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   Higgs not the last brick !

dark matter, inflation, 
                        LG, dark energy

   However exciting …

● Anomalies, 
● unification,
● consistency of SSB,
● Gravity 
● Flavor

does not does not 
explainexplain

Neutrino mass … 
nor cosmo: 





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

 

TYPE I TYPE II

SCALE

MECHANISM

FLAVOR  STRUCTURE

Any number 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


Phys.Lett. B762 (2016) 162-165

Phys.Rev. D94 (2016)  033012  

Phys.Lett. B761 (2016) 431-436

Phys.Lett. B767 (2017) 209-213  



vs 

Phys.Lett. B748 (2015) 1-4

Phys.Rev. D86 (2012) 051301  



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



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


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 

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 Phys.Lett. B762 (2016) 432

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.031702
http://ac.els-cdn.com/S0370269316305688/1-s2.0-S0370269316305688-main.pdf?_tid=44814f84-abe6-11e6-bab2-00000aab0f01&acdnat=1479291796_8b84fa14d4e2d2fe6e28683467db12ef


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

Addazi et al 

Phys.Lett. B759 (2016) 471-478 

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


: Chen et al arXiv:1509.06683

masses explained by bulk parameter choices 

JHEP01(2016)007

http://arxiv.org/abs/arXiv:1610.05962
https://arxiv.org/abs/1702.03160

mixings

http://arxiv.org/abs/arXiv:1509.06683
http://arxiv.org/abs/arXiv:1610.05962


A.S. Barabash arXiv:1104.2714

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




 arXiv:1404.3751

E Ma,        Hirsch et al JHEP 1310 (2013) 149 

Merle et al JHEP 1607 (2016) 013 WIMP dark Matter as radiative WIMP dark Matter as radiative 
neutrino mass messengerneutrino mass messenger

Either scalar orEither scalar or

fermion messenger :fermion messenger :

““susy dm” without susysusy dm” without susy

http://inspirehep.net/record/1290535


 Phys.Lett. B761 (2016) 431
Chiulia et al Phys.Lett. B767 (2017) 209

http://dx.doi.org/10.1016/j.physletb.2016.08.028


    Lattanzi & Valle, PRL99 (2007) 121301Lattanzi & Valle, PRL99 (2007) 121301

Esteves et al, PRD 82, 073008 (2010) 

Bazzocchi & al JCAP 0808 (2008) 013Bazzocchi & al JCAP 0808 (2008) 013                                       

Consistency with CMB

Lattanzi et al PRD88 (2013) 063528

  Berezinsky, Valle PLB318 (1993) 360



Boucenna,  Morisi, Shafi,  Valle
PRD90 (2014) 055023

type-I seesaw   Leptogenesis   

Aristizabal et al JCAP 1407 (2014) 052  

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

http://arxiv.org/pdf/1405.4706.pdf
http://arxiv.org/pdf/1502.00612v1


   Z2  PARITY

HIGGS PORTAL  
DIRECT DETECTION

Accidental ?                 Lavoura, Morisi, JV JHEP 1302(2013) 118 

unbroken subgroup
Boucenna, et al  JHEP 1105 (2011) 037 
Hirsch, et al Phys.Rev. D82 (2010) 116003 

many choices

more possibilities



Arina et al   PRL101 (2008) 161802
Bazzocchi, Cerdeno, Munoz, J.V., PRD81 (2010) 051701

De Romeri, Hirsch, JHEP 1212 (2012) 106 

Sneutrino-like LSP

                                                             doubly  suppressed decays
                                                             

 chosen to fit neutrino osc. data

 Restrepo et al  PRD85 (2012) 023523 

susy inverse seesaw … 



BIG
BANG 

neutrinos may explain WDM or CDM
through an emergent theory …

A most ubiquitous particle ...



status and prospects of neutrino oscillationsstatus and prospects of neutrino oscillations

octant and CP violation sensitivity & predictions from flavor  models octant and CP violation sensitivity & predictions from flavor  models 

heavy and light sterile neutrinos and seesaw mechanism, heavy and light sterile neutrinos and seesaw mechanism, 

effects at High intensity and new long baseline experiments,effects at High intensity and new long baseline experiments,

wimp dark matter : susy & non-susywimp dark matter : susy & non-susy

non-wimp dark matter :non-wimp dark matter :

majoron dark matter & CMB  … X-ray gamma linesmajoron dark matter & CMB  … X-ray gamma lines

Gravitino dark matter  … GeV gamma + neutrino lines Gravitino dark matter  … GeV gamma + neutrino lines 
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