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Solar Neutrinos Chronolog

1996 Super-Kamiokande I (2001)

1991 GALLEX (1997)

1990 SAGE (running)

1986 Kamiokande II (1995)

1985 Mikheyev and Smirnov develop theory or resonant oscillations
1970 R. Davis Cl-Ar experiment (1994)
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Solar Neutrinos (Q = 26.731 MeV)
pp — chain
ptp=°H+et+ Ve ptet+tp=?H+ V,
<0.420 MeV 100% 1.442 MeV
0.4%

°’H+p =°He+ )y

0.002%

’He +3He = O +2p

He + “‘He = 'Be + ¥

‘He +p = ‘He +e*+ V,

15% 0.02% <18.77 MeV
‘Be+p =°B+Y
‘Be+e =7Li+ V, ggg; xzz’ ) )
l B =>%Be" +et+ V,

Li+p =2Q

l <15.0 MeV
SBe* = 2Q




. 4p = o +2e* +2V
Solar Neutrinos (Q = 26.731 MeV)

CNO cycle

p+2C=>PN+y
}

BN = 3C+et+ V, | 0.720 MeV

)

p+BC = “N+y

4

+ N = PO+ y

]

PO = PN+et+ V, |<0.980 MeV

]

p+tBN=a+2C




The results of the seven solar neutrino experiments
and comparison with predictions of the standard solar models

Facilities Cl> VAr "Ga > "'Ge *B v flux
(SNU) (SNU) (10° cm?s™)

Homestake
(CLEVELAND 98) 2.56+0.16+0.16 — —
Kamiokande

— — S0 £0.19 £ 0.
(FUKUDA 96) 2.80+0.19+0.33 +
SAGE

- 2+3.7/-3.6 +3.5/-3. —
(ABDURASHITOV(2) 67.2+3.7/-3.6 +3.5/-3.2
GALLEX

— D+6.2+4.3/-4. _
(HAMPEL 99) 77.5+£6.2+4.3/-4.7
GNO
(ALTMANN 00) — 65.8+10.2/-9.6+3.4/-3.6 —
Super-Kamiokande
(FUKUDA 02) — — 2.35+0.03+0.07/-0.06
SNO (NaCl B D20), 1.68 £0.086 = 0.08 i

391days, — — 235+0.22+0.15 F

PRC 72, 055502 (2005) 494 +0.21 £0.36 *
(Bahcall 01) 7.60+1.3/-1.1 128 +9/-7 5.05(1.00+0.20/-0.16)
(Turck-Chieze 01) 7.44 + 0.96 128 + 8.6 4.95 + (.72

* - x> measurement of the flux via the NC.
t- ¢ g, measurement of the flux via the ES.
I- @cc» measurement of the flux via the CC




The results of the seven solar neutrino experiments
and comparison with predictions of the standard solar models

Facilities C1—> YAr TGa - "'Ge ’B v flux
(SNU) (SNU) (10° cm™-s™)

2.56+0.16+0.16 - -

Kamiokande
FUKUDA 96 - - 2.80+0.19+0.33 +

— 67.2+3.7/-3.6 +3.5/-3.2 —

— 77.5+£6.2+4.3/-4.7 —

— 65.8+10.2/-9.6+3.4/-3.6 —

Super-Kamiokande

(FUKUDA 02) — — 2.35 £0.03+0.07/-0.06

SNO (NaCl B D20), 1.68 £ 0.086 + 0.08 i
391days, - - 235+£0.22 £0.15 7

PRC 72, 055502 (2005) 494 £0.21 £0.36 *

(Bahcall 01) 7.60+1.3/-1.1 128 +9/-7 5.05(1.00+0.20/-0.16)

(Turck-Chieze 01) 7.44 = 0.96 128 + 8.6 4.95 £+ (.72

* - x> measurement of the flux via the NC.
t- ¢ g, measurement of the flux via the ES.
I- @cc» measurement of the flux via the CC
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New radiochemical solar neutrino detectors considered in 1972
(Evans J C 1972 Proc Solar Neutrino Conf.
(25-26 February, Irvine: unpublished) p. B-6E)

Relative response (%) Mass

Target Product pp pep 'Be B CNO (tons)

TRp  ¥Tmgy 74 2 21 1 3 32
SMn' P Fe 67 3025 3 420
NGaz "Ge 69 226 0 3 19
Li*  Be 0 18 15 51 16 17

I Domogatsky G V 1977, Soviet J. of Nucl. Phys. 25, 133

2Kuzmin V A 1965 Zh Eksp Teor Fiz 49 1532 [1966 Sov Phys JETP 22 1051]
3 Bahcall J N 1969 Phys Rev Lett 23 251



measured _ () 48 +().08

predicted

1986-1995
v+e ->v+ e

Paradox:
R,(B +7Be) — Ry, °B) ~0
(~15%)
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SuperK, SNO (6,5 M3B) | 1986-995 v+e -=>v+e
Kamiokande Il (7,5 MaB) , - 4

Cl (0,81 MaB) =
Ga (0,23 M3B) !
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7

10" B{\ |
10° |

S T
10° [ X ok
10 [ :
10° N 2k Ty, N RS
10° " - amioka;
10° — 1 :
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x . Ry = = (.54 + 0.08/ *0-10
Neutrino Energy (MeV) @ predicted

\

©
5

Neutrini Flux (cm?2 s™)

oe

IJl

-0.07

* 1 SNU =1 interaction/sec in a target that contains

10% atoms of the neutrino absorbing isotope. 7Be + p —> 8B - 'Y
L_sBe* + e+ +v,
a




Neutrini Flux (cm2 s™)

1012

10"

GALLIUM SOLAR
NEUTRINO
EXPERIMENT

SuperK, SNO (5,0 Me\/)| B
Kamiokande II (7,0 MeV), -

Cl1(0,81 MeV) |
Ga (0,23 Me\’)

|
e

......

R

Bahcall- Plnsoneault

:
3
i
3

Neutrino Energy (MeV)

* 1 SNU =1 interaction/sec in a target that contains

10%® atoms of the neutrino absorbing isotope.

71 71 -
Ga+V— Ge+e
Kouzmine, 1965

Q=2332keV
Typ =1143d

LOW THRESHOLD:
233 keV

SENSITIVE TO
DOMINANT p-p NEUTRINOS

SSM PREDICTIONS:

BAHCALL-PINSONNEAULT:
128 +9 / -7 SNU (lo)

p-p NEUTRINOS CONTRIBUTE
70 SNU (54%) OF THE RATE

! IF ONE ASSUMES ONLY THAT THE
SUN IS INTHERMAL EQUILIBRIUM,
THEN THE MINIMUM RATE IN A
GALLIUM EXPERIMENT IS 79 SNU.
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Grenoble
&

GALLEX

INTERHATIONAL
SOLAR NEUTRINO RESEARCH
COLLABORATION
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SAGE

Baksan Neutrino Observatory, northern Caucasus,
3.5 km from entrance of horizontal adit,

50 tons of metallic "'Ga, 2000 m deep,

4700 m.w.e. => ®pu ~ 2.6 m2 day.

Data taking: Jan 1990-Dec 2005, 145 runs, running.
Atoms of 71Ge chemical are extracted and

its decay is counted.

Sensitivity: One "'Ge atom from 5-10%° atoms Ga
with efficiency ~90%

RSAGEGa — 66.5+3'5_3.4 +3.5_3.2 SNU = 66.5 +4.9_4.7 S

10 . . {4200 5 TR
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10 \ !
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" 107 | / .
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ot 4 bt
5 ; =
m g
S 2700 2
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=
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D - Low Background Chambers
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GALLEX: GALLlum EXperlment
Gran Sasso Underground Laboratory, Italy,
overhead shielding: 3300 m.w.e. -
; . 30.3 tons of gallium in 101 tons of gallium chloride |#¥

(GaCl; -HC]) solution

data taking: May 1991-Jan 1997, 65 runs
RGALLEXGa =775+6.2 +4.3_ n SNU=77.5 +7.6_
SNU

7.8

GNO: Gallium Neutrino Observatory
' Successor of GALLEX, GNO30: 30.3 tons of
' gallium
! data taking: May 1998 - Sep 2003, 58 runs
RENO =629 "5/ ., £2.5SNU=62.9 *¢0 . SNU

G4m’, 1 GALLEX + GNO => RGALLEX+GNO =
°. . 69.3+4.1%£3.6SNU=69.3 £5.5SNU

i 4 et |
‘ o

™~
| Stopcock

Active volume (1 ccm)

| I
0 1 2 3 4 5cm
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SICr YAY
Gallium chloride solution Gallium metal (SAGE)
(GALLEX)
(1) (2)
m, (tons) 304 304 13.1 13.1
Mg oo (KE) 35,5 35,5 0,513 330
enrichment (% 3°Cr) 38,6 38,6 92.4 96,94% 4°Ca (natural Ca)
source specific
activity (KCi/g) 0,048 0,052 1,01 92,7
source activity
(MCi) 1,71 1,87 0,52
expected rate 11,7 12,7 14,0

7 Ar (35.4 days)

Cr (27.7 days)

427 keV v (9.0%)
432 keV v (0.9%)

813keV'v (9.8%)
811 keV'v (90.2%)

747 keV v (81.6%)
752 keV Vv (8.5%)

140,0 mm
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Neutrino Mass I

,l, More Light

Gigantic Water Cherenkov Detector
Super-Kamiokande
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Super-Kamiokande exXperfme

(1996) 0,000 tons of wate
punded:h O F
s ‘ a ) a a E G i
the water
9 ( e . y ' l DX
# :,‘,f v ; ,
- " o e Super-Kamiokande-| solar neutrino data
% : AV May 31, 1996 — July 13, 2001 (1496 days )
Ses soes 428 E fFr——T " rr+ (1 "+~ *+ 1 11 11
i ‘ g 5-20 MeV
Hdeain . £ 2 v+e 2 v+e
1 J : :'* ?1 i .1:—. | 18]
b :,Sf‘t.:' i' Ene -
ie 1 i
1
22400+£230 solar v events
(14.5 events/day)
_u 1 I . | L I [ ] 1 ] 1 ] 1 ] 1
N 10 -0.5 0.0 05 secl?
- 8B flux : 2.35+ 0.02 £ 0.08 [x10°/cm?/sec]
Data +0.014

{ Data/SSM(BP2000) = 0.465 +0.005 +0.016/-0.015 )



Schedule for Future

lNOW

1996 | 1997 | 1998 | 1999 | 2000 |2001 |2002 |2003 |2004 | 2005 |2006 |2007

SK-I 1

Accident

SK-II

DAQ stop: November 2005 ~ March 2006

ID PMT: SK-ll = ~5200 ®==) SK-lIl = 11146 (same as SK-I)
Original energy & vertex resolutions for low-energy events

—> Solar neutrinos below 5.0MeV with improved
analysis tools and lower Rn backgrounds

— > Precise study on spectrum distortion in SK-Il|
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XD | SK-I 1496day 5.0-20MeV 22.5kt 221 + .
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J ( 3 Sun ZoCcgEe>Z2200 k>0
gs— . S J sB3£€3333433¢%
TN, Earth
= J ; d SK-I
. “ v
} = Eccentricity = (2.1 £ 0.3) %
(monthly) .
SK-Il 791day |
8.0-20MeV
" Line: SPI<-I1496da31 average (Preliminary) j

1998 2000 2002 2004 2006
YEAR



After Six Solar v Experiments

@ 3 Gallium (Radiochemical)
@ 1 Chlorine (Radiochemical)
@ Kamiokande +Super-Kamiokande (Water

C
81—
3 What's Going On??
% - mI = @ Or Solar Theory?
e = @ Or the neutrino?
2

000

0 10

i
ENERGY (MeV)

Where have Solar Neutrinos gone?



Sﬂlar Neutrmo Observatmns ( ~ 1995)

experiment solar neutrinos data / thenr}r

Homestake  "Be + 5B + --- 0.29 + 0.03
(CD

Kamiokande 8 0.48 + 0.08
(H,0)

GALLEX pp+ Be+3B+- 0.60 + 0.09
(Ga)

SAGE pp + 'Be + 5B + -+ 0.52 = 0.09
{Ga)

T T TR

Where have Solar Neutrmos gone ?




Sudbury Neutrin \

- Gives v, energy spectrum well Key physics signa'turets‘;
- Weak direction sensitivity «c 1-1/3cos(0)
- v, only.
Novadspenty, g Ty
(Dnc Ve Vu b Y
- Measure total 8B v flux from the sun.
- Equal cross section for all v types
O, _ V.,

Do Ve +0.154(v, + V)

- Low Statistics

- Mainly sensitive to v, , some (I)d ay VS ()
-sensitivity to v and v,

- Strong direction sensitivity

night
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Background to SNO

1984 Herb Chen proposes a heavy water solar
neutrino detector with Neutral Current detection
capability

* 1985 Mikheyev and Smirnov develop theory or
resonant oscillations

* Suddenly the ‘World’ believes in neutrino oscillations

* Single set of parameters solves SNP with small vacuum
mixing, dark matter and supernova!!!

1990 SAGE shows greatly suppressed Ga rate
1990 Start of construction of SNO



Phase I (D,0)
Nov. 99 - May 01

Phase 11 (salt)
July 01 - Sep. 03

Phase 111 (*He)
Summer 04 - Dec. 06

n captures on
2H(n, v)°H
c =0.0005b
Observe 6.25 MeV y
PMT array readout

2 t NaCl. n captures on
35CI(n, y)36Cl
c=44b
Observe multiple y’s
PMT array readout

40 proportional counters
3He(n, p)SH
c=5330Db

Observe p and 3H

PC independent readout

Good CC Enhanced NC Event by Event Det.
33Cl+n S
2H+n 8.6 MeV cm
6.25 MeV
.n
3H 4 v




s Flavor change
----- B6B% C.L

‘JHM e .
determined by > 7 o.
—— ¢, 68%, 95%,99% C.L.

< CC, NC FLUXES

-
-
-
a

ut
s

— MEASURED
“““ - INDEPENDENTLY

sl

V 25_ B o s CL.
ol E e ssmeL. The Total Flux of Active
= P by, 68% CLL. : :
V. : - % . Neutrinos is measured
T B T 61, —— ‘135 independently (NC) and agrees
: ¢, (x 10" cm™ s7!) _
Electron neutrinos well with solar model
. +0.06 +0.08 Calculations:
Poc =1.68 ~je(stat.) o (Syst.)
5.82 +- 1.3 (Bahcall et al)
+0.21 +0.38 ’ _ ’
Ine =4.94 5 (stat.) 3, (syst.) .
5.31 +- 0.6 (Turck-Chieze et al)

fes =2.35 “(5(stat) 5 (syst)
(In units of 10°cm™s™")

Improved accuracy
Occ _ o34+ 0.023(stat.) 0031 = cos® Oy3sin” 0, «——  foro,.

IN(e



SNO Collaboration, PRC 72, 055502 (2005)
391 Days of Dissolved Salt Data
' +0.06 +0.08 .
Do =1.68 Zjs(stat.) g9 (Syst.)
+0.21 +(0.38
Pye =4.94 75 (stat.) 5, (syst.)
+0.22 +0.15
Qrg =2.35 j55(stat.) ' 5(syst.)

x 10" cm—~s!

(Night-Day)
(Day+Night)/2

Apn=

f

Events/(0.5 McV)

ASHlt + D20 = 0.037 = 0.040

(assuming A, =0)

Statistical Limitation for Observing “Small”™
Day-Night Asymmetry

L50

30

IrIIII‘IIItlll

II.II

e [Data

- Systematic uncentzinties
e SSM "B model shape

— LMA B model shape

:

SNO CC-Spectrum
LUnconstrained Fit

Kl JI-:J el 113
T 4 (MeV)

b 3 9 Lo Ll

=» Combined “Low-Energy Threshold”
Analysis of D20 & Salt-Phase Data Sets

=» Break CC-NC Correlation with Neutral-
Current-Detectors (NCDs)

=» Ultimately Combine Data from all Phases



SNO with liquid scinitillator
for pep and CNO

'Be, pep and CNO Recoil Electron Spectrum
(M.Chen at WINO3)

e -
240
--‘:.'-."' — 7B
£ F e ~3000 pep/ yr/ 600ton
£ - w/ oscillation
(] 3
s f pPep
10°
10 =
- ~3900 CNO/ yr /600ton CNO
1:_III|III|III|III|III|III|III|III|III|III

0 02 04 06 038 1 12 14 16 18 2

Tue Oct 723:30-03 2003 T. [MeV]



KamLAND defocier

detector location: old Kamiokande site

: 2700 m.w.e.

21000 ton liquid scintillator

: 80% (dodecane) + 20% (pseudocumene)
+ 1.52 g/l PPO

: housed in spherical plastic balloon

\

@ 3000 m:? stainless steel vessel
: filled with a mixture of paraffin oil
and dodecane (Ap = 0.04%)

91325 17-inch + 554 20-inch PMT’s

g photocathode coverage : 22% > 34%
energy resolution at 1 MeV : 7.3% > 6.3%

water Cerenkov outer detector



Reactor Experiment in KamLAND

3 lwazakl Kariwa

| g J o Wy :
_ ,/-._, = e Liquid Scintillator
_ 2 e 1000 ton
. Fukushima Daiichi_ . .
ompemreelll 4 4 reactor anti-neutrino
. s, g is detected by
Shlm?srlae » 3 BE et .
* N L @ Inverse beta-decay
Takaha faay ___,5_ __ .
Hlmsh|m : . ___ o = : ' prOCGSS

Ve + p=p» et +n

Construction Dlsa earance Spectral Distortion
: A [Ph av.Lett. 92 (2003) 021802] [Phys Rev | eft, 94 (2005 081801]

ZOMVpromet gl AND dal
12 # 12k '"Hl-‘”’d""'md"! bat=fit Moillnlmn

. 75 Lok #ﬁ, SR [
8§, oo |
4= 08 anL ' \-., ;."-i L
vanonnh Kiver 3 4 o
06 ' ﬁqq !\ !“ﬁ = il
o4 G W i

O Paka Werde L.
02 B Chou o
® KamLAND
!

00

Wt ' _
Distance 1o Beacter () [-|'|'F1|. (hm/hev)




'Be solar neutrino detection:

Precise measurements G eRE6<! Je8n zifSolar neutrinos:
MEXT 5-year project from 2005

1st phase experiment
( Eth = 1.8 MeV)
Vot p > et +n

2nd phase experiment
(Eg, = 200 keV)
Vet e — Vote

O Neutrino Oscillation Search

by Reactor Anti-neutrinos O  Solar neutrino Detection

7Be Neutrino

¥

KamLAND-II
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— 20

= [ (a) l
Combined Solar/ KamLAND Fit < | :
S -
< - |
: Am? 5 ol N
Analysis (105 eV?) tan‘0 : |
SNO only 5.0762 o | 045011 Sk s

Global solar | 6.5™4 0.4510-9 o — 20 |
2 [ (b)) —e8mcCL i
KamLAND | 7.90¢ 0.460-0° s —95% CL ]
-0.5 -0.08 N: 151 99.73% CL —
= I Z
Combined 8.0%06 0.4510-9 - < N §
Stan Wojcicki, NuFact’06, Irvine, CA August 24, 2006
5 ]

0 02 04 06 08 _
tan 6

[—
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Gallium Experiments: SAGE, GALLEX, GNO

Radiochemical experiments
v, +1Ga > "IGe + e
threshold E¢2, =0.233 MeV => all v fluxes (pp, 'Be, 3B, pep, hep, 1°N, 130, 1"F)

SAGE + GALLEX + GNO => R = 67.7 +3.6 SNU
Standard Solar Model => R5M_ = 128 ¥ , SNU

a

The measured electron neutrino pp flux at Earth of (3.23 7-7¢ /) x 10'%(cm?-s)
(5.94 £ 0.06) x 10'%/(cm2-s) (SSM) x((P)=10.555) = (3.30 = 0.07) x 10'%/(cm?-s)

Excellent agreement

1 SNU =1 interaction/sec in a target that contains
1036 atoms of the neutrino absorbing isotope.
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Present status of solar neutrino facilities

pp,pep,CNO, [Running and will run at

SAGE Radiochemical |50 ton of Ga| Russia "Be.'B Tt 84 sy
: pep,CNO, :
Scintillator 1000 ton Canada "Be B Under reconstruction
€
S K Water 50000 ton of Janan g Running as SK III will
uper- Cherenkov H,0 P = run long time
ep,CNO,
KamLAND Il Scintillator 1000 ton Japan b 71; - Plan to start in 2007!
e’
pep,CNO,

Borexino Scintillator 300 ton Italy Hope to start in 2007?

"Be,’B




Borexino is an unsegmented liquid detector: 300 tonnes of well
shielded ultrapure scintillator (Pseudocumene),
viewed by 2200 photomultipliers.

The detector core is a transparent spherical vessel
(Nylon Sphere, 100 micron thick),  ccc.sw norexine Desion
8.5 m of diameter, surrounded by Nm:h:h:m
1000 tonnes of a high-purity buffer ~ /

liquid.

~ 2200 8" Thom EMI PMTs

{1800 with light collecters
400 without light cones)

Muaon veto:
200 outward-

poirting PMTs

100 ton
tiducial volume

Nylon film
Rn barrier

The detection of the "Be neutrino
signal in the 100 tonnes of the \ )
Borexino Fiducial Volume requires U
the intrinsic radiopurity of the
scintillator to bebelow

5x10-15 g/g of U,Th equivalent. N T

Stainless Steel Water Tank Steel Shielding Plates
18m & 8mx 8mx 10cmand 4m x 4mx 4cm




I ne Borexine. pny,

- Gran Sasso is favorite over Kamland, being
deeper (less ''C background):
expected (signal/noise~0.4);

- possibility to apply three-fold coincidence cut

to further reduce !'C background (signal/noise>2);
[Phys.Rev.C 71,055805 (2005)]
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Full data set
Time period 05/91-01/97 05/98-04/03 05/91-04/03 04/03-12/06 | 01/90-12/06
Number of runs 65 58 123
GALLEX/GNO 775+ 6.2 47 | 62.97°55£2.5 | 69.3+4.1+3.6 - -
775714 62.9°" 5, 69.3 + 5.5
Number of runs 45 49 94 50 157
SAGE 79.4%8 5, £3.9 | 65.0% 40 £3.4 | 68.9™°,5+3.4 [64.07°5, £3.4]66.37°5,7 5,
,79.4+9.6_9.3 65.0+6.1-6,0 68.9+5.6-5,5 64.0+6.3-6.1 66.3+4.8_4.5
Number of runs (110) (107) (217) (288)
SAGE+GALLEX/GNO 78.3 £ 5.9 63.9 £ 4.2 69.1+3.9 67.6 + 3.6

Ny
@>
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If one assumes the rate in Gallex-GNO varies linearly in time then the best fit gives
[Capture rate = 82 £ 10 - (1.7 £ 1.1) X [t(year) - 1990] Altmann M et al. 2005 Phys Lett B 616]

140
o 120 - .
: 1 ’ oA . 3 +
% o = i
8 go { —F g - I s
£ 60 1 + %‘ jiaxﬁ__h = -
= "“‘“—=—-__
a 40 N B
)

201 Gallex-GNO data with trend lines | | SAGE data with Gallex-GNO trend lines i

0 I | I | | T | I I I I T I [ | I I T T I T T I T T T T I T | I I | T
1990 1993 1996 1999 2002 2005 2008 2011 1990 1993 1996 1999 2002 2005 2008 2011
Year Year

time variation  y?/dof prob v*/dof prob
with 10.8/5 5.6% 11.7/16 76%
without 13.2/6 4.0% 11.4/17 83%

At the present time we cannot differentiate between these two

hypotheses, but it should become possible to do so with additional
data.



Comparison of source experiments with Ga

GALLEX Cr2 [2.3]

SAGE 5'Cr [1] SAGE YAr

Item GALLEX Cr1]2, 3]
Source production
Mass of reactor target (kg) 35.5
Target isotopic purity 38.6% Cr
Source activity (kCi) 1714 +30/-43
Specific activity (kCi/g) 0.048
Gallium exposure
Gallium mass (tones) 30.4 (GaCl,;:HCI)
Gallium density (10! 7'Ga/cm?) 1.946
Measured production rate p ("'Ge/d) 11.9 1.1 £0.7
R=P(measured)/P(predicted) 1.00 +0.11/-0.10

The weighted average value of R, the
ratio of measured to predicted "'Ge
production rates, is 0.88 = 0.05, more
than two standard deviations less than
unity.

35.6 0.512 330
38.6% 'Cr 92.4% 'Cr 96.94% *'Ca
1868 +89/-57 516.6 + 6.0 409 £2
0.052 1.01 92.7
30.4 (GaCl;:HCl) 13.1 (Ga metal) 13.1 (Ga metal)
1.946 21.001 21.001
10.7 £1.2 £0.7 14.0 +1.5+0.8 11.0 +1.0/-0.9 +0.6
0.81 £0.10 0.95 +£0.12 0.79 +0.09/-0.10
1.2
_ GALLEX Crl
1.1 - 1,00 +/-0,12
[SAGE Cr
104 & 0,95 +/-0,12
n
0.9 -
0.8 1 .
GALLEX Cr2 SAGE Ar
0.7 — 10,81 +-0,12 10,79 +/-0,10
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2 Stage of R&D
experiment reaction detector
LENS ve °In—'""Sn,e,y 60 tons In-loaded scintillater
(pp, Be)
MOON ve "Mo—e "Te(p) |3-3 ton 100Mo foil +plastic
scintillator (pp,7B e)
Lithium v. Li—e Be Radiochemical, 10 ton lithium
CLEAN ve—ve 10 ton Liquid Ne (pp,7B e)
XMASS ve—ve 10 ton Liquid Xe (pp,7B e)
ve Scattering exp. HERON ve—ve 10 ton super-fluid He (pp,7B e)
(Ve "'OC(Vu +V,) TPC type ve—ve. Tracking electron in gas
target (pp,7B e)
SNO ve—ve 1000 ton Liquid scintillater
(pep, Be,CNO)
LENA ve—ve 50,000 ton Liquid scintillater
Ne (pp,7Be,CNO,sB)
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Construction Status SBQQ\B

 Phase I (Cube Hall, Ladder Labs)

— Blasting 1s complete, concrete floors and wall
covering almost complete and will be finished in
June.

— Qutfitting contractor mobilizes in June.
Outfitting of the new personnel facilities and
laboratory spaces will be completed in early
2008. Construction activities for experiment
installation 1n the new halls can begin in early

2008.
* Phase II (Cryopit)
— Funding almost finalized. The intent 1s to begin
excavation next month.

— Excavation would be in parallel with outfitting

of Phase I and would be ready for occupancy
early 20009.
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Underground Facilities

All space will be clean (Class ~1000)

All space at 2 km depth

Services such as cooling, power, UPW etc
Materials handling including cleaning
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* Dark Matter Search
— Picasso Superheated droplets
— DEAP Liquid Argon scintillation
— LUX, Zeplin Liquid Xe scintillation/ionization
— Super CDMS Ge thermal + ionization

* All look for scattering of WIMPs from regular
matter and employ some mechanism for
rejecting gamma backgrounds
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Low Energy Solar Neutrinos

« SNO has measured the 3B spectrum with precision
comparable with theory

 SNO+ is a proposal to replace the heavy water in SNO
with liquid scintillator

— Could provide a precision measure of 'Be and pep — pep would
be unique capability and would test the most precise
predictions of solar models

— Some sensitivity to CNO rates
« CLEAN is a proposal for a liquid Ne scintillation
detector
— offers a direct counting measure of pp neutrinos
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The Future

* SNOLAB is almost complete

* The future for discoveries in Dark
Matter, double beta decay, solar physics
and geo-neutrinos looks very exciting

* We continue down the route established
by the vision of Zatsepin
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availablo, & fhat the reguiremont 15 of amperiance 'n
a neutrino exporimsut .

5. The batkgreund, {1¢80, the production of elemont Z I 1
hy other causes Thsn tThe imverss ffv process ), must be &z

small as possible.

An Sxanmpls

“  The object of this note 1s to show that the experimental
observation of an inverse process produced by neutrinos is
not out of the question with the modern experimental
facilities, and to suggest a method which might make an
experimental observation feasible. ”

\ CIUIS UL oF IV e]

“  The neutrino flux from the sun is of the order of
10%cmsec!. The neutrinos emitted by the sun, however,
are not very energetic. The use of high intensity piles

permits two possible strong neutrino sources.”
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Oscillation Analysis
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& KamLAND data
— no oscillation

—— best-fit oscillation
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KamLAND best-fit (rate + shape)
Am” =79%x10" eV~", tan" 0 =0.46

KamLAND + Solar
Am' =797 %107 eV*, tan*@=040""



