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Consistent global picture
Good agreement 
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4 well measured parameters + 2 poorly determined ones
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Miranda & JV, Nucl.Phys. B908 (2016) 436
Escrihuela, et al PhysRevD.92.053009
Miranda et al,   PhysRevLett.117.061804 

http://arxiv.org/abs/arXiv:1612.07377

http://dx.doi.org/10.1103/PhysRevD.95.033005

Coloma, Huber et al, Miranda et al, 
de Gouvea et al, Goswami et al, Kopp et el
UAM group,  many others ...

new ways to probe seesaw scale

new window into BSM physics e.g. nsi



A.S. Barabash arXiv:1104.2714

Majorana phases in lepton mixing matrix … 
Original symmetric form 
versus PDG 

 Dorame et al

NPB861 (2012) 259-270 Phys. Lett. B 724 (2013) 68 

Interplay with oscillation physics
lower bounds even for normal ordering

 Dorame et al 
PhysRevD.86.056001

 King et al  

nEXO, CUORE , LEGEND (nGERDA/Majorana) ... 

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

       

PRL117 (2016) 



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

Pas et al

Heavy mediators 
Hirsch et al

SHIP
FCC

LHC
Repeat study for



J. Heeck and W. Rodejohann, https://arxiv.org/abs/1306.0580

Centelles-Chulia et al Phys.Lett.

 10.1016/j.physletb.2017.01.070 

http://arxiv.org/abs/arXiv:1711.10318



Phys.Rev. D86 (2012) 051301 

Phys.Lett. B748 (2015) 1-4 

why lepton mixing 
Special?

why large w.r.t. CKM?

Cabbibo angle asCabbibo angle as
a common seed?a common seed?

Dirac or Majorana?

Can one predict angles & phases?

Is there a flavor symmetry? Is there a flavor symmetry? 

Is it common for leptons & quarks?Is it common for leptons & quarks?



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

Arbitrary number of singlet 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

coefficient
  mechanism
    scale

            flavor structure



Phys.Lett. B762 (2016) 162-165

Phys.Rev. D94 (2016)  033012  

Phys.Lett. B761 (2016) 431-436

Phys.Lett. B767 (2017) 209-213  



 

Quiver consistency requires RH neutrino

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

http://www.sciencedirect.com/science/article/pii/S055032131630013X?via%3Dihub#
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.053009
http://dx.doi.org/10.1103/PhysRevLett.117.061804


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

331 EW theory  # families = # colours

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

 arXiv:1404.3751

many  low-scale neutrino mass schemes ... 

Gauge vs Higgs



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

Revamping … 
Morisi et al, Phys.Rev. D88 (2013)  016003
 

BUT 

will it survive DUNE?

Constrained global
 fit 1708.03290
Phys.Lett. B774 (2017) 179-182 

prefers for NO, LO, 
max CPV, as hinted



 

mixings from

flavor symmetry

 Phys.Lett. B771 (2017) 524

:Chen et al   
JHEP01(2016)007

can be projected into physical osc parameters 
used to make predictions for dune, etc

Phys. Rev. D95 (2017) 095030 



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://dx.doi.org/10.1016/j.physletb.2013.05.067
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.056001
http://prd.aps.org/abstract/PRD/v22/i9/p2227_1


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 



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

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

Deppisch et al Phys.Lett. B762 (2016) 432



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

3 families from a new 
hypercolor force above TeV



● Understanding small m-nu may restore EW consistency, 
● bring in new higgses, new decays
● new gauge bosons & fermions : 331 vs LR symmetry 
● novel pathways to unification .. 
● Novel aspects of LFV/CPV (e.g. mainly at high energies, w/o neutrino mass)
● LNV @ high energies (short-range 0nuββ decay)
● Even some input for B anomalies

● Cosmology  from neutrino mass generation (another talk)

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


http://dx.doi.org/10.1016/j.physletb.2017.01.070
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Phys.Lett. B750 (2015) 367-371 



http://dx.doi.org/10.1103/PhysRevD.92.075028

From Degrassi et al: From Degrassi et al: 
JHEP 1208 (2012) 098JHEP 1208 (2012) 098



probe neutrino messengers

re-measure neutrino mixing angles ...

Higgs searches  Bonilla et al              http://dx.doi.org/10.1016/j.physletb.2016.03.037

                                                                         http://dx.doi.org/10.1088/1367-2630/18/3/033033

                                                                         http://dx.doi.org/10.1103/PhysRevD.91.113015   ...





E Ma,  Merle et al JHEP 1607 (2016) 013 
Hirsch et al JHEP01(2016)007
Diaz et al http://dx.doi.org/10.1007/JHEP01(2016)007 

http://dx.doi.org/10.1016/j.physletb.2016.09.027

http://dx.doi.org/10.1007/JHEP01(2016)007



 Phys.Lett. B772 (2017) 825–831

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


Lightest neutralino decay length

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

LIGHTEST NEUTRALINO DECAYS:  PROBING NUs @ LHC 

Lightest neutralino decay 
correlates with atm angle
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