv (11)

FEROVFRIEBNT S . BRENCIEEIES T (Xed) B ODORKETHY . ZH5DWVFHOBEN S D%
HThH, FLER 175 nm, HEE 10 nm FBREOEIENRAET S, WEX £/ ORFITHREE ORERE
ZED TS, HERELA% 10 ns & BEEHERNVE D TH 5,

Wlkxt /O Wopid, 1 MeV OBEFOEHEK23.7eV, T 7 7 HFOBEAITH196eV THDH, W
ThOBELEMICKT S WE (—o0&EF, A4V EZELDICET H2RLF¥—) ThHD 15.6eV LV
HLREWV, Zhi, EFOBARFERE N2y —7EFNRERTHL EEX LN TND,

3.1.4 ®ERXE/ OEHG
RIRX Y /v D8RR R 21277,

Atomic Number 54
Mass Number 131.29
Density 3.00 g/cm®
Boiling point 165 K
Melting point 161 K
Triple point(temperature) 161 K
Triple point(pressure) 0.805 atm
Triple point(density) 2.96 g/cm?
Refractive index 1.56
Radiation length 27.7 mm
Crirical energy 10.5 MeV
Mollier radius 4.1 cm
Scintillation wave length 175 £ 5 nm (FWHM)
Energy per scintillation photon (52.8 MeV «) 23.7 eV
Decay time(recombination) 45 ns
Decay time(Fast Components) 4.2 ns
Decay time(Slow Components) 22 ns

#£ 2: WK Xe OFERME,

15



¥t ) U EEER - BEEO T TIIRETH S8, 1 atm (FHEOFE S TH 160 ~ 170 K BREDKIEICT 5 &
kL 720 (H13), TOREBERSTZFTETH Y ~BRORMEITR I Z LR D, X/ ATEETOE
EEAS 3.00 g/em® &KX < Wy 12 23.7 eV & Nal(Tl) L HR_RTHEOTEE BARY, IBIT, Hr <o
B, YU FL—a CRORBRERED 45 nsec & HIEVELS | A XY FOF— =T v TR R 2)
NWTL 2F4DERIZITEL TWAHES XD,

X2, FE URET BHIIEN —100°C ICHH - RIRT 2 EBRLEL 2o TL B0, ZHET
DERIZE Y EFHRL L ETHLEIN TS, ZHIZOWTIE S ETRRD L HEE BRI,
AW RITEZEN R TH 720, FHEERIC L BREOR W —REI R A EFHEBEOARHY 1> N
TIFREKHWELTLE D, £I T, HxITAHE (V=) 22U FUICHEAL., K Xe lREKT
DENGBBRLESRVAEFREELE S ZLIT L, AEFEEEIC OV TIIRETHL < k5,

2

10 =

| —
@
i

=
i

FTTT

Pressure [atm. absolute]
I

]

I

Temperature [K]

13: %+ /7 DMK,
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3.2 XNEFHEMEE (HAMAMATSU R6041Q)

Wikt ) DOV FL—F— L L TORFRIZAIEI TR ERBY THDIR, TNEENTEHITITY
VFL—a U N ERIET ARBEFEEEICOT O L O RERKS D 5,

1o, Xt /v D FL—3 3 A 175 nm OEZZENLTH S Z E D . ZORERIC A K
RN D ENEELE 2> TL %, 2OH1F —100°C BREDKIE T CLEIENIIETCEX 5L TH 5,
— R EEFEEEITERTEMEIE S 2 &03£ <, 50°C 2% 2 ®IES —100°C fHETIEd £ 0 b
newn, Zht 2 o008, FIZIE, V=—T v T7E—U A RUREERN L THKRIE /v TRET
LZyrFlL—varyENET D HEE ENXFRRICRR SN DD X IR D, LIl V=—T 7
A —TORELRCRIUZ L B HEOBARL, Tz d b HMNESMEDE T IXmh2 .,

ZOBIDE DT 2 OOBERE - THEFHEMEEILIINETRDPRPRODLRNTNEZ, £Z T, &
W74 h=27 28D R6041 & ) EEFHEMEEZ D LB 175 nm FEOFZBEMEICENTZ 7 +—V %
fif 572 R6041Q (AT Z DM EFHEE 2 PMT & E5) 2B L . MEEE{TRDRZT XX — « (IESy
fRAERIEERRR 9] 1B W THEAL . EEZEA TS, PMT OEIERIZK 14 12777,

K DYl DY2 DY3 DY4 DY5 DY6 DY7 DY8 DY9 DY DYl DY12 IP ca
‘C [ 11
é 1 1
R16 R14 1 |1
R1 R2 R3 R4 R5 R6 R7 RS RO | RI0 | RI1 | R12 | R13 aE
1 1
C5 1 1
I { f { I .
c1 c2 c3 %RlS o
1 1
Vo Vo
1 1
o) O
RL 11.2M+5%, 1/8W Somal
R2-12:  5.6M Qi5%, 1/8W +HY Signal
R13  6.7MQ5%, 1/8W (RG-188A/U) P
R16: 200k Q5% , 1/8W (RG-196A/U)

R14, R15: 10k Q+5%, 1/8W
C1-C3:  0.01pF, 500V
C4,C5:  0.003F, 2.5kV

% 14: R6041Q ORISR, HEHEIZEEE T 5 L TEL BRI LV E ¥4 /—F (DY1) T ADE
FROFEEWMSLTLE 5720, HIMEETT 52 Th S,

R6041Q IZITRD L Y BRBEN H 5,

o AFNF X U FARE A ) — K (K 15) ORAIC LD, HHER (F 1Y) ZHELOD, HofEHE
WL, WEEBARET S Z EBREHRSATWS, (X15)

o BEITRHE (FWHM T 0.3 nsec) ZHL TW\W5,

o SLEMEMEL Rb-Cs-Sb Z ] LIKIR TONXEmOEENZMZ 52 LT, EFIROETEZHNT
b\éO

o AEY 4V RUIZLY, FRERERZ BRI L . XeD T FL— 3% (K 175nm)
WXL THIROREENRIESNL TV,

o R Xe IR (—110°C), 3atm TOEMENRFAIEETH 5.

o REAMMDRAEN DR WiEF T/ L 2{HS20,

17



0.8mm

B 15: XA ZNF % FNBIE A F— R OWIE, EROHF A ) —RIZH_XTH A / —FHERIIH%R k> Tk
D, EHORFINE & mUVEIERZERTEX D, 1/ —FIZAFHLZE
FrOMBEREICOHEMATE, 72 b —23D7R0, £72, p— ey ERTHRHET 20 <3 PMT %

g

LB Z R E EHEEEER Y R

BETL2HOHHY | FEHFMICHEVEENZRINDHDOT, ZOMEPEL TWD,

3.3 EEBETCOREMH

MEEEDOEROMEREZ D L IKIE T TORIKY ¥ ) U H o < BRSO LR TEMRFENNDZ ENTE B,
R ) VR TTAT 7RO FL— g% PMT TEEIL . TOXEOREIZE(LE RZONK

16 TH 5 [9],

FEEDAS O OFRZIRILS 2 T L7722 & &R L . b EERIEE Tilifkxt& /v & PMT AL ERRBIZEL . 1

kb HDTH 0.5 hDSEBDE TLETHD I EBHIND,

2

faoe ) +0.5%
= - L U.07(0
% i ++ + #* \L
11 v . FUPRI W, P
. Y e T N ¢¢ o
0.98
0 | | 100 | | 200 | | 300 | ‘400 | | 500 | | 600 | | 700
Time (min)
PMT No. 24

16: RIEFx & /7 v H < ik HEs DR 2 E N,
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3.4 52.8 MeV HUIRIZxT 2o fiREE
3.4.1 IRILX—5fEEE

FEEEIXIRIAS &/ v T w07 e N ¥ A7 2 EZBRICBYWEL | ATEEOY v ~EEZFERAL Y
VIRUIKRT D ERNANF —REEEL T2, ZORMEFRISETHERDZ LD EE—-THY, 3240 PMT
THREXE /O FL—ra R 2RELE, HITEZO/RRTHY . 528 MeV <kt L T
1359 2% DT RIX —fiREEZ O Z LD o7 [9).

20

=
(e0]

=
o

[ER
N

b1
| \\\ C r -

Energy Resolution (%)

(00]
99}

\
\
\
NTIM
i \ n ]
|

Enérgy (MeV)

17: BiEx T ) V0 v < HRHgs O 2 X — 55 fRRe, MEEEDOERRTIIT V< #iRE T 52.8 MeV
DOH < T DT RNX — e E RMED o7, BHRITAEMED 4 5% 1//(Energy) (B35 XK 5
I fit LTHELNZERTHY . 52.8 MeV TIIH 2% L 725,
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3.4.2 {(IBHfERE

WEEE D EBRCTIINL B R
VR T mm ONE

BIZOWTHAIEL TRV, FHRIZE3IDEYV THD, Zidk bV 528 MeV

SREEERFOZ Lo Tz 9],

[
=4
<

100

Entries/(1 mm)
T 1T ‘ T T | T
)

Z/ndi

Constant
ean
ma

[ 1386 T/ 18]
203.7-]
8638
6.2137]

ST B

18:
(Az =7 —

20 40
A, (mm)

B70s L %M A > < UK DAL E S fiRE

100

75

50

Entries/(1 mm)

25

— Tl x/ndf T T 1874 T/ 18
- onstant 83.87
C ean 1.981]
C Sigma 5.383]
- Mn 5
R I | Ml
-40 20 40
A, (mm)

AE. Mgz ETiCh
Zy) DA b RHEEEE DN ESREENRKRED,

F. & TROLALED

T A BOTINE— (keV) (LEAMRAE (mm)
51Cr 320 7.3 £0.15
187(g 662 4.3 + 0.11
54Mn 835 4.0 + 0.13
88y 1836 2.9 £+ 0.04

# 3 KXt o v~ AR DN B Y RRE,

3.4.3 F§[EI fERE

u— ey EBREEX £ ) o F v <R IO RS REEIC DD TIIIRELRE Tl 5 EBRIZ X - THIE
Bip &z, 52.8 MeV H o ~#Ixd BB iREEEZ RO D Z &L THO TR X & J 0 o~ BB HEED
TEREN B TX 5,
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4 FlHEEER

4.1 FHEEEROBM

WEXE ) 2~ BRI RO R E L TORSRBIEENEZ AL TRY | ZHLF—5
fiRRE & (B S FREIZ OV TIL 52.8 MeV DA v < UK L TENZENHRI 2% . 2K mm D43 REEAS ZERL AT BE
THY ., ZOKET p— ey EROBERITIEAZ TS Z L ITHTETHRRZEY TH5H, Ll RS RE
CBIL TIRHAER e STV W kS & 7 v~ R HBERA R L T p — ey EROERT2H
WORRER EBLTE 2038 IDFANDRENR o1z, £ T, L« = RXAF —fReEZHIEL 72k L R
INEIDWEIE X ) o H o~ faHEs (AT e b Z A7 LIES) & HWT 52.8 MeV H > < #RIZ %9 5 FEfHE
DFRREDFMZ T/ 5 Z &I LTz, ZORIEEME LT, NEN R SMREZRIET 2 7-OICFEFICT
TNy NT v TEREITRIZEIZLE,

4.2 FRHEBTRHEY HHEESAEEE
BIE TN B RIMBOBUMAMMEER 01 £ T 5ROKRO &S RBFATRIETE 5.

01 =\ (08, + (Oeom)? + (0p00)”. (12)

ZZTon,. [¥E%x D PMT 7»6 AL 5 HEFI Npe 72T ITIKIFT 2REHEEIRIEN Y THY | MELOHRT
RELDRE 1/\/Npe EHBIBRIC D D, Ocom 1IN IH—DV v F—L otz £2TOPMT |ZHEL T
RUZT S ORENRSDDETH D, FT0. Opos TV FL—F—NTZRAF =2 L THFTOME
RERBERTETHHOTHY, Zhbd 3OBMNTH S EREL TV 5D,

TIZTWV IO ARER R SEREL X, R (12) Ton,, TREINDHDOTHY, RKOD7DITIE 0com &
Opos ZWATEDIZE/NESLKTEUENR DD, Ocom [ZBL TFELEAD PMT © TDC 7 — X [RALDZEE
EDHZELETIFEALERMVBRS ZENTE D720, HKIK2ARKDPMT OF —Z B LEIZ/8 D, —J7, 0pos (ZH
LCIEHEZT L7 7R THZ L CEETEIREEITE T I LN TE S, FIzE 2 Am 21 5 54,
5.5 MeV OT V7 7 OHEIEXE ) o HFTOL > U3 40 pm(F9 0.2 psec [ZAHHY) TH Y . # mm DAL
BOREERZ L OB & o TTHNIRE AR E D, LIABT <R D &, BY 1255 1836 keV
A= TIERFEE B BITEY 8 cm (9 0.4 nsec I[ZHHY) LRV, ZOX T vBORDVIZT LT 7
UL AANRNV M ZRAZETRNF—Z2EETNEITA L RRE 5,

o, BEBOREET D E, TRICHED ) A XBEALTZY PMT 07 v X b — 7 03B REEIC
DN TEETLZZENTRINITED, TN EZBBT X ELEMREY N T o7 TR 52 LI
L7,

Pl bR S . ANERRBEE S RREORED = DIZIZLATD 3 2OFRICHEEL T2 5 Z LIZ LT,

(1) ACRIEE S BT L7 7 808 2 Am 2 5.,
(2) 2K PMT %4>, 215 OE B0 b HEARIES KD 5,
3) ROy b7 v T ETE BB HEHHLT .
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4.3 wybrTvT

20D PMT 2257 AR E21EA Z L1256 K19 DX 512/ b, PMT (X Bl & T4 (LA, Bl
PMT % PMT1, THl%Z PMT2 LR Z LIZT5) IZREINTEY . TOHRIZT VT 7 BRSNS I i

BRTW3, TAT7 7 BIEOMBIZEL TIIRD X HIZ L THRDT-,

(1) 240 PMT 2R U ¥ EHAS,

(2) ¥EFHITENAZTHO PMT 2% LT 600 EfEL T3,

(3) 24D PMT ZIERDOEE R ES RN K HI2T 5,

#Bikd B & 91z, MEEEDFEEBRTIE LED(Light-Emitting Diode: X4 A 4—F) Ziikx ¥ / o FTH
b5 Z LT, DD ADC(Analogue to Digital Converter) OlEEA > PMT OEIERE REF %
FEIZE > TRDODTEY, ZOLED OFERET L7 7 IR TOT —F 25 LEbE 5 Z & T 600 ED}k
BEFEPPHTEBMBIZT VT 7 BRIELZEET D Z &N TE 72, PMTIZ AR 2 HEIZT VT 7 BIEHS
PMT % EREe iR B 50T, 600 EOXEFESHFTE DTV T 7 BRIRONEIZEHEIZRE 5,

WEAEE D B CTIINLIRMAAY 0.028 x 4m DRI HEFEITB L Z 250 EITH 72D T, 600 EIZT 5720
AINEARADS 0.067 X 4m (23 UL RN Z &1/ %, #IRIE. PMTIZ AT FL—y a3 O#ITR

BIRVWEIIEREL 2L b 2VWOTH 19D X 51272 o 77,

X 19: PEEROEY N T v,

—100 °C {ZfR> T\ 5,

BIEE L THERERERTAHALE-FAT L a— L2 EHL ., S/ 0%

22

2 inch PMT
(HAMAMATSU R6041Q)

Liquid Xe (100 T)

—a source

Am (5.5 MeV)

Coolant
(ethyl alcohol + Lig. N )



44 Ft/>DiKIE

FHEERTEBFROKREINNENZ L LHY, =& ) —NVITIBEEREZMZA L OTERT L GHT
HZ LT, T2 UIIZ L ZRICHRIRICHE L T40 ~ 50 LIFE BHRHMEE SN TEBY . ST 2T A
BOBHLZRETHE, BRI EOBEARIZLEN>TR20 DX 5 RRETHEBIC-EVEL,
AET —100 °C LLTFICHAI SN TWADOTH &/ VIZREBICIEIL STV E | 2 BREIFEE T PMT 2 5%42
WX ) BN D X ST,

\,\ \'
gt ) Getter =) ‘I
petTTTTTIIRRmmEmsmanmsssaa s st ., 1

po—— I !
P 1 !
Y i [
= , !
I i !
1 1
m ! '
[ Xe vessel ) ) " ) - " - 1
1
1 1
Coolant e, 1 1
1 1
1 1
1 1
1 1
1 1

1

1

%

........... == Liquify \v (?\I/

= = =T Purify

150L
@  Pressure Sensor Xe Tank
® Valve

B 20: ¥t /o Ofifk & EILOFI,

4.5 Ft/DHE

X /v BHOMAIZK 20 THEY 72MLT A v 2R 22 L TR I, N EA] (Ti, Ba) 2z
72 Getter L MEIN A EEBZ XL/ U MIELEIRT A E THEREZ-> T, ERIIx /L OME
Z ppb BE T TEO TITRbN A, EEICITHEIL ppb b HUL+272 O THLIZE L CRIEIZ N,

—F . BHEAICIIZOEETIE L BAARMPNFET 5O T—EREZIZFNTDL S DICRERE
DFEBBES T ERFETH D, K20 TRUEYV AEERT A v OMIZHER T AV BNFEEL . U AFER
S AV ERBENLT TCEEFT ARNCZ —RSFARL 7T 1075 Torr 736 1078 Torr T TEZER XL TH
<, FDW%., HAEET AL ONEECREL 7= HoO 2 E ONFZ Bl 57912 150 °C FRE CTREX
LEITRV, FRFCR 7 TENL 28R T 5, MBEZEEF TEEEZED-%IT. K7 A 2HL . H 2
BRI Xt ) UV EBRLERSE, REOXE ) V2 FEBNICEAL THEIZBDIUT., BILOET
EEOEITTH D,
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4.6 +~Y)AH—MEK

M UF—EEIEIK 21 OFEY THD, 2480 PMT 56 DE 5% ZNZH discriminator IZ AL, BEL
7- threshold % 2 A& Lz 72 A4 Xy MZHOWTDH ADC & TDC OF — & W43 3, coincidence |2 A
S1&N B 7 F Vi discriminator 2> 5 DFHEIE ST, T T 7 A X0 b Oz PMT2 O1E 513 PMT1
DOHI#A 10 nsec DIEEZ O X Y IZFAEH IN TV S,

Cable Delay (~100 nsec)
PMT1 Discri-
(Upper) minator
—‘ Cable Delay (~100 nsec) TDC
Discri- L
3 . . START START
PMT2 minator Coincidence Gate
(Lower) ST | Generator
GATE
Output Gate 300 nsec
Register | Generator width
ADC
Cable Delay (~100 nsec)
Cable Delay (~100 nsec)

21: PEERBRO N Y H —EEK, 240 PMT O coincidence # F U H— &3 3,

EBRTH -7~/ CAMAC £ 22— NIM 22— LI TO@EY Th b,

e TDC
#& 55 PHILLIPS
RIFE: 7186
AL > <: 100 nsec, 4096 channel
FES IEE#ME: 100 psec/100 nsec A
Mo IEEEME: 25 psec A

e ADC
#¥E5t: LeCroy
R 2249W
L > <: 500 pC, 2048 channel
B EERME: £0.05 %
ZDAh: EffE 7, AC-Coupling

e discriminator
Sy 5t: PHILLIPS
BRI 708
threshold:—10 mV 725 -1V
&AASNEK$:300 MHz
A 4 224 % leading-edge

24



4.7 TDC QO#EREDRIE

TDC |XFERfFRERIE ICEHEED 2 DO TH D DT, 1 F % 2 K/L0Mi psec ([ZFHE T 50 (ZHIE) %
T,

RER OB E FUEIZ 1T time calibrator (ORTEC 462) 2 L7-, ZHiExH 2 NI — AR H DB EZD
225 10 nsec 2> 80 nsec £ T (10 £50 ppm) nsec BEIZ 1 EZTEIZRICEO OV 22 H AL TN D
T a2a—LThHD,

BIECAWEZEBIZEMRLOT, 9 7u vy s hb SR/ VL AD—F % time calibrator @ kU
H—,L, b9—F5% TDC D START IZ AT 5, ZD X H7RFIETTDC DEF ¥ 2 KON THIE
EATRHOTRMRDBE 22 TH D, TORTIT 1 DDOF ¥ FMATH L TLIVRL TORWA | ZOMODF %
Y ARIAZONT S FIFRROFERD 177,

6 271 T I T I ;
g : 3 3 3 3 3
() " i i i i |
%) - i i i i i
wn 1L — oo momdincmomomcrodomcmommomi o momemeRioscmometesd R .
S F |
InE - : i i i i
= - j ; j j j
g 26 A T CoTT 1
& P
TR e S ST S
2B o——
25; """" — — p
 Linear Region |
R T e
23P\ L 1 | i I i I | i I I i I i I I
500 1000 1500 2000 2500 3000 3500
TDC count [Ch]

22: TDC (PHILLIPS 7186) O#HzH,

PLEDOFERI S . TDC ~D A ST 1000 F % o RA0 5 2500 F % > RALORNIKA L HIE A IV T %
FREIL . TDC OF v > RN bR~ DT 1T

1 CH = 25.2 psec (20 % ~ 65 % of range), (13)

EFEHIZLITLT,
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4.8 {EBDKEE L threshold DRTE

N UH —%p>F BEED threshold ¥ A HMC 2 AD PMT OEBDOREZFAEL -, FNEFND PMT
WCAFTEHRENRELL DL DICHBIEZRE L7200, RCEBEZ2T72EICF L pulse height D1E 5
EHINEVWS L ZE S5 TIERL, PMT OEEEICEIVBEVERAEL D, 22T, AvvRa—7%2E->TH
B2 280 PMT O 52 HA ST TEAENEL 75 L 512 PMT OFMEEZFHL 7=,

WIZ ., BRI~ TRE TR O RMOES B 2 52 EEEZ RS Z LiZLz, TDCIZ AT &= PMT1 |0
5% TDC; &£ L, PMT1 DfE 5% TDCy & 94uUE, FUNEEEZZE X | HEmx L &80 TDC; —TDC,
DHAADIENVIZE 23D (a) DL HIZD, ZNLV, WEOREWENEFHEOMRENEL 2D EHE
fRCcE 5, IBORIETIX, FIMBEEZR4DOLIICETEL TITRHIZ EIZLT,

%12 12 threshold DR EEAZIRET B Z 12 L7-, threshold 22k & ¥ 7-H:D TDC; — TDC, D4y
HDRNBY ZRELTZEZA, 23D (b) DX HIT/mo7-, ZOFRRIZEY =25 mV TAEH R4y
fREEZRET HZ LIz,

(a) (b)
rg! 200 g :
2 wn r '
S 81401 :
e o f E
< <—i r 5
L L} D
120 :
i .
100 | "
100 I '
80 |- :
80 C 1 L L L L L L L L L L L L L : L L L
200 500 1000 2000 -120 -60 -25 0
Pulse Height [-mV] Threshold Level [mV]

® 23: P & threshold DEE. (a) TDC; — TDCs 0457 DU Ay _y 235/ B I T ALY
IREERREEZTIET D, Z DO threshold (% —25 mV EETH 72, (b) AT Ar_s A E/NeEED
threshold TAE R R fEREZ TIE T 5,

PMT %% EINERE [V]
1 (Upper) 1290
2 (Lower) 1500

#£ 4: PiEFEBRTO PMT OFINEE
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4.9 FPlREEROFER L FEN

491 ARVFEE

FEEBRTEDLN ADC & TDC OF — & %% 24 127577, ”O (a), (b) iFZhZh PMT1, 2 ® ADC
F—% (LA ADCy, ADCy L EL) THY . (c), (d) i TDC »F —% (FEHEC TDCy, TDC, & #L) Th
%, TDCy 28 TDCy LV AV /N EZ VDT, 4.6 HiT~_72 L 512 PMT1 OREBRES EZNLLVIBOA
WPMT2 OFREIE S L OFETTDC DAZ— R ZNFTTWENLTHD,

(a) R (D) IZBNTF ¥V RADREVWFIZHATWEDR, TLTZ 7 RICLAE—2Thb, NSNS
DIIBRBENY 7T TR EEBEXBND, - T, ZRLUBRORERSREEZ RO DEO ADCOI v b EL
T,

700 < ADC; < 1300,

DEITTN T 7RI B~ 2 &L 50 b2 2T 5, B, TDCICEL T MDD v b
MNFRnWZ izt 5,

600 < ADC; < 1100,

0 F § ss00F
D 3000 - F
= F += 3000
S F o peak c S
< 2500 Ll E o pesk
L 2500
2000t
2000
1500 1500l
1000f 1000
500F s00F-
E | - B e i I (W
% 200 400 600 800 1000 1200 1400 % 200 400 600 800 1000
ADC count [Ch] ADC count [Ch]
§ 14000F 8_3 45005
— g — 4000F
+ 120001 c_F
[ L L 35001
LIJ L
10000{~ 3000E-
- © (d)
80001~ 2500F
5000k 2000F
b 1500
40001~
F 1000
20001 00k
G’H\wa PRI NI ARV I NI I I VAN I W,
1950 1960 1970 1900 1910 1920 1930

TDC count [Ch]

TDC count [Ch]

24: TEFEFRTO ADC L TDC 7 —& D43,
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MDIZZ DT — 25 (TDCy — TDCs) /2 D34 % RCREE D fifREZ RO TH 5 (K 25), LovL, 22
T B D B iRAEIZ UL F TR % X 51T leading-edge % A 7 discriminator (= #2 K4 % M@EIZ LV .
EIEL VR L B AL > T\ 5,

8000

7000

6000

Entries / Ch

5000
4000 0 = 50.0 psec
3000
2000

1000

-10 -8 -6 -4 -2 0 2 4 6 8 10

TDC count [Ch]

25: fHIERTO R iRRE, ##hiE (TDC, — TDCy)/2 TH Y . EEOMRHZIRORH fiFRE L V B R A
TWd,

4.9.2 time walk fH1E

<— time walk t

I
\

[

|

threshold :

level \\/

26: time walk O, pulse height & A S TDC DEIFERELN R ->TRZ 5,

26 DX 9T, 2V ADE XT X o T discriminator TERE L 7= threshold % /%)L 2558k 2 A BEfE]S B
2o TLK B, ZOREEOFTIE time walk & FES, L7203-> T, TDC 2 A S &35 REEIL L ZA0MEWLIE
EEL 20T, AITENDREMOMEREIL. EROBEEOMEEL Y time walk 577 REHRIER Y 2 & A

28



TWNWADT, ERIVEI R XD, Z0 time walk Y BR< FEXN Z b RT3 time walk filET
b5,

time walk ORI/ VLV ADE SR T TRR D LR 08, WEZZT, 2D ORISR H 25 1K
ET 5, WL AOEES%E ADC ORITEECTEEZHBZ 528120, £0FiA% ADC L&, TDC OJIEMH
% TDC & B\ T,

TDC = C/VADC +t (C: T, (14)
D &L 512 TDC 2 ADC DOFADFEFROFEIZ BT B EIRET S, ZI T, LIV ADIEBE TR YO
EEXNERRKTH L, 74005 time walk S HEEZ H72WEAD TDC DETH 5, DX (14) T TDC
% ADC OFEFMOHBFEHT 1 REHL TEY . EBRITIE 2K, 3kE ., LVEKROERLARETH I, Z
CCHEROEITIEMRTE2IIE/NINWI EIZT S,
FIERTIL 2 KD PMT OEFDOEN LR EELZRAIET 20T, K (14) % 2480 PMTL, 2 D 5
WCEAT S L
TDC; = Ci/\/ ADC; +t; (i=1,2), (15)
LETD, ZZTCIEERETH D,
KDL& HELTWBRERBSIREEIL t1 —to DOFDIEN Y THDHDT,
t; —ty = (TDC; — TDCy) — (C1/+/ADC; — Cs/+/ADC5), (16)
R LV, K (16) THNA BT C1, Cr ZIET 51213 TDCy — TDC, & C1//ADC; — C2/+/ADC,
DL D fitting IZ LV FIFFHZRO DD 1 SOFTH D5, BHENSWSABFRIZHRY 0TV, %

ZTEY. X (16) 0ELHE 2 HD 1//ADC, & 1/V/ADCy, O4isb ADC 7 —4To 1, 2 OFAMBERZ
KHHZ LT D (K27, £97T25L, X(16) TKOK I IZHEXHRZOND,

t1 - t2 - (TDCl - TDC2) - Cl (1/\/ ADCl - 02/\/ ADCQ) (17)
22T, K(16) TD Cy/Cy ZHT21Z Cy EBNTND,

Py AP H+

+5
)

1/+ADC:
5
‘\\H‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘\

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

1/~ADC:

orR
o
=

27: ADC 7 —% OFHE,

27 ¢, 1/y/ADC; & 1/V/ADC, ZIELGIOBIMRIZH 5 & L T fitting Z1T/e o7& 2 A, 27 DEE
1£0.945 Th -7, 1,20 ADCF— % OHBEERIZZ TRE-720T, TDC; — TDC, & 1/v/ADC; —
0.945/\/ADC, DD MEE KD 5,
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CTOMEXIT1.45 x 103 Lo, EBRICHEN &S BITRONTWAMLTAIRL TiEAR bRy, %
DHERZ X 28 12T,

4r
:.
C []
3.8—*
— F L] L]
= C
o 3.6 5 =
@] B . o
L ° °
3.4F Q .
[ [ ]
C L] °
[ ]
i ---2 = O hd
I 1
32 L L L L L L L L L L | L L L L L L L L L L L L
500 1000 1500 2000 2500 3000
Slant C:

28: time walk /i EDOF = 7,

Z ORITHEN 1T (17) OEE C 2 & V| HElhic ¢, — to D434 % Gaussian Tfit L72FED 0 2 & - T
W5, Cp =145 x10% OBRZ 010 BDER/INERDZENSND, ZOBOHEOHFZK291TRY, Zh ik
V. WHIEAT (a) TIIMEE 2 145 x 10 TH 72 b DA, MIEH (b) TIIZE 0 L R>TVDE I EBHN D,

UEXY ., &HEENTIT

t, —ty = (TDC; — TDC,) — (1.45 x 10%) x (1/4/ADC; — 0.945/1/ADCs), (18)

DA DIRD Y % RAVUTREHI S FREN R E D,
%72, 2O time walk ffIET{Z, TDC; — TDCy FIANTHERK - M/ & OREME T D Z & 72 < HATHRE
L7272 TH Y, TDCy — TDCy KOS EIFIMIERTE TRZN TV D Z LITHEE SN2,

55— =
C 55—
,_50; C
=T 50
S B
R =
8457 © sl o
= < 4
ol L
o “F S ol
2 C
= T C
35— F
= 35—
30/~ F
P PN PN P PR PR P P P 30 N PR T PN P DT P RN e
-0.01 -0.008 ~0.006 -0.004-0.002 -0 0.002 0.004 0.006 0.008 0.01 ~0.01 -0.008 -0.006 ~0.004-0.002 -0 0.002 0.004 0.006 0.008 0.01
1/VADC: - C/ VADC2 1/~NADC: - C/ VADC2
(a) (b)

29: time walk #1E. (a) WIEATTIX 1.45 x 10° DX 2 b5, (b) MEHITITEEAL 0 LA 5,
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4.9.3 FIHEBRTORMNFEE
t) —to DBFDIENY 012 13 1, 2 OARERREEMSIREE 01, 02 ZAVTKRO L HI2ET 5,
o12 =/ (01)2 + (02)2.
2T, PMT MICEAEZER R —EDOHREREHLHIZH AT L TWDH EEZNUT, 01 R oy LEFIT,
012 ~ V201 & V20,.

L7120 (h —ta)/V2 D4R B IE PMTL AORRSRIENSKRE Y | (b —t2)/2 O F 13 PMT2 A%
1oL R L7258 ORFE O FRED 55 B,

Z 2T PMT2 A% 1 DO E A2 5E ORI FEEEZ RO TH S, time walk HIEHD (8 —t2)/2
D43Fi % Gaussian THt L72H OB 30 TH D, Fi2, TOFOKEBEF I 4IETERZL T 2-oD
AETHI 1200 fH & 72 B

LI | AR RS REEI X B F A K 1200 EDEEIZ 41.4 psec THD Z LR T-,

ZZTCHEIC p— ey EBRTO 52.8 MeV O > < #RITHHT 2 B REER R~ TA D Z LT 5,
u— ey EBRT, 52.8 MeV OF v <A EHIL T, PMT TEHI S 52X EFHAH 20000 & (tgdk4 5
Ralb—varEBR) TR ERET D L. on,, 13 1//Npe \ZHMBIT 2L LT, on,, =10 psec 7%
%, 52.8 MeV O v <R FIOIZIRIEX £ /) EHAERT 2EFOMBERERBEIT 7 mm=35 psec Th
%, [10] 2 &Y 52.8 MeV H > <f A~ b TORMAREEL BT RO TH DB &,

ot = /352 4+ 102 = 36 psec, (19)

EWVWIORERICR DD, BBT DR ICEIT AT 7 AN b EH <A P TIERTEEFRE 8
RL THRFEFREICER T L 3IFOAIAHY  RIZIFELTY

ot = /352 + (3 x 10)2 = 46 psec, (20)

EWOFIRESD, £, 52.8 MeV > =T $ 2 R MRREIIN > < ftA 2 MT K2 R oy fifaen»
LRBLLONDOINETHY, TNHDZ LIZOVWTHEHREUROT v F Z A FERTHLI AT Z LI
5,

8000

Entries/ Ch

6000

4000

2000

16 18 20 22 24 26 28 30

TDC count [Ch]

A T I T T T[T T T T T[T T T[T TT T TTTT TTTT
R L U L B

O

30: time walk i IEf% D PMT2 Az X % BRI fREE,
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5 JOk&ATEE
5.1 JOrAATERBOEB

AFRIZIBT 2 BRIE, 52.8 MeV > < #UIKT DA /2 2 0 o~ #hk H 28 O R /0 i B & 3 5
HZETHD, K(6) TRDELIT, TIITUINANRY I T T REPERL., BRHEIBOBEIZL T
B ~ 107" 284 21203, ikF & vF v < BRHERO 52.8 MeV 4 o~ #1925 B 53 fi#aess 50
psec LN THDHZ ENMETHY | UBOHITE LOBETIIZORENBL LR D,

FEEBRTIIT L7 7 BIEZ AV, B/NROE > N7 v 7 TiRiAF & /> & PMT OARER) 72 R /5 fihE
ZRELZN, SETHRARLZEY, TA7 7 BTEESE /o FTOL U O3K 40 pm & | EiEXE v
H o< BRHE L > TUIEFEE R 208 TER, UL, BB p - ey ERTEIT 20130 v
VB THY ., TILT7 7O L SR ERF & ST EY B BITEEE cm 225 T4 cm KL, kETH
RAXJIZTA T 7T ~wHE TIIV v FL— a3 VROBERBICENRH 2 DTN ORI iE
BEZ B35 Z I3 TE 20,

SEIOERTIIFHERL Y PMT OFBEERL | IEXE/ HFTOI U FL— 3 kE mlaER R
DRERNARATIRZ . £ 2 THLNDERISMREEND u — ey EBRTHIG SN 5 BRI REEZ FTMH T 5,

5.2 HUBIZKT BRI AREE

RIETHN L REHSFRIZT VT 7 BROKERERIC, X (12) TRaND DL L, ARG RS RESL
Npe DB E L TRTZENE—ORIELR D, 72720 T ~BOGEIT Opos DIERTERNFE KE
Wi xR ) VR TIRNAX —EETHIEHEL . AV NORBEEZT DL THD T oy, &iF
TEDEIITRD,

5.3 AUTHRR

ST ABIEIZIR S DL B Th 5,
Tua N ATERTIIH L <BEE L TBY 2EHL . 747 7 BT 2 Am %2 vz,

Ao <R | A — keV] | MHE [kBq) | FEH | SEEMIRK cm?/g | FHAEMTRE [mm]
88y 898, 1836 0.52 106.61 H | 6.20 x 10_2, 4.21 x 1072 53.76, 79.18

FAT 7R | TaAR— keV] | SREREE kBq] | CEEH | 2EEBIRK [cm?/g] Lo [um]
241 A 5442, 5486 1.0 433 &£ ~ 0.013 ~ 40

# 5 7u hFATERTHEALZGE, SHEOL Y DIRET £ /> (B 3.00 g/em®) FIcBT 5D
DT, THRAF—L 2EEEFREE OBBREELZXK 11, 12036 5KD7-,
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54 ®ybkT7vT

Ta N AT ONBRE BEREEN TR 3L (LT, 20 32480 PMT & 2inx Xz HHE% PMT
FH — L IER) &K 32 1R T, EBITIT PMT R4 — 3 EZABRIC AN, £fiTkEExE 2 ic
FERITONo TS (X 33),

TIT 7 IR E T < IRIE R 31 OALEICEY (117 541, 116 mmx116 mmx 174 mm OF EEKIZ 1
FAEEIFE ) FL—rar¥ERAEAOPMT CIRZ LS E NI HDOTH S, 32480 PMT 34T
ARZM < K HICRY o TEBY | TRENICEETD DT LN, WS ONEFLHTIA—TLL TN
% (K32), UBEOHRIATIZIZO 1 ~32DFF &/ /V—7F4%4 Ringl~3, Plated, Plateb Zf§ 5 = L1235,

Al plate

gamma source e[

(a)

HAMAMATU
R6041Q

Active region
Y 116X116 X174 mm

777777777777777777777

”””””

25 26

Pl at e4

B 31: u s ¥ AT ONELL BIROMBARIOEEX = ) v b RT BV FL—ar% 324680 PMT
THIT 5, (a) BREMERIT 116 mmx116 mmx174 mm TH Y . ZDOE Y % 32 A0 PMT TRV BA T
VrFr—va B EHIET S, (b) I PMT OFSOXISERT,

33



Plate5

Ringl Ring2 Ring3

32: WEiEx & ) oW o~ R RO B, A, BIIREZREL 2B CH D, AT o~ RIEY &
IO AT, B2 77 7 #8058 24 Am 211372, 32 AKD PMT % 1 ~ 32 DEETHESZ &1L . Ringl~3,
Plate4, Plateb £\ 5 7 NV —TZ%EH Z LI2T 5,

34



5.5 Ft/20#ikE R

Ta hFATERICBIT DT AERT A > OEAEE T PHEROK (K20) L2<FALTHD, PMT
HRVF—FK 3BT T L OBR_RyEMIRH LN TEY, Xy BT 200N LR->TND, NEIORE
I3 IEX £ /v & PMT R —03AD | SMANIBIBAE =S/ CH Y | RS |/  OREZLEIATE
HENTES,

Xt /U OBRIEEDRN, Xy BLZEEIF|WTEBNORMSZI RS, TN EZ & —
RYFRTT1075 ~ 1076 Torr BREDEZEE E T W%, Ny ELPRT A OBEEXHL 21T
R, REOWESF2 HoCBBESES, TO L%, B/ VITBY Y 7 b_RyBAFicd k) oH
AEEANL THILZBRST D, ThEBITL THMIEZE S BEZ25] & 217720, 7 x 1076 Torr F2EIZ T HUT
WILDHERNE S, ZZETEHTPHEREFALTH D,

XD OWTUI PREROR L £ B D, PHRERTIIGEL Z2F AT Va3 — /L& Bl
ELTHE /v OBILEIT RS2, 7a M F AT EBRTITEBNS KAULT 5720, FURCEREILEX 722
W, ZZTIEAEICREAERAFEAL . BERARO FROT 5 DICR0 AT S EEEREE OB H A
FIMTZ I Lo TREX /2L S E D, BILETRIIBHRNIOESZE=4—L ., Thn 1.3
atm B2 VWK IR EROREZ EMATHEFRIEL . Tt/ U BEAETH D REZHERFSE20
LEREITR-oT,

WAL T % . PMTICEE % 2N AU BRI © PMT O H 3 LOVRIAX £ 7 o ORI LR BEIC
EBL., ZELE-HAZHEORD L1225 (K16),

Liquid Nitrogen out
Liquid Nitrogen in

vacuum for
thermal isolation

filled with liquid Xe

%

33: HZERZmOWIER, SMADKIEEZZE I X RO F & 7 U REIRMRIRICR 2N D,

35



5.6 PMT QO#IE

WikxtE /i S PMT i3 —100°C L WS KB T CEHET 5720, HIBEITESIEDEVWET 5,
—mWCTﬁ%m®2P@%%$#%%ﬂé ERMBNTEY (9], BEIC XV AEBERO @IS ZET
CRERH D LEZ DN TS, KR T TIIREMOEEINNREL R D720, KEmE HEROHK

4’ J— b MOBMENRKE L 20, FIBTHHENZ ZREFESENL CHEEEZEHODTNDLDOTHD,
A TR _7= L 2, 7a M AT ERTEIE )V OERKFELRD L CRKEREZHT XA IV
ERDTHHAL TWEOT, BEFERELZ a2 br—L L TWSbiFTidhwn, BEZOVWTHLERE=X —
ikﬁéfﬁ&ofﬁb FHEAIRREIZH D LTV 2, HEIERICEZ 2 BIERTEX AN &b, K30
FRECREEZTRIZ LT,
&Ei*iﬁ&ﬁ@»@mm%%mfﬁ&thﬁD#B%ﬁBhé%Qmmﬂmmm%m@g%%
T7 A= (32D Fl~ 4 DM BICHRE) TRy BAWNICEAL, PMT TEOXEZBATHZ LI2LY,
WEFHE ADCOB 7y MEOB%E . PMT OHEIEEZ RIEAZ LN TX B,

ZZTHERL MR T 7 A =%, AIED 175 mm O EDO N Z LRHEE R EETE, a7
L7 7y NOBBRIREEIZ LV EIRE —100° & W OREZEIZ X DMER DN EN S BBETREINT,
OMBREIN T 7 AN —DFEE % 6 1277,

BITESA | aTHE | 2T | 7Ty RR | B B A% | BREEK (ALep=450)
27 v 7 | fieAE | 600(pm) | 750(um) | 1.4(mm) 0.2 4.0x10%(dB/km)

£ 6: MEA K fiber D REMA:,

BiEX £ oIz b RITFE I —EERH S, PMTIZ AR L 720 BEFRRIZSC 7250
KEFEZMEHT L, ZH0ITHEIE éﬂﬁfr}: fiﬁ‘( ADCizATEhb o b &b, XFBRHEFZN
TP LIRS D BRIIERBETHY . 413 Poisson 23 ARIZHE 9. EREITITS A OHIEHED K Ex
7= Gauss A & Reg A0 T, LED 2 & 57‘6% PMT &AL 7280 ADC D 4347i% Gaussian T fitting
TE ., ZOROHFFHEL oBITHEL <R D,

P EZE5F UL, ADC oAb PMT OHEIRR L REFHE REN S Z LN TE, ADC /4% Gaussian
T fitting L 72B DB — 2% ADCpeak. 7% 02 & L, Npe ZHE T, G 2 PMT KD HEHERLE T
L& ENThOBEFRIEIRATRINS,

ADCpeak
g

N )2, (21)

pe:(

ADCpeak x 0.25 pC
Npe X 1.6 x 10-12 C~

G= (22)

ZT0.25 pC EIFFERTHEMALZ ADC O 1 F ¥ > FMCHIET HEMETH Y, 1.6 x 10719 (3HFE
ﬁ'CE!bZ)o F72. K (21) % ADCpear, THIFUX . ADC 1 channel 72 0 ONEFERKEL, UEDO KD
RFETETOS  CHElig=RYE=%—_L ., ADC 1 channel 72V ONREFEE RO TV o7-, ZDERT
BELZMEER TIZRT,

e (5% 10°) + 5%
ADC 1 channel %729 OXEFE 30+5%

#£ 7: PMT ORIEICRIT 5 U E
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5.7 T—24%UNERRERK

T —HZIEIT, K34 DREIEEZHAWTITRbIv, ZZ T d ADC, TDC, discriminator |3 ¥ £ D
RERICbOEE ST,

N UH—ARIZIE Apeendix 1 T/REN S sum module Z AL 72, Z @ sum module i, ASiA L E—
FoARELS, ADCICANESNDBEEZRZIZEALEBRERSELIZ L R<MYHTZENnTE, B HahTz
EEIINHTRELAD SNEIRL 721 . discriminator |2 tH /) &, REL 7= threshold L FOBAIZ M U
H—IFHEERT 5,

A BElDEERTIX sum module 2 3 2HEL . Ring 1725 3 T TOEFOMEENEFNTLE Y, T~
WEBARVDNETAT 7 RIZEDANRC D EDZTZY, FARCEZZERTEHE9ICL7, Ring 1, 2
BECH~BRICEEA_ bO N U —ERICHAVSH, Ring 31377 7 x4 5 b U A —AmKiC
FERENTZ, ZOERTIEIROI N IT 2N TT —FINEEZITR- T,

8Y ORI M Am (TR T/ E L (£5), 2 Am iz 54X MIHtENL < Ring 1 TH 432 b
UH =0T LEH, —F, 8BY OFHE BT Ring 2 £ TORBRE TH S DT, Ring 3 TY
LD N UH—BMBZEIHFEAE RN, LTENRST, HrvBic kb4 2% & 5121%, Ring
1 & Ring 3 ® PMT ARBHC L Ko TV B L DERIFIZ, o <wBA_ T 2INET D Z LR TE
%, 88Y 1836 keV H' o < HUI I H HITEN 8 cm < IZH 725 DT Ring 1 ™A 0 12 Ring 2 &~
THH MU= bhd, BEkv, U —OERGEZ

(1) Ring 3 ®FIA3F%E L 7= threshold LA N2> Ring 1 OFA3EEE L 7= threshold UL |
(2) Ring 3 OFa3 g% E L 7= threshold LA T2 Ring 2 DFuAs 5% E L 7= threshold LA |
(3) Ring 3 ®FnA3F%E L 7= threshold LA E

O3BV TITRHIZEILE, (1) & QBATYHEAONIT—T, B)BTAT7 7T EHHDOT

BB,
ZNEND MY A —IZHB1T % threshold RUE L 72 A X2 MIUZHOWTITRETTHL <5,
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PMT Divider Sum through
ANMNV Module Cable Delay ~100 nsec ADC
Discri- Delay
minator Module TDC
100 nsec
start LATCH 300 nsec

Rine 1 Sum Discri- Coinci- - o Gate Gate FANIN/ GATE ADC

ng Module minator — dence ‘— P Generator Generator FAN OUT
(v side) veto Oon_Mﬂq
Rine 2 | Sum Discri- Coinci- -— SIART TDC

ng Module minator | | —— dence ‘— Clear
Ring 3 Sum Discri- Coinci- .— Output Puseout | FAN IN / |

Mg 3| Module minator [ [T— dence ‘| — Register FAN OUT
(o side)

Level Out
Output
Register
_H Coinci-
Clock dence
Generator
100 Hz FANIN/ Coinci- niv| Level TTL LED
FAN OUT dence Adaptor

(x4)

(x4)

(x2)

X 34: u & A FEBRTOT — & INER A,
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5.8 threshold level D% E

4 3512 88Y (v b RO 2 Am OF — Z INEERIZ 31T 5 Ringl, 2, 312%f9 % threshold #7571 7~
threshold |[ZASKREBETEHEIN DD, £THO PMT OBERIT 5 x 106 [2Hi 2 TH A0, e -7
FTHEFEITHATE D, KD (b), (c), (e) THEMIZ L > TV D DITREFETHY . KETRLTZON
HEFEHT L 7= threshold TH 5,

35 @ (a) i Ring3 @ veto & Ring2 Th U —& T 2RO E2XEFEDO LA TH Y . discriminator
@ threshold [T HFAXL ~/WVIZEREL TH D720, HEDENAR MIKHLTEH M IT—0B0hoTLE
U, 1836 keV O — 27 MMEL RxTW5, (b), (¢) T2 DEEDT — & % % LT threshold Z &% E L 72B D7
vy b THY ., (b) DAL Ringl OKEFEIZH9 5 threshold Z7RL . (¢) D K# i Ring2 @ threshold
HRLTWA, Z# 5O threshold 13 898 keV DB — 7 ZH S 72 W& HIZEINTWAS,

—J. (d) T Ringl TR VA —&0F, EBIETAT7H{ARY NEH <A NOEIGHREFE
BEIZ/2 5 K 912 threshold 2R EL72HDTHY | T T 7 #A -~ MK % Ring3 @ threshold % &
ETDETORNTT —FINELZROENREFBOZHTH DL, ZOFMTITIHT <A FET IV
Ty RANY RBREL TWEA, ZhvE Ring3 OB FEHOM TR THBL L, (e) DX HITHREIZBET
XHZERmND, IO EEXREFRODMISTUIHD TR THD E (a) R (d) IZRL 2 KBEONMEID
threshold 233 %,

F 8T, 3TEHEHD N VA —TINEL 7-F D threshold LINEL 72 A > M EERLTHEL, T0HH, £
BRI BRATICAEFH L 72 D1, Ringd Tveto 2237 T Ring2 Th U H—L 7T =AY FOETHT —&
L. Ring3 b YA —CIEL =T LT 7 A0 hD 55D 20 FA<Y hThs, Ringl Tk UH—%n
F2bDIZONTIE, SENIMEITL Zeho 72,

NUA— threshold (Y& ¥ %%) INET DA b | WELTZANY MR
Ringl x Ring3-veto | 300(Ringl), 1500(Ring3) | H > <A~ b 300,000
Ring2 x Ring3-veto | 40(Ring2), 1500(Ring3) | H > <fpA <k 800,000

Ring3 1500 TINT 7 AR b 1,000,000

# 8 JFEED b UV H — & FhITxd %4 Ring @ threshold & UV L 72 1~ M,
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@ 600
= L 898 keV
c C
L 500 —
400~
300
C 1836 keV
200~
100F
0 [ I P Lo
0 500 1000 1500 2000 2500 3000
Total Number of Photoelectrons
(a)
D 600|- , 200
c L c =
E r D_f 180
£ 5001 £ 160F
2t 2 ol
C 140
O 400fF 2 =
k3] = 120
8 E Threshold Level -§ C
T 300 8 100}
= = 2 =
2 F 2 sof
Q 200 o
5 F ‘5 60
e 5 € 42 C Threshold Level
& 100 7 =
201
< e < “F
0 R N T R ' I Y I ] Y ] 07 L L L L L L - L L L L L L L L - L L L
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500
Total Number of Photoelectrons Total Number of Photoelectrons
(b) (c)
3500 |- o 3000
8 F = R :
= E 55MeV a = E e
+ 3000 o F i
g E J Hsgslovv Jj = 2500
2500 |- ‘0 C
= & 2000
£ 1836 keV y = C
2000 *g C
F L d = Threshold Level
C T 1500
1500 |- t 3 C
C < E
C H HT LL L 1000 |-
1000 H &H_H LL 5 c
= = r
s00[- Hj 3 500:
S SRR AP PO PSP VPRI S == IVUFUL. SO R SN o AP U S I
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000

Total Number of Photoelectrons

(d)

B4

35: % Ring 2%} % threshold ®DF&E, (a)~(c) i% Ring3 @ veto & Ring2

Total Number of Photoelectrons

(e)

ThUT =% T-FEOHD

T, 898 keV DL —2 ZY) 572U & 51T threshold 28 ET 5 & . (c), (d) D& H12/42 5, (d), (e) 1% Ringl
P TR UA =T mbOT, AU vA_y RETAT 7 BARY FBIRIELTEY . Thdb () O

& 9 72 threshold AR ETE 5,
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6 RERT—3 DEN
6.1 XEBEFHILINBDHT
6.1.1 XEED

H BN ERIC T RN — 2R L2 52 EREICRD D Z L i3mdTE#HLY, Ll 32480 PMT
MR HBHEBOLET — X #RETUL, TRXNVX—2E LG E RESD Z LIXAEETH 5,

LI DR TIFR D & 5 R TRD bV D EEE (z, y, 2) ZHEExE ) PRI —2E LT 5
FiEEZXAZEILTH, SRIZZNEHRERLERESZ LIZT S,

32
N = Y N, (23)
=1
1 32
r = N;.ZQN“ (24)
1 32
y = Nzyi'Ni: (25)
=1
1 32

ZIZT, NiZiEZEEOPMT TRIEESNZHEFHEERL . NI R2ATHASNZARELEOBRMTH
5, £72. (m5, ys, ) 1T FBRBOPMT O 4 —VEOFIMIETHD, KEELEZMES &, HMiREHE
WWEOVNBEZRBDIZLENTEDEVOIFEZFHF-TWVEIN, ROXSRBEEZRLZTWS,

o PMT DA% 7 4 —YEDOHFLTREL TWDHS, PMTIZAST L RITT X —2 K L7258t
AT A RVALS = [l o e

o —HITTEARNF —2KLEIRVERIT, ThODEMIEP EEELLALRIND,

o PMT 7 #— Y ERT /L 80D PMT Hw A4 —I2 £ 5 REHIC LB 8L E2 ThAaV, (ZhICES
BT DRV EEZ TN, )

INOOMEREL ZD01%, SMEATIEIREHTNEZROLIELTWEDTHD, FHlxiX, PMT
DI LETCERNF —2BTHEEEZTCHD, TN A—VHEHDOE L2 5ZI0E PMT 22y K
IEREVWD, ZIND 7 +—VHEIZHATICTN TV & LA REICED L T, ZThE RERLORK
ZhTiEbsd e, BELOBA, REELIZ +—YEOFIMIBIZF EHFELN DN, FITIZTRTNL
ELERFVOPMT 203 R2IC< b 72D, ZOMd PMT OLEIZIZE]| -8R, fERANZIT O
FlEFELRTRZ S,

Ll ZOXEBEMN LDAMEOHTIT., XERBLLD IEENICHLHHTHNE LN EDERD,
KETYIal—YailloTEDORYMERTZLIZT 5,
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6.1.2 E THILALIZIalL—3Y

Ta b EATEREFL K HIC32AK0 PMT 28 L, U KAFHOREICT vHREZEE (K32 T
B OALE), THIZ L 5% PMT TOXREFEEZY I 2L —2 a0Vl Y Iab—v a3l
EGS4(Electron Gamma Shower Ver. 4) ZfEfH L 7=,

ZDVIal—ar TR, Hr~ERNkEExt ) o EOMBERICE > TEETTRAX —2EHEL
Hikxt 2 v D Wy, 1 23.7 eV 235 e+ %% Poisson G126 5 £ 92 AEMESE, PMTI2E N7 AS
Lz Rz, AT 0 ~BOTFLX—E, 1%, 8Y LFU 898 keV & 1836 keV IZL . ThTh %
B2 IS & T PMT O I b 2N EFEEZRDTZONRK 36 O ERTHD, D H2HO Efloe X |
7 LD 898 keV DA v <D AR N THY . T 1836 keV T UL DD TH S,

—HBTOXITT v b ¥ A FEBRTEBICHEIEL -, Ring2 Th UH—2NT O EFEOSHTH
B, Vialb—vartERETERETFRONMAEZLARTHDL L B — 7 OMEIZOWTIEREZ HEL
TWBZERnhd, ¥YIalb—vF /féy‘t BFEDODIRNE ZAITHDaAMMIE, a7 b UEELC X -

TEHOTRNF =2 ESTITRHBOIMIHE TV ST L E o724 RV b EEZ BN, EBRT —F TIETh
DAY MIFIT—IT :t75>75>6t,cu\ct 912 threshold Z R EL Td 2 D THIL TR,

250/~ EGS4 Simulation
200 Ey = 898 keV
150
100 =
@ 50—
S o ‘
S = EGS4 Simulation
120F-
== Ey = 1836 keV
sog
40?
0E L L L nn
0 500 1000 1500 2000 2500 3000
Number of Photoelectrons
- Prototype exp.
1200~ 88y ypeep
C 898 keV
1000 — 8y
C 1836 keV
9 800" thresholdlevel
5 r (Ring2) 40K (1461)
£ 600 —
w L
00—
- 28T|(2615)
L 0Co(2506)
200~ v 2148j(2119,2204,...)
C . ol

o
a1
o
o

1000 1500 2000 2500 3000
Number of Photoelectrons

ﬂ 36: EGS41Z & 5 898 keV, 1836 keV H > <kt &N EF KOV I a2l —ay, B—FOAE
WAL T, 2 —va U RNERT —F2HEHL T 5, BEFHED 1300 225 1400 L0 E—27 R
2000 LABEDERFIIBRIE Ny 7 7 F T FIZ K2 b DRELEZ BN D,
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VIial—varTHRONERERND . KEFEOLNERITIIENTZTOIERY 2R TN DD &
29 %,

1836 keV DA > B AS L 72T, TRAF —ZFNDIZEL TW S FETE K EFRL L OBREZK 371
T, 3ODOKD B, x, y FHENCEL T, |z, y| < 10 mm OFER TIIHERMNI L AMEE = RLF —
ERDICHETIHITE BN BV Z RS TWAZ ERGND, —H, 2z FMIZBEL T 2| < 20 mm DOFEE
TRUVWHREHEZR> TV EA | RITRENZ2EOLLED —40 mm < z < —20 mm OFEECIE, EERIZITH
25 fEDIEN Y 2RO TNWDEZ ENSND, L., ZOERAD A s 2&B| L CRREIDREERZ KD D
Bh . EBEOIEN Y % 0pos & LTEONE SDBHBEBETIZIEENICE 9 ZEIXTERVR, 0pes /NS <
TAHZEINEELTHEBZREL 2L TIRLARNI L1350 5,

REE A RIIEIZIB N T, Opos PHGETE DT /INES LT ONpe P ERDZ LIFHRDEFL VA,
|2| < 20 mm OFEIR TITHIH A X2 P BH- TL EWV, FERRENRRKELR>TLE I, &oTL 2z
OSBRI DAV FOBEEIT, REEBLTELDOIENIRH->TH, KVEZDAXV M EELD
E5ICfT2 5 2 &t 3, BAPEBIC O W CIIERT S,

@
=]

[=)
‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘

@
=]

EGS4 Simulation EGS4 Simulation

20 20

E-deposit Point in y Direction [mm]
|
s
o

E-deposit Point in x Direction [mm]

o
[T T T T T T T[T T[T rr[Trr]

|
o
o]

B e b ] b e b P PO PPN PO PR PR PETeY e
50 -40 -30 -20 -10 O 10 20 30 40 50 40 -30 -20 -10 0 10 20 30 40 50
Photoelectron Mean in x Direction [mm] Photoelectron mean in y Direction [mm]

(a) (b)

|
a
o

E-deposit Point in z Direction [mm]

n
=]
TTT[ T T T[T T[T T[T TTT[TTT[T
A

EGS4 Simulation

N N U ER R RN B
0 20 40 60 80 100
Photoelectron mean in z Direction [mm]

()

X 37: a2l —yait kb, 1836 keV i v BN T R LF —ZFOIZE L TWBFFE RERLED
REfR,

&
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6.2 AUTBMARUKETILIFZFHRARD FDHERI

Hy AR NETNANT7BARS R EEBBITH2012, TNONRELET —FIX LT, XEE
DRELEFEO AT DOWNTHAT,

X 38 1% Ringl 7217 T b UH —%M ), threshold Z#FRAE L T, H o <AV N ET AT 7 RA XV
FNERRERELZHFOLOTHY, M3BOREFRLLOTHD, oAU MO N IH—IZIET IV
T 7 RRA XY F &R £ 912 Ringd T veto 200  TWAM, EEZIZ N U =2 BT VT 7 A X
Moo, TZT, HIHBARXVNET AT 7 BARY b EZBRIT H72012, ZNOBNRIELTZT —

WXL T, AEBELRPENREBEFEROSTMIIOVWTHARSLZ LIZLTZ,

K38D (a) R (d) PE AN T ATEI VANV P ETAT 7 HRANY MRF-X 0 LKPITE D
ZENRGDD, BT () TRT z FAOXEELOS,FIL 10 mm < 2 < 40 mm ODF“ﬁ IREARETICZ &
THAIRBIZEANT 2 2 & TE 5, LIBOMITTIE, RIZTRT 2 FROXERONZL HEE

s TIVT 7#A X b 2> 20 mm
s Ho=fBA b2 <20 mm

R Z & THEOBBEZITR O LIZT D,

400

8 C w ! !
o C i 5] i i i i i i i
E o (@) E 1o (b) i i
. | | F I I I I I I I
M 300:7 i i i = F i i i i i i i
8 LG Event 800—
250F— ; ] r
200F— : i 8 00— T ] i i i
= i i r i i i i i i i
50— i i ] [ i i i i
E H 400— =
100— 4 r w
S0E w HL L pe e
T TV T TR TN S PO, WOt RS Tt O T TOUR TR s SR
0 500 1000 1500 2000 2500 3000 3500 4000 4500 -40 -30 -20 -10 0 10 20 30 40
Number of Total Photoelectron Photoelectron Mean in x Direction [mm]
v ’ ! v
4] L 5] r !
'E 1200 (“) ‘& 1400F i
s i ‘ Lot 5 i OoEvent
1000— - ; ; ; d 4 1200 -
800 ~ 1000F |
C ] 1 ] 1 800+ :
600/ — - : : : : | E i
F 600+ :
400— - — C
C J 400
200— B 1 200+
ol PN PN PO T o VU P ot e, PR P |
-40 -30 -20 -10 0 10 20 30 40 -60 -40 -20 0 20 40
Photoelectron Mean in y Direction [mm] Photoelectron Mean in z Direction [mm]

38: Ho <A N ET AT 7 AL FOHH, (a) 1% 3240 PMT O2XE F#TH Y . 3000
T <A R D ET AT 7BARS FOERBH D, (b) 225 (d) IZABEELTREZBETHY .,
x, Yy HHETITXBIR 20720, 2z FHEIZEL TiE, 10 mm < 2z < 40 mm D ZE H OREIR & B2 2 DO/
SR DD, ZHbIE. RO EHERITREL LU0, FrFhLaY Ial—a Y ORENDL EX
L. ROEOHGHENT < AR N THY . FENT VT 78 A X2 NOGARIZE 55,
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6.3 HTRIZKT BRI AREE
6.3.1 ARUFDEE

52.8 MeV 7 v < OB S53iRAE R RAE D 7201213, TE AT BV R VX —DOH v < #T OB E 5 iR
RBARETHZENEEL Y, K39D (a) TN 2AE FRE LoD TH Y, L E— 2% 898 keV
& 1836 keV IZAHY $ 2, 4lali% 898 keV DV — 2 DT IZ 1836 keV D — 7 LD KXBEF DO LA
ANy MIOWTRHRREZIIET S Z LT L7z, (a) ITR L7281 1836 keV DV — 2 LB Ny 77
S R Th B 28T (2615 keV), ©Co (2506 keV), 214Bi (2119, 2204, 2248, 2293 keV) 1= L 54 o < #A
R MBRRESTNBEEZLND,

Z O RRERIE D BE#NIZ. 52.8 MeV J v MO 3 fiFEE RIEDZZ L THHDOT, ZHOXIHICT
EDHMRYEREFROZNANY FEREZLIZLZ, UBOT <~ BROMHTIL. K39 T 2 ARKOKETH
ENTZFEROA R N EBBOS L, TOF —Z b BERSMRELZRIET 5 Z L1215, BET S HEBIILL
TOERVTHD,

—10mm < z, y < 10 mm, —40 mm < z < —20 mm, (27)
1500 < Y64 < 3000. (28)

(a) (b)

2500

Entries

2000

1500

1000

500

Photoelectron Mean in x [mm)]
o
\\\\‘\\\\‘H\\\\\\‘\\H\\\\‘\\\\‘H\\

L MR R L L L LT L L TR R L L L L
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
Number of Photoelectrons Number of Photoelectrons

40

(c) (d)

20

10

Photoelectron Mean in y [mm]
o
\\\\‘\H\‘\\\\\\\\‘\\\\\\\\‘\H\‘H\\
Photoelectron Mean in z [mm]

ety o by
500 1000 1500 2000

L L v b b L L L L
1000 1500 2000 2500 3000 2500 3000
Number of Photoelectrons Number of Photoelectrons

500

39: v < BRI B BERI D REERIE DT- DD A X b ORBIE, (a) TIXEHEFES 2300 {E7>5 3000
B, REELS —10mm < z,y < 10 mm, —40 mm < z < —20 mm (2 5 1 X~ THE S fiEsE
BERDBHZ LIZT B,
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6.3.2 TDC QOFHfEZfE > 7= time walk #H1E

TEEBRTITR o= & 972 time walk fiElZ. PMT R 2 KT, Ly POEWTA 77 BARV N2 R
TWORZIIANTH LN, HrvHBANC POBEITE I LBEXRV, Tl A X FOBEITT
INFX =5 ITMEBIEB DR H D770, ADC DEIFTRNLXF —%2% E LG E Z ORONEITEKTFT
b5, LED o TMNBEIRETENL TFHEROELFC X 5122480 PMT < ADC 0% & - T time
walk fHIEZNT A Z ENTEDIITTHIB., 22 TS D LFNEMZMA T HiEZES Z L2 5,

FIEEBROEED X 512 PMT OXT Z{E-> THEEZNT A HFETHDIE. poeyERTIE1I AV MND
EIZRIC K 91T~ TW D PMT OXT ZH72I/EV BES R FUIR b, 610, EBRFIZ PMT 23K
ML 72 GBI AT 2 ROET OIREFICFEONNIIEETH D, BT PMT OXTE2ELEVWI LD
AZHY ., FHUE Ocom ZF ¥ B EHTHD time walk fiERXTHZ LITEEAL TW5S, Zhnb i
45 time walk fiIEIZH B AA Ocom ZF Y B EFTHDITRIDTH I, p— ey ERICBNTY
BHTE2 L9510, WSO DML RKEL TITR 9 Z & T ocom DREZEB I, R time walk 4
EZL TN IZENRTEDHEVILDOTHD,

<TDC>, — Uppér grp:up'”/ ___________ /
\\/

,,,,,,,,,,,,,,

<TDC>, el

40: BRHEEDFT T,

(1) MIDIZHRHIRE ET 2207 Vv—F1200) . FhEnd TDC T —F O¥HE L 5, FlE TRIOKRH
# D TDC OFE)zZ i < TDC >,, < TDC >; (<> 2 PMT OEKIZ K5 FHERT) LB &,

1 m
T™DC >, = — Y TDC;, 2
< TDC > m; C (29)
1 n
<TDC> = E;TDCi, (30)

EEFBH, ZZTm, niZFINA—TICEETNE PMT OARKTHY . FBRIT16 L7205, K39 TRAHE
Iz —FITV O 1X Ringl & Plated TH A O T, AENTIZ O 12 KA CTRMOEEZRAZ EIZT 5, Z08
B.m=n=6%7%2%, FVOPMTIZEAL T, XESHMIZDRZVWOTI ZTEFEDLT, 7L 7 7R
ARy N TORERE S RRERIE DREAE 5 Z & 12T 5,

A OBPETR (29), (30) ICEENBIENVIX Ocom & 6 EHD on,, & 0pos THD, £, ZOBRKETIZ
TDC (% %77 time walk filEZ L TR 25, ADC DEICISUTZIER Y b EATWAZ LIk 5,
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(2) FHIE < TDC > 735 TDCF — & & B[\ 2 b DITIE Oom NE TR TRV E EZ T, 1/V/ADC &
OFABEN D time walk fIENTE 5, T7bb,

<TDC > -TDC; = C;/\/ADC; +t;  (i=1,...,12), (31)

2D C; &2 12 KO PMT IZOWTHRET S (KM 41), ZZTEELRTIRRVWoiX, Hlos v—7
D TDCF —#Z < TDC > 75 5[& ., FlZ < TDC >, 2263032 bnwzZ e ThbH, 2Dk
I By & 13N TDC OFEHEEHE 21X, &K (31) DAL TDC; 5 < TDC >~ 0om 21T Z 512
borzd, LinL, SITHROEENE I NV —T OFEEEESTLE D & 0com 1213 T2 < TDC;
BE LMEDSINTLE S &I B,

(3) % TDC I= >\ T C; AR E % DT TDC; — C;/VADC #%7-1= TDC; TEX#Hz %,

4) (2) 5 3) 1>V T 3, 4[E#EYIEKT, ZOBERET < TDC > % time walk fIERZH 2D, £V
Gaussian |ZITVWOAR & 72 5,

U EORBRITE 4 BT o2 RB K 42 Th Y | 1[FIE TKIBIZ < TDC > —TDC OJER Y 3/ X <
720 3[EDD 4[ETPERL TS Z &R 005, LBOITIZIIKERITZ 3 BT/ - 7280 TDC Off
EHEHIZLIZT 5,

o X9z, ZZTO time walk fiiEIX. BBHDOT —F AR THEEZNT 57290, i ADC L D
Mz & EREEN, 512, PMT OERBENR—ETHI2DI I THLNIHREKC, 22D F EH
FITENTE, o8I TDC OFEEE L > TRHIEZNT TR LEN 2L T, /2, TDC OFE¥DF
BT 2880320 uX | time walk fiEA 1 R BV 5 ELATRDILTVWARLI TS, Fhkshsd Z
L TEEI DR HDT, R (29), (30) TOm, niFRKEVWHFREEL L,
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— 150 [
= E 3 r
O 100F o 1000
e C ~— L
Q sof S e

8 ¢ r 0=36.3 Ch
A o 60—
Q sf :
a E 40?
V -100 ; r
= 20—
-150 - r

Brinnnilnnnnflnnnniln P I B | fo| PRI, | A elo)

0.035 0.04 0.045 0.05 0.055 0.06 -150 -100 -50 0 50 100 150
1/V/ADC <TDC>-TDC [Ch]
(a)

E‘ F % 140 F
O *r B o120
— L ‘E L
Q oL = 100 -
a F
H E 80—
A =50 —~ L
Cn) E 60
H -100 ; 40 .
\'% n L
-150 - 20

E i I I I RN R L O:ww\¢s.ru_ SN TS S ST S Ll

0035 004 0045 005 0055  0.06 -150 -100 -50 0 50 100

1/V/ADC <TDC>-TDC [Ch]

(b)

41: TDC O % £ - 7= time walk 1, (a) fIEATTIX < TDC > —TDC iZ 36.3 channel=915 psec
DIER V3 503, (b)3 [EIOHIEDH TIL 562 psec L7825,

1200

I~ © Ring 1l
T & ® Plae4

=
o
o
o

[e]
o
o

D
o
o

<TDC> - TDC [psec]

400

Number of Iteration

42: 1 [EIOFREITTKRIEIZ < TDC > =TDC QR Y H/ME <720 3[E»5 4 [ETRRL TWDH Z L3
BB
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6.3.3 ADC [Zxtd 5 threshold DE’E

p = ey ERTHEX T /o H v~ HERITK 800 &0 PMT 2 M4 52, A NEIf#T 23 5
Bz O E2TOT —F 24T L L > biF Tidien, BHoRfZ2RD2EI21Z, £TO PMT &b 7aun
TEMTREIND, poeyERTIIT v NFATEROT < L0 20 fFLL B =R LF—23E 5729,
%%%20@ui§<&5ﬁ 52.8 MeV 5 v < #it & ikt ) o L AR (B4R XRHY) 22

T ZEMEARIEDS V1T 10 i em L/ EW, SFEY 700 AL _EO PMT 28 RN 2 D TidAa <, %
BEDEZI AEHTE PMTII—HTHY . N6 PMT P CEEZAIETAZLicRhb, Zhara &
A7 EBRIZ X AR SERRRIEICB W TCHLERAT . IV AEDOZWPMT ZiF 28R, 95 LAY
N2 ORI RREZ T T 2 Z & EREE 2 D,

ZORBOREFEOEEIRO L S ICTERLY I LickdbnD, T77b5, JEICHE>2TD
PMT ® ADC 783 % threshold LLED ARy NPT 2BEDOTH 5, 4 ET time walk %ﬁEﬁ: RENT
PMT X 12 ATHAHDT, 12RO PMT 67725 1 >OBEREELZ., ThbHE2TO ADCTF —2 13 H 5
threshold LALOD/P\/ M TR ERRERIET 2 Z LT 5,

g ) 53 fif RE

(LMo 6 A&D TDC oFn) — (Tl 6 4D TDC D Fn)
12
434 % Gaussian T fit U 72 FFOIEHERZE o 25RO BB, ADC threshold 228 2 TV o 7 BEOBRRE 4y
%%%l4sgmﬁowfﬂm%ﬁ%%mmmdd_ﬁbf%wmui®ﬁﬁ%ﬁ%%PMT#MELTwé
Z L HERT ADT threshold B EL 72 B LN TA XY NEREAT %, KTIEE &% 270 channel
ERICHREEOFREN 5B 2O L E BT T —N—=RNEL D A2 MEBSEIHL THWBZ & E2RLT
W5, BFARRICIT ADC OEAKRETFIUTAEFR L LR SEBIERR21TTTH LA, 32 K02
BB HAS 3000 HE TOFHBELZEYL TWDHDT, ZDOL IR ERAEET S,

270 channel % ADC O threshold & BETAHHNT. ZO X IBRBETARY FOSHERED X 5L

HMRTNSZ EICT 5,

(32)

210

200

190

180

170

Timing Resolution [psec]

=
— .

160

150

140

130 ey e e
140 160 180 200 220 240 260 280 300

ADC threshold [Ch]

X 43: ADC threshold & B4 fiREE S DRIR, 12 AKD2T?D ADC 5 —# 23 threshold UL ED A~ R 720F
P IEOBEW 5 fREEAR KT~ threshold Z EiF Tu < & 270 channel 372 Y £ TIXBERISMEEED B <R D8,
FNUETIEARY MOBAIZ IV T —R—RBEL 25, 2B, XE 1 E5 ADC @ 3 channel |Z
YT 5B,
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4413 ADC threshold #ZHTEL 2 WA & 270 channel |2 EL B A DO SHADENEZRLTI-ZHDTH
D Ny F O 7=375 ADC threshold % 270 channel & L CA Xy FEZBATZED LD TH S, (a)iTL
KEFEE, (b) 2D () ITAEELOTNE N T, ¥, 2 2RI L >72HDTH S, ADC threshold % 270
channel & 4% & | B FEITH 2100 HLL EDO A2 b ORI Y | HEESNE -10mm <z, y < 10
mm Th o7 bDONRED 2/31FETH 2V 2 FAIZBEL TH Ringl & Plated |[ZiE\ A~ F 72T 7
B, 2 9L TRIENT A Mz —y FR RN MHBL . 43z FHICHE Ringl, Plate4 (235 < . PMT

WARHTEIHREOZNHEDOTHY, H o vEnm X — %fﬁ”u%@f‘ﬁ) v A3/ & < . Ringl, Plated4 ®
PMT T EHIHNT L < B AET B AR FZBATNDZ L1272 5, K43 T ADC threshold DA
W REED B < 2o TV D DIE, ZERIIRIER D /NS oo Z & L PP BEFHEOEMC L5 H D
7PEEZLNDHM, 1 cem =50 psec BREILN W I/NEL 2o ThH 12 KOBBOMRREIZIZ T E &L 2R
W2, EHREBEFEIC KD HFENXERRITT TH S,

LI DFEMNTCIE, ADC @ threshold % 270 channel iZFREL . 7’1 b ¥ A FEBRTORSEEEL 1 — ey
ERTORROREDFEEZ T2 Z L1295,

g F g |
- p—( r - p—
E E
g [ 10
10 = -
| 10
10 & C
cdhn flnnnilonnflol 0 I [ ]
1400 1600 1800 2000 2200 2400 2600 2800 3000 -10 -5 0 10
Total Number of Photoelectrons Photoelectron Mean i 111 X [mm]
wn - @n
20 &
o r &
= =
m 10 ? m
10 E 10 =
L "I
-10 -5 0 5 10 -40 -35 -30 -25 -20
Photoelectron Mean in y [mm] Photoelectron Mean in z [mm]

X 44: ADC threshold % 270 channel iZ L 728D 2N EFI L BB LOH T, EXEFHE REELIC
Ko TGREL =M (X 39) 121 22,148 41X h&H - 724, ADC threshold iZ & 2 2#E%IT 569 1 <> MZ

5.
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6.3.4 HUITEANDMIZHT BRI AREE

WIZ 12 RSN TH RARICEEM 2 iRREZ R A Z L1035, MAAT530132,4,6,8, 10 KL L., ZOERL
ADC o threshold i 270 channel IZ5REL . ADCOBZENIULETH DAV M) TR SEREEZ RD T,
VIR DT TIZIRD 2 S D FF1E TR SiRRER KD D Z L1zd 5,

(1) EFESREEZEAETFHOBBTRD S,
(II) KESMREE 1EXH-YDTIAEFHE PMT OFXBOEHTRD 5,

(II) 6ié%%%§i Npe % Npe =< Npe > XNPMT O)cl: 5 L\: PMT1 2&&)7": D ODEF;‘i/}j%%E%i& < Npe > <E
PMT OA&% Npyur & THfELTZHDOTHY , REMNZIT (I) ERUTHDIN, p ey ERTITL A
NMEZ PMT O 0 5RO, K< HOAHT L PMT OFRENR R D720, 2005077 0 —F THHHL T
W Z kit 5,

(I) ZZTIE2A25 12480 PMT 2 1 >OBHEE R L., BESHELZRD D, Lz-T, iR
FEEOK 45 T, BEIEEFEROARE &0 HtECZ ORDO RS REE 0 & & o772, HIFRIT
0t = A/\/Npe + B (A, B: &) Tfitting L7=bDTH Y |

oy = (6454.6 £ 78.2)/1/N,e + (6.0 £ 3.0) [psec], (33)

LW I FERBBF LI,

—, 600 1
g 500 W 2PMTs |
= A 4PMTs |
S 400 Y 6PMTs |
= O 8PMTs |
= [J 10PMTs |
B 300 ® 12PMTs |
x ;
=) 1 1
£ | |
*

100 Mo
200 400 600 800 1000 2000 3000

Number of Photoelectrons

45: XEFHO AT L 2HMOMEOE ., BHAD PMT 2 1 2OfRHGEEZ, ThbONE
BOGFH2MEN & 0 RFHEINREZ A5 & 13E —ERLEICESZ EB3 005,
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(1) £HEFH N,
Npe =< Npe > XNPMT; (34)

D L 512 PMT1 b= OFEBHHEFH < Ny > & PMT OAE Npyr EICHRTXHDT, Zb 2
DDINT A—F TR DREEZ RO B Z & _?“Z)o

X 45 Oz PMT OATEIY , FHHBEFHTRLEZDDONRK 46 THDH, ZNHDOREREZNTN
O'tZAi/\/< Npe>+Bi (A“ Bii H/:Eﬁ, Z=2, 4, ,10 (PMT@ﬁ%{)) s (35)

T fitting 21772 9, Z 9795 Z & THRMDAFEEIE < Npe > 72T OB TR Z LB TE 2,
WIZ, 45 D < Npe > B —TEOEMR (KOKMR) THEZ &5 &, PMT OAR% & B0 iREE D BIFRN
5%6 (K472 BR), ZOo7Fmy b %

=C//Npmur+D (C, D: E*¥), (36)

T fitting $AUE . BERIAOMRAES NpmT 72T TELEZBDER D, b 25D %E £ & O TR fiFRE
< Npe > & Npur OB CTEE T B12i3, K (35) OEKEB; LXK (36) ® D Z#—L 2Tz,
T, RO LI RINEZEANT B,

PMT QAN +HREVGEEE. 1EXH-YDAEFHN+LREZVGEIE. EB5 LM REELIREC
fElziED <,

Z DAEWZHES T, K (35), (36) DEX B;, D B’FRICHEZ & 5% TREL T fitting #1772 5 &, B, =
D=38+30%,7%4%, ZOKC =5506+67%,70, RIETFTIHEREZED., TNERIRLIZOMN
K46 & K47 Th B,

| PMT 0% i | A; |
2 4627.6 + 29.0
4 3313.5 + 15.2
6 2687.2 + 14.7
8 92344.7 + 15.5
10 2114.0 + 30.8

#£ 9: } 35 T fitting DFEHR

10 ROBROFEREHE S LIRO K ST 5,

6685.0 £ 97.4
vV Npmut/< N,

20K HIT oy DRERTEREI RN ST 10 psec BT THY . ZHIC iu%&mﬁﬁﬁw®$5i%
i@aihﬁ%k%x6héo%W%UMMU%\%@éhéiﬁﬁ FH N, (BT BT THY . T

HIOEBL A1/ /N, ORBICEENE L EZL LN,

ZIT 52.8 MeV H Y < #IT %t 2 B fEl 5 fREERT M DO HE(HIZEE - 72D T, 52.8 MeV F ¥ N RIKX -
JUH R TE D K D RIR A BN ET AMKETY Sal—v a2 ESTRTVL Z 20T 5,

or = + (3.8 £ 3.0) [psec]. (37)
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B [ 10PMTs

170

150
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Number of Photoelectrons/ PMT

X 46: PMT OAEZ EE L 72RO FEDEEF L R e OBMR, PMT 28 12 K07 vy &5 &

B,

¢

O PEDEEFED EOROWIEE L D EKATD L D
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{
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7 8 910

Number of PMTs

600

o < o™ N

[0esd] uonnjosay Bulwi |
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BWTKBRTHEEZE DL
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-

47 N ETE BT L 72O PMT O & R OMEEEO R, X461
D)=V Nl
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6.3.5 EVTHILALIZIalL—3Y

52.8 MeV # v v #RICxtd 2MiEF £ /) v v v RSB OINEEZ AR50, £ Ty Ialb—
varvE{TRolr, ¥ alb— a3 i2id GEANT3(Detector Description and Simulation Tool GEANT
3.21) Z T, o< WEOHMAEARL= IV —HERELFHEAL . TN THEFERESTTE
PMT IZX L CENTE T HREN AT L= EHEL -,

BHEIEF K (PMT OKEXT30x16x8) &L, EAFE /> OV EZ PMTRNES L 212l &
HREWEIE 30 x16 > PMT TEE S0 b, £OMEIZEEID 52.8 MeV OH V<R ASFT 5K 9
Izl 7z,

BlzvIal—varTlRonzAXNV MO LFZRT, 20X, 52.8 MeV OH < TlE, =
ANF =B INEDIER D IT/hENTd, AT IHRENZVDIZZOIIEDO PMT 7217 Th 5, EEORKR
HEETIIHimE B2 PMT 2B L TWA23, ZO XK S ICEBRICERITS PMT ZI—8THHDOT, BEHAETH
FREOCHKRIIZRDEEZ BN D,

20007
18007
16007
14007
12007
10007
800
600
4007
200

Number of Photoelectrons/ PMT

oo 5 1!

48: GEANT3 |z & % 52.8 MeV H o ~#icxt4 % PMT OH 5, fithit, 24 EmcEBEL - & %
D PMT1 AH7- 0 OREFEEET,
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a2l — 3 T 528 MeV O v <#i4 1000 A X8, & A2 FMEZ 90 B FONREF S
H719 % PMT &38A RO, R EFEDO S E PMT OBOSMAIIK 49 D X 512/ -72, 486
Halx 55, 90 UL LDORXEFZHBRT 5 PMT OAEIL 100 A5i1t4 & D7ewy,

Entries
S

60

50

40

30

20

10

| o e b by b v T e len e by

100 200 300 400 500 600 700 800
Number of Photoelectrons/ PMT

(a)

OO

60

Entries

50

40

w
o

N
o

[y
o

20 40 60 80 100 120 140 160 180 200
Number of PMTs

o
O 17T

(b)

49: 1 A4 X2 MEIZHEFED 90 EHLL ED PMT 2 2BAZRO, (a) PMT1 AH 7= OEHHEFEHO
4543 & (b) PMT O¥ D457,
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6.3.6 52.8 MeV H > <#RI-xd 55 AREED T

GEANT3 |2 L3332l —3 3Tl ARV MI2X 0 EU EOREFZH TS PMT 2580, %
oD PMT ONEFHEEFTHER 0 DX S 7epMmicibd, R(33) Top =50 psec & L TRRZEDLED
HE. ENEFRIIH L TRTESBOAZHEEAEICL 5,

ZOFERND | 52.8 MeV < TOREM S REIXB L7 50 psec THDHZ ERHn5, K50 TR
EBEFERDRNARY S OFICIIRHEANT 52.8 MeV D= 2L X¥ — 2% L 2T HBROsA~kFTL
FolmARV IREENDIN ., ZTOHEEIXION <) 52.8 MeV Tl A3 b,

8 T
= 100—
= 100"
wr
80_—
e} >50 Ot =50p$C
e psec  +10 region Uy =30 [Rest
a0
20
_| | |l—|—||l-L|| =l |||||||||||||||| |||||||

18000 22000 26000 30000 34000
Total Number of Photoelectrons

50: 1 A~ MEIEEFED 90 2L ED PMT @A 12RO ENEEFBD MBS 5 o = 50 psec
o)ﬁ/ﬁ:iﬁO
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GEANT LAV a2l —varyTHLNEKA4 E M8 % 22D EE L, R (37) T o =50 psec
L U B0 A B ONE 51(a) Th 5, (b) 1 1 A~ FMEZR (37) 12 < Npe > & Npr ZIAAL
7RO REE o DN TH D, ZHEV, FEALED ut = ety £ hid 50 psec AT DB 45 fiF
BTHETDZENTE, BIIEOLXEBEFHDORDFERELERL TV,

F7z. BEEIOARAEDS 50 psec KV K&K R-TLEI HODOEL L, ZhbRl3 0 RHEAT 52.8 MeV
DTFNLF—%2EL ENTICHRHBOANKFT TLESTZAR P THEDTEEICIT T — ety ftEL
RSN 2N LD TH B,

800

700
500 o: =50 pSEC

110 region
500

400 0t <50 psec

300

Number of Photodlectrons/ PMT

%5 5 >50psec
100
0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 20 40 60 80 100 120 140 160 180 200
Number of PMTs
(a)
& 120
= T
o L
C 100~
wr
80—
- 0: =50 psec
SoF +1o region
40—
20—
O:III IIIIIIIIIIIII I'_|—"|'|I—|I I—|Ilr|-|||-hl—|l

40 42 44 46 48 50 52 54 56

Timing Resolution [psec]
(b)

51: 52.8 MeV 7 > < CORMHERORFE /2 RRE, MRHERD 52.8 MeV o < #U kI 5 Rl o fifeeid s
K% 50 psec TH B,
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6.4 TILI FHRIZXT BEE 9 fiZRE
6.41 TFILITF7HRARVEAUIHBARKMIEITEEDEND

TNT7RRARY NET R ANRY NS DICHZ>TERELRL TUTRLRVON, T 7 7 iR
AR PETZBARY P TEV T L=y a3 VROBRERREICENHD VNI ZETH D,

TAT7RIRTEIFL—a e h o <wRTxT 22 & Tid, BAERRNERS [11] Z &2
HONTHEY, KB2IZEDOEERHOENE T, ZNIZKDE, TAT7HANY N TORRERHED 4.5
nsec DIEVVEKST & 22 nsec DBV H /RS> TWVBDIZH L, H o <A b TIEEFKERICHT D
45 nsec E WV I AN D IR o TV D,

' T T T
@ .
So Liq.Xe
. W\.‘
DA \nt' 45 nsec
.|
° & ‘v\
J -
e e, electron
L]
- L
-y e ®e
=t ® \Q .
: (1] °
o %
2 W, alpha T = 4.2 nsec .
S 2 \‘) Ty = 22 nsec ]
+« |0 \“
= . lg/lp =03
O \
[
<
N’ \
] 8
= .
e0 .
* ymt
2 ot .
=
(@)
s fission fragments
= Tg = 4.1 nsec
A Ty - 2l nsec
l -
J L]
Ll L ]
\.\l. ee soN
1 1 1 1

100 150

Time (nsec)

B 52: iRiAF & ) R TOT VT 7, B BORA ST DR ORME, T <A~
N iX electron 2 FEEAVEAIC Bdo 5 72 DR IEEERENT 45 nsec TH Y, T T 7 H#A XV FTIE 2 il (1s =
4.2 nsec, Tr = 22 nsec) BB,
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ZDFEENL, PMT R ATH 0V ZAOKEZ, 53 DX IICET ML THDZEICTE, ZOET
TN B OREREE 10 nsec ICEESNTEY . REICX L TLROBEETCEL ER2b0E 35, F
720 MBI D IEEBEEICEEL TV b0 e T3,

PMT output [V]

10 time [nsec]

LT

—

exponential

polynomial of degree 1
B 53: Eh¥t ) DORTEHEY U FL— 3 U ROET A,

52770 | HERFE OO & BV DD 1:043 THDHZ ENZNLDT, TLT7#EANU b
DEEOW T2 Rifd] t TR L7 Qo 1IZRD K S I12ET 5.

10 1 T t t
7 +ivua ), oo () o xen (-55) H | .

Qa:A

ZITABEETHY . TIXSEL TR YN ADC DX — FO#K Y ETOBTH S, £7-. Vo ~<fhiA
Ny M THRERC, FREA BRI L 2EERE 45 nsec 2B ET D L. EOE Q1

QyzB{§+%fﬁem(—£>}, (39)

Lied, ZZTIHEEE B LT B,

ZDQa & QyBHFELNWETHEA/B=25L70D TLT7HRARU NET U ZHBARY N ETIE, [
CHETHHSTHYLEVDEEN25BHLEIZLITRD, LEBR-T, TNHDO ARy MZL D PMT
DO HF28 discriminator [Z AS) &35 & | threshold %2 AF A IV BpH-» T BDTH B,

ERIZT NV T 7R AR N EH 2B ARY MZBWTPMT A L7270V RIZ, ZOET A Z ST
DI-BEOBT 2K 54 127, ®54(a), (b) ZZNENT LT 7 ARy hEH <Ay FNOBEATH
D IKELIZETANIEE BSERILZEREART LI B0 5, TN HIZZOEBOENEBEL
T 21T/ > TWL Z &2 5,

—_ 0 o e mu".."umu ", —_ 07
> L > F w i
< -0.1— =
E] [ E]
£ o g
3 T g -0.05—
= [ =
-0.3
e Z
-0.4—
L -0.1—
-0.5—
-0.6—
r 0.15—
-0.7—
-0.8— C
o Y R PO AU IS R I ol L e L
-50 0 50 100 150 200 250 300 350 -50 0 50 100 150 200 250 300 350
time [nsec] time [nsec]
(a) (b)

54: EBREOWI L ET MALLTZHIE., (a) BT NVT 7 RA XY FOEBTH Y | (b) A v <A~ |k
Thb.
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6.4.2 ARUFDEE

TIVT 7 AR MFZERRIRIER D BN E VDT, T ~BAN MO X IR BEMNI L ZBET
1Tl 7e W2 295, EHEFEITH U TIER 55 IR L 72 IR D A XV M2 BAZ LIZL . ZOMEE%
WD 32N TENTN TRMOIEREZ RO TV, T2, SEIEHERD IV FL—var kO EizoTn
% Ring3 @ 8 K=} » THREM A fEAEZ KD D Z L1235, Ringd DWRIZAFT 2 HEN LV DT Ring2
ThsHB, TZTIERBREOKRENS AHNT S, Ringd ® PMT ZiFz#E 5 Z LicT 3,

(1) &36EFHs 3000 @25 3300 &
(2) £HET-HA 3200 fE2>5 3400 fE (£°— 2 DESY)
(3) AHET-Hh 3400 {E2>5 3900 {&

Number of Photoelectrons Number of Photoelectrons

T
C T 1 E 2
N - | | _—
.;E) 2500 :— : : : C
= s AR =0
2000 — |
m E | : g C
N I 5] —2j
1500 2 ! E C
| i
- = L
1000 [~ 2T
- @ v I
500 [ > = °r
- o S I
r o -
O’I‘MH‘I‘A‘MHMH A e 8= 1 e ]
2400 2600 2800 3000 3200 400 3600 3800 4000 é 2400 2600 2800 3000 3200 3400 3600 3800 4000
Number of Photoelectrons Number of Photoelectrons
T e
Eof Eaf
>> r N C
L 46 [—
£ E
L (=] 45 —
§ r S F
é) 20 g aaf=
ol o 43
g °F g7k
= F =P
Q 21— S F
=2 r — 41
Q—\\\\\\\\\\\\\\\\\\\\\\\\\\\\\I 8 Co o v by b by by by by
8 2400 2600 2800 3000 3200 3400 3600 3800 4000 = 2400 2600 2800 3000 3200 3400 3600 3800 4000
1) )
= =
=" ="

55: TNT 7 MRANY S ORE, TAT 7B HEIEF o EHEERT D 5EOZEMANR I Y 130
SV, EREFBICILDRELZTTHITH D,
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6.4.3 time walk f#1E

H o= ARy N TO time walk filE%2 L7200 TDC & ADC OBGERIT. AR b I ZTHLFDOEFE
BHHTEXRIITTHEIN., TLT7HBANRY N ET <A N TIRBEREICENDDZ NG, T
T 7 RRA R DT DEFER A KD TR B 2R, time walk fHIED FIEIIH > <A X2 kDL
2LFACTHY, KEEFKII3EE LT,

6.4.4 TILIT7EARY MRS SHM 5 ARRE

ADC o threshold OF&EIL., HE%EEETHIE 270/2.5 = 108 channel & T RETH IR, TV 7 7#
DAy s DFA . Ringd TiE 1 A0 PMT » ADC @ HIEfEIZ3 L % 600 channel TH 572, fFlxiX
ADC @ threshold % 500 channel |IZZXEL 72 & L THRERITED LRV, Lo T, 500 channel £THMT
& Z % threshold L L THRIL THDDOEN, Hr AN FOXIEERDZENZZTOERZRDOT,
108 channel % threshold & L7z, £72, T/ 7 7 A2 MTH L THH <A~ b &[RRI, B
fiReeE (1) ENEFEROH, (2) 1 KH720 OFEHEFHE PMT OARFETERITZ LICT 5,

(1) #ERER 56 1R, BICHi I Hi#iE o = A//Npe + B (4, B: &) Tfitting L= b0 THY
o, = (2242.2 4+ 0.4) /\/Npe + (1.58 + 0.01) [psec], (40)

LWIORERIZ/R o2, T2 CTERN DIRED fitting OO 1o OFFHRETH Y . BMAETE T2V,
2. EHENRATHD O, REFELIBIRIZLZWOHEEIZER (40) 23 8H TEX 20y, REIT 52.8
MeV THY <Ay M ETETAEHT, CORXREZEHAL TEZ L LICT 5,

g L ® 2PMTs
o | | . O 4PMTs
= B 6PMTs
& | T 8PMTs
'; \ 1 1 1 1 1 1
S 100 |- teesr b
g 90 fhe
ke 80 [
o) | i
E ol
l_ b

40 |t

30

400 500 600 700 800 9001000 2000 3000

A Sum of Photoelectrons

56: TV T 7 #RA N MTHT 2 2NEF B L RS ARREOBISR, RIS AREEDS 1/\/ Npe (BT 2 &
FEABHE, Kic#inT-hiRE R D,
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(2) RIZHEE S fiEeE%Z PMTL A5 720 ONBEFIE < Npe > & PMT OFE Npyr OBECTERTZ LI0T
HEHBT DL ST D, MOBHRIT

0t = Ai/\/Npe + B; (A;, Bi: &%, i=2, 4, ...,10 (PMT O£%)), (41)

TENEN fitting 21772 726D TH D, Tk < Np. >=270 THEZ & 72 b OB 58 TH Y . K
fhiu Tz iR

ot =C/\/Npur +D (C, D: E¥) (42)

Cfitting L7 b0 Th D, 70, 3 (41) &3 (42) 10T 2 EREER U HIC 72 5 & 5 fitting Sh T
L\éO

ZOFEFR, R (42) T fitting IZEAL T C =1173+£01 &7, Bi=D=15+00 t7%2»7=, =D
D5 A—H— I TFO@BY Th 5.,

| PMT 0% i | A
2 1577.14 0.1
1 1073.8 + 0.2
6 893.32 £ 0.06
8 783.53 % 0.05

# 10: [¥ 57 TO fitting D& H

PMT 25 8 ROBFDOFERZFE ST, TAT 7 #A XY MIXT BREMSREDORERD S &
22162402
VNpmr /< Npe >

ot —(0.07 £ 0.01) [psec]. (43)

B 5,
LU EDFRERI G 52.8 MeV 7 v v #RIC KT 2 BEM 3 fiREEZ RAED 20iF 7208, K (43) L 37) . K

(40) 2K (33) LZHARDET N T 7 AR DT =AY DT 1/ Npe DFRED 3 fEELS LR
RoOTWAZENHNE, ZHIZOWTIFKRE TRTWW Z &Il L9,
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Number of Photoelectrons/ PMT

300

No
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7

57: PMT OALKZBEE L 72k 0D 1 Kb 7=V OLEFH & Rl oo fiFae D BIL

[0esd] uonnjosay Buiwi |

6 7 8 9
Number of PMTs

5

4

270) K5 D PMT OAH L B RREDBISR, X 57 T

D7ay hEF/D,

58: 1 Kb 7 ) DHEFHEEEELE (< Nyo >
LHETF RS 270 HOBOWEE & 5 & |

-
—
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6.4.5 52.8 MeV # > <#RI-xtd 55 AREED ST

52.8 MeV o < #UZ kI3 DB ERER TV 7 7 M3 A X b OREE O REED D EX H 12X, LTFD X
FRT L <AR N EDBENEZEBL R THUI RS20,

(1) WEmDENT & DR FEEDZE fory
(ii) RIEF T /P TTRAX —ZETMEOREFE 0pos

7»77ﬁ4m/bkﬁ/vﬁ4«/bf&m 25 EDOMEE LS LIFRRL7ZE BV THBHH, B
M MREEICIZITIE 3 EE< ORE R H 5, B & R o fiReE & @Fa?”—f* 50 EZAREIZITEFETETH
&%®T\%@T%Bht3ﬁkwoﬁ%ﬁofﬁﬁ%ﬁﬁ ZEict s,

7. (i) OBRTHEE LI, TR GRS Y ) EHBEERZIOICRBI I EZRET D EE
Th b, 52.8 MeV I o v#ITIRAEF & /) FTIEIHDOOMHEEATREO T RXNF —%2 %720, fHAEE
ALIAEZ ZOHFTTREL THEDRV, ZOMBIRTEREEZ R DM FIETEEHEBORMN H
BO, H o~ BREESE ) v EMEEREZROICE I TMNEEZRET IBEL, 408 25 7 mm(=35
psec) T % [10],

ZD2o0BENE

(1) i‘;ﬁai Ot % ONpe (Npe) <E Opos O)Bgﬁ’éi%j—: <E &:j—é <E it (40) [

N
DEINTHD, ZORIT 0pos =35 psec ZRAL . foy ZERTOD 3.0 bZNTNHRAL . GEANT3 O
RREEZDHTUIH TV ERIYIDE ST D, KD 2ARKOEMRILND or = 55,50 psec DHLDOTHY | Hi
SHAZED 10 TR EIZEBIZE/NEZ W, ZDO L ITT T 7 #A X b5 i 50 psec DRF[E S fRREIL =
RTERNLDD, 55 psec IZZEMAIRETH D Z EN o T7,

2
o = \} {faw X (22422i04 —(1.58 + 0.01)) } + 0pos? [psec]. (44)

% B Opos= 7/ mMm
= 100 fory =3.0
C —
Lu -
B Q o
601 8 3
- I 1
40— o S
20—
0 B 1 I I—t—| l‘L! 1l I-I—Qr 11 1 I 11 | I 11 | I 11 | I 1 I 11 1 I 1
18000 22000 26000 30000 34000

Total Number of Photoelectrons

59: (ERERE 7 mm, fo, =3.0 &L LT, NEFENOHTEL 72 52.8 MeV I & < #RIZ x4 25 Ry

Gy MRRE,
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(2) ERRT, K(43) b 0pos ZESTEZELTHD L,

2
. J {fa'v y ( 2216.2 + 0.2 _ (o i0.0l))} + 0pos? [psec]. (45)

VNemt /< Npe

L7220 | ZHUT 0pos = 35 psec ZRAL | foy = 3.0 DFAIZONT, GEANT3 OfERIZELQ T AR Z
WEDNRK 60 Th b, ZNENDOMMBIZIBNT, HNZH D ARV IR oy DIV /NS RDZDOT, A
¥ FORND 0y = 50 psec & oy =55 psec DEIZdH D Z LR 0D, i, BO 3RO L bFEHEAZE
Th b 1o 1T EICELIEE NSV,

800 —
) Opos= 7/ mm
700 A fay =3.0
600 E
\
500 —— 0 =50 psec
--- 0y =55 psec

400

300

200

100

20 40 60 80 100 120 140 160 180 200
Number of PMTs

Number of Photoelectrons/ PMT

OO

60: (LERTEREE 7 mm, foy = 3.0 & LT, FEPREFEE PMT OFELHEEL 72 52.8 MeV 5
< BRI X9 2 B A iR RE,

UEDRERERET DL TAT 7 ARV M & 5T 52.8 MeV A o~ HUT k5 B 4y fiRhE & 37T 3
HE . NBRERENTmm OBRE, W@ A_ NeDELZ IELIRET S L. BLE 55 psec D
SRAER ER TE 5 2 Lo Tn,
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T FELHESEBDEE
7.1 BAEAXtE/ AU HEBRBBROER SRR

SlEDT v s F AT ERIZL ST, T <t 2 Ex & 7 v L PMT 26 72 2 R HERO R E iR #E
DD THESNT-, Ta NEATEROT <A N OFERND p— ey EBRTOWHMKRI | /o H v
< MR SR 0D B RS RREDS S35 & . 38 & & 50 psec DEFEISRRET 52.8 MeV H o =i & IETX 5 2
ERDInoT, TORERE, R var A I T X —TORRGREEN 40 psec TH D LWV 5 FER
EEPET

dte, = /402 4+ 50% = 64 [psec], (46)

E720 FWHM IICHBE L T 150 psec &, p— ey EBRT 107 OREZ EHHTHOICHLE L Sh b5
fRREZ R L TV D Z ENERMICHIECE 72, £72, GEANT3IZ L AFER O 4035 K 51T, 52.8 MeV
H =g A R MK L CEBICREMORIEIZED 5 PMT ORKITEAD LEIND 2ERBRETH DN,
100 AR D PMT TENEZ R TNWH Z &2 5, PMTL ARKH 72 VIC AT T HHEITDRVDIER | 2D X
N SAD PMT THUIT 5 Z &L THfREZ S < THZ ENAEETH LD Z DMRHERD HEKDFHE
Thb,

UEORERLY IEXE ) U H Y < BIRHEEN T RLX — « (LB - BEESREED 3 > L LIS 53K
227 VT LTNDIENGNY, BFERT v HRHEBTH D Z LN HRTE -,

ABOESGREL, T ~BAXV MK L TE DR 21T TH D, BEAICIZLITO®EY
Thb,

PMT QIEEERIC & B 52 A REDEL D B

AL TSN o720, FUHERETH->TH PMT OHEIERIC L - CTRERISMBEEN R D 2 L2345
Mo TND, T, TLVT7RARY R EH <A SO EDOENTAEL R EEEDZE & OFF
gk cx s L Bbh s,

B 2 AR R & (L B R ERE O BR O X

NBH-EREEMN 7Tmm Thd LWV DI PMT ONER & BER HFRICORERBEDFEENELRKE L,
KERFENCEL T 24mm BETHIZEN Y I 2L —YarTHN> TS, 2 TORTHEITL
ETEHAZ DT IMEFEINLRDZHLOTHDIOT, REORMITITHITHDEEZD,

FUBRRICEVMVRHEBTOYIalb—Y 3y

AL TE VU HIF72 GEANT3IC LDV I ab—ra r TIIRHESEZEFEE LT EBRITK 9 0
LowcimE I PMT AERESH TN D, ARIZERERT 2ROBHEBETOY 12— a v 21774
Do

FTILIT 7EARNY ~ DEfR

TIT7BAR N EH <A N EORIBITZRIZ D> TWRNWOT, ZhzBERT5Z L HE
ERBEDO1HS>Thb, TLT7 7 A MI pt = ety OBHEICIZEZEBRR VA, E#x O PMT O
EIZESZEEZRFL TN DD, SORIEMALEENS, PMT OBIEIZITEAE X 0 IRV BB R
EoXt ) &N, HxDOPMT Oa2=7 43— 7 4 EEZFRARNDHZ L THNESFREEZEOLIENI B
DT, BIEZHIZOWTHFREZIT2o T3 [12],
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7.2 Large Prototype

LHBTa NEATELo L RELS L, BEFHMTRAEERRT T 10 MeV O > < 3% - 72 53R EEFT
RS (77— 7 v N & A7 EER) BREMBFIZ T ESNTND,

B HHHR AR IT AR K 800 MeV D= R )X —%Ff-72EF% 300 mA FTEET LI LDTED
BFEEY 7 (TERAS) B3V, Z0 V7 ETETF L 256 nm OFROL —HF—LB3iiar 7 il
THZETHELDH ~Oary Ny VOENR Y ER DI LT, TRAX— - (L& - RS fREEL
TELESEWHDOR, 59— a M A TEBROFE—DHETH S,

INFETIEIES 2 MeV BEDOH Vv TONREETHI TH 72720 ZOTRXAX—fFHETII=a 7 |
VHEDR KRR TH TR, TV a N AT EBRETIIES 40 MeV ON Vv EEATES L TE
FRIAERPZEBI 22D . £V 52.8 MeV F v ~fITEWT — B8 EBoNnbZ iz b,

BEZOEROEDIZ, EbiTk&EWTa & 47 (K61) #5%itHThH Y. PMT O%0% 32 A0 5 264
KL KIBIZHEZ . p> ey ERTHEATIHLODINDINH 45D 1 DORESOBRHEL RS,

T—=v7a N ATERTIE, =X — - f[E - FREISHIHEDO LV B2 X —CTORETHHAA
DZ L, PMT OBEFEZHNLLTZY, &/ OREPHMALIZEL THEERIC p —» ey ERRTHEZ 5%
BEEDRE ., p—o ey ERIZZTOFTEBITTE D LI RMEESE ) v H v ~RHEBEEY RF 5 FET
H5,

- ..
Refrigerator ~ LiquidN -
SignallHV feedthrough ——————————— gg e v Thermal insulator
Fz T
Bellows -
Pre-cooling pipe

Warm wall 3

i L ==
Cold wall 2o LiquidXe

Honeycomb window — |

Thin Al window
\E

J _| [ ———— Vacuum for thermal insulation

Y beam
i 00000000]
........ } Photon detector
Eiﬁ} Eime
10cm G10 spacer

61: large prototype DHERE X,

7.3 u—eyRRERERERADEE

SEDOERND . WiikFt 2 B~ gD 52.8 MeV H o < I x4 5 BRI REED p — ey EBR
THEL S5 BEEICEERRETH D Z B0 oT-, ZHICEY ., ilEx & /v H v v RIS =R
X — - fLE - B O 321 L TEWSRREEZ BT 2R ICENRT-RHEBTH L Z LWL NI -T2,
ZOBEBRRBRHIFIEY . p o ey ERDBFE A ZHLVHEALBENTINIHFHEIRE-TZLEEX D,
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Appendix

A sum module [

PMT O 7 Fu /5% Ringl 72X O N—FZ L2 R L b 57200 module Z1ERL L 72, % DAl
M%K 621273, ZORETIIRKEODOTFr/FENANTE, TNoZRLOOETHITEHO
Thd, £, EBRITEHEHL 203 - 7208 B 72 discriminator H NE S TW 5,

ERFBHBELTUI, ANV E—F U REELTHIETAL—HIOBEIREZEBRITETEY, ADZ
NEEBFEAT TR 1IEBESTHORLAEDENZDTIZu X M=, F-, Bl -« L -
0 —N_T— s ERIFBEHOART T H#FEHLTNHEDOT, v hEATERU EORBL— FOERTHEL
ELT-BMENRIES N B,

1kQ

Threshold Probe  (-0.73~0.73 V)
1kQ

OUT (Discr.)

IN1
OPAGSEP 7 MAX9687CPE 7
10N 16
ouT 1 53V ol 7} .
(through) 15 25C1730
K0 220Q
27 510Q 510
Q
10k Q
< 53V
VR OUT (Discri.)
2.7kQ
I~
A 7 1
53V L8], -
2 25C1730 25C1730
MAX9687CPE
220Q
510Q 510
Q
53V
1kQ kO
CHS8
1kQ
IN 8 s 2N\ o
81~ Opassep 3 43 SUM OUT
+” oPA658P
v
OouT 8 200 Q
(through)
v
v

62: sum module ® A F& X,
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