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Neutrino, Majorana or Dirac?
% Oscillation = “Mass Hierarchy” !
% We have only v,V !

Dirac mass term: Lp = —"?'TI.-DM%ME_ + h. c.
Majorana mass term: ML s
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— Neutral particle

— m(v,) # m(vy) Special Relativity

— Only light v, exists, vg be massive Helicity flip < mass
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Lepton number violation (Fukugita & Yanagida, PLB174 (1986), 45)
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KamLAND Miracle!
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Cherenkov Scintillation

Super-Kamiokande KamLAND
50,000 ton pure water 1,000 ton ultra pure oil
Cherenkov detector Scitillation detector
photon yield 6 p.e./MeV photon yield 500 p.e./MeV
Energy threshold ~5 MeV Energy threshold 0.25~4 MeV
Physics target Physics target
Solar neutrino reactor neutrino
Atmospheric neutrino geo-neutrino
Supernova neutrino low energy solar neutrino
proton decay nucleon decay

etc. etc.
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KamLAND RESULT

Nature Vol 436
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Geo-NEUTRINO
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Radioisotope concentration in the earth (Areference mode)
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