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Cl

2.56+0.23

Total Rates: Standard Model vs. Experiment

Bahcall—Serenelli 2005 [BS05(0P)]

+0.16
1.0:918

0.41+0.01

SAGE

SuperK
Kamiokande
H,0

Theory

B M CNO

1.0+0-18

-0.16
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GALLEX
+
GNO

Ga ]DZO

"Be W PP, Pep Experiments m
Uncertainties

0.30+£0.02
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GALLEX Ga (SNU) 77.5+6.2773 126 + 10 0.62 4 0.10
GNO 62.9732 + 2.5 0.50 + 0.07
GNO+GALLEX 69.3+ 4.1+ 3.6 0.55 4 0.08
SAGE 70.8733 37 0.56 + 0.08
Kamiokande SBuflux/ES  2.80 £0.19+0.33  5.69(1.00 £0.16)  0.49 +0.12

(105cm—2s—1)
Super-Kamiokande ES 2.35 4 0.02 £ 0.08 0.41 4 0.07
SNO (pure D20) CcC 1761508 +0.09 0.31 + 0.06
ES 2.391022 £0.12 0.42 +0.09
NC 5.091043 Toas 0.89 4 0.21
SNO (NaCl in D20) CcC 1.68 +0.06 7008 0.30 £ 0.05
ES 2.3540.22 +0.15 0.41 4 0.09
NC 4.94 4+ 0.211)33 0.87 £0.17
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3.3 Uoon

3.3.1 00dQd
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goboobobobooboobooobobbboooooobooboobooobon
00000000000 0o0OO0o00oCoDoOOoU0OOOO0O00OoLOUOO(mooo)oo
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Signal_L .
for tail

Width 1ms  Delay 50ns
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[ave>—————

Width 100ns
FI/FO
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h 200ns
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Signal R for tal with microLANI

0 4.3: Delayed coincidence logic

4.2 calibration

0Co0 ¥CsO0 00000 calibration 0 000000000000 00O0 NalODDOOOO
0000 (44)00000000000000000000 50 (x=-35,-20, 40, +20, +35 cm)
0000000000000000000000000000 (B¥"Cs000 478 keV) O
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o (4.1)
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E.=E,

1+
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(4.2)

00000 (4.1)0 %Co0 ¥'Cs0 0 0000000000000 O0O0O~0000O
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4.2.1 gain[0

r=4+0cm0 OCo0 00000 D0OODOOOOOPMTOOOOOOODOOOOOO
O00do0oooooooo gvoooogoogooao
Qapc, teft — QAaDcC, right _0 (4.3)
Qapc, teft + Qapc, right

000000000000000 Qape, iefs 00 PMTOO O ADC O OQapc, right 0 0
PMTODOO ADCOOOOO

4.2.2 vertex reconstruction (0000 O00O00O0O0O0O)

D00 PMTOOODDDOOOOOO vertex0ODODDDOOOYWCsOOOODODOOO
O00D00500000000000 gaussianl fittingO 0 TDCO (DOOODDODOOOO
O0)0 mean 00000000000 O0OOO A7)0D0O0O000OO0OOOOOODOOO
fittingD 00000000000 0OO0OOOOOOOOO (TDCO —-00 (em))00O0O
0 (4.7)0000000000000000000000000000 1.4 x 10 m/secO
ggoboboooobuoobooobog

c  3x108
V= — =
n 1.45

gobbooboooboobooooboobooboobobobobobooooboboooo
000000000000 1450 200,38nmm 000000 [26)0

= 2.1 x 10% Om/sec (4.4)

| Position Dependence |
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O00000000000000000000W¥Cs0000000nonooonos00
000000000 gaussian O fittingd O ADCO O mean O O

x + 50
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50 — x
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O fittingD OO 00000000 ADCOOOOODOOOOOO AOOQOOOOODOOOO
0500000000000 ADCOOOODOOO (4.8)DDDDDDDD ADCOODOO
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| Position Dependence |
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4.2.4 energy calibration

0Con B¥'Cs0 000000000 D0O gaussian O fittingD 0 ADC 00 mean O real
energy 00 00 pedestal 0 00000 fittingDd (0 (4.9)0000000000 ADCO
O visible energy U 0 OO O O
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%‘ 0 Energy Calibration (ADC0_ch13 for prompl,leﬂ)‘ '?: 0 Energy Calibration (ADCO_ch15 for prompl,righl)‘
X C X, L
> 1000 > 1000
> F > C
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& 800 & 800
5 5 L
[y L [ L
€ goof T 600
r . C /
400 400
200 200[
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O 4.9: energy calibration

4.2.5 energy resolution (0000 O00O00)

BCs0 0000000000005 00000000000000000 gaussian O
fitting 0 0478 keV O 00O O energy resolution 0 0 0000 (O (4.5)(b)) 0000000
0 energy resolution 1 000000000 (O (4.10)(2)000 YCo0 00000000
D000z =4000 963, 1119 keV O OO O energy resolution 01 000 Oz = +000
1B7Cs 000 °Co0 0O energy resolution d 000 O

2
0 = \/Jg, sys T (Jiy%at> (4'6)

O fittingOD 0000000000000 (O (4.10)(b))O
478 KeVO 00O O energy resolutiond 14 %02 %0 0000000000000 Ooepergy
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Cenergy = \/ (8.5)2 + (%)2 (@7)

| Position Dependence |
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0 4.10: energy resolution
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4.2.6 vertex resolution (00 O0O0)

BCs0 0000000000005 0000000 vertex OO gaussian O fitting
0 0478 keV O OO O vertex resolution 0 00000 (O (4.11))00000000 vertex
resolution 0000000000 (0 (412(2)000 ®Co000D00D0OO0O0DOO0
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| Position Dependence |
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0O 4.12: vertex resolution
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4.3 OO0 OOOOOO
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gobobogbobgoboboboobobobibobgooobbooboobooooboo

4.3.1 He65270 0 0
ooobooooooog

accidental ] 0 00 000000000000 DO0OO0O0DOOOOOOODO (O (4.2)0

selection
Fiducial position —25 < X <25 cm
Prompt energy 500 keV < Eprompt, visible
Delayed energy 450 < Egelayed, visible < 790 keV
Position correlation —6.8 < AX < 7.7 cm
Time correlation AT < 400 psec

042 00000000000 0O00 AXO prompt delayed D000 0 vertex 00 0O
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Delayed D ODOOO0O0OOO0O0OO

2Mpo0 78 MeVO 0000000000000 D0000D0OO0O0OO0O 0581 keV
O visible energy 0 0000 000000 gaussian O fittingO OO O O0OO0O0OOOO0OO
energy resolution 0 12 % (581 keV) O O O O

Delayed Energy Spectrum |
L ¥/ ndf 66.92/ 66
L const 508.1= 6.3
L mean 580.6 = 0.7
r sigma 66.18 = 0.64
500 f p3 26.45 = 3.00
L p4 -0.02652 + 0.00362
400
300
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100
B et
"1+¥r++\"+’+ \H‘\ 1 1 ‘ 1111 ‘ 1 111 ‘ 1111 ‘ 1 11 ""--Lui Attt
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0 4.14: delayed DO OO OO0ODOOOO
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214Bi/Po delayed coincidence 10000000000 (O (4.15)(a))0 gaussian[ fitting
OO00O0DbO0oO00OognD vertex resolutiond 7.3 cm O 0 0O O

good

214Bi/Po delayed coincidence 10000000000 (O (4.15)(b)) O
In 2
F(t) = [Nconst X exp (—;— t> + NBg} x exp (—Rpa x 107° x t) (4.9)
1/2
O fitting 0 0 O Rpg O accidental backgrounds rate D0 000000 614 HzOOODO
fittingD 000000 Ty/,0 170+ 4 psec0 000150 000 2MPo0 000 164 psec
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Time Difference between Prompt and Delayed Events

r 2/ ndf 122.6 /97
const 554.5 + 8.3

500 half-life 169.7 + 4.2
* bg 5.229 = 2.111
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O llllllllllllllllllllllllllllllllllllllle r~4H
100 200 300 400 500 600 700 800 900
AT (usec)
(a) 2“Bi/Po0000O0O00DODO
Position Difference between Prompt and Delayed Eventsl
r %2/ ndf 79.74/51
600 L H Constant 509.4 = 5.5
- Mean 0.4629 + 0.0646
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4.3.2 He5270 00

2 msec time window [0 delayed coincidence OO0 O OO0 OO

obooooobobooon

000000000000000Osingle000000000000 (4.16)0 000 single
00000000000000000000 vertex0OOODOODODOOOOO0ODO0OO0OO0OOO
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000000000000000000000000000000000000000
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Energy spectrum
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1 9.73 events/sec.

2 2 R/

80 -60 -40 -20 1] 20 40 60
vertax(an]

0416 00D00ooobooooboooogoooo

gbooooodoooooooboboboboooobobboooboboobooooo
0@ 41700000 49Hz20PMTOO 3.8 Hz 0O ODOOOOODO 1.0Hz000O0ODO
oooooon

65



FHIIDE' Data
MC 9.7Hz
—_—r

Rock : 4 9Hz, PMT : 3.8Hz, 21%Pb: 1.0Hz

Count Rate [counts/hour/10keV)
2
=]

200F 4| Data vis. M.C

O T - ——— .
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O 4.17: 000 v.s. MC

gobooooooogo

accidental ] 0 000000000000 OOOOOODOOODOOODODO (O (4.3)0

selection efficiency
Fiducial position —25 < X < 25 cm ~50 %
Prompt energy 300 keV < Eprompt, visible 82 %
Delayed energy 325 < Egelayed, visible < 811 keV 30
Position correlation | AX |[< 24.6 cm 3o

0 43: 00000000000 D0O0 AX0O promptd delayed D000 O vertex 0 00
ooo

0 (4.18) O delayed coincidence 0000000000000 0OlivetimeOd 39.800 O
fittingD 0 0 24Bi/Po 000000 486,900 (4.3)0 000000 41 %00000 00
goooooanon

1 1

486.9 event
CVENES X AT 30.8 x 3600 sec - 0.0225 m?

= 368 mBq/m? (4.10)
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4.3.3 RS877
energy resolution (00000 ODOO)

B'Cs0000000000000300000000000000000 gaussian 0
fitting 0478 keV O 00O O energy resolution 0 0 0000 (O (4.19))0

478 KeV O 00O O energy resolution 0 11 %0000 0OH6E527(14 %) 00000000
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vertex resolution (00O 0O0)

BICs0D00DD00000000030000000 vertex DO O gaussian O fittingd O
478 keV O OO O vertex resolution 1 0 OO0 00 (O (4.20))0

478 KeV O 00O O vertex resolution 0 16 ecm 0 0 0 ODH6527(7.2 cm) 0 0000000
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4.34 PSDOODO

H6527+150 ml 0 0000000 O0DO0O O H6527+microLAND O PSDO O OO O OO
000 CAMACOOOOOO VMEOOODODOOODO ADCOOOOOOO0OO0OOO0O
OVMEOODOODQOO deadtimed O0O000000O0DOO0 singledO0OOScalar0O000O
00000000 delayed coincidence 0 0 OO0 (4.21)0 PSDOOOOOOOOOODO
O0O0microLANDOOOOODDOOODOOODOO delayed coincidence OO ODODOODO
soboooood

5 inch PMT divider ADC

150ml vial T delay total charge
; delay tail charge
L trigger
LS +Rn
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H6527+150 mlO0 000
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0000000000000000000000000000000000000000
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0 (4.22)000 AT < 500 pusecd 00 0 prompt 0 000 0000000000 delayed
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total charge 0 00 000 200 gaussian O fittingD 000000000000 90 %0
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000 (422)0000000000000000000O Otail charge O total charge O
000000 (424000000000~ 000000000000000000 200
00 a00~000000000000000000

000 15,0 ml0 0000000 PSDOOOODOOO?MPo00000 10%00000
000000000000 985 %cut0 0000000000
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tail +10nsec

gsoo - le ndf 155.9/68
8 I . poO 2272+ 13.1
8 [ . 0.136 + 0.000
c
- - 0.02679 + 0.00014
é 000 L - 3453+ 12.1
- . 0.07746 + 0.00049
B . 0.01069 + 0.00030
1500 .
10001 900<E <2000
500 :
ol Z . D 1
0 0.05 0.1 0.15 0.2 0.25 0.3
tail/total

0 4.23: 24Po00000000D0DO0 tail, total charge 0 O

tail +10nsec

£ %2/ ndf 28.98/ 35
8 90 pO 24.63+1.78
€ 8o p1 0.1139+0.0031
5 P2 0.01955+ 0.00221
(&) -
701 p3 80.85 + 4.20
601 p4  0.07281+0.00078
- p5 0.0119 + 0.0006
50—
Oy 1800<E <2000
30/
20/ a
10/
ot . P R
0 0.2 0.25 0.
tail/total

0 424: ~O0000O0OO0O0OODOODDOODODOOO0OOO tail, total charged O
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H65274+microLAND

00 microLANDO PSDOOOO00O00O0O0D0OOO0 (4250 2Ypo000000n
O tail chargeO total charge D 0000000020000 00000000 OmicroLAND
0000000 PSDOOODOODODOODDODOminiLANDODDODODODOOODOO
O0oo0o0ooDoooooDooOooOo0oooooDoooooooooonoooooon
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0 4.25: 24Po0 0000000000 tail, total charge O O

4.4 00O
000000 miccoLANDOOOOOOOOOODOODOOOOOO

e D000D0DDDDDDODODO Odelayed coincidenced 000000 2MBi/Po
000000000000 O0O000

e resolution 0 0 00000000 DODOOODODOOOOOO00OODOOO miniLAND O
0000 (03000)000000ooooood

e microLANDOOOODOODOODOODOODOOOOODODOODODOOOOOODDOOO
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73



PMT (0 3000)000000000~00000000 NalOOOOOOOO
0 (Qs5000)000000

e microLAND O 100 mBq/m*0 00 00000000000000000O0000
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Usb ~H»Ubbgbootdbotggod
HEN

miniLAND O 1 mBq/m?* 000 0000000000000 000000O0O00000
ooobobooobobooooboobobogooo pMTOODODODDOODO (4OKD
00~0)0000000000DOOO0OCOyOO0O0OOOOOOOOOODOODOOOOOO
gaooo

5.1 JUgoogobbooobobbdgnboob bgd

0000000 1mBg/m300000000S/NOO 100000000000000
00000000000000000000002Hz0000000000000000
0000 PMTOOOO0OO0O000000000O000000000O0O0000000
0000000000000000000000000000000+00000000
00 00000000000000000000000000000000000

4y0000000000000000000000000002Z00000000000
00000000000000000000000000000000000000000
00000000 Z°00000 Z’00000000000000000000000 (5.1)
0 (a) 0 (Z=9)0 (b)Nal(Z=64) 000 00000000000000

4000000000000000000000000000 (5.1), (5.2), (5.3)0000

oo Z 00 oooO0d ooogd
(wt%)  (g/cm®)  (g/em®)
Nal 64 62 3.67 1.86
NasS203 35 0.1 1.67 -
CdCls 65 59 4.05 1.38
GdCl; 81 64 4.52 1.71
Dodecane 7 - 0.753 -
NaCl 28 23 2.17 1.18

O 51:vO00000000000 NagS203, CdCly, GACls 00000000
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00 (00) 000 000 00000
(%)

Nal 1.53 93.4 0.793
CdCl, 1.44 95.0 0.893
GdCls 1.47 63.0 0.724

Dodecane 1.44 99.9 0.996
NaCl 1.39 98.8 0.973
Acryl 1.51 99.7 -

Ubs2:. 000000000000 0ODOODOODOODOODOODDODOO 80O nmO0O000
O000ONalOOO0O 01wt%NapS,0s 0000000000000 2emO0 000000
9em 00 0000D000DODOOOOOODOOOODODOO0O0OOOO0O0O0O0O0 PMTO
gbbodbooboobobbouboobouoobbooboobobobboo

0o 000 (mBq/kg) 00 BGOOO (Hz)
voo Th OO 40K oo PMT 00O

000 Nal <9.2 <17 <41 <216 150 < 0.66
NapS,03 < 18.3 <19.9 < 374 - - < 0.023
00 Nal <23 < 36 < 110 - - <15

00 Nal 2440£970x < 787x  13100£8900*

CdCls 2110 £ 1100%x < 718x% < 13300 - 2.26 -
GdCl; 643 4+ 190 391 + 82 98 +£12 - 1.62 -
Dodecane - - - - 3.61 -
NaCl 2640 £ 1070« < 1120% < 9990 - 2.71 -
PMT 1 Bg 1 Bq 2 Bq - 30 -

053 y00000000000000000+x0000000000 [22]000000
O000GACO0 000000000000 OGdCls0 UnOO 24padThO OO 212Bj
Oooooooooon

5.2 00U

U000 poison D00 0O0OOpoisson JOO0OOO0O0OO 00000 cOO0OOO

o=,/ (5.1)
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[ORVAY
O00bo00o0b0oo0bob0oooboggnD energy resolution 0 00O OO O Oreso-
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5.2.1 00O

Uo00ooooooobbbooboobooooDog 415, 440, 480, 520, 560, 589, 620 nm

0000000000000 000 fittingOO O (O (5.2)0

pl
n(\) = p0+ 55 (5.3)
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T=—""—/— 5.4
(ot 12 (5.4)
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5.2.3 0O0OO0OOO
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NaCl radioactivity
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