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The S3	symmetry.

• Is the group of	all permutations
(6)	of	a	three element set.

• Is the group of	rotations and	
reflexions that leave an equilateral
triangle invariant.

• Is the simplest non	abelian group.
• It has	three irreducible	
representations:	two singlets and	
one doublet.



The Flavor Symmetry.



The Flavor Symmetry.
Three fermionic families are	accommodated in	one S3	doublet and	
one S3	singlet.	



The Flavor Symmetry.

The S3	model with 3	Higgs Doublethas	been
extensively studied by (and	many more):

But	to	have	dark	matter	we	need	4	Higgs	Doublets…



The S3	Model with 4	Higgs Doublets.

The Scalar
Potential.

where



To	ensure stabilitywe
need to	impose a	Z2	
symmetry,	where
Ha->	-Ha.

The S3	Model with 4	Higgs Doublets +	Z2.



The S3	Model with 4	Higgs Doublets +	Z2.

Ha	doesn’t
couple directly
to	fermions.

Yukawa	
Lagrangian.



The S3	Model with 4	Higgs Doublets +	Z2.

From the tadpole equations…

By self consistency.

we get the followingconditions:



The S3	Model with 4	Higgs Doublets +	Z2.

The masses are	found by
diagonalizing the matrix:

Which is block	diagonal,	and	all the submatrices have the following
form:

The fields
corresponding to	
Ha	are	decoupled.



The S3	Model with 4	Higgs Doublets +	Z2.

And	the correspondingeigenvalues are:



The S3	Model with 4	Higgs Doublets +	Z2.
Reparametrizing the vevs as

We get

and	thus

Neutral	scalar Higgses mass range,	with Hs	as	the SM	Higgs.

*Unitarity and	stability
conditions	were	taken	into	
account	for	the	mass	scan.



Charged Higgses mass range,	with the
scalar Hs	as	the SM	Higgs.

Pseudo scalar Higgses mass range,	
with the scalar Hs	as	the SM	Higgs.

The S3	Model with 4	Higgs Doublets +	Z2.



The S3	Model with 4	Higgs Doublets +	Z2.

Neutral	scalar Higgses mass range,	
with the scalar H2	as	the SM	Higgs.



The S3	Model with 4	Higgs Doublets +	Z2.

Pseudo scalar Higgses mass range,	
with the scalar H2	as	the SM	Higgs.

Charged scalar Higgses mass range,	
with the scalar H2	as	the SM	Higgs.



Dark Matter in	the S3	Model with 4	Higgs Doublets +	Z2.

Viable dark matter candidates.

Theoretical restrictions.
• The potentialmust have a finite vacuum.
• The dispersionmatrix must be unitary.
• Quartic couplingsmust be perturbative.

Experimental	restrictions.
• The mass of the SM Higgs is

• The measured relic density is



Dark Matter in	the S3	Model with 4	Higgs Doublets +	Z2.
AllowedFeynman diiagrams for the DM	

candidate.

To	find the relic density we
need to	calculate all the
annihilation cross sections of	
the model.

As	a	first test,	we only used
the circled Feynman Diagram.



And	can	be	rewritten as:

where

To	calculate the cross sections,	first we need to	
find the trillinear self-couplings.		

Dark Matter in	the S3	Model with 4	Higgs Doublets +	Z2.

We took the neutral	scalar boson from
the H2	doubletas		the SM	Higgs.



Dark Matter in	the S3	Model with 4	Higgs Doublets +	Z2.
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Relic Density scan,	using MICROMEGAS.
The black line	represents the measured
relic density,	approximately 0.118.	All
points in	this graph are	below this value.

This scan was performed for a	simplifiedmodel,	
nevertheless,	this is a	promising result.	There are	
other contributions yet to	be	added,	so	a	
complete	scan could show	us resultswith the
measured RD. Still,	the fact that all this values are	
below0.118	is a	good thing,	it means that our
candidate could account as	a	percentage of	the
total	DM.	



Conclusions and	perspectives.

• Higgs models provideviable	dark matter candidates:	Cold,	neutral	and	with
a	suitablemass range.

• There is a	lot of	work yet to	be	done:	Calculate the relic density for the
complete	model and	further constrain the free	parameters.

• So	far,	it seems that there is at	least one viable	dark matter candidate in	the
model.

• Detect and	characterize dark matter remains one of	the biggest challenges
of	the upcoming years.



BACK	UP



The S3	Model with 4	Higgs Doublets +	Z2.

The Higgs Doubletsare	defined as:



The S3	Model with 4	Higgs Doublets +	Z2.

We need conditionsthat constrain the free	parameters of	the model.	For
that matter we obtained the stability and	unitarity conditions.

Stability conditions.

Found by requiring that the
cuartic sector of the potencial
remains positive when the
fields tend to infinity.



The S3	Model with 4	Higgs Doublets +	Z2.
Unitarity Conditions.

The eigenvaluesof	the
dispersionmatrix must be

*The ones in	this slide correspond to	
the 3HDM-S3	found by Das	and	Dey



Unitarity conditions	from	
the	decoupled	Ha	
dispersion	chanels.



Dark Matter in	the S3	Model with 4	Higgs Doublets +	Z2.

Trillinear self	coupling	of	two	neutral	
antisymmetric	and	one	neutral	symmetric	(the	
SM	Higgs)	Higgses

Equals zero!



The S3	Model with 4	Higgs Doublets.

The Yukawa
Lagrangian.


