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We turn now to the neutrino dispersion relation in media. Usually we are
concerned with very low energies. Therefore, we may take the low-energy
limit of the weak-interaction Hamiltonian, contracting the propagator for the
massive gauge bosons to the 4-fermion approximation









































SOLAR NEUTRINO SPECTRUM



MISSING NEUTRINOS

All CC sensitive results indicate a ne deficit...

as compared to solar model expectations. 





FLAVOR OSCILLATIONS FOR SOLAR NEUTRINOS

In 2002 the breakthrough with SNO: in deuterium one can separate CC
events (induced by ne only) from NC events (induced by ne, nm, nt), and double
check via elastic scattering events (due to both NC and CC)

thus Flavor oscillations

Also CC/NC ~ Pee~ sin
2q12 (LMA) ~1/3 < 1/2 Evidence of mixing in the first 

octant + matter effects

[SNO collaboration, nucl-ex/0204008]



COMBINED ANALYSIS OF SOLAR NU + KAMLAND

Also in 2002...KamLAND: 
1000 ton mineral oil 
detector, surrounded by 
nuclear reactors producing 
anti-ne. With solar (dm2, q) 
LMA-MSW solution, reactor 
neutrinos oscillate with large 
amplitude. 
Definitive confirmation of
solar neutrino oscillations

[Fogli et al., hep-ph/0506083]

[KamLAND Collaboration, hep-ex/0212021]

dm2 ≈ 7x 10-5 eV2

sin2 q12 ≈0.3

LMA-MSW solution















ENTERING THE PRECISION ERA OF NEUTRINO OSCILLATIONS 

[Capozzi et al., 1312.2878]





HOPING TO DISCOVER MOST DISTANT LANDS!
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