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e Dirac or Majorana? myV,V, OF m, ViV,
® How many neutrinos? Steriles? Modulini?
o q < [? See-saw?

[ Mass hierarchy? Degenerate or not?
®  Origin of masses and mixings? Symmetries?

o (P



DATA 3 neutrinos (?)

... additional sterile components?

LSND ‘_/u SV, m, =1eV?

MiniBoone V SV no evidence for sterile

LSND and MiniBoone consistent in (3+2), (3+2) schemes (new}lé phases)

... but tension between appearance/disappearance expts Maltoni, Schwetz

Goldman et al; Goswani et al

Supernovae provide more sensitive test of sterile neutrino components
Raffelt et al, Choubey et al
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DATA : 3 neutrinos
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® Dirac or Majorana?



Majorana?
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Majorana?
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® Majorana?
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Dirac ? hv,viH, m=h<H> : h<l10"?
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Masses and mixings
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Can one have a unified description of quark, charged lepton and neutrinos?

= Ly =ay0ye+Bwl v 0 +ywo v 6,  a>B>y

...possible with “see-saw” plus non Abelian (discrete) family symmetry!
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® Decoupling of 0, contribution to neutrino masses
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Masses and mixings

A . v, h
] V!J-
] VT
® Degenerate or not? L
’ solar~7x105¢V2 | -
. . atmospheric T
Normal or hierarchical? 207 I
ml «-2x10133eV2
- solar~7x10%eV?
.?}"Il‘—— __m3
SO(3) family symmetry ° 0

_ H\fj( ‘fi ) UD W, = %(Zlilijhh degenerate

W =W, +(L.x,) hh+(Lyy,) hh+ (10, )th+(19,,,)uh

X5 o< (0,0,1), x,; o< (0,4,1), ¢, o< (0,1,1), ¢, o< (1,—1,1)

Barbieri, Hall, Kane, GGR
Serna, Varzielas
Antusch, King



o g1 GUT symmetry
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GUT relations
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® Mixing angle sum rules.

Texture zero
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Gatto, Sartori, Tonin; Oakes; Fritzsch; Roberts et al
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Summary

® Majorana or Dirac - probe of underlying mechanism

® Due to the see-saw mechanism, the quark, charged lepton and neutrino
masses and mixing angles can be consistent with a similar structure for
their Dirac mass matrices.

Hints at an underlying (spontaneously broken) family symmetry? SO(10)XSU(3)?

®  Tri-bi maximal mixing - first indication of discrete non-Abelian symmetry?

® Neutrino spectrum

Nearly degenerate, normal hierarchy, inverted hierarchy all possible

o Sum rule tests for various structures






