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—
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20 1 2VF PMT 17 142F PMT
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O

0 2.7 KamLAND O 2000 PMT

00000 |0Do0o/oooog
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20inch-PMT(Hamamatsu R3600) 6 1.5
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y 0.511MeV E
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y 0.511MeV

y total 2.22MeV

Edelayed
T™ 210usec
028 0000000000O0Oa
Eprompt = EZ - Kn + Mp - Mn + Me
= Er— K, — 0.782[MeV] (2.6)

(23)000000000O0O0OOO0O (2700000 OCODOUODOO (2)0D0O0O0DOOO
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M, + Mp +me = Mg+ Edelayed
Edelayed = (Mn + Mp + me) — Mg
= 2.22[MeV] (2.7)

ub0o M;O00OO0O000DOO0O0OD0OODO0O0OO
(2) 00000000000

(M, 4+ me)* — M2
oM,
—  1.803[MeV] (2.8)

Ethreshold =
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136Xe0DD 0000000 B¥Ba00002000000000 (2.11)0(212)000 Q

00 2.46[MeV] 0000

136X e 136 Ba 4+ 2¢™ + 277,

136X e 3136 Bg 4 2¢~
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(0 1.7 )OO0O0O0O0OO0O2y00 00000000000 DOO pOOOOOOOOOOOOOO
ooooooooooooooooooooooooooo0oooooooooooOooooop
gobooobooooobooobooobobooobooboooooboooboooobooboooooo
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2.3.1

0000 KamFEE

KamLANDOOOOOOOODOOOOOO KamFEE(KamLAND Front-End Electronics) 0 0 O
000000 (021000000000000000000O0O0OOO0ODOUOOOOOPMT
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Power
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e
O
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O
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]
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0 2.10: KamFEEODOOOOO

Trigger Circuitry
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discriminator
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>
J t

hreshold

capturd |digitize

delay

X2
@ L~
x4

-~

ATWD-A

PMT

memory

x
o
(8]
VME Interface

L, ATWD-B ||

0 2.11: KamFEEOOODO

01000000000 2mV]O0O0O0O0O (Ipe.00)00000000O0O0O0OOOOOOOO
000000 vOoOoooooooo0o0o00o0oO0O0ooooo00000 104000000000
go0l10o00oo0oooooopPMTOOOODOOOOD nsO0OOOODOOOODOOOODO
goooo

KamFEEDO 10000012ch0 PMTOODOOOODODOOOOO0ODOOO1chOODOOO
0(0211)000000000C0PMTUOOOOOUOOOOO BLROODOOOOO (DO)O
gobooooobooooboobobooooboooooobooooooboobbooboooo 200bboOoO
gboboooobooooooboobiOlpe oo %I:IDD 0.33mV]00O00 HitOOOO
O000012ch00 HitOOO (0~ 12H4t) 0 25ns] 00000000000 O00O0 KamFEE D
gbood HtODO0oOooOOoOooooooboooooooobooobobooboooooooooboooobooon
0000 HtOODOOOO (NSumOOOOO0)0 70H# 00000000 Prompt00000
OO0 Delayed 0O 0ODOOOO
o00200000000000000000D00O00O0ODODOOCOO0O0OODDOOODOOO Hit
gbobooobooooboooobooooboooboboobobo0oobobo0oobo0oobonon x0.5
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0212 00000000000000000

GainO0OOOO0O0OO0ODO0O20000000000000000000O000OOO0O0ODOOO300OA0
00000000ATWD(Analog Transient Waveform Degitizer) 00 000000000000
O000000000000000000 1280000000000000128000000000
010000000000000000000000000000000000000 1.5[0s] O
000000000 10000000000000000D0 200ns]0000000O0O0ODOOOO
0000000000000000000000 128000000000000000000 10
100000000000000000000 ADC(Analog Degital Comverter) 0 000 10bit O
0000000000000000000 30[ws]00000000ATWDO 200000000
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2.3.2 000 MoGURA
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O000000®O000000000000000000ODODO BO0000O0ODO0O0O0O0OOD
000000000000000000000O000000000O000000O00O0B0O00O0
0000000 (00 2075[ps) 0000000000000 O0ODO0O0OOOOOOO0OOOOO
00000000 KamFEEOOOUOOOOOOOOODOOODODO 2ms|]000000OO0OOO
(0 212)0000000000000001pe. 0000000000000

000ATWDOOOOOOOO0OO0O0000000000000000B00000000O000
PMTOOOOOOOOOOOOOO (0 213)000000000000000O0000OO0O0OO
000000000000000000000000000 MoGURA(Module for General-Use
Rapid Application)(0 2.14) 0000000

PMTOOOOOOOOOOOO BLR(BaseLine Restorer) D0 0000000000000
O000b0o0o0o0obD0obobooob0obobooob0ob0oooob0ob0oO0oO0DO Low pass
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Control I/F
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Control I/F
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. via Piggy-back
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HitSum

HitSum

0 2.14: MoGURADOOOODODO
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0216 0000000000000

fiter 000000000000 OOOOOOO0ODODOOOODOOOOOOOOOO (O 21500
00000000 2ms]0 0000000000000 ~1[us)]000000O00O0OOOOOOO
(0 2.16)0

BLROOOODOOOODO MoGURADOODOOOODDODODOODDOO 400000000
000 GainO0ODOOODO FlashADCODOUODOODOOOODOODOOOO400 GainOOOODO
L(Low) GainO M(Middle) GainO H(High) GainO P(Precise) Gain 0000000000000
00 Pgain 00O 1GSPSO OO 200MSPSOD 00000 8it0O0OO0DOOOO (O 25000
O0D0D0KamFEEOOODOOODOODOOODOO 100000000000

00000000000 FEF(Front-End FPGAO FPGA O Field-Programmable Gate Array
00)00000 1I0[ws] 00000 100000000000000O0OO0OOO0O HitOOO
O00000OHtOOO 20[ns](=1CLK)000 ¢chD00OO00OO00 MoGURAOOODOOOODOODO
OO0OMoGURAODDOUDOOOODDOD (HitSum) 00D 0O0UDO0OOD0OO0OO0O0DO0O0DOD0OOD0OOOOOOO
00 Single00O00OO0O0OO0O0OO0OO0OO CLKOO HitSumOO (NHit) DOOOOOOOOOOO

| P H M L
oooooooog 1GSPS 200MSPS 200MSPS 200MSPS
ooooo 0.1lmV 0.5mV 5mV 50mV
oood -20 ~ + 5mV | -100 ~ +25mV | -1 ~ +0.25V | -10 ~ 2.5V
ggad x 120 X 24 x 2.4 x 0.24

0 2.5: MoGURA OO ADC gain-ch 0 OO
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Time

,01,02 03 04,05,06,07,08,0910 111213 14 15 [CLK]
HITSUM: 02(03 06 |07Y09106|01{13/01|05]09{09{04|02|01
NHT :02/05]11|[16|22(22[16|20]15|19]15/23|22]15|07

TR TRG
HIT Window = 3 [CLK], TRG VWindow = 5 [CLK], NHIT Threshold = 20 [NHIT]

O 217 MoGURADOOOOODOOOOODOOO

TRG)
Stop Th. N\
Start Th.
Suspend >
7 \ Event Window
rOovJLvyyay

0218 0000000000

0ooo (0 217)0
FEFOOOOOOOOOOO0000000000000000000000000000 (2.18)
0000000000000 2CLK(=40(ns)) 00 00000000000000 2000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
0000000000000000000000000 Acquire RangeD 0000000 Acquire
Hit 00000000000000000SystemFPGAOOOOOOOSDRAMOOOOOOOPC
00 VMEOOOOOOOOOOOFEFOO SDRAMOOOO0OO0O0O0000 (02190000
0000000000000 O0FEFOO SystemFPGAOOOOOO0OOOO00O0OOFEFO
20000000000000000000000000000000000000000000
00000000000000000000000000000000 Almost full 00000
O00D0Almost full 00 00000000000ADCOO00000O0OOOOOODO00 400
ADCODO0000D0D000000D000000D0000000000000000000000
0FEFO200000000000000000000000000000000000000
000000000000 Empty 000000000000000 Hit0OOOODOO0OOOO
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FEF MoGURA Trigger
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gboooobobooooobooooboboooboobooooono
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030 O00oooooboooppoooon
Jooguogd

0000000000 00000000000000 QUOUDOO 248MeV|ODOD00O0OOODO
O0000o0Oopooo0oO0o0oo0oooOoOoOoOooooooooooooQUuoOoOooooo
goboobooooobooboobooooobobooboob 400000000000 0000O00

o 3XeO 2000 OO

e 8BOOOOOOOO

e JOODOOOOODOOOODOO

e JO00IDOOOOODOOOOODOODOODOO

0000000000 000000000000 00000000000O0000OO0000
000000 (031)00000000000C0000000000n (00)0000000
0000000009%%0000000000000000000000000000 (0 3.1)0
ooocow%i0oo0oonoooo

0000000000000 00000000000n

e DDDODOOO
R = 1.58[m]
Film Thickness = 25[um]
contamination (238U, 232Th, 1K) = (3.0 x 10712,3.0 x 10712,2.4 x 10~ 11)[g/g]

e JOOO
< m,, >= 150[meV]

e 000
TP = 2.11 x 10%2[year] [13]

2
TYPP = 1.14 x 102*[year] [14]
2

136Xe 2v 2085 214Bj | 10C | 11Be 8B Total || 136Xe Qv
8.82 1.51 x 1072 | 7.03 | 2.27 | 0.19 | 1.11 19.43 17.04
+0.70 +0.14 x 1072 | £0.03 | +0.01 | +0.01 | +0.02 || +0.70 +0.02

0310000000000 30000000000000000000 Ievents/year]
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goo0ooooo0oooooo0o0oo0oOoooDoD 2v00 pO00ODOoOOOoOOOODOO
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000000000000000BXeDO 2v00 pO000000000O00EXOOOOOOOD
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0000000000000 U00pp000OO0ODOOOODO 3.1)D0O0OO0O0OOODOOOOOO
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5B =8 Be* +e + 1, (3.1)

gboboooboboboboboboooouoboboooooboobobobobobobon
00 go0000oO0OOoO00DOOoO0OOO00ODOODO00ODOObOOO0ODOOODOOODO
gbooooogd
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3.3 Uuubuooouoobnogod

000000000 ®#U0000000000%2MBi00O00O0O0 (33)0¥%Uu00000O0D
28po O 2MppO 2MBi02MPo02Pb 00000000 DODO (0 3.2)00000000000O0O
MMppOoD0O0 2MPo00D0O00DOO (32)(34) 000000000000 000O0DODO%MBI
0000DD0000000DO08%0D00000(03.1)0(03.1)0000000000no

24pL 2M Bi4 e 4 1.0[MeV] (00 26.8[m)) (3.2)
24Bi 5214 Po e +3.3MeV] (00 19.9[m]) (3.3)
Hipo 20 Ph 4+ a+7.8MeV] (00 164.3[us]) (3.4)

00000000000000000 (>25[um))0(3.4) 000000000 0000000
000000000000000000000000“KO000000000 (> 0.1[ppb))0(3.2)
00000000000000000000000000000000000 200000000
000000000000000
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4.1 coOooooooo

0CcOOO0000000 (041)000000000000000000000000000
00 2c00000°C0000200000002000000 207.5[ws)0000000000
00 22MeV]0 00000000 °CO000 27.8s]0 BO0O0OOO00 1.74 ~ 3.65MeV]
000000000400000(041)000000000000 (04.1)0(041)00000
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0000000 °C000000000000 VetoOODODOOODO (O 4.1)0

0oooo'co000DDO0oO0O0O0o0DoDoDo00000oNoNonon 22MeV]0 000000
00 Puirn 0 90.7% 0000000000000 [15)(0 41)000000000000O0O0O0OO
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O0000000000O000O000O 100000000000 DO00D (Pue 0000 10000
(1-P,)0000000D0)DD0O00O0 °CO0D00000000000OOOODODOOOD
0000000000 90%0000000000000000000000000O0O000OO0O
OoooooooboooooobooDbobo0o0ooooDobo0o0o0ooooD KamFEEODDO
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Neutron-eliminating reactions, e.g., (n, p) | (96.3 £3.71)%
Neutron captures on 1H (99.5+0.1)%
LS-BO boundary (93.3+2.0)%

04.1:1%CO0D000000000DOO0O [15]
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gboboooobobobooooooobobobooooooooboboboooooono
000000000000 000000 0.32Hz] 0000000000000 0OOO0O0O0OOO
0000000000000 00o0O0o00o020HZ 0000000000000 0ODO0ODO0ODOOD
0000000 0.03Hz) 00O0O0DDO0OO0OO0O0O00O00D0O0O0D0O0O00000 showering 0000
O000000000000000 non-showering 00000000000 DOOOOODOODOO
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4.3 U0O0OO0OOOOOo

000000000000000000000000000000000000000000
0000002075k 000000000 22MeV]0 000000 (4.1)0000 2CcO000
0004.9MeV]0 y00000000000000000 0.995:0.00500000000000
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0000000000000 000000000000000000000 32754+276[events/day /kton]
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ooo | oo | 00000 | E[MeV] | 00O [events/day/kton] |

"Be 76.9 [day] EC,v(10%) 0.478 -

He 29.4 [min] Bt 1.98 1106
10¢ 27.8 [sec] BF 3.65 21.1
SHe 1.16 [sec] B 3.51 -

HBe 19.9 [sec] Br 11.5 1.4
25 || 29.1 [min] 8- 13.4 54.8
8Li 1.21 [sec] B8~ 6.0 15.6
°C 182.5 [msec] Bt 16.5 3.8
12N 15.9 [msec] Bt 17.3 2.3
°B 1.11 [sec] gt 18.0 10.7
SHe || 0.1717 [sec] | B~ (84%), B~ +n(16%) | 10.7 0.9
9Li || 0.2572 [sec] | B~ (50%), B~ +n(50%) | 13.6 2.8

0 42: KimLAND OO OOOOUOOOOOOOOOOOO0O0OOOOOO0OOooooo [15)

4.4 YCOOoOOoOO

locopoo 27.8s)0 4000 (42) 00000000000 (43)0000000000000

e 9B et +u, (4.2)

et +e” — 2y > 1022[keV] (4.3)

'CO0 QOO0 365MeV]0000,. 00000000000O0OOODODODODODOOOODODOO
00000 1.78MeV]UO0O0OOOUOODOOOUOOOOOOOOUODOOOODOOODO pUOO
000000000000000000000000000000 21.1[events/day/kton] O OO
gooobooon

35



Us50 Uogtdbootdbod

5.1 JUUupobuoooobobbouood
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