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

 



P.F. de Salas et al, PLB782 (2018) 633
https://globalfit.astroparticles.es/
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Consistent global picture
Good agreement
Good long-term prospects 

P.F. de Salas et al, PLB782 (2018) 633
https://globalfit.astroparticles.es/
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N.O.

N.O.

I.O.

I.O.

https://doi.org/10.1016/j.physletb.2018.06.019


precision era requires robustness tests

need to go beyond 3-nu paradigm
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P.F. de Salas et al, PLB782 (2018) 633
https://globalfit.astroparticles.es/

https://doi.org/10.1016/j.physletb.2018.06.019


A.S. Barabash arXiv:1104.2714
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KATRIN

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


historical review 
A.S. Barabash arXiv:1104.2714

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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http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1
http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
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lower-bound 
even for N.O.

M. Reig, D. Restrepo, J.W.F. Valle, O. Zapata

 arXiv:1806.09977

Majorana phase sensitivity …  

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

original symmetric form of lepton mixing matrix 

https://inspirehep.net/author/profile/Reig%2C%20M.?recid=1679809&ln=es
https://inspirehep.net/author/profile/Restrepo%2C%20D.?recid=1679809&ln=es
https://inspirehep.net/author/profile/Valle%2C%20J.W.F.?recid=1679809&ln=es
https://inspirehep.net/author/profile/Zapata%2C%20O.?recid=1679809&ln=es
http://arxiv.org/abs/arXiv:1806.09977
http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
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            flavor structure
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Schechter-Valle 80 & 82 
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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


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

any number of singlet R’s w.r.t. L’s

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
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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


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 9

Phys.Rev. D98 (2018) 035009

Phys.Lett. B781 (2018) 122-128  

https://arxiv.org/abs/1604.02117
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probe neutrino messengers with Displaced Vertices

re-measure neutrino mixing angles @ colliders
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Limits on coupling strength parameter that can be reached for different 
number of Zs plotted as a function of the NHL mass. Only leptonic final 
states included. This is for the tau type NHL neglecting family mixing. The 
only relevant constraint in this case comes from weak universality 
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many searches here too

many searches here too



 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

EFF. BILINEAR RPVEFF. BILINEAR RPV 
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http://dx.doi.org/10.1016/0370-2693(90)90935-Y
http://prd.aps.org/abstract/PRD/v68/i1/e013009
http://prd.aps.org/abstract/PRD/v62/i11/e113008
http://link.springer.com/article/10.1007/JHEP01(2013)033
http://arxiv.org/abs/1202.1529


 sneutrino 

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

 
 

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

SUSY ATM SCALE
SUSY-SEESAW

SOLAR SCALE
RADIATIVE

EFF. BILINEAR RPVEFF. BILINEAR RPV 
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http://dx.doi.org/10.1016/0370-2693(90)90935-Y
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De Campos et al 
Phys.Rev. D86 (2012) 075001 

LIGHTEST NEUTRALINO DECAYS from cascade squark & gluino decays  
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.075001


Lightest neutralino decay length

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

LIGHTEST NEUTRALINO DECAYS from cascade squark & gluino decays  
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.075001


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

14

back

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.075001


a near miss ...

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

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

14

E(6) F-theory GUT 331-EW theory 

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


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

331 motivation   # families = # colours

http://dx.doi.org/10.1103/PhysRevD.22.738


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

331 motivation   # families = # colours

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

Gauge vs Higgs origin 
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http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1295506


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

331 motivation   # families = # colours

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

Gauge vs Higgs origin 

16 

http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1295506
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Phys.Rev. D86 (2012) 055006 & New J.Phys. 17 (2015) 075019 Phys.Rev. D89 (2014) 051302

lepton flavor violation
as a HE phenomenon?

https://doi.org/10.1103/PhysRevD.86.055006
https://doi.org/10.1103/PhysRevD.89.051302


BIG
BANG 
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nu’s at most 1% but can be key to DM 



LSP is SNEUTRINO-like
instead of neutralino ..

Arina et al   PRL101 (2008) 161802
Bazzocchi, Cerdeno, Munoz, JV, PRD81 (2010) 051701

 

If neutrinos get mass a 
la Inverse seesaw susy 
Spectrum can change so … 
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If neutrinos get mass a 
la Inverse seesaw susy 
Spectrum can change so … 
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De Romeri, Patel, Valle  arXiv:1808.01453

back

http://arxiv.org/abs/arXiv:1808.01453


E Ma 2006 “cotscotogenic” 

Hirsch et al JHEP 1310 (2013) 149 
Merle et al JHEP 1607 (2016) 013 
Diaz et al  JHEP01(2016)007
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Phys.Lett. B762 (2016) 214-218

file:///home/jv/Dropbox/Public/Desktop/Diaz%20et%20al%20http://dx.doi.org/10.1007/JHEP01(2016)007
https://ac.els-cdn.com/S0370269316305214/1-s2.0-S0370269316305214-main.pdf?_tid=3ab4cdfd-7095-41e3-bd31-98730f0fd94f&acdnat=1536317882_0a5a6392da71e66b06f121e698dda7e4
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1806.09977

Reig, Restrepo, Valle, Zapata

De Luca, Mitridate, Redi, Smirnov, Strumia

https://arxiv.org/pdf/1806.09977.pdf


1806.09977
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1806.09977

back

Reig, Restrepo, Valle, Zapata

De Luca, Mitridate, Redi, Smirnov, Strumia

https://arxiv.org/pdf/1806.09977.pdf
https://arxiv.org/pdf/1806.09977.pdf


Phys.Rev. D97 (2018) 115032

1806.09977
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1806.09977

back

Reig, Restrepo, Valle, Zapata

De Luca, Mitridate, Redi, Smirnov, Strumia

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.115032
https://arxiv.org/pdf/1806.09977.pdf
https://arxiv.org/pdf/1806.09977.pdf


neutrinos lie at the center of particle physics, e.g. EWSBEWSB

detecting messengers & measuring angles @ high energiesdetecting messengers & measuring angles @ high energies
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comprehensive



neutrinos lie at the center of particle physics, e.g. EWSBEWSB

detecting messengers & measuring angles @ high energiesdetecting messengers & measuring angles @ high energies

Sneutrino-like CWDM      Gravitino CDM      

WIMP DM stability from flavor: discrete DM

WIMP DM stability from Diracness

Bound-state dark matter

WIMP DM stability from gauge matter parity

DM can be warm & metastable, e.g. the majoron 

majoron DM + inflation
     

adding dark energy    Smoot  arXiv:1405.2776  etc etc THE END 22

comprehensive

http://arxiv.org/abs/arXiv:1405.2776


  decaying Gravitino dark matterdecaying Gravitino dark matter     
decays  suppressed by Planck mass & smallness of m-nu

 chosen to fit neutrino osc. data

excluded by gamma 
line searches @

Egret & Fermi-LAT

relic abundance 

+ LHC searches

 Restrepo et al
 PRD85 (2012) 023523 LHCLHC

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

arXiv:1805.08048
Reig, JV, Wilczek

19 

back

http://www.sciencedirect.com/science/article/pii/S037026931730850X?via%3Dihub
http://arxiv.org/abs/arXiv:1805.08048
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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 

back

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


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

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  

back

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.075028
https://ac.els-cdn.com/S0370269316300089/1-s2.0-S0370269316300089-main.pdf?_tid=3c5c2918-57b6-477f-9e05-3a1f31da5d97&acdnat=1536422102_254d11b0fa6a962d932974bb33d40ae5
http://iopscience.iop.org/article/10.1088/1367-2630/18/3/033033/pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.113015


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

Consistency with CMB

  Berezinsky, Valle PLB318 (1993) 360

Kuo et al 1803.05650

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                                  

back



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

type-I seesaw   Leptogenesis   

Aristizabal et al JCAP 1407 (2014) 052  

 http://arxiv.org/pdf/1502.00612v1 

back

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.055023
http://arxiv.org/pdf/1405.4706.pdf
http://arxiv.org/pdf/1502.00612v1


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

Asymmetric Dark Matter, Inflation and Leptogenesis from 
B-L Symmetry Breaking http://arxiv.org/abs/arXiv:1805.08251

Majoron alternative  
https://doi.org/10.1103/PhysRevD.90.055023

3-3-1-1 EW extension

back



 arXiv:1606.04543 

 Phys.Lett. B761 (2016) 431
Chiulia et al

No neutrinoless double-ββ decay 

Search for neutrinoless quadruple-ββ decaySearch for neutrinoless quadruple-ββ decay
http://arxiv.org/abs/arXiv:1705.08847

back

http://dx.doi.org/10.1016/j.physletb.2016.08.028
http://arxiv.org/abs/arXiv:1705.08847


   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 back
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