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1.1 s

Za— MU ISEEMES O T ICEE R A 2 o T &z, HIC, =a— MU oo HE. FF
WCHEOFMII A PERo 2 VET 2 EERENTH 5.

Za— MY oHBOMEL fTE THRRAREF BRI S 72h5. 1998 FFD A — /83—
HIAN YT IN—=TDORE=2— bV OWERMRE v, — v REBIREZRETLHDTH Y,
Za— MY WHEZR OEMITHR L 2 T,

FACKZ Tl 1997 FFREICT — 2 IR 2R - ik RER oM a2 iR L. #rL <Ribigs 2 gL
TROD=2— M) JIREIOFEEZED T 5, 2 OEET KamLAND FEEf & /3, M2 idoms
Kz RXNF—-THL=a— N I RIET 5720, KEROWIKY VF U —F — iRk NE T
WEEEHRL RN 17 A Y FEEFHEEPH N TS, Fo L arzaThighky v F
V—=F—KEH\bZ T B3 NE(THI L HGoRERME S h, /20 KicHART
BRI L BNy 7 757 2 R nZ & k0, B 100KeV O BEZ RV F—=a— KV
JIEEMIET 52 eMuETH D, ZOEIIKEZRX VT —=a - NY JCEMITIT 5 2 & T,
JEFX=a— bV 2 ZHne=a— N REIEEOCHERIN =2 — ~ U o, "Be Kfg==2—
NU O o, FHIX=a— Y 2 ORIC & 2 FHBIE TGRS o i e & S0k Ece 7209 T
. HEERYFESE FHYPEZOH LTSS Z B L T 2 e T E 5,

SAEDHIC KamLAND FEg2MGE 5, FR41E. KamLAND EEZ 160 01, MILZE ok 4 220k
EZ1rmbeidnide 572, KRfgEE. Zoh Ty, AEFHEEORIEICOWTE DY TH
% (2%), El. REIFETE. MTNZ XV —RIELZTRI B, Y0 FU—F =RV HHl
PAFEL. ZoMAEDRHZ T8 57z (3F), 2L T, 4ETKRGLOE LOEIRRS,

KL Cld. £9. AT T KamLAND EEIT DWW TR S,

1.2 YIERLEE
1.2.1 Z—a—hbYIKE

FHYEE, FHYMEOEEZRED 1 DIC, =a— MY J2YHEEZFO»E I e S5 H
WHb, RIEET, =a— ) VOHENERTHL L EXLNTRE, LrL, HENXERIZRS
BT IR S v v S BRI LI, TE. K== — MY 2 KE 1] R RA=a— MY 5
Hire, Mmilidhz=a— MY OB TREINWZHE VARV 20D BHMEEIWE S
Twb, ZheoBRE2HPTIb0L LT, =a— M) REDMEAONE, =a— Y JiREIL
3 SHHD=2—- Y () PEZSHBZFFOHRICL ST, SHflo=2—- D
FICEBNEE 285 THLH (T8 A B,

WA, HER Ty, 25 v, NEBTHHEP L, 2o0=2— M) OHED 2HE Am? LR
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G 0 IR & 0.

E(MeV) (1.1)

EREND, TZTC LiF=a— M) AYERINW T2 ST 2 TIOETL 2HRE (m). ELX
Za—hUJDIZR)F— (MeV) TH D,

Ve DITEEDN D 2RI T v, v FRIBE R, 208, v, PRRIBEICHET S a0
D=a— M) 2ICER (RED LTLE-REE. v BRIBESh DRI, BRI s72ne L
LICHAR TR T 5,

FALKS UL, MERR oML IR E ShTORIEATC, FIRICKSBRoWky v F 1 — & —
RO MEREZ @R L, Bz V=N MR HNE T 2EMEITR S, Z0FEME
KamLAND % & 1f.5,

KamLAND EEA TR > F L —F — 2 fHTL2HLD, TXVF—281.8MeV LI D=2 —
MU 2T 2HEMEKL 20Tl A KeV A E CORZINF—=a— Y ) 2T
LEMEKD, ST XX —AHIRICE, JEAFX=a— kY /. "Be K== — KU /. HiER
K=a—=hU ke, 2L OBKEN=2— MY BEEL TS,

PIFIC KamLAND EEATHIFF S YISO TIN5,

P(ve — v,) = sin? 26 sin® (1.27Am2(eV2)L(m)>
e ) =

1.2.2 KamLAND D¥)i&
BEFHFER=a—bbYJ

JEARR TR BRI N R LN EIC LY, K=a— NV 2DVERS S,
ZORIETCERSINDIX=2— MY & 1FF100% DR T 1 185, ZD=a—h ) DT Ty
7 2%, R OKRB RIS LV EORE TR ERER S,

JEHFE, o7 L —N—DBRADHEN=o2— MY ) ZERNIINLET 2%, ==2— MY 2iRE)
T s BoEN =2 —NY )Y —R LD,

% Z7C KamLAND 1%, HRESEECHAFX=a2— ) 2 2T HLY, =a—KY )
IREBIROWEZIT2 D, JRFIFOBREHE. BHl. 2~4% D 235U &R0 % 5o 5 238U TRk S hv b,

KRR @ 235U 13U 2 RN L TR L ZIEE L, B2 - T U708 6 i & 40
TR 6.1 D v, ZEKRT 2.

U 4+n— A+B+6.18" + 6.1 + 202MeV + xn (1.2)

—7J7. 28U 0.8MeV DL EoRHEPIE I U TR LT AR T8RS, £
Joo BT 2 IRINERIC B R 2 [MHEZ L. Fr 24K 239Pu 22K 2,

280 + 0 =29 U -2 Np =2 Pu(T) ) = 24, 100year) (1.3)
AR E N7z 29puld, BOU & lalMbc B FIc K O ERR S L. T 5.6 o v, 2ERT 5,

29Pu+n — X+Y +5.68 +5.60 + 210MeV + yn (1.4)
29py . B R L CIRINT 2 & 0. 2Py 2ART 2B LU RETCH B,

29pu+n —240 Pu+4n -4 Pu(T;/p = 14.4year) (1.5)
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21py . BuhME 2 XL TN Z RS THEBBETH 5,
FAZe1 47z 0 ICMINENE XN X —%F Db 2R 1.1 OMIRE, ZOME. R HFORL
WIS ERENEI =2 — ) O %E BREL 52EN K5, KamLAND EEh % 1772 > fij] 2 o

Isotope | Released Energy
[MeV /fission]

85y 201.8
88U 205.0
239py 210.3
241py 212.6

F 1.1 1 Y20 Iciieh b = 2L ¥—

ONT U 7228 200km O WIciE, HEUR K OJE -/ JRETTH 5 M. KR, S, ¥, ¥
e & 16 DJEFIRMNERIEEL. LY, b DT, 175 + 35km OIXIFERRECH 5. X
L1IWCHAREMIFEET 2R F/IRE RO %2, R 12T ERJEFFOBU )& wilk £ ol
[ TN I

22 I
O3

e angg — ] R

)it § }
o

X 1.1: HAENOJE 1/ IFEER O 24X

R12DT7T v 7 AFZENENDJHE IR RRIL IO, [R=2— U J DT X)L =4 1.8Mev
Plbo=a—Rr Y ) 0759y 7 2ATHE, kb e, HALHDE NP6 5 X=a2—F Y )/
DET Ty 7 AE 1.3 x 100 [em™2s7] THY., 2D 5. 80% OX==a— F U TS 140km
5 210km DEERED 5 KamLAND BRI AT 5, 1997 FEE D 2EH O JF AR 0B /106 2
Ke=a—h )75y 7 2A%EHHE L. ThE2ZRXNF =27 MUCELZO DM, 1.2 TH5,
JEFRTR ofRRHNE, 235U 23 70%. 239Pu 2t 30% THodH & L7z,
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Reactor Site | Distance | Therm. Power Max. Flux

(km) (GW) | (10°7/cm? /s)
yig]) 160.0 24.6 4.25
KA 179. 5 13.7 1.90
far i 190.6 10.2 1.24
] 214.0 10.6 1.03
A= 138.6 4.49 1.03
TRY= 80.57 1.59 1.08
Fi 145.4 4.93 1.03
e — 344.0 14.2 0.53
FEIEY 344.0 13.2 0.49
i 294.6 3.29 0.17
E5 AR 414.0 3.82 0.10
)| 430.2 4.09 0.10
eyl 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
&at — 130 13.1

& 1.2: HAREWN QR JFE 0B ] & il £ T o Ehifk

W1E i
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Rector Anti-neutrino Flux (235U 70% + 2°py 30%)

Anti-neutrino Flux (/Mev/cmzls)

10

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

Bl 1.2: AREOI AR S fICHIES S FfiX=a— bV 7Ty 7 A, JE A ORI
25U 70%. 9Pu 30% & LTCEH L7z, (1997 FFE ORI 17 — ¥ & b LICEH)



12 W1E i

Z OFER? S, KamLAND THUE S W 5 HRRE HIEY 5.
KamLAND Tl Wik v F UL —F—HNOFFEeR=a— ) ) Lol g BEICKNT 2535 %
BHIL T, M7 2,

¥ 3 FE o SR R
2 2
o(E,) = m5Lanl:>eEe (1.6)
= 9.5 x 107 p(MeV) E¢(MeV) [cm?] (1.7)
= 9.5 % 10(E, (Mev) — 1.3)y/(E,(MeV) — 1.32) — m? [em?] (1.8)

THbH, 22T, E, 3 LIZ=a— M) JOZRNVF— 7 3P TFOFFM. pe. E lXZhZhH
BRETOEHEE ZX VX —Thb, £/, BTrehihEToEHBREL AM( = 1.3 MeV) &BL &,
E.=E, — AMc? TH 5., 3\ (1.8) I& Weak magnetism. Neutron recoil. Radiation 7% & DHfIEAMA
HTHLM, ThHIIRSHREIN TS (3],

IEDOHEN 1L, K=a—tV 75y 7 A, BREN OB FRICHM T 5, 22T Bilidgsio
B roleEN, LT, =a— I 2REZERT S L.

N =0(E,) x F,(E,) x N, x {1 — sin® 26 sin? (1'2%;(1(;;\/:))““1)) } (1.9)

LROE D, RILEN OB FOBIE, Wik v F V=8 —thokFE L REOH. /0 ZHVD L,
Np = 6.02 x 10%* / (1.00794 + 12.011 / 151/¢) x W (1.10)

THoH, WIkhs > F V-2 —0ERTH D, 1y =19 & L. AHMEREZ 500 b > & LG,
Np =4.1 x 10311272 5,

AR Z 500 b >, MEREZ 100%02 LT 12 DJEFFX=a— ) D75y 7 ZZHO
TARY MIEFHBLAEZbO%EN 1.310R7, @HIR=a— Y JIREDZWESGEZRL. BEIASK
bp==— NV OWEIREIHD 1 D TH L KRG NT A—Fsin?20 =0.7. Am®>=2x10"° D&
EDARYT MVERT, HEIMEFHEDORTH D,

INERYTH L. BMKR 500 N Th LEROA XY MDEHTE, REjoZRWEEET,
390 A NV N TH D, REMVLVIGEEORA N MBI S WA N> NIRRT 2 2 2ick
D==a— MY IREBIRZ M TE 5,
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Reactor Anti-neutrion 1 year Event Spectra

40__ ............ ................ ................. ................ ................ ................. .
B ? ® No oscillation :
B 2 TSN Vo

S e S — g L AMTE2X 1076V SINTOZ0.7

Event Rate (/Msv/Year/500ton)
(@)} (ee} o
[ S [ I S [ [ S

AN
o

N
o
| T

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

M 1.3 JEAFR==2— bV 22 KamLAND MIZEN TEZ T 1 FFHOBLRO T RNV X — 20k, F
BUTIREID 2 W IEE, BRI AR =2 — NV VWEIREIED 1 D TH 5 KEGAM sin?20 = 0.7,
Am2 =2 x107° OBFFIHEZ AT MV TH 5D,
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JRFIRX=2—h V) ) D=a2— b Y JIREIOMEICBY S Am?2 &2 HAKEL 5, N1.11C85
Y.OREM sin2 MEZ N, —a— NY 2RI TR KIS,

E(MeV)
L(m)

o T Am?2 OMIEAIRE, =a2— Y ) ORI =2 — NY Vo X)L X -2 k> THIRS 5,
/NS AM2 2T 2SI, =a—FY ) oREREZ B 7560, 22X —/f &= —
U &M LR hide s,

KamLAND EETlX. L~150km. E~B MeV TH 5%, Am? OEEIL. ~107° &b, K13
12, HROJFE =2 — U M orREEZ R T,

Am?(eV?) = 1.24 x (1.11)

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°

1.3 JAFAIX= 2 — b U 2 IREEE O O tERE

KamLAND EEpZ, #MiolfER Am? oI 1075 £ TH Y, Mo FEM AR TRIEIHEBED )
ELTW3, ZoWIkTlE. KE==— MU KRB D 1 > TH 2L MSW (1 A BI) O KE
G REDREE TR 5,
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102 Vo= ¥y
g 1! Il.'“!-.IH”H I I IIIIII| [ IIII1::
F ¢ B3 o
i -
1 2dxg &
180 B e wTE
IR a 5
1 B TR R E
E #; :
: i
10 E t
?g: = b .
D i f =
— 2 A .
‘IE] = gt !
3y : " 2%
E i Uiggs., &
& .
10 F e e
: L T
107 e
: KamLANDS gplar 4
= axpecteds | mA o
_5 ‘1-*
10 F *e, 3
= LTl
i solar SMA i
1 1 IIIIIIJ 1 IIIIII(J 1 IIHIII| L 1 111

% 1% 1% 10" o

sin228

X 1.4: FE4 D v v, IRENKERC K DIRENN T X —F D 90%C.L. Febpwitd & §raslifl, B L 0K
=a— U PEIRE 3]
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WER=a—bUJ

HIERIEZ ORI S 40TW OBERUL L Tnd, 205 B 40%(~16TW) IEREHMEELTH V|
ZD > 5 90% \FHIERWF RO HGRP,  FEB. TEb< >~ MVcE £ B U TR TR O BT R L X —
WKHBMEBEZHBNTHD, BEICEZBUTIT LV — 727 h=7 2R KINEET &2 I S 2 328 4
F CHRURMERINTCEOHERA RO /24T % BAEHIE § 5 /iR 8 > 7z, L L. HiERo NRREIE K OF
FEFRC OO I A RILGRAMEE L. Zh o 2MEET 2 &1k, kR TR OHER N ER D 4y
iz BRHET 2 FNDETH 5,

N S HERAEICAFET B BEMER RO RHEEL, 3 BIECH L DT, ZOFERL RIS = 2 —
NUBIET 5, 2 OHIERIX= 2 — b U 2 I3HIERO WEBREIE % R L T b 720, Zhz il
T2 Z LIIHERCE N AU E o/, MMiiZe &, HIERPET 3L — AR o fREIC A 20 20
FETHLLEDNS,

HIERA B U &R E U/Th HIKIIMA RETAH Y .. —BINIIHFELD U Thid< > b
IR DFAMIKREET U — N FOHGRITIEEL T 5 & &h, W7 L — b ToHsdhicidkpE 7
L — b TOHGHITHT L TZDFEFERIFMD Thne Z2 6N Tnws, X 1.5I1ICHEKX=2— Y
DT Ty 7 A%RY 5.

‘ Terrestrial Anti-Neutrino Spectra

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

N(E)dE

%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 ==2— bV J DT R )VE— AT MV



1.2. YRR 17

AB=a—bUJ

IhETCITebhicKE=2— M) 7 KB CBIHI S W 7B N T oRENC B TEE KB
WTETHMENLZBELUD 1/2 ~ 1/3 LPBHIShRW W) RRBME S h T2,

KBg==2— bV 2IEKBEATE TR 5> TSk 4 2 URE» S AR S h b, K=a—kU i
i3 SHRIDJE RIS 5L 2 =a— MY 26N TS, KT 5 & pp i#sie CNO A~
WIsH Y, KBFDT 3 NVF—D 98.5% 1& pp HE DT THRAET 25, LITORAY pp WEH K
Shb=a— KN OREMETH S,

p+p—d+et +u, (1.12)
pte +p—d+vre (1.13)
Be+e =" Li+ v, (1.14)
5B -8 Be+et + 1, (1.15)
SHe+p —»? He + et + 1, (1.16)

IRoOWETEREINE=2— M) JIFZENZEN, pp=a2—bt VU ) pep=a—hVJ /) 'Be=a—
KU 8B =a—hK~U J hep==a— KU iEINns, £/, CNOVA I NVHTHEKREINE =2 —
U OEFE I,

BN B C+et +1e (1.17)
B0 B N4 et 41, (1.18)
Up S04 et 41 (1.19)

ThHb,

KGR CORETINC e b > TRET =2 — M) JOTXNF 1L, D k) REMBETHR
ELTEMCEY, BT RXNF—AXT MvEbHD, MIREBR 2K THLUCTHIL SN D =a—
R 2IFZ RNV =B —EORA=a—~ N ) THY, WIRAEN 3K TH S b olE, MWL )V
X—izRd, M 1.6 ITEERGHRMCHESCEHRICKZ2AKE=2— M) JOZRXVF—AXT |
N, R14CETNThOKRGE=2— M) ) ORERTFVE - LT3V F —%2RT [6].

pp ==2— MU IR ITRINVT =D, 420 keV L2720, KB TRk VX — BN THEC D
FE AL pp EE EFRE L THWEDT, pp=a— M) JIFKBE=a—N) ) OHFTRADT
SS9y A%bD, ¥l pp=ma— N DT Ty 7 AFABHEICE > UREHEShTLES> O
T, 799 7 AOTHHEIZKGET VONEMICH 0 EL IR WS FEH 5.

hep =2—~Y 2IFKBE=2— M) JOHFT, ROEGVZXNLF—%2bD, L»LT7Tv 7 AT
HFIONS W, BUEOBHIZEE TN 2L T 50138 L W,

KamLAND EETIE, M0 Be=a— MY oBHIZHEL T3, LAy 2759 K%
FEMcil 2. MIEES D threshold % 0.25MeV BEICHRET 5 Z MM TELL6IE, "Be==2—hKV
JEBINTHZeNTEL, ZoZ itk BEEREHNOMEL L K== — N U 2 K3EMEIC
WY AR E HIEL T,

HFE=a—bMY/

MEZHCE/JTRELEHZADRTHY, NEOHRMEGE TR SNIzZ 3N F—-1TL>T
Ko Tnd, LT 8M, Ml LoHBEEZESHER, B JRBENHT R WO b TEo—
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T—1 T 11 T T IIIIIII T

Solar neutrino
Be - spectrum
~ e AN
™ \ \
| Lo
w ' |I
1
[} ' 1
| ' l
g LzemT Rt N
- I O
L D
o) ' !
g |
] ]
By : ! g -
G
| 1
' ' hep -
pep - !
T
1 11 l : : | 1 1 1 | | l 1
1 10

Neutrino energy, ¢, in MeV

1.6: BEERGEINCHEK S SEHBAICE 2 KB =2— M) J DT RV F—AXT M

Neutrino | Max. Energy | Average Energy
(MeV) (MeV)

pp 0.420 0.265
pep 1.442 1.442
"Be 0.862(90%) 0.862
0.384(10%) 0.384

5B 14.02 6.710
hep 18.77 9.62
IN3 1.199 0.707
105 1.732 0.997
I 1.740 0.999

1.4 KBg==2— MU ) DIRKTZRXNVF— & FEZ X NVT—, 8B DI KT IV F —ITHIRED 8Be
MWARETHHDWEE LD, FKEELIE. 15 MeV LT TH 5 [6].
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EEMADL, TOBRRENE=a— N ) 2HEHTE=a— MY ) 2IES, RSN D T3V ¥ —
134 10%3erg TH Y. 2D 5 b D 1%ANEE TR VX — IS, 9% =2 — K~V J DTR)LF—
LTSNS, EFTE= 2 — MU oA,

e +AN,Z) - ve +AN+1,Z-1) (1.20)
e +p—ve+n (1.21)
e +et v+ (1.22)

TH5H, N (1.20). (1.21). D EDIWJFEFHERHKFIC L SEAERC T, v AAREISHGE S h,
N (1.22) TlE 6O =a— ) ) 2THWERENS, v (THFTEERED S 10ms INTHL <K
MENBBEMEZ Y, ZhiThE -2 b eifEidhs, UL ZoRIcRbILENE v, T
FNE=FEPEN IABRETIEL AL DT XF =3B Il s h b,
—HCHIER E Bl S h AT E =2 — N Y J DT RV E— AR MVTRATERDE NS,
dN, ¢ 4r dq 9 1
dqdt — 4 (2rhe)3 exp(B(q — p)) + 147TT” 47 D? (123)
ZZTC, Boridma— N AT 7O, FETHY, DIF. HEFEISHERE TOHRETH
Bo U ry B p TR ICIREEL T B D C, IEIC T RIVE — AT M)V E R BIIBUEE
TS 5 200,

FHYER=21—-MY/

FHICIE. 100 EEFIPSBUEICE S E ClEE HT BIER P S UL SNz =a— Y ) M3 FEHZE
BICEL S TR u[BEER D 5, ZhbD=a— bV ) OBIHNTIFEHOEL DO KB TS & 7ok 2%
FOBEL R OEBIMIZE, BUEOFH ARSI REE OffiIc ER #2525, BUEZH
DY I al—v g FEEL DUENHCLNTEBY, ZoBHIIRIIT UL 4 22ET VICHIFR
H 25z enlifFEh 5,
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1.3 HHh2s

KamLAND FEATH W S M asid, R RS IKES A E RIS & 2 o1 1 DI THIEL F4Y 1000m
(2,700m.w.e : meter water equivarence : KIEH L) ICMET 5. W MK 2 @2 L 72 b,
HWERICKE Ny 7 752 RiZe V35 FHMR p K2 k5 206 $8TH 5, KamLAND
MUHER S FIE SN LT, Z OEEIEHR O 107° f5CH 5.,

X 17 ikt o 2/Rd, Mibidsid 3 fEEIca->TB0. AR SIHICT S ATy 7 8L —

iz L TSRS v F U —F —Rfli, A7 VAERTONy 77 —F A VR, ﬁﬁh@f&é
PIMIC BRI EZRIC DWW TE L,

"R UFL—8—

KamLAND CHHT 2k v F L —% =13 1,200m3 TH 5, FHT KT > F L —%—1F
FALKRFCHBBR SN T, 2T Tofiser SRR, K FaRiBE/). BREMMENTZ b D
%%%Lt FORER, NT T4 VA ANR=RITRE LTz NI T4 VA AIET U F L= ay

TR B IRERANEA 400nm OYETHT L T 30m & BMEME <. H/CHb k&L v, offiliic
WL TWd, £l GO, EhokrailleE 1215587V A K2 X2 (LT, PC) ZiRYE
5, CHUCRY, WY UFU—F—1350%7 >~ b I EEEWRIERE Y D, AN PPO
BT 5, BMWIC, NT T4 VA ANV 80%. PC20%. PPO % 1.5[g/l] B bDZHHT 5,

1.3.1 /N)b—

PNl—=E BB 13m CTIAF v 7TH L, BRINHMEEL. 7NV — Y W OEE LR
MDESICE > TEL BE/EIRHA 5. Rn OFBEMEIMEOEETH 5,

FME LT, 2N — VOl 2 &0 5818 2 iEMF £ 2> (ON) 2250 — U056 @ Rn
ﬁu\%lﬁx% I HABEMED/NE W EVOH AL Tvb, EVOH b 2iliEHob o (XL) %
HHL TS, N —20d XL % ON THRARZEICR > Tnd, 207 4 )V AOKFEMFRILI
£ 400nm OFEITHTL T 96% TH B, £7z. ICP HEMTIEIC LV HIEL 72fF, U Th YK o&gf&
. TN 1.0x 10719%g/g). 2.0x1070(g/g). 9.0x1071%(g/g) LL T &Hled TH 7wy,

1.3.2 Ny T7AAI

RS VF U —F =Tz ENTH 30— DIMIIN Y 77 ANV CH L, Ny Tr A A I
LIRS v F U —F —DR=ATHINT T4 VAANPFERHEN TS, ZDONy T7 4 A
T 3000m3 OEIEAT > L Ao RICiZ S TEY, 25 2 U AR {71 & Wiz A8 F 65
g%&ALtgﬁa ICEE NS HVEENTTED & D y AR > F L —F — 2RI RN KD

WS BH7DITH 5,

1.3.3 MNEFHELE

2T v VAR ONEEIIE, FMD 17 A VFHEFRGE & 20 A > FHAEFHGE g JIRIC
ﬁ%h&%5$\WWK@ﬁﬁl%ﬁﬁm@ﬁﬁgﬂécXT/VX@QW@%ﬁﬁuﬂLT\B%i:
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DONFEFIAEE OEBEHD 5D HEIEIH 36 % TH 5. 17 A ¥ F B FRMEE TR — /S —pfifx] S
THOWONZ 204 VFHEFHEELZNELLLDOTHY, ¥4 ) - KBRXFT7 - TF3A4 UK
W SRRIEEMRRN TG A v+ T4 — A RAMEEIN TS, ZOEHEICLY 10" 71 v &2h%
5 S T ORI RAEE R T8 FEITRRIILAYY (TrasitTimeSpread :T.T.S) 1% 6ns 2*5 3.5nsec
I, 1EEFE-olREERTP/VHIZ 1 M6 25 8, ZhZFhKIRicH EL7z, LrLZo
EHEIC &V ERLERNL 17 A FICHIREN D Z ichk o Tz,

Stk

KamLAND #ER o b AMIOEILER 19.6m. & 20m ONFEIEOEMAR TH 5, Z ol
AR O P EDSRE S, FICHLEINED &k 5 ik FIc L 2B RO Z Hiv e L
TW5, TOKREBMIFHB K FTHY, BFMKICEEF =L azizetit, @lT5KF=1
vaAg - FUEAL A rE—2 LT,

1.3.4 #MEEE

IMeV I TORER N T —=a—NY JELREMNT 20I138EKS v FL—F—BLUONRT
T4 VEAANOMAII R RCH D, JHAF=a2— bV ) ZMiLT 5720113 U, Thik10 4g/g
PIF. KiE 10~ 2g/g LT CRINIZR S0, M NRHETH S Be KF=a— U ) ot
Ho7=D12id, FjE T 107 0g/g LT, & T 107 Mg/g LIT2EKBLL R idRe 6720,

% Z T, KamLAND TIIMEEEIC LY., WIkY v F L —F =Mk MITEA L 72 B T
F.OWRY v FU—F NI L T BRI B, wiky v F L —% —ofificid, Fe L
THKIC & Bl e BRI ANV 2 b,
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W1 i

Crane

Rock lining

Outer water tank

Inner tank

Lig.-scinti.
Container

Aluminum sheets

Phototubes

X 1.7: KamLAND EEg i daA ik
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1.4 R=—a—bMUJ/mEEE

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

1.8: BERIFEFIC L B X=a — MV O HEE

Z 2T KamLAND KB TOIX =2 — b U/ #ili /55T dH & BIERFEHIAIC DWW TR S,
RIS A L7z v () 13, BLENOKRRE 7% (p) &1 g IREZEEZ L2, B
T (er) &tk (n) BWEL S, 22T, BEFOEIT IV 1Ty, OTZXNT - 5EETH

% 1.8MeV & OV filic72 5,
Vetp—on+e’ (1.24)

B I T RVE = 2RISRy Y F L — 8 —NE B em RITL. BRI FL—% —1
DEF LR ERZ LT, 0.5MeV D 2RKDH <zt U S5, Zhd 0N V< FE 10cm
BAT L7z, av TN URIREAERICL Y TRV F -2 LS,

PItowfE kv, wiky > F L ——Hic,

(AL 727, =3 VX —) — 0.8MeV (1.25)

DIFINTF =L Eh, YoFr—variehoThibiansd, ZoWRIIE s PINICIT2b
hd, ZoRE5%%ERET (Prompt Signal) IS,

—17. AT 10KeV BEE OBk X VX — %2 b, Wik v F L —F —NDJR L Ll %
FRL., Bt el P 170ps RIS, FBAciRiXEh, 2.2MeV OH U <fZHT (n +p — d
+ ) ZOHIFUCINEETEEFRRET (Delayed Signal) LIESR, 26 2 D DFRE[ER(E T %
Mg 2k, v, ZBYL. Ny 275 REKIBICHITKL T, 7 2 &0 IERECBIHIT 5
ks,
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F2E MEZEOHIE

2.1 WM&

WERRD» S, WHORRITIFET 2101E, MRibEEOMREZ R SRS 2T ITR 6@, 205,
ML g DWIE R e =5 — %2 L > D0 TR i s, MilidoBiE ke =% -2 LTl
TOZ L 2T TETH S,

Wk v F U —F —OBIEE=F —

Ry v F V- —ONRE=F —

AW*/@%%@% 2 —
B E ORIE

(1
(2
(3
(4)7%

RFFECIIHE FHEE OBIEIC DWW TR S,

Gl DR M L 7220 D T FIIEEDS, 1ED 10 D7 A ¥ 2 Hio T 5 & B S s 2
BN, 22 CHNNT AL E—TRE 2172 5 WERH S, F7-. HE PSSO A IHRE
ZET 20T, RIUMICHKEREZIT S HE. EHNITHI N T2V & —E 217 5 DERD 2,

58 N7 EAERD & IEREIC, TRV — IS 2 BICHET N = ROV —TRIE 2172 b et hud
AR AN AN

A R N DORAHOZEMHRERE 17729 B, FA IV VTERTT% 5 DENH 5,

KA PRI COEE F IS O RIRIEIC DWW TRz,

2.2 MyTE)TRIVF—BIE

L TONBETHEED A UBEICITHRS EHICT 5113, SXE PGS ICE CEREEZ Y TT,
BESZREICICT 5, [ 1.7 oMiiZEekE b L ahbRic, AEFHEE IMRIBEofhO» S
ERIRICA L T b, 1E-> T FLHNREO W A EEMENE Zh 2 RIEEBOHRLTHSE LHIC
FVEToONEFHEED A v 2 AR Z 2 F28 kS,

LU, S H7o0td, MiiEN ok > F L —F —0 )L — /@%@%QHéT%&#
5, ZTZT, TR Y FV—F —DELZT RN LD AR 2 bR 525, £, 7
w~/® JEN IR v F L —H — @4”&E6%\ﬁ&%ﬁk%%vy%vﬂ&*ﬁﬁkéhé

WH, M 2 VX —BIE 21772 5. DI, HERKOWIEERAT > & O MR = 30 3 — ik
«@%éﬁb:om“(ﬁ&éc
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2.2.1 AIE%R

HERDOEH %X 2.1, 2.21RT, F 2.1 1% KamLAND MiZ8iciiksy > F L —% —% Ahd
RIOIRAE, [ 2.2 13tky v F L —% — % ANTZHZDIRETH 5,

Mbgsic AN S elE, Fikoii ., FELMIEN YRV ETH D, BUE. FIFENIsEHCcH 5
HIHOFEMICONTIE 3, 4T THRRS, ZoXJHIC, WENTERZRML V-V —Ke T 74
N—%iL CHE, BIBENONE FGE ISR T 5, V-V -T2 —1cidtkito
BEORWINSG vy 2734 8 F A4 —F (LIF. APD) XU 2inch HMEFIMEE 2 HHT 5.

% | 5 |
—F V—H—

L—H-—
TSRS TR
APD APD
2inch 2inch
IS KB FIEE
=S Ty A= I CE A 77 AN
2F VLAY YUFV—F =RV 2FVLRY L YUFU—F—R—=)V

7)) N)V— FrY) N)—

Ny 77 —FA)

17inch & 20inch

17inch & 20inch
HETMEE it

i e

KamLAND Detector KamLAND Detector

X 2.1: 74 VIRIEOHERORESIN 1, fiiZiic X 2.2: 74 VERIEOHEROMEEN 2, fiigsic
WY v F L —F — R ALFIDORIETH 5., RS VF V=2 =B A RDINIETH 5,

2.2.2 IEFRMTHNS OMGTH) TRV F—BRIEANDEFE

KamLAND ##OEHNIIMRZ ANV X —DJEFIFX=a2— VU ) oMl TH 5., KamLAND
HETHRILEhBE K =a2— ) VDT 32 NVF =%, B MeV A —F —Dfliz > (X 1.3),
KamLAND #H28 Gl 1MeV O3 NV F =25 5120 LT 190p.e. MY oA Z T DTE, b L, #Hifi
WOPLTIR =2 — MY BB EILE LGS, 1 ROE PRGBS 2RI 72
2 1p.e. HIEFEL TH S, KamLAND KEATIE, by MEZTOHFICT XV T -]l % 1p.e T3
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ETDHDT, MR A v ol BEFIFIX=a— 8 ) 2T AR, TRV A7 —)LdD
WiEDRIFENZAE L SV MEERORFKEL  2HE HuJpEELRH 5, 27 A v oY ICINE
AR O M2 9,

AN

~ [l (2.1)
ThHb, 22T NIEFAKRMESNEREBRN. ANIEZFA DOmVICEVINY ZIEL ZEBZECT
H5., (F231HirhTH5 1p.e. MY LOBWENMMOHZETE AR, NIZARE 1p.e. M40 sy
MK Qi CHENLMROMTHY. AN FHEBOMMETHS.) = DR Pg[%) 1%, JE T4
K=2—=h U DT NVE=2X7 MU (X 1.3) OO THEL CTHMIEIEORMHAEICR S,

Pg = 100 x

Counts

'
————————— =

I AG)

0 1dp.e. real Q

threshold  threshold
line line

2.3: Ip.e. MO BEME (BWEZXD ., B3I Er Q[C). Mtlhidh ¥ > MITH 5, JedE FHf
BDOTA VA G[% THhiuE, BECEYDY A G[% Zb>TLE D DT, %p.e. threshold D1 CREY
% BUE L T idz 62 oic, EFRITE real threshold TREZZFEL TL 5> T, ZHic
LU, BHIHSR A FRUE. Aokofl & 0 BHR oD (AN) 24k ->TLE D,

KamLAND EEATIE, =3V F—2X7 tv (X1.3) OEL 3MeV IKRIEL GG, £TO
FHNC L DRI =a— U ) OFFROLMAEL. 4% 1AL 05 HEHERH S, £ 2
T, 714 oV ICHBJFE AKX =a— MU ) OBRFROLMAEE . 1[%] LINICHIA 552 HEFIC
15,

JEHFR =2 — N ) OBLEOHEN 1% OF. X 1.3 & VLR Pg oI 1.5(%)
Thbd, Eie. Pghi15%) OB 74 > ofvid. §115(%) Thb, k->T. KEMTIE. A
Dfii 0 % 15[%] UNICHIZ 5 F 2 HEEL T 5,

., 2D 15[%] &5 D fiEld. KamLAND FEATHMT % 17inch YE&E PG E OWIIEL(E 23R
BRFTHIE L 72 1p.e. SO REMI %, 27 — & Ohd & JEIERIC 10 #IEA TR L 72T
5 (M2.4),
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Pule Hight Distribution at Single p.e.

140F

120

100f-

NI
fWL i
20f M ﬂﬁ

L L L L
0 200 400 600

P

B 2.4: 1p.e. MY DR (FA D0 OFHEIAERH L 729,
ST EFHL. A rombh ZHREY - 72,

2.3 A4 IVIRIE

AR N DZERJEREIRZ A T78 O DI E R R RIERE. SR FINEE P OE TR oEN», =17
fa=27 2ofit. r—INVOEISOBRNOMELZTTEY., ZhboThzHEL, filET 50
MWEAIVTRIETH 5, KamLAND TIIZE M HHMRAER 10~20cm Z HEZICL T 5 DT, I
MIEROIESDEZ 0.5ns ICHIZ 2 F 2 HEEL 55, HIERISMNT = 2V E—0E & EoEE (X
2.2) MHT 2 TETH L, MILEBATERT LRI ERDTH S,

2.4 HEFTER T RIVX—EEIE

FRA4DFZANZIRZ AN F—DJE =2 — KV 2 OHIETHD T, Hrhly = %)L ¥ —iFiFi
FiIZZoZx )X —HH (K IMeV~10MeV OFIFH) TIT722 5, Z OHIH DM T 2L F —HRIE
WIXFE 2 D ~ M E T 5,

F 72, KamLAND MLZ8 N CHIEEY 5 FH o kA1 & 5 SR % FJH 3T E 53MeV £Tx
FNE—HHZIT 5FEIRETH L, Tk, EBICHOT RN F — DY EROWIEH 0] BE
TH 5,

DI, v fRlRE U 728R0E, P o 2 FH L 2BIEIC O W ThRR S,

2.4.1 y#RIFEICKBBIE

v IR E ORIV, 0.5~6MeV OFIFHD H—D TRV F — & Ffo 7z v fIREZ T 5, BRmic
Wy #EHE LT137C0s (0.662MeV) >4 Mn (0.835MeV) %5 Zn (1.116MeV) ,59C0o (2.506MeV) ,Am-
Be (4.43MeV) ZH7 5, E£7=. 5~10MeV OHIPFHDIRIE 21772 5 i OfHE LT, 16N (6.13MeV)
LE2MHHT 5,

WERL, EEPTHS,
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2.4.2 - e BAREROBAESFICLISHIE

M2 AT 2 FEHB p K Fo S B 1 HISH 100 BAMIZSN CHIEL, Er2iulds, £
OHFBEE FOT RV F =%, F 37TMeV. XA 53MeV TH Y., B+ MeV Wik T 2 )V F —HIEIC
HHIN 5,
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3T VUFL—S—KR—J)

KamLAND IS D 25 > LA Z ¥ 7 R OBERIICZE & N B IS E oM = % L X —RIE
BATRIBCY v F U —F —R=)VEHFHT 5, EREOWIETIE. Zo¥rF U —F —R—)ULklk
VUFV—E—hThEHENS, 22 C. ITOMRENEREN S,

(1) FhHWekelesz e

(2) Wk > F U —47 — DL Tl e ¥ 65,

DIEoFEEZEZTY UV FV—F—R=IVDTV A U&7 5Tz, Ll Yo FVU—F—R-)L%,
2R Ex 2, 1 D3R NVT, b 123Fa—TWTHL, DITICYVF L —F —R—=)L KO,
VUFU—H —F a—FTDONTIRR S,

3.1 YUFL—F—FKR—)
3.1.1 B

VUFU—F =R NVOKREN 3 1ITRT, Y UFU—F = R=IVARIERE 5cm. £ DR—)V
KT 7 AN=DFAIN TS, KT 7 A N —DHERIFER 3mm. £ 60mm DAT VY VARAY —
FTrwn) 25 v L ZMOHEIRDOIEEZ L T 5, 77 A NRN—=DATF >V VAR — T DI IR >
TRHNAT AT S T L EbRWFRIT, T 7 A N3 2cm RO 7ZIRAETEE T 2.

‘Optical Fiber

Stainless Sleeve

Air

50mm

POPOP 25ppm
MgO 2000ppm

Scintillator Ball

M 3.1: ¥ vF L —F—R—=)LDOHk
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3.1.2 &Ko

VUFU—F =R VRERDEMNEY v F L —F — & LT POPOP. lifftfl& L T MgO. FKH
W77 U NERGWZ, ERSOT 7 VIVE KamLAND CEHT 55k > F L — 7 —12Eic L,
¥/, JEHICKRTH D, YU FL—%—TH5H POPOP DI R AT N VIEIEKAEAS 360nm )
ITTHY, FCBRANRT MVIEH 420nm ISHRKEZEFFD. POPOP IZ & - THILEL oI,
KamLAND EBACHEH SN WA VF L —% —1Z&EN 5 PPO O EICZ2 WD T, PPO
ISR BN DRETIT & A L7vy, F /2. 17inch HEFHATE & 20inch YE&E FE FHAE 0= 7K
DROFHICRAARY Mo ¥ — 27 ZFFD, POPOP DI & R % X 3.212. POPOP
DFERIRE PPO ORI RIS Z X 3.3 1R, £7. X34, X3.51C 17inch YeE FIHMGE &
20inch E FHEE OB K%L R,

VUF U= F —IFEFEL NSRS 5 O TFEHMIIER - IVOHILTY v F L — g — VANES
MEEFETNRHBESNEITTTHSL, LrL, Y UrF L —F =RV AHL 720 A ) I
Bl BEMEDSSH B 51 MgO ZIRAL Ty v F L —F — 2 ML Ottt 2% < 75k T
KLTH S,

‘Emission & Excite Spectrum of POPOP ‘Emission(POPOP) & Excite(PPO) Spectrum
5000 5000
40001 40001~
30001 3000~
20001~ 2000~
1000~ 10001~
o S SRR WO L J L 0—7—(—" L, | ‘ | ‘ I
200 250 300 350 400 450 500 550 300 350 400 450 500 550
wave length[nm] wave length[nm]
3.2: POPOP DURIX (RUfR) & FE () 3.3: PPO OWRIX () & POPOP DFEL (RiK)
AN MV AN MV

R—=ZEEN LRI OEIE. POPOP : 25ppm. Mgo : 2000ppm TH 5, R—IVNTDHI >V F L —
5 =12 L ZEIMEDBINENIAT 3mm TH S [10], €2 TT 7 A N=25DHD 1 [o[H DU R —
WVDOHNIZR BRI, £z RAEL N AT U VAR =T DI 60, ZoA 72T
ORI BN THRT 7y AN—2IFATLRERTTH L, £72. POPOP OFEEE EiFhuE, kX
RIIR L2220, FEEHOIN TR ZRICHTHIMT L2 L ATV VAR = TWEICR>TLE IR
I, COEEICL .

MgO 1< & 2 HELRIIN Tmm TH 2D, &> T, POPOP Ik - THRAL 2. R—IVAT MgO I
F O BEBELS WAL FEBIIR S, MgO bIERE L EyFhud, AMEELE 5 A 2.
FOFEHFMNCT B, ARMWH IR -TLE I B, ZOoEFEICLK,
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17 inch PMT Quantum Efficiency

E’
¢ BT T
= & - ~.:‘.—-\
s E/ #f \_\.\‘\
Py i y/i > N\
2 N
10 o v A
= " R
k) [k TR
R
® | NN
o E 4 NRN
olid line....: Mean 2 (4 WS
Dashed line : 10 g l# Wy
) ; AN
1 otted line ;... Min..and: Max 3 1 é
c }
I
4
R T T P P P e
250 300 350 400 450 500 550 600
10'1\\\\\\\\\\\\\\\\\\\\\\\\ Wavelength(nm)
250 300 350 400 450 500 550

Wavelength (nm)

X 3.5: 20 A > FOLE FIEE OB 7RI, FHE
[ 3.4: 17 4 > F N PRGSO park, Fug T EERL SRR E, fMEZ T, i
FEEERL . SRR, BMEEET, [y FTHERS 1o MR 2R
PSS 10 BN -A0E 2 5T

3.2 Y UFL—4—FR—)VDHEEFFM

UF U —F —R—)UiE, KamLAND IS 25> LAY > 7 BN O/ LE S E IR
HEMG L T 62y, L, EBRIITAMIC & > OERVBEZ > Th B ulgEMERD 5, Z
T, ENET R TTX A, FoHAICHT A RO — RO RIEE TR - 7=,

3.2.1 RIEAE

HEZR%Z., M3.61RT, KEEMTIE. V-V —HedrFL—F—R—)LIZ AHT&E, KL
% 2 inch AEFHEE CHIET 5, ¥/2. V—VF—XBEE2E=F—T 551, APD 2{EHL T
W5, YUFU—F —R— NV ENESETCHIETZ2HICLY. To—RH2HENSE, $/-. HEELZ[X

I ¢ & ZHEREE 0 =0,2,2,2 17 20 rad] OMOWEZTTRD. ZORIL T, ¢ 1B LT Zrad]
Dol s, 1 ANHEETRS T

R

PRSI E L7z, Laser Photonics BloZEZtAFE L —H — (LN203C,LD2S) % 1{FH
T 5, LN203CITZEZ LV — Y —RIKT, LD2SIEF A EV 2 -V TH D, E@E L~V —DORIRIET
337.lnm THED T, FAEV a— )VEHWIRETHEOH LT ) /X -7 -1l WV RIRKES
FETL 7=, RIRIEIEL. POPOP OiEA X2 MV D KT TH 5 365nm. A5 L[580 40Hz
FHLZ, £311CV—F—oRMEE2RT,
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Laser
APD
NRotatetion
s inn_ch PMT|— | ADC | "5~ 40 3
Scintillator Filter 8=0
Bal
3.7: Y UF U —F —R—)VOREELD EF
Black Box V=Y =D A% 0 = 0rad], MO
_ T5/% 0 = nfrad] £ T 5. ¢ FFHDJHAL
¥ 3.6: WESR I3 AR 1 SRR RAL,
Y LN203C LD2S
FIRBE (am) 337.1 357 - 710
7V ANE (FWHM,ps) 600 300 - 500
IRNVF— ) NVA (ud) 100 Dye Dependent
IR L [ (Max ,Hz) 50 50

£ 3.1: EFEMFEL - — LN203C &KV LD2S ORI
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HEET-H—

33

NHEE=Y —DOEENIBR Y V- D IR 2 BREL T v F L —F =R VDU 2D
fEZT2HTHLH, KEE=F —IITENEN APD 2 ¥A 72, APD I3 HCHMGEEES - 72 6F
WHhFTFTHLH, MLZETPOSMMGINETHNIEN55. Gl LlnlikoMs o 55 % Hf:
A0l (104001~100001) 1Ziiks, E->T. APD 2T 5EICk- T, HEOT #
NEAT—=RD1 0D 1~10050D 1 OMREE THIEANHBEICZ2 5, HICIVEEIIEZ. N
A7 AERE 2T RIS E LD 5Nz APD BV 2 — )V R I L o T INEEERER
BIICIERTT 5 720 TR 2 e Sl gBIC e 5, 323.21C, 2D APD oftk%/RT, Tz, A

ik C5331-12
R 3mm
TRERE e 200~1000nm
T RKIRE R 620nm
BRI (B : 350nm) 40%
WRERERER (25 % +10) | + 2.5% Max+5%

3% 3.2: APD &Y 2 — Vo ftkt

PMT VS APD|

238

236

APD’s ADC Channel

234

232

230

228

2407

226 L I - Il
200 202

204 206 208 210 212 214
PMT 's ADC Channel

M 3.8: EEE=# — & 2inch E F I E oM

BE=F— & 2inch EFHGEOMEIXREY (X3.8)
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3.2.2 HAIERR

¢ Fil L 0 HaoFE oW ER KL, ZhZhl 3.9, X3.101R7,

X391 ¢ (W) OAKZEZFFOR O (0,5,2,2,12 28) odcoitht Gt 2R7, 1w,
Z ORI ToIHRIE. LR THER 1.0 I 2ICBBEL TH L, ZOR LY, ¢ = r[rad] TEEMN
HRTO2 0%, ey M3.1013, 0 (Wl OMEEEZRATCOE ¢ (05,53,53.5.%5) O
scodeR Gitih) Z/rd, ZoORBR 3.9 L[Ekk JERIZSARTFEN 1.0 1272 2 RICHMBIEL T
b, ZONEY 0 = 0frad] D5, D F VATHOIFTHRANRRIVEDD 5 D15,

All Data All Data
é‘ 3— 2 27 o:@=0[rad]
o r c r v 1= 1U6[rad]
& [ qc,l - +:¢=T73[rad]
o5 e =160 9= v2[rad]
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3.5 F&o
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T 8&A Za—bMU /RS

Al —a—hYJiRE

Za—hYEFERT (Z 4 -2V T b)) omTHEW Rk T e LTRSN TS, ZhidHEH
20 CHONEEH LA LRVIE— DR FENSTH S, £, EEEF L TERIT0 LINESH
TWAD, 0 TCRITNITR SRV W RERIIM by, Blc, Z—N—h3IAHhrFEoEMR Y
BHY e SORMEMNL TS, bL, =a— M) JIZHERHWE, HEOWEHREL §h O AEH
DERIENE S THEEASE R S5, BOMIELFHTRAE L =2 — kY BHOHILAFH oG
RIS 0%, ko =R OEHPRIETH: <, EROBRIENES LTS RIBIR > T s,
ZORRHBORGIREND S L, WOl O=a2— M) JICBYEDSZ RIS (2a —
NUIRED). 22T, To=a2— Y 2 RERCOVWTEL,

A1l EBEZHFTO=—a—bY JIRE
Za— MU WHERZEOBG., HEROEEIRE (1,10, 13) & BOMELEH O EAAIRE (ve,v,,07)
W 5> TRE DT, 74 —2IBISRETI LRIV T b OIREITI Uyt = 1,2,3) 2 F
SHEMNIEND, MM T V=N~ DEAIRIE vy (f = e, p,7) 1E HRDOEATIRE v; (j = 1,2,3)
ERHOTRAD &S 1cHT 5.
ve) = _Usilvi) (A1)
J

ZEMTClE=a—NY 2 IZHBR P LTRIRT 2006, Bt BRO=2— MY/ |v;) OBEIE
Bax

yj(t)) = e 15(0)) (A.2)

ZOW, |v) BEXVF- B
2 m?
2 ~ mj
Ef‘vp+”%wp+2p (A.3)
ZbHD,
LEdts T, 3k (A1) &9
V(1)) = Upje™ B5UL |y (0)) (A.4)
R D,
ZIC MRORD 2RO =2~ b U IRE) (v, v,) IKOVWTEN B, 2 OB, RETTI U,
WA 6 1 BT 5 D,
U — < cosf sinf ) (A5)

—sinf cos6
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CROTZEMTED,
Xt =0 Ty, THoLODMN, KHl ¢ T Yy WCEALT D P(v.— vu) V&
P(ve — vu) = [(1u(0)|ve(2)) (A.6)

THY. N (A4). (A5) ERNALGHIT S &,

cosf sind e bt 0 cosf —sinf 1 ?
P(v, — = . AT
(v Vi) >(0 1) <—sin9 cos9> ( 0 e_2E2t> (sin& cosf ) ( 0 ) (A7)
ZZ%M%Q%ME—&M (A.8)
= sin’% 20 sin? Mt (A.9)
THDH, ZIT. =a—hU ) OERIIERICHS TS LT HITHR (A.3) 2> &,
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P(v. —v,) = sin?20sin? — 2t (A.10)
o 9ap .o [ 12TAM%(eV?)L(m)
/A~ sin” 20 sin ( EMeV) (A.11)

BEohd, ZOANE, TXIVFX—EMeV) D v, % L(m) NI T=2— MY 2 2BHITHIE,
WO 0 & Am? OBRERD LFNBTES.
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i )=o) 1
::T,H§E+§HM”+%NMM2:U<TfI%)Iflﬁﬁwﬁﬂf,ﬁ?yV%wﬁ\ﬂ
FTH DX FRIRSY 2 2% L T
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EN”SH%EHL &
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WEEND. v Ly, [T 2 HEOEAEIE

1 1
m? = E(m% +mi+A)+ 5[(Am2 cos 20 — A)? + Am? sin? 29]%, (A.15)
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1 cos20 sin26
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dt \ [v) 2Lvac 0 Vi)
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NU W, ETOEEB—ETHLYHEP 2T 2K, REMERIT

L
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m
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L vac L vac — =
Lin = Luac[l — 27 c0s 26+ (=)’ 2, (A.18)

Ly Ly
sin? (20,,) = sin? (20)[1 — 2= cos 204 (—2
L. L.

IR Lyae = Le cos20,sin? (20,) = 1 DK, KiC2 b, HRIET = 2sin20 O T, HEOMH
W v 260, ITED 5.

N (A.19)
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