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FRFYTESAL, ERFOMERM AR & SIS WS % IF7EL . B AN 2 Y PEER] % BEge
T oM Th 5, BRI KN L HHFFAE. EARMEERE VT LY o 3L ¥ —IRE
ERBIL . L OWBEE R 5 IHERYEE e | InEEs 2 iR oG, SRR 1R
W, KRNI R)VF — T o R I E Wit S IR & v S ki ok )L X — ik
RHINT ARG RESETCE L, ZohT, ER AP, FEYMom BN T(=a—h
U BT 25 R R e L 7 5 T b,

BUE, BHEN TS =a— MY Vol L T, Ka=a—hY JEEE KB=a—K 1 J/KH
BER DT 5N 50, =a— Y JIFBUEOZN FEEHGR T, HEYn, EefPiSARER 28 o
EHoMWEE RO TR EX 60 TS, L., MG FRIEEEN B0 2 HATE 1987A
MED=a—hkY I N2 NI, K=o —N VU oIz 4T, 1998 4F. #il]E
B MEEER KiRic ) E Sz A== EEH BT, Ki==2—1M VYV oRIBIGoOFRI L »
d=a— MY WEREREZF WA ESh e, ZoRAICLV ARy 1Hfo=a—
N IZAROEREEZ RS, LOOHARBICIIREREGNEH L2 MG ESN Tz, Thbb.
D=a—hU )b EROEREEZFL. EVITESL TR uREER TS h, 22—tV Db H—
DOHTHEAGE=a - ) KIEMEOFENE =2 — U JREITH L Z 224 b5 b5 L L
2oT&Elz, 2L, BlfEF=a—MY ) oWsedEL SREL . ZoWEHZ MY 2 2 & BNFEM
TR PP & o CEHERMHETH Y. BELHASEH T2 — MY 2ICET 558
MIED 5N T3S,

HALRSZClE.L 1997 FEFICT — & INER & FK A 7 il SRR o> A Z M ML 28 2 i3 TR =2 —
MU 2 IREIOREZ D T D, 2 D FEME KamLAND FEp e /I, Ml2sicidmio 2o —
T =a— MY EEMRET 520, KEROBHKRY VF U —F — L EROAEFHMGE 2N
RULHN 17 A FRABEBFHGEENHOON TS, FoLraryTchl@kyrrFr -3k
EHWBHZ 2T, [ ZRVF (T HIH L o RER GO, £/, KSR TR AR
NS kBN 2759 RNz 812k, BMeV L TORZFNF —=a2— K~V L%
B s e WufBECH D, COEITWMEINF —=a— Y VG T 52 8T, JFHAX
Za—bMU 2 EHWz=a— MY JREFHROCHENN=a— N VU JoMill. 'Be Kfg==2—FV D
i, FHX=a2— 8V oM & 5 FHBEZRESRE o i 7 & kP2 g © 2 < HiEk
WIS FEHYIPEEOF L OISR E BIIL T Z 2R TE S,

AHFFE T, KamLAND EROREG % EAT 5 HER FEEETH 5 17 1~ FE FHGE DM
Fee RERME O3t HIZ 17 5 72, ERHMNIZ, 2SIV AL 12 & 2D 17 A > FHE FHFEE O
252 & THDH, KamLAND MLERA TEZ 2YHEBIGUCHT L TRy > F L — & — D Fok
WSV ZAHTH Y, ZOFHANRY MV & AR ATRE VT, AEFRGE R EE 5 2 L 13E
BChHbd, TODY U FU— g e AR BERERN 420nm OV 22 RIRTE S —HF—%
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FHIL 72, Sluldt7 > 72 HED HiNE . 2AEFIEEE OERMIERE 222 570, 100710 %
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ZeThH5b,
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Kbg==a—b U KE#E 3, KGEMER S5 S 2 =a— N U oM B THIE &
RT3~ 12280 HBDOTH S [1]. Z ORI T HMIEL L TRD 2 00ET 6 h
5, 121k, KGEHEBIMC NEUNS 5720, T2 KBEPOITLS5=a—t Y ) OBk
nwensZ e, 2201, KBEELREL Z=a2—b VU J (1) PHER EOMIEIICRET L ETlc, 2
R ma =RV RIS K> TR Z TV = N=D=a =V (v,) IKELREN) T2 209
bOTHo, Ll KBNOBEERIEY A 7 L oh Tk b AN BRTSH Y . TR E
&N TS pp=a—h U OHIEEITHIED 60%L 2722 & g & KB ERI O A Je5
5 Z R KEFR AR O N TV 5,

—75. K== — b U 2 BEEREE 1, —KFHEBRIC LY HER B2 o R AR S h 58 73
Za—bU /()& a—B=a—-R Y/ (y,) DT Ty I ADHOKTA MG TAE L 572 5> T
WBBETH DL, Kima— MY OERERPS 75y 7 AT v, ve=2: 1 272 DH IS
B 2 — S — Wi KEA TR, R(vy/ve) 2 0.6 LW EPBIHISh TWS, Zoff#ib=a—~Y )
Rli% 58T 52 & CRRTE S,

ZZTC, HZERTO= 2 — 8 U RIS OO TRHICIARS (fHg A BR), bL==a2— Y JITH
B35 5 L. HEOWHARIE (1,19, v3) & WM ALEH O EARIE (ve,v,,v,) 1B —BEd . 5
o TMERD =2 =8V (vo,y,vr) IR VG D, ZofR, FiljlofiEc>hThHdr=a—KY
IO D=2 — b U ICELL . ZofERERE & bR 2, SHHOMB LoD, 2
@ﬁ@®:n~bU/E%:OwT%Kéa\%@EQ%XPM;20®:;~kU/®ﬁ§mbm2
D2FELZ Am? =m? —mi & BE, BEAV 00L&, X)X —E (MeV) 2 > THiKE L (m)



1.2. YRR 9

EfITT L L.

(1.1)

P(v, — v,) = sin® 20 sin’ (1.27Am2(eV2)L(m)>
e w) =

E(MeV)
ERbEING, REEER P 1T HED 2 £ Am? & BEM 6 TREOT O, ==2—N U IR
B 558 LZ D 2207 A= oMETRbEIh S,

X 1.11C. KamLAND EECHRIEER =2 — N U 2 IREI/NT X — & 4tk & Ff 2 OIRENFEE DG
R BEOKG==2— MY WHEREIREZ RS (2.

M 1.1 FOREY OHFINIIREN NS XA —2 & L CHF SN LIFANE . KE==2—1tV  oWHE
RENFAECH D, EMTRENTHEDIE. Zh T ToOERBIGENS 90% DEFE THM S 23
HMTHU, LIPS 170bh 5 EMTEEZNINFF SN 28 TH 5, BBV D Kamiokannde
OFMIARGA= 2 — M U RIS OV TIHFIN BB TH Y, REMTE sin0 ~ 1. Am? EB L%
1072 ~ 1074 TH 5. LSND OFME LSND Z NV —F I ko> TS ERGERTH 5, = 0FE
1Z. 800 Mev Fa FINEERA & 7B P2 IR S &, o~ il r2 Bl . ZoRilicie >
1T % v, B C=a— M VIREIOBERE T2 > T 5, ZTORR, 7,— b IRENT & - TR
L7z b OBINCIRIIL 722 WS b D TH B 3], TR, 7t Rl FORE» S RET D v, EHOT
Vu— Ve IRENFEAZ AT700, AR v, FEEMILL T3 4], 2 OWIBOIREIST X — & PR,
KARMEN-II[5] & BooNE[6] KEMTHIELEN L TETH 5. Minos[7] ¥ K2K[8] IF Longbaseline K
By mHEh, HEEEHOTETRVE — ot KF Pl FORENS AL 2T 3VEF —=a— |
V2 HOTUREIREEZ T2 5, ==2— Y 2 oRITHBEE Zh Zh, 730km,. 250km TH D, —
7i. Bugey[9]. PaloVerde[10]. CHOOZ[11]. Z2&FJH FIAkE e I T b, KamLAND Kb
JRHRFETCH DL, b oFEMT=a—hMY JJHe L TR ST A R=a— U 2 ZHn
T%, Palo Verde. CHOOZ, & v,— ve IREMTHBNT Am? OREIZ AL T 5,

22T, WA TRbN 2 EE, BUEHERB LU, R TESN THE 0L 22D JH FIRFEED
RERIcOVnTEe® 5, A (1.1) &Y. BEMA sin? 9 G260 5e. =a— U 2 REIOREHE
KIPITo e SxKIc s,

Am?(eV?) = %27 X g X Lg\(/[nel;/)
L7285 T, Am? /NS W E BT 51213, E/L WRSWIEEHHTH S, 2£0 . kKT *x
NE—D=a—~Y &L, $/e=a— NV ) OoRAEMIDS KV EICHILERELENT=a —
U oRTHREE KK LR i s, R1.11IC 450 R AR ERMOMILEOERER KT,

(1.2)

Experiment | Target mass | Distance Am?
(ton) (km) (eV?)

Bugey 1.2 154 | 2 x1072
CHOOZ 4.8 1]1x1073
Palo Verde 12 750 | ~ 1073
KamLAND 1000 ~150 | ~107°

® 1.1 A= 2 — b U 2 IREPEEB O RiEs O PERE

BUTOJR P EERCRY Am?2 OBEERROLDIE., CHOOZ EET, E~ 3 Mev. L ~ 1000 m C
HDH. Am2 ~ 103 TH 5D, 1.1 2VRL TWnb Lk HIZ. CHOOZ EEATIX. M FEERD KA
Za—b VI EEEZHNT S veo v, REIDNT X =& =4z HikRL T 5,
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1.2. YRR 11

1.1 @ FEt 3 2D RENTHL . KamLAND EKETlE, == — N U ORITERREDHY 150 km. i
FIX=a2—b V) ) OFHZINE = MeV THHZ 05, Am? ~ 1075 &0 o EEpic
HARL 100 GO ETNRT A —F %A FERTE 5, KamLAND EBCOHFIFIX=a2—K 1
DIEHE L., AAFENT, 1 BN 1 AUk B0, Br HCHENEERKG==2—F 1
WHIREID 1 > TH 5 KEGAM (X 1.1 @ solar LMA) 2 A N—{13k5 2 12725, 2Tk
Za—hNY BT 5100 T o BEEMEE R 5,

CNET, HAD=2—h U JIREIEENC OO TRIRISRR T E 228, KTlE,. KamLAND FE
BT Z HIEL Twaficn=a2— K 1) JITOWTIKR 3,

1.2.2 JFEFFR=a—bFVUJ

—a— MU REZEFZENET 220D TFED—2l%, 75y 7 ADfE->TCnwb=a—h1 )%
{Hinze ZATHIEL T, ZoRORVELEE2R5Z e THD, JRHRTEL»S, v, DATHR
ARE L CHEBICHEH SN TE 2, 284k, ATN=a—MY 2 REHEE L UIED ZXVF =23
Kz, Am? O/NSOHIRZBERTE . /20 13T 100% OFIET 0. ML SN TH50 T, &
WIS T 0, D759y 7 2R MBI EMTEDLNSTH D, JRIFHNTD b, DERIEFEZ K5,

JEFRI =2 — bt U 2i&. BOSHEER 250, 238U, 239py. 24pu WA EEZ L, AU
WEEAS g BT HBRCAEREN S, T Zh o CHBIZLI To L BY TH 5,

U +n— A+B+6.16 +6.1% + 202MeV + xn (
28U 4+ n =B U =29 Np -2 py (712 = 24,100year) (
29Pu+n — C+D+5608 +5.60 +210MeV + yn (

(

B9pu+4n -2 Pu+n -2 Pu (1172 = 14.4year)

JEFAR N OB Z > FIcH 3% SENTn5 25U IR (1.3) £ V. BuddAic Ly ad%
L. 7, &P 247 otk 7 & AERT 5, FricicEmRS iz k3o 235U i S i
COINTESN EE MY BT Z LIk b, Zh2EgixE e iEs,

/2. KRS VITRLELEEN TS 280 3B FCIEIBAAEIEZ &7, 0.8MeV DL
FoHRH A kS THARERRZ T2 eu[BETH 5, 28U 13N (1.4) D L D1Th ZHERTHE
TEIIXL T BIU TR BH, Zhid g HHEL T 29Pu il b, 29Py BEAAEREI LR TV
T, JAFIFOEL e L TERT 22 623 TE 5,

BEU B AERIN BPIPulEN (1.5) D L DICEVHFHFIC LY AL L. 25U LEL &
T 7, & HHETFEBULT 5. 72, 29Pulda (1.6) @ &k D1, kA kL TikIXL . 24'Pu %
ERTZZ e HU[BECH L, 2Pu b El. BOHFHEAC LY BAHELEZ T2 B TES,

Z D& DITJE RN T 2 B H A e B > TBY ., MEIch o5y, b=
LY ORRITE O FI GRS & HICER)T 5, Z OoREHERIEH 4 Z LICEHHARETH V.
T, RBULIZ R IR OB ENTEDL, 2D, ADOKET, =a2a—MV JDTIv
AERDDHZEMTE D [12].

KamLAND % 1772 5 il 2 f/0NC U 728567 200km o FIICE, HFRRR O J5F/ j7EET
TH HMER. KK, BHE, WM, BERE 16 DJEFIENEZEHIFEL . L b, 2h b o5 AR,
175 + 35km DIXIFZFELRHCH 5. X 1.21C HAREMNITHFET 28 7 /IREMR oM Hilll%Z . R 1.21C
X ERJF IR OB ) & i £ T o PR R T,
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22 KK
oK}

Ay ——

e RR
o

X 1.2: HAREWNOJE 1/ FEET oA

Reactor Site | Distance | Therm. Power Max. Flux

(km) (GW) | (10°7,/cm?/s)
AT 160.0 24.6 4.25
KA 179. 5 13.7 1.90
= 190.6 10.2 1.24
] 214.0 10.6 1.03
HH 138.6 4.49 1.03
TSy=t 80.57 1.59 1.08
Kk 145.4 4.93 1.03
fEES R — 344.0 14.2 0.53
FEIEY 344.0 13.2 0.49
g 294.6 3.29 0.17
E5AR 414.0 3.82 0.10
Ll 430.2 4.09 0.10
] 561.2 5.96 0.08
K 755.4 6.72 0.05
H 783.5 3.30 0.02
A 824.1 5.32 0.03
=E — 130 13.1

& 1.2: HARENO R/ FEM 0B T & il &£ T o Fhifk

W1E i
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R12DT T 7 AFTNTNDEFIFBERETIOR, K=2—K U DT 2)VF =% 1.8Mev
PDlto=a—-tV 0759y 7 2CHb, Zhickde, HREHDOJE NS BRX=a2a—V /)
DETTy 7 AFE1.3x100 [em ™27 THYH. ZDIH. 80% DX==—k U 25 140km
A5 210km D EEFED 5 KamLAND #tasic A9 %, 1997 FEE DLl J{ AR o @At 106 42
Kea—bY 799y 7 2A%EHEL., ThEZXINF—-AXIZ MVICEL b0, K13 TH 5,
JEFI AR ofRRHT . 235U 28 70%. 239Pudd 30% THdE L 7=,

Rector Anti-neutrino Flux  (3°U 70% + 2*°Pu 30%)

~

[EEN
o

Anti-neutrino Flux (/Mev/cmzls)
\\HHH‘ I T TTTT

10

L1 ‘ Ll ‘ L1 ‘ Ll ‘ L1 ‘ L1 ‘ LLl ‘ L1 ‘ L1
0 1 2 3 4 5 6 7 8 9
Anti-neutrino Energy (MeV)

B 1.3: HARZHEOJE» 6 MR BET 8 FX==2—NVU /7T v 7 X, JEFI AR o
257 70%. 239Pu 30% & L CEHHEL 7z, (1997 ‘EEE QBRI 17 -2 & b 2123 H)
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Fo. BRDJEFRFIIFIC L ERAA VT F VY RAEATR D720 2~ 3 7 AR FIF%FIET 5, A4V T
F 2 AFEJFEOE — 7 ThH 5 BEGZIAE 12K A1 b 2 a3d 5, Z 070, KamLAND
MZRCPET 2 =2 — N VU ORUT IR BIE R 2R, X 1.4 13875 5 FER o B F
FoMRELEE b LICEHEL NNU—T 5 v 7 Z0RMELEZRL TnWd, 22T NTU—=T Ty 7
ALY, P/(ArL?) CRO SN DR TH S, P L FEE RO & Bz Rb T, Z 0
EENI/KR 20~20%H V. ISk, Ny 275 ROtz 5> 2 &N TE 5,

BN
o

Reactor Power Flux (MW / cm?)

M 1.4: JRFRDONRT — 75w 7 2DOZE[iIZH)
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1.2.3 HER=—a—bV/

HIERE Z ORI S F 40TW OBE UL Thd, 2D 5 B 40%(~ 16TW) IS BEHENIE O i
HPS LD THY., 55 90% 1F 238U & 22Th OREIRNLT =16 bbb IhTnd e ER
ENTV5, I K ZBULT L — b T 7 b =7 20 KIIiEEE JI &2 08, SFTIhdoth
DMIRANTRD 51T & EHEHE T 2 F5 k320 - 7z,

20 S HIERNTBICF(E T B U HE R R HiiE . g BHETCH 20T, 7 oFFELL [AIFC K= 2 —
N BT 5, ZOHEX=a — b U JI3HERD AEEIE 2 BIEIXRL Thb720. Zhz il
T5 2 LIFHERCE N 5 RETEEH OB, iz y . HIERATET VX — A pbhS o fif I 307
FETHLEbN 5,

HWERNH D U &FEL U/Th HICERARETARH D, 1F-5 &0 L > Ty, —&il
WA D U, Thid=y MVCHIRY 0T REET L — N TOMGHIFEEL Thb e Sh,
T U — bk TOHGRFIIZABES L — b FoOHGRIINTL TZ DFEERITMD TAhRune #x 6h T
%, M15ICHEX=2— NV ) DT7T v 7 A%IRT [13].

‘ Terrestrial Anti-Neutrino Spectra

N(E)dE

Solid line!  : U series
| Dashed line : Th series
w0t . Dotedline :Kseries .

%r:
i
|
I
|
|
|

ERE=EEL e

L ‘ I B | ‘ L1 ‘ I | ‘ (| 3 [ ‘ I ‘ I
0 500 1000 1500 2000 2500 3000 3500
Anti-neutrino Energy (keV)

X 1.5: A== —h U JDZR)VFE — AT )L
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1.24 XKB=a-—bVJ

INECIRbNIEKGE=2— NV R THHI SN 72 BRBUL TN T O RENT B TR KGR
WETRINDLGFEZD 1/2 ~ 1/3 LBHISh W WS FRBHE SN T 5,

Kbi==2—h U 21T KBRIE TS > T AR 4 2 0> & ERkEh b, KE==2—kVU /I
. SHBO R FRSUES K 2=a— N Y ISR TWS, KT 5& ppiisfe CNO VA2
AD3H Y. KFOTRIVE —D 98.5% & pp O SUSEETHRET S, KITORD pp M TAEK
ENb=a—hMY OREBETH 5,

p+p—d+e +ue (1.7)
pte +p—d+tue (1.8)
Be+e” =" Li+,e (1.9)
B =% Be+e +ve (1.10)
SHe +p —* He + e + 15 (1.11)

rRoWETERINEZ=a— N 2IZZENEh, pp=a2—bVU ) pep=a2—ht U /), 'Be=a—
NU . 8B=a—hKVU /) hep=a—hVU 2eMfINnd, £/, CNOVA I NVHFTEREINE =2 —
NIVEDYFUVS 7 5=

BN B Ctem + 1, (1.12)
Bo B N+et 40, (1.13)
T o170 +et + v (1.14)

TH5b,

KFHTOREINC e b2 > TRETE=a—M ) JOZXT —lF, ED LI RFAMBETH
ELTEMT kY, BT XNVF —AXT Ve D, RN 2Kk TH LTI SN D=2 —
N 2EZ XN =B —EORaA=a— Y JTH Y, KIRAEN 3KTH L L Did, kel 2 v
X =iz md, M 1.6 ITEERBRMIES (EHEICE D RKE=2— MY JOZX)VF —ZART |
N, RI1BKCZENZNOKRG=2— MU ) ORRT XIVE — &P T X )VE — & IRT [14].

pp =2 —h U NIRRT RIVFE =D, 420 keV L3R WVDS, KB RNV F — %2 AR B THIED
WEL AL pp KIEZ REHE L TWBEDT, pp=a—hMU 23 AB=a2—NU JOHTHREAkDT
Ty I A%YD, Fle. pp=a—hNU DT Ty 7 AFKGHEIC L > UHTHESNTLEHD
T, 79 v 7 20 THHEII KGET VORNEWRICH £ ELShR0E W SRS 5,

hep =a2— bt VU 2EKBE=a2—MY JOHFT, RHEVZXLVX—%2 D, L2L 7Ty 7 ATIE
HIhEWew, BEOBHIEE T h 2 Mt T 2 D13 HL v,

KamLAND EETIE, hep =2 — KV 2K TZRXINF —REWEB=a—NY &, HAD
Be==2—h VU oBiHlZ HIFL Tnb, SB=a—h U 2%, AT MVTH HNTRILE )
B DU E O N NE N 3.5 MeV DL ETOBHIDHIFFShTWE, bRy 2T S50y
R Z MM, MiILZ8D threshold % 0.25Mev EEICRET 5 Z MM TE 2 61E, 8B, "Be D
WAD=a—hVU ) ZEFHCRIETEZeMNTED, ZoZ it k., BHEXEE MO MEE L kP
Za— N Y KRBT 2 Rk%E HiFL T b,
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Flux (cm—2 s™1)

T T

Solar neutrino

Be - spectrum
STTIIITETe e
- \l N
b
Il Ll
' 1
o
cemsmTT TN
11 v
' '
1 \
LT .
/ \ \ B -
o
Gl
| 1
' ' hep -
pep |
| T
1 11l l : : | 1 l | O | l {
1 10

Neutrino energy, ¢, in MeV

1.6: BUERGEICHE DS SFHAIC I D ABE=2— N JOZRX)VEF — AT bV

Neutrino

Max. Energy
(MeV)

Average Energy

(MeV)

pp
pep
"Be

8B
hep
13N
150
17F

0.420
1.442
0.862(90%)
0.384(10%)
14.02
18.77
1.199
1.732
1.740

0.265
1.442
0.862
0.384
6.710

9.62
0.707
0.997
0.999

#1.3: K=a—bN VU JORRKTZINE — L FET X VF —, 8B ORAKT RV F —ITFHAIRAED 8Be
MAZETH H1-0MEE b D, KRFELIE. 15 MeV LT TH 2 [14],
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1.2.5 BHFE=a1—bHVJ

MHEFHCE/JTREL HZAOWTH Y, NEOHEMEGICTHIRSN e x)¥ -tk >T
HoTnd, ZL T, 8My Dl EoEHELZ MRS, H/ BN 2R WO bTZo—
EERZ D, ZORERILEN =2 — N ) 2HfTE=a—NY oS, MRS 5T X)VLE —
3 108Berg TH Y. 2D Db D 1%ANEET R )VF —ITER SN, 9% =2 — K ) DT )VFX —
LRSS, MFTE=a— Y o4 R,

e +AN,Z) - ve +AN+1,Z-1) (1.15)
e +p—re+n (1.16)
e +n—v.+p (1.17)

e +et v+ (1.18)

TH 5, X (1.15). (1.16). (1.17) D & DIJE ALK AT L 2B HHIESUE TR, KED v, ARG
Sh, R (1L18) Tk, 6 Hiffio=a—h VU )& TWEREN D, v THFTEBED S 10ms DINTH
LB EN BB R v, ZhudhiE -2 b e fEh 5, Ll ZokcibiiEh 5 o,
DIZFNVE =D EP 1BBRETIZL AL DT XV TR Sh 5, [N 1.71C v, DX
e TRNE = 2RI MV —fl%RT [15],

KB [erg's]

w > o (2] ~ oo 0o
IARIVF— [MeV]

1 1 1 1 1 1 1 1 1 1
155 165 175 185 195 205
ke [ms)

B 1.7: v, DHTERIFRE Z RNV F — 27 N )LD —F

— IR ECBIHI SN 5T E =2 — MV VO T X NE —ZAXR7 M VIFRR TR EN B,
dN, _ ¢ 4 dq A2 1
dgdt 4 (2rhe)d exp(B(q—p)) +1 V4w D?
ZZT. B dma— MU A7 7O, FETH Y. DI, HETEN S WERE ToORRETH
B, —BAC ry,. By plEF G ICHRIEL TOB DT, IEHEIC TR IVE — A7 V& R BT BUEE
HICHS & 5213700,

(1.19)

1.2.6 FHYERE=—a21—HMDV/

FHICIE. 100 BERIN S BURICE S E TR LHEITEBRI S SN2 — N U D3P
BICE S T B aEEN 5, 2hbD=a—k~ U OBHIIFHOMELD R BT RE X /- WA 2187



1.3. KamLAND Fl# 19

DRGSR B0 H BN, BUED FHABBRE SR O RIHIc E K8 52 5, BlEZNS
DY Ial—¥ g EEL DIUENHWSNTEBY ., ZoBHIcRITiuE. H4ker VIcHIRZ
B2 eMTEnelifFasn s,

1.3 KamLAND &

Z ZCl¥. KamLAND EEMTHW A MO SREZSL., =a— NV 2 e FEHIZ D
Tk 5,

1.3.1 &

KamLAND KT S Ruliasid, i R e kBRI SRS 3 2w S L oo (HTHIE. Y 1000m
(2,700m.w.e : meter water equivarence : KIEH L) ITMET 2. bR THE Sh
zelilZ L TEtESh Tw, W NcHibidsz @& 2013, WER. KSRy 7757 R
I35 THM p K FETELRTIKS 720 TH Y, KamLAND it & § 5507 C. Z D
JEIIHIRDF) 107° 5T 1.7 x 1073 [m2s7 ) BT 5,

1.3.2 HH3s

] 1.81C KamLAND KBk FHlX %, X 1.9 IZMBEONEZ/RT, K2 OMIZETHES K
MNaDlZ=a—FV ) OMREOZDITKTITR RS VPV —F—FHOTWEZ & ThH, ik
Y UF U —F ISR EARI O IBARS A L Fe. FaL ra v RICHAREL =RV
F = HITH U SN 26 720D B MeV I TR 2V X — X5 il 45 ol il
T3,

Meihigsid, 3RRSIEICZR S TBY., NHILSIRIC, 79 2F v 78NV —2 iz L T big ik
VFV—F =Rl ATV AREBDON Y Ty A AV, WK TH B, DITICHILZE0 F R
BRICOWTIHRR S,

B FL—5—fE

Fr i 88 o F ORI IR 1200m3 DR~ F U — & =B 13m DT 5 AF v 7 ORI — >
BHROHIZ A>T S, KamLAND ERTHW KT > F U —F —idHFo b0 Hv, Zh¥
TN 6RO, K riBWAEE ). TR L DN ks v F L — 2 2 BRL 72, FOREHERE
KV FUV—=F—BNRGT 4 VT ANN=RTREL oo NI T4 U FANVTTF V- 3 VI
W BeEMENE L, C/H Y RELEFUNX=2—-NY ) oMIEICHEL Tnb, £, E0OFE
KR, (ENKFRYEE 12 55 DICT VAR 7 AV RIRED, FARE L UL PPOZHNWT
Wb, RIINIENT T 4 Y F AN 80%. TV AR T A2 20%IC PPO % 1.5 [g/]] ¥ 7= DIk
EL 7z,

RS v F U — & =3O T 5 2F v 28D ) —2 DHFIZ A>T 5, N —IZEREN 5
MREL L Tk, HOWRY >V F U —F e HDNRTT 4 VT A NVDEEEB IO HAIOR ST &> TE
U BHE/IERMASZ . Rn OBEEN N 28 THE, SV —2IEFME1m D7 4 VL% 5
WAEL THERT 5, NV —> OER D L7207 4 WV FEM & LT 20> 42> (ON) % H
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W, Ny 77 A NVREDS D Rn DIRAZFG 1280, b AHmEEDO/NS W EVOH TZhE2IEEA
ZZJE % b, EVOH b 2 iliEMo b o (XL) 2 HHT 5, ZEomKit. XL (154m) / ON
(25um) / ON (25 pm) / XL (15um) TH 5, DT 4 )V LAOKFEEFKIE, HE 400nm OHITHL T
96%CH Y, /2 U, Th, YK oEZHELThZh, 1.3x107Hg/g. 1.8x1070g/g. 5.4x107Hg/g
EIEHITEN T D,

Ny 2 7XAN

WKV F U —F =Tl EINTHL 20— DI Ny 77y A ANETH DL, Ny Tr A AV
ELTUIRIRY VF U —F —DR—=ATHDENRT T 4 VA ANPEHIN TS, ZONy TrF A
VI 3000m? OFZAT > U Ao Il S TB Y, AT > L AT (1 & i e A%
ERWAL BRI EEN B HUNIETTED 5 O MRS v F U — ¥ — 2 SRR NE T
57201 H 5,

BT HEE

ATV Ao NEEICIE, FTD 17 A > FREFHGE & 20 1 > FOREFHGEN KO JRIC Z
NZN 1295 A, 590 RO EEE 1885 RNV (i 6 b, AT > L ALK R HIL T, 1885 7K
DHNFE FIEE OB D 5D 2E G 30% TH 5, 17 A > FHE FIHEET 2 — /S —wilw] K
THOWOLNZ 20V FHEFHEEZNRLZbOTHY, ¥ A4 ) —RKBRXF7V - TIFA K
iﬁeﬁ%ﬁxﬁﬁﬁw54y T —HAMIEEEIN TS, SOEHILY 10710254

BT O MREEZ R E FEITRFRIAAYY (Trasit TimeSpread :T.T.S). 1 XEfFE—7 D
%ﬁé%%#PAﬂﬂiﬁ%kﬁibtcbﬂb DEEC X AYERIE 17 A v FICHIREh 5
Z LIk ote, FEAE. 2 ELIATIRAS

ik i) 9]
I@MﬂND@&%@%%%N®EiL%HMm =S 20m OHEOEMARETH 5, Z ot
KBNS & YEEE IR E S v, EISHTZRINGED & Sk B mfdEk FIC L 5 BR oMM E HN L L

Tna5, %@k%ﬁi?ﬁﬁuﬁ%fhb K L B2F =L ravketl. BT kF =1
vag - FrEAL Ay E—2 LT,

MEEE

WK v F U — & — Rl & BRI 2 h Tl E L D28 T s, ZOMUEREIC XY, W
R v F U — & — MK AL 72 B HEARRL) . Wik > F L — & —WITERL T 5 EEE I
DR, Wiltky v F U —F —offifticid, Fe L Tk & itk @30 2 -V 2 Hn 5,

1Mqu®ﬁl*w¥w::wFU/$&%Mm?étwki@%//%v B —BLONT T4
VI ANVDRUEIA]RTH 5, JRFFIX=a—t Y &M T272012iE, U, Thix 10~ Mg/g L
T, K 107 12g/g IFCRFIUT RS R0, itﬁ%mﬁﬁﬁfﬁéﬁ%k%w:ﬂbv/wﬁm
DI=DITIE. AIET 107 0g/g LI, &EHT 107 14g/g LT 2 RBIL 2T TR 6720,
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Crane

Rock lining

Outer water tank

Inner tank

Lig.-scinti.
Container

Aluminum sheets

Phototubes

X 1.9: KamLAND EEgo i ds Atk
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1.3.3 X=a—b Y JkiE/RE
KamLAND EEOHNTH HEFHUN=a— MY JOFERSE. ¥ 5 HE

Vetp—n+e’ (1.20)

THY, Wk v F U —F —NTLTO kS RiBEE R CRBERMBET LT 5,

Y (0.5MeV)
Prompt signal
o
N Y (0.5Mev)
_ (S
Ve P
n — - Y (2.2MeV) Delayed signal
p
d

Thermalize

1.10: BIERIFHESIC & 2 oM JEEE

Witks > F LU —F — IS AL B PR =2 — b U () RS > F L —F — ol - (p) &
W5 GRS L, BT (oF) & T (n) 2 RAESE B, 2 OJUBORTIHHI,

272
o(E,) = WpeEe (1.21)
= 9.5 x 107 p.(MeV) E¢(MeV) [cm?] (1.22)
= 9.5 % 107(E, (Mev) — 1.3)y/(E,(MeV) — 1.32) — m? [em?) (1.23)

THbH, 22T, E,JIFMANL =2 —MY JOZRIVE —, 1 TP TFDOHFMM. pe. ElEZNTH
BRETOHEHEE TRXVY —Chb, ElErePTroEEEL AM( = 1.293 MeV) &B<L &,
E.=E, — AMc? TH 5%, 3\ (1.23) 1T Weak magnetism. Neutron recoil. Radiation 72 & D EAY
WETH BN, ZhSIFRHRI TS [16].

RSN FEAT, R FEL 2B em FATL . BRITHIAS > F U — & —th D 1 & tHHEk
ZHLZ L ZRIVX — 0.5MeV D 2HKD % FAET 5, BE AIRER T TH LT, thkE ¥
FCICHEI= X VX — (B, — 1L.8MeV) AT Y v FL - a v e RT 5, £, yMIZhZHIX
NS FE] 10em BBRATL 72 &, a7 b VAR EEERIFIC LV 0.5MeV DT )LF — 2 fiih
T2, ZNH6DOBGUT=a— Y E» S ns IMICAL . GEFCE, —1.84+2%x05=E, —0.8
MeV DL X)X =% T 5, ZDIE5% prompt signal & FES,

—77. FHE I 10keV B D EET XNV F — 255 iKY v F U — & — F D fA%E DR
LAV IR B TET 2, 2ok, P 170us A 30cm BN 72 T TRz FC IRIXS W ERE 1 (d)
2720, ZoOBE2.2MeV D v #ERILT S (n+p — d + 7)o TN% delayed signal & .5,
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DEV RS TV —F —HIZ AL 2L i 1.8MeV DL EOE X =2 — K~ U 2133X (1.23)
DOKTIHFE TR & XEL . E, — 0.8MeV @ prompt signal & 2.2MeV @ delayed signal @ 2 2 D55
ZFE 170ps ORRTIY, ZOBERBEFICIINy 77TV R2HEL KRPSELZ eMNT
&5, A50Hs L I prompt signal IZ & - THIAI 7z 500us D7 — h DHIT delayed signal 23E
U, BERKETTH 5 il ShZEIebi b,

1.3.4 KamLAND REETOR=Za—M U JDARVMNE

KamLAND EBMOFHWNTH L HFIFX=a— U ) DAY MNIZEHT 5,
OGKTIEFE o(E,) 3N (1.23) R =a— Y ) DT Ty 7 AF,(E,) 2 LTH13DT7 Ty
7 2GS, MIEBHNOBGFOBE N, L T58, HENIE, =a— MU Rk ERT 2L,

Ne:agh)xﬁy&%)xb%><{1—sn929$n2(127AHP@VQﬂ4H0>} (1.24)

E(MeV)
LFROEDL, MILBNOBE FoBE, Wk > FL -5 —hokFL REOH, 1,0 EHVD 2,
Np = 6.02 x 10%* / (1.00794 + 12.011 / ryy/c) x W (1.25)

THoH, WIS v F LU =7 —0ERTH D, g0 =1.9 L. ARIKRZ 500 b &L G,
Np =4.1x 1031275,

HRRFEZ 500 b >, BiEREEEZ 100%2 L TR 1.3 DJEFIFIX=a2a—N Y D7 T v 7 A%
TARYMEHBELZLb0 2R 1.111SR7, @M =a— KU JREMSZOEEZRL . REIN
Kg=a—18V ) OYEHIREIED 1 D TH L KEGANT A—F sin?20 =0.7. Am?=2x107° D
EEDANT MVERT, HEIMEHEORTH 5,

INERNT D e, HRMERR 500 N> To LIEHO A XY MG TE ., RijlonBET. 1
3900 A XY N TH B, REMVZOBEORA Ry e BHISNIZRARY NIRRT 22 21 &
D=a—hVU REBIZEZMIETE S,
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Reactor Anti-neutrion 1 year Event Spectra
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,,,,,,,,,,,, e m AMP=2X10%eV? sIN%0=0.7
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0 7\ [ ‘ Ll ‘ L1 ‘ Ll ‘ L1 ‘ L1 ‘ LLl ‘ | \4\\\\ L1
0 1 2 3 4 5 6 7 8 9
Anti-neutrino Energy (MeV)

B 1.11: JHFAFX==2—F U /2 KamLAND BN T T 1 FROBFRO T R IVF — o0k, FE
BUTIREIV WG E, BRI A== — NV JWEIREED 1 2 TH 5 KIEGAM sin?20 = 0.7,
Am?2 =2 x107° OBFFITHKEZ AR MVTH 5,
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1.3.5 Ny IUTS5H UK

KW AINF —=a— bV ) EEMIET H7DITROEERZ L1E, WDy 77590 K Z2K
DERBMENIZETH D, TNy 7 7S RJEE L UL, BIEEENITEAL TS BUEE
fifRic kbbb, FHBuHFICE2bDREBFET SN S,

TR 28 N DTS [EM 44

MIEROMIRIE T H 2k F U — 7 =B FHHEREIZ L AL OYHEICIE U, Th e %
DFHERY). VYK R, HH A TH L RoREVBAHN L L TEENR TS, N6 DIEMAKIT o FiEE
R BRIEZEEZ L TRERYEICR 5B T, 2D o i, gk v P2 BRI, BL <
WL TIRUE T A,

#1333 I CHlARFfIT, =2 — b U JJUBIE prompt signal & delayed signal O FELE[R|FFE F1C
Kot 5, Ny 7 7o 9 ReL U, PN 500[us] D7 — b FITAEL RN Ny 7
7'~ R (accidental background) &. U. Th ® HFE%NED &L 512 prompt. delayed singnal %
HHEL THEKRT 22 LIk BNy 775K (correlated background) 2 EZ 6N 5,

BRNENy 7T I R DANY MMin,e [s7H1E. HiEs2k (1200m3) 12 B % prompt signal
® single rate % ny, [s7]. delayed singnal DZ % ng s & L. 2 2DEFOMREARMEEZ 4m3 &7
5L RDEDITRD,

Naeei = 1p,/(1200/4) x ngq/(1200/4) x 500 x 1075 x 1200/4 (1.26)
= npxngx L.7x107% [s7] (1.27)
= np, X ng x 0.14 [/day] (1.28)

I ZIE, 238U CEHEL TH 5, 238U RN @ il prompt signal D% 7z 3 u] BEMEAY S 5
Lo, o BB 4D, BN 4 DB 5, o KT ORFEIART 90% L LOMERTH 513970 T,
EHh%E 0.1, fHETERANRY MVRDT, 2MeV LI ED 200 g HEACHL TIEREZ 1. 1MeV
D 2 D10l CFEREZ 0575, T5H&. 2800 1 DT 5 & prompt signal 1% 3.4 fil4
U %, delayed signal DFFZ§E7/2TH DI 2 DD 3 N H 2 DT, delayed signal 1Z 1 fll4EL 5,
WARY > F L — % — (1000t) 0 28U o AR EZ 107 4g/g & T 5 L. MILERSIRTIE 10 5gick b,
238U 1g T 1.2x10* [Bq) ® 5 DT, prompt. delayed signal @ single rate i¥ ZHh <,

n, = 12x107° x3.4=0.41 (1.29)
ng = 12x107°x1.0=0.12 (1.30)

L%, LI -T, X (1.28) K2k ToA XY ML 0.007]/day] IS5,
correlated background Ofl& L T, 238U & HREMNHEE ER 5, T ONHEOMEFRIL, 5.45x1077
THLENHE, 28U 1g TlE6.5 x1073 [Bq) TH L., 5L, £ARTOARY ML,

1071 % 10% x 6.5 x 1073 x 86400 = 0.0056 [/day] (1.31)

Th b,
Th. VK. IOV TH ZDEARE ThA¥ 107 4g/g. VKA 102g/g & L TEHETH L. Zhbk
HERPITEAL TOBBEMEENARIC L BNy 227759 RiZ—H 0.1 A XV MRS 5,



1.3. KamLAND Fl# 27

FER u KT

KamLAND #H233H T 1000m ICEE SN 5720, FHEM o K FoEEIIiRoN 1075 f5C
WK Y FU—F =Ny Ty A ANVRZEIET S p KL N4THz TH D, 2D p R ALEF
KRR o K NS & O Mt p o JE R e UEL « FTL WEFHEAKT 5. 25U
TAERSNIAFED I S & BITHPETFR g, Ay METBULT 2002 B 5, Zoftl, Sk
EIXEL 7eBRT RSN 2 FOREERMNICRAL TL 2u[AEE b H 5, T &Il TAEKSh
Te Ve IR ER N TR GELZ AR 0 IRL . B ML THiE S h, v ETIRILT 2. 2hbeid,
Za—RFNU RS ERYTERNWLZORERNY VTS5 Rl b,

KamLAND EETIE. BIMIOKF =L vas - 7oy 4 - hor a2 —%HT, Milids% il
5 FHM R FEEHILEET S, 2L T p K FoRERNT > T 8 1m O LINOZERH T 37
D dead time 23T D2 LICL > TINEDNYy V757 REIXY L,
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Bo2E 1TAVFHETHEMLEE

KamLAND SN TIX, Wk v F L —F —tho=a— Y ) KR E OZER 7N & > T
YFV =T ayBRAEL B, ZoREFOFHICITRKORONE FIMGEE VT 5, MililZgRolRe
705 1885 RONE FHMAEEIL., WK VF U —F =Ny T3 T ANBPRDENTNWDL AT VA
s v 7 o WEEICIXD 1T 6 5, #ibigRo FOERc BT IMeV D=2 — bk U J IJEAEES - 72
BEITH 190 OB EZENHIRF SN B, YU F L —¥ a3 v RIFEHNCRET 570 8 E T
WEE OSAT H0ERT 1 B NS EIT R S, Ldss T BE FNEEIE. 1 EE AR
L CZ DO RETH V. £z, IED IEfER A ENHE 135 72 OIC KR HREEO R b o TRl
60, 22Tl 17 A Y FAEFHEEICOWT, Kokt RES, il tE rEGEo
PEREZ R HE 2 DR & RENR 2 12DV TR S [17][18].

2.1 MRE/RE

%@?iﬁfﬁﬁ (Photomultiplier Tube : PMT) I%. Y& > V0T RICHEERE, mltE2 i
. KOBEDYAE FIMEES 168 ?ﬁét@ﬁ%&téﬁmf%é X] 2.1 1 Ve Mt e % i
%uTT JEEEMNC AR 72032 & COREMIRZ R L THZAHROEE 2 JGE T 2. Bihshk

hotocathode
hoto electron

focusing electrode

T secondary electron
\m to bleeder
J\
dinode

(] 2.1: eE FHEE O ORLFE (17 4 > FRE FIHEAE)

HE AFPCREMIC & > CE PR (# 4/ —R)icidirh, —KETFORILEZEVIETZ it k-
THfFEh T, HfEShE AL, BHcED S hERSEE (7 ) —F )1k iES
LTI Eh g, JEEE S BUE &z 1 EoAE IS A — K Tid 107 #hic £ TS
NEFeLTY s, ZOMERKINMELEELZEX 52 2ICLVHMTELEIZ LN TES, K
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BB LA TH L7720, HORBEZEL, (K A XTHLZ LWFHNTS 5,

2.2 1EiE

TENC KamLAND FEATHW A EEFIHSE 2 RT. 2208580 17 4 > FREFHGEETH
D, Ny 77 AR 1295 KXY D 6N bv v F LU —Y g v AHOAE FHEEETH S, K23
FFEISHAKRICIO T ens 7o 2 A4 - hor 7 —HONKEFHMEETH LN, Y oFL—Tarv
FHHELTYH 590 KHWSLTETH D, F£2.111T 17 A >~ FHE FIHGEE OB EZ K 2.21C138E
SN % TR,

146.25

$7.50

A TN | Vo

R
(SR
Sl ¥

4376
134,50

27500(+31.24) 87.00
604.50

X 2.2: 17 4 > FHE FIAGE (R7250 : > F L —3 3 VHEH)

500.74

243.76 87.00
604.50

[ 2.3: 20 A > FOEEFIMGE (R3250 : 7> 2 A - Ao ¥ —H)
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P rCEA ] 20 1 >~ F (508mm®)
AR 17 4 ¥ F (430mm®)
FA)—RKE | Ry 7218 94T 4 —NA9 B
AHE O E ikl 2 2

JEERIARE NATIVHY

TR AT P 300nm~650nm

T RKIEREF 420nm

& 2.1: 17 A ¥ FAE FHMGE (R7250) DS

JHH &5 - L | Min. | Typ. | Max. B
PPGENIETh =V R 20 | 22 — %
JEEEMAIY — A VTR SK 35 — — pA/Im
HEMEFERE (2 — =27 No.5-58) SKb 65 | — | — | pA/Blm
BITFEEHE (WA 1x 107 ) Ebb | 1500 | — | 2500 \%
IR (AT 1x107 IKf,25°C) Idb — | 1000 nA
575V 23K (1) — 80 kHz
I REE (17 1pe, 220f) FWHM TTS 3.5 4 ns
7SV AN B0 R (JEAEE 1x 107 ) 7 9 ns
AT (1) T-T 110 | 130 ns
TRVX —MREE (¥ — 2 /L —H) P/V 1.8 | 25 | —
71V — R EE—AfHE (410nm,5mm®,+60 °) — | £10 %
BEIESED SV A (0.15-3048) — | — 7 %

& 2.2: 17 AV FLE FHMGE (R7250) OESQINFHE (at 25°C)

17 A FHEFRMGEL 20 AV FHAEBFHEGELZR-ACLTHRELZbDOTHY, ¥4 —K
Mg e 7 ) =& —LEPNAORET E > 72 [ TH L, HEFHEEOMEIIRELIIMNIT3I>D
TS IRD, TbbIE CEFICEWRT 20, EFEIET 55 1/ — N (E AT,
F5EnANTT VU —F — (BRNEIEEK) TH 5, LT TENENOHKRERIIONTIENS,

2.2.1 AFIRHAS R, AEEDOME

KA BT AR Tl { 280 E S smm BRI 5 AT T&ETnab, IR
A6 300nm £ CoOWEDHEML . HE, fHKEQMHTHEN TN,
KBTI H F 2D NHRERE 20 1 > FOHBICESL W T 5, JEEMIE ASE L HERIRE L
HETERILT D0 ENH 5, ZolOMEL L UIBHHBOKN7 IV Y &/8% EiK
N T HACEWEEEBIEH SN TS, 17 AV FRETFRHEETIE. XA 7V A Y (Sh-K-Cs) &
HHL Th5, 23 300~500nm DEMIMO L TRERH Y, K/ A XThHo v
IR B,
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2.2.2 F4/—F

AL & U SN AE FE2 5T, TIRE FE2IRASHUEL CHE % HiET 2 %5
THY, ¥ A=K EHINZEHRTHERSN TS, —BNIEE FGE OE PG IRT B D
¥ A4 —RNTHRSh, Hik, MaBCGEMR42MELZ >, RRNZMEE L TUX, "xFT7 -
T34V, Ry 72, SA42 - Tx—HAWE £ )RR ENFETF N5,

Ry 7 ANINEFOPNERFEB RN 2O MIENGEG L, 227 53371100 EN T, X%
FTy T4 RIIRKOBDOEEFHEEIC LS HCSN G, HEES KOS &, &EE
26 th7z EEFDOHE—F A ) — R £ TORITIRMZ —EICR B2 6, HOXE 7% —rUcEhd
LML B, TDRD, A4 —ROMifEE KEL W22 F 7Y - TITA RN LKL
Huenzd, L»L. Z0F A ) —NETRE FBRIEP R  enizn . RRTEERE RO 20
¥ —MREBIIEN TR, TA Y - 7 —H AR E R D Tl < . RERIAMRBES /X
WA =7 VT 1 FEMEN TS,

17 A FAEFHEETIRy 7 AW 1B T A4 - T —H A BT S h (X 2.4). 20 1>
FHEFHEECEIRXFTY - TIA RN UEHHL Tnb, Z0F 47 —ROBOR20 12 F
HEFIHEEPS DREREELTH S, KamLAND KR CIXBERKEEGEEZ AT =a—hKV
DR LT 50, HEFHEEOMRES L IR MRS EETH 5, e 6 R4
fRAEED M EiE. =2 — b U EASHEE 7oAV E O TERE TH HVENMRAE. 7V ABIC & 5K
FEED M FIC 0% b6 THh D, I b o) HIXBERIFFEHEGEZ T TNy 27T KD
AN EER A Z RIZL Tnb, L2t s T, REMREEED [ LDz 17 4 > F4E e
DE A —=RiZlE, B—F A —R &L TNEREN T LRy 7 2% | &iio 9 B3 EM
RSB 2 oS A4 > - T —h 2ZMERALZ, Ll 2oF () —FoXLHE LD, XE
TV R YErE FUNEERTR & RERVFREDS 2 Cld7e < 72 o T2 = O A RIDEREINE 17 A > FIThHIFR & h
Tmé H 2.5 IC I REFEIBEMTEEYTHAVEY I al— 3 OfERE, M2.61C 1 EFHY

KT By Ial =Y a VR ERT., N26 DERIZFZ=T 4 IF7 41220 TORET, 174>
FONERNHL UIEER—FETH V. Zh LV MITIHERER R SR> T 2003005, Ei
TIEHERD 17T A FLVMMIZ2AF V7L THEHT 2 PETH L., FRO IR HBED &
T, FWHM T 1.8ns & FEFIC RO S Nz, FRRCE, Zofiik ) K& b (R
V25 M3, ZNTY 3~dns LIEFICEN TS, GRITEMIORETH 558, Zh b T
LRRTH B,

1st Dynode
y x
Cf— X
z

Side View Top View

2st Dynode

AN,

X 2.4: 17 A FHETHEEDSY 4 — K o [X]
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260. Omm

o 174 FEFHEGE

X 2.5: BEFANAY I 2l —¥ g 02 & BEE O IRER

nnnnnnnnnnnn T.T.S Dy4 P.H. D (Dy3

10 1.0
0.5 ! H 1. 8ns 0.5 ﬁ N
0.0 = 0.0

-5.0 0.0 +5,0

0000000000000

X 2.6: 1 EEFMLEIIHTTEY I 2L —Y a3 VR
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2.2.3 TY—4&—[OK

Frithigs % s d 5 FHM p KR » U —FG B BERR e Tl CEAHEEED - VI
PORE pe MUKOABVBIFING, 2O & )R KABFELRINTT S0, NXVAV=7Y
TARMESE, FAFIv IV IRBRELLTHIEVRETH L, T T, 20 42 FAE PG
BPEDYH ) 1 2OEELHLL TV —F — W0 EELE {17k - /=,

20 A VFHEFWGEEDOT VU —F —[ulighs, EERN —EDFENET VY —F —[ui§TH % DI
WU 17 A Y FAEFHGEE O Zhid. BAKBH T CRIBD & BRBAC I > TRMEREZ BTl
T=N—=T V=~ L T2, BREEEZEEL 2 £ £ AgPEREZ KELL T LH b
FICHiJo AL 5, ik, B OB FHENRKL | ZEER O ER S & b E Fihs
P ensnreTh s, Ll B EENE R LB TTORMETE 2 5 < 3EL . ¢ dEir
DB 2 THZ e TH/IoRFIZFIE. ¥4 FIv 2LV KRELTHILNTE D,

M 2712 17 AV FHBEFHEECHHAT LTV —F —LlEN %2, #2313 2h ZThoikbifie =
VT —DRBEEIRY, TN T VU —F — OB LML 185: 06:34:5:33:1.7:1
01:1:2:3:4THY. 2K0HFUEIX5.32 MQ TH 5,

K
PI R19 ¢(¢7
F2 F1 F3
—< i
Dy2 Dy3 Dy4 Dy5 Dy6 Dy7 Dy8 Dy9 Dyl10
=:
R1
+HY =
2.7: 17 4 Y FRBFHGECHIT 55— 3= ) —5 — [l
PRT No. | REQ’D | Description || PRT No. REQ’D | Description
R1 1 2.22 MQ || R12 1 480 kQ
R2 1 72 kO || R13 1 100 kQ
R3 1 408 k) || R15 1 10 kQ
R4 1 600 kQ || R14, R16~R18 4 50
R5 1 396 kQ || R19 1 75 Q
R6 1 204 k2 || C1~C3 3 10 nF
R7~R9 3 120 k2 || C4, C5 2 1000 pF
R10 1 240 kQ || Ce6, CT7 2 4700 pF
R11 1 360 kQ
* 2.3 7Y —F —llhofifiis 2 v 7 oYy -0
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2.2.4 TS

17 A Y FHEFGEINT T 4 VA ANVPCE PN D20, 85T 4 VI ANDHEEHLS
52 ekl HOBUHEHO SH RS EER 2 TR 2 T RIT R 520w, 7Y —5F —[al
e = — v #lodgo Pl Eh T Y SR EZ NI TR Y ROBETH O TH 5,
ZL T2 2 RX L R0ER e T 70y 0-V 7, 770y 7 =7 2T 7 7 VIVoESE

TEREL TH L. M281C 17 A FHBEFHMGEOT Y —F —HlolitilisiE Z /x .

PANEL
80 MAX $120 (770, &8)

< 50 820

< 1 PCB ASSEMBLY

= (<o)

S s — ;

fmg i e e - I W w
A/// POTTING COMPOUND
% (MG-151&HY-306

7FI0V7~T ¢ mfg. BRI/ vTR)

7™ .

7FIOVRPRF2-T

JRT I =TW
+HV;RG-316/U( 11SHV-50-3-1)
S1G:RG-303/U(11BNC-50-3-4)

NNE: Db i ]

1RE ) DR
BASE (PE;211J.868)

104

CASE
(770w, &E)

EER&T70¥0-Y Y7 (P58)

. FIoyF-7

X 2.8: 17 A ' FHE FHMGE DTV —F —FolfitihksisE
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2.3 HETHEMFLEOZFN
T ZUCIE EHE PR OYEAER R R RFHES DV ORI 5.

2.3.1 EBTHME

KT ASIL 72T 7%eb b 7 o b VITEEI CAERIRE S L THE ACEIBEINh DM, 20
EE 2 RL 12 b OB FHETH 5, B (QE) 13EEMD 6 i 2 8E 12 AYPDE AT
o ECERINEHE - N (%) THREIN D, IR FIROLETNOZFEEGITKRE Y
WE AT L OTHADHEFHEE T k> THR AR L 5, [ 2910174 v FAEFHGEORT
MHEZRY, Zhlid. 1300 KD 17 4 >V FHREFHEED 5 b 65 RKORKPMET — 72 L Db
TH D, KL 65 RoFIEEZ KL . silIZh ZNmARE, M2 ERT, £z FIHE»S 10
BN 72V 2 B CORT, B & 912, 350nm 25 400nm DIENIRT OB FRRIIHN 22%TH 5,

‘ 17 inch PMT Quantum Efficiency |

~107
g
w
(o4
10
o
s
7/
i olid line i : Mean
Dashed line : 1o
1 otted Jine | : Min..and Max
1071\\\\\\\\\\\\\\\\\\\\\\\\
250 300 350 400 450 500 550

Wavelength (nm)

X 2.9: 17 A > FAEFHEEOR FRIE, R FEMEZRL | AR E, SoMEZRT . ik
MUT-FLHED S 10 BN 2 (LE 2 R T,

2.3.2 EIRHEEEK

FETHIRRIL S 5 AGDERICHTT 2 H Y — K6 0N A (H Y —RERR). &7 /K26 ol
JIEAL (7 / — K i) otbe U CUEF S S, . ASPEDEIRE U QI BiERE 2856K 0 7 > 7
ATy TEHGD, Lht> T, EitliEE G I,

G=S5,/S (2.1)

LIEFESND, ZIT, S EHY =R — &K, S IE7 /) —F V= AR HIN G, S 3t
WPZ 2856K D ¥ 2 7 27 5 T 6 D AR (1075 ~ 1072m) IZx 95 h Y — K Eiftdo K& &
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THY., S, 1 FLEM L ALK (10710 ~ 107°1m) 10T 57 / —NEHRDOKESTH L, ZThb
X, AEFHEEORELRT oL L UELNTEY, ucb FERELMINsbobH 5, HE
JE (Sip ) W EUERE 2856K D7V S ATV T VT I DMTHE T AN T —2BL Iz EDHY —R ) —
AVRETH S,

HEFHEEIC T A SHMEE V & EREIEER G O BRIRo L SicEirh s,

S A — R OFE] ZRETREEREZ 6, BIEEE2ZEL L &,

§=A E° (2.2)

THbH, 22T, AFER. aldF A —Fofe, MEICEk> TRELMETHY., 529 0.7~0.8D
izl s, LIzD>T. NEBOX A ) —R 2o 0E F NG E oERIEIEE G 1.

G=0N=(A E9YN~{A. v (IN—KrW (2.3)
<o ()T - |
EVIHRNTRE D, LEL. K. bid, HEFHHES LICEE2ERTHY ., 17 A2 FOLHE FHfE
BoWG. b=a-N=6~8ThH 5,

2.3.3 [BGHRIEER. BE/SIVAK

HE T EILELRERCH 5 & ST RERZ /L TBY . Z 0% PR (Dark
current) £\ D, /o, Z OWEEFD 5 b 1 {HONXE MRS L T IKEED 4 r0 1 0
DI E D% /31 23 (Dark pulse rate) & EFKY 5, Z OFaEERICEN S 5/ A X3CHE 1FI#
fEE OMILEE) 1% D 2 BB BINTH 5. Bl 22 Jf N, L@ & B Sh 2208 1
DELHDTH D, HEIPY A/ — RITHH SN TS MEHIIERICABEEDMNO 20, RET
YEE TR RNT 5, ZOBENY £ ) - N TR h CRfERE L il /1dh s, LrL. 2o
B FOVERIRRIC IR S h D HERIEH F VS RV DT, & — 7 7V 2D 1 8 OB
BEDLDWIEFLAL TH D,

ROV ZRIIHEFMGEZHEL 22 ERL KE L. ZhPBL Z0iciid L Ttnl, k.
OV ZKIT YIREIC U IREL TBY., KERZAHLBE FoE2BEA 528 TROTI &
MTE 5, KamLAND FENCBNTE, JEE FIEEIZR 10°C OBRBEICENN 5 720 /80 231
M KHz BIEICR D TETH D,

2.3.4 E—U /1L —kK

17 AV FHREFHLETIE, 1B FOE -2 2 ERTHZ MM TE 5, AEFHMGEIC 1EET
ML HZ L CZ &Sz ET 52100 &Sk s, EfHlorb EAt> T b
NI AZFSTH Y. 300 F ¥ > RTINS 1 KEFOE -7 BE & e A T80 5,
Zo¥—7ONIFS, TabbIx V¥ —Fite LatEEe L -7 NV —HEHW5, Zhid
1 E ALY AT U CTRE FIGE» & 18N 5790 2D REMIT BN T, ¥ — 7 ORE(E
ERDOWEEDOHTH S, 1L Has 1EEFE—-IMBRATNWSEZ2IlRb, M2100E—27 /N
VI3 3.98TH 5,
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Pule Hight Distribution at Single p.e.

@
5140
[e]

O

120

100

80

T T
—
——
—_

60

T
=1
p—
=
—
L=

40

20

L 0N dadlanl b
200 400 600 800 1000
ADC Channel

=
EL‘L
—

OO

M 2.10: 1 ¢E Fo =0

2.3.5 ERRICEFME

POV 2 HEFIHATEIC AL 72 & F1T. 2o MBI & 2T BRI AFPDEE HELL T
L% RY b ONREHICERETH V., B EITRR (Transit Time : T.T). & ETRRAAYY
(Transit Time Spread : T.T.S). .5 A% Y K] (Rise Time). .5 A% K] (Fall Time) 72 &A%
B5. K 21112H D & IICEFETHR &3, 7OV 2E0OLEC AL T o T METHE —
JICETLETORMOZETH Y, b YR 25 PV KFE]) &1d. 2OV 208 AL 7z &
&, HEFE — 7D 10%~90% (90%~10%) £ TCEALT HRfloZ & TH B, £iz, EHET
FFRNIEHIC —ETIFR SR 2 D (K 2.12), €06 E 2 EHFETRHAAD L v ), Zhid,
121 2OREFOEFPUEORNCE 2D D TH Y, KENT BT AN b OFRAERFH O RERE
ZHIRY 2 EERFENTH 2,

Time

light

Rise Time Fall Time

PMT Out put

Transit Time

B 2.11: FERISERME oM X
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Relative Transit Time Distribution |

Counts
T

200

T 1T
[

150
100
50
07\\J LAl Ll Ll \\\J“J“A—\An\\i\r{\ Lohal Lohalnl
0 200 400 600 800 1000 1200 1400 1600 1800 2000
TDC Channel

B 2.12: Mt 72 8 7L TRERI LA A

e filx, A —RNHEEPHMERIC LV EATZ2LDOTH LA, [HL b DOTYHH4ZDNE
FHRGEEICHERRDN S, 174 FAEFHGEEORG. Vb LY KX ~6.5ns. 5 T30
R, ~15ns. BEFETHIIE ~110ns. EFETRRIHA VL. ~3.5ns TH B, T 6 Dl 20
A > FAREFHMGEIC L SRXNTIEFREN/ZETH 208, ZhIF 1 ) —NiEiEE Ry 2 2&T 1> -
T —AAMNCEEL IR TH Y. +RFRMREER GOSN TS, 2131275 A3 KR,
VB IR, EAETRRICOWT, 65 ROKIMET — & 2R,

Rise Time Fall Time Transit Time
< 30, < 30 < 30,
5 s 1 5t
3 3
£ 2
2 2 2
& & &
20 20f 20
[ o
1! 15 1
L (| L
(. L L
10 10 10| JL
t : - - : J
L L L] L J—L
5 5.5 6 6.5 7 75 8 8.5 9 95 10 10 11 12 13 14 15 16 17 18 19 20 90 95 100 105 110 115 120 125 130 135 140
Rise Time (ns) Fall Time (ns) Transit Time (ns)

M 2.13: 17 A Y FHEFHGEE O S ENY KR, 25 T30 K, B FEITR O A, EX
VB E YRR, RSB I R, ARIASE FEITRR O N TH B,
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2.3.6 HhY—K&7/—F—tMH

HY =R —kktk 1. HE o AJPEDEIC L 5h Y - NERO oz e THy, 7/ —
K=k, 7/ —Nii/jo—KETH 5, ch bk, HKEAYHOZEEL]—M. eEFoIR
W, “EToMEERE COE FHKICE b THY., ToMEL L T, AIPEOMEIC & 5K
JEDORE—MRRON D, 17T AV FAEFHEEDO Y — N —EE2 N 2,141, 7/ — N —kik%
2151017, 2hbid, sOEIHE L T P.L.P.(Pico sec Light Pulser : 410nm) % T x il y il
e ZNTNAEEEATCHEL bDTH DL, hY —RNERITFEK 20%. 7/ — 8 i/ NdHEk
10% DRI — MDD 2

140

120 =

100

80

60

40

Relative Output (%)

20

-60 -40 -20 0 20 40 60
Position Angle (degree)

X 2.14: 17 A > FHBEBFHEMGEDOH Y — K —kkik

! 1
X AXIS

====Y AXIS

.

Relative Pulse Height

PR S W WA T T TUEE R IV

Position angle (degree)

B 2.15: 17 A Y FHEFHEED T ) — K —Fk
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2.3.7 FTYVNIWA, L—=F/XIVA, PI2I—/1IVRA

HEFHEED L NAIIERDGEFTOMICRD 3 2DEFVBHISh 25513 H 5, X 216127
NZhofta% xR,

Late pulse

After pulse

X 2.16: FUSIVA, L—hUV A, 778 =)0 ZOREEX]

FJUNRILA

LB THEEIC AR 7GR & EEMIR 2 T, W5 A — R COOLERE
t_b“o'c FEBLT 2., ThBIEIh TSN BESET VRS, LERST, IE
BOEF LY, KEFIVEER L 4 1 ) — N Of%ETT B0 (~55ns : 17 A > FRE FRfE
B) LIRS BIsn G, £e. TV NV ZAOEEEFIERO FTOMSEOBNYO—R L EX 60
%, ¥ PIZIEH—F A 7 — R CREMRL R L GG, IEHoRESRE X ) —REFoH
RIS 1 Bk 26 TH 5, 17T AV FRETHHEEORG. IEROGEFIIXNL TF Vv 20 HE]
GIIN 1% TH 5,

L—b/SILA

MMM TR L 7B TR L OIEIH—F (- R TREF2 IS, WHRELZ R L
CEEMMNITE TR - 72, IHORREHIC LY ST —F 1/ — I\“C_ﬂ(%?%ﬁi(ﬁj?é z
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NSRS TSN EFE2L — R UL RE V), LD ST, EROGS LY, KEAEE
e —% 4 ) —KOMEEET DR (~110ns) 20 EL 1SN 5, 17 A FRE TGS OB
. EROGEFITHL TV — b 2SOV 20 EIEEN 4% TH 5.

728 —/NIVA

B I E NERD RN ADHE ALV A F o MbEh, EAA VAR EED L SRR & A
J—R EHENRERLE L OELE 2B S22 ITENT S ) A X2 7 72—V AL NS, T
TH =7V AN K E e ) A X T, IEROGET LY. Bl us BICBDI ., Bt us ORI A -
TW5s, 1ITAYFREFGEORG. EROGFIIHL T7 72—V ZDEIGITN 3% TH 5.

Bl 21727 U0V R LV — b 2SWVAR, PIH =NV AOFEHIHZRT, £z, K 2.181CF V)0
A, V=KV R, PI7H =NV AITONT, 65 KOIRIMET — & 27~

R7250 Pre & Late Pulse 98706724
TYPE No.: R7250

SERIAL No.: ANGE38
Ebb : 1728 [ U] Pre Pulse = 0.933 %] Rrasa AFTER PULSE
ATT : 18 [ dB ] Late Pulse = 3.901 [%] o3
. . T T T
THE QUANTITY OF INCIDENT LIGHT : 1 [P-E1 SINGLE PHOTOELECTRON EVENT
(D :250%]
.
18 4 1 1" 2
o it
- 2
Z 10t
H
s 10~ 1
w 1
o . L SERIAL No. : AAGD38 Ebb  : 1720 (W)
S 10 o 1° 0
@ THE QUANTITY OF INCIDENT LIGHT = 8.7 (P.E)
= THE OCCLRRENCE PROBABILITY # ONE P.E = 3.236 ( %
-150 -128 - » 60 10°-1 ' ! I
150 -128 -9 62 -3 0@ 30 % 120 158 0.1 8.2 16.4 24.6 32.8 [ uSec ]
TIVE (nSec)
M 2.17: TV ALV =R NV R, 775 =)0 2D FHIN
Fepue] (e P [terpue
£ 30 £ 301 7T
5 g 3
201~ 201~ 201
1! J 15 1!
10| 10 10|
Iy : | i : L
0 05 1 15 2 25 3 35 4 45 5 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Pre Pulse (%) Late Pulse (%) After Pulse (%)

K 2.18: FUNIVA, U—RIVA, PIHZ—=N)VAZADNM, ERBST U2V A, REMS L — kX
WA, HEDST T8 =)V ZADNiTH 5,
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2.3.8 THFEME

KOBOAE FHHEE L, KEE»SH ¥ 1 ) —F £ TCoRREVOT, AEA 6 RO
L 726 AN (MUR) o B Lo a—L oY 1R Z o ELT 5, Thbb, K
B HEE RO H 525G, AETREFERPUEZ IS TH—4F 1/ — R 20w cEil
DI 256050, 10Kk T2z EX N5,

17 A FHEFHGEEDOT A7 —RIEH 2.4 0 X D1 y Eic it L B2 BETH 5720, K
EFD xWAMCIRS W D & ST b b y BRI O BT L TR T 2 & b
héo

. NS % -150mG~4-150mG T 20mG I A LS ®, LED(E : 450nm) X%
t*ﬁh SURL 72 & & o 1R HIEL 72, IR O BEEITITANIV LRV 3 )V & Hvnz,
L.E.D Ye KU E & R0 EFE K] 2.1910 . HIERIRZ X 2.20. X 2.211RY, Bho<—271%
R24ITRTEBUVTHDL, T, é‘(@«ﬂﬂ%\'ﬁ\&i\ e, RUHVE M O ITRSEL Tnhs,

c M D

B | E
ABCMDEF
A F A
y X B
C
z M X
\ 0 y
§ i
F
Side View Top View

X 2.19: L.E.D D& A4 J — R IZHd 5 WEEHAv &

Mark Point Distance
(inch)
O Point A | -9.7
Point B | -6.7

A Point C | -3.5

X Point M | 0

A Point D | +3.5

| Point E | +6.7

o Point F | +9.7

#24: M220. F221Ho<—r—&
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In
N
In
N

[} [}
= - = -
g L b . £ L = ' . 8 0o 9
] "y 3] 3 [e) L ] | I
o X 1" 54 o ® = nu
£ EEERA S LB Sy
P TrERRE
LI S a8y o4 é e L &
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
L . s 888832828232 L
07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
-200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200
Magnetic field (mG) Magnetic field (mG)

X 2.20: 17 A > FEE FHMGE O ER . <l Bz e 20720 o, ERNIRE MV E % < i -
T, AT yih ECELS AR TH D, Rhov—213K 24 2B,

° 1.2 ° 1.2
S L S
< <
< L PR | < L
(3] . B 3] o
L r =" ) - & 2:°
2 1 '::AA " = iiaﬁga."
% H ¢ x A p O 8 w & % H 4 E g LI 4 g % i [}
o L A O g i @ L | X
B AlD A L ;é X 5]
0.8 a 0.8
L I o L A
L ) L
0.6 0.6
L A . L
0.4 i) 0.4
|- o |-
o
L o . L
L o L
0.2 e 0.2
’
L o o L
L > o o ° ° e e L
07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
-200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200
Magnetic field (mG) Magnetic field (mG)

I 2.21: 17 A ¥ FEEFIHGE Otk vy ik E2 20720, ERNIRYHVEZ x ik
T, AT y il ETECS R TH D, HFo<w—213K 24 2B,
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HEDORHRIC LB & yili/sa £50mG OREHTlX, FUPEERN TR EEOI T RE L
ZAHTC, W8I0 TREENS, 2. K220, [2.21 DZNZFNAKDO, @D IHHHTE
WA REREI e O TER ., KamLAND EEACII ML ek % i HliH= AV AR, T
DHEFHGEEONVE COME% 50mG LINICBEX 52 W TELDT., BIBIC L D8I HRC
e iBbh b,

2.3.9 ASABICHT B8TM

223 MTHRNL LT, — IR FIHEE QL NI ASPERISHL THRUETH 208, 5
Ll EDJeR % b DN AL 7ot oI AL 2, 2o, F2LTT Y =4 —[4
BOBENEIHIC LV IREL b DTH HH5, HEMTOR FRE, “RE ORI bk 7z
O, T oL R 4 OB FIMEETIES 2EBH 5, 174 F B FHEEO L/ NTHT 5
MIUMETH 4 TETHL <R32,

2.4 204 VFNAEFHELENODHREDELSD

KamLAND EENC BWT, FRCEELOCE FHGE ORI MEED M Lol ¥ 4 7 — N KiE
., GIBACR v 7 2, e 9BATT A - T x— A AMDF 4 ) — R EHwiz, Zoik#Etsh
eH A7 —RNREICED ., ERD 20 1 > FHEFHGE OENMREL KD TIC 1 LEFETOH
Wl RERIOYMRBRC SN 7o CE P AT AR L 72, FRCRFRI M RAER R E HETRF A 0 23, €
KD ~ 5nsH S ~3.5ns I KIEICE FL 7z, LA»L. ZOEHEICLY, SEEIEVIEEOE FIEER
L RIS+ TR R > 0, BRPEEN%Z 17 1 > FICHIBRL THEHT 5.

TN —=F—=FMNE, FAF v IV IPRINT 2720, T—N_X=T V=¥ -2 MHHT 5, /.
i avF oy — 0 FREZBUNRSZ 212k, BT U X 0 7R, JOEREMS AL 72
HeDF—N—=a—hKENnTn5,

X 2.22 1ICHE SN 72 1309 RD 17 A >~ FICE FIEE OFFIEE M L 635 AR SK20 A > FEE T
WEE ORI & O Z R, 20 4 ¥ FOLEFHEE DT — 213 1309 AN BHUEL TH 5,
IhHDF —2TEMA N =27 2 kY WERRCHESh 72 b D TH 5,

[ 2.221ckse. 107 A 252 HHNERIZV 4 EDITR>THREH DD, T.T.S. Tl&. 5.4ns
A6 3.1ns. P/V Ratio Tld. 1.72°6 3.4 LHERD 20 A > FOLEFIMGE & L THEREAIEELIC
M ELTHB0000 5, R0 1077 A v 252 5HNERE., # 2.3.2ChkNLocr >
AT ST 0NEHCTHESNTOWSA, —fIC. HiptToHlE s )V 2K ToHIE
TIREIL 7 A v %52 DHNEEN R 5% & 5ulEMD S 5, KamLAND BiigsNTcos o~ F
V=3 g YHRII ANV ZNTH 57280, HEFIEEOHMEREIZ IV ZETHES N 2 b D& H X
ETH 5D,

ARFFETIE. 7OV 2R Tz 1B MY & 5 107 7 A v % 52 BEIEEHIE S ASeRE
WP 5O HEER T8 5 72, ITOTETIERZoWES R, fREIRN5,
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Entries/bin

Entries/bin

Entries/bin

20 A ¥ FHEFHGEED» S DWREDE LD

300

200

100

800

600

400

200

500

400

300

200

100

R7250 (KamLAND 17inch) .vs. R3600 (SK 20inch)

R3600 1
(normalized):

R7250
mean
RMS

(1309 tubes)
7.95
0.51

R3600
mean
RMS

(615 tubes)
7.54
0.56

Entries/bin

Ny

10 12
SKb (uA/BIm)

R7250
mean
RMS

(1309 tubes)
68.9
41.4

R3600
mean
RMS

(615 tubes)
172.7
126.9

Entries/bin

e |

L‘*!’%LJ J,L,\ S

o

200 400

600 800 1000
Dark current (nA)

R7250
mean
RMS

(1309 tubes)
3.07
0.29

R3600
mean
RMS

(615 tubes)
5.39
0.67

Entries/bin

| rlee

6 8
TTS (FWHM, ns)

300

200

100

400

300

200

100

500

400

300

200

100

R7250 (1309 tubes)
mean 2045.
RMS 171.
R3600 (615 tubes)
r- mean 1895.
- - RMS 131.

1600

1800 2000 2200 2400
Supply voltage at 10’ gain (V)

R7250 (1309 tubes)
mean 22.1
RMS 8.5

R3600 (615 tubes)
mean 27.9
RMS 13.7

Tt

o

60 80 100
Dark pulse rate (kHz)

40

R7250
mean
RMS

R3600
mean
RMS

(1309 tubes)
3.40
0.54
(615 tubes)
1.74
0.43

2 4 6

P/V ratio

45

X 2.22: 1300 ARD 17 A > FFEE FEE O RN, MK b =27 23 ERHCHEL 72 DT

H5,
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B3E 1MATBFHYKICLDI105M 2 H5EABH]
MELDRIE

3.1 WME

KamLAND EEDO FR HWFRZ 2V X —=a— Y bzt d sz Th b, KRexEH

TEWEY v F U —F—Tl&, IMeV DTV —HENS - 75 EH 190 E MYty > F
V= a UADRFRAET MY, 1 DONE FIHEEIC AT 2 MEE 21 LB Y ETH L, ARV
FoMUF—lFey FLAEEFHEGEORICL > TOT S0, AXVEDIRY ZIFLN ) AR
DBRAZ i< e DI LT ONEFHMEE OBRIMIER (A ) B2 55T ENRETH B,
KamLAND EE¢TOREROYHEB R OMINI IV 2 TH 2720, S oHETIE. 2V 2 EE
T 1 RE ARG 2 6 F G E O R 2 N7z, 2L TV 20 L D HIE S 7z
10" 7 A% 52 HINERELZ FET S,

AWFFETIE. HIET B AE FRAEEDS 1300 R BAIL W20, [HFFC 6 D DB FRHMSGEICDOW
T 1ARE Y ROUE L AFDERICH T 28N (V=7 VT 1) OHEL T X 2HE L -IEL
7zo THUCT KV, 1EFMLEOMETR I 6 BUTEEFM Y DN E TCOHELRITR DI Z LN TE
L, i s Has A 12 H6HET1IHIC4® Yy FEt 22U RKDHIERZ TR 5Tz, ZOETIE., K
BAREE, 1B ML 107 7 A4 v & 52 ZEHNMEREOHERH RIS DV Tk S,

3.2 HEAE

7V ZKNE B DL D L HEED END =%, HEFHGEEZ BRI 1 BRREL o0 b,
HEZBIIGL 72, BV 2K 20kHz FEEIC R D02 H R Lz, AYERZ 1 8E ANt
L CZDRFD 170V 2122 T ADC & TDC & FHW R M & R Z HIET 5. 2 D40
W6 P/VHE TTS2RKDDILNTEL, 20L& EDNEFHGEOHNEEITEME N =2 2
’i@@ﬁﬁ:Lﬁ%%mwfmiéntuﬂ#%x%ﬁxéﬁrm%ﬂwmabfﬁ%?éoAW

K L TEHRAY — =% HL ., K77 AN=IT LD 17 A > F OXEMIC LN T 5,
1mﬁ4/&¢x5@rm@mzum@;o AT 9. 1 EE MY EoHER. AYDERE%E 100 ¢
EFMYOERERICEUEL [EARC B & R M2 HIET 5. ICEREEE 100V T2 MF 2236
[EfRDHIEZ 5 [0[f17% 5 2 & CHMERIC N 2 &S o z2  HET 5,

1 EETFHY EOHEN? S . & O HINEHR T O ERIMIEER Gy 1 ZEEME V. EMIoE — 7 (i
% Q. WEROHIERE AT 5bL,

Go=Q/Ae=K- -V} (3.1)

Y5 (R (2.3) BI), EL. el dEEH (1.6x1070[]) TH 5,
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T, 100 AV 252 HEEME VI,

10" =K-VP (3.2)
ERINDLDOT, MRDHEL B L,
B Go %_ Q v
V=1Vj (51T7> = Vp (;KEiETf) (3.3)

TH 5, b OMEFENEEH T 2 WEAMIOI—T 27 49 hTHZLICKVRELDT, N (3.3)
MW 1077 A 2 52 5HIMEREZKRD B2 &N TE S,

3.3 RIERE
3.3.1 BEFg
] 3.1 IR S % AN M2 RT, BHE. 1S oOE PGS 2 IET 2720

IZ 6 EDBEHI TSN TS, o, AETFHEELFTET 5 M SEANMEZ LT 3% F2 Tt
FWCLTH D, KT 7 AN D AFPUIHEHTH O TR & AR S ¥ L HiT Fc s
TW5, HoWE, M, KIS ERE 17 A > F OERIC LA 5 & 2 IBEL /=,

1300

light

S
-

~— 660 . =600
i 3960 f f 850

M 3.1 WO E 91 2, Wld (mm), FHEEADA -0 A 2o TH LHATH 5,

AR 2.3.8 fliTH IRA7z & S ITHIESR I 0 28 0 IR 2. NG % 8% R8T 5
PENS L, FZ T, ZONIEZ I B 7290, BHL2ERZ2 BERofnX—<a A L) 4E
T, HOARXA=F = HOTHREHNOKFH FOSRTHEELZHEL 722 AFK31DLII
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2ol O ERE BRDOMEIEN 3.21RT B TH L., [FRTHEOKE STITT 50mG
PIIcBEX 6N T A0 TCRHERWE ZX b5,

WHiZ T2ICBE L TEO D 0 E I F =2y VL Iz ZAZEDRZENPSETFO OIS -
2O THEMIEHSRZEETE Y 2 LIcl &, £k, AEFHESEEOL ISV RS ) A XD 5
ZeMLIFLIFRAN, Zhid, BRRIAO -1 A LXEFEEOEEr -7V, 7
I =TI DRI EERL T ieiedTH 57z, 22T r—7 ) & RO Rl % il . i
HetkzEtd sz T IO AXE%EL 72,

No. | Axis| A | B C| D | E F
1 X -1 162 -2 | -17| -5 | -2
y 26 | 35 | -35| 22 | 42 | 56
2 X -18 | -57 | -9 | 14 | -14 | -19
y 36 | 40 | -33| 35 | 20 | 61
3 X <121 -34| -3 | -15 | -11 | -22
y 40 | 34 | 14 | 43 | 3 | 63
4 x | -17|-47| -6 | -27| 16 | -30
y 36 | 36 | -5 | 41 | 11 | 60
5 X 9 |56 1 |17 | 8 |-20
y 34 | 28 | -10| 38 | 28 | 53
6 X -5 1 12017 |-12 | -8
y 30| 7 129 26| -5 35

¥ 3.1 BRI O OHIERR. BT (mG). G, HER A~F OEIXE 3.2 B,

L,

C

X 3.2: WEHIN Tl % WEL 7o (Ll & RO EFé, MFIXZ EoEE 125em ORTHY, b &

DEWR—F A —FITITH 5,
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3.3.2 X¥%

2SOV 2RI E L 7z 72® . Laser Photonics D #E AL —H — (LN203C + LD2S) % #H]
95, LN203C IZE £V —V —AIKTC, LDS IFF ATV a—NVTh b, EEL —V—RIREZ
337.1lnm CHLDT, FAEY a—VEHWLZ L ThEOFER L £/ 7o X—F -2 LY RIRIKE
PP 72, T80 IRL BEDSKREWZDT —F RIS DR L TE 5, SulfTh - i
EIXAT, RIRBR 420nm. 0 RL BEUE 40Hz THEHL 72, & 420nm 2 EBAZDIE. Z D
EMY v FU =Y a v HOKREICHL, 2O EDL —HF—HOE -V TR LX —NRKEVEOTH
%, #321CV =V - EIRT,

Name LN203C LD2S
Spectral Output (nm) 337.1 357 - 710
Pulse width (FWHM, ps) 600 300 - 500
Energy/Pulse (uJ) 100 Dye Dependent
Repetition Rate (Max., Hz) 50 50

3+ 3.2 DEMEL —P— LN203C DRI

V=P —FAER. ND 7 4 V& —728 Ao ABFTMIO %1170 5 120 DX%EE % Ah 5 Rifh % f
fEL 7z, 2 DY A5 LI ko T AR Z L BH N OEE PG EIC IV 2R KD, R0
BN % X 3.3 7~

1

Black Box 7&%
Integrating £

__ Sphere (1) 9Fibers

Z/\/ \/\/ @ b @_:18 D 17inch PMT

| ,,,,,,, YA 1A% (1) —= D Monitor 1
. PR
Mirror
\ @—— H‘ D Monitor 2
H HH AN 14, 14,18
‘ \ Beam Spliter N2L aser @__ m D Monitor 3
1/4, 1/400
ND Fil
w @—— ‘ D Laser Monitor
12

X 3.3: KRB,

RIRL 72V =P —HT, FTE—LAT V9 F—T 220N 6N b, —HEZDEEREAERC A
D, BT 7 AN—RiMl>T2AVFHREIFHMEECE=F—EN 5, ZOROERITIENERTH TS



50 Wa3m 1 E MY KD 10" A v R 52 BENEE O HE

O—REEIHE SN TS, ZL T, EORRER & AE FHEGEOHDO ND 7 4 V¥ =12 &> T 100
HEFMYRCHIIEh TS, ZoBREONRMITTIE 2 4 FAEFHEGE O L/ NTHMNETH 5
DTV —V—DRNBOE=F - L (FHTES, DITZo 2 A4 v FAEFHEEL L —V —E=
B—LMRZ LTS, V—H—F=F -3 —F—HOIREDX 2 E=F—FT 50 L [T —
s —IRED NV —DHERT,

MFoNIcy 5 —HOHKEIND 7 4 V¥ —CRESh =&, AT AY., 6 Ko 17 4 > FXHE
THRGEL 3200 2 4V FHAETFHEECAR TS, ITZD 3202 4 FLETFHMGE L LRE
ZH =13 S ICT S, HBE=F — 131K 126 3DICKE R EE=F—T& 25
K OICHERFIDO ND 7 4 V& —THMIL T s, ZHIERHNDO ND 74V E =12k >T 1T AV FH
IS ANT KR (ZHIEND 74 V7 —DREEP S RO T S) 2 E LS e & K
Ol APt ZEN R L RE= Y — DI JOEER L THENE SNEFTRNL=0I1CH 5.
ZhZV =7 VU7 1 OHERICOETH 2 O THANTHE 4 TE TR S,

Flo, STTHOWTWE T 7 AN—ELT100m TH L, ZHIEFV —F-BRIRL e &/ A
ZEHiR 120 TH L, KT 7 AN—2FELLTHI LT, JA4AXLD L ENTEIEE FIMGEIC AN
THREDHEFMEED NI ) AR NHETHZ LN TE 5B,

333 ILIbhO=I R

T=AWEOT Oy I F AT T T L %R 341TRT, 17 A ¥ FHEFRGE» S OEFI1E 2 2120
e, —HIE ADCIT. G TDC DA v FICEH NS, TDC@ZF/i@?%WéT%Xﬁ
VIRAH— @L%mmi L CONEFHAEE CHEMEISHLEL UV RIVCRETHIRETH D,
L2 L i & L THW 2 N C 2T B FlTE O MIEERN 2 5 5> T b LIRS iz
&l % DI FIFEE T 1 B AT 2 B EANE S D L u[REMDS S B, L 7208 > TA [T RgN Hl
FEL 72 6 RONE FHMHEE O 1 EE T ETOREED 1/4 DFEEZ L D, L Wiz —H-57.5mV
L%,

%§%~5wqwswﬁ%i%®iiADc’E%hé ADC O — bk & TDC DAH — ~iE
Y—F=F—DRNUF =D =RV =XV A ¥ =Tk >TESN, 77— ML 200ns & L 7z,
a%‘bvﬁ#u4thﬁéﬁeﬂwaﬁ%muha?hi‘ﬁ%mﬂﬁ#&X

200 x 107 9%s x 40Hz x 20kHz
40Hz

TH 5, HETR SV ZAEKD 20kHz BIEICR 5D % o> T 6 TR > T 5D THICREIT v e
HEAohb,

1B YT 5 17 A FAEFHEEGED S OEFITEET 4amV BEL NS WD T, 7
VI EHOTESEMIEL Tnb, £z, 0oV =7V 1 HIEFIC ASPEREZ KEL Lz &/
DICT T =aTfF—% ANTnb,

LT ONETFRGEDPS DEFIEAT —F =K, BV AKEZHET S, £z, V—P—F=
=oAL F U ARE B EIC i@ﬁﬁﬁ%ﬂif%éo

x 100 = 0.4% (3.4)
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Tecallygacncomhg
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Att

-

17 inch PMT X 6

L=

Monitor

60m

Att

171ns

X3

60m
Fl 79ns

Delay Am

MT

f Delay

Laser Monitor

159ns
-40mV Del
Jm’ [ clay
Discri. 200ns
Clock
G.G

Scalar

IN/OUT

| ADC 0-5
-57.5mV
F Discri.— TDC 0-5
B I Coincidence A
| ADC 6-8

Coincidence A

ADC 9
TDC Start

ADC GQGate

Coincidence B

€€

A

19



52

3.4 HIEZElE
3.4.1 ADC & TDC D#kIF

AL 72 ADC & AJJ@EHEE ADC AWy e olfhe . TDC K%L TDCH Y > ~
B olGEZNFNR3.51CRT, EMHLZ0~9F ¥ JNVOFEREEISITRT., £bB6 b
FEEIC R OHAAIBARICH 5 Z 30 - 1=,

Wa3m 1 E MY KD 10" A v R 52 BENEE O HE

Charge (pc)
©
o
o

7001

600

500

Ve
/./
4

o

400

Vd

300

200

Pl

o

100

r//d/

-

o) I AR A

0

v b b b b
500 1000 1500 2000 2500 3000 3500

ADC Channel

Channel 0
200
72000
s [
£ 180[-
= C
160/~
140 ‘//'//-
120
100 (/;//'//
8ol //’//://
60 H//.//~
40
20:‘//’//‘/
07\\\\\\\\\\\\\\\\\\\\\\\\
0 500 1000 1500 2000 2500 3000

TDC Channel

3.5: ADC & TDCOF ¥ VT L=y a Vi, Fy oI 00ART, GRIEATIER L ADC
Ay Mo Btk ERIRRZEE TDC A > Mo BE%,

ADC TDC

Channel | (pC/ADC counts) || Channel | (ns/TDC counts)
0 2.79 x1072 0 5.58 x1072
1 2.85 x1072 1 5.53 x1072
2 2.78 x1072 2 5.51 x1072
3 2.77 x1072 3 5.57 x1072
4 2.81 x1072 4 5.56 x1072
5 2.69 x1072 5 5.55 x1072
6 2.79 x1072
7 2.79 x1072
8 2.80 x1072
9 2.73 x1072

# 3.3 BF ¥ Y XV OHERE/ADC AV v I KE/TDC A Y v MY
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3.4.2 RAIEZRDEFE

1 EE ML E MDY — 7l & EREIER % R 5 7z DICHIELROWIERZ JIEL 7.
WESERT, EEFEE D170V 2o R0 ICHIZEGE S &2 WERC AL . AR CER &
ez e b2 e THERE Lz, AJJT 0%, E 20ns. BOEE 20mV & L7z, 22 THLHIE
ROMEEICIT, 727 ToOMEE, HEFHEGEEICOVTWS 40m 0T 7y =7 VR HlES
R —T NV TCOEMBERBREREENSD, R34 ENTNDOF ¥ > 2 )V OHEIREE IRT,

Channel | Amplification Factor
6.27 x10
6.31 x10
6.33 x10
6.22 x10
6.27 x10
6.33 x10

® 3.4 BF ¥ R BYT B HIEZRD MIEE

Tt = W N = O

3.5 RIEHRR

AR % 1 EE ARG BOEL . E FRMGE o o BRI MG & Baa iz JIEL 72, AH
HENE. FECEBBEZ 1% 5 X DI ND 7 4 Vv Z —ZH/L 7z, DINICHRZ /RS,

3.5.1 FrRFFME

X 3.6 1 WM 722 TDC D% /R, Z OHETIIFHECEN 1% RETH 57280, JedE FIHEEE,
5 1/4NEFLV NP o 12872 A XY M UEH 3500 ARV N THY. Zh IS A X2 i
TDC ClEA—N—=T71—L Tnb, D 750 F ¥ ¥ 2 NATITOE — 708 1 R LD A N2
ThHbH, T, 2100 F v ¥ FNUATTICO E =7 2R TE L0, 2O — 27D 4 XY Mkt
L T#Y (2700 — 750) [ch] x 0.056 [ns/ch] ~ 109ns BN TW5Z &6 L —h7SV AT K S ARV b
ThareHEAGNG, EROGESDS 50ns LEBN TS ANV N2V - NNV ATH 5 LUEL
e &, ZoOEIGFIEROGEFITHL TH 4.2%TH - 7=,

1B AR b ORI, D% O EFETRBOMEIIT T AMITIER L, BAICT — i
WZIERR R i oicE L T, ZHUIF A LT 4 —2ICEDBbDTHY, T4 AV Ix—HF—
DL EVMEITHEIC —ETH 50, [HLETRHEDO AR N TH->THREENERNEET 4 227 )
IX—F—POHOEFIIENTL £ 9, WEER+HAETIIEZ OETEATE 1T /NS0 1
HE TV RNV OEFTTEYPFCBONH D & 57T — V&Gl ahilcie 5,

ZONMDIESDE, Tib b FETRIMN Y 22 OIIENHT 7 7 2T — 4
2749y 8TD, T4y bT BT —FIFIEMHT IO 7 D ELAENEN 50 IND A X2 b OB fFH
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4000 10
€ C € Sinale:pie::Event
5 C 5 i) SMHGIe -P.e.-EVeS
o F o [
O900F o |
r 1
800k Over flow T K Nent = 50000
F Events j Mean = 3845
7001 10° L
F \A | Late Pulse |Rvs = 8734
600 }
500F k
400 Nent = 50000 10 o ”H
C T
300F Mean = 3845 1
r lIE
200F Ww RMS = 873.4 w HﬂJ | N
1l . I TECEEE HHEE
F LLL (i e 4 e 1
o] R [ ol el o Lol [ 1 ORI ESRNTRIRN | Y TR B | I R 1) [
0 500 1000 1500 2000 2500 3000 3500 4000 4500 0 500 1000 1500 2000 2500 3000 3500 4000 4500
TDC Channel TDC Channel

K 3.6: 1 EEFMHIMALA XY N DORERME, WElio 27 —)VIZERRY =7 27—V THRRa Y
A —)VTH D,

L7z, BTV IZRD L DIERSN D, IO T7 o %2,

A exp [—% (5”;1“1)2} (z < m)
Gasym () = (3.5)
A exp [—% (5”;2“1)2} (z > m)

LB &, BEETRHEANYIE o TROT L T.T.S.(0) = 3(01 +02) TH B, Tili FWHM T
KT DT,

T.T.S. (FWHM) = % (01 + 02) /2Tog 2 (3.6)
Thb,

M 3.71CH by N OB FETHBMIZ KT, 2oy N T.T.S. 2K 351CFe -, ¥4
HEFHMEED T.T.S. DNz ¥ 3.8 12/RT,

Serial No. | T.T.S (FWHM, ns)
AA0031 4.18 £ 0.09
AA0044 4.21 £0.10
AA0035 4.22 £0.10
AA0084 4.32 £ 0.09
AA0028 4.21 £ 0.09
AA0036 4.28 £ 0.09

3’ 3.5: HEEITRRAIAYY
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Nent = 3535 Nent = 3330
Mean = 834 Mean = 792.3
RMS = 78.86 RMS = 77.31
Under= o & el Under= 0
Over = 0 Over = 0

Chi2 / ndf = 143.5/43
Constant = 255 +- 5.95
Mean =769.6 +-2.342
Sigma 1 =24.97 +- 1.323

Chi2 / ndf = 93.36 /44
Constant = 239.9 +- 5.639
Mean =736.6 +- 2.648
Sigma 1 = 31.83 +- 1.586
Sigma 2 =97.39 +- 2.475

Sigma 2 =102.4 +- 2.454

100
50—
e N ol i Wog e L0
400 600 800 1000 1200 1400 200 400 600 800 1000 1200
TDC Channel
Nent = 3453 Nent = 3294
- Mean = 815.5 Mean = 569.7
L RMS = 76.22 RMS = 78.01
Under= 0 Under= 0
Over = 0 Over = 0

Chi2 / ndf = 89.54/ 46
Constant = 248.1 +- 5.667
Mean = 763 +-2.724
Sigma 1 =33.63 +- 1.606

Chi2 / ndf = 62.13/43
Constant = 254.1 +- 5.807
Mean =505.9 +- 2.554
Sigma 1 =27.26 + 1.558
Sigma 2 =104.7 +- 2.304

Sigma 2 = 96.29 +- 2.456

- I J I
400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200

Nent = 3761 Nent = 3769
Mean = 763.7 Mean = 781.5
RMS = 77.75 RMS = 78.31
Under= 0 Under= 0
Over = 0 Over = 0

Chi2 / ndf = 129.3/42
Constant = 270.8 +- 6.095
Mean =705.8 +- 2.415

777777 Sigma 1 =30.28 +- 1.397 200

Chi2 /ndf = 111.8/43
Constant = 289.5 +- 6.354
Mean =727.3 +-2.302
Sigma 1 =33.72 +- 1.334

Sigma 2 = 98.2 +- 2.383 Sigma 2 = 97.3 +-2.238

150

100

50

I I Sk I I 1 b I
200 400 600 800 1000 1200 200 400 600 800 1000 1200 1400

3.7: 1R A0S 5 NIt iy 70 AT T IRE R 0T

95
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T.T.S. Distribution |

Mean = 4.415

60

Entries/bin

/kﬁ RMS =0.1616
50 :

40

30 | H

20

10

O L1 L1 L1 L1 L1 11 L1 Vﬂ L1 L1
25 3 35 4 45 5 55 6
T.T.S. (FWHM, ns)

N

Number vs T.T.S.

(=]

T.T.S (FWHM, ns)

0 200 400 600 800 1000 1200
Number

3.8: At FIHMEE O FETRIAN Y o, RIS RSB ETTRRIAN Y B 2 s e
N7 T L, FENEHENNC E FAETRFRIAEAY Y 20RL Tz,
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DB FHEE D T.T.S. DOMNEFET 4.4ns L EMKR N =27 ZTCoME & Y 1ns BEWENE S
oo TOFERD 12 L TUIFA LT —2IC&DbbDeEZLND, ZHIFL SWMlZ —EICL
2BG. WEEORWC & - TREERIC TR Bbh 22 WS 2 e TH D, _m%ﬁﬁiéﬁ&z
L&, JARDDIRVHERIECT A A2 VIR —F—DL EWMiiz b o & NF A2 &N TE, K
Db AL TR CORIERZHIET 20, bLAFARV M IE D SRl T1AEFE—
20— D AN N DBEMFHL TRIMIZ L UX LY IEMER T.T.S. 23562 LMW TE 5
Libn s,

3.5.2 E—a/mu—w

R 1 ARG D BRI DN TR S, [N 3.9 1 WININ 22 B o0 AT & R M 2 RS, kB
E@%#ﬁﬁ%\Emi%mLﬁW?éﬁ%ﬁﬁ%%b?QEmwiimlﬁﬁ?ﬁﬁﬁmﬂ?é%
HFMEEOEM L. S A XD EEFTTHEIRT YV UM L BE;MMT s, EXok
OIS ERS>TODBEZAN ) AXEATHY, 300 F ¥ > RIVITOE — 708 1 AEF ARV b
THbH, GHOFMTRL 72 1 KEFAXRY N OBEWAMIEENORBPOL AN T I LTHY, ¥ —
DD > THBDoN5, FIAROEEY TRLZV — SV AT ERIOBRRYIYD & 572
EHEMIZRL . 1 REFAXRY e AREOENREZFFOZ &b 5

-{Nent=50000 |-

" | Mean = 97.36

Nent = 50000

RMS = 86.55 Mean = 3845

RMS = 8734

ST

b

of 15! fn ] i :

0 100 200 300 400 500 600 700 800 900 1000 0 500 1000 1500 2000 2500 3000 350 O 400 04500
C Channel TDC Channel

X 3.9: 17EH FHIEYEA X2 b OEmiM & BRI OB th, ERDYEri MG THRAZHI0T
LRHAMITH L, FT 1B TARY b eRbL ., FREERIL —h SV 22RO T,

I AXEReE=JICESsTEB RS I BOlZ Y — 7 NV —HE S, ¥— 2 /AL —HERK
D 51DITROMBERNTT =2 %27 49 ML Tz,

fl@) = fs(@) + fn(2) (3.7)

1<x——a1>2
2 ag

= agexp + exp [ag + agx] (3.8)
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ags a1~ ags azs P VINT A—=F —=TH 5, BTERT fs(z) FAKRT VY Mz 0 EXETH S
M, ARY NIRZNE SITIH T ANMTIHMTE S, £/ A XHN 2 RT fn(z) & L THEBUOMEI
Z Huwz,

X 3.10iCH 5ty hoERMiERT, Zoky hoE—7 /NV—HER36ICELD, £
SHBIFHBEEOE — 7 )NV —Ho M iz ¥ 3.111R T,

BFonfce =7 NV —HIFFET 5.7 LIFHICROFRTH 5, ¥ =2 NV —HITHERD ) A
ABER 7 4y N OFFEC O E FHERD 2 e bh 508, SEOWETIE, HbEETY 2Dk
HY. 1ETEFTEHMEBNTE 2 e h 5Tk,

Serial No. | P/V Ratio
AA0031 4.66
AA0044 5.51
AA0035 5.19
AA0084 6.48
AA0028 4.04
AA0036 6.46

#&36: E—7 /N —H
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e S

i

Nent = 49999

Mean = 52.72

2 - RMS = 111.9
C 140
= L Under = 2.604e+04
8 r over = 0
1201 Chi2 /ndf = 298.4/ 153
L Constantl = 66.65 +- 1.643
r Mean =258.8+ 2.02
100
L Sigma = 112.8 +-2.401
L Constant2 = 11.33 +- 0.1441
80— Slope = -0.2007 +- 0.005682
60— B
ol | e e j
O —————SYMLSYMMMMMMMS :
oL L
0 800 1000

ADC Channel

Nent = 49999
Mean = 46.29

RMS = 93.56

Under = 2.387e+04

Over = 1

Chi2 /ndf = 283.9/138
Constantl = 82.3 +- 1.929
Mean = 230.2 +- 1.595
Sigma  =90.15 +- 1.79

Constant2 = 11.49 +- 0.09345

Slope  =-0.1795 +- 0.003574

Nent = 49999

Mean = 54.56

RMS = 108.5

Under = 2.286e+04

Over = 2

Chi2 / ndf = 515.5/154
Constantl = 76.05 +- 1.733
Mean =2733+ 1.781
Sigma = 100.1 +- 1.849
Constant2 = 9.385 +- 0.04011
=-0.08625 +- 0.001209

o

3.10: 1 K&E MY 5 BE

Nent = 49999
Mean = 42.26

120

100

80

60

40

20

RMS = 93.98

Under = 2.242e+04

Over = 1

Chi2 / ndf = 287.1/146
Constantl = 73.97 +- 1.819
Mean =241.6 +- 1.637
Sigma =93.96 +- 1.873
Constant2 = 10.63 +- 0.1154

Slope =-0.1647 +- 0.00435

de o

1000

Nent = 49999
Mean = 48.6
RMS = 109.4
Under = 2.412e+04
Over = 1

Chi2 / ndf = 283.6 /153
Constantl = 61.56 +- 1.493
Mean =273.2+-2212
Sigma = 114.6 +- 2.265
Constant2 = 12.82 +- 0.3223

Slope =-0.2792 +- 0.01337

T D A

800 1000

100

80

60

40

20

Nent = 49999

Mean = 64.67

RMS = 125.7

Under = 2.351e+04

Over = 2

Chi2 / ndf = 808.7 /172
Constantl = 65.21 +- 1.444
Mean = 316.3 +-2.109
Sigma  =119.7 +- 2.091
Constant2 = 11.48 +- 0.03986
Slope =-0.1458 +- 0.001398

99
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‘ P/V Ratio Distribution
Mean = 5.764
c
a [ =
2140
s
W J RMS = 1.885
120
100 L
801 H
60 H
J
20/ &
07 | J | | | | | | | [ =— | | | | = | | |
0 5 10 15 20 25
P/V Ratio

Number vs P/V Ratio

P/V Ratio

0 200 400 600 800 1000 1200
Number

X 3.11: B FHEEOY — 7 NV —Honti, ERERcY -2 /8 —E e slce 2R T
I 5, FEFHIERCE — 27 /8L —HEIRL T2,
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3.5.3 EfEEE
WEAMToY — 7 fioEmE, HEROMER» SR (3.1) &0 BERHEREZ KD 5, ¥ 3.121c4
JEHE PR EIC D W BRI IR 0 M i & R T

Mean =0.8328
80 !
ISR
60 H
50
40 H
30 ’r
20

10 ﬂﬂr i
0 T B T S Y A Hﬂﬂrmn\\\\\\\

12 14 16 18 2
Gain (10")

RMS =0.1436

Entries/bin

TTTT
T—

TTTT
G
e

(=}
o
[N}
I
IS
[=}
=
[=}
©
-

Number vs Gain

N

Gain (107)

Number

X 3.12: 4ERE PG E OERS RO M, LRI ERMERE & sce AN T A, TH
THEN I FERUHIER 2 R L 72,
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HoN-EBRINERKIZ T 083 x 107 TH o /z, AKEON ZEMHIEERIT 1 x 10" THDITT
D3 OHIED SI1TH 17%ARNMETH 5, HIERIHEHL 72 BRI HIE R MR s =27 i
FOHESNZZ 1 x 107 XA 252 BHIMEETH S, LHAL., ZHITBTHREERE 2856K @ & ~
PAT YT ONEHCTHESNZbDTH Y, HFDETH 570,00 ZETHE S ZEHIE
JE& 13 D [ BEME S 5 & TS Tz, HEL 7248, ERERII IO EERZ RL Tnd, 22
T 3.13. 3.141RT K HICHNERE L H/ETH S W - ERIEROMRE A ThL, chickbe
100V & & OHERCH. % L EHAED T 2 77 Z78 10~30 OFPHTEAIA72 < 0 D & 2 AITEHAEA w -
TW200bn 5, 3\ (3.1) Db &FEMNZ 6.5 £ THIE, 1970V & 2000V TIEFH 10% D EFHIFHE
DEVBER SN D,

90

Mean = 2035
80

RMS = 168.7

Entries/bin
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40

30

(IPE
NN
WL

1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500
HPK DC HV

20

X 3.13: L 7= FInEEE o /A
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HPK HV vs Gain

N

18

Gain (10")

1.6
14
12—

1
0.8
0.6 —

0.4 —

0.2

07\ 1 L1 ‘ | | ‘ | | ‘ 1 L1 ‘ L1 1 ‘ L L1 ‘ | | ‘ L1 L ‘ 1 L1 ‘ L1 1
1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500

3.14: (AL 72 EVIREM & 136 1 /- AU iR,

3.5.4 /AT A—8—DRE

AN (3.3) DT A= —b B PET S, H/JEN (Q). ERMIEE (G). EVNEHR (V) offficid. K.
a. bEZEREL T,

Q x G=K-VP (3.9)
logQ = a+b-logV (3.10)

DEENH L, T2 T 100 HE LV Vo AHERICBWCEBOHIEE CEm 2 lEL 2,
2y MIOWT, 2oL EoHmERE e i@ o ERMEZ X 3.1510RT ., Filld s EoxT
B M 1o E #H T, 5 EHIET AL — Y —OXBERERT 52 L8 EZX 5N B0,
ZOMEFE=Y — 1 M1 HOTHIEL Tnd, T =72 EMTT7 49 LI (3.10) DT X —
H—a. bERELTz, H31508y hONRT A—-F—%RITICEL DD,

Serial No. a Error b Error
AA0031 | -42.5 | 0.276 | 6.47 | 0.0368
AA0044 | -43.7 | 0.247 | 6.75 | 0.0334
AA0035 | -43.6 | 0.261 | 6.69 | 0.0340
AA0084 | -42.4 | 0.285 | 6.50 | 0.0379
AA0028 | -42.1 | 0.276 | 6.48 | 0.0367
AA0036 | -45.1 ] 0.249 | 6.97 | 0.0335

R 3.7 NT A—F



64

Wa3m 1 E MY KD 10" A v R 52 BENEE O HE

O 6.8 — S SHN
[a) rC Chi2 / ndf =0.5283/3
< 6.6 p0 =-4205+02761 | o
%4 C | pl  =6.472+-0.03677
864

6.2

6 1
5.8F |
7.55

6.6
6.4
6.2

6
5.8
5.6
54

5.2F

5

4.8

745 75
log V (V)

Chi2 /ndf= 1.595/3

p0  =-43.56 +- 0.2606

pl  =6.692 +- 0.03495

6.8
6.6

6.4

6.2F

6

5.8)

5.6F

5.4

5.2

- chi2/ndf=0.3911/3
po  =-42.09 +-0.2761

pl  =6.483 + 0.03674

3.15:

6.6
6.4
6.2

6
5.8
5.6

5.4

[ chiz/ndf=0.2206 /3

‘| pO =-43.7 +-0.2472

| PL =6.751+-0.03336

T T

6.8

6.6

6.4

6.2

6

5.8

5.6F

5.4F

5.2

Chi2 /ndf = 1.062/3
I po =-42.4+0.2846

2l pl  =6.502 +-0.03785

AA0036
T
[ [ chiz/ndf= 1.506/3
b | po  =-45.00+ 02487
65 |pt =e97woozs |
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3.5.5 10" &M V%&5Z25H0EE

Al E CoRPEIC LV, L U THOWZENEE T OERIEIER, "I XA—F -3 561z,
IhEDflEE TR 3.3) 26 107 X A2 A LHNEELZRD L2 28 C5, F3.161IC8TD
HEFIGEE D 107 7 1 v 252 BHNEE M iz ~T,

| Supply Voltage at 10" Gain |

c 50 2800
2 F : : : : ) ) T L
Q A5 ARRRRRRE SRR AR Mean = 2098 |-~ 3 + : : : : :
E I f f f 52600 P R 8 P S
o A0F—-oo et R A RMS = 1793 |- % [
350 = 400 LOORGDHET
30F ‘ : : ‘ 2200 L S e
2] e 3 4 : : :
E 20000 RS | Chi2 / ndf = 2.949e+07 / 1294
20— L PO =16.37 +- 0.08951
C : : : : L : 1 = 1.1+ 4.963-05
1 R I 11 e [ R B e e 1800 b L
105 f L B P : s
. ! ‘ ‘ L b S R b e
e L e A R
£ arnith \ L1 \ L1 \ T Hi Ll HH\ L 14007\ L \ L1 \ L1 \ L1 \ L1 \ L1 \ L1
1400 1600 1800 2000 2200 2400 26070 2800 1400 1600 1800 2000 2200 2400 2600 2800
Supply Voltage at 10° Gain HPK Single HV

M 3.16: HIEIC XV ESNZ 10" 7 A > 252 BHNER

EXoRMEDOE A N 75 LSO RETCHES N HNEEDOMITH 5, HED DMK =
7 AT AN E HOTHIESNZHNERE O A N 7T LY IRT, A RNIFINC AR N =27 2T
DHMEEE, i HI/ECHELHMEEEZ & > 2MENTH 5., SElOHEC LV REL 72 107 7 A
> & 52 HHNEREEXIEE LT OXE FHMGE TN 200V BEEWEICR > TR 20083005, 2
DL, WHFOMIIIMELRS 52 26, BICHIEROMIERZ KL HEL D FETniend
ZeMEZLND, Tz, WK N =7 A TOHEITLE FIMGE oG T U — & — [0 % DU
LHNCATRDNIZbDTH Y, ZToEFmALL 0T ) —F —HiEciE120b o2 FHL T3,
KRAWHER 1770 - I RHEE 4 DB FIRGE DT ) — & — [k % FHL T2 o ¢t o kil
RE DTN TnWEZ b EIOND,
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3.6 F&®

ZOFETIE, WETRAYY, ¥— 27 /AL -, ERIMIEE, 107 7 1 > % 52 5 HnEHE
ZHEL AR %2 kX7,

W ETRIES DI OWTE, FH)44ns TH Y, O EVMETY 4.9ns TH - 72, FEEpnid-F
P 3ns X TH 5 & FFL Tedd lns RO R 2572, L L. SHOHETIEZ f L7 4+ — 71
L BRHIEHROThZHIEL TRy, LS T, &9 ) A XD WHIERIECL iz T
B, BL E, FMTARY M REIXY . i i s 1 EEFE -7 o -2 HNRE T A Ry
N2T R FHOTRBMiZ L XY > EREOEWHENTE e 52615, SEOHETH A
XY ML 50000 A X R THY 1 HEFE— 2138 3500 A X " TH D, Ei o XH 6 1Y
B — 27D AR M EF 1000 A XV B THLEET 5 M 3HFE AR M E T
T4y hNTELEEZOND,

Y= NV —HIE P 5.7 LIEFICRWER G5 2 e TE 2, mROBEWETY 22 CHY, 1
FIT 1 HEFLV NV EMETE S, MR N =7 ZATOHEME OBWIZHERTES T 19 o
HETENI LD ERX6 5,

TERUHIERIT MR b = 7 2 CHhotE HOTHES Nz 107 7 A 2 52 S EHIIEEETIE. F
P10.83 x 107 7 A > & 1T% I METH o7z, LD > TEHEOHIETHREL 72107 /A~ &2 52 HH]
INEEMEFIYME &L 0 b ERRE R 572, 2. ZOBEEMISEME N =27 2TV 2K LD HI
ESNTZENERE X iRl TUEvMiiz Rl T3, ZoJEKE L CUIHIER0RIER 215 B
DNFTETNBLENIZENEZALNED, TV —F —[BOBENYEL TnbLiEbh s,
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BAT AFEEICKY 2L )dhRORIE

4.1 W&

KamLAND EEIC BN T, ZoMIBEBN TR, FHBR pHFBERPY »y T —FBL 2 AN S
FHE M LUARDOFRE R D BFEMILE 5, o KRAEBFLOZ R AVF -2 EL CHIET S
eOITiE, T LI REEIVEE FIEEICARL e &, Yok i/ ensont lE
L. ASPERNCHTT B iR 2 1556 Z e W ETH 5, Z ol jiiiiE £ ToRE FHEEEIC OV
THIAZ 2Ic kY. 2o/ JER» S FTRIVX —HBEWEZ s BEGOTANT -2 ETHZ &
MWTED,

Z OHEITAITED 1 E Mo HER. AGDERE%ZZER T 20 sHEL 72,

4.2 RIEZEE
4.2.1 RIE=RE

HERNIFEIZ3IMCORLEZLBYTHAS, ZZTRERFRRTORENBND 74NV F—L FPF=a
TAH—=IZDNWTIRG,

PFr_aITAf 49—

T —ZINEDEFKE, [ 3.4 TRLIZEBY 1EEFLNINVDESE ADC. TDC CHIET 5729
WICT7 v T2 HOTESRZMIEL T3, LEN>TY=7 V5 1 oflER, KtRoES2HIET
B0I10E. Z5R2IRBEIEINERD L, TOEOTTF=aT Ay —2HOTENhEFNONETO
BEM7UTTCEE520E I, FLEWENADC THIETELL Y IIKEI L7 T=a
A —THEDLETNS, 77 22T A7 —FAA vy FROLDT 1dB»H 31dB £ THAITE, 6K
DHETGEEDETIA VI ENETN 2T OHW, 7T =a T A ¥ —DRERIIKATED
5,

A(dB) = 109B/20 (4.1)

C DOIREROEIEIZ 7 ay 706 Ofifizike ADCEZHNWT AL v F 1 2T DA DONTTRY, Hi
WD AT TEMEOHE L 52 TREXRE Lz, ZOHEZZTNThD A A v F T 3 [EITHRN
ZO VMR WA Z 21T 5,

NDZ «4)VbE—

ASHROFININ 3.3 HD 10D ND 7 4 Vv F =i k> T 5, L 72 ND 7 4 )V & —1%
TRENTVDE DT, WMEEBZNZN 1/8 25K 1/4% 3K 1/2% 28/, ND 7 1)V
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H—DRREFIFT 1 LIiitERH 20T, flAGHRICTED 1 EEFLV VX6 BUTEE TV
NNVDOHETEHEFHEEICANEELZ N TEL, TN D EL 2. ThZho
ND 7 4 V% — DRI DTNCT =R > 7 4 VL2000 ABT 5L —F—HITxtL THELE
TR TEEL 2,

ND 7 4 )V % — DIEROHEIZIRD & 5121778 5 72,

9. 10D ND 7 4 V& —% 1 Kb ANRWIRAETRE FIEEIC AT 508 % . o ND
TANE = FEAEOGHCEL 2 2T 100 BEFVNIVICRIET S, Zhidk. Avaxra—7 Tk
EFIGE ORI Wehs & B 200mV BICR 5 & 91T ND 7 4 V7 — DA GHE 2 I1EA
72, 100 HE TV SV ONRTIILE FIRMEE O NI ASPERICHTL THMRNTH 5, BEEE
200mV & L 72Dld. 1 B VNV OREESRF 4mV TH D Z & & AEFHGEEIC OV TNET
gy lr—7)N, WERDT —T IV COREEDOTKENIN 50%THHZ L2 LR Izl TH 5L, K
ICADC Z# HHWT Z OB TOEMMiIEL 1 ~ 10 D ND 7 4 V¥ — % ZThZh AN Iz FF D B orAfi
HET S, ZLTCZOE - HOHEINLZ L TND 7 4 )V H —DIRERL L 7z,

il 2D ND 7 4 )V Z =1 DWTHRIEL 762 M 4.1 & M 4.210RT, HIEZ 6 ROJE 5
ClalRRIC T2 5 72,

[0 Fervo 01 | (AoFero 0z | [0 Flerio 09 |
5 F 0.13 e
& 01280 L [
201281~ [ 0.136
§ [ 0.13 L
] C L [
<0426 t 0.134
0.128] r
L > N L
0.124 L > d 0.132 3
[ 1 0.126f ; r <
F L > r L > L
0.122 L 0.13
F 0.124 2 [
012 L 0.128f
0.122] [
o1 r 0126
L 012 L L L L L L
0 1 2 3 4 5 AT No. 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
[0 Fiero 04 | [0 Fiero 05 |
0.138
s 0.136]-
0.136
[ 0.134
0.134 [
[ . 0.132
0.132 r * P!
L P L p L
r L L 0.13
0.13- r p
[ 0.128f
0.128 r
r 0.126]
0.126 [
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

M 4.1: 1/8 D ND 7 4 )V ¥ — 5 KD IRFEH



4.2.

HUE i

0.244F 0.226f
0242 0.224
0.24¢ 0.222f
0.238F F
E 0.22
0.236f F
E . 0.218 !
0.234f o E
E * 0.216
0.232F E
023" 0214
0.228 0212}
0.226f 0.21F
0.224 0.208f
0.222 iy T T T T O e A s A
0 1 4 5 6 7 0 1 3
0.2420
0.24f
0.238f
0.236F
0.234F
C [ ] [
0.232F °
0.23F b
0.228F
0.226f
0.224f
0.222F
1 2 4 5 6 7
B 0.54
0.54f r
5 0.53F
0.53f [
L . ° ° 0.527
r [ ]
0.52 * r s
r 0.51F
0.51f r
r 0.51
0.5 r
N T T T N A B R B O B A N T T T T T A B
0 1 4 5 6 7 0 1 3

X 4.2: 1/4ADND 7 4 )V % — 3K & 1/2 D ND 7 4 )V ¥ — 2 HOTKEHE

69



70 B4z AGPERICHNT S iR o HE

4.2.2 RAERDRE
V=75 4 OHEF 1 HE LV RINEZEDT 208, HBEEX Uo7z, ThZhoflER
TOND T4 NE—DHARGLEEL T T a7 —Dfi% R 4.11RT,

No. ND Filter Attenuator
No. Attenuation Factor | 17pmt | monl | mon2 | mon3
1 | 1~4,6,7,8 (1/2)18 0 0 0 0
2 11,234 (1/2)1 8 28 0 0
3 11,236 (1/2)1 8 28 0 0
4 11,239 (1/2)10 20 41 0 0
5 11,23 (1/2)° 20 41 0 0
6 | 1,2,6 (1/2)8 34 51 10 0
7 16,7810 (1/2)7 34 51 10 0
8 |4,59 (1/2)7 34 51 10 0
9 |6,78 (1/2)¢ 44 55 21 0
10 | 4,6,9 (1/2)8 44 55 21 0
11 | 7,8,10 (1/2)° 44 55 21 0
12 | 4,9,10 (1/2)° 44 55 21 0
13 |78 (1/2)4 50 58 32 8
14 |49 (1/2)4 50 58 32 8
15 | 7,10 (1/2)3 50 58 32 8
16 | 4 (1/2)3 50 58 32 8
17 |7 (1/2) 53 58 43 18
18 | 9,10 (1/2)? 53 58 43 18
19 | 10 (1/2)! 53 58 43 18
20 | — 1 55 58 49 24
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