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Neutrino masses



Neutrino oscillation
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Neutrino mixings
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Neutrino mixings
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Fermion masses
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Fermion masses
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Neutrino masses GCosmology

de Salas, Gariazzo, Mena, Ternes, Tortola (2018)
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Neutrinoless double beta decay
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Dirac neutrino masses

¢ [If we impose Lepton number then the neutrinos are Dirac particles just like
quarks and charged leptons
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Neutrino masses

How can we give mass to the neutrinos?

¢ Neutrinos are neutral particles

¢ If we add a Right-Handed neutrino (singlet of SM) then we have the
Yukawa coupling with the Higgs (like quarks and leptons)

)\O”;L_QGH*NZ'

¢ But there is no symmetry that forbids also this term
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Violates lepton number



Neutrino masses

How can we give mass to the neutrinos?

¢ Neutrinos are neutral particles

¢ If we add a Right-Handed neutrino (singlet of SM) then we have the
Yukawa coupling with the Higgs (like quarks and leptons)

)\aiL_aéH*Ni

¢ But there is no symmetry that forbids also this term
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See-Saw

¢ The simplest effective source of Majorana neutrino masses dim 5 Weinberg
operator

Weinberg, S. (1980)
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See-Saw

¢ The simplest effective source of Majorana neutrino masses dim 5 Weinberg
operator

Weinberg, S. (1980)
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UV-completion dim 5 operator
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Seesaw

¢ We have several possibilities SU(2) doublets L

2®2=1+3
type | seesaw
LHN 2021
type |l seesaw
LAL 203 ®:2

type lll seesaw
LHY 203X 2



UV-completion dim 5 operator

¢ We have several possibilities SU(2) doublets L
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UV-completion dim 5 operator
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SeesSaw
¢ We have several possibilities SU(2) doublets L
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Flavour symmetries
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FS has been used to reduce
# of Yukawa couplings

Correlations among observables
masses, mixings and CP phases

Sometimes predictions
such as TBM mixing
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Flavour symmetries

FS has been used to reduce
# of Yukawa couplings

Correlations among observables
masses, mixings and CP phases

Sometimes predictions
such as TBM mixing
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Connection of neutrinos with DM
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Connection of neutrinos with DM
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Stability
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Stability
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Flavor symmetries
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A4

Ma and Rajasekaran 2001
Babu, Ma, Valle 2003
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A4 and TBM
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How to use it to stabilise DM

Instead of breaking A4 in two different directions




How to use it to stabilise DM
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Instead of breaking A4 in two different directions
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The Discrete Dark Matter
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The model

SM + 3 Higgs SU(2) doublets , 4 right handed neutrinos

Hirsch, Morisi, Peinado and Valle
Phys. Rev. D 82, 116003 (2010)

inert part  Rank 2 matrix

m M



Neutrino Pheno
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Scaling matrix,
Rodejohan and Mohapatra

Inverse mass Hierarchy

{ Mee ~ 0.03 — 0.05 ¢V }



Neutrino Pheno

Scaling matrix,
Rodejohan and Mohapatra

4 Y
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Inverse mass Hierarchy

{ Mee ~ 0.03 —0.05 ¢V }




The path to 013
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The path to 013
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Lets couple a scalar field with RH neutrinos
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The path to O13

Lets couple a scalar field with RH neutrinos
1 s S ———————————»

This scalar field breaks the FS at the see-saw scale
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The path to 013

Lets couple a scalar field with RH neutrinos
e SR ————

This scalar field breaks the FS at the see-saw scale
1 — R~

At EW we have a Z2 (like in the inert case)
T ——————-———— e ——————




M. Lamprea and E. Peinado (2016)

The model(s)

SE——
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Neutrino masses

M. Lamprea and E. Peinado (2016)
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Neutrino masses
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M. Lamprea and E. Peinado (2016)
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Effectively only 3 RHN participate in the see-saw
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Neutrino masses
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M. Lamprea and E. Peinado (2016)
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Neutrino masses

— SE——

M. Lamprea and E. Peinado (2016)
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Neutrino Phenomenology

Data from D.V.Forero,M.Tortola and J.W.F.Valle,Phys.Rev.D90(2014)9,093006
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Updated

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

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

B3 two-zero textureiNO & 10 @ (30 & 10)

B4 two-zero textureiNO & 10 @ (30 & 10)
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Summary

] Neutrino pheno “compatible™ with DDIM

[] The atmospheric mixing angle correlates
with neutrino masses

[] Neutrinoless double beta decay lower bound
also for NH

[] Barion assymetry?
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