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IV.  A new hope            Super-Kamiokande
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IV.  A new hope            Super-Kamiokande
V.  The Empire strikes back   SNO CC
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SNO NCSNO NC

CC 1967.7+61.9
+60.9

+26.4
+25.6ES 263.6
+49.5
+48.9NC 576.5#E

V
E

N
T

S



A TrilogyA Trilogy

}  )P-(1  { P f [ES]
e

/
eeeeB σ

σ τµ+=

   Pf [CC] eeB=

 f [NC] B=



Star      Star      arsars
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I.  The phantom menace   Homestake

V.  The Empire strikes back   SNO CC
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IV.  A new hope            Super-Kamiokande

II.  Attack of the clones    SAGE, GALLEX
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A Solar Neutrino “Opportunity”A Solar Neutrino “Opportunity”

7 Experiments; 34 years; 0.01% of the flux.
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KamLAND KamLAND 

KamLAND coll., hep-ex/0212021 
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Where we are :  LMAWhere we are :  LMA
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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,…
-



? neutrinossolar energy low 
ok! : neutrinossolar energy  high

Where we are :  LMAWhere we are :  LMA



Reactors in Japan or Japanese in 3’Reactors in Japan or Japanese in 3’



20032003-- : Japanese reactors : Japanese reactors 
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2003: 2003: Hamaoka  Hamaoka  1/41/4 ��

 



2003: Fukushima2003: Fukushima--1  2/61  2/6 �����
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2003  : Japanese reactors 2003  : Japanese reactors 
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20032003-- : Solar Neutrinos …: Solar Neutrinos …



…in Particle Physics & Astrophysics:…in Particle Physics & Astrophysics:

l Oscillations, matter effects, 
l LMA + subleading :
- LMA + Non-standard interactions
l 99.95 % of solar neutrinos  E < 5 MeV
l Stringent tests of SSM :  Be, CNO
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Where we are :  LMAWhere we are :  LMA
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Future: Time Dependence  Future: Time Dependence  
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Future: Low EnergyFuture: Low Energy
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Be ES Signature  Be ES Signature  
Experimental Challenge:
ultra-purity of detector components 
(<10-16 gU,Th/g), techniques developed 
in prototype detector (CTF) 

Signal rate at full 7Be-νννν flux:
55/d /100t 

Signal rate in case of complete conversion 

in νµ, ντ : 9/d/100 t
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Be ES :Be ES :

Prediction 06.002.064.0 ±±=
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pp ES Signature  pp ES Signature  
Experimental Challenge



pp ES:  pp ES:  

Prediction 01.002.070.0 ±±=
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pp,   Be  CC Signature  pp,   Be  CC Signature  

Challenge:
Bgd from 115In ββββ-decay 486 keV
& Bremsstrahlung

� 7Be ok!

�� �� pp-νννν ? Under study 
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Trilogy : Test of NC NSITrilogy : Test of NC NSI
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Similar analysis to constrain  L :  Chen, Heeger, Robertson  PRC (2003)
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Trilogy : Test of NC NSITrilogy : Test of NC NSI

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

NC,CC,ES  +  KamLAND future bounds:
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BP00 : pp chain + CNO cycleBP00 : pp chain + CNO cycle



Bahcall, Gonzalez-Garcia, P-G, hep-ph/0212147Bahcall, Gonzalez-Garcia, P-G,  PRL (2003)

% 3.7L CNO ≤

Does the sun shine by pp or CNO ?Does the sun shine by pp or CNO ?



ConclusionsConclusions

l Solar and  KamLAND : LMA confirmed

l Signal of oscillations, matter effects
l challenge
l Test of NSI in   Be

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