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#1E KamLANDXE&

1.1 KamLAND XE&

1.1.1 #R2s

Mg o — NI O BN T 5 2AF v 7 70— A7 BEE 13m. 1150m?
KRERGRY VFU—2DNFREIND, 7 —EEE 200um DR T 5 AF v 77 4
WIS TETCNWDS, ZOIMINIHEIERY v F UV —F DERNTH D IR IINVA ANV TEN,
25U AECEE SN B THEE» S DNy 2 75 REHIZ 5 & & bk
VFV— B DFRSIOEE/NEL L, NIV —=ITHIRY U F U = DEERDPI SN K
L THB, N Ty A ANEWKRS VF U —=F )0 —VIFER18M D AT VL AR
F—NVHOREOZ > 7y RCEPN S, AT 2V A IMIINEEINE O 5400m? KF = L
AT T UEAETIRSTEY, HRICKRY L F URIRE BT 5 2 LI k0 ik
BHEFFT 2, 72 2 AR, ?%ﬁuﬁ%®££iﬁﬁxmamuéwﬁﬁﬁﬁﬂf%
&, AV ERIY T end, 7o ¥ A MoNETMEE TN IA T EHT
ﬁmbtm4/%t ETMEEEZ AT 5,

AT > U AT KamLAND ERO7=DICFRRINIZHND 17 A > FOETFHGE %
m%ﬁ%ﬁ?éox%yvx@ﬂ&@mﬂ?%%@ﬁ@ﬁﬁ@%é@wa%@mm%\é
51T 20 A ¥ FHETHATE L 580 RIEMT 5D Z 21T &Y coverage & 35%IC LT T
EIMTEDL, 1TA VY FHEBTHEEONBUL 20 4 v FLEBTHMGEE LRI TH 03K
JCEAZ 17T AV FIREL., BT A ) —ReXRRXV TV FA)—=KPERy 7 A -
7V RASEICESRZ 52 L1 &k FFRIFFEZ KIFCH LS 52 23] pRcR - 72,

WKy o F U — #21FE KamLAND EED 7= DI WAL KETHZICHR SNz b & 5,
WK VF U — 21T, HEEKR e RCRVWEER NS A= kb, SEEARL 2ol
ABEEIT 10m. FRACRIZ50%97 > b Iy e ->TEY, Eifc ib+ﬁ&:xw#%
MEREREONDLZ MDA 5Tz, . Zoucb Ny 275 R & bt cs
DERRVBVIRL N2 759 ReBRETEDD n/y. afy DBRIBE/IENZ &,
a7 T TR (R B BIR) MARENZ L R ENERSIN S,

72, KamLAND Mitigst3ile 5 Wity (Lo ILTHIE T 1000m (2700 meter water equivarece:
KA ONEICES SN 57280 FHIM p MO HIER DAY 1075, 1/600(s7 - m~2)
7%, KamLAND M gRic B & FHM p KoMt f3 4 0.4Hz &0 IFFITERAN v
7oy KOBRBTCHELZITS Z eMMTE 5,
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1.1.2 mH/REE

fribds N TR E 5 N ARG 7 & BIERKE 7o 2Fic T o b, KERMOFH
NTHBEX=2—b U DORINILIT D & 572 & 0 BERRSZ ERT 5, 7.
=2 =t VU 2EFRN(1.1) 0L CHEEKRS Y F U —FNTH g REEZEZT, cor &4t
RENTZBEAEY v F U - a v BBRL NS RITL ., BREICHKEKY v F1U —Fho
EFLONHKL . 0.511MeV D M2 AKFEET L, ZNo D y bRy v F L —F o
EFeWETLILICKV Y U F U=V ar R KTE, INEDZ L2 ns IS
5, ZDOEITHAEL 2155 % prompt signal & 5,

— 7. BHEFIEERMETEL . P 200us BRICHEFICHIIE S L 2.2MeV @ 4 B HIL .
22MeV DM DY > F U —2 a VB FAET S, 2D Delayed signal & L CTEHIS N 5
(X 1.2),

DFEY., —ODOIRNIHL THE 200us BN 72 & ZAICZSOETFNH L Z &ITkR 5,

To+p—et+n (1.1)

n+p—d+y (1.2)

Vet P—-N+ € Prompt signal
Ve
thermalize Y
Delayed signa
//' 2.2 MeV Y J
n-p—-d+y

0 1.3: FLEREIREHEE TS S h 216 5 O RIS ]
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1.2 WEFE=

1.2.1 —a—bY JixE

Za— MY ERERZEFS. MICEGED =2 — MY VREIZ SIS T
JRR & 725,

P, HETTO=a— MY REICOWTEIT S, 2 2 MR 72012 2 14X (1,
v, DBREEXL, HROEHREZ 1, 1,2 T2L. Thd e HRoEHRIEE i

(Ve>:< cqs@ sm@><y1> (1.3)
Yy —sinf  cosf Vo

EW O BRI LD, 22T IdHRoEfGIRE: HRoEHREDRGAEZ KL C
W5,

Za—hMU IXHBOREGIREL L CTHZET 2 KT 5., GiI&oMHIE. FHERET S
ValbT 4 U= HEAEMLSZ e THnb

i%<2g>:<%é><:8> (1.4)
Z D N
<2$;>:<601 a%ﬂ><2$§> (1.5)

L%, ZofRE O EAAIRETRT &

ve(t) \ [ cos# sind e”Et cosf —sinf ve(0) ) (16)

v,(t) )\ —sind cosf 0 e ikt sinf  cosf v,(0) ‘
b, —a—h U 2IFOMAEEHAZELC T, b b oEFIREE L TEKRSH
ﬁﬂéhé@f F=ma - Y 2 REfORTERT Z LICR D,

ZCHRAt=0 T vy, MERINTZ LT 5, X Utf%@w:r.—*]\ U Wy, TH L HER
P( e—Ve) ¥ WZIRRD & 5127 5,

P(ve = ve) = [{ve(t)|re(0))* (1.7)
:1—%W%ﬂﬂm@rﬂm) (1.8)

HEICHAREE T 2L —DIEFICkENne 58,

2

E~pt — (1.9)
2p

DT ENTRD LS ICEKREN B,

PO@—%l@)ZZ1—SH329$n2<WE@)> (1.10)
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ZZTCLE)ERAt ETCIC=a—MY VoA, L, ITEZTORIEK T,
Am? = |m? —m3| &L T

4rE D) eV?

THREINDG, Za—bMY IPEZEH LT 5L Sk, 2o &5 2 tRoEFIREOIRE]
95, Thn==a—MY IRENITH 5,

KGOWED X 5B D=2 —r V) ) ORI EZh D=2 — 8 ) oKL
TEEZTONEDRH L, Zhid, EF oo — U 2IFEEHL > M & BEMERELDS
HHOITHL, DTV —N—D=a—k Y JIIEZIB RN THL, ZoYEH o
Za—hMY JiR#EIEZ MSW AR L WS,

WHEP Ty IR T v v b

Ve = v2GgpN, (1.12)

ZHiD, 22T Gp i Fermi &8 N ISVHOEETH 5,
WHbO=2— kY 2 IREIORHREOMN AL, BEhD=a—K U JRENCRT Vo
VIS - 7= 7 5,

d [ ve(t) ) cos  sinf E, 0 cos) —sind Ve 0 1(0)

at < vu(t) ) B [( —sinf  cosf ) ( 0 E ) < sinf  cosf >+< 0 0 )] < 5(0) )
(1.13)
COREZHL EYWEHPCO=a— MY JIREIDH TIN5,

Za— MY RENZRET LB L TAGE=a2— NV REVNH L, KE»SIE.
MEORIPEY E L TEROBE TR — MY JBHESNTEY, KEoREIFEHL <M
ENTWEDT, ZOKG=a2a—h Y JOZXNVF TS5y 7 AbHREREET
EHLEZAOLNTW, L2L., KG==2—bV D75 v 7 AT L DD ERBRTHIE
SN, ZOHRIIVVTNYO K== —F U IR EL THbE I bl 57k, L
b I ZHhoMEBROZ XN —BEOENC LY =a— MV ORI T HEENES /2,
KIGEERTUAEIET A2 LICLVHIAL K5 W IOEIE L H o 2Ty UKD |
Za— MY JEHOMWHEIC k> TRRL X5 WO Fhicifi#EZ 2T =, 2hs oFEkRMo
TRTCOMRIERERZFfo/oma— MY DEERIT=a— MY JIRENC &> T
Tz &N TEL, WHIREIOME LT Am?- sin220 VI BT 27 FRICAREMDYH 5.
FHEH Am?~ 10%V2 T, —DIE sin?20~ 0.01. b 9 —2lE sin?20~ 1 TH Y., AIEZ /N
RO, BEE KREGA L WS, KamLAND ERCIEIRESHICOWT, ZZICid 5
DR NDIPEMGEET HZ LMW TE 5,

bo)—DoD=a— MY RENZRETLEHE L L CRGA==2—MY JEERS 5, FH
I RATOEZRMEDO AT HHEL r KPP ERSN S, 612 7 KAXKRO IS
T,

T— u+7, (1.14)

p—e+7T.+v, (1.15)
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Ih&y, Ri=a—-bU 2y, i=2:128R2Ze1 TSNS, KF=L a7
MR TR, BT F =g BT, ERSNIZGERT (e, p) 2L B5F =L =
TV TS=a—hY DA TREAMEZHEIT S Z &N TES5DT, zenith angleil
WY B0 % IEMECHI S Z L3 TE S, zenith angle ld==a — K U B ERSN TP S
HENLETORREORBE L TREINLGDT, =a—F VU 2IREMBHIUL, zenith angle
ICE->T2:1 LS HIFET BT TH 5.

KR, Zhb D=2 — b Y 2 RENZ R REWGE RS RS S, o/p DHHIFF SN 71l
DBELZ60%L%>TnDb, ZO=a—hk Y 2EEL zenith angle & OMBIEH IAH >
FRETHRANCHE SN, A= N=H3IF B FIREoTEHIHERb D E R >TNS,
YL =a—NY 2 IREIZRT Y 0 61E, BEAIEsin?20~1 725, Am2 TR
FoZ LA 1072 ~ 107%eV2 ORTH S, A= N=HIXTHT T, yeo v, 2
i < SZHRFL T g, KamLAND KT v v, DOJREUED D 5 D2 HEGE T 5 Z 28T
x5,

SHETIC, JRFIFRMERE > TEZL D= a— h Y JIREIFESI TN TER, -
Ve IREMC DWT, B4R FEENC & > TRIFS N TE 72 Am?- sin220 HU8% [ 1.4 1R,

Xt LSND 1. 800MeV B ¥ hiiddssh» & 7z 12 ERMNC iR &, AL 7z » i1
ISHHE L 72 BRBIEL TERT 2T 3V F — (B 10MeV) D vev v, 7, =2 — b U ) DR
HHSEOMEMNENTS 5. LSND Tld. 7,—7, DIREBISEZEERL MR, v, 0BT
MEYO VAT EDIZ, =a— Y 2 RIOIFINRT A -4 —HliH%ZRL 7=, &IT.
RATHIC 7 PRITFHSEEL TERT 2=a2— bt U/ (60MeV DL L) @ v, —v, OIRETBIS Y
PERL 124, 3PN A= 2 HiEC BT 52 £ 27RL 7=, BNL E776. Minos X K2K
IREVE, MRS AEL R RNVX — ot K* PTORITHOBE» 6 AL 7oET X
NE—= (W GeV)D=a—hr Y 2 eMvd, FHT. Minos[3] ¥ K2K4] &, ===~V /D
RATEEREDS 700km. 250km & KEFRETH 5 7= . long baseline K& XN %, Minos T
F. =a2a—h U VO FEZRVF =2 12CGeV EFZXNTXT —TH Y, r FTEERT LS
LU[REL R D, TORR. v v IREF YU X VE . KT OMBIC R OMEET 22 &
Mk D e WS FRE S D,

Bugey[5] Palo verde[6]. Chooz[7]. KamLAND F7x & [FFFEEBRTH 5., X (1.11)

NS TR Am? FOPEERT I3 E RLT50, Nz VX —D=a—-NY )%
ﬁm?é EIENCIR D, JRTFIFPS D=2 — 8 Y ) ORIV F—ITH MeV &, K
BEHACEONS =2 — MY JHRTEL L EW=0, [ ESoifo=a -~y )
IRENEEATIE, LV/NSZ Am?2 FCEERTELZ LI D,

KamLAND 28 % dle U 72 2££8 200km @ P MICIE < O JEF/RER B S WA

TWb, N6 DJEFIIREFN S RPEFUR=a— VY ) 2BHTEZ 212XV Kam-
LAND EETIE Am?~ 107% V2 FTHRTE L L HIFFShTBY. -y, RENC BN TE
REEORMT, K== —h Y ) KEHBEOREDO—>TH 5 MSW O KRG RO
AERECH 5, PIToR1L.1IC, JHRFFX=2— VU Mo EL R~
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Kk EEVEE | [0S Ol | Am?(eV?)
Bugey 1200kg 15,40,95m 2x1072
Chooz 4800kg 1025m 1x1073

Palo Verde 12ton 740m,850m ~ 1073
Kam-LAND | 1000ton ~150km ~ 1075

1.1 A= — b U 2 IREIREROMEAE

1.2.2 JRFFER=a—bMV/

Za— NV REE ERIET 2617 itko—F, [P TRETIEFRUN=a—
NUERBIL . ZoREL 28 WE SN % IR 2 disappearance FTH 5.

JEFFCHEH SN AR ZHERLIELS 2550, 23830, 299Puel TH L., BARIFFRNCIE 25U
F2~3%L D EENTEL T, JRY DR 97~08%IE 25U TH 5. Z D U ldmHhtt 1%
RIXL TR AR T, —75. 25U oA mE Ao L TUIh S0, B
ML QEIRFICRE W,

*%U+n— A+B+6.18+6.17, + 202MeV + an (1.16)

RN BT T o —IBIF 238U, 22Th 2 ICiifEan s, 2h b o g%
g sL.
238U+n—>239U+’y

(1.17)

B9 - BINp + 3+ Ue(T1/2 = 23.5min.) ( )

*9Np — *Pu + B+ Te(71/2 = 2.35days.) (1.19)

22Th + 1 — 23Th + ( )

*3Th — *Pa+ 4 Te(71/2 = 22.2min.) (1.21)

#3Pa — U + B + Uo(11 2 = 27days.) (1.22)

L. 2D [ R FTCHANUMYETH 5 29Pu X BBUICIRIRT 5, ERSh 7 29Py
B HETIC & > TR ERZ T,

*Pu+n — A+ B+ 560+ 5.67, +210.3MeV + zn (1.23)

O &R TR MEFEEILD g BEN S =a— N U VB ERT 5720, 13T
100%DFETNETN=a— NV MR IND, HFFEPSDX=a2—MY JDAXRY
MVIE, BAHETERSN DML 2T g HEAXRY M vEERQGbELZ LIC kS
THHEEIN., BUDOKRETC=a2—NY DTS5y 7 AN 5, ko> TEFHRIIMEDS
WREFH=a2—b Y e L CIEFEICHEL T b,

KamLAND EECIIRDW g NN & > TEFRUX=a—M Y JoMEZ1T,

To+p—et+n (1.24)



B 13 KamLAND £kt 17

Z O CKTIEFRIRA TR SN S,

272
E,) = ot Ee 1.25
U( ) m2+f7—np + + ( )
= 9.5 x 10" "per (MeV)Ee+ (MeV)em? (1.26)

ZZTC. i I T oM. Ex EBRETOTXNE —, po EBETOEER, 137 =
NIBT fF=169ThH 5,
WY v F U =2 TOREDOREIK=2— Y )75y 7 AF,. MHEENOG T
N ICHAAIT 5,
N=o(E,)) xF, x N, (1.27)

p TR 2 F U = F DK IREH (ti)0) & RO BRI D 5.

N 02 x 1023
N Xlgon (1.28)
W 100794 + ==

I'n/c

ZZT. widERY v F U —F OHRT, 10 = 1.9, AKIE 500t & L7z &N,
=4.1x103 &2 5,

RSN BT B BT R=a— Y ) DT Ty 7 ZA%RT, KamLAND kritigez
& U 722388 200km O WICIEZ K DT IFREMMPEBWA TS, HEREN DR
JIFEMREZN 1512, £z 205 OJFEFIFOEU 18 KamLAND Mitids £ C oz &
2ICF W5, K 1.2HD Power Flux 1. JEFIA & Bz phlE] it 28 o 7 AR 1 2Lt /)
NI boT, HlZLETHE, GW/(4rl2) TRENLRTH 5.

ROM 1.611. H@@Pwmﬁmxwﬁﬁé?ﬁ s, Hi=a—h U D79y
JAMEL IR, BRI b B9 5E, ZOZ NS ETFFRX=2—K D )
?%E@%ﬂ«é_k ORI VSOV REREOALIEMNTEDS, /2. £127T
®D Power Flux DGat & 0 X 1.6 D Power Flux 23/N& {72 5 T2 DIFJRFIE KT /]
THIEL TWhWinZ e, ZNZFNOEFIF T AL TF 2 ZAD DI » HidiEln% L
TWWRWDTH D,

M 1.7121E KamLAND IR CORBETFR=a -~V ) 7Ty 7 A, EBICN(1.27) &
FWTEHEL 72 KamLAND 28 CoMti A Ry MR = — N U 2 IREM S 2558
WG DWW, il 2 cFHIKE BRL ET O T RNV E — (Ee = E, — 0.789(MeV))
ELTH18IIRY, ZhEMHNTLe XEFH=a—FY )04y MIMEEROEN
H& 1000ton T—HICBEZ 2 ARV M b, B, EHFOREIET 78%. Mt
F100%&e L7z Eb0TH b,
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28 1 |
oE

=E NN
EEK)

X 1.5: HAE N O 557 A8 D /MG

JRF71REERT | FERE | BUE /) | Power Flux
(km) | (GW) | (W/em?)

il 160 245 | 7.7x10°¢
KA 190 13.7] 2.9%x1076
= 210 10.2 | 1.8x10°6
W] 210 10.6 |  1.9x10°6
] 150 45| 1.5x107°
Zivy=| 97 1.9 1.3x10°¢
Fix 165 49| 1.4x10°°
R — 357 14.2 | 89x1077
fREHE 351 13.2| 85x1077
B 306 33| 2.8x1077
ER 414 3.8 | 1.8x1077
Fival 560 6.0 1.5x1077
Kl 770 6.7 9.0x10°8
7| 442 4.11] 1.7x1077
H 804 33| 4.1x10°®
N 844 53| 5.9x10°8
orat 127 2.1x10°°

3k 1.2: HARENOJRET/RET DR /1L KamLAND #itEs £ T o Fhgg
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1.6: Power Flux & H 1> 25
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1.7: JBFIEP S D=a—KN) ) 759 7 A

19
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Event Rate g‘MeV/X\earISQOt)
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/

N
o
T
—

20

- (sin?26, Am?) = (0.7, 26-5) L
0 L1 Ll L Ll Ll L Ll L1 Ll L1 Ll

o 1 2 3 4 5 6 7 8 9
Energy (MeV)

1.8: BETOZRINE — AT ML

1.2.3 HEKR=Za—bU )

HIER D HEALR W J 1N EIE % UE T 2 F ARSI BEHMEECH 5. = ot bEo
90%!%. HERNEOHIE, EEB. TE~ Y M MICEEN TS U/Th ORIEIC & > TERKR
ENTWDLEEDN TS, BUEDOHIRD BUERUIA 16TW T, 2AEKRED 40% & #EE
SNTVDEREMOBY HHEMIFEL 28, 20k, B U/Th DfFEREZAET 2
ZEMRETH D, HEX= =2 — b U 2B O R E BIEEA TRL 0, Thk
R LTS 2 2 213, HIERNEROME ORI OFT L WTFBE 22725 5, OtHk= =2 —
b U HIERNERICAE T 2 USRI D g i 6 4L 2.,

A, Z] = [A, Z + 1] +e + 7, (1.29)
KamLAND T3

Uo+p—el+n (1.30)

WL EHNT v, 2T 572010, ZXVF —RED 1.8MeV VL ED v, 23HIED
WHrsb, o TU& ThOFERENAICHET L & nJREL 2 5,

FICHF T B RHERFILI T DR 13 1TRT L IIC42H Y, 280 & 22Th ol
HESHD &0 5 (8], 2R 1.313%, HIERRIANCITV & & AITIAET 5 TS & oo, M b
WKHETAK=a— Y DTS5y 7 2ARERLIZDDTH 5,
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Isotope | Integrated Flux
[/em?/s]
40K 1.1 x 107
8TRb 4.6 x 106
232Th 3.5 x 10°
28U 3.5 x 106

& 1.3 HIERRIEA & 100km IMICTEEY 5 ERBURHERINARD» S DT T v 7 X (8]

Flux (/MeV/cmzlsec)

I I | ‘ I B ‘ I B | ‘ N T ‘ T ‘ N T ‘ T
0 500 1000 1500 2000 2500 3000 3500
Energy (keV)

1.9: kI XK=a2—F VU ) DT )VE — AT~V
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1.24 KB=a—bkUJ

THED—HEDKIPMIKLELZRRL T rNVX —2RET L TRENEE OBICH 5,
C DORETIE ARG FEEL TAHe 2720, 2D & X 26.4MeV DT RI)VF —& 2{HD
B =a—hMY B ERTENSE, \NTEL L,

4p + 2¢~ —* He + 2, + 26.7MeV — E (1.31)

T, ElF=a—hMNY JOFREELZXINE—TH 5, N1.31EFN O E T O TE
Wb DT, EOSNENTZTRE 0%, BONHOEE. MMl BERE THRE S,

KDL, & ORGSO E B ANEEE 20 JT km D KBGO F ST E Th 5
EHEALNTWS, ZoOAL HOh 6 OFRE 50 17 km B E TIXBHE. S 512l
H > & D RRBE 70 77 km B CIENTHUE & 22> T 5, BURTE CIERERBER CRAEL
T TR IVE =03, e U ORI & B HEL0 RN - AU 2 880 IR L ZeA% 6 RIS
M- CHEATITL, ZOWBIITVE L4 —7TH Y, FULETCHRAEL L2 F -0
KBZRIANCH)ET 5 £TIT 100 THEBREORMEZET S, 2% 0, BUE, KERIEN»S K
HINTHBLEZ X)VF =135 6 100 JJEFICAERIN b TH L, —F. KbHO
TCHRAEL Ie=a— N U 2134 500 HCHIERICHET 5, K== —t VU 2 o@HlE, K
BRIV E—ERE VTNV EZALTEHTEODEEX S, KE==a—bMV 2 OFHNIHE
EIEGHO B TH 2 RONTFTORRMEEE FEEL . KO NTREELZ EERT 2 2 v
IR ME 2o e i, =a—b Y ) OHBOFREZ FN5 & v FR T
O Y ) —DOHNH B, KBFE. THEEGERICIED < KBRS EL T, R
ETb=ma2—bMN) )DTT9 I ALTZRIIVT — AT MV TELICHE SN T 5057172
=a—hUHTH D,

ZZTC. KB=a2—RhY JDERAHZALE ZXIVE — AT KU DN TCRHEICEH
3%, KBEOEHE., TXVE—D 98.5% ETH pp gy JTh 5 @B CcRET 5,
pp gL, 2 DG FORGL CTEREFeRVEETFE=a—M U WH SN S pp UG
TlhE 5., 7220, 1%L TOMEET 2HoR & 1 OB FBIIET 5 3EXEAH 0 |
pep b & XiEh b, pp R, BFEILIM 7 —a s JJCIXREL & 570, JEFICP 5 <
D eHEITT S, TN ERIIChz > THENREICH Z M TE5MhTtHs, 20
F, ZLbTNTHLEM hep UL KINEE D 120T I FITb s,

BOZXNF =2 AL THUNCE, pp HEIZT TR, CNOY A 7V &) ke
bHo, ZoMBITRA, B, BREMME L Lz s & FERMCR (1.31) o s
XD, ONOYV A ZWVTERENEVIFE HEICR 508, KB TIEET 2 NVE —D 1.5%L
M S Ty,

11042 D KBE=2—bM ) JOZRXNFE —=AXRT MIVEIRT, £/, R14IKEZ
NENORIEM S DKRGG=2— 8 U DFE]Z )V F — L R 1)V — | FEERGHI
WCEkoTEBELETS vy ZDfliz T,
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23

Solar neutrino
"Be - . spectrum
1 VoY
3 ]
g T
E B
i 4 |
LTl ] :' L Lol i
1 10
Neutrino energy, ¢, in MeV
X 1.10: Kfg==2—hF V) ZX)VF—AXRT f L
R KRTRNF — FHZINVF— TFy TR
(MeV) (MeV) (em™2s71)
pp pp —detv 0.420 0.265 5.91x10°
pep pe p —dv 1.442 1.442 1.40x10%
Be "Bee”—TLi v(v) 0.862(90%) 0.862 5.15x10°
0.384(10%) 0.384
8B SB—%Be*etv
—24He 14.02** 6.710 6.62x10°
hep 3He p—*He etv 18.77 9.620 1.21x103
BN BN =13C ety 1.199 0.707 6.18x108
B0 O BN ety 1.732 0.997 5.45% 108
g VR Y0 ety 1.740 0.999 6.48x 106

F 14 HADORNCE D KRG=a2—R ) JOZRXNVE - TT 9 TR

B JARRED 3B lINLER =0 KT XIIVF =322, KPRESB =2 —hVU /D

ITX)VF—1E 15MeV LI N TH 5.,
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Kg==2—bt VU 28T 57201, Homestake(®7Cl) K, A —3— i Sk (kT =
Va7 KE). SAGE & GALLEX("Ga) By . Z R TN T&E/z, LL
th®%%ﬁb@ﬁk%ﬁﬂﬁ%ﬁ?éﬁﬂ@i@b$é“ﬁﬂﬁ%%ﬁf“éo;h
ERBE=a—b Y JREE WS,

KamLAND KENC BT 2 K== — bt U VBHIOHELL, 8B =2 —Kh U JOZ R )LF —
AiE TELRVBJEZINNX —FCHIEL T, MSW O/NESHRWRET ST 5y 7 X
DY EMRTHZ L e, "Be=a2—hMY )75y 7 AZHMICHRET LI LICH D, L
L7285, KamLAND MIEERCoORBG==— bV )o@, Kfj==—K~1V ) &ET
& OMHEREL (ve+ e —vet e7) TEL EKEFIC LY v F LV —Y a VKO BRETZ
HET B0, N2 TS50 R ARV N DX ANTRESES, WS NNy 275y
RE2RSTONEEL 25120, N)V— 2 MSHAEZ E2L AR D 4 X2 M
fRITOBRC ., BANIA LY TAVTHETLEZ LV EZON TS,

THRENE B =a—h U DAY MUE. 4MeV DL EOJRE-AITHTL T 560t DF
WA D&, 470 A XV N JAECH D, Be =a— b U 7 DA XY ML, 300keV 2L
. 300t DFMAEFET 110 A X2 b J4ETH B,

1.2.5 HEFE=-a—MU)/

K4 OT, BN — MY R Z DT RBERNIIEE - 255
KamLAND MHgs i Ehid=a— MY J ARV M E R 15ITRT,

S ARV MK

ve(Tx) + e —u(Tx) + e (1) 8

T+ p —eT+ 1 (2) 330

+ 12C —e ™+ 2N (—et+ v+ 12C)  (3) 2
(B, @ 17.3MeV)

T+ 12C —et+ 8B (—e + T+ 12C)  (4) 7
(B, @ 14.4MeV)

v (Ty) + 2C - (7)) + 120 (5) 58
(E, : 15.11MeV)

3% 1.5: KamLAND EERIC BT 5T E==2— MU XG4 RV MR

JUS (1) & (2) TH 340 A RV MFF SN 208, A=N—=HIFH VT LIiEA RV MET
Hcz 69 26 o6 KamLAND EEgoFill% hd 2 S 13 8L v, —/5. G
(3)(4)(5) Ry > F U =2 OIS CH 5720, =a—8 1 YL FHYENCEL
TOHL VERRBHIFFSh 5,

PZIE (3)(4) 1ZET L BETOBEREZEHTLZ LIk TNy I 7T R -
ZJY—THiliEhsd, ZL T, bLARG==2—t Y KHD Just-So IRENENEZR S| X
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JE(3)VE 15 ANV M B (4) 1 14 A XY MZHML . 50 DOFEITHRETE S, ¥/,
MWS O/NEGHMMETH 2726, G (3) D& 27 A X MR MEET A2 5. XS (5)
AL Y Mk ->TiESNh 2720, =a— NV JREE=F -2 5, 2ORD,
Za— MU IREEATCEE R B 2 Rz T 0B 69, EHITENO=a— U JEEN
THENDL ARV NP S IMeV OFETRET &, BOMECHERIHTL WA Z FR 5,

1.2.6 FHAMPELER=a2—-MV ./

100 fRAERGA & BUEIC 2 5 RICHE & 7o 2RISR =2 — b UV V o Bl BiF 3. F
HHIE Lo B BPIC B BT RIEFOFE & IR - R0 HBENMIL, BEOFHAMEE
TERESHS & 7 o E(LBE O RINIc E R EL 52 5, FHAIO RN Hir 6 BHEDF
HAREN CELETOHERK I 2V —v avid, ZLOWEZHANTROSNTEY,
ARENC L0 BN ERINL 7272 H51F, #10 TEEIC IS W HEGREREZ nERc T 5,
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1.3 NNy O35 5 K
1.3.1 HETHALEIC L BN I TSHUR

MR ANCIERIR. AT B AR FEEL . BRI 2 D < 5 257, 238U, 234Th,
W% DL SN K, 1UC, 3H, OCoeE B 5, MO, SHIT KA DJETF% L FHiio
JERAGFEERMC L VAL 5, 0001E 2T v L 2HEMBECRAL 2E®=% —HRNYITH

%, UolXmEEo GFRGEE IR e S S, 2hsofEfifktiEs AL D
PIEICAFI E L CEENTBY, Wik v F U =%, Ny T 74 AL 88U, 24Th A3
10" Bg/g. VKM 10~ Pg/g BIELI AR TEEN T2, POUITKIRRIEERT 0.72%
FEEEhTndeEZALNTNS, b ZHEEET 28U, 24ThAY 107 g/g. YK AT
107 6g/g FTHREL NV —2 Ny 7 7ICHEAT S,

28U, 24Th, YK Z OEEERL 2 &, MEBOT XIVE —EJl%Z IMeVICRET
% L MHESWAINCHFE(E T 2 RIS & 5 trigger rate 133k 1.6 D L 912725,

HEFHGE., B 2 27U - MR MBI OF GNRRECZ BN D, Z
NOITHIAREARERITOZ L TRHO T e TE 5,

Ny 7759 KRR | Trigger Rate

( E>1MeV)
Wik v FL—% 0.21(Hz)
N T 7 A A <001(Hz)
2N —2 0.1(Hz)
a—7 1.2(Hz)
HETHGE 2.4(Hz)
AFVVAE Y Nomm@
Vst - Rl I/ N 2.5(Hz)

3% 1.6: 25580 S EEHVARD & D 255

Ny 2759 RJRE LT 380U | 22Th | YK 2 O 2Rn 8% 5., 222Rn (LA S
IR I2RES L NE S~ a’iﬁ’(i’o@ A X’C&')éﬁ@ﬁ‘%ﬁ‘%%‘r% RALH S,

BT 11 AHRESRIL N D 2258 & KD 22Rn activity Z7R T [9). T &0, 225 B &
Z 1kBg/m?, KHIZIZB L Z 10Bq/1 D 2RaBZFEN TN L Z W5, B 112121
N IA T T ERROD trigger rate Z7RT, TRV F —HilE 8.5MeV TH L, KEIDALET
FARRED & MK E 7 > ZITHHGL T B8, Z O trigger rate ICRBURZLN R & H
%, trigger rate DK T L EGHY 22Rn O-FIK & —BT 5 Z &6 22Rn OFEL HX
S5V, 1987 4F 5 AW OGRS > 7 L WOKKIE L SN OZEE» 6T 5 2 212k 2D
MR DIRL TN 5,
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= Possive s'netr;od ‘
e Grob sampling method

T T T 77

mﬂu IN MINE AR Ug o °
\ _,.——-«-——

e
go—a.
el la/ 3

e 2223y IN UNDERGROUND
c WATER

-?;8%'10'11 BTz 34 sé_,e 78910
X1 1.11: Mgl N o ZE5i & KD 222Rn 21 [9)

|l||&[

i
o)
G

Activity {Bg/m3)
T

t 10

=3

Activity (Bg/2)

10 : T ] L F T i T i T i T ' T { :
—_ E oV b 4L L FRESH wATER (~ 10 TONS) E
N - .
I A ]
T AIR TIGHTENING OF ;
- i \'\J\\ \ BUFFER TANKS .
<
xr 4 o M “I . \L -
(D —_C..-9§.wg_ .B.A_I_ — — Lo .., :w_
® [T T T T T e T T e iy
o N
e
01 [ " | i i ! 1 1 f 1 i 1 | 1 | 7
JUL  SEP  NOV  JAN MAR MAY JUL  SEP
1986 iga7

1.12: A IA I 2T RERD trigger rate[9)]

KamLAND REAT Y . Wk > F U —F 3B s s, L., Wik v Fr—
5 BN FINC S 2 1uBq/m® @ 2R BEET 5, EfFL=—lc ATV 2% [
WG, A= N=RIAH T RERMEELC 25 2 U 206 258D 2Ry BUEERZ Fv
% & 2R WEEAY 10uBq/m® £ 725, ZEXUTHT 35 7 1 VI A )V D 222Rn D IBFRIL
MRENZ & 2 RIS AN RARN 100uBq/m3 1272 2] fEMAY® % . calibration FF T
it 22 e bH 0, Lrbh A4y 7 KRS HARBHEDEBA K V\ D T Z D353
WEEHITRELI B e THIIN S,

1L14(B)ic, wtks v F U —F i 2Rn ANRAL 72 & E12 KamLAND FEACRUI <
NEZZXVT —AX7 MU, [ 1.14( )T, Tx)VX —EJEIHT 5 trigger rate 2719,
7238, Rn activity 13 10uBq/m® TH 5. X 1.13121% 225U 0 R 0 —# % 7~ 7,
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X 1.14(E) TiE. 1MeV PITFE 2~3MeV (IR D RYE — 76N 5, Zhid 24Ph
& 2UBi @D NS D B yRBEHL TwbeEZXASENS, £z, o %)L
F =R F U —F N THRTRNT — I TR Mg TlEdEill S hZno 2 —
KRBT T 22D, a HPZZOMR (F o F U 7y BRkEL RO T 2L X —
D /10T o3 F—THHISh D (18 BBI). 207D, affld IMeV DI TOE —
JICHGL Tnwb e EXONS,

F 7z, 2MPo OFEFFamE 236pus &R BEEERFEHINC 230> B o] BEMEAS S 08, 21Po
WS D T.69MeV D aldZ DI Ty F U7k IMeV ITTHIUES NS 20D, 2.2MeV O
Delayed signal D Z (VT —ETIEN Y 7 7T TV R b,

KamLAND EECBHI SN 2 HF =2 —F VU ), HIEfX==2— VU JOZT X )LF —
FIMeVPLE (22— Y 20TV F —1F 1.8MeV DL L) 2DT. =)0 F —R{ITTE
B2 T 720nhs, B 1.14(T) 6. 2MBio I L5 gk, ROk, =%
VX —BRMEAY 3.5MeV 226 T TCIE. ZBUC trigger rate WA TN B Z L3015,

KFEET, 22Rn OEME ZXNVX —Z EA /& ORI L 22/ v MT K D trigger
efficiency ¥ 22l —> a Ic kRO 5,

Nuclei Decay mode Energy Decay time

22Rn a 5.49 MeV 5.48 days
zlstO o 6.00 MeV 4.4 min.
214 F:b B+y 1.02 MeV 38.7 min.
214 gi B+y 3.26 MeV 28.4 min.
21430 a 7.69MeV 236 s
210 I;b B+y 0.064 MeV 32.2 years
210 Eji B 1.16 Mev  7.23 days
210 pi) a 530MeV  200.2 days
gt

1.13: 28U o IR o —38
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1.14: 22Rn O ZR)VF — AT M)V (F) & Zx)VF —FHEICNTS 5 Trigger rate( V)
(HFFHRKOY I ab—Yaricksd)
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1.3.2 FHEHBRICEDNNvITS5HUR

FHMR T R v F U —F o JRF%8 IS0 THL Wik Z BRI 5, Th
O OFMT, pRIEERE 2RI L THEFRE ofkt e () EFZ2AEKRT 5, Zhldpk
TFHEE, &5 WTRFEMELIEE THEN S, 2055, KNS O W TE
Borexino MLER CIXIEF L AL HERSIN T, Ny 7750 R e L UIEHTE 5L T5%
HEWH D, R LB RPN 20, ICKTE RO RIS R E <L K
SR8 m3 2wy, DITORICIEFHMMEEZ £ © 5, R 1.7 L 2IC. FHM KT

Isotope T1/2 Decay mode | Q Value (MeV)
Be | 53.3 day y 0.478
SHe | 199 ms | B+ ~ (84%) 10.6

B+ n (11%)
8Li 838 ms B+ v 16.0
8B 770 ms B+~ 18.0
%Li | 178 ms B+ 16.0

B+ n (34%) ~10
°C 126 ms B+ p 16.5
ULi | 8.5 ms B+ 16.0

S+ n (61%) ~16
He 20.4 min Gt 1.98
UBe | 13.8s | B+ 7 (31%) 11.5
2Be | 11.4 ms B~ 11.6
2B | 20.2 ms G+ 13.4
12N 11.0 ms Gt 17.3
13B 17.4 ms B~ 13.4
130 8.58 ms Gt 17.8
UB | 138 ms | G+ v (82%) 20.6
40 70.6s | ST+ v (99%) 5.14
150 122 5 G+ 2.75
15C 245s | f7+ v (63%) 9.82
16C 747 ms | B+ v (84%) 8.01
BN | 7.13s | B+ 4 (66%) 10.4

S WAL SR 2NN

DOHFIZIE C. N. O DAL EIC IR YT 2 AL T RGP M7l o
MUEF2EL DX ORMEMEAZTO bO2H 5, ST IMERELL~ A 7 a B
DINTHEZ 508, REZEMPHHEICIITFRO RN ONH 5, L7245 T 10~100ms
JEORERZ BHEL TOBRETERVLORH Y, HTIFK=2—h U 20l T
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THHEAGCH 5 8He, Li 2SR 22 508, 2N B3 o KT O TR FIFE R m. 3 FHFE
JEDREZE & NEKFF 2 B ET 52 L TIRITLICMT s e HiffEsnTtn 5,



B2E MPUH—IVRATL

2.1 bMYUAH—-IIHTT BEEE

KamLAND EBO FAKDOFHIT = 2 )V ¥ —EEX K2 & THEH, ZxVX —F{ED T
FRIZT — 2 Z2IET 5HEIC k> THIREN G, LoTTF =22 INET2HEE HF 20,
trigger rate & NF 5 Z EWEHEEICR 5TL 5,

%9, KamLAND EEACHEE L TV ZNThDETOREER21ICELD B,

Za—bhY P JEFRX==2—NVU )
1575 FRUE[G]IRF (57T
1 % Prompt threshold = 1~10MeV, Delayed threshold = 1.75MeV
—a—hU R HERXK==2—KVU
G5 FEUE[G]IRFAE 5
5 Prompt threshold = 1~3MeV, Delayed threshold = 1.75MeV
Za—FU K KE==2—KVU2
55 B ET
fii % 15MeV LI T D157,
"Be D55 % 5% 728 threshold 1% 250keV 2L £ T M 7z,
Za—hMUR #EETE==—-NY
1575 ARG TE LU REERE T
1 % Prompt signal 1% 20MeV LT,
IkHz C2Hfjeh sz &,
Za—hY 2 FHOEX==2—KNY
155 FRUE[G]RF (5
fii % IV F —1THR KT 10MeV

£21: =a—hKNU ) ZDET

KamLAND EEOFHMNTH 5 FIFX==2—F VU 2, HERX== — b U 21T ELE[H)RF
FFICkoTMmEEN., KE==2— MY JITHEREFICL > THREBEEN 5,
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Zoftl, N UF—IIKIENY 775 Roffisiolzoil, —EMRB T ALT ¥ I
NUH—, Kz E— ARV MDDz D, A X2~ ZFFIT & 5 Minimum bias
trigger 7R ENH 5, KamLAND TNy 7 7SOV R eBRHbARY NDZENTHDRET
DFfE K 22ICE L DD,

Ny 27590 R AR

277 B TE L O RER RS

fii % 5MeV IT D a, 3, v B LT HHEF,
INEDARY NEBRLTDICEIEZERL . n/y, a/y OHEIT D,
F 7o, HAENEIRRES 2 MREAT 57201, FRMEERX R T 5,

Ny 27570 R FHg

27 BT

fii % 0.4Hz F2J%. KT 3GeV D137,
R & 5 activity DAFFE - MHHZROFUERE D701,
FHEEEE., BRE O A2 k20 20,

£22 Ny 2S5 R e FolEs

2.2 mAHHEL[EIR

PITFIZ Analog Transient Waveform Digitizer(ATWD)Card % Flv 7z @ i L [HlEg o il 2
KT, ATWD Card \CEFIHMAGED S OETORIEE AD ZHRL ic$t T % VME Bus O
Va—VDZeThHb, M2212 ATWD Card DN %7K, ATWD Card 1Zid 16 o
ATWD ¥ v 7. FIFO. Control Register. Status Register. VME Interface 2% %, JC&E ¥
WEEP S DRETD ADEREIT I DIEATWD F v 7T, TNThDF v FIZIE AT 4
FY U RVHABRSNTWS, AJUEFTOH V7Y > 7 DML 200MHz D> 5 1GHz DRIT 3%
ETE, TNThDF v 2V TI128 Y FIVETILSRTHECH 5, ATWD F v 7 NEET
1E 16bitADCIC & ) ADEHE S, EiRE DT — ZIZ FIFOICES6N S, AOMHzD 7 vy 7
AL 285G, 1289 TR AD EMRT L DIC 12.8us BT 5. F7=. Control Register
& ATWD F v 7526 FIFO NDOT — & DHRik, FIFO OZEEREBOEHRRE % T 5,

[ 2.21C ATWD Card @ Pre-electronics #p%/R9. —HOH—Ricid 16 F ¥ > IV F
TANITCE DL, ATWDF v 7 ZNZThoF ¥ ¥ RS HRANSELZ L. PMT256 0
FZITL T1F v Y RVHEATRETE latch(7F 27 O F FRIEE REF) $22 8N TE
L, BB, ADEWBREPID BDIERN UH —FET 2= D6 DE5 2Tk 5, $/-.
latch & 7F OV G50 H A IV 7 Go¥ 5017 a7 [mE8ICIE 40ns D delay 23
%, Moy > Fd, HEFHEGEP S ORIV REVLD /NS DE] 42D ATWD
TL OB IN TS, High gain signalt& 0.1p.e. 2*6 20p.e. £ T. Low gain signal I
4p.e. 5 200p.c. ETCALETH I LMW TE 5, 61T dead time Z/NS K THDIT—R
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DHETHGEICHTL T22D ATWD Fv 7HE S, [[C ATWD Card @ Control
Register IC &> T b 60N EIREN 5,

¥z TNZThDH—FK TIEN-Sum & E-Sum 232 < 615, N-Sumid Ip.e. VIV 2
ATHETHEEORE. BE-Sum i PMT O/ 127+ a7 TRL &8 T, 8bit 79 v
Y a2 ADCTADEML 72b DT, Zhbid 2nsBfeci/ish s,

[ 2.31idFeA i L MR o £k X% 7RT, ATWD Card & VME Bus EIC®H 0, SEE T
fEED? S DEFIXEEZ ® ATWD CardiZ Ab, ATWD F v 7T AD El&hiz5 — %
& ATWD Card H® FIFO ICEA H4v. CPU Board 7* 6 e it 4. CPU Board ETX
F A NEH &, VBT — & 721D Work Station ICHEEI NS,

N UH —IE N-Sum % A& L 7z Single trigger T{THN, TRXTOARY v 2T TV
ARV R LTI ALy, TRTDARY ML GPSIC & Y TR o S#hsitst S T
WHDT, NEFMN=a— Y Ik BEBERRE T OWHE b 212 off line THATE
N,

ATWD Card IZIF+MB DO AEUNRH Y, #FrTE=2— VY DL DT 1kHz D trigger
rate 2% 2 FPRIFEN T O +0ETE B L DI > T s, LML, “FHIL 7 trigger rate &
ATWD Card 2*6 CPU Board NOHRREHIEIC & - THINE T 5., Z 0Fed L KT
i 1p.e. LEDHTIOH o B FHEE O AR DT — 2 ZINET L7720, ARV hDT )V
X Il ko TF — & BT HE2R 578 trigger rate D LRI+ Hz & 705, =)V X —{i%
Tz &, N2 TS50 KMEBNe Sy, ZolikdEr FRs2Bo kN V-1 E
HWNICDN DT — 2PN 28035 5, DL H7RND & D=1 E
T — 2 BT 5 THMARINGE ), KETHN=2 - Y ) ARV MDD [FREE
HH . THREERIEH+ 2SR v b 1 ZATO AR UV N UF %R T 5,



BoE MNUH—Y AT A

ATWD ATWD
Control
Register
ATWD ATWD
ATWD ATWD
Status
Register
ATWD ATWD
VME Interface
ATWD Card ﬁ
< VME Bus

2.1: ATWD Card(1)

35
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36

\ hit #1 4bit N-Sum
:’: - "
—— & Binary
threshold hit #;16 adder
|
PMT #1
signal | analog #1 VYAV 8bit E-Sum
ﬁ FADC ﬁL’
analog #16 :
launch 1
— “laTWD |~
40ns delay > 1
AMP
launch 2
[ -t
ATWD
- e

2.2: ATWD Card(2)
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Al

—— N-Sum
—— E-Sum
—» Accept / Reject

X 2.3: e L [ElE

Trigger
Module
\ triggered data
- _ | CPU
- - Board LatCh
< VME Bus
PMT
gnals
216 | E-Sum ‘
—— Accept / Reject
il
- _ | CPU ATWD ATWD ATWD
WS, T " | Board Card Card |°°°°°° Card
< VME Bus
- _ | CPU ATWD ATWD ATWD
- " Board Card Card |°°°°°° Card
< VME Bus
20 cards

37

8 unit
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2.3 ThAVRKURILMNY H—

KamLAND EEAOFHUIIMKZ RN —D ARV N E2BHIT 2 Z 2125, Ll Kz
FIVF —=HIRTIERBUAN Y 77T RBMA ., TRV Loy 2750
ROBTHRESTLED, ZITRMGLTIE, KETH=a—MY DAY MIHTL R
fAy b, 28y 2Ty 7 TS0 RICE AR R ZHKTL trigger rate % Uik
5FEH R U)WV N YU —%, F7=, Single trigger D FHIIEHIMRREIIREIT & 0 S
DNy I TSR EBRETLEEZAVR VDKM —%2EET 5,

2.3.1 Delayed Coincidence Trigger
BFUX=2— M VU 2F@ERS »F U —FFTRD &S 2VEEHZ T,

To+p—et+n (2.1)

n+p—d+y (2.2)

e TRy »F U —F NOEF L HHHKL 24D v ZHL . Prompt siganl & L CTEUHI &
ha, —J5. wEATRIRY > F U —F hoJRFAL L B2 0 IRL Bt (bl | Bk
BRI E ., 2.2MeV @D v Z 9, 2348 Delayed signal & L CTEHI SN 5,

TSR RIS S 2 £ T o FEIFF@mE s &L 200us 72 D T Prompt signal &
Delayed signal 1% Z OO RFERREZ - TSN 5, F7=. Prompt signal & Delayed
signal DZEI N7 M BEE kT o Rk 7L —F hTofELe ik sl s hiz e &
W5 2.2MeV D v D 2 T K UHELO LA D ITIFIFEEFEL <. Prompt signal & Delayed
signal l &t em LINTHRAET 5.

FRPE[EIRF FHLE Prompt signal & Delayed signal O RFREJEAHBIC & Y BN ==—h
VD)DARYNTHLEHMTAHLDTH 5, KTl Z oRERIRFFHANS AR A .
Prompt signal & Delayed signal DZERIMNMBE b HHAT 2 A R UV N U — 22T
5, ZOZEHAy Mk, Ny 77500 N OBRENBERRGHE S SIS T2 L
ZHIEY.

2.3.2 BEHENNGE

KamLAND MIEERTORG=a2— s U oBlilE. KG==2—bt VU ) LET L O
GLCAUEXKEFIC L DY v F L =Y a VRO BREFTITTMET S, "Be ==2—h Y
J DEHITCIE T 2IVE —BREZ 250keV BERRICREL 2 U by, KBg=a—hKV
J OBTCIIRZ AN T D AR NEFWT 5720, Ny 27500 REMBITKG T2
CWEEL D, MR 5 A o TRD BEHRC CE A ED & k2 REHgc it L T
TR v F UV —=F D ATz = BED EIITBE25mDIRXTIINT AINDIENRS
LI, FHTH R AR SITEMEREE S — 2 WIS E%L Z KRN D £ Rk
ERRET 5,
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Ih6DEAVR VNN U —2/MARIALZ £12 K - T trigger rate ZJkH L . TRV
X —[lzZ N5 enflced, £, DBERT —FDhEkmHLTI e ba]pETH
5, 9, imAHLEBICBI 22 KUV MY —DVE%Z HIAT 5,

MUF—ICFE 77 =AMLV RNV BN UH =2 LTN-SumPBdH 5, Zhid 1pe DL EDHT]
DB > I NEBTHEEOARL TR I T -2 T 5bDTI NI LY ATWD Card TlE AD
T2, N UH —DF —F1E VME Bus F® Latch ICIR{ES N 5,

¥ hHYR VUV KN UF—=TlE, ATWD Card T AD EI% 17> TV BRI,

L BERIRE S, & 503, AR W% HRTL . ATWD Card W@ Control
Register IZ Reject Z 20, ADEMRINTT — & % AE VICEZ ATHICHIFRT 5.
2. MUK —F —ZIZ, FBERIFHE TN, H L0, AMEREO A 2EE AL, CPU

32 oNHE R TRLEE BN 5T — 226 (FiNimA T,

1. 2 BT 51CiE. ATWD TD AD EHRICHhH 2 KR (12.8us) IMICHIRTL TXTo
ATWD Card i< Reject 2 %65 Z NNEIC 5, 2. OB GIX LIV S 803 % 543,
AT — MM FIFOICEEAEN 20 TieA i L 23 5,

2.3.3 A%

ECHARI=2 AR VNN Y =2 FBRT 7D ICRE RS 2 e RETH 5,
CZTCIHRICREERD BDIINAT T ALV TEHHZITO 12O, 79 v ¥ 2ADC & FPGA
ZHlAGHE, CEFHGEE»S O, FRERTIIR <, EWoBRICEV AV FoFRE
ELTVEZRET S, KamLAND REFCHHT 2@k > F U —F TlE IMeV D ANV
ML, BEZ 7400 D7 + § VINFEFMNCFRAET L, 1875 KOLEFHMGE 2 XD
£ 6 2DHIIC NI 2L &, ENFThONIIC AL NRIL., A X2 RBFREL Iz
5DZFNZTNDOVARM LRy »F UV —FhZ T 52 8iIckd7 4 bV OREIC LS
TRES, LoT. WPWE D HIRIC AL 72RO X1/X2, Y1/Y2, Z21/72 £ V. X,
Y, ZHMOZNTNONELZ LI LM TEDITTTH D,

WU I, AU X1, X2 D 2 il B2 S R4 % ISR TR S, 0D, HE
[HiOF£E 8.3m OFKIAI Lo (2.3) A TR IN 25U % X1, (24) ATRIN 249U %E X2 &
5. (K253K)

X1 @ x> %(m) (2.3)
X2 x< _ 83 (m) (2.4)
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X 2.4: BIERAT > U A RE Sz 1875 RONETHMGE % 6 D DN /MT 5

A

-
-

83
72

Balloon radius -

o o/
S A

6.5m -

PMT Photo cathode radius| _

8.3m

-

L

B 2.5 £ XV b DFERL AR

40
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ARV IR el EOR e TREL L&, 250K 910 0,¢ ZERTNIE. Rlzhb
FL72808 X1. X2 VAR Qx . Qxo 1FKENTREN S,

1 — cosf
= L= 25
1 _
Oy = 102 (26)
cost, cosp & x TRT & |
1=
cosf) = V2 33 = (2.7)
LN R
2 83 2
1
cosp = 2 §'3 (2.8)

Y75, r%-6.5mM5 6.5m FCEMIETH (X1/X2) 25HT2L. M2.6D k7%
WeHs,

K@tk v F V=2 W TONBOKRREDORE HEZ 5, MHEOLOR{ 26 X1 DK
EH TRy > F U —Fhzilind 2% 6.5-2(m). X2 £ TORREZ 6.5+2(m) &
T, EED 10(m) RO TIREIC K 5RO HIEN (2.9) TREWHEMRCZ S,

6.5 —x
xi “P\TT0 ) 29)
X2 < 65—%x>__eXp 10 ‘
exp — 10

RIS LB HBOADZEL N 2.71RT, HEHO VARG L WEKY »F U —F DRRE
e BICHRL G, N (2.5). (26). 29256 M28D &k H%iiiREE S, 2D kI
WG D B X1, X2 I AT 2RO S XlilTFRONEERZ L2 EMNTE D,



BowE KNUH—Y AT A

N

Ratio(X1/X2)
H
o

[N
o

10

10

N

Ratio(X1/X2)
H
o

[N
o

10

10

-6 -4 -2 0 2 4 6
m

B 2.6: HiiEk X1 & A8 X2 # RASHfgEo H

-6 -4 -2 0 2 4 6
m

Bl 2.7: WEIC kB HEOHOEA

42
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N

[EEN
o

[E=Y
o

Ratio(X1/X2)

10

-6 -4 -2 0 2 4 6
m

10

2.8: VAR L IRTIC K RO

KRS, ThZThONIEONETMMGEEICA-TNEEZ T T v ¥ 2 ADCIZE VHIET 2,
AU AL 72 i L FEETlE. $XTD ATWD CardiZ7 T v ¥ 2 ADCWH Y, ZD
A—R ONEFHHEEONEL L TESumPAHEIN TS, Zhzffivy, FPGA T X,
Y, ZAROH (X1/X2). (Y1/Y2). (Z21/72) %&HT 5.

B =2— Y DAY b DY, Prompt signal £ Delayed signal lZ it 28 N D
T TRE 20T,

Prompt signal (X1/X2) ~ Delayed signal (X1/X2)

Prompt signal (Y1/Y2) ~ Delayed signal (Y1/Y2)

Prompt signal (Z1/Z2) ~ Delayed signal (Z1/Z2)

BT THDLH, FPGATIE T T v ¥ 2 ADC THOLNEENS X, Y, Z A2
THZEFHEL . Prompt signal & . Delayed signal D% IR T 5., 51T, Prompt
signal 28 @I 4 TH* 6 Delayed signal WIS 2 £ TORFRIL FRL . FRIFDH7= &
N2 X ATWD Card I Reject X %65 .

ARSI 0BG, RO X1/X2, Y1/Y2, Z21/7226 X, Y, Z T OfER 15
ZEMTENE, TDOANY RGO Sl mBEN 2P CCE 22 R 5 Z &8
T&E 5., FPGA MICHMER Z EXRL . ZOIMUITHNE Ny N2 TEHZ LN TE S,
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COETIE, IR UMY F—2 L TOZEMNMEYL ERL 2 RERRHIE L O
AMARIA LD O Ty I a b =Y gV 2ITOMGEET 5,

JREFH=a— U 2SN T g BRZEZ L 2B > F 5L TR &
ZEMTCHy hEL . DD trigger efficiency 23K 5, F7z. [HIINy 7759 R
BENTZT Yy NTELDURDDL, NI 7T KL TIRUBNBREAL ERGE %
ATz,

HMAERIRETIE. Kbi==a2—FNY Vo HIZEEL, K2V F—D A XV D
efficiency & . MHZRMPE DNy 77557 2 RITHTT 5 efficiency Z&HHL 7=, €D T
N UN — OFEIEEEZTT D,

INSDEAYR UV VH =% KRBT 57201 A RV N OREE o fE % H 5 LE
MWHY, ZZTIPIREFHMGEEICASTHHRICE Y NEREZRD 5,

3.1 A%t

B 65M DN = DHIPT TS AR N B2 RESE, ZOEDS. TRNLX —IC
AL 72 DT 5 s %50 F LRGEIINIL . ZhZhoaisicn 207 1 k028
AL 7% WA 5 (H3.1).

KamLAND EECHHAT ks > F U —F TlI N —2 o T IMeV DA X kA3
FRELLEE, BEZ 190pe.PEONLZ EMNERCLVRDLENTBY, ¥Ialb—
VarTOhbIDHICRD LT A M ERESES, B, KamLAND EEfC B1F 5%
T RA—=BERK31ITIRT,

FEL T bRy v F V- N2y 5FRCRET 5, ¥Iab—Y a0 T
b ZoMEEERL . NV — 2 ONTEB CEEE6.5m PIA) TIRIRER%Z 10m TEtHHET5, N
WU =& ] (CEE6.5m~8.3m) £ TCONy 7 7 A ANV CIERERIL Rk v 51 — %
ISR N &y,



PMT PMT
i Photo cathode radius
X1

Y
>

Scintillator

Balloon

— 6.5m—
~—83m——
~—9.0m

3.1: 74N ERAESENEHGE CBHIT S

PMT coverage 35%
Quantum efficiency 18%
Attenuation length 10m
7= D FEEE 94%

50%7 >~ k Z &> (7400 photon/MeV)

7% 3.1: KamLAND EERC B 5835 X—%

45



H3®E YIal—vav 46

IMeVDARY NDORELMEE Y I 2 —Y gy TROEEEBOHZN 3.312. 5MeV
DGR F34I1RT, TRLX—DBWNCLVAEREINDE 7 4 b VBB ER L0, 4
fRABICEEVDST L B, SRRz 2.8 L1k, XEFHEMGE OO ER Y, /-,
VI3al =Ygl TIEARY E 2NV NEC—RICFRE SR TEH 0, TR
LR DOIIE R ST 5,

3.5, X 3.6 XA ELNLFICE OBREORRET A XY N DENRESNLNE
RLIZBDTHDH, M320&91C, HLIHUMHGAENTRE, ARV NOMNEDLAVIT
IS IERIM RIS 22 5. HOSH L T IEROMA o PENE & R 2 o Z7RL 7227 5 T A8
X 3.3. W34 TCTH5B, M331&1MeV. K341 5MeVDAXRY b EZRAESELFOL D
ThHb,

ARYPFDZRXNF I E6T, e FHEE ofjicix

(Mean) = 1.9 x In(Ratio) (3.1)

O BEEESNZ, 2. o lIBL TE. M 3.3 T old 18cm~22cm. X 3.4 T o &
36cm~46cm TH D, IMeVDEL ED gl 5MeV DL ED o DB L Z V5G>T HBVH
SHOENT TS,

PDlEpXHicL T, ABOHDPS ARV NDRES/UEZ DI EMNTE S,

Ratio

mean

[
Lol

Vertex (m)
[ 3.2: 6 ARV b DORE /= ViEEZ KD 5
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10

Ratio
T T TTTTT

10

10—\\\\\\\\\\\\\\\\\\\\
-6 -4 -2 0 2 4 6

Vertex (m)

M 3.3: IMeV DAXRY NOFREL -EL

10

Ratio
T T TTTTT

10

10—\\\\\\\\\\\\\\\\\\\\
-6 -4 -2 0 2 4 6

Vertex (m)

M 3.4: 5MeV DAXRY N OFRAEL I-VE L



Chi2 / ndf = 0.001952 / 13

—_ T p0  =1.868 +- 0.3466
3 = pl  =0.9999 +- 0.3724
c Gi
g sF .
5
> E ¢
41— /./"
= '/e/'
2F -/
F /‘/
o
2 4 6 8 10 12 14 16
Ratio
Chi2 / ndf = 0.0005162 / 13
—~ 07 p0  =0.3496 +- 0.5434
£ = pl  =0.007262 +- 0.05976
~ =
@ 06
€ =
'c%) 05F
= > o o °
04F ) -
E H'_,_,Okﬂ
0.3
0.2
0.1
0 T S S S S Y E S S
0 2 4 6 8 10 12 14 .16
Ratio

X 3.5: IMeV DAXRY K BFRESRZE ZOHICHT B FHEE o

Chi2 / ndf =0.007171/ 13
—_ T p0  =1.906 +- 0.3545
£ = pl  =0.9877 +- 0.3668
c 6:
© =
s °E
. /./o/*/‘
3: ././4
SF /
F /ii/
o
2 4 6 8 10 12 14 16
Ratio
Chi2 / ndf = 0.0003127 / 13
—~ 07 p0  =0.1786 +- 0.5434
£ = pl  =0.003057 +- 0.05976
~ |-
@ 06
€ =
2 osf
%] =
0.4
0.3
= > o
02 . °
- e ¢
0.1F
) S S S S S T S S E S}
0 2 4 6 8 10 12 14

.16
Ratio

M 3.6: 5MeV DAY N BFRAESRZL XTI B FHEE o
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3.2 BHE[EEEA
3.2.1 ZEfA v b IC & B Efficiency

Z ZCl&. Prompt signal & Delayed signal @ 4 X2 k% Zh 6 ORI ZERI Y, KRT A
Bz v —r WEC—MicRESE S, £ BT, ZEfA vy b, KA v b 2L
efficiency Z &t 954, ZD7®ITIEE T, Prompt signal & Delayed signal @ I ZE[ Y,
IRF R A B % R0 2 B S 5

¥, Prompt signal & Delayed signal ®RICZERINAMBEZ %X 5. Prompt signal DY
FMERGET £ 2KD 0.511MeV D 4 IC &> TRT LY U F U — g Y HOELOFE] DB
fre L CBllch 2, BETOZINVE—E=a—h Y ) DT RVT — L0 1.8MeV K
{722, $oT=a—hMY) ) OZXNVF =23 8MeV BEDH 5722 L TH, BETITHEEY
YFU—=E % 2 3cm LES R, e, BEFVNNHIKL TTEL2ARD 4 b, B
IS AHNC T B 7O FEIL BN y ORAEL 12BMREFEL </ d, SHICBRFETIC
LBV UFU—Ta b ERIANDS L. FEOGANEIY g EOS - AT L TH
ATHELZAR,

—73. Delayed signal DYFME, HFYETDB ATl Sz & SITHRAEL 72 2.2MeV D §
LDV U F V=Y a vy ROEZOVE]OGE L TEIISN S, FHFBBhFICHiES
N5ETOZEMNLMBVIELITO L D185,

HMEF DL Y 2 — KIS HHEL 285G, € oM MEIERMRICZR 0. o 1FIRNTH A
515 (Glenn DY I 2 —Y a Il kD),

o = 1.253 x m+t%?@m) (3.2)
() WA TACTIE S h 2 £ CORFIIT, 2 RN RV ¢ OAAS <25,
ng lEHUETFOZXNNE - DT, Kiia(eV) Z YT OEE]T 2V F — & L TRATHR

hb,
1 Kinitial(€V)
HO_‘§E§:*h1<253:<10—3> (3:3)

INSDONCL Mo UEFR=a—M) JOZXNF - Al Sh 5T
KRN % o ZBIHL 20 02X 371017, 2hEY, o3 XETH=a—-FY oz
RNF =LY, PHTRRB TIN5 ETORMICKkE FESINDLZ L3015,
DDy I a2l —y a VidBoRG% 52 Co = Tem TiTo iz,

RISHHEFRB IS hiz e EIch5 22MeV Dy 252 5, [X3.81C1F 2.2MeV @
AT R UHELEREVEL . FOL XICREL YV FL - g VRO EROFE] D
LB % 4 BSRAEL 2 VED» S ORI CRL TH 5,
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1.0

Sigma (cm)

X 3.7 7, T3V ¥ — & hHEFER IS T 5 0 Off (Glenn DY I 2 b —¥ g3 1
£ 3)

2000
1800
1600
1400
1200/
1000/
800
600
400"

200F-
0:\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ L;\JA\J
0 20 40 60 80 100 120 140 160 180 200

cm

X 3.8: 2.2MeVy D3 27 b U IELDMENM (HFHRDOT I 2V -2 3 /10 & D)
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PIE&X Y. Prompt signal & Delayed signal ®ZERIAHBE, FPEF3 B FiciiiEsh 5
FCoBUEEN L | Iz FIThD 22MeV D 4 2 ERTIIRY, 2ok 5728
% Fi/o ¥ T &S|/ 72 Prompt signal & Delayed signal DV EME % X 3.9127RY. TRV
¥ —EEZ 1.75MeV ICREL 2.

K2, Z D & D12FAE S 'z Prompt signal. Delayed signal IZ 2T, 1 A2 M
ThTholzRD, 7y hL2bD 2[R 3.10 127R7 ., Prompt signal £ Delayed signal
MR ES N DIT OB CHEE TV % D T Prompt ratio & Delayed ratio BIEIEZFEL {725,

Z DX DITL TRD &7z Prompt ratio & Delayed ratio /CZERI A v k2 /A efficiency
23RO 5, XD Prompt ratio & L TH A EAFZ 657z &, Delayed ratio 25RD
HIPFIC®H 5 A X2 b 2R | efficiency ZK® 5,

1
31X (Prompt ratio) < (Delayed ratio) < A x (Prompt ratio) (3.4)

ZOHy MLV ERSNIZARY MER3.11(E) 0 2 KD BEMUFREN /2 A X2 MTH
Bb, 2ohy beXB1) 2> THPS MEICRBT L,

lexp (Prompt Vertex> < oxp <Delayed vertex) < Aexp (Prompt Vertex> (3.5)

A 1.9 1.9 1.9

-~
(Prompt vertex) — 1.9InA < (Delayed vertex) < (Prompt vertex) + 1.9InA (3.6)

L%, B, M311(L) D 2ROEMIA=165DL EDLDOTHRE 1M THy L T
HZilikb,

BT EOIC1RICD Ay hENy 27750 RIHLTYITI, N 7757 RKeL
C Prompt signal & Delayed signal Z /7N — > Wi C—fRICFRE S, ZERihy M 2T/
(K 3.11(T)),

X3.1211E. X. Y. ZHEIAGTICOWT3RICD Ay b 2T EORXETH=2 —k
YIARY NNy VT 572 R D efficiency Z7RY . €ORMHREFKIIITRT., ZEfH v
MZ & 0 HEIAGIRFRIER I Z 1%~ 2% ZICHRS T2 &M TE L2 LN 5,

Trigger efficiency | 90%  95%  99%
Cut 1.08m 1.25m 1.68m
Background 0.7% 1%  2.5%

3% 3.2: ZE[ A v MTxtd 5 efficiency
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Delayed Vertex (m)
N

-6 -4 -2 0 2 4 6
Prompt Vertex (m)

3.9: Prompt signal & Delayed signal 117 i& B {

N

[N
o

[E=Y
o

Delayed Ratio
T

10— | 1 | 1 L Ll 1 [

1 2

-2 K
10 10 ! Prompt Ratig”

3.10: Prompt signal & Delayed signal @ BHIJ#GH



W3E vIal—Y gy 53

N

=
(@]

[EEY
o

Delayed Ratio
T T TTTTT T T

10_ \\H\Hi 1 \\\H\\i \\\H\\i [ |

-2 -1 2

10 10 1 F;'r%mpt Ratié)LO

Delayed Ratio
\\\HH‘ T T T TTTTT T T T TTTTT

10’ 1 \\H\Hi 1 \\\H\\i \\\H\\i [ |
2

2 -1
10 10 1 P’lr%mpt Rati%O

B 3.11: Xea—h U 2 AXRVE (F) &S0 FMSEELZNy 275K (T) 1c2e
fihy h&EMZ5
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Efficiency
o o
o ©

o
\l

0.5
0.4
0.3
0.2

0.1

background

3.12: ZER A v MITxtd 5 efficiency
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3.2.2 FEFrffjAav b IC& B Efficiency

Kic, KA v MR % efficiency Z3K® %, Prompt signal 26 Delayed signal 253k
% £ T ORI T2 FICHiE S h 2 RRIICEEL <, TS h 5 £ ToFL)
RERDIE 206ps & VO FERIE SNz, (Glenn DY I ab =Y a Vil kb, Ry >V F L —
5 OHERE CuHyy, Ty BRI 0.77cm® D & &, CuHonto T nr~9.6 D & SIEFEEANIC ~180us
BRONTWS, ) M 313K TH Y L2 & ED efficiency &R,

0.01
0008 o

Events/us

e
-
omol
e
R
. L
T ..

4 N e

O L L L L i L L L L L L L L L L Il I i - L L L
0 100 200 300 400 500 600 700 800 900 1000
us

[N

e T Tl W

Efficiency

e
07
s
osE
R -
R -
02/

S R

L i L L L L i L L L L i L L L L i L L L L i L L L L i L L L L i L L L L
300 400 500 600 700 800 900 1000
us

Owwwwi\\\\i\
0 100 200

3.13: Prompt signal 2*5 Delayed signal 2 EHl S5 5 £ TR ( F) & KA v b
X195 efficiency( TV)
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KR H v R 2 T/ EDNYy I 757 RIZHT 5 efficiency 23R 5, Ny 775
YR EL TR WMBAL G2 HEA S, F 3141023V F % 1.75MeV 123
EL . 22Rn activity % 10mBq/m®. 100mBq/m?3. 1Bq/m3 @ & & DK v M9 5
efficiency Z R, #MEHllE Prompt signal 23K7z & W S HiED B £ 1T Delayed signal 23K 2
ERTH 5,

o
[

s

Efficiency

o
~
|

s —
3 =
S -
2 -
T -
of -

o omma®
0 | iuwiwuiuw‘\\Hi::::i:::]:'jo:mﬁqlim

O 100 200 300 400 500 600 700 800900 1000
Time(us)

3.14: ?22Rn O v MITRTT 5 efficiency
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3.2.3 ZEf - FFE A v b IC&K % Efficiency

PIE2REGL M RFMRTAHy ML 2gG, XETFR=a2—F U 23T % Efficiency
X315 D & D127 %, [X3.16121F #22Rn activityl0mBq/m? IZXf9 % Efficiency % /K9,
TX)VF —[HEI 1.75MeV TH 5.

TSNz koic, WEFH=a2—FM Y 2i12& b A X2 N D Prompt signal & Delayed
ﬁ@d@%%@ﬁ%iEu¢ﬁ?#ﬁ%éht&%ﬁﬁé2%&V®7Kié%®f%éo
D220 y1EH 3.81TIRL 72 & ITKEBME 1m LINTa > 7 b U EELEZ 0 IRL Tn
%, M3.15T. ZZfMA v b 1m fTITT Efficiency 2 SIS EAA 5> T 5 DIEZ D70 TH
%, THITHAR, 22Rn @ & D RAHFEMNL A X2 b D efficiency 1 EZERI A v MTHfL 3T
WML T2 0MF3.16 &0 205

—h. XEFH=a—-FY I Jié A X2 N ® Prompt signal & Delayed signal @ K[
NABNE PTG ICHiE S 5 £ TORFRNICEEL W, mHEFRFICHifEsh 2 £ T
DRV 7,,=206us 72 DT Delayed signal 2% t(us) @ coincidence gate i2 A % ffE¥I3

t
Efficiency = 1 — exp <——> (3.7)

Tn

Y, ZToOEMAH 3151 Tn 5,
22Rn DY, Delayed signal rate 1T 2V X —F¥{E 1.75MeV T 4.2x1073(Hz) 22 DT

1

TR (38)
& L T, Delayed signal A% t(us) @ coincidence gate & ASMEFRIZRND & S22 5.
t x 107°
Efficiency = 1—exp <— i ) (3.9)
TRn
-6
~ L—Q—txm ) (3.10)
TRn
t x 107°
g -1].
TRn (3 )
= tx42x107? (3.12)

Z D &I, Z7D KD FFERIFHT HEX coincidence gate DIEASZEL < WG Efficiency
A% coincidence gate DWHICHAIL THNIT 5, K 316006 bZDZ L3N0 5



Efficiency

cooco oBYUSNEY
000l rikrkrirCN

X 3.15: 7, DZERT & KFR D 1 v MK 5 efficiency

X1 3.16: 222Rn OZEH] L KFREI D F1 v BT 5 efficiency

58
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SN ETITRD 72/ T v b &R A MITHTT 5 efficiency % X 3.17 127”9, Prompt
signal. Delayed signal ® T2 )VX —{{EIL 1.75MeV TH 5., MHD A, B, CldnInd
Trigger efficiencuy95%% 52 55w N TH 5,

—~800
2 LI
SRR
E B C
600} \ \ 95%
500[
L T
400}
3oof \\ 80%
200 iy
F 60%
100F
o:\ - | I E—' | I E—' | I N | R |
0 0.5 1 15 2

25
(m)

3.17: 7, DZER L I D 1 v BT B efficiency

Zefihy b KRS v b

A 1.5m 670pus
B 2.0m 600us
C 2.5m 600us

#3.3: A. B. C Tzl - K H v b

K, DAy MT LBy I 757K (22Rn) D trigger rate £ A 5. K 3.181C A,
B. COHhy M&ITo/ L &D 22Rn activity & 2?Rnlc & 5 trigger rate #7879, 2B, D
DEE 600us DFFRIH v DR EITS/ze EDYH DT, E OB 222Rn D FELE[G] R
W% 4772, Single trigger rate T# 5. Single trigger rate l& 222Rn activity I A 2
DITHTL . Delayed coincidence trigger rate t& 22?Rn activity ® 2 FICHAIL T b, Zh
\& Prompt signal D/MTHIZ . Delayed signal 2¥ coincidence gate {C A > TR 2 HEFA 1
MmL7z/=0<TdH 5,

22Rn 1T & % trigger rate % 10Hz FEFELLT & B3R 7236, single trigger (EAR E) Tl
25mBq/m>600us D [ARFEEZHA (EAR D) 217 > 7285513 350mBq/m®. EAR A D 670us.
1.5m &V I Ay MroBElE 2Bg/m® £ T 2R BMBEAL TbT —F 2L 52 &M T
x5,



W3E vIal—Y gy 60

S5 R BENE L RG22 A5, M 1L4ICRL LT3V ¥ — %
L.75MeV 22 & FiF % & trigger rate lFEBUICTKA T 5, T2V~ %Z 3.75MeV IZ3E
L 7z & & D 2R activity & trigger rate & D BIR% [ 3.19127KY, Prompt signal O T
VX —ERE% FiJ 25 Z & T trigger rate # T )V X —E¥{H 1.75MeV O & FITHANR, B &
ZAMIIKS T2 &M T&E5, LML, Delayed signal O T %)V —BR{EIZ 1.75MeV & U
FTF 52 LiETERY, 10Bq/m? LI EDTERETIE 600us @ coincidence gate \C A DG
TFMASTRTCLED Z Moz,

N

~10°¢

N E

L F

=

g r

10 L

8

[e)) C

o f E/

2 [ g;

1L D/ CBA

107 L
107 /
]-O-3 IR Il Lo [T NN RN BN IR IR

-1

1 10 10°

=
o

10° 10" 10° 40°
Rn Activity (mBg / m®)

[X] 3.18: 222Rn activity & Trigger Rate(T V¥ —EJ{i 1.75MeV)

N

=
o

Trigger Rate (Hz)
=
o

=

10

T 10 10°

=
o

10° 10"  10° 40°
Rn Activity (mBg / m®)

[X] 3.19: 222Rn activity & Trigger Rate(T V¥ —E]{i 3.75MeV)
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3.3 BMMEBENRE

B R2NF =D AR~ OBHITCIIMIZIINIGE DNy 7 757 KRR, =a—
NU D AXRY N OB R 2 50 pEWED S 5, MRS Oy 775V Ri
WL I — 2 WERICENI R EFRL . ZOMIO ARV N2t v I A4 BET D,
Z 2 TR Z NV — > O FL» S 5.5m(=700m?) & EFRL . ZONHD ARV
MIHL Ty I ab—Y g I &Y efficiency Z RO GRNEZ MEET 5,

T, ARV ATT—RRICHRESE D, IhEAETHAECBIIIL., Z
DOHEBELY X, Y, ZABOMNEERD L, ZIUIEBEREFFHICHWFELERUTH 5,
KX, Y, ZHEDOME XY )V — oulir s OfifEE KD 5, N (3.1) TRLZZ X DI
AR N OWE L HWORNIIEREBTIHPITE S, L., A X2 M2/ NHI
PAMURNE FPGAIC & > THIKT S 5 o Tt /I RIC T 2 088 H 5, = 2 Tldat
HEMRICT -0 BEIE X2 Y2, 22 23K 5,

X1 3.20 ClxAdlinc e, Ml Fo 2 edie s ThHh b, —H ook Hic, e F
D 2 Flgd 002 lifie 20, KR TIET 49 hTER, ZZCHEL TERoX
DEIITHM 10 LITE 100 A ETIEHHADEMT7 tv bL . Zh b6 DEME §- THD
O EE X2 Y2 22 2KD D,

CDEDITL TRDZI— > oHD 6 OERBED 2 T kil NV —2 oduln s FE
PRICANY M2 FRESE R ETCORMo 2 F2iMtllcL TFay hT2E 3210k
RN Z2FFD, ARV MINIV— 2 WEBT—MICRAESE 0 THLL S DFFED 2
X0~ 6.5%(m?) THD., ZhiTxHfL. HEBHIL . ThP 63 TRDIAXY b DIV —
Y OHuL» S OFERED 2 . R 2V F —FMRAENEL R L5 DT A XY M 6.5%(m?)
F VY RER(EICETHNT S,

HIMERINRE & 1T D B35, B2 A XY NMEMED 0 ~ 5.52(m?). FREL Iz Ry
ME5.5% ~ 6.52(m?) OHIFATH 2, BHIC L VRO SN2V — 2 DHLD S DFfFED 2
FTCHy h2LELEE, ZOHY R T, 0~552m?) DARY R EENLT L LT LN T
& (efficiency). 5.52 ~ 6.5%(m?) D A X2 b (contamination) 23& N/EF A->TL I %
VIial =y g itk VRO B,

M3.2212Y a2l —Y a vy OfiiRERT, 42 M 250keV. 10000 1N k&)L —
YIRS RAE S Bz, [X3.22( 1) OREENI R A X2 b 2RAESEIVE. Al
FHDPSRDIZANV NDOMETH S, [X3.22( F) I EE 5.5m O FMEFEEZ EFKL 7=
& & D efficiency & contamination Z7~7,

[EFRIC 500keV. 1MeV. 1.75MeV D A N k& FEE SRz & E D efficiency. contamina-
tion Z3RD 7=, 90%. 95%. 99%efficiency D & & @ contamination # &K 3.4ICFE L D 5,
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pl =1.472 +- 0.04001
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M 3.20: RO LY )V —2 6 ORifED 2 o sk 5
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True vertex (nf)

63

A i
2 _______________________ e i
6.5 contamination ;
S R e ARt
'\ miss
0 Observed vertex ()

X 3.21: FFERICAXRY M 2RASELMVEL KL OROSNZVE L OMH

efficiency

90%

95%

99%

250keV
500keV
1MeV
1.75MeV

45%
30%
20%
9%

69%
53%
35%
22%

91%
84%
68%
55%

7% 3.4: 90%. 95%. 99%efficiency T conatamination

IRV =D EOEMENMRAER R R 5, AMEHEAN D A X2 MIHL T 90%efficiency
BESRL o &, ZXI)UX —EYE 1.75MeV THUMERI O A X2 M %2 1/10 £ THKS T2
EINTE, TRI)VX — M 250keV TIEHMRRSID 4 XY N 2 ERRBEIRS T2 28T

x5,
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4.1 BH

Z 2T, FPGA Z W= BRI EHZ 1T 9 e i L [Blfg %2 EPRCH A, 759> a
ADCIC & 2 EMDOHE. FPGA LIS COTF —F AN L 28 DF AN 2179, %
TRCIE 22Rn 2 FW 2, [X14.11C 28U o SRS 0 —88, 22Rn LI ZRT, S FET
HEZATO DIEZ oD 2UBi 6 214pg | 24P M6 210Ph NDORIETH 5, ?“Po O
FIFFE 236pus 72 DT, 2MBiAY fRIEE L L. S (QH:3.260MeV) 2 HL 28, 21Po
V3P 236pus RIS 7.69MeV D a KiFZ 9, 2D 3L a % Delayed coincidence trigger i
FoTHIET 5.,

Nuclei Decay mode Energy Decay time

22Rn a 5.49 MeV 5.48 days
218|:jo a 6.00 MeV 4.4 min.
214 F:b B+y 1.02 MeV 38.7 min.
214 gi B+y 3.26 MeV 28.4 min.
21430 a 7.69MeV 236 s
210 I;b B+y 0.064 MeV 32.2 years
210 Eji B 116 MevV  7.23 days
Zlopi) a 530MeV  200.2 days
gt

4.1: 28U @ RN
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4.2 MUz

SO EBMTHHAL MRz X 4.210R7, WK Y F UV —FDASTEN T ADEE
DM 2 AV FHETHMEELEEL Vo F L —v a R BT 2. I ARRIAT
YU AMOETRAIERTE SR 5 TB Y, BRSPS 2R ONT Y L ZIEEICH
Wz 2 DDA T HHL TITH. HITARNBOHNTRIET NI 74 ANV THEDNIZV YV
F—DEMN ., CEFHEEIIY VY —NEoY v F L — 3 VRO BRBAGTT 5 &
SICk 5> Tns, ZOMILEE, FEBUTMO B XS T720EE 5em DO T 11y 7
THEDLN S,

sealed pipe (for taki ttheair)---___
Pipe(fortaking out hen >% %<’ """ T sealed pipe ( for introducing the air)

o=

Stainlesscover -~

-~ cylinder
main detector (500ml) ------ - i (inside covered with alminium foil)
\\ y licm
60ml liquid Scintillator”/ 77~~~ optical compound
H1161
PMT
8.5cm

X 4.2: #HiZs
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X 4.31C 22Rn Z @Ky > F L = FITRAT ST 2717, 22Rnid 20 & K% <
BUHADHMKRDEPNIZERZPO R TS L > TF ARV Fa—T &> Cighks v F
V—=FITRASN S, CORADOHMERET A VATEDODNTEY, fif ATH 5 22Rn D
BN D £ D127 5T 5, MDD 2Rn T U U712 KD trigger rate 138+ Hz i<
25, SHOFEMTITGEKS v F U —F BN DRP ST/, MHZEDARZNNT 22Rn %
Tl ST 2R RSV F U —FIBT 502 5 . SEIOUETIE 6 HoNT Y
V7 B, Single trigger rate 1 35.5Hz. Delayed coincidence trigger rate l& 3.4Hz £ 72 -
7z TODR, 2?Rn 2SHIEL HRINEIRI OO IRAZA B R S 1 £ 728 trigger rate 1 EA-
I 5, 24 FFRRICIX Single trigger rate ld 185Hz. Delayed coincidencetrigger rate /& 29Hz
LiRolz, SHICHET S L 22Rn ORITIKY . trigger rate BIKDP T 5, 22Rn DT Y
V76 A8 IFRIERICIX Single trigger rate 1 142Hz. Delayed coincidence trigger rate V&
23Hz & ALY o

1/4inch nylon N1 tube

-

/ N
L) —

I S AL
Rn l T T
air or N2 %E
um oN
(ZI) %| /rTF]) 5&0 bubbli ng
f Detector
Rn source

Liquid Scintillator
(60ml)

X 4.3: 22Rn DT Y 7
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4.3 FHHHL [

9. 799 Y2 ADC 2V cmARL HEOFHZ T 5, (K4.4)

7792 ADC EZ AW TR, T3V F —BEZ A 72137 D A% Linear Gate I
L VIEHRY 5, Linear Gate ZHiL 721271, Shaper AMP IT & V) EiiASFEIc R &
h3, COWEE 77 v Y2 ADC TaeAlRYD ., ADERT 5,

A5 SN U —DIAIVTRIRT, 75792 ADCTADEMR ST — FITHFIC
FPGAITESN S, FPGA I clock enable (R 7D AT H 2L EDT Ty ¥ 2 ADCPH D
T — % % WD flip flop ICEDBH. BAKINTIEKEND FADC read DED 7 T v ¥ 2 ADC
Mo DT =4 DHE—DDETOERDEE L TREFT 5,

Shaper AMP O /1O 6 30 RFR. 25 NS0 RERIE AT O &R, B0
DLOFIHE—ETH S, ko> T Shaper AMP D/ JIROYE — I3k 5] L | clock enable
DOEL 22 GbE 52 L TEIGZUETSZ M TEL, M46ICIFEFL 7Ty 2
ADCOF ¥ ¥ )& OMBEERT, EWife 75 v ¥ 2 ADC DF v+ ¥ 3 )VEDS R LAY
RCHY, XTFTRINVIE20F ¥V INVTHDBI LIBIHN 5,

Delayed coincidence trigger D¥5t5. — 2 H DR TAAS & [ERFIC NEBAH 7 > & T 500us
ito. ZDORNTIRDOAEFIRIZHEVE Delayed coincidence 23EXZL 7z & KL LAM % 37
T. LAM ZEE#LL T /2 VME Bus I& FPGA @ NI R{E STy 5 Prompt signal &
Delayed signal D& & — DDA 5 O MFRO Wz e 9. 500us DRI IROAETAS
R o T2 T R EE) R RN AGZ L 7272 > 72 £ HKTL . Prompt signal O EERFAGHEL.
iRz Vv b L. ROGBTHRDEDZED,

O} FIFO | | Delay Linear | Shaber | FADC - FPGA

gat
2inch T
PMT

Discri. G.G. clock enable

VetT
l G.G. VM Ebus

4.4: 77 v ¥ a2 ADC TOHAHL [HE
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Signa

gate/clock enable—|—‘
Linear Gate out W

Shaper out

FADC channel

72

M 4.

T

FADC read

5. 77 v v a2 ADC # HWERHIED ¥ A I V7

250
200—

150—

100{—

50—

0

100 200 300 400 500 600 700 800
charge(pC)

M 4.6: AJJ&ERFE FADC Channel & @ B{%



BAE FPGAICLANUH—DFEE 73

KiZ ADC & iz L sz Sl 95, (X 4.7) ACETFHEGED» S RIE T
Prompt signal . Delayed signal FIIZ #{i & #1 7= Discriminator % il > C Gate Genera-
tor i Ad. GatelEZ D% £ Prompt signal H| ADC. Delayed signal /l ADCIZZhZHh
A%, ¥7=. Discriminator 2*6 D13 F1&E FPGAICH A%, FPGA Tld Prompt signal H
@ Discriminator 2> & O ATJ3% % & Prompt signal 25K7= & HIKTL . Delayed signal % £f
D, Z DK, Delayed signal D ADC IZ43 53T 72 0 & 912 Delayed signal F® Gate
Generator 1213 veto Z %65, 500us LANIZ Delayed signal F @ Discriminator 2> 6 13 573k
fe¥rtr. BEREIEIRFEHASERIZL 72 £ HKTL . Delayed signal @ Gate Generator @ veto %
fi#fk. Prompt signal FH® Gate Generator I veto Z %85, & 612 Scaler 1213 Prompt signal
MKTH S Delayed signal 23K25 £TOR. 10MHz T/ By 7 %KD, Prompt signal 2%
KT 6 Delayed signal 23k 5 £ TR ZEH5,

FHEF%E Delayed signal 1D ADCIZ A123% - 723551 Prompt signal FH® ADC. De-
layed signal HH® ADC. Scaler @7 —# ZinA L 21l THL,

Prompt signal 23K TA2*& . 500us LINIZ Delayed signal F® Discriminator 2> & 13 5743
K7 » o TG, BERIRFEHANEARZL 22225 72 & HRTL . Prompt signal HH® ADC &
Scaler IZIZ U & v META KON 5,

2inch
PMT
Discri. Delay G.G. gae ADC
Promp th. veto clear
| Discri. Delay G.G. | |gae ADC
Delayed th. Fveto
" FPGA - Scaler
clear

4.7 ADC T L [
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4.4 RIFEARR

2R DPEZATIOHNT T T v ¥ 2ADC. ADC D calibration D7z 91T 0Co DHIEZE 1T >
7. 90Co 13 1.17MeV & 1.33MeV O ~ #% 953, KamLAND KT R ok > 5
V=2E, Zho Dy ZKITEDIEENRBIRBRNDOT, arThrzyVidEIh
5D~ DOFHEE L THIEEN S, M481C1E 7T v ¥ 2 ADCIZ &> THIEESHZ 0Co D
ayIFhrT oY, M49IEADCIC > THIESN I CConay T vy V&R,
X 4.9(_F) 1 Prompt signal /@ ADC. X 4.9(F) IZ Delayed signal Fl® ADCIC & - CHI
EINTZODTHD, 2B, 799 2ADCT50F ¥ > )V, ADCT400F ¥ > x)VH
ZVICHADE =L 2R D a M FICELD2bDTH S,

wo

Counts

wo

o
oo
e e

woo o

0 O e O O O O
< 1.04Mev

\\\i\\\i\\\i\\\i\\\‘ \\\‘\_J—.J_iﬁl\\i\\

20 40 60 80 100 120 140 160 180 200
FADC channel

48: 0CoDAVT N YTy Y (7T v aADCIC &5 HIE)
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Counts

Counts

400

350

300

250

200

150

100

50

B — Tui 10amev T .

Wﬂiﬁ_ﬂ:

200 400 600 800 1000 1200 1400
ADC channel

400

3501

300

250

200

150

100 —

50—

L
200 400 600 800 1000 1200 1400
ADC channel

4.9: OComwa v 7 b Ty ¥ (ADCIC L HHIE)
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4.101CtE. 77 v ¥ 2 ADC CTHIZEL 7= Prompt signal. Delayed signal. Decay time.
4.1112i&E. ADC CTHIZEL 7= Prompt signal. Delayed signal. Decay time Z7~9, £ 5
5 DRITH Prompt signal @ 300keV 7z VI =273 A 6N 5, ZHid 22Rn(5.49MeV)
& 218Po(6.00MeV) D a £ FEX 6N 5, ¥7z. Delayed signal D 550keV ICHE — 73 H5
NBMZ T MPo(7.69MeV) D il kB bDEEZOND, TDEITEEOT R T —
FOHNERTZINE - L CBHIEN DI, o OERZ =0 FOMRIC LB L DT,
IRNVF = DD T HHEL aMOT RN F -2 LD, 22 TEE75MeV FBED ol B &
Z1/19. 7.69MeV D a 3B EZ 1/14 DTV F - L RIS TS, (T8 B3I

4.11. [X14.10 ® Delayed signal 1l& 214Po @ a KiF oMU Ny 770V RIREEH
TWb, 22T N9 I 7TV RERS T2DITAXNY N DFEREIT S,

F9°, 2UBi D 3.26MeV D [ #34% BRI 5 7291 Prompt signal IZ¥fL . 1.5MeV~2.5MeV
EWVS Ay M EITI, 1.5MeV LLETIE 24P @ 3% (Q ffi=1.03MeV) ZFRZEL . 2.5MeV
PIMCIEFICFHBI 2 A v 2BETE-0TH 5,

KN I T 5TV R LB ANV N ZIERT 572912 Prompt signal ICXfL . 1.5MeV~
25MeV &I Iy NEAITI, DAy MK HARNEREEZ ZHEY 5.

FoARY N OEREZRL b0 %N 412, M 4.131RT, FEOMIE 24Po 6 D o
K728 Delayed signal & L Tl EN72b DTTF v ¥ 2 ADC Tld 558keV. ADC Tl
537keV & W D FaRBE LT,

TEBHE 24Po @ Decay time Z7RL 72D TH S, 7T v 2 ADC TlE 230us. ADC T
1 200us £ 5T 5,

Ty Y a2 ADCDEAFIv LIy ML, ADCOF A FI v LY
F 128y MRDTT7 T v ¥ 2 ADCIEMERET ADCICH 5, LIPL ZoFEMED, 75y
¥ 2 ADCHOMERD ADC & [EC & D ICERORENTE, FPCA L EIHS®TT -2 &2k
NHZ W oslz, 77v 22 ADCTOD AD BRI HRIEB L Z 25ns T, A
YRURNVKNUH—2 L THMIERTES,
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Prompt signal I

10000

Counts

8000

6000

4000

2000

2000 2500
Energy(keV)

Delayed signal I

o -
218000 [
>

816000~
14000 |
12000
10000

8000

6000 —

4000 —
2000

0

2500
Energy(kevg

Decay time I

Chi2 / ndf = 202.4/ 40

4

p0 = 6033 +- 29.99

10

Counts

10°

10

pl =284.5 +- 2.026

o i A Y S S N R B AR

100 150 200 250 300 350 400 450,
Time (ps)

4.10: 79 v ¥ 2 ADCIC X 5 HIERHE
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Pr

ompt signal I

Counts

5000

4000 [

3000

2000

1000

| : :
0 500 1000 1500 2000

R | . | .

2500
Energy(keV)

Delayed signal I

Counts

4000

3500

3000

2500

2000

1500 f—

1000

500

o

e HH‘HH‘HH HH‘

i
1500 2000

2500
Energy(keV?

Decay time | Chi2 /ndf= 1135/ 77

Counts

10

_— p0 = 2207 +- 13.59

pl =243.9 +- 1.934

0 450 500
Time(us)

4.11: ADCIC & % HIEHRG 5
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Prompt signal I
1] : :
S 500 o
) - : :
o L : :
| B I = ..
300:— rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
T T T R
T T e Ites
o | i | ;
0 500 1000 2500
Energy(keV)
Delayed signal | Chi2 /ndf = 446.3/45
» Constant =532.3 +- 11.07
E Mean =552.8 + 0.42
3 Sigma = 66.22 +- 0.9093
500 e S
T ]
300
200 [
200 e
o . i A R
0 200 400 600 800 1000 1200 1400
Energy(keV)
Decay time | Chi2 /ndf = 27.81/40
B p0 = 238+-6.085
5 pl  =229.9 +-7.089
[ e T ana e e R R P il T T EE
(@]

10

10

50 100 150 200 250 300 350 400 450,
Time (ps)

o

M 4.12: 799 ¥ 2ADC DF — 2 D AR NERZORGHR
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Prompt signal I

Counts

500

400

300

200

100

2500
Energy(keV)

Delayed signal | Chiz/ndf= 1171794

Counts

Constant = 1479 +- 13.8

1600 [—
1400 —
1200 -
1000 -
800
600 —
400 |—

200 —

Mean =537.3 +-0.3752

Sigma =52.05 +- 0.3086

0

Uy i
0 200 400 600 800 1000 1200

1400
Energy(keV)

Decay Time | Chi2 /ndf = 83.95/77

Counts

3

10

10

10

p0 = 582+-7.183
pl  =199.5+- 2.72

S UUUUE DUUUE DUUNE DUUNE Dt

0 50 100 150 200 250 300 350 400 450 500

Time(us)

M 4.13: ADC OF — & DAY MNMERE DGR
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B5Z FPGAIZL S KamLAND EERD
lcshotthF LRIV Y H—

Z DETCIE, KamLAND EBD/z D73 K L)V b UH —% XILINX ##ilo FPGA
2O, TR R, Il =Y gy RiTV. koI R T 5,
YHYRURNVKNYF =L LT, TRETICHRR 2/ A v b 2 SOEEREHR. A
AR LD =0 DN VT —% EZ B,

5.1 EfAv b &zZfAy b

JREFH=a—K Y ) A2 K Tl& Prompt signal i< L T Delayed signal 2% 500~600s
DLIMICRD Z MR 2 5,

HETWHHBEEPS DREFIT T v aADCIC LY ADEMEIN S, ZoXRICHL TX
fih 73T L(m) TH v b L7 & &, Prompt signal IZX19 % Delayed signal 11K & 9
IRERIEREN S,

L X1 rom X1 elaye L X1 rom
exp (——) x —Crompt - — Delayed oy (—) x - Prompt (5.1)
1.9 X2Prompt X2Delayed 1.9 X2Prompt

L
XlPrompt X X2Delayed < exp E X ><1Delayed X X2Prompt
& : (5.2)

L
XlDelayed X ><2Prompt < exp 1_9 X XlPrompt X X2Delayed

N(52)DIE, b6 —/TTbilz Shehr >, ATWD Card i< Reject 2VI56
ha,

Prompt signal £ Delayed signal @ T 3L ¥ —BJEASZEL <. WiH O X JAST Xm0
BEEZDLH, ZOLXIFTRTCOEFIIHL T, FIORET & ORI, 2SR 172 A7 &
H& MWL . RETN=a— kY ) DAY TH D] HEMAIN OB T Reject 155 % ¥
%, LML ZDREZHINTHKSMETD Prompt signal TH SnHEMED B 2 DT ATWD F v
T6 FIFOIXT — ¥ 2 KAHMRCT —F 27 Z kL &y, FIFO OF — & ot s
Y X2, Reject BFDORMD ST ARNY b EZFDRID AN DS BRMHAETZ LI
2b. ZOL SOy N EITILEDRUH—DF AT & Reject DB 5.1
IZ. Accept DHEEH 5210, Ay b E2ITHEDN I —DFZ A IV T %HH 531
R
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N-Sum M M
Trigger |
Accept/Reject ! accept Teject -
| A |
v | |
counter 0000 0001 XXXX i 0000 0001
Y
Reject [ ]

X 5.1: KA v b D& A4 I 27 (Reject DY)

LN-Sum M UH—=ICKOAFATEE2 YUY N T 5,

2. 500~600us #¥2 & Accept/Reject Z HighlCL . AV ¥ & ik® 5,
3. I N UH — 550Kz & Eld Reject 7% 17,

4. 17, Accept/Reject Z Uty hT5,

N-Sum B ]

Trigger |

Accept/Reject accept Arw
|/ |

counter 0000 X 0001 X X 0000 X 0001 X X XXXX

Reject

5.2: KAy M D& A4 I (Accept DHEH)

I.N-Sum N UF—GFICLOVNHAT 22 VY N T 5,

2. 500~600us LINIZIRD & UK =5 50Kz E . Accept/Reject 1& Low 22 D T Reject
fZFlEhahzun,

3. A2 VEy TS,
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X1 X1(Prompt) X1(Delayed)

X2 X2(Prompt) X2(Delayed)
N-Sum ] ]
Trigger

o1 BN T

Q2  XatPromp) (_ Xa(Delayed)

4

X X1(Prompt) X X2(Delayed)!

X1 X2(Prompt) X X1(Delayed)!
e

Reject [ ]

X 5.3 26l "N U —=FAI T

1. N-Sum b U =200 2 & ZDHFRTCOT T v ¥ 2 ADC Ofii (X1, X2) % FPGA W
Q1. Q2)ICEEET 2. (Z DMEITIRDETMASTRLETHRIFEIN S, )

2. (RSN U =305 & HL < A>THKED D% Delayed signal, 5 F THREFL T
7= D% Prompt signal & L T X1pompt X X2Delayeds X Delayed X X2Prompt 2 AT 59 Do

3. 2N BT (5.2) DRMFEEFRL . Wz SNLh - B EE Reject 3 5% 117,
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KiZ. Prompt signal & Delayed signal THI A DT 2NV F -z REL LHGEZ A
%, [ 5.41C Prompt signal 25K TA*& Delayed signal D EAAS 3 DR GE2 R,

N-Sum Prompt [ ]
Trigger Delayed Al B | Cl |
counter _ 600 ~ 700 ps
(XTI ¥ VALY BT ¥ YV CL Y
FADC !
]( X2 X A2 X X B2 X X C2 X
B R B
P1 >< X1
P2 >< X2
D ST — T —
D2 A2 B2 W C2
Time Reject ]
Position Reject [ ]
[ 1 [ 1

Reject

B 5.4: B¥RY - 22 Hy O MU —=F A I 7

1. Prompt signal D A/J3®H -7z & &
OhvrrzUky hT5,
OFZDeEDT7T vy aADC D% Prompt signal D& L T P1, P2ICtRIFT 5,
2. Delayed signal X A3 H 57z & &
OZFDeEDHh YUY FDIEE A, FIED Tz SN THZ2T UL Time reject % 7]
ERAR
Ol ED7F vy 2ADC DEZ A, DI, D2ICR{FT 5, P1. P2, D1. D2/
5 ZERIMNAMBE 2 HRTL . SRIE235E72 ST TR U Position reject 2719 %,

5.4 @ Delayed signal A l&. RNz S 72322/ MBI 7= Shie» - 728
. Delayed signal Bld, FFRIMNIC S ZEMIMIC S /MG S 72858, Delayed signal Cl
eI MBI 72 S ey, RISz Shid - 25 EaTH 5. 2 OB E. Delayed
signal A & CIEX FIFO ICEHEWGHIICT — 2 2MHETHZ e NfRETH 5,
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5.2 BIMERENAE

HMEFEINRETIE. X, Y. ZAROFNZh o o6 A XY N DFEL 72 X,
Y. ZHEDOMNEZHRD S, B I3MTHENLZIAY, AW 10 LD KENE E L/ hEne &
TlE7 4y M THEBNES, LToL2C X2 %KD 5, (Y2 2212V THIEL)

X2—21x [2L) 19 - 1§§<10
X2 X2 (5.3)
X2 =15 % (2 +4.6 - 10 < 22 |
- X2 ‘ X2
£ 5.5m(700m?) OFMER R ERL LG,
557 < X2 4Y? + 77 (5.4)
D & EIZ ATWD Card IZ Reject BEHN 5,
FPGA N THEZT O DIZREELROTRD LI EEET 5,
X1 <10x X2 (A, Ay) =(2.1,-1.9)
X1>10x X2 (A, Ay) = (1.5, 4.6)
Y1 <10xY2 (By,By) =(2.1,-1.9) (5.5)
Y1>10xY2 (By,By) = (1.5, 4.6) '
71 <10 x 72 (Cp,Cy) = (2.1,—-1.9)
71 >10 x 72 (Cy,Cy) = (1.5, 4.6)
X1 Y1 71
2 - _ N

=

(552 — Ay —By —Cy) - X2-Y2-Z2 <Ay -X1-Y2-Z2+B;-X2-Y1-724C, - X2-Y2-Z1

(5.7)
CDEIKHEOFACEEL TFPGA N THUEZ T5, nbB. 2 ZTIEXI>X20HEGICD
WTIHRRTE D, X1<X2 0B EIE X1 & X2z Az 5, i X uElIEb
L0300 6 DRI D 5 70y,
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5.3 faR

IhooblgE Yy 7 8 =7 CllA, XILINX O I ab =22 HnTyIalb—Y g
Y EAToIz, TANA AL XILINX fE VIRTEX ¥ U — X%, 72y 713 40MHz ICFEL 7=,

Z DR, Prompt signal & Delayed signal Tla]U T2V ¥ —E{li%Z 3¢ EL . Prompt signal
& Delayed signal Z XL 22 WG ORI A v B TlE N-Sum b U —EZ0BA->THh 56
26ns fRIC Reject R 7N /18N 5 Z 30 » 5Tz, KA BT 5.5 D & 912 N-Sum
RUFT—GEFICEoTY Yy NENLH T ZBRD N-Sum D3 A > TRz & SITREL
7= IR (1T 500us) INTCTH 20 2 HIKTL . BEL Z2RERIAE > T Reject & 7]
T5, Siilic LR Ay hON—=R 7 =27 el b 8 TORT, ZElH v b Tl
N-Sum b UH =M A>T 6 51ns K&IC Reject [R5 18N 7=, ZEfl]H v b TUEH 5.60)
Ty T oay TEREL T L THL, —DFIO N-Sum b U = o7z e &
DT Ty a2ADCOT —IDPMRFEINT VD, e LDTT7 9T a2 ADCOT —F &
RL HkTZ Y,

Prompt signal & Delayed signal & T 3 )V¥ —B{EA 7 555 DM FE Tl Delayed
signal @ N-Sum § UH — 1G5 AT]ENTH & FFRIIVZER -HKrZ FL . Reject 2777
5FETO85ms BL /2, T[T FPGA WEBD A D > #1T K U Prompt signal & Delayed
signal & ORFRIEFR. 7 Z v ¥ 2 ADC @717 6 Prompt signal & Delayed signal & D%
[ AR B 2 T L T b,

INODMEIET T v 2 ADC TP AD EIRDO K 25ns 2 &8 L TH ATWD Card TD
AD ZHREFRY 12.8us 1T HEARRRBUC F <. ATWD C© AD Elfit2, FIFOICT —# M AS1&h %
FTCICh U —DHliZ T2 e TE, CAHVR LUV NYF—2 L TEBEETH 5,

AMARAIRECER 5.7) 23 HT 5 Z Lick b, FPGA WEBCIZLI T Z &2%7h
nb,

1.N-Sum M UH =W ANIENDI L ZDL EDT T v 2ADC D% itds

2. X1(Y1,Z21). X2(Y2,22) DKR/NDHKT 21TV, RSV DZ X1(Y1,Z1), hEWb D
% X2(Y2,22) IS ANET,

3. X1(Y1,71) < 10 x X2(Y2,Z2) & 5% HMTL . A 5(B1o, Cro) ZIRET 5. (3\(5.5)
Z )

4.3\ (5.7) DRIHDFHEET .

5.2\ (5.7) il & EVIDOHRZ T, RAIFD Tz ST S Reject 2 1717 5,

VIal =Y arE{TofR, N-Sum b UH G5B ASIEhTHE 2h s —#HoFHE
2t HKRS TIN5 EFTORFRIE 175ns TH o7z, TR » b ZERIH » M
HAR S LAY ATWD Card T AD ZHRRFR] 12.8us £ VIFHE L, ADE ST — 4
M FIFOIC A S RIICHMAFESN D A XV b 2 BRrETE 5,
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VHDL(N—R 7 = 7 LR F55) 1T & 2 [mIEESEE (A v N &2 47 5 [B]H)

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity coincidence is -—  (FPGA D AT T D EE)
port (
clk :in  std_logic; -—- ZHvIDAL]
N-Sum :in std_logic; -- N-Sum b YN —DAM]
Reject :out std_logic; —-= RejectODﬂjjj
);

end coincidence;

architecture coincidence_arch of coincidence is

--  (FPGA NEBTHEH SN BETDEFR)

signal Q :std_logic_vector(14 downto 0); -- HT YV FDZDHDI/INA
signal Accept/Reject:std_logic; -- Accept/Reject a7

signal N-Sumi :std_logic; — N-Sumf§5 %17y Z7ESELLD
begin

-— N-Sum D ATIRH 57z L FI
-- Accept/Reject 23"1"72 & Reject"1"% /1T %
process (clk, N-Sum) begin

if (clk’event and clk = ’1’) then

if (N-Sum = ’1’ and Accept/Reject = ’1’) then
Reject <= ’1’;
else
Reject <= ’07;
end if;
end if;

end process;

- N-Sum M UH -T2 170y JELED
process (clk) begin
if (clk’event and clk = ’1’) then
N-Suml <= N-Sum;
end if;
end process;
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-— N-Sum N UH—E5%21 70y 7 EBLELLDT
process (clk, N-Suml) begin
if (N-Suml = ’1’) then

Q <= "000000000000000"; -—— QU rE&EVUky b
Accept/Reject <= ’07; --  Accept/Reject & "0"
elsif (clk’event and clk = ’1’) then -- ZHy ZODub ERNY E#MHL T
Q<=Q+ ’1%; — Zay &AL TNL
if (Q <= "100111000011111") then  -- Z W v ZA%500 1 s LT 61X
Accept/Reject <= ’07; --  Accept/Reject ld"0"
else -—— 78y 7500 v s Ll ERSIF
Accept/Reject <= ’17; -- Accept/Reject {d"1"
Q <= "100111000100000";
end if;
end if;

end process;

end coincidence_arch;
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N-Sum Trigger

U

FPGA

input

Y

Y

counter reset

Accept/Reject H?

counter
>500ps ?

yes yes no
Accept/Reject H Accept/Reject L
output Y
Reject
5.5: WERA v b
X1 X2
il
|
Delay = N-Sum
© 8y Trigger
X1(Delayed) X1(Prompt)
X2(Delayed) X2(Prompt)
Y Y Y

| X1(Prompt) « X2(Delayed)

X2(Prompt) < X1(Delayed) |

Y

X1(Prompt) x X2(Delayed) > A x X2(Prompt)x X1(Delayed)

or

X1(Prompt) x X2(Delayed) > A x X2(Prompt)x X1(Delayed)

Y

.

Reject

5.6: ZE[{ A1 v b

89
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_, fln[:g.lr.mr"'j'='
I

,
i om

lnr-i

57 V78N 7 TCN—R 72355

AR 7o =R 7 = 7R S EE2 AW TZERI S v b 217 9 g2 FERIC FPGAICE XA
ATZEZ A, FPGAICIE 14 x 14 CLBs Db D& ML 7=, W< 22D CLBM g sh —
DDF v TIMW—DDKNYF—FY 2 — )L &KL T 5,
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KamLAND FEEATIIMIR O T 2V F —BHES RN Z LT H 5, Ll 2oz
¥ —BREET — & 0L WIS K VHIREN S0, BiEx N 513Ny 7750
YRERS TH, B0 trigger rate ZIKO T2 EMWHEEITR 5 TL b, KX Tidth
YRUNNWVKYUF— L UEFR=a—MY DAY N OERE GRS E AT
VN, trigger rate & N 5720 DIfIEE 1T 5 72,

ZOEAVRVNVR UH—=TlE, ARV hOREL I E%ZCHE %ﬁﬁé#%@hw
% AD ZHRT 5 12.8us DRI B DENH 5, hE KRBT LH-DICT7T v 2ADC &
H@A%mwéﬁ%%%kkoZG%%\75V>3ADC®AD§@ﬁ%ﬁ2m575v
¥ a2 ADC DI 6 b VH — DRI T S 5 TR v b T 26ns. ZEf A v BT
1% 51ns. FRMARRINRECIE 1750s 25 Z D30 o Tz, Zhid AD ZHIC A 5 R
12.8us ITHR Tk, EBEARETHH L FR 5.

VIal—Yar T Ay MR KEFN=a— Y DA XY 823 90%efficiency
TNy 72759 R % 0.7%. 95%efficiency TNy 77572 K% 1%, 99%efficiency T/ v
D275 K% 25% FTOSTIMTELLV RN EON, SHIZERA v b
IRy BT Z 21T KD, T3 )VF —EAY 1.75MeV T 22Rn A% 2 ~ 3Bq/m?* £ T
AL T¥ trigger rate % 10Hz "TE) ZEMTEDS, (BRI DL XD single trigger rate
W3BLZ1IkHz TH B, ) 2D K212, KB, H50IFEe=F —KEORIRR LI
FFOINEBD 2L HEIS NI A - 72 <‘: . 22Rn R mBg/m3 ML RIS 2 H v
RUANUVRNUF—RLTIET -5 52 LI RRECR S, Zok 0BG, VR
VOV N U =1 & trigger rate ZTkH L. T —F 2 & 52 ¥ n[HETH 5,

Fo. MR EDOY I 2V =Y g T PoRIRTRERESLNTZ, ThZh
DI XINVF — R TOEYRREND A X2~ D efficiency 10T 5 HERND A X2 s D
efficiency 257RL TH 5,

efficiency | 90% 95% 99%
250keV | 45% 69% 91%
500keV | 30% 53% 84%

1IMeV | 20% 35% 68%

1.75MeV | 9% 22% 55%

HRAFEN D A R ML T 90%efficiency & B3R 7z & &, T RI)VF —BR{H 1.75MeV
THMEREAD A XY b % 1/10 TS T2 MW TE, Z3)UF —FH{f 250keV TIEAAH)
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HKRID ARy N B2 2ENEERS TIEMTES, £16TCURLELIICTILE —F
B 1MeVTUONY 77500 K e U OLETHMGE, Sk 2> 7 V- Mgt
5 DEF I RkE L, BUAREZ ERTHZ LITHENTH 5.

CDEINCTEAY R VNNV EN Y- KO [XEFR=a—FY 2SNz A X2 B,
B LWIHMAHEN e HKT SN A XY D DR 2 HRARTZ EM0EETCH D, T, AN
Y NEITHIO A XY N L OZERIAEE - FERIAMRE. & 5 WDIEEMIERASS 2 U R
LX)V R U —=CHTEhb0T, chonF—22 M) —F—2 2L THR{EL. CPU
Board W Z DN U —F — & & RSB NEFN=a - Y 2 i sz A X
VR, BHEOITHEIURREN & HRTShz AR kB ATWD Card 26 e 92 & baJhE
THd, COEIICHNRT — ¥ 2 BRI LICLNVTF—2B2ZHOL. T2V F—H
% T 5 Z &M TEUE KamLAND EOFHEE T2 MW TEBLEA S,



f A FPGA

FPGAZ. 74>V —XZFHOFHE ICITHANTERENE <. LS 5 1C T, FRY A
VISR TR OIS TH 5, RETIE, FPCGA OMEICIE V. FPGA % &EHL .
FEL . MEET 5 5% 3T 5, fleL <. RSN LREEERH 0. 2o \ERNZ
XILINX £t LCA(Logic Cell Array) ZHX0 FiF 5,

A.1 LCA OHE

LCAIRET» o BT — M E b, -V =2 qHic, o, BHRICHEED L EM
TE5uV 9 ZICTHDL, LCAIFABIIE Y O¥BER TR Ta—Y —NEXKTELH LD
725> TBY ., DERETFIEE: 22—V =2 HHCHRD 5 b 7280, MG - filfFe
LCA OimtEmlf& o et % [BIRFICIT 5 Z & 2%nEL 25T b, 72, LCAIE. SRAM X—
AD FPGA TH VY, EIFRELARFIEFIC B0 RE 2 FE A F 22 < TUWER 5 R0A8,
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