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consistent global picture in
which the solar + atm discovery 
measurements are confirmed
and improved

Room for improvement!!
CP, ATM octant & ordering

P.F. de Salas et al
https://globalfit.astroparticles.es/

N.O.

N.O.

I.O.

I.O.

2006.11237
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Post-Neutrino2020



●  CP phase
●  atm octant

See also  1811.07040

from
Phys.Rev.D96 (2017) 011303(R)

 See also
 Phys.Rev. D97 (2018) 095025 

2, 3, 4 and 5σ 

“octant-blind” 

regions remain

From P.F. de Salas et al 2020
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https://arxiv.org/abs/2006.11237


  Chen et al
  Phys.Lett. B753 (2016) 644-652 
  Phys.Rev. D94 (2016) 033002
  JHEP 1807 (2018) 077
  Phys.Lett. B792 (2019) 461-464 
  Phys.Rev. D99 (2019) 075005 

CP

predicting 
solar

Θ13
Harrison, Scott 
& Perkins 2002
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Largest Q-mixing similar to smallest L-mixing 
Cabibbo angle as universal seed for flavor mixing

 Phys.Rev. D86 (2012) 051301
 Phys.Rev.D87 (2013) 053013
 Phys.Lett. B748 (2015) 1-4 
 

 Phys.Lett.B 796 (2019) 162

for “softer” version of Bi-Large see

Bi-Large lepton mixing pattern

predicting 
solar + atm

@jwvalle 5 

Phys.Lett. B792 (2019) 461



J.V.      
                 
Miranda & J.V.    Nucl.Phys. B908 (2016) 436
Escrihuela et al, Phys.Rev. D92 (2015) 053009 
                                New J. Phys. 19 (2017) 093005 

Shao-Feng Ge et al
Phys.Rev. D95 (2017) 033005

unitarity as seesaw probe

near measurements
necessary for the
DUNE programme

PRD97 (2018) 095026 

   @jwvalle 6 

Phys.Lett. B199 (1987) 432

Miranda et al

https://arxiv.org/pdf/1811.07040.pdf
https://arxiv.org/pdf/1703.03435.pdf
http://arxiv.org/abs/arXiv:1803.10247


S.S. Masood et al, Phys.Rev. C76 (2007) 045501

KATRIN limit 1.1eV

A.S. Barabash arXiv:1104.2714
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Schechter & JV PRD22 (1980) 2227    

2007.01650

I.O.

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

0-nu DBD 

➢ Quasi-degenerate nearly excluded
Babu, Ma, Valle 2003

➢ one-massless

   Lattanzi, Gerbino, Freese, Kane, Valle 2020

JHEP 1310 (2013) 149
Phys.Lett.B 789 (2019) 132
Phys.Lett. B790 (2019)303

degeneracy parameter

from
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2007.01650

I.O.

N.O.

degeneracy parameter

from

https://doi.org/10.1016/j.physletb.2019.04.022
http://arxiv.org/abs/arXiv:1811.07040
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the discovery of oscillations 
brings neutrinos to the center 
of particle physics 

besides neutrino mass there are many other issues in particle physics & besides neutrino mass there are many other issues in particle physics & 
cosmology for which neutrinos may provide key input   cosmology for which neutrinos may provide key input   
                                                                                     

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  t h e o r y

   @jwvalle 10

http://arxiv.org/abs/1206.2555
http://arxiv.org/abs/1211.6506
http://arxiv.org/abs/1410.3658
https://arxiv.org/abs/1904.05632
http://arxiv.org/abs/1902.08962


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

              SM gauge group               any number m of singlet R’s  

 MISSING PARTNER SEESAW
 

 

(3,2)
(3,1)+

 Phys.Rev.D 101 (2020) 115030

SEESAW

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

@jwvalle 11



 

radiative inverse 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

@jwvalle 12



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 

Phys.Rev. D98 (2018) 035009

Phys.Lett. B781 (2018) 122-128  
@jwvalle 13

symmetry protects
 
small neutrino mass

Type II
Type I

http://www.sciencedirect.com/science/article/pii/S055032131630013X?via%3Dihub#
https://arxiv.org/abs/1503.08879
http://iopscience.iop.org/article/10.1088/1367-2630/aa79ec/pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.033005
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.095026
https://doi.org/10.1016/0370-2693(87)90947-6
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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 

@jwvalle 15

Q/L mixing pattern versus

Golden 
Q-L mass 
relation 

mass hierarchies



Phys.Lett.B 801 (2020) 135195

Good global fit of all flavor observables

flavor symmetry
from extra-dim

Golden Q-L relation 

 
Phys.Rev.D 101 (2020) 11, 116012

@jwvalle 16 
Anda, Antoniadis et al 
JHEP 10 (2020) 190



 angles related by T’ symmetry

See also Chen et al  
JHEP01(2016)007
Phys. Rev. D95 (2017) 095030 
Phys.Lett. B771 (2017) 524 @jwvalle 17 

 From Chen et al  2003.02734 

flavour & 0-nu DBD predictions

 mass hierarchies from geometry 

https://arxiv.org/pdf/0706.0897.pdf
http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1


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

@jwvalle 18 

● why 3 families 
● Dirac seesaw neutrino mass

tree-level quark FCNC

From

PRD22(1980)738



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

@jwvalle 19 



E Ma 2006 
Hirsch et al JHEP 1310 (2013) 149 
Merle et al JHEP07 (2016) 013 Merle et al JHEP07 (2016) 013 
Diaz et al  JHEP08 (2017) 017;  Avila et al 1910.08422
Rojas et alRojas et al

 

stabilized by e.g.e.g. remnant gauge  symmetry remnant gauge  symmetry
                Phys.Lett.B 798 (2019) 135013 &   2006.06009Phys.Lett.B 798 (2019) 135013 &   2006.06009

➢ Dark Matter as neutrino mass mediatoras neutrino mass mediator

DM and DM and 
➢ nu-Diracness nu-Diracness 

Bonilla et al PLB 762 (2016) 214-218

@jwvalle 20

Anda, Antoniadis et al 
JHEP 10 (2020) 190



➢ unitarity tests  necessary for the robustness of the CP programme     

➢ neutrinoless double-beta decay may determine Majorana phase 

➢ colliders have a great neutrino physics potential !

➢ bright future for oscillation studies

➢ neutrinos now at the center of the stage

neutrinos may shed light on the flavor and strong CP problem 

dark matter can mediate neutrino mass generation 

@jwvalle 21
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