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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



The SM is complete

Terra cognita and terra incognita

Standard Model & Physics BSM




Cern Higgs Discovery

Fundacion principe de Asturias



Cern Higgs Discovery
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neutrino masses?
DM?
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Cern Higgs Discovery

What about
neutrino masses/?
DM?
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with flavor?




Some hints
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LHC gives some limits on PBSM

Now we have some “hints”, new scalars?
LFV Higgs-> mu tau”

Sometimes predictions
such as TBM mixing



Connection of neutrinos with DM
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Connection of neutrinos with DM
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Mo joron
Iher&-r-i.oops
DDM
Loops with higher Higgs represem&a&oms
KeV sterile neubrinos
eke...



Scalar DM
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One of the simplest way Is to add a stable scalar field

I it is really stable we need a symmetry
(inert DM)
simplest symmetry — /2

Connection with Neutrinos is also possible
it RH neutrinos also transform with Z2
(Ma’s Scotogenic) 4 m




Flavor symmetries

Frompfon and Kephart, PRD& (07)
order Qroups
) S3= Dy
8 Dy, Q=0Q4 horizontal symmetry like SU(3) - - triplets
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/N already In these symmetries



A4
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Ma and Rajasekaran 2001
Babu, Ma, Valle 2003

Alarell, Feruglio 2005 The generators are
S and T S?=T%=(ST)*=T.

1. 1. 1" and 3

1 S=1\T=1 ]

7 S=117= (_,1-17:'/3 = 2
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A4 and TBM

C (@)=(1,00)

3 li Feruglio (2005) 2 r Y Y
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V A4 completely
/ broken

V,.,=U; U,=TBM

Large neutrino
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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

— SE——

Instead of breaking A4 in two different directions

(¢) = (1,0,0)

[ — —

Preserves “S” (Z2)

No TBM, but Z2

* DM Stability

PIRSSammmm——————



The Discrete Dark Matter

e \\le need a non-abe
e Scalar fields in a no

lan flavor group

N-trivia

e [Nis scalar only couples w

® Not connected with quarks

rrep
th leptons

e [he vev of the scalar breaks the flavor

iNnto a Zn subgroup of the

—O

® [his breaking dictates the Neutrino pheno



The model

SM + 3 Higgs SU(2) doublets , 4 right handed neutrinos
Hirsch, Morisi, Peinado and Valle
Phys. Rev. D 82, 116003 (2010)
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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

sin® 6,3/10™% (NH) 2.34+0.20 1.95-2.74 1.77-2.94
613/° 8.840.4 8.0-9.5 7.7-9.9

Inverse mass Hierarchy

{ Mee ~ 0.03 —0.05 ¢V }




Many attempts with the idea

-

¢ \\Ve modity the model but was not enough

e se other groups, the reactor mixing angle
remains a problem

e All these models are at the EW scale

e \What it we break the FS at the see saw scale?




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

e




The path to 013

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

This scalar field breaks the FS at the see-saw scale
B e e >




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, arXiv:1603.02190

The model(s)

SE——

Le|Ly|Lr | 1|15 | 1S |Np | Ny | Ns || H
SU(2)| 2|2 |2 |11 |1|1]1]1]2
Ag (111”111”131 |1

In order to preserve the Zz, only N1 acquire vev
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+ My NrNp + Ma NyNy + y7 [N7 ¢]3, N7 + y3' [Nr ¢|1 Ny + y3 N1 ¢]1# N
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Neutrino masses
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Neutrino masses
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(My 0 0 yNug ydoy)
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Effectively only 3 RHN participate in the see-saw

W




Neutrino masses
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Two zero-texture B3
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Meroni, Meloni, Peinado



Neutrino masses
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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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Neutrino Phenomenology

Data from M. C. Gonzalez-Garcia, M. Maltoni and T. Schwetz, arXiv:1512.06856 [hep-ph]
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Summary

[J Neutrino pheno compatible with DDM

[ The atmospheric mixing angle correlates
with neutrino masses

[J Neutrinoless double beta decay lower bound
also for NH

[] Barion assymetry?



