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“for the discovery of neutrino 

oscillations, which shows that

 neutrinos have mass”





vs 

Phys.Lett. B748 (2015) 1-4

Phys.Rev. D86 (2012) 051301  



vs 

Phys.Lett. B748 (2015) 1-4

Phys.Rev. D86 (2012) 051301  
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Precision era starts













   Higgs not the last brick !

Despite its great successDespite its great success
SM can not explain neutrinosSM can not explain neutrinos  

… A key building block 
of the  Standard Model

   However exciting …
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Number & properties of messengers

LOW-SCALE SEESAW     
Mohapatra-Valle 86
Akhmedov et al PRD53 (1996) 2752 
Malinsky et al PRL95(2005)161801 
Bazzocchi et al,  PRD81 (2010) 051701

http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1


PhysRevD.92.053009

Schechter & JV PRD22 (1980) 2227 & PDG
    Rodejohann, JV  Phys.Rev. D84 (2011) 073011 

non-unitary propagation hints associated 
(relatively low–mass) type-I seesaw 
messenger responsible for inducing neutrino mass

PLB199, 432 (1987)

http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1


PhysRevD.92.053009

Schechter & JV PRD22 (1980) 2227 & PDG
    Rodejohann, JV  Phys.Rev. D84 (2011) 073011 

non-unitary propagation hints associated 
(relatively low–mass) type-I seesaw 
messenger responsible for inducing neutrino mass

PLB199, 432 (1987)

PhysRevLett.117.061804

http://prd.aps.org/abstract/PRD/v22/i9/p2227_1


Astrophysical limitAstrophysical limit

Phys.Rev. D25 (1982) 774 

http://prd.aps.org/abstract/PRD/v22/i9/p2227_1


 ArXiv:1605.08362 PLB 

● Lepton # from accidental global U(1)Lepton # from accidental global U(1)

● Naturally small induced vevNaturally small induced vev

Phys.Rev. D25 (1982) 774 

Majoron
vs

Diracon

Astrophysical limitAstrophysical limit





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



 Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738

331 electroweak theory   # generations = # colours

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

http://inspirehep.net/record/1290535
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331 electroweak theory   # generations = # colours

 arXiv:1404.3751

many  low-scale neutrino mass schemes ... 

Gauge vs Higgs

http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1290535


http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1290535


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
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Boucenna et al
PhysRevD.86.073008



Boucenna et al
PhysRevD.86.073008

P Chen et al
  Phys.Lett. B753 (2016) 644-652 
  Phys.Rev. D94 (2016) no.3, 033002 

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.073008


Neutrinos : Lepton number?

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.073008


Neutrinos : Lepton number?

Flavor dependent 
btau unification 

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 



a near miss ...

What makes the gauge couplings unify? SUSY-GUT 
                                     But … p decay, super-particles ...                                                              

http://prd.aps.org/abstract/PRD/v88/i3/e036001
http://www.sciencedirect.com/science/article/pii/S0370269313004498
http://arxiv.org/abs/arXiv:1411.4883


a near miss ...

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

What makes the gauge couplings unify? SUSY-GUT 
                                     But … p decay, super-particles ...                                                              

Boucenna et al Phys. Rev. D 91, 031702 (2015) 
Deppisch et al 1608.05334



http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.031702








A.S. Barabash arXiv:1104.2714



A.S. Barabash arXiv:1104.2714

 Dorame et al
NPB861 (2012) 259-270 PhysRevD.86.056001  

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

Lower bounds … Flavor Sensitive

http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1


Schechter, JWFV 82
Lindner et al JHEP 1106 (2011) 091

http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1
http://www.sciencedirect.com/science/article/pii/S0550321312001952
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.056001
http://dx.doi.org/10.1016/j.physletb.2013.05.067


Schechter, JWFV 82
Lindner et al JHEP 1106 (2011) 091

http://dx.doi.org/10.1103/PhysRevD.25.2951


Schechter, JWFV 82
Lindner et al JHEP 1106 (2011) 091Heavy mediators  

Even if mediated by 
shortrange mechanism .. .

http://dx.doi.org/10.1103/PhysRevD.25.2951


http://dx.doi.org/10.1103/PhysRevD.25.2951


● Discover neutrino messengers



● Discover neutrino messengers

● Remeasure neutrino mixing angles



● Discover neutrino messengers

● Remeasure neutrino mixing angles

● New Higgs decays, e.g. invisible



Joshipura & J.V. 

Nucl.Phys. B397 (1993) 105-122 



Joshipura & J.V. 

Nucl.Phys. B397 (1993) 105-122 

Higgs searches 2016         Bonilla Fonseca & J.V. 

                                                  Phys.Lett. B756 (2016) 345-349  ...





: Chen et al arXiv:1509.06683
JHEP01(2016)007

Addazi et al 

Phys.Lett. B759 (2016) 471-478 



Can not do without neutrinos

Basic cosmogical and astro probe

http://arxiv.org/abs/arXiv:1509.06683


Neutrinos affect the CMB 
and large scale structure 
in the Universe … 

BIG
BANG 
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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 

Boucenna et al arXiv:1405.2332

1606.04543  & Phys.Lett. B761 (2016) 431-436

Chiulia et al



neutrino masses

dark matter
baryon asymmetry
Inflation
Dark energy

http://arxiv.org/abs/arXiv:1405.2332


neutrino masses

dark matter
baryon asymmetry
Inflation
Dark energy







arXiv:1604.02117  Addazi et al

 

L and B conserved : no proton decay, no RPV …

                                                                            neutron-antineutron oscillations  from exotic instantons

http://arxiv.org/abs/arXiv:1608.05334

No conventional GUT embedding : 

string completion Quiver setup

10.1016/j.physletb.2016.06.015



: Chen et al arXiv:1509.06683

Mass hierarchies in principle explained by       
judicious choices of the bulk parameters

JHEP01(2016)007

44 neutrino mixing angles & CP phase predicted in 
terms of 22 

http://arxiv.org/abs/arXiv:1604.02117


Predicting neutrino mixingPredicting neutrino mixing
from residual CP symmetriesfrom residual CP symmetries

http://arxiv.org/abs/arXiv:1509.06683


 Neutrinos &Invisible Higgs 

 arXiv:1502.01649



Boucenna et al arXiv:1405.2332 PRD90 (2014) 055023

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

type-I seesaw   Leptogenesis   

Aristizabal et al arXiv:1405.4706 

http://arxiv.org/abs/arXiv:1502.01649


Lepton Quarticity vs Lepton number

 arXiv:1606.04543 

 arXiv:1606.06904 

NonNon SUSY WIMPSUSY WIMP

Chiulia et al

http://arxiv.org/abs/arXiv:1405.2332
http://arxiv.org/pdf/1502.00612v1
http://arxiv.org/pdf/1405.4706.pdf


http://arxiv.org/abs/arXiv:1606.06904
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