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   Last stone …

             historic discovery 1
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Schechter & JV PRD22 (1980) 2227 & PDG
   

 Rodejohann, JV  Phys.Rev. D84 (2011) 073011 

http://dx.doi.org/10.1103/PhysRevD.92.053009

             historic discovery 2

http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://dx.doi.org/10.1103/PhysRevD.92.053009
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The precision era ... 
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             historic discovery 3 ???

Barring surprises at LHC ...
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   first nail ???

neutrino masses
flavour
gravity
coupling unification
consistency of vacuum 

dark matter
baryon asymmetry
Inflation
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It's a loooong

And winding 
Road...
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     SM vacuum …   Can Neutrinos bring Stability? 

 arXiv:1506.04031



Vacuum stability

José Valle
valle@ific.uv.es | astroparticles.es

Triplet seesaw

 arXiv:1508.02323

In addition to SM gauge invariance 
must break lepton number to give 
Masses to neutrinos ..
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 Neutrinos & Stability 

 arXiv:1506.04031

In addition to SM gauge invariance must break lepton 
number to give Masses to neutrinos ..

 arXiv:1506.04031
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 Neutrinos &Invisible Higgs 

 arXiv:1502.01649

http://arxiv.org/abs/arXiv:1506.04031


Schechter-Valle 80/82  Minkowski 77
 Gellman Ramond Slansky 80
 Glashow, Yanagida 79
 Mohapatra Senjanovic 80
 Lazarides Shafi Weterrich 81
 Schechter-Valle, 80 & 82
 

 

fermion exchange

TYPE I 
Scalar-exchange 

TYPE II

origin of neutrino mass and seesaw

Number & properties of messengers

SCALE

MECHANISM

FLAVOR  STRUCTURE
LOW-SCALE SEESAW     
Mohapatra-Valle 86
Akhmedov et al PRD53 (1996) 2752 
Malinsky et al PRL95(2005)161801 
Bazzocchi et al,  PRD81 (2010) 051701
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 Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738

331 scheme  # generations = # colours

 arXiv:1404.3751many  low-scale neutrino mass schemes ... 

Radiative neutrino mass  

Gauge vs Higgs
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gauge coupling 
unification : 
a near miss ...

What makes the gauge couplings unify?  GUT (p decay)
                                                                       SUSY    

Boucenna, Fonseca, Gonzalez-Canales, JV  

Phys. Rev. D 91, 031702 (2015)

     NEUTRINO

The physics responsible for gauge coupling 
unification may also induce small neutrino masses
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FLAVOR GUT

pattern of masses...

Flavor problem

pattern of mixing parameters ...

Anarchy ?
Donoghue et al  PRD73
Hall,Murayama,Weiner,PRL
Altarelli, Feruglio,Masina,JHEP

Morisi et al      Phys.Rev. D88 (2013) 036001

King et al   Phys. Lett. B 724 (2013) 68 

Bonilla et al            Phys.Lett. B742 (2015) 99 

Morisi et al Phys.Rev. D84 (2011) 036003 

b­tau unification without GUTS...



CHARGED LEPTONS

Sectors are separatedSectors are separated
by an extra Abelian Znby an extra Abelian Zn

Babu-Ma-Valle   PLB552 (2003) 207
Hirsch et al        PRD69 (2004) 093006 

A4

FLAVOR
SYMMETRY

http://arxiv.org/abs/arXiv:1506.04031
http://arxiv.org/abs/arXiv:1506.04031
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OSCILLATION PARAMETER CORRELATIONS 

Boucenna et al
PhysRevD.86.073008
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: Chen et al arXiv:1509.06683

Mass hierarchies in principle be accounted for by 
judicious choices of the bulk mass parameters
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Family symmetry dependent lower bound

A.S. Barabash arXiv:1104.2714

Bonilla et al arXiv:1411.4883

 Dorame et al
NPB861 (2012) 259-270 

PhysRevD.86.056001  
King et al Phys. Lett. B 724 (2013) 68 

Neutrinoless Double Beta Decay and flavor
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Neutrinos affect the CMB 
and large scale structure 
in the Universe … 

are key in the synthesis of light 
elements 

 can “probe” the Universe 
 earlier than photons  …

BIG
BANG 

http://arxiv.org/abs/arXiv:1502.01649
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Boucenna et al arXiv:1405.2332 PRD90 (2014) 055023

seesaw inflation  & majoron dark matter 

 http://arxiv.org/pdf/1502.00612v1 

type-I seesaw   Leptogenesis   
Aristizabal et al arXiv:1405.4706 
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All you ever
Wanted to know
About neutrinos
 

fb.me/2ZAD7khZf

http://t.co/yUSLiF1cGX

Thank you
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