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Plan of the talk

Flavour Symmetries

DM stability from a FS

The reactor mixing angle problem
Solving RMA problem

Summary and conclusions



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



Flavor Symmetries and DM
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FS loca, global, continuous, discrete...

Used to explain masses and mixing patterns
In quark sector and lately in the neutrino sector
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Flavor Symmetries and DM
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FS loca, global, continuous, discrete...

Used to explain masses and mixing patterns
In quark sector and lately in the neutrino sector

l DM connection

Ma's talk this morning -
continuous Gauge symmetries



Cern Higgs Discovery

Fundacion principe de Asturias



Cern Higgs Discovery

What about
neutrino masses?
Fundacion principe de Ast
DM?
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Cern Higgs Discovery

What about
neutrino masses’
¥ 55 BAU?
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etc...

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
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Connection of neutrinos with DM
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Baryon
asymmetry

[Neutrino masses }

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
if RH neutrinos also transform with Z2
(Ma’s Scotogenic) .




Flavor symmetries

Frompfon and Kepharf, PRD64 (01)
order groups
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A4
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Ma and Rajasekaran 2001
Babu, Ma, Valle 2003

,.Al\.ltarelli, Feruglio 2005 T}le gellerators are
S and T S2 =73 =(ST)* =1.
1. 1", 1”7 and 3
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A4 and TBM

- (@)=(10,0)
($)=(1,1,1) / \

Altarelli Feruglio (2005)

Y Y
m=\|y r+4+v y-—v
y y—v T4
V A4 completely
/ broken

V,.,=U; U,=TBM

Large neutrino

bd =) s
mixing Misalignment




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

(¢) = (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

® [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

4 Y

0
my = 0 —c/b
1

sin® ;3/107% (NH) 2.344-0.20 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

-
=

¢ \\'e modity the model but was not enough

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

o 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 O13

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 (2016)

The model(s)

SE——

Le Ly | Ly | 18|15 | 1S |Np | Ny | N5 | H
Su@2)l 22211 ]1|1]1]1
Ag |1 |11 |3 |1 Y

In order to preserve the Zo, only n1 acquire vev

LY =y LISH + vy, LICH + y, LICH
+ Y7 L[Ny )1 + y5 Lu[Nrn]ir + ys L[N ]y + yyLe Ny H + yg L, Ns H
+ My NrNp + My NyNy + v [Ny ¢)s, Ny + yY [N @)1 Ns + y2 [Nr ¢]17 N
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Neutrino masses
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Neutrino masses
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Effectively only 3 RHN participate in the see-saw
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Neutrino masses
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Effectively only 3 RHN participate in the see-saw
T >

Two zero-texture B3
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Neutrino masses
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20 b ox ab 0
mM =100 c my) = |bdc
b c d Ludl, Morisi, Peinado 0cO

Meroni, Meloni, Peinado



Neutrino Phenomenology

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

[] Neutrino pheno compatible with DDM

[] The atmospheric mixing angle correlates
with neutrino masses

] Neutrinoless double beta decay lower bouna
also for NH

[] Barion assymetry?



