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Consistent global picture
Good agreement amongst groups

mass ordering :  normal @ >3σ 

Good long-term prospects 
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improve at the next generation experiments

from
Phys. Rev. D 96, 011303(R)
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from
1811.07040

See also, e.g.
 Phys.Rev. D97 (2018) 095025 

2, 3, 4 and 5σ 

“octant-blind” 

regions remain

CP phase atm octant
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  Phys.Rev. D94 (2016) 033002
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  Phys.Rev. D99 (2019) 075005 

Several other 
Revamped TBM ansatze 
possible
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predicting solar
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Largest Q-mixing similar to smallest L-mixing 
Cabibbo angle as universal seed for flavor mixing
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predicting solar, atm & CP from reactor angle
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also 2-parameter generalizations of Bi-Large mixing

predicting solar, atm & CP from reactor angle

from 1904.05632

https://globalfit.astroparticles.es/
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Phys.Rev. D95 (2017) 033005

unitarity test as  
seesaw scale probe

New J. Phys. 19 (2017) 093005 

Phys.Lett. B199 (1987) 432-436 
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http://arxiv.org/abs/arXiv:1803.10247
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window to BSM physics 
PRD97 (2018) 095026 

New J. Phys. 19 (2017) 093005 
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CP ambiguity Miranda et al,   
Phys.Rev.Lett. 117 (2016) 061804 

https://doi.org/10.1016/j.physletb.2019.04.022
http://arxiv.org/abs/arXiv:1811.07040
http://inspirehep.net/record/1737475


Oscillations bring neutrinos to the center of the stage 

besides neutrino mass there are other issues in particle physics & besides neutrino mass there are other issues in particle physics & 
cosmology for which neutrinos may provide key input                                         cosmology for which neutrinos may provide key input                                         
        
e.g.e.g. flavor, EW breaking, unification, DM …   flavor, EW breaking, unification, DM …  

a d d r e s s i n g  t h e  d y n a m i c a l  o r i g i n  o f  s m a l l  n e u t r i n o  m a s s  
t o u c h e s  t h e  t h e  h e a r t  o f  t h e  E W  t h e o r y
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nEXO, CUORE , LEGEND (nGERDA/Majorana) ... 

PRL117 (2016) 

Schechter & JV PRD22 (1980) 2227    

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

symmetric parametrization of lepton mixing matrix 
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symmetric parametrization of lepton mixing matrix 

 From Phys.Lett. B790 (2019) 303-307 

Majorana phase
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TYPE I TYPE II

any number m of singlet R’s 

(3,6) LOW-SCALE SEESAW     
Mohapatra-Valle 86
Akhmedov et al PRD53 (1996) 2752 
Malinsky et al PRL95(2005)161801 
Bazzocchi et al,  PRD81 (2010) 051701

coefficient
  mechanism
    scale

            flavor structure

(3,2)   (3,1) SCOTO-SEESAW  (3,4) ...
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Phys.Lett. B762 (2016) 162-165

Phys.Rev. D94 (2016)  033012  
Phys.Lett. B761 (2016) 431-436

Phys.Lett. B767 (2017) 209-213  

 Addazi et al Phys.Lett. B759 (2016) 471-478 

 Phys.Lett. B755 (2016) 363-366 

11

Phys.Rev. D98 (2018) 035009

Phys.Lett. B781 (2018) 122-128  
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Nucl.Phys. B332 (1990) 1-19 



Also full LR  Phys.Rev. D86 (2012) 055006 
From Phys.Rev. D89 (2014) 051302

charged lepton flavor 
violation as at HE 
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From Dittmar et al 
Nucl.Phys. B332 (1990) 1-19 

Review: Deppisch, Dev & Pilaftsis 
New J.Phys. 17 (2015) 075019



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

331 motivation   # families = # colours

Boucenna, Morisi, JV Phys.Rev. D90 (2014) 013005

Gauge nu-mass mediators 
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radiative inverse/linear seesaw

 
See also 
Bazzocchi et al  0907.1262
Ma  0904.4450  
Baldes et al 1304.6162

:Cárcamo Hernández et al   JHEP 1902 (2019) 065
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radiative inverse/linear seesaw

 
See also 
Bazzocchi et al  0907.1262
Ma  0904.4450  
Baldes et al 1304.6162

scotogenic inverse seesaw 

From arXiv:1907.07728

:Cárcamo Hernández et al   JHEP 1902 (2019) 065

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.22.2227
https://arxiv.org/abs/1108.3484
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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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still good starting points  … predictive 
revamping … Morisi et al, Phys.Rev. D88 (2013)  016003 

to be probed at LBL 
experiments, e.g. DUNE...

Constrained global fit
 Phys.Lett. B774 (2017) 179-182 
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Golden Q-L 
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/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1
http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1


:Chen et al   
JHEP01(2016)007

mass hierarchies from geometry

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

:Chen et al   
JHEP01(2016)007

mass hierarchies from geometry

angles related by symmetry
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flavor symmetry

 

:Chen et al   
JHEP01(2016)007

mass hierarchies from geometry

Predictions for LBL experiments 
Phys. Rev. D95 (2017) 095030 
Phys.Lett. B771 (2017) 524
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angles related by symmetry

https://arxiv.org/abs/1604.02117


although unification is missed …
the ternd is there ...

SUSY would make the gauge couplings unify at GUT scale, 
But … so far no p decay nor super-partners ...                                                              



although unification is missed …
the ternd is there ...

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

SUSY would make the gauge couplings unify at GUT scale, 
But … so far no p decay nor super-partners ...                                                              

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

Deppisch et al Phys.Lett. B762 (2016) 432
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E(6) F-theory GUT



BIG
BANG 



BIG
BANG 

nu’s at most 1% but can be 
key to understanding DM  
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https://doi.org/10.1016/0550-3213(90)90028-C


https://doi.org/10.1103/PhysRevD.86.055006
https://doi.org/10.1103/PhysRevD.89.051302
https://doi.org/10.1016/0550-3213(90)90028-C
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THE END

➢ bright future for oscillation physics + nsi/non-unitarity
➢ searching mediators via LFV @ HE colliders
➢ neutrinos may shed light on flavor & unification
➢ comprehensive unification: forces & families
➢ neutrinos and EWSB





E Ma 2006 “cotscotogenic”
Hirsch et al JHEP 1310 (2013) 149 
Merle et al JHEP 1607 (2016) 013 
Diaz et al  JHEP01(2016)007

Phys.Lett. B762 (2016) 214-218

See also scotogenic with 
Gauged matter parity  arXiv:1902.05966

http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1295506


Phys.Rev. D97 (2018) 115032

Phys.Lett. B790 (2019) 303-307 

1806.09977

Reig, Restrepo, Valle, Zapata

De Luca, Mitridate, Redi, Smirnov, Strumia

http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1295506


Alves et al       Phys.Lett. B772 (2017) 825–83

Asymmetric Dark Matter, Inflation and 
Leptogenesis from B-L Symmetry Breaking 

From Phys. Rev. D 99, 055040 (2019)



Aristizabal et al JCAP 1407 (2014) 052  

Berezinsky, Valle PLB318 (1993) 360

Boucenna,  Morisi, Shafi,  Valle
Phys.Rev. D90 (2014) 055023

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

Consistency with CMB

Kuo et al 
JCAP 1812 (2018) 026
 

Bazzocchi & al JCAP 0808 (2008) 013Bazzocchi & al JCAP 0808 (2008) 013
Esteves et al, PRD 82, 073008 (2010)Esteves et al, PRD 82, 073008 (2010)

Lattanzi et al PRD88 (2013) 063528Lattanzi et al PRD88 (2013) 063528                                  

large 
scale 
structure

  Reig, Yamada, Valle arXiv:1905.01287



From Buttazzo et al: JHEP 1312 (2013) 089From Buttazzo et al: JHEP 1312 (2013) 089

Phys.Rev. D92 (2015)  075028

                                                                                Phys.Lett. B756 (2016) 345-349

                                                                         New J. Phys. 18 (2016) 033033 

                                                                         Phys.Rev. D91 (2015) 113015   

Higgs searches  Bonilla et al  

EW consistency also requires perturbative unitarity, etc



Phys.Lett. B750 (2015) 367-371 

http://arxiv.org/abs/arXiv:1811.03018


 sneutrino 

Masiero & Valle, PLB251 (1990) 273
Bhattacharyya & Pal, PRD82 (2010) 055013 

 
 

Diaz et al   PRD68 (2003) 013009, PRD62 (2000) 113008 

 Bazzocchi et al JHEP 01 (2013) 033 arXiv:1202.1529 

sneutrino 

SUSY ATM SCALE
SUSY-SEESAW

SOLAR SCALE
RADIATIVE

EFF. BILINEAR RPVEFF. BILINEAR RPV 

http://arxiv.org/abs/arXiv:1907.07728
http://arxiv.org/abs/arXiv:1811.03018


Lightest neutralino decay length

De Campos et al 
Phys.Rev. D86 (2012) 075001 

LIGHTEST NEUTRALINO DECAYS from cascade squark & gluino decays  

   Lightest neutralino decay 
correlates with atm angle

back



Phys.Lett. B774 (2017) 667-670

inspired by beauty of neutrinos in SO10

 Reig, Valle, Vaquera-Araujo, Wilczek

promote M4 to AdS5 & use orbifold BC to decouple mirrors

unwanted chiral families bound 
by new hypercolor force above TeV

Phys.Rev. D98 (2018) 095008 

Reig, JV, Wilczek
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