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B ®E

1000 b DK v F V=2 —2HHTH=a— ) ), X==— bV KamLAND »°
FER L. 2002 4E 1 HHIEM PG S 7z, KamLAND Tl RFERFIMELZ b 5 otk y v F L —
Z—%HHL, My 7 7590 REBICHIEZITY 2 212k, B 100keV Hik E T 2
NE—Za— R~ oM EEL 725, ks URAFRK=a— Y ) oBlfllic ks =a—
MU VIREIOMEERS. KBF==2— 1tV ) oBllick b KBE=a— Y ) REoOMRZ &% HIFEY.

L CIE KamLAND MBS CHHT 2k v U — 7 —hic B 2 Lokl B L OHER
HEHDOWELEA LN OSHEL ZEBMOMBELWRET S, Z 0T HNE KamLAND #iHds
THHILZEL 20 3al—vary THATLZLEDNRT A Z L LTHIRZHEMET 22 TH
%, HOHELIT DWW TEZ D ASPDRICHTT 281 2, BFOLIT O W TR Z oo d 2 2%,
BLUOFHMEZHIET 2 2 e MM HETH 5.

TNZhOERICONTE LD DL L. KOBELT DWW TIE Rayleigh BUELASKELIN & 725 Z L A%
TRENE, ZHIASPEOERIC L > TR S N Ik 5HELTH Y. Z offEE A
il 2> & DFFE 0 12D T (14-cos20) 72 DFHBIN e AR FE D, £/20 R LU A
BRI 2 BAOCIERE O ZAL, FeIFm oI L 5 RMEOZE S TSNS,

CDEI e EWET L7202, RO KD nKEFHER & 57z,

BEMBEV VBN L TRIKY v F L —F =12 A &8, ZoXolEL. BRE. A
K. B ELEFHEE L TBIHIL 72, R ITRFE2MHHT 2 2 L1 &k > RO
F. P74 Ve =% T eIk THHITOMEEZLSELZ N EETH 5.

HOBGEL BRI O WL, AR FHEEIC AN T EREZN SCE LML, HHoF
KRR & W o PR O Z ORI M 2 FE T4 2 & TG 2 Ko7z, /20 BT
LRI ASTT BRI 2 BT oo b ThZhofiR bR 7z, KofElc>0»
TEBHIT 252 2 2 T RD. BRGUCOOTIEEHIT 2 E2Z 2 TRIEDHIEL 7=,

BT B RIS ASTT 2R OMHE 2R 5 2 DISHIRY v F L — & =120t 9 5 AU B
OB E LB FHEE CHIEL 2. 2oL & HENMESEL720, BLOEYRALRICKES
REEDNET 4 VT — 2L,

ZNENOMTHESPE 2720, ] L 724 o REREE o 11K E oW E 21T - 7=,

Z OFEROFER, HOHELUC >V TEZ DA JEREMEZ . ARG WTEZ oRFIE 0 21t
EIERT B2 e CE e, 2L, AR OMIHE O EZHIEICHE L ki il e s 2 eat
TERpoTz, ZOHERE LT 23EFESEE O IEEBALETH SR b I —DIE
T4V E —DOFEEE, SR, ARICL > TEMT 2EHTHY. Wi#H & bICHEIE R & FERR
OFBMICARLDH 5,

RIS, 2ok e LUliE 2 AT TICOtROMIHEZHIET 2 2L DTCELY a— IV A —
5 —DWAZMI L, ZouEkic oW TiHRRS,
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$1Z Introduction

1.1 Kbp=a—bV_JRZE
1.1.1 EEXGER

KD &5 R ORI 2 £ D TX NV F—Id, HEEITC & > TREL TWD, ZoUE
EATHLS L, Kok ITksd.

4p — a + 2eT + 2u, + 26.73MeV (1.1)

FKizZ oL, pp g, CNO YA 7N & KidNb “DOENSKY 7 5> Tnd, EOXEA
ENETEE L0, HEOWEBOERE, MR, BERETRESL, ZNSEHET S OMEEER
B (1] & KEN5 b0 ThH L, BERGHIIC K > TEESh 5. pp Mg, CNOY A 7 LT
FETLma—R) ) DZRNF—ZAXRZ M VER 1.11TRT,

K ORERE R £ 0 TRIVF —1E, 1FE AL pp WS L o> TRAEL T 5, pp Mg ZEA
2 1.2 1R,

ZOMTHRBNZY DIZOWTEIHT 5,

EFEoRSickd=a— U 21d, pp=a—hU 2 kiZhd, KBOHEEGRGDEL A Y
MO EBREE TEH2D, KD TITv 7 2%boTBY, BlllSh s KEOREIC &> T
Ty I AMELAERESTLEILD, ZDT7 5y 7 2D THNIRREEEI NS, UL,
ZOIZX)VF =1L, %K 0.42MeV LAMR0,

K== ) JOPCRLIINT-PREODIL, T D hep ED5FKAET S hep =2 —
N THD (<18.77TMeV), LWL, ZDT Ty 7 ZAFIEFIT/NS Wy,

SB=a—hY e kiFhbd=a— bV Jid hep=a— b U JITRSEZRXNFT—% HD (<15.0MeV).
272U, BEERBGHNIC L 57Ty 7 20 THIE. KBENEBOERELR & DT X —FI1akE RkfF
ThHRED, HENKEND,

Be =a— kYU & kiEND (0.861MeV(90%) 0.383MeV(10%)) == — MU 2 1&, ARFIEEIC
Ko T ENLE 7280, A7 NUVDBSEETH 5L,
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B 1.1: 2000 4E. J.Bahcall 75, fEHERGRANIHESWCEHBELEZZhZhokBG==— ) J D
79y 7 A, Gallium. Chlorine. SuperK, SNO 1ZZ N Z D FREADIEEHIRE KT,

98.5%

99.77%
pp - de'Ve
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0.23%
pep—-dVe
(pep)

0o we |

84.7%

3HE4H(=,‘ nd 7Bey

l 13.8% ~2 X 105 %

13.78% |

l 0.02%

Bee > LiVe (¥)
('Be)

Bep > BY

|

}

*HeHe — *He pp

Lip-> *He'He |

B - *Bere" Ve He p— e Ve
(B) (hep)
“He *He

X1 1.2: KEHERORGE GO 5 B, pp I & > TH Z 5 oG,



1.1.2 ABB=a—bVUJXKE

Homestake

1970 fEI2. BAlCB I bhlzAkB=a— b Y JEBTH Y, RoOJEZHHL T, =2—F
) BT 5,

Ve +37 Cl — ™ +37 Ar (1.2)

ZOED L EVMELE 814keV TH B, WETESL=a— ) IE FIKB=a—MJ Bk
O"Be=a— KU/ ThHb, ZOFRETIE 615 b2 CoCly ZHETEO S » ZICHK L. Ba H
D). Kg=a—bt VU 2I2E69, ZLTRN 12D &> TERL 72 37Ar Z[HUNT 5., 37Ar
GREHEE CH 0. HRIIT 34.8 HT3TCLICHIET 5. 2o &l d b 2.82keV D Auger
BrEHAIFE CHET S Z Ik > TUUE L 2=a— M) O R A 5, fiRE. FLGE

77713 (SNU) (1] (1.3)
WL T, FEERE
2.54+£0.16 £ 0.14(SNU) [3] (1.4)
Tﬁ)‘j fCo
Kamiokande

Kamiokande IZ 1987 4E. Homesteke ISR T HHICAG==— ) J 2HIEL 1-FEETH 5.
Mo % >~ 7 o oiciik 3000 b v 2ig/z L, Bre=a— kU 2 oMEEGEL

Ved+€— Ve t+e (1.5)

& o T, WELS =B Fasiokd %2 1E )9 5 & &I S 5 Cherenkov & XEFHMGE T

BT 2z ick>oT=a— N 2T 5, BUNTHIEICL 2Ny 2 7o Kooz, #l

ETELDIE, TMeVIED=a— Y ) THE, FICHIETESLDIE, SB=a— M) ) THB,
Kamiokande D18 7= FHEIS.

o UTINEALTHHINTES

o MELENLEFOHEEIE. f0.5MeV & Kamiokande TBIHIT =2 — MY ) DT 2 )VF—
WICHARTUNSOBDT, BRIE=a— MY oEEGickRiiehs, chhsd, =a—
NYU L oEE GBS,

o MBFDITRIVE—ZARYT MBS, Za—KNY ) DOTZRX)E—2AXRY MUVEHEHITX 5
RETHDH, Kamiokande lE, —==a— MY JHEOHEEZRDLZ LICEk->T, =a— KU ISR
FOREPHER 5> TETNEEWND Z 2O TCEtHL 2. /2. TofiRi. HimE
5057581 x 10%em =257 [1] (1.6)
WL T R



2.80 4 0.19 £0.33 x 10°cm ™25~ [6] (1.7)
Tﬁ)‘j fCo

SAGE,GALLEX

Ih60FEBTIE, RO ERMHL T =a—-NV 2 2MtT 5.

Ve 4+ Ga — e+ Ge (1.8)

TGa OFEIL. SAGEX60 b>. GALLEX 1X30 b ThH 5,

CORED L VM, 0.233MeV T, ABi=a—hU 2 0hTYH 75 v 7 ZAHMEKT, Bk
WIKHEB/ NSV pp =a— U/ (£ 042MeV) 2] A5 Z LB TE D,

BT DORDNGa DS, —a— KMV EDOINT &> TERS N MGe Z [T S, T Ge
GBUEETH Y, 11.4 HOHRITE AEIC L > THIET S, ZoL SIS S Auger
BIR X MEHAERE CHEL, NELz=a— MY 2 oWERA S, REWSIT, FEGME

12972(SNU) [1] (1.9)

LT KB
SAGE 69.9139139(SNU)  [4] (1.10)
GALLEX 76.4+6.3775(SNU) [5] (1.11)

—(“}7)'9 fCo
ZDEITETOKRG=2— MY ) FET, FEMENPEREORN N o TnD, 2 oFERiE
CHEGMHOKRERTID, Kg==2— NV L LIZhs2b0TH 5,

1.2 —a— kY JiEE
1.2.1 BEZdo=—a— kY JizE

COKME=a— MY JREZFIHTE 5u/AEEZ b 5 281800, —a— MU JIREINS 5.

BUEERClE=a— MY VIFHBEZ B RV ESNTHEA, £ 5 TR IR S W EER
M2eARLE R, =2 — MY 2IRENE, =a— MY 2 ICHERS SHEHICB 2 5,

T HZEHRO=a— MY 2RENCOWTEHIHT 5,

Za— MUk BZEREGRT 2 L SIQTHROMEIRE (2 VX —olEHiRE) b LT, M
AAERT 2 & 3B OMAFH O BAIRIE (7 L —N—o[EHIRE) & Lilhkshs, Zhb
TODEERENE G S 2GS, IR ) HOREBOERGLEE L TRTI N TES, [
BD7z®, “D2DT V== (1, v,) ITOPWTHER D, TRNVF—DEHIREE vy 1y, £ T 5L,
IhooBRIE, RDOEHITKRT I ENTES,

Ve cosf  sinf V1
= ) (1.12)
vy —sinf cosf Vs



TV F — OEARED R FER I, FFRIFEE 230§ 5 Schrodinger 7T Z L Z 21k > T
ROBZLMWTES,
ig<mw>:<& o)(m@) 113)
dt l/z(t) 0 E2 1] (t)
n(t) \ [ et 0 v1(0)
( l/z(t) ) N ( 0 e_iEQt ) ( 1/2(0) ) (114)
N 112 BLORN1.14 £V, 7V —N—o[EHRED RERIFEIT.
ve(t) \ [ cosf sind e~iErt 0 cos) —sind v(0) (1.15)
vu(t) )\ —sinf cosd 0 e ib2t sinfd  cosf v,(0) .

N 113 BEORN 1.15 0. KKt = 0 IR SNz v, BIRFL ¢ T o, & LTBIHI S 2 EF
P(ve — o) 1

P(ve — ve) = [(e(0)|ve(1))[? (1.16)
1 cosf  sinf e bt 0 cos) —sinf 1\ [
_ , (1.17)
0 —sinf  cosf 0 e ket sinf  cosf 0
1
::1—-§sn920(1—-am(E2—.Elﬁ) (1.18)
LY bEET XV X—DI1E ) EMITRENE LT,
2
En~p+— (1.19)
2p
L) BREMEDS &
m2 — m?2
P(ve — 1) = 1 — sin®20sin? (—2—1t) (1.20)
p
o w2on o (1.27Am%(eV?) L(m)
~ 1 — sin“26sin ( EMeV) (1.21)

Zo&oi, =a— MY MEilhc, thotto=a— MY JIZZET 2882 =2 — b /IR
[P

ZoEFRIZE, 220D =a— Y ) OBRGOMEEL KT sin?0 &, HEO “FELRT
Am?(=m3 —m?) LDTODNRTA=FIUKFT B, L(m) 1F==2— MU AVEKRENTH SR
INDFETCIAIRL 721, E(MeV) lZ=a— K ) ) OZRXNVX—-TH 5.

1.2.2 YEFD=a21— M) JiRE

PE R T v IRT V¥ v L
Ve = vV2GgN, (1.22)

2o, 2T, Gpld Fermi E. N, IXEFOBETHD,
L5, WEbD=2— MY JIREIOR T, KOREHL Z LIk >TRDL Z LWT

x5,
d Vl(t) - E1 0 Ve 0 1/1(0)
il )10 2 )0 ) () .

PEP =2 — U 2IRENT MSW #IH e b Lidh s,




1.2.3 Za—bMYUJ/iREIOKRE

Super Kamiokande

Super Kamiokande I3, Kamiokande &4 < [6]f#727K Cherenkov 17 > % —T& 4%, Kamiokande
ik 3000 b kL. Super Kamikande 134K 50000 k> &, K D KEHFEHRERTC=a— MY
BPUETHZLMWTES, 20D Super Kamiokande TOKFG==— bV 2 HIEDOHIR S F 7-HHm(H

5.0575:97 x 10%/cm? /sec  [1] (1.24)
WRTL T FEEAE

2.32 £0.0375:0% x 10°/cm?/sec  [7] (1.25)

&, FEMEPSHERED 459 %l EFE 5T 5,

ZhPMT, Super Kamiokande CldKA==a— bV JoBllick>T, =a— Y ViREIOfF
fEZEEHL T3,

—IRFHEPHER O KA OB RF ORI L @Ry 2. NAF U 2AERT B, A4V
FROAD &S ITHIET 5,

Ty, p o e vy, wh = ptvt o pt — ety (1.26)
COADPE, B, vy, =2:1THEZ W THISNS,

Fro. MEERT T, WM AL > TERLEZ VT MY (4, ¢) OHEEFENE, =a—KY
J ORTAZHENT 22 LW TES, ZORTARZOENE, =a— MY 2RGAHTERSNT
Do OMRATHIHE DRV E R L TBY, ZoORMAMMIZ IFMHICTHIT S Z 8N TE5,

ZOEIBTH»S oThE I hihiE, Zhid=a— R NY VIREIOFHILE 72 5, TR DK
B ve v, ITHIED 60% LD 5 e, 20 RIFAMIICOWBTY, THHER®S Dk E %
RN BEER S h s,

Zh o ofEHRIE, Kamiokande FEA T U MRS LT 7223, Super Kamiokande FBIC & > Tk
0 KE2MEHRCHMEELASI N,

Super Kamiokande KEOFEHRIE, v, — v, RENZSHFFLTBY, =a— MY JREIONRT X —
ik, FNZFhN sin?20 ~ 1. Am? 1072~ 1073 %25,

SNO

SNO IZEAK 1000 b > % # 5 7K Cherenkov 7 7> % —T&H 5., Kamiokande. Super Kamiokande
claffic, FICBS =a— MU 2 2HIET S, HK (D,0) &=a— U oXEEFHL T,
Kamiokande. Super Kamiokande & [E]FkiC. FIZB® =a2— MY ) 2HET 2, HKE=a—1
U oS 3 FERH 5.,

—oHIF, =a— Ny eEKPoRMFD 3 BIEXET,

ve+d—p+p+e (CC) (1.27)

2 OIIEET=2— b Y JISOBET 2.



“oOHIE, =a— Y e EATOEFOMERELT.,
Vo(u,r) T € — Ve(pu,r) T € (ES) (128)

CORBIFELETD=2— M) JIZBZ 50, M=o — MY oK tho =2 — k1)
D65 ETHB,
=oHIX, =a— MY BEKEFETFLB AN L XIET,

Ve(p,r) +d = 0+ P+ V() (NC) (1.29)

CORIFLTO=a— MY JIZFELWEHIETIEZ 5,

IS =FEFOEEME D Z 21Tk 5T, SNO ARG =a2— MY JRERRT 52 LN TE D,
N1.27 OEFE =2 — MY JICORKLIEDT, oGk > THIESH/z=2—k
U2 oM, N1.28 BLUPRN 1.2 oBiIC k> THEESNe=2— Y ) OB LD b ART NI,
Kp=a—hY 2K, Eff=ma—- M) 2O =a—- N 2BEERTHEZ LIRS,

SNO Tl 1999 4F 11 H2» 62\ 1.27 O UEORE % PiLh L 7.

241 HEOHIEDHKHR, B H=—a— MY JICOREZ 55\ 1.27 DUTITDONT,

1.75 4+ 0.077013 £0.05 x 10%/cm?/sec  [§] (1.30)
MESNZ, TR

5.0575:97 x 10%/cm? /sec  [1] (1.31)

D 34.7%ITT E7220,
N130 2N 125 2HRB e, 2 TCD=a2— M JIBZASZHIEL T —ZITHART, &
FU=a— MU JICORZ B EHEL T —F DIF 5 BWERITNS D,

2 — N0 = 0.57 £0.17 x 105cm ™ 2sec™* (1.32)

oMK, Kg=a— KV ) ofICE RSO =2 — MY ) AMFEET 5 2 AR SNz,

CHELTOFEAERN S =2 — MY JREIDS X —F o EHHgERDE L, M1.30ED
X%, ThZh VAC(EZHRENH)., LMA(KESAM). SMACNESGHAM)., LOW (KB REH)
kiFNns, VAC L, just-so e b Kidh, Kb B oEHZER D=2 — MY 2 RENC XL S
f#CH5, Zoffioo LMA. SMA. LOW Z MSW %I (WHP O =2 — b Y 2 iREN) IC L 2T
H5,

ZomTh, FHHUTHLLEIALNTVLDONLMA TH5bH, HBRT 5, KamLAND %
BRI AEDPS DR =a— ) 2 2BHITEZ 210k > TI DO LMA 2MEET 5 2 8N TE 3,



Bayesian Analysis - Active - Global

108
1074 e
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M 1.3: Ab=a— btV ) RBOMREFTHTELE=2— MY JIREIONT A—Z 4R [9]
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1.3 JBFFR=a— btV EE
1.3.1 JRFHFR=Za—bFY/

JEFRTCIE. AR & > THMBREFHN=a— M) J (7,) BREL TS,

JEFIR o F 2B RN, 2350 TH Y, MY 5 ko 2~5% % 50 5, [ AR TIEEI,
A\ 1.33 D & 912 255U RPE P2 IR L TR EEZ B2 L. T OUREIN L ERICEICE T 3 ks
THLEICEFUN=a— M) DS h D,

B5U +1n — Xy + Xo +6.18 + 6.157, + 202MeV + xn (1.33)

HIAY S VAfikolF e A X2 505 280 b £ 72, 0.8MeV DL o2 IkIX L THH2
2BEZY, k. B0 N 1340k i, Bt 2L /2% g g2 iRV IR L. 239Pu
EAERT 5.

28U 4+n -2 U - Np -2 Pu (T, = 24100year) (1.34)

ZHLTAERLE29Pu b7z, N 1.35 o L) 2Btk 72Xl THAAHE B 2T,
B9Pu4n— Yy + Yo +5.66 4 5.607 + 210MeV + yn (1.35)

F, B9puid, N 1.36 D KD, Bubhtef& Tl L TS 5 2 21c k0, 24Py 2K
I 5,
*9Pu+n —*Y Put+n —*" Pu (Ty, = 14.4year) (1.36)

2pu b F BT EZIRINL T, e B 2T,

CDEIILT, —MoBAEBY, FEILTH 200MeV D)V EF— 28 6o =2 — k
VM ENG, £2. 2L L URHFR TN L B2 TR oRGHIE. Rl o4k
L HITELL T, LrL, BEoRGHIZ. ZoWIIRES KO, Bubl /& & Rl o B
ELTRDLZENHRETH D, ThEDH LI, —a— M) JDTT9v 7 AEBAOMETHIED
LI EMTESL,

1.3.2 JEFHFR=a—bYU ) EE

COEIICLTTHILZZEL L., BHL BB ERT L2 2iIck>T =a— MY JiRH)
DIFEEMEET 5 D2, JRAFX==2— ) )V EETH 5,
N1.21 £V, ==2— MY IRE|DEZ 2 ERIRK L 725 DI,

1  E(MeV)
— X = X
127 27 L(m)

B ETHY, LENST, NS Am? 2T 572012k, iids=a—-NJ o=z
INF—2/NSLTH0, CIRT 22 KELTHLERD .

JEFIFIX==2— MY 21, B MeV FEEE, RN T X VF —AVNS VDT, /NS Am? Z i
HI50IZEnTnS, DITCEREAFNX=2— N ) MO 2R,

m2

(1.37)

11



mass | distance | rate | Sensitivity
(t) (km) | (ev/d) | (eV?)

CHOOZ 5 1 24 6 x 1073
Palo Verde 12 0.8 220 8 x 1073
KamLAND 1000 ~ 175 3 4 x 10°5

BOREXINO | 300 ~ 800 0.1 8 x 1076

PITICiiRS 2 20 5L, JRFIFX=2— MV FEATH Y. Kamiokande I LB KA=a—
MY BEZHT S v, — v, IRETOMGEEZ HEEE L CGHE S M,

W#FEY 0.1%D GA(H RV =T b)) 2REEAY v F V- —BEFUN=a—- ) ) 2D
W3 BENEE R T 5. Gd 3R FofiERTHREA R E <, ¥ g BEIRIC & > TR 728
e O TEHTERERE ~ 170us 206 ~ 27us ISR, F/2. Zo e J I END 4oz
NE=YIGFOBED 2MeV ITHART 8MeV & k&5, UL, [HFHCKE M ZE THE
LENDFTNRANOBENEEEGDLZ WL {5,

CHOOZ

CHOOZ 132N Z Bl 1115m. 998m @ “FDJFH A, &3 8.5GW, S DB RN =2 —
FU O RBIHIT S, BT LAY v FL—F —RIT5 FThD, FEDHEIE S h&ICZ
5 DJEFIENHEI L 72D T, CHOOZ iZ=a—tV )75y 7 2L B OBRN SNy 72 757
YRELERBELL e WNTEL,

Palo Verde

Palo Verde lZZ 1 Z N EERE 890m @ " FeaJH-f4F. EEfE 750m & —FEDJEFHF, GEF 11.6GWyy,
MOEDOEFUR=a— MY 2 2BHT S, —BHRHOMEZERITES Im o IVICKY]6NTEY,
FNEN5 A U F ONEFHEECHNTS, ZL T WAL > TERLz et ITX 5135,
FHHIKL 728 ED 2K D  MUT L BE5 0 3D0[EREHE L 5, /2. Gd i snzrhikt
IC&D 4 OBIHIT 5,

ZhZho o, BHlE,/ THIE T,

1.01 £+ 2.8%(stat) £ 2.7%(syst) CHOOZ [10] (1.38)
1.04 + 3%(stat) + 8%(syst) PaloVerde [10] (1.39)

THY, WHeb 1KLL,
SRS E ST, KR a— b EEERNT S v, — v, RIIEESNE,
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#2E¥ KamLAND XE#

2.1 fIE

KamLAND #Rii g8 tE, 5 LR HT o> ] S L A ISV iE 9™ % . Kamiokande i 2R A%EE &
T FEREZE i %2 R L T & . Super Kamiokande #2375 & 134 500m 0 Rifkicd 5.
HA7Z VI 200 ITHE FICHE SN TWA720, £ ToHEICHTL T, 1000m PLEo#
BICBBbN TS, HROFEEYEIL2.7g/cm? T, Zhick->T, FlHRp R FICkd Ny 7
7oy ReRON 107°, 1.6x10 3 m 2 BEICB IR HZ W TE 5,

2.2 fRibi2s

[ 2.1 1< KamLAND #tigs o kX 2R,

KamLAND M2 o —FHNHICIE, KR 1200m? OWky > F L —% =230, £ 6.5m DR
e LB T I 2AF v 7 )=V AN TS, ZOAMINIKIE, JEE 2.5m, (FFF 1800m?
DNy T A ANVERD D, WS VF UV —F =Ny T FANVEE, 8 Im OBRED 2T >~
VAB I OHIZHY, TORT Y VAZ 7 ORHICIE, 1325 KD 17 A » FLEFHEEB &
", Kamiokande FEATH 5 T /2 20 A ¥ FXEFIAGTE 554 RPN AT &0, VKA O
MR EAN—TBHZ LI D,

Ny Ty AL NVEE HEFHEEEDOHT T ARAT YV VAF Y 7ITE&ENTO SRS E» S
BNy 2757y Rk T50MHNTH S, £z WKV U FL—F - DEEER/NSL
(+0.3%) THZ LIk >T, WEY VFU—F—DERBZDEETITAF v 77N — VTP S
RNEHITLTVS,

ATV VAE 7 DIMIICIE 3200m? ORARERH 5, ZNFFEMIC LDy 7 7oV KE
#HFBIK Cherenkov 7V F A HD VF —Thb, Eiz. ZOMAKEITE ST, HARPED R
. HEFRIGKT 52 LiIcb D,

WS v F U —F =13, BDERIINVE —MREERZ R 2 =01 R 0LV b o, BERf
WCHMT 2 720FEMmFEDORNY D, PSD(Pulse Shape Discrimination) iZ & 2R (o M. H
Mr) &, vk EFoBIE/IORNbD, Ny 7 7500 Relkd a7 20507
FBPIRECD D, DL EOEREZ R/ L OITHBICHEL b D (V=857 1 7 (80%) +
TVART A2 (20%) + PPO(1.5g/¢)) 2T 5.

KamLAND FEEDMEZ HIF T =2 -tV /), BLUOX=2—" ) JOZRX VT —-1FB L7
100keV~10MeV OHIPHATH V. FCE FHEEEICRET 2 0RIIBLZ 1 CEFRETH S, 2
D & D NI B IR A B 7= 0ICVE, ARPCERINARE W &, £z, (ENMRAEEL K< T2
=%, FEAMREEN LW Z e EWEREN D, 26 OERZZT 729012, KamLAND FEAT
1%, Super Kamiokande FEATHH L T2 KO£ 20 4 » FOLEFIGE LSRR L2 b O &2 {H T
b, A4 ) — ROMEEIERDRRXF T - TI3A4 Y NN T A V74— ARNEE L, FRE
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B2 RO 17 A Y FITRET 5 Z 21Tk 5T TTS(transit time spread) Z ~5.5nsec(FWHM)
M6 ~3nsec IS0 FE¥ZZ EATE 2,
¥ 7z, REREZG RSAIET A NV 2O AL Z 212 & 5T HEMEY (~500mGauss) % 50mGauss

DIMicBE 25, 2Tk o>T, BT 20%INTREL., W L 232803 L A ST
LI EMTED,
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2.3 JRFIFX=a—HFVUJ
2.3.1 X=a—bVU/ERIE
KamLAND Tid, BERFHBILCL > T BEFUX==2— N) ) 2MiET 5, ErHX=a—
MU, RSV F U —F = oKRZFEFZE CL, ¥ 5 HEREE BT,
Ue+p—n+et (2.1)
ZDOJED L Ui,
Amy, +m, = 1.8MeV (2.2)

THs, T Amyp =m, —m, THD, N21 1k THRLERBE L BEERICE T
TRNE =B RS cm AT L. BAKINITITE 7 & iR L. 2R ~ ## (0.5MeV) Z2RE
T5, 2Oy MY ENEBHRPL TN URELCE ST ZOZR VT —%KD,
ZOLERIESNIZZ XN T —IT &> THAET B35 % prompt signal & £S5, prompt signal
DIRIVE — Byigipie MR L 2B FRUN=a— M) JOZ X NVF—%2[XMRL THY,

Em’sible = EDC - AInnp + me (23)

=E,, — 0.782MeV (2.4)
THo, —/. N2k > TUERL =i Aidiiksy v F U — 7 — o JR AR e ik & i 0 IR L .
Btk BriciiifEsh, 2.2MeV @ » #ERIET 5,

n+p—d+vy(2.2MeV) (2.5)

Zo L ERAET HE5% delayed signal & k5.
prompt signal & delayed signal & O-FEJRFRIMEEIE. ) 170usec TH L., ZTh b - DDFEFIC
DWTRERIFFEE & > TEFUX=a2— N ) ol 2B 272 5 O RERRFEEETH 5.
Z O JE DS IER O SERTHRIE, Ko TERENh S, [11]

o(Ey,) = 9.52 x 107*E,(MeV)P, (MeV /c) (2.6)

=952 x 107 (Ey, — Amyy)y/(Bp, — Amyp)2 —m2  [em?] (2.7)
zhhrs, WifFshaBLE. Koo k51 s,

N(%) = [ NpolEs n(Es )aEs, (25)

ZZT. N, IMEBHOBGFOR. n(E, ) d=a— NV JDTT79 7 ATHS,
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2.3.2 BAODEFH

KamLAND EEBCHHIT A X=a— Y JETH S, HEDERJEFIFITOWT, Z DB,
BIOWIfFENEX=a— M) VELRE. F22i1cEe0 b,

Z D & 91T KamLAND THIFFE N AR AAFIX==2— b U 2 BRONF 80% A% 140km A*5 210km
DRHECH BRSOV O TH L, ZHF T, KESHM (LMA) oBE, JRAFX=a2—
NYD=a— MY 2 IRE| ORI BRI 2R e —BT 5. M 2.312 KamLAMD Ff PR
NigZRT., 2Dk DIT. KamLAND OEEEAURIIKESHAMEZ ZATBY. 600t DHWKFE%
REL =86, 35 HOHEB%D C.L.. 3EDHET 99.999% D C.L. CRESHIREMIET 5
ZEMTES,

Zo ko eMELE. THILZRAFK=2— MU 0BL e, EBICBHIL 728 AR = 2 —
MY OEGRERRT S Z 2ick>Trbhd, 241, PHIShZ=2— MY 0ELE
L. KEGAM (LMA) 0BG ORERCBHI SN ERBO T XNV F— AR MVEIRT, Fililid
Evisivie = Ey, — 0.782MeV TH 5.

Fe. =a— N IREOFEIBREOEALZT T, ZXNVF—=2ZAXT MVoZ{ticbd
bbhs, M251c, THHEE, KERGAMOGGOBHED L EZIRT,

JEFIRDIFLNICB S =a— M) ) 0oFtER, BEUZOZRIVT—AXT MUIE, 7 Oid]i
& T BIEOYZIERGRE (235U,238 U 239 Pu 2 Pu D A MKIC K 535 52 B2 5) 10k > TR L 720,
RIS BT DAFENAZEAICR 2 5HH T BN H 5, ZHUIFLND b T v % > T 247
HyZ & b:io'ﬁ%%féhéo

Za— M) JDZRNVF =AY ML, (PN ORI LEFRI AN 2R & D= o —
KU DZRNVF—=AXRT MVvERTGDE, 25 2Lk > TRDBLZMNTEL, =a—
NV DT7T9 7 AE ZNEZXVX N THILICL>TROBLZ EMNTES,

o k) R EART. tMoHAF=a— Y 2 EEIC K 5T 14%DFEE CEBICHIEL 72
L BT 22 LRI N TS, [12]
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M 2.3: =a— KU REID/NT A —% Am?2, sin?0 ® KamLAND EEOJFFIX=2— VU 2Bl
T & 2P0, /b WIS LMA 1ZKBG=2— bV ) FEEEFIHT 5 Z & o TE 24U,
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Am? =1 x107%,5 x 107°,2 x 107?,sin?20 = 0.8) ¥\ LK T,
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Bl 25 Z=a— MY REM VWG, KEGAM (ZhZh Am?2=1x10"%5x 1077,
2 x 107°,5in?20 = 0.8) DH\EDHE & 5 Te T XV F—ZART N,
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24 KB=Za—bHbUJ
2.4.1 Za—bMYJ/RHEERE

KamLAND Cl&, ==— bV LBMHERELL 2B FICLD Y v FL—va v ARBIHITAZ &
IK&koT =a—hMN) 2T 5, KREFOT 2L F 13,

2

QIE” cos?6 2.9
goEERe |
< 1+E =T (2.10)

T, (3 ol = 2 )L X—, ¢ L;tw:l—— NY e KE FoMofETh 5, Kk
BFOZRINE TN 29DEIRNMi% T, —a—h~) ) DOZRNVF—=NEEDEHEE. T
T CHIN 23T b EAsY 2 i s, (9 2.6 BIH)

2.4.2 KamLANDIICBTFBAB=—a—MY JEH

KamLAND MEREN L LTWB DL, "Be Kf==2—~ VU ) THbB, "Be KfF==—K~VU J
VL pp M (M 1.2) orfo,

Be+e —"Litv, (90%E = 862keV) (2.11)

—TLi+ve+v (10%E = 384keV) (2.12)

IRC & >TEL S, TDZRNVF—DHRATH S Z LAHATH S, "Be==2— kU J (862keV)
IC& B PR DT R F = 2T MUIT 665keV ETHMIT S, TD B =a—hY OB
BOUNRFSNEGBEBEN 7 VI v RER 26 1TRY., Ny 2757 RiE U, Th, K. Rn
B EOBUMMEIC L2 0MZE AL THY, ZhEDBRENEETHL, Zhid. ThTho
HEHE (U, Th < 1071%g/g. K < 107 Mg/g) ZBKL B EDO N 7 750V RThH 5,

F7z. trigger DL EVME (> 250keV) IE MCICEB Ny 7 750 Nick>TikESTLE D,

FLI (250-750ke V) [counts /kt /day]
e o v | ve—u
PN -t 556
LOW 313 247
SMA 117 2
Ny 2 759K 201

7% 2.1: KamLAND IZB1F 5 250-750keV D =R F -l THE &S "Be =a— MU ) DES
B, No 27590 RiEx25 %23, v, 3B OMAEHZ L snw=a—- Y ) 2KT,
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[ 2.712. KamLAND OBEZANIR e K== — MU VRBZFNT 52 ~d, Piko k1,
KRG AR (LMA) R AR =2 — b)) oBlic k> THEET 5 Z 28 CE 5,

ZNRETTRL, "Be=a— b oBHIC k> THiD 3 D Dff% LIT 05 CHEET 5 2 &2t
TE5,

/INREAIR (SMA) oG, =a— MY OIREIOEENTE Be =a— kU )O3 )LF—
(862keV) Tk & 25, LzoT, ™Be=a—hJ ) OBRH~01C &> THRTCX %, Tl
NHBELBUL. 250-750keV DUIKT ve — vy, - IRENDWFE 117 event/kt/day. ve — v IREIDO Y
& 2 event/kt/day TH 5.

KERCEM (LOW) OB, WERWERO P EIRE O I & 5 C. 3%~50% D's /7 (MIERPIER
OYIEIRE) R L MWERNE oY) EIREIH 0 ) KM 5,

HZHRENR (VAC) oy, FHILENC L > THKTTE 5, Kb L Bk B o RERE (A REERE) o
EMIT LD "Be =a— bV ) OBREOEAN, BTk OZMC &S 1/r2 LE»STHh5,
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