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Neutrino oscillations

Massive particles

Weak eigenstates Mass eigenstates

Omar’s talk
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Neutrinos

(33) 30 years later

What we do (not) know

Pauli 1930

Fermi 1933

Data favors Direct Hierarchy 
And CP violation

X
m⌫  0.2 eV

meff
⌫e  0.6 eV

O. Miranda’s talk
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❖ 2 nearly maximal mixings
❖ One small 
❖ CP violation  

❖ 2 squared mass differences  

 de Salas, Forero, Ternes, Tortola, Valle (2018) 

} O(�C)

Oscillation parameters
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 de Salas, Forero, Ternes, Tortola, Valle (2018) 

PDG (2018) 

Harriso, Perkin, Scott

bi-maximaltri-maximal

Oscillation parameters
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Three ways to test

Beta decay

Cosmology

Neutrinoless double beta 
Decay

*Majorana neutrinos
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 de Salas, Gariazzo, Mena, Ternes, Tortola (2018) 

CMB+LSSO

Trident
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Meroni, EP (2014) Trident
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Fermion masses:
me .5 MeV

md 4.8 MeV

mu 2.3 MeV

mµ 105 MeV

ms 95 MeV

mc 1.275 GeV

m⌧ 1.776 GeV

mb 4.18 GeV

mt 174 GeV
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Low scale see-saw
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The simplest effective source of Majorana neutrino masses dim 5 Weinberg 
operator

Weinberg, S. (1980) 

L = LSM +
1

⇤
L5

L5 = LL�� �L = 2

 Schechter, Valle (1982) 
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The simplest effective source of Majorana neutrino masses dim 5 Weinberg 
operator

Weinberg, S. (1980) 

L = LSM +
1

⇤
L5

L5 = LL�� �L = 2

Implications?

0⌫��

 Schechter, Valle (1982) 



3rd COMHEP                                                                                                                                               E. Peinado

2⌦ 2 = 1 + 3

type I seesaw
2⌦ 2⌦ 1LHN

type II seesaw

2⌦ 3⌦ 2

L�L

type III seesaw

2⌦ 3⌦ 2

LH⌃

Seesaw Majorana
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Seesaw Majorana

New features emerge when the seesaw is realized with non-minimal lepton 
content (Isosinglets)        SU(2) singlets:  (νi

c,Si)  
transforming  as  

Inverse see-saw

field L
⌫i +1
N �1
Si +1
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Radiative mass generation

Zee model

Zee Babu

DM

h
DM

DM

Higgs portal (scalar DM)
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DM stability

SM ⊗ Z2
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Deshpande and Ma (1978) 
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DM stability

Symmetry
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“scotogenic”

E. Ma (2006)

A. Zee (1980)

Radiative  
see-saw
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Flavor symmetries
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A4 completely 
broken

TBM from A4
Altarelli Feruglio (2005)
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Stability from flavor symmetry
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Hirsch et al (2011)

M. Lamprea and EP (2016)

EW scale breaking

Seesaw scale breaking
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Seesaw estabilidad de DM y simetría 
M. Lamprea and EP (2016)

A4 �! Z2h�i = (1, 0, 0)
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Seesaw estabilidad de DM y simetría 
M. Lamprea and EP (2016)

A4 �! Z2h�i = (1, 0, 0)

Two zero-texture B3

Frampton, Glashow ,Marfatia 
Merle, Rodejohan 
Xing, Fritsch 
Ludl, Morisi, Peinado 
Meroni, Meloni, Peinado 
…
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 de Salas, Forero, Ternes, Tortola, Valle (2018) 
M. Lamprea and EP (2016)

Tridente
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More on A4  stability

A4 ! Z2
Ferro-Hernandez, García de la Vega,EP (2018)

zero 0⌫��
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More on A4  stability

A4 ! Z2

0⌫��

Valencia fit 2018

Ferro-Hernandez, García de la Vega,EP (2018)

zero 0⌫��
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Fermionic DM in the Scotogenic
Vicente and Yaguna (2014) 
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Neutrino Floor

Xenon 1T 2018

Fermionic DM in the Scotogenic

Bonilla, Lamprea, Lineros, de la Vega, Peinado (2018-2019?) 
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 Bonilla, Ma, EP, Valle (2016)

3 Simetries: 
NO tree-level 

DM-Two Loops 
Forbidden Majorana

Dirac neutrinos and DM stability
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Dirac neutrinos and DM stability

U(1)B�L ! Zm{
L =

✓
⌫L
lL

◆

 Bonilla, Centelles-Chulia, Cepedello EP, Srivastava (2018)

Dirac or Majorana

Anomaly free 
Restrepo’s talk

{ ✔
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Dirac neutrinos and DM stability
 Bonilla, Centelles-Chulia, Cepedello EP, Srivastava (2018)

DM stability

U(1)B�L ! Zm
m = 2n
n > 2

Z4, Z6, ...

More details in arXiv:1812.01599

http://arxiv.org/abs/arXiv:1812.01599
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Dirac neutrinos and DM stability
 Bonilla, Centelles-Chulia, Cepedello EP, Srivastava (2018)

If SM leptons even power If SM leptons odd power

DM (F or S) transforming as odd 
Automatically stable

Scalar DM transforming as  odd 
Automatically stable

Fermionic DM transforming as  even 
Automatically stable
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Conclusions

It is possible to link DM with neutrino physics  

Neutrino mass generation and DM 

Oscillation pheno with the stability 

Neutrino nature with DM stability (and the  

  smallness of neutrino masses)
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Gracias


