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Dirac/Majorana mass beyond SM.
Neutrino oscillations: updated data, 
neutrino mass patterns.

Limits on absolute mass scales: 
(double) beta decay. cosmology
Conclusion
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Content



Dirac neutrino
L = LSM + yν LHνc

Majorana neutrino
L=LSM + yν

2 LHLH/2M
(Seesaw)
L=LSM + yν LHνc + νcνc/2M
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Neutrino beyond Standard Model

yν ~ 10-12

yν ~ 1, M~1014 GeV



Majorana

Dirac
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Neutrino mass
Weak eigenstates: να

Mass eigenstates: νi
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Neutrino Mixing
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Recent oscillation data

MINOS (10) KAMLAND (Jan. 08)



KRISS, 2010-10-08 Neutrino mass/EJChun@KIAS 7

Neutrino mass hierarchy



∆m31
2 > 2.27 x 10-3 eV2

∆m21
2 > 7.38 x 10-5 eV2

Normal Hierarchy:
m3>0.0476, m2>0.0086,  ∑mν>0.056
Inverted Hierarchy: 
m2>0.0484, m1>0.0476, ∑mν>0.096
Qausi-Degeneracy: 
m3,2,1>0.0476,                    ∑mν>0.14
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Bounds on absolute masses



Oscillation experiments cannot tell.
Tritium beta decay:

Neutrinoless double beta decay:
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Absolute mass & β decays

CUORICINO (Feb. 08)

mββ < 0.19-0.68 eV

Mainz & Troitsz
mνe

< 2.2 eV

NEMO3 (2008)
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Nuclear matrix elements

Bilenky, 1001.1946

Nuclear Shell Model
Quasi-particle Random 
Phase Approximation
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Nuclear matrix elements

Cremonesi, 1002.1437
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Future limits

Lesgourgues-Pastor, 0603494

?

Hirsch et al, PLB679:454-459,2009

?



For a light neutrino,

A generous limit on the relic density, 
Ωh2< 0.1, gives
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Absolute mass & cosmology
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Neutrinos are hot dark matter.

They freely stream away to disturb the 
formation of  small scale structures.

Scales smaller than dFS damped out
suppressed power spectrum.
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Impact on structure formation
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Structure formation
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Power spectrum
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Combined analysis

Gonzalez-Garcia, Maltoni, Salvado, 1006.3795
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Oscillation data tell us:
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Confirming Majorana vs. Dirac

What we will see or not see:
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Majorana and Dirac seesaw

Murayama-Pierce, 02
EJC-Roy, 08

Majorana and Dirac seesaw operator at low energy 

Renormalizable high energy theory can be

(nb) Viable leptogenesis



Neutrino oscillation experiments have been a 
great success.
Future progress in non-oscillation experiments 
would be crucial in revealing the origin of 
neutrino mass.
We discussed  some theoretical aspects, and the 
importance of 0νββ experiments and 
cosmological observations in the future of 
neutrino physics.
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Conclusion
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