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2.1 000000

gboboboooboooboobobo,bbobboboboboboobooboo.boboobo
gobooboob,ooboobooboboobobooboo,0bobbooboobooboo
oooooooooooo,boboooooocooooooooobooOoobooOoOooboo0o. ogo
gbobooboboobo,0bo0booboobooboobooboooboooboooboo.oong
000000 (Standard Solar Model, SSM) 0 O O .

2.1.1 000000 [2]

oo,ssMOO0booooooobo,0oooobboooooooDo.
gbooboooboobo,bboobooboobobooo,ooboobooboobobooboooon
000000000000, 000 (Molecular Cloud) JO0O. 0000000000 OOOOO
ubboobboobobooboboboob,obobobbobbooboobooboobon. oo
ubooobobooobobooboobobooboboboboooboboooboobooo,0no
goboobo.obboobooboobbooboobboooboobboobooobo.
gbbodobbuobbuoobobooobbooobboobbuoobbuoobboooboo
ub,bodbobooboooobo. bbooboboobbg,oboboobboobobooboo
goooboobobooboooboooobooboboo,oboobooboboobobobo
ubogbooboobobod.boboboobobuoboobobooboboboobobg
0D000000000000000. 000000000000000,000 2x103 [K]OO
O00000000000,000 1x10*[K]0000000000000000000000
000D0.000,0002x10*[K]D00000000,00000000000000000.
0000000000000 D0D0D0DOODOODD. 000000000,0000 1x107K]O00
goo,0bo0oooboo,bodboobbooboobooboboobooboboonbobo
goooooogooboobo,ooboobobobobobobobobobooooooo,onooon
gbobo,booboobooboobobob.oobobbobbobbobbobbobobo
O0ooooo1 % 00000, 000000o00oooso0o000oon.
gbobgoboooooobobooboobooobobobooboooobooboobobobobo
gbobobobob.bob,oobobobuoboboobobbobbobobobbobboboo
gbobobooboboob.boboobooboboobobobooboboobooboob,obboboboboo
Udppdobbooobbooob,0bbooobb0o0o0. oo, obbbooooboboa
ooooocoNOODOOOooooooooboo,gooooboooboboOg. ppOoooO CNO
ooooOobOOo0ooOoO0ooOoooOoOoCoOobo. ppOOObOCNOODOODOODOODOO



4 020 00000000

goob. oooboboooooboobooboooobobob. oboobooobobooboon,
gboboooboooboabo. bboobboob,boobbooobooobooon, oo
O000000000000000. 000000000,000000000000A0 (radiative
opacity) 10 OO0, 00000000C0O00O000.00000DOOODOOOOODOOOOOO
00,00000000000,00000000000000000O0O0000O0 (Schwarzschild
Criterion). 0000000000000 pp0 0000000 DOOOOOOOODOOOO,000
gbooogbobooobooobooboobobooboboobobobo,bobbooboobo
goooo.oo,eNobOooobooooobboooobooo,booobboooobpoogo
goboodoobo,oobooobooboobooobooboo,bboooog.
gobooboboobobooboboob,booboboobobooboboobobo
gboboobooboooooooooooooob,bobogbobobobobobobo,0bo
gbooobooobooobobo.obooboobobbobo. oboobooobooboooa
goobgo,bo0bbobbooboo,bobboobooboobbooboobooboo
gbooboo,bobobobobobob.
ubodg,gbooooobobobobobaonooooobobo,obob,obobobobg
000000,0000000,00 (Gant)DOOOODOOOOOOO. 00OD0OO0OOOOOOOO
gooooooboboboooooobob.ooboooboobobobooboooobo,0b0bobn
O00,0000000000,0000000000ODOODOOO,00000 (Planetary Nebula)
000000000000 (White Dwarf) D0O0. 0000000000000 OOOOOOO
googoooobooboobooboobooboobL,obbobbobb.oboboobobo
ugbboobooboobbooboobboon.

106 i T T T
1040

102

Luminosity L/L®

102F

White Dwarfs . . Main Sequence

10+ | | I I | I
2.5x10*  1x104 6x10°3 3x103

Surface Temperature [K]

0 21: HRO. OOOooooooooooooooo.

0000000000000, 0000000 000o0oooo0, HRO (Hertzsprung-Russell
Diagram) J00. 0000000000000 OO0OO0OOOOOO, 00000000000, O
gogoooobouoo. goooobooouoooobooobo,oo0bboobooboa. ogooobobboo



21, 000000 )

gooooooobobo,b0ooboobobobob,0b0obo. 0bobobobobOobOon
gogbobooooboobooobbooo. obboooboobooobobbooobboooboboo
gboboooboooboobboo,obboooboobbooobooobooooo. o
gboobooboobooobooobooboobobbooboo. bo,o0booboobOon
6x10° [K],000000 1000,0000000,000000000000000000O. O
gbobooobooobobooboooboboo,booboobooooboobooooobon.

2.1.2 000000 [1][3]

gbobobooobbooooobobuooobbuoooobooobooob. obbooobboa
uobooooboooobobooboooasbbouooobbooobobuoobboooobooooooo
gooboooboob,0oboobboobooboobboobboob.oo,bobobooobg,
gobobooboobgoooobooboooobob. boboboboboboboooboboon
ubobooobooooboog.

1. 00000
d
n;ir) = 472 p(r) (2.1)
2. 0000000000
dP Gm
—_— = — 2.2
dm 4mrrd (2:2)
3. 00000000
dL(r
d?S”L) = €nuclear — €y — €g (23)
4. OO00O0O0O0O0O0O0O0O0O
dT GmT
- T 24
dm AnriP (2.4)
5. 000 odonon
GXZ- m;

1000000 m(T)DDD rDDDDDDDDDD,p(T)DDD rO0000000. OO O
O00000o0oo0oo,00mwm(r)000000,0000000.01 % 00000000, m
goooooooo

dr 1

dm — 4mrZp(r) (26)



6 020 00000000

ooooooooooo. 200,

d];ff) _ Gm<2>p<> (2.7)

googoboobobo. 200b0ooboobooobooboOo,0boobbooboo
g,0b01l1oooooooooooooboobo,obo0ooooooooooo.

300000, L(r)000r0000000000O0O0O0O0O0O0O. OO0 énueear 100000
gobobobobbobbobooboobog,e, 00bobobobb,0bobbobbo
oodoooooodod,ebbodooooooonooooood,doooooogoon
gobooooboooon.

400000,vVvO0000000000000,V=dnT/dnPO0O0O.000000O0OODO

3 kLP

V= Viad = g e T

(2.8)

gbooboo.bod,sbgbooboboboobob,sk0b00boo0bobo.oboo
0000 VvVOOO (adiabatic) DO0OO0OO00O0O0O,SO00000O0OO0OOO

olnT
Oln P

gboo. oo, booboobobobbobobooboobooboobooboboboboo
01x10%[year] 000000000 0,0000000000000000000000000O0
goboo. 000D, 0bo00bb0oboobbo0oboobboOUD Mixing Length Theoryl
gbobo,0b0booboobbooobd egbbgoooo.
obi1~MObboobbogooobooogbobbooo,bosb,bobbooboobooobon
oooo0000000000000. X;0:0000000000000,r;0:000000
ooooj jO0b000bOoobDOoOooooog, rb:0O00D0OO0ODOOOD KOODOODOO
ugbooboooboooo.
gooobooboobooogouob+b00 xXrnOOOUODUODOO 1I~MO0000,000DO
U,50000000 Xx;00000,00000 1~4000000.
ooooooooo4b0boboboboo,obobobo.

V =V =(

)s (2.9)

e JOOODOODOODOO
e O IODOODOUODOOO
e OUODDOODOOODODO

o JUOOOODODODODOOO

2.1.3 0U000OO0bOOoOoOobbooboo

gbooboobobooboobuoobooboobooboobooboobnbo.obooob 2
ubbogobooobob, oo 1l1ggbbooobobooboobooob, ppbodbbgg.
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O0oooooooCe,N,O(F)0D000400000000000001000000000CO
goooooo,eNODOOOO0OOoOo.obbooooooo

4p — He + 2" + v, + 26.73 [MeV]—E, (2.10)

gbooobooo.bbobobooobobbobobooobobboboobobo,opbooboonad
gboboooooooo,bobobobobobobon.

Gro=ame ) _—
Pp:99.76% | pep : 0.24% / @ @
3
Féd X R
R
(*He + 3He — “He +2p ) [3He + p— *He + & +v|(hep) D
pp chain 1 : 85% hep : 0.00002%

3He + “He — "Be + v CNO cycle I CNOcycleH

(Bere =m0 BT '

(*B)

A feo @
e ldS o

%Be — “He + “He b

Y
pp chainIll: 0.018% @

7Li+ p — “He +“Hg)

pp chainII: 15%

022 pp000000000 023 CNOODOOO0O0000O0

pp000000000000O0D0020000000000000000000000000
000000000000. 0000000000000 pp0000000000000OOO,
pp000000000000000000000,000000000000,pp0000000
00000000000000000000000.0000000003000000,000
00000000000000. 00 pp0000000000000000000,0000 2
00000000000000000000,pepd0000000000. 000000000
2000000,00000000000000000.pp00000000000000000
0000000000,00085([% 000 (ppchain)0000000000000.0003
0D000000000000000000,15([% 000 (ppchainl)000,0000 "Bed D
0000000 "Be0000000000. Be000000000000LiO0OOOO0O00
0D00000000,"Be000000000000020000.0000000000 0.018%
000 (pp chain IIN) 0, 8BO0000000 8BO0O0000000O0. 0000000000
0000000000000000000,00008Be*000000000,00000000
0000,0000000.00002x107°[%|00000 3He00000000, hepdO0O
0000000. 00000000000000000000000000000000000
oo.
00,CNOO0OO0000000O000000000. 1.3x 107 [K]O CNO cycle 10000
000.1.6x107 [K]O CNO cycle I 000000, 1.7x 107 [K]O CNOOOOOO ppO 00
0000000000.CNOOOOOO pp00000000000000000000000
000024000. CNOOOOOOO CN,O,(F)000000000,0000000000
0.CNOOOOOOO0O0O00000,CNO cycdeI 0 CNO cycle ID000000000000



8 020 00000000

1osllilIIIIIIIIIIII|Ii|I|I I|IIII
10°
CNO cycles

10*
10°
5 PP chains
10
10'
10°

10" £

Energy Generation Rate (erg/g/sec)

10-2II1I|IlI]IIllllllllllllllllllllll
5x10° 107 15x107 2x10° 25x10" 3x10° 3.5x10° 4x10’

Temperature (K)

O 24:ppO00000CNOOODOOOOODOOOODOOOODOOODDOOOODOOOO

000000000000000O0,000 “NOOODODOOOO. 0000000000000
goooooooooon.

0 21:00000000000000000000000000

goooooo oo O0D0000 MeV] | 0000000 [MeV]

pp p+p— 2H+et +u, 0.420 0.265
pep p+e +p— 2H+u, 1.442 1.442
"Be "Be+e~ — TLi+ e 0.862 0.862

"Be+e” — TLi* + 1, 0.384 0.384
8B 8B — 8Be* +et + 1, 14.02 6.710
hep SHe+p — “‘He+et + 1, 18.77 9.62
13N BN - BC+et 4+, 1.199 0.707
150 50 - BN 4 et + 1, 1.732 0.997
g e & 170 4+ et + 1 1.740 0.999
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22 0JOO0OO0oOobboOoood

193000 0000000000000 00U0O0O0O0O0O000O0 (WPauli)DOOOODODO
00000,1934000000 (EFermi) 000000000000 0OO0OO0OO,000000
gboboboooooboboboboobobo.obooo,oboboboba,oboobobo
000000000 ooO0o0O0O0O0OO0,0000DO0000UOoOOD /1000000000 0On.

gobobgoooobooboboobobooboobo,ooboboobobDoobobo
gbobo,obboobobogboobboobooobboobooboobboobooboog.

O00000000000000000 1953000000 (C.Cowan)0O OO0 (F.Reines) J O
OO0000000,0000,Hanford0000000000O0OODOOODOOOOOOOO OO

Ve+p—n+em, (2.11)

0000004 0000000000000 o0o0o0ooOoUooOOo0ooOooUbOoOoOOD
uboooboboooboboobob,oboboobobooboobobooboboobo
00000000000 KamLANDOOOODOOOOODOODOOOOOODOOOOODODOOOO
goooooooooooo.

19550000000 (R.Davis.Jr) 0 Brookhaven 0 000000000, 0000000

S0l 4+ ve — 3TAr 4 e~ (2.12)

O000000ooOo00000ooooooooooooooooon.

000 196200000000 (L.M.Lederman), 00000 (M.Schwatrz), 00000000
(J.Steinberger) 00 000 O, Brookhaven 0 0 000 0000000000000 O0OODOODO
O00o0o0o0ooO0o0ooo0o0O0oooOoo0. 0000000 oo0o0ooooooooOoo
O000o0ooo0O000o0oboooO00,000000000000O0.00000O0O0O0G0GCOO
joooooooooobooooooooooOoOoboboOoOoo2c000000OoOoOoOOO.

Homestake 0 O [5]

00,000000000000000000D0,0000000000000000000
1967000 1994000000000,0000, Homestake 0000000000000 O0OO
J000.0000000000000000000000000000000000D00000
0000000000000000,000000000000000

0000000000 615000 C,ClL,000. 0000 (2.12)0000,000000000
¥Ar000000000000000 HeOOODODOODODOOODOOOOOO,0000000
00000000000. 000000000000 3%Ar+e” — 3Cl+, 00000000,
(212)00000000000.00000000 0.814[MeV]ODOD,00000000000
0,880 "Be00000000000DOO. 000000000000 O0ODOOODOOO SSMO
00000000000000. 00000000000 [SNU](the Solar Neutrino Unit) O O
0,107% [00000/00000/0)000.

SSM(BP04) : 85 +1.5
Result : 2.56 =+0.16(statistical) £ 0.16(systematic)



10 20 00000000

Oo00,0000000 SSMBP04)ODODOODOOOOO.
00000000 1/3000000. 000000000000 DOO SSMOOOOoOooooOo

1.4
1.2
1.0

0.8 | Avg.
Rate |4

0.6 3
g
0.4 ! )

Ll HMH I \HM h

0.0 |
1970 1975 1980 1985 1990 1995

SNU

37Ar production rate (Atoms/day)

Year

0 2.5: Homestake 000000 (00000) 0 SSM(BP04)OO OO0 (00)

goboooboobooobooboboooobobobooobooooobooboobooo,bobobb
oooooooooobooOoobbooooOoooboooo,ssMOooooooooooooooo.

Kamiokande [0 0, Super-Kamiokande [0 (0

SSsMOOOOOOOOOOoOOoODOoOoOoOooOooOooboooOooOooooooboogooo,
1989 0 U Kamiokande I DO 00O 0. Kamiokande D OO0 O0OO00OOO0D0OOOOOOODOOO
ooomO000, 00000000 KaemLANDOOOOOOOOOODO. 0000000 13.1m,
U0 44mbOd0ooooobobooo 200b0boboooboooboo. ooooooon

goboooooo.
e +v— e +v (2.13)

O0o0o0ooooooooo, 000000000 ooooboooooooooo,ooon
gbdodoodobobooboooootoouoooooooououoboobooooouoouoon
gdoooooooooooobooooogooboouoo. oo oooboooouoooo
goooo,djdoooooooo,0boooo0ooooooo,oooo0oooooooooo
gdooodoodotdod. oot ooboon
gdodoodododoooooUooUo. oo oo Uouoo
ogoooooooo,0dddddddoooooobobooooooooooooooooon
0, Kamiokande 0 0 0O O Super Kamiokande(SK) 0 KamLAND, SNO, BorexinoO OO OO0
gddoooooooououoooooooouoouooan.
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00000000000, Kamiockande 0000000000000 ve,v,,», 0000000
000,»00000000,000v,,»,000016000000.

Kamiokande 00 0000000000000 93 [MeV], 000 7.5 [MeV]O0D0, 0000
00000000 ®O000000000. 000000 SSMOO0D0O000000, 0.46 &
0.05(stat.) & 0.06(syst.) 00 0. 00000, Homestake 10 000000000000, 000
DD000D0000D0000D0O000D0O000.
00000000 0000000 SKOOO0O0O0O0O0O0O00000 6.5MeVOO0 4.5MeV 00
00000.SKOO0DD0D0000000000000000 2.354 0.02(stat.) & 0.08(syst.) x
10% [em” 28" O OO, SSM(BP04) 0000, 5.79 x 106 [em” 2P 100000, 000 040
ooooo.

GallexOO, GNOUODO, 00 SAGEOO

Homestake 0 0 0 Kamiokande IO 000000000 OO00ODOOSSMOOOOOOOODOO
goboboboooooboboooobooboo,oooboboooobobooboobooo,booba,
8B,/Be00 ®BO00,00000D0D00D0000000DDOOODODOOOOOOODODODOOO
gooboooobo. bogoobobooobbooooboboooobobuooobbooooboobon
gbooboooobon.

"Ga+v, - Gete™ (2.14)

0000000000 0.2332[MeV]000,0000000000,00000000000 pp
Oo0oooooooooooog.

00000 Cl0000000000000000,000 "Ga0000D0O00000O0O00
0,0000, “Ga(ve,e”)Ge0 000, 0000000000000O0DOO0DOOOOODOO
oooo.

Gallex(GALLium EXperiment) 000, 0000 ,Gran Sasso0 0000 101000 GaCly — HCI
00012000 "Ga00000000, 000 GNO(Gallium Neutrino Observatory) 0 0O 0 0
O0000000o00DooooooDooooooooog.

SAGE(Soviet American Gallium Experiment ) 00000000, AndyrchiD 0000000
Baksan Neutrino Observatory 00000000 Ga30 0000000000 600000000
oooO. SSMBP4)ODODO GaOOOOODOOOODDODODODODODODOOO,D000O0ODODOO
0000000000000 bOO0O0o0O00. D00,0000000 [SNUjJOOO.

SSM(BP04)  : 131 *12

Gallex . T7.5 46.5(stat.) 3 (syst.)
GNO 62,9 T23(stat.) 4 2.5(syst.)
Gallex+GNO : 69.3 45.5

SAGE D 67.2 TI2(stat.) T30 (syst.)

oOooOoO0oDOOo0oDOoOooDOoOoog,SsSsMOOO0O0OOoOOOooOOoOoOoOoOOOOoOUODoOooDooo
gboo,10bo0booobobo,bobobobobuoboboboobg.
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SNO OO [6]

Kamiokande OO, 00000CCO000O00O0OO0OOOOOOODOOCOCOOOOOO,00O
00000000 SNO(Sudbury Neutrino Observatory) D000 0. 00000 0O Kamiokande
ooooooo,0ob,byo00onooon.

D,O00 H,O0O0O, 0000 (Elastic Scattering, ES)

e +v—e +v (2.15)
000000,0000000000000 (Charged Current, CC)
Ve+d—p+p+e” (2.16)
O00,00000000 (Neutral Current, NC)
Ve+d—p+n+v (2.17)

opooooooo.

00000 H,O0O00,000000000000000,0000000000000000.
00000000000000000000000,00000000000000000000
O0000.000000000000000,0000000000000000000000
00000000000000000000000. SNOOOD 1999-20010 D,OOOOOOO,
2001-20030 0000000000000 NaClOOODDOODO, 00 2004-20060000000
D00000003Me00000,NCDOOOODDOO30000000.000NCDODOO
0000000000000000000000SSMO000000000000000000
0.000,000 10° [em” 2" YODOO.

SSM(BP04) : 5.79

Ppg cLTT T (stat) 095 (syst.)
Pcc : L67 T (stat.) Toos (syst.)
Dne . 554 033 (stat.) T30 (syst.)

oooboooobboooob sKoooooooooob,0bboooobboooboboooooo
ooooooo.ooooooooooo0o0o0oobooooOooOogoooo ssMoooooo
O000O0O0O0O000DOO0oO00obOOO0000.0obbo0ooO0,0000boooOoOooOoon ssM
gobooboobo,bbo0boboobooboboobobooboboboooboobOoboon
go.

KamLANDOOOODOO

0000000000000 000000D00D0000 Hanford O OO, ILL, Burgey, Gosgen,
Robno, Krasnoyarsk, Chooz, Paro Verde 10 0000, 00000000000 OODOODOODO
0.0000000000000000 10mj~1 km|00000,0000000000000
oo.
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----- ony, 68% C.L.

—— G 68%,95%,99% C.L.

B, (X 10®cm2 s
~

B o 68% C.L.
B o 68% C.L.
[ o5 68% C.L.
B o 68%C.L.
L | P

0.5 1 1.5

OO

2.5 63 35
¢, (x 10° cm? s

0 26:SNOOO0O0OOO0ODOOOOCOODOODOOSSMSKOOODODOOOOOoOoDo

KamLAND O Kamiokande 0000000, 000 5000000000000 180 [km]O0OO
O0o000. 0000000000000 000D0000, KamLANDOOODODODOOOODOO
gooOoO0oo0o00O00. KaemLANDOO 100000000000000000000000OC00O0O
ob.0boboboooobooooooooooooooooooooooooo.

Ve+p—et+n (2.18)
200200 KamLANDOOOOOOODOOOOOODODOOO00O0D0O000000O00000000

gogogoon
Nobs_Nbg

N, reactor

= 0.611 + 0.085(stat.)0.041(syst.) (2.19)

gob,obboobooobboooboobbooboobbooboobog.

gbobobobobobo

gboboob,0bbobbooboobooobobooboobooob,oobooobooooon
gobobobob,ob0os0ubooboooboooooboooooooooooooooooooon
gbob,t0boob,gobooboobbobobooboooboobboobooboooboo
oooooooooobo.ogboog,SSsMOoOoooOoooooboOoooooo.



14 20 00000000

Total Rates: Standard Model vs. Experiment
Bahcall-Serenelli 2005 [BS05(0P)]

.
8.1*12 1.0:918
% -1z 1~0fg }2 +0.16
¢ 1.0:5:18
Z 10.88+0.06
0.48+0.07 7 mPZc9. 5
0.4110.01 675
610.23 0.30+0.02
SAGE GALLEX I
+
SNO SNO
GNO
SuperK . v, Al v
cl HZO Kamiokande Ga DZO DZO
Theory M "Be m PP, pep Experiments m

58 M CNO Uncertainties &

0 2.7: BSo5(OP)SSMOOOOO0O00O0O00OO0O0O0O0O0O0O0O0OO0O00O0O000O0O0D (Fig.2 from
Bahcall’s web-page)[20]. SNOOOOOOOOOOOOOOOOOOOOOOOODOOOOOO
00ooOo0oO0o0obooOoooooosSsMOooOooooooooooo.

028 0000000000 00DOO0ODOO0O. OO0, Homestake O 0O, Gallex 0 O, Super-
Kamiokande 00O, SNOOO. DO00O0OO0OOODOOODOO,0000D000O000O00O000O0DOO0O
ooooog.
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Flux (cm=2 s-1)

0 2.9: BSo5(OP)SSMOOUOO0OO0OO0OO0OODO0DOOOOOoOOOoooogo [

23 0UO0O0oobooood

1012 g

1010;b
100k
108k

107 g-~

103 F

102 ¢

10!

100 | 7Ry~

mg +10.5%

104/

loii m
] pp :

+1%

T T T —

Bahcall-Serenelli 2005

Neutrino Spectrum (+10)

0.1

Neut

rino Energy in MeV

15

gooboobobooboboooboooo,bbobboobboo. oo, bboobobooobo

022000000000

oo |0o100 (o200 (b3bo0
oooog | 2/3 u c t

-1/3 d s b
ogoon 0 Ve vy Vs

-1 e n T

gboooooobobboob.bobboo,ooboooboooboboobooboobbobobo
goboobooboobooboobooboobbo.0obooboobooboobobob, o
gooooboobobobooooobooobuobob.0obobo,0bobooooooboboboon
gboooboboobooboobboobooboboobooon.

gobobooobbooobboobboobbooobuoooboooboooboooobooboo
0000000.00000000000000000000,000000000 (Ve, vy, vr) O
00,000000 (n,n,v)000,00000000000 0COO00OCOOOOOODOOO

goooog.

v, = > ULn
i

(L = 6,#,7’)

(2.20)

(2.21)
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(i=1,2,3)

(2.22)

000,UL,;0MNS(O,00,00)000,0000000000000000ODOO00O0OO.

23.1 0O0O0OO0OOOO0OOO0ODOO

o0,00000,v,y,020000000000000.0000600000,MNSOOO

§ —sind
U — Cf)S sin
sinf@ cosf
0o00O,00000D000ooooo yi(t):e_Eity@-(O)DDDD,ue—u/uDDDD

Pve —v,) = | <wvu(t)|ve(0) > |2

1
= 3 sin? 20[1 — cos(Ey — Ey)t]

2
1- cos(Ale )t]

1
= 3 sin® 26 5E,

L= Ct, COS(EQ - El)t = COS(QW(L/LOS())) (LOSC :ggogag ) ooon s

Ami2’L
P(ve —v,) = sin?20-sin® (E)

L [km] )
.. 92 ) 2 2
= sin“20-sin” [ 1.27Am eV —
( 12 []EA&N
2F,
L = 27
0SC Amis?
ggoog.
0003000000, MNSODOO
€12€13 812C13 s13e~°0
U= | —s12c3 — C12523513€"  C12C23 — 512523513€% 593€13
512823 — C1223513€"  —Claca3 — S12¢23513€% €23C13

00000.000, ¢j =cosby, sij =sinf; 000. 0000000,300000

P(vy —v5) = | <vs(t)|va(0) > ?
2

Z UZjUﬁjefim?L/ZE
J

(2.23)

(2.24)
(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

0o0000,000000 (6;;) 000000000000, 0000 200000000000.

00, ChoozOUOODOO,63~0000,2000000000.
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24 0JO00O0O0bOOoOoOooon

000000000, 00000000000SSMODO00DOODOO,0000000000A0
gobooo,b0ogbooboobooboobobooooboooboobooboboooboDbo
oo0.0O0oo,SsSMObOO00O0OO0bOOO0OoOoO0oboOobooOOoobOOoboooOobOooboonDo
0o0OdoO,00o0SSMOO00O0OO0OO0O0ODOO0ODOO0ODOODOODOOoDOO.

go,000bboobobtoddooog, bbbl bobbo00oooooon
gogogo.goguoboobbdoooaogooobbooooubobo,ogobbobobboooouonn
ggooobobotooooooboobooooo, bbb ob.b0bbboooobo b
oo, 0ooobobobobbbo0doouooooo.
gooboboooboobooooboooobbooooosSsSsMooooooobooooooboobooo
0oobooo.ssMOOOO0OOoDOOobOO0DbDObOOobOOoOOooOoOo,0000000n0 SSsMO
1998 0 000 (GS98; Grevesse & Sauval) DD OO0 D0DO,2000000000000 (AGS05;
Asplund, Grevesse & Sauval) )0, GS980 00000 (Z>2000000 Z000000O)0O0O
0000000000000 00000OD000OD. 00 () 000 (X)oooooooo Gs9’Do
Z/X=0.02290000,AGS050000 Z/X=0.0165000. 0000, SSM(GS) O SSM(AGS)
O0o0ooo0oo,SSMAGS)ODOoOoUooooUoooo.ogoooo,ssMooooogo
gooooboobbodooo,ggoooobooboooooaa.

0000000000000 00000O000,SSMOOOOOOO0O0O0OOO Michelson Dropper
ImageMDI) 00000000 DOO. GS98 00O OO BP04(Bahcall & Pinsonneault) 0 O 0 0O O
000000000000 000O, AGS050000 BS05(Bahcall & Serenelli) 00000000
O0000000.00,0000000000000000000000000O00O, Rez/ReODO

0.015[ T 0.10
| s BP04

[ ---- BS05(0P)

.
[ == BP04
0.08[ ---- BSO5(OP)

7 B 4

AN .

[ o= BSO5£AGS,OPAL) i ] s BS05(AGS,0PAL)
0.010- — BS05(AGS,0P) ] [ ——— BS05(AGS,0P)

T

dc/c

0.005

0.000

T

—-0.005L . . . . | . . .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
R/Ro R/Ro

0 210: 0000000 ¢000 p0O SSMO MDIO O [7]

0,00000000000000 Ysure O SSM(GS98) 00 SSM(AGS05) 00000000
0000000000000. 00000000 SSM(AGS)0000000000000000
00000000000000, Be, 000 CNOODDOOOOOOOOOOOD. 0000
SSM(GS) 0 SSM(AGS) 00000000000 000000000000010[% 00000
0000000.00024250000000000000000000.
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023 00000000SSMO0O0OO0OO0OO0OO0OO0
SSM(GS98) | SSM(AGS05) | Helioseismology

Rcz/Re 0.715 0.728 0.713 40.001
Ysurr 0.244 0.229 0.249 +0.003

o 2.4 O0o00O0ooOoooooOoooU0ooOoooooUOooOoooooO oo
0,10'%(pp), 10°("Be), 108 (pep,'3 N, 0),105(8B,'" F), 103(pep) [em2s71], 1(C1,Ga) [SNU]

| Source | BPS08(GS) | BPSOS(AGS) | Difference [%] |
pp 5.97 (140.006) 6.04 (140.005) +1.2
pep 1.41 (140.011) 1.45 (140.010) +2.8
hep 7.90 (140.15) 8.22 (140.15) +4.1
"Be 5.07 (14:0.06) 4.55 (14:0.06) -10
5B 5.94 (140.11) 4.72 (140.11) -21
BN 2.88 (10.15) 1.89 (11513) -34
150 2.15 (11015 1.34 (11519 -31
7 5.82 (1919 3.25 (175:49) -44
Cl 8.46 (11087 6.86 (175:%)

Ga 127.9 (1183) 120.5 (115D

0 2.5: SSM(BS05)000000000000000000 (10[%]).[9]
’ Source | GS98-Conservative | AGS05-Optimistic ‘

%] o[%]

pp 0.9 0.7

pep 1.5 1.1

hep 15.5 15.5

"Be 10.5 9.3
op[%] o [%] | oi[R]  o_[%]

8B 17.3 14.7 12.7 11.3

13N 36.6 26.8 14.5 12.7

150 374 27.2 16.5 14.2

g 72.4 42.0 16.6 14.2
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25 CNOUOOOOOOObDbOoooobobdg

0000000000000000000000CNOODODOOODODOONONODOO0DnoOoOn
000.CNOOOOODOOO0O0O0O0000000000000000000000000 SO0
000000000 BPO40O0O BSOS000000 BNO ®POODODODODOOO. 00000
0000000000000 CNOODOODOODOOODOOOOOOO0O0ODO0O0ononooonn
0000000000000000000000000,S00000000000000000
0oooooOooooo.

00, KimLANDOOOOOOODOOOODOOOO pp00000O0O0DOO0DOOCNODOODOO
0000000000000000000000000000000000000000000
Oo,ssMOO0000000.

000,0000000000000000000DO00SSMOO0OO0O0OO0OO0OOOO0DOO0
CNOOOO0O0OO0O0OD0O0O0OO0O0OD00O0O0O0o0OO0O0DnOooooooo.

00000CNODOOODOOODOOODOOO0ODOOO0DOO0O0ODO0O0D0O0O0DO0O0onO,00000
0,SSMO00000000O000O00OO00O000.
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030 KamLAND

KamLAND(KAMioka Liquid scintillator Anti-Neutrino Detector) D0 O0O00000000OO
000000000000 0000DO0DO0D00O0000DOOoDoDoDO00o0O0n. KamLAND
Jddddooo0ooooooooooobobobobobobobobobobobobbobbbbbboboboboboo
goboobooooboobooobooooboooboboooboobboboboobooboooboo
gogoooboooboooo.

3.1 0000
3.1.1 0J00boooboooooboon

goboooobooobboobboobbooobboobbuoobobooobooooboo
gooogo.
Vetp—et+n (3.1)

gobodgbooboboobooon.

1. 000ooooooooboooogooobogooooDg.
2. 00000000000511 keV]OOODODOOOOOD 20000.

. ubooboboobuoobobooboobooboobboobooboo,boobboobo
gooooo.

4. DO00boOoooOobooobooobooboboboobUoboboboboobDooDoOoDOoo
oo.

5.21000000 (2075+28 [usec)) DD DOODOOODOOOOOODOOOOODODOOOOOO
O000,00022[MevV]0000O0OODOO.

6. 000 200000000000 000O00O0O0O0DO0ODOOO,OD00D0DbO0O00b0O00DbDDbO
ooooooooooooooooooooooooon.

googobog,booboogon.

Ey, = (mp+me) —my, (3.2)
= 1.805 [MeV] (3.3)
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goboooobooobooboobooobobooooboobo,oboobooboobooboobooboDbo
gb.00b00oo0oogoboobogobobogoobon,

O Ey, +mp = (Tor +me)+ (T, +my,) (3.4)
o7, = 0

0O000.00000000,KamLANDOOOOOOOOOOOO000000 Eisiple O

oo Evisible = jﬂe+ + 2me (36)
0000 = (Ep +mp—my—me)~+ 2me (3.7)
0 ~ By —0.78 [MeV]

ooo.

ry 511 keV  r 511 keV

031 0000b00bbooboob. ,20b00bo0ooboobooon.

3.1.2 0J000OO0000odgbon

gb,00b00b0boboboobobbobboobooboobooboobo.oobobo
goboobbooobooboooobooboooboo.

v+e —v+e (3.9)
odoooooobobooooooo.

l. 0oooooooooooooooooooobooobooboooboobooobob,boooooon
gooboobon.

gobobooobboobboobbuoobboooboobbooobbooobboobboo
goboogboooon.
gbobooooobooon

(1 —cosO)E,/m.

T, = v
© 14+ (1—cosO)E,/me

(3.10)



22 030 KamLAND

031:CNOU00O0000O0O00N0OooooonO MeV]

D D D D D D Vmax Te,mar
BN 1.199 | 0.988
150 1.732 | 1.509
7R 1.740 | 1.517
000000,0=x000000
E,
T I A 3.11
e_max 14+ me/ZEl/ ( )

gog.
cNooOooooooDbDoooboooDbooboboooDooobobosi1booooobooo.

U32.00000000000

3.1.3 U00booboooobobuoooon

gbobooobobooboooobooboboobobooboob,bobobboobOooon
gbooobbooobogd.

do GFZme T, 2 meTe
. [A+B<1—Ey) +055 ] (3.12)

v

0oo T, Gp, me, £, 00000000000000000,00000000,00000,0
0000000000000000,00000A,B,CO,

A = (gv+ga) (3.13)
B = (g9v —ga)’ (3.14)
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C = (9597 (3.15)
2sin? Oy + 3,1 for (ve)
(9v,94) = . : 2)1 (3.16)
2sin® Oy — 3, —5) for (v, vr)

coooono.pwooooooboobbod.v+e —v+4+e OO0O0O0OOOOOOOOODOO
(0D00DO0O0O0,QChbOO QED)DOOOOO, O (3.12)0000000O00U0LOOUOODOOn,

Gr’m,
2T

000.000000,00000000007, 0000000 Teme:0OODO (3.12)0000DO
goboobooooboobooon.

=431 x 107% [em? - MeV™] (3.17)

Ototal = 8.96><10_44Pfg[%\1\//[[§\\,/]1[cm2] for (ve) (3.18)

Ototal = 158 x 10~ G fem?] - for (v, vr)

ey, 00000000, v, v, dO00000000O0O0O0O0O0O0O0OO0OCOO00O0O0, veO
ogo,oooooooddoooooooodd, 00000 v,y aoodeddon.

033 00000000 (0)0O0U0O0O0DOOO0 (D)UDDOOUDODOUOOOOO

3.2 KamLANDOOOO

KamLANDOOOOOOOOOODOOOOOODOOOO,000001000m000000O0O
OO000D00. DO0DO00000000 KamiokandeJOODOODOOODODO, Kamiokande O
Super Kamiokande 00 0 0000000000000, 00000000004mj0000O0
KamLANDOOOOODO. OO0 1997000000,20020000000000000000.
gbogboboobuobobobooobobo,bobboobuobobobuoobobobaobo
0000000,0000000000000000000000O0D0O0 10000 1000 0.34 [He|
goboobooobooooog.

gboobobugobobda,bobogbobooboboobobooboboobobo
goooooooood.



24 030 KamLAND

J>s0-)

CEE

0 3.4: KamLANDOOOOOQODO

KamLANDOOOOODO 400000,000000000000000,000000000
OO00000ooooon,000d KamLANDOOOOOOOOODOO, KamLANDOODO DO
000, KamLANDOODOOOOOOOOODODOOD, KaemLANDOODOOOOOOOOGOOO
gbobobag.

3.21 000000

0000 KemLANDOODODODOODOOO. 0000 3000000000. 000000,
1000 00000000000000,0000065[m0000000000000000. O
00000000000080[%,000000020[%,000000000 PPOL.36 [g/]]
000000. 0000000 135000000000000 EVOH(Ethylene Vinyl Alcohol, O
00000000000000000)000000,0000000000000000000
0000000000000. 0000000400000000000000. 000000
0000000000000000000000000000000000000000000
00000000000.000000000000000,0000000000000000
00000000,000000000000000000000000000. 0000000
00000000000000001010000000.000000000000000 9 [m]
00000000000000000.

0000000000000000000 (17000 13250020000 5540)000000
0,000000000000000.00000ID(000000000)00.

00000000000000032000000000000000000000000. 00
000000000000000000000000.00000000000000 20000
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PMT225 00000000000, 0000DOO00DO0OOODOOODOODOOOODOOD
O0000000000000 VetoOOOODOO.OOOD OD(ODOODOODOOOO)OOO.
goobooooooobobooooboboo. ooobobooobbooooooooobooboo
goboooboooooobooboooobodbD et oobooobbo. obogoogoo
O0O00000000ooooooooD KemLANDOODOOOOOOOOOOOO.OOOD
0, KamLANDOOOOOOOO ®C,000000000000000000 4r000000
gobooboboooboboobbooboboobbo.bbo,00boooboobo,boobbo
gb,bogbbogboobbooboobbooboobbooboaobobod.
0000000000000 00000000 KamLANDOODOOOOOODDDODODODODO
goboobogboboob,oobooboobbooboobboob.

'sh Fh=—

E-Hut

A\ v//////_—/t)b—CJ

RIS VFL—% \ N L— POUILR
— 2FYLRIVY

INYIPAA ,
RS L \TAYFPMT

K —, NU =201 vFPMT

— JhEE

0 3.5: KamLANDOOOOOODOO

3.3 00O0ODOODOoOoOoLsS

KamLANDOODOOOODOOOODOOOODODOODODOODO (LS,Liquid Scintillator) 00 O .
000000000000000000000000,000000000000000000
O00000. 0000000000065 m 0000000000000, 0000000
25m00000000000000ODOOOODOOOOOOO.ODO00,00000000
0000000 (00400 mm]0000 13[m]00)000,00000 (300000 (p.e., photo
electron)/1 [MeV]) DO DODOOO0. 0000DD0DO00O00O0ODOODODOOOO,00000000
000000O0OD0OO0O0. 000PPOOOO152[¢/0000DO,0000000000000
000000000000 1.36[¢/)0000000.00,00000,00000 0.780 [g/cm?]
00 0.777 [g/em®]| 00000 0.
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CHs
CH:
[ I ’ I\
H=@=CmremC-C-H
H H H H
CH:
NoarsV TIARIXY _ PPO
CizHzs 1,2, 4RUXFILRUBY 25971 )LAFHY—)L
80% 20% 1.369/

0 3600000000000

34 UU0O0Oobooooooon
341 OO0OOOOOPMT

0000000000000 0000D00000000O0 MeVOODOODO. KamLANDOOD
gobodoboboobobooboboobboobboobobuoobbooboboobboobo
0000000, PMTOOOOOOOOOOOOOOOOO, 200p.e./ [MeV]OOOOO. OO
0000 KaemLANDOODOODOD 180000 PMTOODOOOODOOODOODOODOODO,
O0o00ooopPpMTOODOODODOOODOOOOO10DO00DO0OO0O,00D000D001000O00O
ggogooboboobboooooooobbodooooob. bbb boobobbodooounbn
goooooobobo,bbbtbddoooooooooooo.

KamLANDOODOOOO 20000 PMTO, 000 KamiokandeOOOOOOODO,00000
O00O0OR36OOOODOOOO0OODOO0O0ODO0O0O0ODOOD. 000 17000 PMTO KamLAND
ooodooobooooboooooRrR2:000b000boobL. oo 1vooboooooo
o0,000b00db0200000000000000DO000. ITOO0000DO0O0ODDODO0ODODOO
goobooboobbobbooboobbobbo.bbobbooboboboobooboo, g
O0D0D00D0. 0000, KamLANDODO 2000000000 17000000000000
ooboo. 000 1wooo pMTOODDOO. OO, 0000000,17000 PMTODOO
ubo,goboobobooboboobooboobobooboobbooboboo,ogbbobbo
I A A

O000,R360000 R725000000,000000000000000 (TTS, transit time
spread) O 6 [nsec] 00 3.6 nsec] 000000000, 00,100000000000,000
gobobooobboobbooobo,boobbooobo 500390 Ubbo,0oobobO
gooodbooooboobo. oo pMTOODOODO.

goooooobbobobboobooooooooo,oobobbobbbbo0oggo. o380
goboobodbobo oobboobooboobobOoUo. bbb boobOooboo
ggooooboboodoooo. ooobobbtodoooobbobboooouL,bboooOon
ooooboo0o. oobo, 0000000 Hvoooooooooooooooooooog.
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DYNODE
(Line-Focus)

= DYNODE
(Venetian-Blind)

T

Photo Cathode | o)
' L

Photo Cathode
\d L

201V F PMT 174 >YF PMT

O 3.7 KamLAND O PMT

oooooooopMTOOODOOODOOO,D000D0O000DOO00OODOOOODOOO
ODbCOOODOOOOOOODOODbDOODbOO.

K

P OUTPUT
R19 C7
F2 F1F3 }‘ o
Dy1 Dy2 Dy3 Dy4 Dy5 Dy6 Dy7 Dy8 Dy9 Dy10
T T @
R16 |[R17 [R18|R13 R14
R1 R2 R3| R4| R5| R6| R7 | R8| R9 |R10 R11 |R12
A AM A
Cil| cz2|C3 C6
it it
|C4 |[C5 R15

Hv =0

0 3.8: KamLAND O 17000 PMT,R72500 000000

gboboobo pPMTOUODOO

gobooboobobooboooboon.
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0 3.2: R7250, 17000 PMTOOODOO

Parts | Description | Unit R11 360 | k2
R1 2.22 | MQ R12 480 | k2
R2 72 | kQ R13 100 | k2
R3 408 | k2 R15 10 | k2

R4 600 | kQ R14,R16~R18 50 | Q

R5 396 | kQ R19 75| Q
R6 204 | kQ C1~C3 10 | nF
R7~R9 120 | kQ2 C4,C5 1000 | pF
R10 240 | kQ C6,C7 4700 | pF

c7 4700p OUTPUT
1 O
R13

100k

R14
§ 50

KamLAND

0 3.9 KamLANDO 17000 PMT, R72500 0000000000000 000DOOOOO

g
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0000,000=0000/00000

Gain = ‘V(t)OUT = L (3.19)
V(t IN 1 \?
1+(ch)
R = R13 (3.20)
c = o1 (3.21)

o0ob0,000000000000O000. 000, 00obobooboogoosoQUDoDooDoO.
000, 00 roll-off frequency 0000000000, 00000000O0D0OO0O0ODOODOO

=

Gain [dB]

o

-20f

-30f

-a0f

SoF - Gain
b - roll-off frequency
-60

.70k
10" 10° 10’ 10° 10°  10* 10° 10° 107 100 10° 10"
Frequency [Hz]

0 3.10: 17000 PMT, R72500000000000000000000000O

2.13 [kHz] ~ (470 [usecd) 000. 00000000 Gain~1000,000000000,00
000 loglog00000000000000O0O0O0000000. 0000010000000
00000,00000 20 [dB/decade] 000 (000 100/000100). 00,000000
000dBOOOOOO,00000,

V(t)our |

IN

(3.22)

O00. 0000000000 pMTOOOOOOOOOO0OO0OO0O0OO00O0OOO0OO0O0OO0O00OO00O

goo,gooooog, oo ogooooooooo. ogoooooon

oo00oooooooooooooooooooooooooooooooooooooooon
O, 0000000000000 ooobooooooooooooooa.

0do0odooOOoooOoobOOo,boo0bo cro0b QbObooooooooooooo. ooo

O, 0000goooon I(t)DDDD,
t
1(t)R13+%(7> — I(R14 (3.23)
dQ(t)

o ()00 (3.24)
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QUO) = @ 3.25
lmQ = 0 (3.26)
000.000000,
t
I(t) _ I(())e_ C’7(R137R14) (327)
)
1(0) = ETen (3.28)
00000, Ouwput0 000000
1
V() = V(0)e " (3.29)
r = RI3C7 (3.30)
_ R14Q
V(0) = -~ = (3.31)

000.000 7=470 [usec] 00000, 000 20000 [pC]0000000 1 [mV]00000
00000000000000000000,0000000000000. 0000000
000000000000000000,000000000000000000000. 000
50000 [pC] 000 0000000000000 O0O0OOOOOOOO00.

0o\ ' 4.000m

-2.000V,

—

2.000mV- \

-4.000V \ l

\ / omV I

-6.000V,

-6.642V]
9.4us 9.6us 9.8us 10.0us 10.2us 10.4us 10.45us  1.000ms 2.000ms 3.000ms 4.000ms 5.000ms

0 3.11: 17000 PMT,R72500 00 0000000000000 50000 pClOOOOOOO
gboooobobobo.oboboobg,bobooboooboobo.ooobooobo
0010000000 100 msec) 0000000 1000000005 ([V]OOOOODODOO,O
000000000 10000000 200 [pusec]0000000 10000000 0.5[mV]O0O
g.0boobogoobooboooboobg.

3.4.2 KamFEE

O0000ooOOoOOoDoOoOoODOOO (FEEFront-End Electronics) 0 PMTOOOOOOOOO,
oobooooboobooobobooobooo. oobO, FEEODOODOODOOOODODOOO
goobobooboboo.obooboobooogooobooooobo,copMTOODODODOO 1000
00000. KamLANDOO 5x10500000000000,10000 08 [pCl0O0. 50
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00000000000 000000,000 30[nsec,, 00 2[mV]0O0O0O0. 00,0000
oboooooooboooobopMTOOOODO 100000000000, 1PMTOOOODOO
00000 1wo0000000.000000000 100 wsec), 0000 VOODO.0O0O0D0OOO
00000,0000000000000000000D00000010*000000000.
O0000000000. KemLANDODOOOOOO 1 [MeV]OOOOOOOOOODOO 10 [He
O000O0O00. 00 KaemLANDOOOOOOODODOOOOOOOOOOOODODDODOODODO
gob.0ooboboooobooboobooboob, bbb 00D Uu kHzODO0DO
O00.000 KamLANDOOOOOOOOODOOOOOOODO 2[usec]000B(000000
obooboboo. FEEOUODOOoooooboboboboobooboboboboboobo.

Trigger Circuitry

hit-sum acquire
discriminator

4/[' hit | FPGA
threshold

capture |digitize

delay ,\Xz
@ |
x4

ATWD-A

PMT

memory

VME Interface

L_,| ATWD-B

0 3.12: KamLANDFront-EndElectronics(FEE) 0000 00O

KamFEEOOOOOOOOOOO,0000000OO0OO0OO. 1iPMTOOO 30000,00
00o000oooooooobooooo,1 00000 oboboo0ooooon 2500000
doooooooobooooon.
0o0o0oooooooooooooooboo0ooooo PMTOOODODODOOOODODOOOOO
O00000,000000000 FPGA(Field Programmable Gate Array) 0000000000
000000000 0oO0. 000 PMTOOOOOOODOO0O (KamLANDOO NSUMOOO
000)0000000000,00000000000 FPGAOOOOOOODOOAO ”capture”
ogooooo. oo, gooobooooooooooogoooon
O, 000000000000 000000000 0000000000000 ooobooon.
0d000O0oOoooooodooooood, KemLANDOODODODOODOOOOODOOODOOOOO
0000000000000 ATWD(Analog Transient Waveform Digitizer) D 00, 00000
0do00000ooOo0ooooo. ATWDODOOODDODOODoOOOooOoooooooo AbCO
000doooOod.0dpDdoooooooooooo ATWDOOoDOooooooooooooao
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gob0o. bo0bo0booDbboobboOoobooboognD. "eapture’d 00 O0O0DOODOO
O0O000pDoOoo0o00oDOooOoOoooDooOoOO0n. Pcapture’0 00000 ATWD O
O0000O0O0O00bODOO00b0DOO0OO0,00digitize’000000,000000D0D0C0O0O
oooADCOOOOOOOCOOOO.OODDODOOOOOCOODOODOOOODODOOOOOOOO
gobobobo,oo0obobo vMEODODODOODODOOoboboboo.

ﬁ
ATWD
L
m
o
[
>
n
o
)
>
VME EhlPieb

H—H
VMEP2 § VME P1
3
e

H

g

]
10000

VME P3

0 3.13: KamLAND Front-EndElectronics(FEE)

343 00000

0000000000000 0 FEEODOO HITO NSUMOOOOOODOO,0000000
goooooooo,2000000000000DO0000O00O0DOO0.
0000000000 ran'000000000OO,IDONSUMOOOOOOOOOO. O
0 NSUM O Nprompt DO 000, Prompt 00000000, 0000 1msecOOO NSUMO
Ngelayea 00000 Delayed 000000000, O00000O0OO0OO”global acquisition”d O 0
O0000,00000000. 000000 run00 Nprompt = 90, Ngelaged =900 00, OO0
00,045 MeV]OOOODO.

ooooo,

e ODOODODO”acquire’000O0DOOOOOOODO

e "history”’U 0000, 0000000000 25 [nsec)d00 NSUMO 200 [nsec] D000
gooogo

e GPSOUODODO,000DOO0O0DOOODOODOOULODOODOOUODOODOOOD
e 000000 DOOODOOOODOOOODOO

ooooo.
Oob0PMTOO FEE, 000DO0O0OD0OOO0OOODOOODOOOOODOOODOOOODOOOD
ooooo.

'KamLANDOOODOODODOODOOOODOOOOO. 00 1run/10000.
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VME VME
Latch GPS Time
FBE Ozt;ut Recorder
Hit Sum 1 Son
TRG | TRG Hold
CMD IRIG-B
TimeCode
CLK
1PPS
Optical
oPT—TTL | fiber | GPS
Receiver

0 3.14: KamLANDOODOOOODO

3.5 Uouogoobooboo

00000000000000000000000000000000,0000000000
0000 PMTOOOOOOOO0OO0O0O0OOOOOOOOOOOOOOO00000000, PMTO
0000000000,000 FEE,00000000000000000,000000000
0000000,0000000000,0000000000000000000000000
0000000000. PMTOOOOOOOO0O0O00O0 FEEDOOOOOOOOODOOO0O0O0O
0000000000000000.00000000 (1 [MeV]~8[MeV]) 000000000
00000000000000000,00000000000000000000000000
0000000000000000,0000000000000000000000. 00,0
000000000 PMTOOOOOOOOO0O0O00000000000000000000
000000000000000000,0000000000000000000000000
00000000000000000000000. 0004000000000000000
000000000000,000000000000,00000000000000,000
0000000000000000.

3.5.1 U000OO0ObOOoOooobobog

000000000000000000000000000. 000000000 1.2 [nsec] O
000000000000000,00000000000000000000000.0000
0000000000000000000000000000. D0000000000000,
0000000000000000000000000000000000000000000
0000,0 PMTOOO000000O0O0O0O0O0O0O0O0O00000. 0000000000000
000,NSUMOOO,00000000000000000000. 000000000000
000010000000000000000000000000000. 0000000000
0000000 FWHMO 14.5 [nsec) O O 4.65 [nsec] 000000 0.
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10000 il
r 25000 —

8000
L 20000 — $

6000 - r
E 15000

10000 —

5000 —

60
Time (ns)

0 3.15: lpe. 00000000000 OOOOOO.ODOOOOOOOODO (O)OO(O)

3.5.2 ODUOOO0OobOoOooodn

PMTOOOOOD,0000000000000000,00000000000,PMTOO
000000000 PMTOOOOOO. O00FEEODODOOOOOOOOOOOOOOO0O
0000000 PMTOOOOOOOOOO.O00,0000000000000000000
000000. 0000,00000000000000000000000000

KamLANDOOOOOOOO run0000000000000000O0O0O0ODOOOOOOO
000O0. 0 PMTOOOOOOOO 1pe. 00000000000000000000000
0000000000000000. 000 KamLANDOOOOOOOODOOOO0O0O00000O
00000000000. 0000000000000000,000000000000000
(2003,10),20000 PMTOOODO (2003,20)000 HVOOOOODO (2004, 10)000.

o L B : '
e £
@ 2 K ol :
o L £ :
a C s :
< 18— ¥ 5 .
& 3 g 20 inch
S 17 inch
< L ¥ 5
PO
Ly ¥ ou
<_|_|_>|: H T - |<_|_|_|_»| TR - w
2002 2004 2006

0 3.16: 17000 20000 PMTOOOO 1Ipe.00D00ODOODOODODOODOODOOOO
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033 0000000000o0og00oa0ad

oooo 00000 | Erea [MeV] | Evisible [MeV]
68Ge 2 0.511+0.511 0.875
657n 1 1.11552 1.049
0Co 2 1.173+1.333 2.357

pO0OO0OOO 1 2.22457 2.220
Rcgooooo 1 4.9468 5.142
Am/Be 1 7.652 8.032

3.5.3 UU00OO0OOOOO0O0OOLOOOO

0000000D00000000004000000 (%®Ge,% Zn,% Co,Am/Be) 000000
00000000 (p)0,0000 (2C)00000000O000D0O0O00 OOOODOOOOO.
0000y 0000000000000 (Beew) 00000000000 (BEyisiple) 100000
0000.00000,00000000 (1 [MeV]~8[MeV]) 0OOOOO0O0O0000D0DOO
0o0o0ooOooooo.

3.5.4 UOUOOOOODOOOOOOOOOO
4r000000000

0000,00000000000000000000000000000000000,00
000000000, 2006~20070 47 0000000000000, 00000 KamLAND
0000000000000 00000000000000000,000000000000
zaxis00000000000000000,004r000000000000,0000000
(R,0,¢)000000000000000000,0.9[MeV]<E<85[MeV]0DOOOOODOODO,
0055 m00000000003[em0000000.

3.5.5 0UU

0000000000000000,00000000000 ~12 [em]//E [MeV]), 000
000000 65 [%)/VE [MeV]))DODDOOO.

3.6 UUuoogooa

KamLANDOOOODOOOOOOOODOOOOO,0000000000000D0DO0CDO0O
gboooboooboooboooboooboooboo. oboobooobooobo,obboobbobobo
gboogoobooboobboobdoo.bboo,booboobooboboobooboog.



36 030 KamLAND

3.6.1 0O0O0OO

000,000 KamLANDOOOOOOOOOOOODOOOOOOOOOOOOODOOO
go.

<Liquid scintillator purification area>

KamLAND
Detector

Pre-filter input filter

Pure water—p

Water extraction
Nitrogen gas

O 3.17: KamLANDOODOOOODO

googob200000000000,0000O000DO0DOODOODOODODOODOD
O00. 000 KemLANDOOOOOOOOOODOOOOODOO KamLANDOOODODOOD
gooobooooboogoboobooogoob. oo,3bobboooboobbogob,bbobobooboo
gobobooo.boboboooooobob,bobobooooboobobobooboooboobo
O00o0O000000. 0000000000 oooooooDoDD KaemLANDODOODOOOD
oooooooboooobobo,boboobobooooboobooobobn. booooobo,
gboboobooooobo20b0b0o,0bo0b0obobobobobobobobobooon,o
gbobobobo.boboboboboboboboobobobooobDOo,200000000
ob.ooobo,doobooooob,0ooooooboboboboboooooooooon
O000O0000ooooooDOoD. KamLANDOODODODOOODOOOOOOOOODODDO
gbooboooooooooooooboog,obobogbobobob,b0b0obobobo
0.
gbooboooo,obobobobobobobobobobo,oooboooboooboon.

e 000000 OOOOOOOOOODODOD
e 0000 ONONONONOONOODODDODODODOOOOOO
e 100DD0ODDOO 2R Kr,XAr00000

gbooobooogob,bboobooooboobooboobooboobobobooboobooboon
gooo.
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00000000 KamLANDODOOOOODOO,00000000000000O0O000O0
0000000000000000000000000000000000,000000000
00000000000000 2Re®Kr00000000,000000000000000
0000,000000000000.00000000000000000000000000
0000000000000,000000000000000000000000000000
000000000000.0000,00 KemLAND OOODOOOOOOOODOOODOOOO
00000000000000000000a0.

3.6.2 0OUOOOOODO

0000000000000 0000O00O0oo0oooooooooooo.
e 10000 DDODODODDDODO Z8Un 22ThO OO

00000000000000,000000000000000000000 4K

000000000000000 22Ra00000, ¥KrO 3Ar

O000000000000000000ooooan 2087

obooboooooooooooooobooonog

e 100000000 ONONONONONONONONDODDDODDODOOOOOOOOO
e J00DDDO0ODDOOO,00D0000 MC

000000000 KaemLANDOOOOOOOOOOOOOODOOOOOO.
ugbboobooobuoaobbuooboooboobboobooobo. oooboabobg

Fiducial 4m

Events/MeV/sec

105 Bev \Be

_6 L LI
10°6""02 04 06 08 1 12 14 16 1.8 2
Visible Energy [MeV]

0 3.18: 0000002 [MeV]UODOUOODOODOOOODOOO

000,"“Cc00000000000000000000000000Dn,0000000oog.
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00,"Be,'C,l°COO00,0000000000000000000000O0D0O0O0O0ODOO0
00000,00000000000000000000000000000000000. 00
0,000000000000000000000000000. 00000000000
000,00000000000000000000000000000000000A0.
0000000000000000,%K,¥Kr000000000. 000 2°pPe0 298i00
000.00000000000%U00000000000,00028%0000000 22Rn
0000000.00,000000000000000000000000000000000
0000000000000000000000000.200000000000000000

H 210 a
20pp B awpj B 20pg O 26pp
22.3y 5.013d 138.4d stable

63.5keV 1162keV ~ 5407keV

0 3.19: 22000000 29po0 210Bipo OO

00000000000000000000,000000000000000000. 0000
00,0020, 020Bi000000000000,000000000000 2°Ph, 0000
000000022 Rn000000000000. 00000000000000000000
ooag.
000000000000000, 9K, Kr, 39Ar, 210pb, 210pe, 20Bi0 0 22?2Rn 00000
gooooo.
000000000000000. KemLANDOOOOOOOOOOOOOOOO0O0000O

MUTIA DAL

RHEE oF L5~

RE |

J LTINS D 4RO
 AmE. . Ams | srzoms

muEE O FL—5— MBS VFL—5—
(A RSB

O 3.20: KamLANDOOOOOODO

000000000000000000,0000000003000000000000000
0. 00000 YK, 219ph, 210pe 20Bi000000000000. 00000000, 0000
00000000,000000,00000.000000,0000000000000000
g00000O00000.0000ooo.
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034 0000000000
PCO |0000000(PC,001690) |00 1.6[kPa] |00 600

NPO | 0000 (NP,OO2160) 00 22 [kPa] |00 1100
PPOO | PPO(OO 3600) 00 0.31 [kPa] | 00 1800

00000000000000000000000000000000O0. PCOONPODODOO
0,00000000000000,0000000000000000000000000 00
000.0000000000000000000000000000000,00000000
O000000 000000000000. 00000000000000000000000
000000000000000000.NPOOOOOODOO (NP+PPO)O PPOOODOO
00000000. 0000000000 NPODODOODOOOODODODOO00O0,0000000
OPPOOOODO PPOOOODODDO.NPOODOODOOOODODO NPOOOOOOOOODOO
00000000000,0000000000. PPOOOOOOOODOOODOO PPOOOO
00000000000,0000 PPOOOO PPOOODOOOOOOOO.OODOOOOO
000000000000000000000. PPOODOOOOOOOODOOOOO 2Phr00
O0000000000000.00000 PPOOOODOOOO,00PCO0OOODODODODOO
00000000000. 000 PCO0OO0OOOODDO,PPOO PCOOOOODODODOOOO
000000000000000. 000000000000000000000000000
O00D0000000000000. 00000000000 1/1000[g/cm® 000,00000
000000000000000000000000000000000.

000000000000000000 ®Kr,®Ar00 2?2R00000000000000D0O
0000,000000000 (00002%b,¥K)0000000000000000000
000000000.0000000000000000000000000D00O0,00000
000000000. 000000000000000 1.2 [m3/hour] 0000 30 [m?/hour] O
O0000,00000000000 40(kPa)j0000000. 000000000 0DOOO0O
0D0000000000000000,00000000000000000000000000
000000000000 2000000000,0000 0000000000, 00 200
0000000000000 2 [%00000000000000000,000000000
000000000 1/100000000000000000.

000000000000000000000,000000000000000000000.

0000000000,00000000000000000000000,000000000
000000000, KamLAND OOOOO0OOO. 00000000000 O00000000
00000,00000000000000000000000000000000,00000
D00000000000. 000000000000000000000000000000
0000000000000, KamLAND OOO0OO0O00D0DOOD0O000000OOOOOO0
0000.00,00000000000000 1.2 [m3/hour] 000, KamLAND OO 0000
0000 1000000000004000000.

gbobooooobgoobooboobooboobuoob. ooboobobooobooboboobobo
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14C

[ R R —
— OO0 OO
N w A

Events/MeV/s

Visible Energy (MeV)

0 321: 00000000000

0.0003[MeV]OD 0.7 MeV]|OOOOOOOOO "Bed00000000O0O0O. 0000
00000000000 CNOOOODODOODODOOODODOODOOooon 'cooooon
000.000,000000°2°8i000000000 29, ?22Rn00000000000

3.7 CNOUODOUODOOOooooo®coooo

00o0O00ooooooo Me, °C,"Be0 00000000000 DOOOOOOOO 2CcO0
000000000000000000000000000000. 0 3.50 KamLANDOOD
000000000000000000000. 0000000000000000000000
O00DD0O00. 000000000000000000 (KamFEE)OOOOODODODO ATWD
0000000000000000000 ADCOO0OO0O0O0O0 ADODOOOOOOD. 0000
00000 ADCOOOO ADCOOO0OO0,00000000O00000D00DO,000000
0000.0000,00000000000000 ATWDOOOOOOODOODOOOOO, O
000000,0000000000.000000000000 30 [usec]000. ATWDOO
PMTOOOOO20000000000,000000000000000 ATWDOOOOO
000000,20000000 ~16.7 [kHz](1/60 [usec)) 00000000000 KamFEED O
0000000000.000000,00000000000000000000000000
0,000000000. 000 KamLANDODO, 00ODOOO0OOOO0ODOOOO0OOOO0OOOOOO
00000000000000000000000,0000000000000000000,
000000000000000000000000000000.

e J00DDDDODDDODO (QL40,000 p.e.)
2 [msec] O 00O Veto.
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0 3.5: KamLANDOOOOOOOOOOOOOODODOOOODOODOOoooooooo [23]

ooo 00 ooooo 00000 [MeV] | OO0 [events/day/kton]
"Be 76.9 [day] EC,v(10%) 0.478 231
e 29.4 [min] Br 1.98 1039
10 27.8 [sec] Bt 3.65 139
%He 1.16 [sec] B 3.51 19
HBe 19.9 [sec] BF 11.5 2.4
12 29.1 [min] B 13.4

8Li 1.21 [sec] B~ 16.0 5
9°C | 182.5 [msec] BF 16.5 5.5
2N | 15.9 [msec] [eas 17.3

B 1.11 [sec] BF 18.0 8
8He | 0.1717 [sec] | B (84%), 8~ + n(16%) 10.7 2.4
Li | 0.2572 [sec] | B (50%), B~ + n(50%) 13.6 2.4

e 000000DD,0000000000000 (Q>40,000 pe. , AQ < 10° p.e., badnesss>100)
2 [msec] DO OO Veto, 2 [sec] DO0DO0OOOO 3m/O000O0O00OO Veto.

e 0000D0OD0ODO0D (Q>40,000 pee. , AQ > 106 p.e.)
2 [sec] DO OO Veto.

e JIJJUDODODDOODODOOO (Q>40,000 p.e. , badness>100)
2 [sec] DO OO Veto.

Ooo00,Qb001wooopPMTOOOOOODOD, AQUOOOODOODO.OO0OODOOOCOD
gobboobooobboobbuoobboooboooboboobooobobooboboo
OoobO0b0obUobO. badnessU OO0 oOoboobOobOobDObDODODODO.

00000 0000000ooDoono,dod KamLANDODOOOOODOODOOODOO
go.

3.71 000000000 O0OOOOOOOOYCcOooOoO

00,000000000000000000,0000000000000000 0.8 [MeV]
000000,CNO0O0O0DODO0DOODOONODNO0DNONODOOOONODONODNOOoOoooaOn
00 !'cOO000000D0. 0000000000000 0000000000000000D0
00000000000,000000000 KamLANDOOOOODOOOODOOOOOOOO
0000000000, ''Cc000000ono000ooonooon,CcNOOO00DNooooooonn
gooooooo.

03.60 ?2CcOMCOO00000O0O0 KamLANDOOODOOOODOOODOOODOOOOODO
gooo000O0O0o0ooOooooooag.
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0 3.6: KaemLANDO O DO 'coponooag [12]

E, [GeV] 285
Process Rate [10~4/p/m]
L2C(p,p +n)tC 4.9
2o, d)ttc * 0.5
12C(y,n)tC 33.3
12C(n, 2n)HC 7.0
RO+, 7t +n)liC 0.9
L¢C(rt w-+mﬂc* 1.9
L2C(r=, 7~ +n)lC 3.6
2C(e,e +n)tC 0.4
2C(u, p+n)HtC 2.4
invisible channels * 24
Total 54.8
1o systematic 4.4

030 KamLAND

037 000000000D00000000O0000000000 (9,), 000000000
(<E,>),00000000000000 (N),00Ycooooa (P)[12]

Depth o, <E,> N P

[m.w.e.] | [u/m?h] | [GeV] | [cts/d/100 tons] | [cts/d/100 tons]
KamLAND | 2700 9.6 285 300 107
Borexino 3800 1.2 320 40 15
SNOLab 6000 0.012 350 0.43 0.15

00000000 (1-(invisible channels)/Total)=95.6% O 2C0O 'CO0000000000OO
gogobobobbooood. ggobobbooooooboobobbodoooooboooboo,oubb
0000 ''Cco0000O00O00OoO0ooO0oOoOoD,000d0000000ooooonoooon,
RcoOoOooOoO0O0OO0000000000000000000.

0000000000,00000000000000,%Cc0300000,
ool'cooooooo.

o0, 00bbobobb0ddogooobbobboddoooooobobooboo,ogooon
00000000 M'CO000000. KamLANDOOODODOOOOODOOOODDOOOOO
00,00000000000000000. KamLANDOO 2CO00000000000OO
O0000000000000 3000 [events/day|] 00 0. DOD0OOO0DO0OODOOOOOOOOO
00002 [Hz)000,0000000000000000O00O,001.70,00600000
ogooooooono.

Hopooooo
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<285 GeV>

‘ 120) 29.4 min
Y‘ ”C)‘ 7 511 keV
N

207.5 usec :
f 0 é Y 511 keV

Y 2.2 MeV

) @ €)

0 3.22:'CO0D0DODOOO0. 1,2,30000000000000000 ''CO0000O0OOn
oo.

3.8 UOboooooood

gooooboobo,0boogboobooooobooboooooboooo pMTOOOOODOD
gboooooo.

3.8.1 0O0OO0OOOO

000000 KamLANDOOOOOODODOOOOO 1w00OOOOO0 PMTOOOOOO. O
gboob lpe 000000000 Iped000b0ooboooboooboobooboobo.
0000000 1lpe.00000O0OOO 1/400000. OOOODODO PMTOOODOODODO
ooooooooooO0OooooooOoOoooooboOoOoooD. o PMTOODODOO, Single
Rate0 OO OO 10 [kHz|~0O 100 [kHz] DCOOOOOOOOOO. 00,000 PMTOOOOO
O0000oO0O00ooOoooooOo,NSUMO 90000000000 O00O0OO00OO, 100 [Hz
O0000. 000045 MeV]OOOOUUDOOOOD DOOUDDODOOOODODO 9.9 %000
0O0oo0od. 045 [MeV]DOOOO0O0O0O0O0D0O0DDOOO ¥COOOOOO0OO0OO0OO0OO0OODODOOO
pMTOODOODOO,000000D00D00DODOOOOOOOOODODODODODO. OO
000000000000 0D0,0000000 PMTO Single Rate0OOD0OO0OO0ODOO, O
00000000 100 [HzZ]DOOODODOOOOOOoOoooooo.
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ID PMT Single Rate [kHz] - Hz Trigger Rate ID

|

1807 B entries: GO0

1807 ook mean: 91.1333

140 [ deviation: 13.2345

12D§ i

100

804 8

07 B

4Dé EI_|||||||||||||||||
Zui 0 20000 40000 ga000 50040
o time [sec]

0 323 PMTOOOODOOOO (0)OOOOOOOOOOOOOOOOO (O).

3.8.2 1p.e. 0000

goobooboooboo.

I 1.00mVe

0 324 OO0 100000 Q)0 100000DO0ODOO (B0). ODOO 100000
(20 [nsec],1 [mV])

0000000 1pe.0000000,000001.04mV]00005120000000000.
000000000000000 ~8nsec), 0000000000 Slew Rate D ~ 0.4 [V/psec]
000.0000000000000000000000.000,0001([MHZ000000
00. 0000000000 (Gain =-3 [dB], 0.7070000000000000-3 [dB]0)0O
10 MHz]00OOOOO,00000000000000000000000 (00)0 34 [MHz]
000 90 (%], 68 [MHZ OO0 99 [%00000.000,0000000000000000
0000000068 MHZ0OOOOOOOO0O0O0O0O0000000000O0.

3.8.3 UU0U0OO0OOOOOO0

gboboobooboobobooobobooboboonbg lpe.00bonooOoboooODO
goboogb. bo0 1lped00obooboobOoobOoobOO0bOO0bO0DbO,b00
uobobobuooooboboooobooboobo,oobbbouoaobobob. oooobobobogoo
gobooooooboboo pPMTODOOOODODOOOOD,D0D0OOODOODODO
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8 10° kit
Pt \
3
N\
//
\
107
1073
1073
10° 10’

Frequency [MHz]

0 325 lpe.00000000. D0O000O0O0O0OO,000-3[dB,0000O0000O0OOOO
gboboboboboobobooo.

3
N
i

200mv e tH2d S00mvQ-M20.0ns A Ch2 \ -280mV.

ot ittt

0 326: 0000000000 (0O)0000O00OO0O0DOO0OO0OLDOOOODOOO(0).0Oo0OO
(20 [nsec],200 [mV])(O ), (100 [psec],1 [mV])(O)
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0000.0000000000000000,00000000 20~40 [msec)/000. 00,00
000o000,0000000¢8[V]OOODO. 000000 OOOODODOOODODODOOOOOO
0400 [V/pusec) DO OO. O00,00000000,00000000000000 1pe.000OO

350"

3 2007May
2007 July
2007July with: Attenuator

Charge [pC]

25

o W

0 1 2 3 4 5 6 7 8 9
Amplitude [V]

0 327 IPMTOOOOOOOOOOOOOOOOOO. 0000000000 [V]OOOOO
000000000 [pCjoon.

00000000000.000000 3.2[MHz,99 (% 0000000000000 32 [MHz
ooo.

Gain

2 .|03

Frequency [MHz]

0328: 0000~VOIOOUODOUODOODODODOOUOOOO. 0000000 0O0,000-3([dB],
gbobobobobobobobobooboobooboboboooo.

00000000,000000000000000000000000,0000000 1 [kHz
0000000.00000068[MHz]0000000. 00001 [mV]~10[V]000000
000000. 00000000000 0.1 [mV]0O0O0O000. 0000000 400 [V/usec]
0000000. 000000. 0000000000000000000000000000
000000,0000000000000000000000000.000000 PMTOO
000000000000 DCOOO0OHPFOOOOOO. 0000000000000000
0D000000000,000000000000000000000. 00000000000
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O0000ooOo1PMTOOO 30,000 [pe]0000. 0000,0000000,2.6[mV]O0
ggbo. obood, lpe.d0bbgooooooobbooboboo,booboboooboog,
goboobooboobbooboobooobobo,0boobooboo,boobooobooo
00. 00000000000 CNOOOOODOODODDOOoOoOoOoO ¥coooooooooa.
gobo,00b00bobooooboobopMTOOOODODOOOOODOOOOODOODOOOODO
000000000000000. 000 ''CO000000000000000oononooon
0000000 1 msec]0J00006000000000O0O0OO0O0ODO. O0O0DODOOODOOODO
ubbgobooobodooo
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40 0OOo0O00OO0OOOO0

4.1 0O000O0O0OO0OO0OOOOOO0O0

ooooooooooooooo,’0b0r’ooobooo00obDoo0UooDoOoOoobood
OO00000. KemLANDOOODOO”ODO”000000000,00000000000000
gboobgboooboboobooobobooboobob0o. oboboobobooboobboon
g, 0oobooboooboobooobooboobbooboobooboon.

000Oo00DOOo0OoOO00oDoO0oOoOo0ooOoOobDboOoooOoo,eNODDOOODOODOD
gboobogoboooooobobobooobooboooboboboooooboboboboobon
gbobo.obobbobbobboobobo,boobobbobbOobbobbobboboo
gboo,0o00boo0boboboobooboboooobobooboo3boooboooboboo
gbobobobobo.

e JOODODOOODOO

— 0000000000001 [used

~ 00000000000000MmM10 [V]
— 00000068 [MHzZ] (-3 [dB])

— 000000< +5 (%)

e NUOODODOOODOO

- 000000A/D(OO0O0O0O0O0O0O00)00
- 0000000001 [mV]

- 000000001 [nsed

- 0000000000160 [MSPS)

e JOOOOODOODO
- gboobooooo

gboobobooobo,0obobooo,o0obooboboobo,oboob,bboobooooo
oboobobobobobogooboooo,1bgboooooobooob120000ob00O0,9ub000n
gooooobobo.oobo,b00b0bobooboooboboboooooboobOobobn
goooooog,vMEOOOOOOooooooo.
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Analog Analog Digital Digital M

Input to Data Data N

Interface ||Digital Processing | |Output
Conversion Interface

S

Analog

Data

Processing

Trigger
Interface|

041 000000000

4.2 O000O0O0OO0OO0OOOOOO0O0d

gboooboobooobooobobooboboobooo,booboobooooobooboon
000000000000 000D0000000. 00000000000 (A/D)o0o0boOoo
00 ADC (Analog to Digital Convertor) D00 00. 00 KamLANDOOOOODOOOOODO
0000000000 300000000000000000 Wilkinsond ADCOOOOOODO
0000000, ATWD(Analog Waveform Transient Digitazer) 00000000 200000
goog,0b,b00b00b0ooogbo.obooog,gboo3bobooobooboono
oo0ooOOoO0,000bo00boo0ooooooooeNOODOOoOODOOObDbOOoObDboOO
gobooboobooboboooog.

4.2.1 FADC

0000000000000000000000000000000 A/DOOOOCOOOOO
0000000,000000000 ADC, Flash 0 ADC(FlashADC, FADC) 00000000
0. FADCODOOOO000O0O0O0000O0O0000O.

FADCOOODOOOOOOO0OO0OO0O000000000000000000000000, 00
0000000000000 n000000000. 0000000000000000000
000000000000000000000000000. 000, FADCO n000000
000000000,2"0000000000000000,000000000 FADCOOO
0000,000000,00000000000000000.000 FADCOOOOOOOO
01 mV]00O00,00000000000,10([V]0000000000000000000,
10,000 [mV]/ 0.1 [mV]=100,0000 000000000, 000 17 bit(131,072) 0000000
00000000. 0000000000 FADCOOOOOOOO000OO0O0O00.0000,00
00000000000000,000 ADCO0OOOO0O000000000000000000
0D00000000.00000,0010000000004000000000,00000
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ADC

ouT

Reference Voltage Input Voltage =~ Comparator Encorder
Divider Ladder Divider

0 4.2: 2bit FADCOOODOOOOO

0000000000000000000000000000000. 00000000000
ADCOOODO,ADCO 1bit00000000 ADCOOOO0OOOD0000000000. O
000000,0 FADCOOOOD 800000000000000000. 00,0 ADCOO
000000000000,00000000000000,P,H,M,LO00O0O0O0O0O0O0OO
oo.

00,0000 FADCOOOOOOOOO0O000000000000. 00000000000
0000000000000.0000,0000000000000000000000000
FADC,PO0O0O0O0OOO0O000000000 1[nsec] 0000000000000. 000FP
00000000000 1[GSPS|000 1000000:1 [nsec] 0000000000000
00 FADCOOOOOO. 000 POO0O0O0O00000000000000000,H, M, LOO
0000000000,0000000000000000000000000000. 00, H,
M,LO00000000000000,00000000000000000000000000
10~20 [nsec] 0000000, 200 [MSPS|(0DD0 200000000:5 [nsec] 00)0000000
000000 FADCOOOOOO. 00,0000000000000000000000000
000000000000000000. 0000000000 FADCO,

PODODOOOOOO 0O ATMEL OO AT84ADO001B
H,M,LO00O0OOOO0O O National Semiconductor 0 0 ADC08200

OO00.pPOOODOOOODODOFADCODOOOODOOOODOOOO,00O0DOO0OOOOOO. O
Ooooooooo0oooooo0oOooooooOooooObOoOoOoOoD. OOD0OO0 FADCO 2
ubboobooboboobobooboobboobooobbon.
ogboboobooobboobooboboon.
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0 41: FADCOOODODO0O00O
000 ADC 000 0000 00O
000000 | 000 | oooo
000000 |0000 | 0000
P 1 GSPS 8 bit | 0~0.5 [V] | 0.1 [mV] | 0.1 [mV]~20 [mV] x 20
0DOoO0O0 | 0000 00 (00 x120)
H 200 MSPS 8 bit | 0~3.0 [V] | 0.5 [mV] | 0.5 [mV]~100 [mV] x 24
M 200 MSPS 8 bit | 0~3.0 [V] | 5 [mV] 5 [mV]~1 [V] x 2.4
L 200 MSPS 8 bit | 0~3.0 [V] | 50 [mV] | 50 [mV]~10 [V] x 0.24

4.3 UO0O0OOO0OOOOOO

000000000 FADCOOODDOOODOOOODOOODDOOODOO. Oboooooooo
00000 ATWDOOODOODODODODODODODDODODooOooooooooo,0o0ooa
gooooon. oo ooooooooobbbbbouooooooon
do0Oo0o0o0o0O. 000 FADCO0O0OODOODOO0ODOODOODOOODOODOOOOO,0D0O00o0a
01000000000 1.6GByte0 00000000 DODOOOOODO.O0O0OO0O 99.99 [%]0O
gboboooooboboboboo,bobobobDooboobobOobUobo.oboob,od
goooooooooooooogoooooooooodoooog, bgoogooooon
000000000000, 00000000000 FPGA(Field Programmable Gate Array)
0000000000, FPGAODDOOODOOOODOOOODOD, 00000000000
0O, DSP(Digital Signal 0 Processor) 000000000 . D00O0O0OO FPGAODOOODOODO,O
000000 FPGAODOOODOOODOO.

e J0O0ODOODOODO

goooooooooooo HITO00000

gbooobooboooboobooboboaoo

O000000HITOODODOO (HITSUM)OUOOOOOOoOoOOd

OO000O000oOooooooooOoHITSUMOODOOODOOOOO0O0

gbooopobooboobbooboobbooboooon

gooooooooooooooonbo vMEODOODOogoo

ODO000o000ooooooooo0oOooooooooOo SbRAMOOOOOOOO
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gboooooooooooooooooooogoooooon.
e JO0UIDUODUOD HITODODODDLDOLODLDOLOODLDOODODODOODO
e JJI0UIOOUDHITOUODODODODODODOUODODODDODODODOODODO SDRAM/VMEODOODO
e JOODODOODO

O0,FPGAOODODOOOOOODO,000300FPGAODDOODOOODOODOOOO.

4.3.1 Front-End FPGA

Front-End FPGA(FEF)OJ ADCOOOODOOOUOO,HITOOOOO,00000000000
0000000000 0O000D0O00. 00000 FEFO 2000 FIFO (First In, First Out) O

Front-End FPGA

ADC Frame System FPGA
Interface 1st FIFO Generator 2nd FIFO Ihterface
ADC
Data
Latch Working Generating Working
Frame
as as
Ring According to Framed Data
Buffer Trigger Data >
-> Full Waveform Buffer
-> Suppressed
Waveform
or
According to HIT
Trigger and g
T Status of 2nd FIFO —> >
Generator -> Waveform of
Rising Edge Tri
i rigger
—) and its sum |ntgegrface
Clock Trigger
Generator L

O 4.3: Front-End FPGA D OOOOOO

O00000.0000 FIFOO,FADCOOODOOOODOOOOODOOOODODOOODOOOO
O00.00FIFOODOOODO 250kByte0 00,10 [usec] 00000000 O0OOO,00000
0000000 10 [usec] 0000000 DOO0ODOOODOOODOOODO. 10 [usec]DO0ODODOODODO
00000000000 0DOO0000O0O000DO0O0OoDoO. 2000 FIFOO Frame Generator
goboogooboboobooboobooooboobob.boobooboobobooboobooboo
ubobooboobo.0boo20b00bg,bogboooboooboooboobobbobobo
(AcquireRange) 00 000000000000 OOODOOODOOOOOOOOOOOOODOOO
0000000000000 00D00AcquireHtOOOO. OOOOCO, 0000000000
0000000 TimestampO OO O TimestampO0 OO 0000000000 QO (LaunchOffset) O
ooOoboCo.2000 FIFOODOOODOOOOOOOODOOODOOODOOOODDOOO
o000, FIFO000000D000000DO0000000D00O0FIFO-Almost-FulldO, 0000
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g gon oo

g AcquireRange | D00 O0D0DOO0OODOODOODOODO

Timestamp 0 LaunchOffset

AcquireHit | 0000000000000 0ODOOOOOOOOO
gooooooooooooo

Timestamp 0 LaunchOffset

FIFO-Almost-Full any 0doooddoDooooodooooboooooooogd
Timestamp 0 LaunchOffset
FIFO-Full any Timestamp

042 00000000000

ubooono,b0oboobobooooboob,bobobooooboobobobooooboonoo
O0. 00000 FIFOOODOOODOOODO0O0O0O000O0000 (FIFO-Full) OO, Timestamp
00000000, AcquireHitOOODOOOOOOOODOOCOOOOOOOODO.OOODOOO

Analog Waveform

AcquireRange AcquireHit
T T T Data

Suppression

044 00000000000

00000 (EventWindowLength) 00 OO

e 0DDOODODOODO (AcquisitionThreshold) 00D 00000000000 DO0O (Preced-
ingContextLength) 0 0000000000 (Start) 00O

e J0IOUOUDOODO (StopThreshold) OO0 UOODOD0OUOOOOOOUOOOOOOOO
O (ProceedingContextLength) 000000000 (Stop) OO .
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e J000IUDOOUUDOODUOUOL,DDDOUDOOUODO (StopThreshold) DO OOOO
O0000000000D0D00000 (Swspend) 0, 0000000O0OOO.

e PrecedingContextLength [0 ProceedingContextLength 0 00 000 00 EventWindowLength

00000000000000,000000 (MaximumSignalLength) 00000000
goobooon.

gboboboboboboobbobobobooboboob.oobooboobooobooboan, o

f WaitingForAcquireTrigger \
k j

AcquireTrigger RejectTrigger

/ ProcessingHits \

Start Suspend
Recording Suspending

Preceding i Immediatel
Context

Recording
Stop

«—\Waveform
End
@ )

Waiting
Stop

AcquireTrigger Start

Stop |
Recording
Proceeding

0 4.5: Acquire Ht 00D O0O0O0O

gbopoobooboobooooboboobooboboobooboobooboboo,onoobo
0000000000000 000. 0000 KamLANDO PMTOOOOOO 99 (%000 P
00000000000 20mV]OO0OOO0,00098[% 000 1pe.00000O0. 00OO,
M,LO0O00O00ooooooooogooooooooobobogobobo,oooooogn P,
HOOOOOOoOoooOobOobooDoobDooboUoobobobobDUoooboUoobobobooboo
g,gbooobobooogbob.bopOobO0bOO0ODbOO0ODODOOOODH, M,LODO
goooooooobooooooooo,16GpSPOOOOOOOOOOOODO,1 000000
ooobobo H,M,LO00O0O0O0O0O0O0O0O0O0 1700000 POOOODOOOOOOOOO
gboooo,00ogboboboobooooboobobo.oboobobobooooooboobobo
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—
| e —
[
T~

- 1.000mV

|

-1.887mV
15.00912ms 15.00920ms
- V(FBE_OUT) V(D4:C)-36.15m - V(TO4:A+)-5.95m

O 517 BLROOD:O0OO0OOOoOooOooooo:.0oooooooooooooooog

go,0b00bobobooboboobooob,bobooboobob,0bobobobooon
goooo.oob,00b00obo0bobobo,0b0,0b00b00 BLROOOOOOOOOoOO
goooooooooboooOooooobooboooPObO0OUObODOOUOOOODbODODOOOO
gobooboooooboon.
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52 00000 MoGURA OUODOOOODDOOOODDO

goobo,gbgobobobobo,03obob40bobobobobobobobob
goooboo.

e 10000000D00OOODOO000
e J00000D0O0O0DOO01[mV]000000O0

e 00000 68 [MHz]OODO

e J00000DODO10[V]OODO

e 000 FADCOOD400000000000000000,000000
e 004000000000000045([% 00000000

e 00 0VOOODOODDO0O0O0000000([V]O500mV]or3[V]DOOOOO ADCO
00000000000000

e IJ0O0DDDODOODOUIUDDODODOOS[QIDOOODODODO

e JJ00OOODOODODCODOOODOOODODOOUODOOOOOODCOOOOODOO
e NUUOOODLOOOOLOODLDOOODLOODLOOODLOOOO

e NUUOOOODOODLOODLODOODLOO

e JOUODUODHITOOODOOOODOOOOOLOOODODOOODODOODODDODOODOO

uboboobooboooboboobooobooboooboaoo.

HML Bias DAC

PMT/ <
Baseline Restorer Buffer

— %H > > Laoc

500 = . %
{3 > wm-Apc

N
S
A

Wy

Ve

Vi

N %
|1
P | — > nanc
P Bias DAC
ST =
| > 1 {>:% P_ADC

Inverter Comparator

>|: ’:' >—| > Analog Hit

Analog Threshold DAC

0518 00b0ooooaoo
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5.2.1 0O00O0OOO

MoGURAOOOOODOOOOOOOOOOODO,00000000 KamFEEODOOOOO
gooooooo,bobobobobobobobo.

(0) - ARRENN

MoGURA O KamFEEOOOOOODOOOOOODOODDOOODD, MoGURAOOOO
0oo00ooo0ooo0oooO0ooow[vVjoooooooooooooooooooooooo,
KamFEEOOOO 5 [V]OOOOOOOOOOODOOODOO. MoGURAODO 10[V]ODOOODOO
0000000000000 BLROO 10 [V]OOOOOO OpOOO0OO0OOO, THS3091 000
00.000,0000pooorPO00O0OfOD0OODO. 00O0O,000bODO0oOooPOODOODOO4
0000000,003[V]00000000O0OO0 FADCOOOO,000000O0POOOODO
00 33~5 [V]OOOODOODOOOOOO. 00D00oooooooooo opOOoOOO,00OO
0,000000000000. 00000000000 oooOoooo,dooooooooon
000 OoOPOODOOOOO. 0DOD0OOODOODO National Semiconductor 000 LMH6702 00O .
goopOOOODOODOOOO,

e 000D [V]OODDODOOOOOO.

e 00D 2000 Slew Rate 0 3100 [V/usec DO DO DODO.

e 000 2000000000000 600MHZOODODOO.
e 000DD0D00DODOO 3.0 [pA/VHZ]ODODODOO.

e 00IDDOIDOOD 1.83 nV/VHZ|OODOO.

O00.00,PO00000OO0OODOOODOOOOODOOODOODO National Semiconductor O
O LMH6S500000. 00 OPOOOODOOODOOODO.

e 00U [V]OODOOUOOODDOO.

e 000 2000 Slew Rated 200 [V/usec] DO DODO. .
e 00 0.5[V]DD0DD00DD 400 MHZDOOOD.
e 0000000000 15 [pA/VE]ODODOOO.

e 00000DDOOO 6.0 nV/VEZDDOOOO.

gboopOOD0OO0OO0O0OODOOCLOODOODODOODODOOOD. ODO,0000D0OO0
opOO0O0OO0ODO THS3091OOODODOODOOOO.ODOUODOOOOOOODOOODOOOOOOO
gboboboboobo.
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oooon

o00OO0O0DO pSPICE0DOOOOOODOOOODOOODO,ODO00DOO0OCOODOOOO
0000000000000 O0.00bOO,0b000oOo0gooPOO0ODODOODOODOODOOO
gbooaoobgad.
gboooobooboobbooboooboog.

VNoise(rms) = V4KTBR (5.4)

ooOo,k0000000O0,70000O0,BOO0ODOOO,ROO00O0DO00O0.ODOOODDOO
OoopOOO0OOOOD,0000D0D0O00000DOO,

VNoise(rmS) = \/[(4kTR)2 + ‘/’n2 + (ITZR)2] x B (55)

DoOo0o0O00000000. 000,V,00000000000, 00000000000
00,0000000O0PO0O0OONONDNDNOOOOONONONONOD.0000OPOOOOODODO
002300000070 [MHZO0ODO0OOOOOO0O0O0O0O0O0O00,THS309100000000
00 1.78 [kQ 0000000, 210 [uVums), LMH67020 000000000 237 Q00000
00,16 [uwVrys), 000000000. 0000000000, THS30910000000000
00000,000000000000000000000,432[Q0000000000. 00
D00 THS3091 00000000 53 [uVems 000, LMH67020 0000000 55 (Vi) O
oooooo.

gbooooobooboogn

00000000000000000000000000000,LMH670200000000,
000000000,00000000000,P0200,H0240,M0240,L00240000.
000 OPOODOODONONOOOODNODOOONONOOOOO. LMH67020000000000
0,0000237[Q00000,00010,20,40,10000000 600 [MHz], 600 [MHz],
320 [MHz], 130 [MHz] 000 00. 0002000 2400000000000,10000000
00010 [MHZOOOOOOOOO0O0O000.0000000000000000000000
000000. 000000000000, HO00000000000000000,000
00000000000000000000000000000000000. 0000000
0000,0000000000000,P,HO010000000000O0POOOOOO,00
00000000000.00,00P,HOODOOOOOPHOOOOOO.

FADCOUOUODOOOOOoooorPOOUOOOOO

POOUOUOOOOOOO1[GSPS|O FADCOOOOOO 200000000000, 00
FADCOOOOOOOOOUOOOO,0519000000000000 40 mV]OOO0OOOOO
gboooooogobobobooooooobobooobo.obobooo,0o0o0obDobobo
gbooboobooobobbobooboobooboboobo,ooboboobobooobo
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Crosstalk

Crosstalk Amplitude [mV]
e N

(20IrrI1V) I //
o~
/

1000
Signal Amplitude [mV]

O 5.19: 2ch IGSPSFADCOODOOUOOOOOODOOOOOOOOOoOO

0000000000o0o0o00o00Uo0. 00000, POOUOOOODOOOOOO 40 MV]
gobodbooobobgoobo,ooboobboobobooboobbooboan.

o0bOOo0obO0o0obOOoOooOOoOooOobooPOOOOOODOOODDODUODOODOOOOOOOO
000o0o0o0ooo0.00o,MO000000000000 2400000,00010([V)O0O0O
000000000024 [V]OOOO,000000000,5[V]OOOODOOOOOO. BLR
ooooooogoo,opOO00DOO0ODOODOUODOODOOO,OD00DOO00DOODDOO
gobobooobbooob. oobooobboooobooobboobobooobboon
go.

ubooobooobooobo,obboobobobbobooboobooboooboooboooon. g
go,0ob0goooooooboooboobog,boboboobo pPEHEMUbDOODODOOOOOOOO
gbobo,bogbobooboboobobobobooooboobobooooboboobon.
gobo0oLbooooboooobooboooboboobooboooooboobooboobboob. 0oDbo
0000000000 00O0000o000ooD 5 [%0000000oo00o,Lo00oo
goooogoobooboboooooboobobobooooo.bob,b0obobooboob0obobo
uboooboboobobooboboobuobobobooob,boboobobbobaoobo
gboboobooobooooboog.

ubobooboooboooboo

MoGURAOODOODO BLROOOOOOOODOOOOOOODOOD. OO0 ADCOOOOO
O00O0OoO0oO0,MoGURAODOOOOOOOOOOOOOOODDOOOOCOCODODOOOOOOO
ocooooooooooo.oogo,00o00oo0ooboo0oboooobooPoObDboOoO
o000 bCOOOO0OO0O0OOO0OODO0O0ODOOO.00ODOO0O0DOO,0DD000OO0O0oOoOOo
ubbodb,boobbooobuoobobooobooboba. oo, bboooboboooboo
O000000CCOOO0O00000UUooooooDoDoODDODODODOOO. MoGURAD OO
gbogobooboobbooboobboobooboo.

oooooo,00o0oo000ooooooooo0oooOoooooO 1IADCOOooog, oo
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00000000000000000000000000000.300PMTOO00000O,00
D000000000000000000000. MoGURADDDODO 100,000 [pC]000000
00000000000000.00000,0010[V],000 1 [usec]0000000000
0. 000000000000000000000000000000000000.
00,L00000000000000,0024[V],0001 [usec]00000000000
00,00000 24,000 [pC]000. LOOOOOOOOO0 1[ADC]00000000 FADCDO
00012 mV]00000,000000000012mV]0000,000000000000
00.000000000000000 (00)x(000)00000, 100 [usec]0000000.
MOOOOOOOO0OO0240000000000000000000000000,0000
000,00000000005([V],001 [usec), 00 0.58 [usec] 00000000. MODODO
000000 1[ADC]00D000000 FADCOOOO 12 mV]00000,00000000
0012 [mV]000000000000 320 [usec] 000
H,PO0000O0OO0O0O0OO0O0O00,000000000 326 [usec] 0 3.25 [msec] 00 0.
0000000000000005.20000000,00000000000000000
00000000000000000000000. 000000000000000000
00, THS3091 000, 00000432 [Q 0000000000000, LOODOOOOODO
00000000000000000, LMH67020000, 0000000 0122000000
000 02440000000000.MOODOOOO0O000000000O000000000O0
LMH67020000,00000000.297000000000000000000000000
00220000000000. PHOOOOODOOOOOOOO0O0O00OOOO, LMH67020 0
00,000000000000000000,604000000000.HO000000000O
0000000000000000, LMH67020000, 0000000 04760000000
0000000000000000000390000000000. 000 PHOOODOOO
000000000 23.6000000000. PO0OOOOOOOO0O0O0OOOOOOO00
0000, LMH67020000,000000000000000000,24000000000
0. 000PHOOOOOOOOOOOO0O0O0O0O0OO0OOOO0O0000000 283000000
000.0000000001.500000000000000000000000000000
000000000000000000.
00,L,MOD0DD0D0000000000000000000 100 [Q] x 10 [uF] = 1 [msec] O
HPF, HOOODODOOOO PHOOOODODO 100 [Q] x 100 [xF] = 10 [msec] 0 HPF, 00000
00000000 100 [Q] x 10 [uF] =1 [msec] 0 HPF, POOOO0O0OOO PHOOOOOO
100 [2] x 100 [F] = 10 [msec] 0 HPF, 0000000000000 100 [Q]x100 [xF] = 10 [msec]
0OHPFOOOOOO0DO0O0O0O000000000000000

gbobooboobooboboobooooboboooo,
ACOODOODOOOOOODO

goboobooboooboobooobobooon
BLROODODOOOOOOODOOOOOOOOOOOOOOOODOOOOOOODOOOD ooo
gboboobooobobooboooboo
goboobogobooobooboobbooboobobo
gboo,0b0oo0boboobooon.
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OooOoOo0OODODODOODOOOOO0OO000000 KamLANDOOOOOOOOODDODODDO
gobobobobobobob.

O 6.1: MoGURAOODODODO
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U6.1: 0000000000,0000000000

googd g gbooooo
goooooood goog |gboo
goooooood goog |gboo
goooooo goog |gbobon

4000000000 20000
gopbooboooobog (oobo | 1pe00Ono0OO

gobg (4000000000000 1000
goboooooobog (oobo (ooo

gooooo goog | 1pe. 0000000
400000000000

6.1 UJUOUOoOn

0000000000000 2000000000.00000000000000,0000
000000000000000. 0000000000000000000000000000
0000.000000000,0000,000000000000.

0000000000000000000000000000000000000000000
00000,000000000000000000.0000000000000000000
0000000000000000000000000,000000000000000000
0001000000000000.000000000000000000000000000
00000000000,0000000000000000000,000000000. 00
000000000000 1pe.000000000000,0000000000000000
00000000000000.00000000000000000000000000000
0,000000000000000000000000000000000000000000
0000,00000000000000.00000000 1pe. 0000000000000

0000000000000 1300000000000,00000000000000000
00000.00000000000000000000.000,0000000000000
0000,0000080000000100000000000000.000 13000000
000000,0000000000,00000000000000000000,00000
000000000000000,000000000000000000000000

0000000000000, 1pe0000000000000000O0O0O0DOOOOOO. O
00000000000, ~10[V], ~100 [MHz] , 200~ [MSPS|0 00000, 10 [V]O MoGURA
0000000000, 100 [MHz]0OO00O000,200 [MSPS]0 105 nsec] J00,0000
~25 [nsec] 0000 0000060000000. 00000000000000000000O0
0000000000000000.00,000000000,00000000000000
0,000000000000000000000.00,00000000000000 Tabor
000 ww2571/20000. ww25710000000000,0000 16 [V], 100 [MHz], 00O
00000 300 [MSPS]ODODO. 00000 Ethernet/GPIB/USBOOODOOOOOOODODD
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0ooooooo.

0000000000016 mV]j~0016([V]000,1[mV]00000000000000
0000000000000000. ww257100000000000000000000000
0,0000000000,000000000000.000000000000000000
000000000000000000000000000000000O00. 0000000
10[V]00O0O0O00000,1 [mV]000000000 1/10000(80 [dB))000O0O000000.
00000000000000000000000, Agilent Technologies 0 0 8494G O 8495G
000000000000000000000000000O0O000000 11713B000000
ooooo.

1200000 100000000000000000000000000000000000
0000,0000000000000000000000000000. 0000 Keithley OO
s46t00000.

|Function
i Generator

Relay-Switch

0e6s5: 00000000D0OO0

6.1.1 000000000

000000000000000000000000000000000,000000000
000.0000000000000000000000 TDS3032B0000. 00000000
00 50[Q)0008([V|]DD00000. 0000000000 300[MHz), 000000000
025 [GSPS|000000D00ODOOONONONDNDNO00OD. 00000000 Ethernet 0000
0000000 PCOOOOD,00000000000000000.00000000000
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Data of Automation System

Signal Gen.

: Signal Gen.

signa

Oscillo.

VME / MoGURA

066 0000000C00DOOOOOO0OOO. emd:0DOO0O, wave; 10000, signal:00

gobooboooo,0oobooobooboobobooboobboob.
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c 047r
8 PYAY 101 MV~ 20mV
. HZCY 1 05 mV ~ 100mV
0.46} M43/ 1. 510.mV.~.1000mY.
: LSSV 50 mV~ 10}V
0.45} /\
0.44f \74. i
0.43} A
i //\//
0.42f
/R | SO S ST S
10 10 10 10 10

Amplitude [V]

067 0000000000000 O0ODO0O0OO 1pe.0000DbO0O0ODOOODOODOO. OO
gobooboooobooboooobooboonobg

'§ L P11y 0.1 mV ~ 20mV
- Ho(Y : 0.5 mV ~ 100mV
- MY 1 5.0 mV ~ 1000mV
1 2' L1 { 50 mV ~ 10 V
1.1k
1
| N—‘_'*O—O-—o‘._._f-«/
0.9f
0.8 ... N N
1
10 10 16

Frequency [MHz]

068 00000000000 DbO0ODOO0ODbOOO0ODODbOo0ObLO0ObDbOoO0bLO.ooboo
gboooooooooooooooooooobooooonog
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6.2 0UO0OODOOOOOO

6.2.1 0O0O0O0OOOOO

O0000opDoo0dOd MoGURADOOOODOODOOOODOOOOOOOD. ODDODOOODO
gbooopobooboobooooobo,obooboobbooba,bboobooboooboo
0000000, MoGURAOODOOODDOOOOOODOOODOOODOODODO.OODODOO
Oo0O0O0O0O0O000000.0000 MoGURADDODO 0x020,PMTOOOO OO P,H, M, L
goboobooooboooobobooooboboooboobooooboboo. booooboboooooo
gobgoobooboobobobobo,bobboobobobobobobbobboo.bbobbo
gbobobobooboooooooooooob,boboooooooboooboobobobOoDb,bo
gbooboobooobobobooboobuoobobooboboboobooboobo. booboobo

Noise Level @ 0x02000000 PMTO-P Noise Level @ 0x02000000 PMTO-H
z Entry 400000 T Entry 80000
5 10°F| overfiiow : 0 5 Overfllow
S Underfllow : 0 S Underfllow : 0
= Mean 209.86 = 10%k| Mean 199.26
RMS 1081 RMS 053
10%E|PP 7 PP 6
F | BaselineLevel (register) : 205188 BaselineLevel (register) : 108.812
[ | BaselineLevel (manual) : 209.9 10*[| BaselineLevel (manual) : 199.3
10A,
i 103 L
10°F
§ 2k
wh 10
1
104 3 10
wg N o S | i I
202 204 206 208 210 212 214 216 192 194 196 198 200 202 204 206
Amplitude [FADC Value] Amplitude [FADC Value]
20.9an 2009 234520 25T
Noise Level @ 0x02000000 PMTO-M Noise Level @ 0x02000000 PMTO-L
g F [Entry 80000 '«‘g Entry : 80000
5 [ | overfllow : 0 5 Overfliow : 0
S I | underfilow : 0 S Underfllow : 0
= ol [m 198.98 = 5| [Mean  :199.13
10°E|rRmMs  :032 10°F| rus 038
F|eP :5 PP 4
|- | BaselineLevel (register) : 198.75 BaselineLevel (register) : 109
104} | BaselineLevel (manua) : 1990 10°%[| BaselineLevel (manual) : 199.1
10°F 1%k
10%F 10%F
10'F 10'F
10°) E 10°%F
B | ! I | | ! | | | |
192 194 196 198 200 202 204 194 196 198 200 202 204
Amplitude [FADC Value] Amplitude [FADC Value]

20 Jan 2008 23:46.07 ST

0 6.9: MoOGURAOUOO 0x020,PMTOOODO 0O00O00OO0ODO(DOOOOOO)0O00OOO
o
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ooooooogo

go0.o0,000o0o0oo0ooooboooobooboboboobooooboboobobo. POOO

oged O4OOOOO

000 | rms [ADC] | rms [mV]
P 0.81 0.081
H 0.53 0.265
M 0.32 1.6
L 0.38 19

Noise Level @ 0x02, || PP

P H
o 121 o F
¢ [ -~0.1mV/iLSB ¢ | ~05mV/LSB
= 10 List>10: S 6 List>5
< F i < I {0}
(S [SHE
S) F k] [
o [ o 4
5 of 2
: E T
E z
2F [
C’\\\\\\'I ||\\ T C"““‘"‘"‘"““““
0 10 15 0 2 4 6 8 10
Amplitude [FADC Value Amplitude [FADC Value]
M L
0 » F
e [ ~5mV/LSB o 10F
€ 8f List>s: 5 5
< [ { < sk
(8} of S F
>t > ef
g I 8 f
4 [
E % E 4
z [ z [
2 || 2F
C"“ "‘"‘"‘\H‘\H‘\ Oi““""“““““\'
0 4 6 8 10 0 2 4 6 8 10
Amplitude [FADC Value] Amplitude [FADC Value]
Noise Level @ 0x02, || RMS
P H
»  6f )
[ [ ~0.1 mV/LSB 2 [ ~0.5mV/LSB
c 5F c 3
[ F © I
= F =y
O aF @]
k] E ks
3 3 2
N et
2 2F z [
1F || b
B . . L L
%% 05 1 5 % 02 04 06 08 1
Amplitude [FADC Value] Amplitude [FADC Value]
M L
S [ ~5mV/LSB < [
3] [ ~5m @ [
£ sf £ sf
=t - = -
(8} [ O [
> 2F > 2F
[ o [ o
Qo Qo I
£ + £ +
=3 I > -
=z 1+ 2 1+
C’\‘""\"‘H‘“‘N““‘\H‘\H‘\ 0]‘HH\,‘,‘“\‘_H\H‘\H‘L
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Amplitude [FADC Value] Amplitude [FADC Value]

0 6.10: MoGURADO DD 0x020, 000000000000 00 00Peak-to-Peak(d ), RMS(O)

goooooog,pMTOOUODO 12000 1000000000 0D0O0LOODODOODODO



6.2.

oboobooboogn

87

gboboobgoooo. oboboooobooboo,0bobobbobobooboboobobon,
gboogbuoobo,obooboobooboobooboobooboboboobobo.oboo

googn

gooog.

BLR+MoGURA

BLROOOOOUOOOOOOBLROOOOSK0[Q|OOOOOOODO,00000000 MoGURA
0000000. 00,BLROOOOOOOOO S0 [Q)ODO0000OOOOOOO. OODODOOO

Noise Level @ 0x01000000 PMTO-P

Noise Level @ 0x01000000 PMTO-H

E | BaselineLevel (manual) : 199.4

Entry 80000
Overfliow : 0
Underfllow : 0
Mean  :199.43
RMS 0.60
PP 6

BaselineLevel (register) : 199.375

I | ! | | | |
192 194 196 198 200 202 204 206
Amplitude [FADC Value]
Noise Level @ 0x01000000 PMTO-L

Entry 80000

Overfliow : 0

Underfllow : 0

Mean  :199.08

E| RMS 031
PP 4

210 ey : 00000 XoIndf: 1702.4/ 3 (0%) z
3 f|overiow -0 N: 399261 + 666.043 3
S v 015 Mean: 209.162 + 0.00265816 8107
105j RMS 1136 Sigma: 1.36629 + 0.00226774
E PP 112
E BaselineLevel (register) : 209.25 Zl—h 4|
| | Baselinetevel manua) : 200.2 10
10°F
| #<mdth:5 #sigma: 0 3|
103? #>math:5 #sigma : 0 w 10
2
10
10%F
1]
10'F 10
r Lo R
10°F yoror I 10°
E L i PN T T I R R AR R !
200 202 204 206 208 210 212 214 216 218
Amplitude [FADC Value]
2130n 2008 154239 357
Noise Level @ 0x01000000 PMTO-M
7 [ 7
2 E [Entry 80000 2
g F overfiiow : 0 g
I | Underfllow : 0
S s|_| Mean 199.09 S 5
10°E|rMs  :0.34 10
F PP 5
I | BaselineLevel (register) : 199.312
10° H BaselineLevel (manual) : 199.1 104
10° 10°
10%F 107
10'F 100
10%F 10°
! L L ! L
196 198 202 204 206

L
194

200

Amplitude [FADC Value]

21.9an 2009 13:43:33 05T:

BaselineLevel (register) : 199.188
BaselineLevel (manual) : 199.1

| |
202 204
Amplitude [FADC Value]

L I L
194 196 198 200

0 6.11: BLROODO010,0000 120000 MoGURAODODO 0x020,0000 00000

goood

gobood

good

goobon

rms [ADC]

rms—[mV]

1.36

0.136

0.60

0.3

0.34

1.7

el i Hun] e chm

0.31

15.5
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0D00,PO0D0000O0COO0O0O0 0136 [mVrms]00000 0.1 mVims]0000. 000
0000000000000000000000000. MoGURADO, 000 BLR+MoGURA
0000000000000 0000D0D0D000000000, BLROOOOOOOOOOO
(0.1362 — 0.0812)2 = 0.109 [mVrms] 000000000,

6.2.2 0O0O0OO0OOOOO

O00o00ooooooo0oooo. 0oooooooo0ooooooooooooooo.
00000000000 MoGURA O Single Hit Rate 00000000000 ODOO. OO0OO
0000000000000 00DO0b000DOOo0bOo0ODOo HITOODODODOOOO. Single Hit
Rate 0000 HITODODOOOO 100000000000, SystemFPGAODOOODOODODO
00000000000 HITOOOOODOOOOODOOO. oo0o0oOooo 1 [ADCIOOOO
00,000 Single Hit Rate 000000000, 00000000DO0O0O0. DODOOOODO
OO0 HtOOODODODOOO0OO0ooOoO00,0000000000000000000000000
OO0 HITOOODOOOOOOOOOOO.0O00,00000000000 4000 [nsec]x100 =
400 [psec] O Single Hit Rate 000000000, O Single Hit Rate 000000000, OO

Single Hit Rate @ 0x02000000 PMTO-P Single Hit Rate @ 0x02000000 PMTO-H

AN

=
Y

le.Hit R " dw
Single Hit Rate : Calced with Manual Baseline and Wavefdm
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6.2.3 0O0O0OO0OOOO
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