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V. A new hope
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| SK-l 1496day 5.0-20MeV 22.5kt
- (Preliminary)

y’ for flat = 17.40 C.L. =50%
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V. A new hope
V. The Empire strikes back
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V. A new hope
V. The Empire strikes back

VI. Return of the Jedi
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Star Vars

. The phantom menace
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Homestake
N_ =2.56+0.23 SNU
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GALLEX/GNO - SAGE
N =70.8+4.4 SNU
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Combined result:

L-peak - 64.8 +8.5/-8.2 SNU
K-peak - 74.4 +6.8/-6.6 SNU
GALLEX 65 SR 77.5 -

GNO 43 SR 652 Overall - 70.8 +5.3/-5.2 SNU
GN(-)+GA|,LEX 108 SR 70.8 1 SNU =1 interaction of |k /sec in 103 atoms/day




A Solar Neutrino “Opportunity”

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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Delayed Energy (MeV)

Events/0.4.

KamLAND

delayed energy window

Prompt Energy (MeV)

2.6 MeV e KamLAND data
analysis threshold —— no oscillation

—— best-fit oscillation
sin’20 = 1.0
Am’=6.9 x 107 eV?

Prompt Energy (MeV)
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Whereweare: LMA

.3 Bahcall, Gonzalez-Garcia, P-G, JHEP (2003)
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Creminelli et al, hep-ph/0102234, Barger et al, hep-ph/0212126, Fogli et al,
hep-ph/0212127, Maltoni et al, hep-ph/0212129, Bandyopadhyay et al, hep-
ph/0212146, Nunokawa et al, hep-ph/0212202, Aliani et al,hep-ph/0212212,

de Holanda et al,hep-ph/0212270,Balantekin et al,hep-ph/0301072,...




Whereweare: LMA

high energy solar neutrinos: ok!
low energy solar neutrinos?




Reactors inJapan or Japanese in 3’

HYHh eSS, ZHSA !




2005- : Japanese reactors

Heactor Site | Distance i of | Therm. Power Max. Flux | Max Event rate
{Jm | (max) (GW) | (107 & /em® /=) | events/ kt-vear
hashiwazaki 1 60 1 24.6 b 345
Ohi 150 13.7 ! 154
Takahama 191 10.2 '
Hamanoka 214 L0).6
Tsuruga 139 y L5
Shiga 81
MMihama 145
Fukushima-1 344
Fukushima-2 344
Tokai-1l 2405
Shimane 114
[heata $11
Genkai 755

Unagawsa 130}
Tomari 84
Senclai 824

Total
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2003: Fukushima-2 0/4 ®wEE—
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2005 : Japanese reactors
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2003- : Solar Neutrinos ...




...InParticle Physics & Astrophysics:

Oscillations, matter effects, 6,
LMA + subleading :

- LMA + Non-standard interactions
99.95 % of solar neutrinos E <5 MeV
Stringent tests of SSM : Be, CNO




Whereweare: LMA




Whereweare: LMA

Solar + KamLAND

1—0o allowed region
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Euture: Time Dependence
P'=P —(1-2P)cos26 _f

m,0° REG

Prediction

PRI A\ (ES)

Prediction

A D/N (CC)

| - ,

0.5 | : | 3 3+O7

. - !

025554 "6 8 10 12 14 16 18 20 "~-0.6
E (MeV)




[Future: Low Energy

Be-v

ES ES
BOREXINO XMASS

KamLAND-| CLEAN
TPC HERON

TPC
Genius



"BeESSi gnhature

Experimental Challenge:

ultra-purity of detector components
(<10-18 gU,Th/g), techniques developed
In prototype detector (CTF)

Signal rate at full ‘Be-v flux:

55/d /100t
Signal rate in case of complete conversion
inv,,ve:  9/d/100t

+ Signal + Untergund
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eV

Ereignisse/(Jahr

Interner Untergrund nach
Subtraktion von «-Ereignissen,
Bi-Po-Koinzidenzen und
Bi-Po korrelierten Erecignissen

Energie [MeV]



Solar + KamLAND

1—o allowed region
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prediction R, = 0.64 * 0.02 + 0.06




[Future: Low Energy

Be-v
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PP ES Signature

Experimental Challenge
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Solar + KamLAND

1—o allowed region

0.5 2

0'250. 2 4 6 8 10 12 14 16 18 20
E (MeV)

Prediction Rp =0./70x£0.02 £ 0.01




PP, "Be cC Signature

Indium
10 tons
1 year

Energies included :
- prompt electron

- gammas in coine.
300 pe/MeV

pp :989
7Be : 260

58 :8
pep : 16 Challenge:

NO :66 Bgd from 115|In B-decay 486 keV
& Bremsstrahlung
= 'Be ok!
= pp-v ? Under study
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Trilogy : Test of NC NS
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imilar analysis to constrain L 1A : Chen, Heeger, Robertson PRC (2003)




Trilogy : Test of NC NS

NC,CC,ES + KamLAND future bounds:

e "] <0.3

Davidson, P-G, Rius, Santamaria JHEP (2003)

Berezhiani, Raghavan, Rossi NPB (2002)




BPO0: pp chain + CNO cycle

L .

BPOO Solar Neutrino

Spectrum

Neutrino Energy in MeV




[Does the sun shine by pp or CNO ?

Bahcall, Gonzalez-Garcia, P-G, PRL (2003)
Solar + Kam_LAND
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Conclusions

Solar and KamLAND : LMA confirmed

Signal of oscillations, matter effects
6, challenge

Test of NSI In 7Be

99.99 % of solar neutrinos E <5 MeV
Stringent tests of SSM 7Be, CNO




