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This talk is based on the works:

1. The S3 Flavour Symmetry: Neutrino Masses and Mixings, FGC, A. Mondragón and M. 
Mondragón, Fortsch.Phys. 61 (2013) 546-570 

2. Quark sector of S3 models: classification and comparison with experimental data, FGC, A. 
Mondragón, M. Mondragón, U.J. Saldaña Salazar and L. Velasco-Sevilla,  Phys. Rev. D 88 (2013) 
096004 

3. Phenomenological effects of CP conserving Higgs bosons self couplings in SMxS3, E. Barradas 
Guevara, O. Félix-Beltrán, FGC and E. Rodríguez-Jáuregui, J. Phys. Conf. Ser. 492 (2014) 012015

4. Trilinear self-couplings in an S3 flavored Higgs model, E. Barradas Guevara, O. Félix-Beltrán 
and E. Rodríguez-Jáuregui, Phys. Rev. D90 (2014) 095001  

5. CP breaking in S3 flavored Higgs model, E. Barradas Guevara, O. Félix-Beltrán and E. 
Rodríguez-Jáuregui,  arXiv:1507.05180  

6. And work in progress...
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Very compelling evidence for finite masses and large neutrino mixing angles has 
been achieved from Solar, atmospheric, reactor and accelerator neutrino 
oscillation experiments.

This exciting breakthrough opens This exciting breakthrough opens 
a new window to physics beyond a new window to physics beyond 

the Standard Model.the Standard Model.

But..... How far beyond?But..... How far beyond?
SUSY, 2HDM, Flavour SUSY, 2HDM, Flavour 

Symmetries.....Symmetries.....

We choose made a We choose made a 
minimal extension of minimal extension of 
SM, we add a discrete SM, we add a discrete 
flavor symmetryflavor symmetry  



  

● Abelian Symmetries 
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● Non Abelian 
Symmetries 

S3, A4, Q6, …...

An Introduction to Non-Abelian Discrete 
Symmetries for Particle Physicists, Lect.Notes 
Phys. 858 (2012) 1-227

Discrete Symmetries Market Discrete Symmetries Market 

http://www.ackxhpaez.com/runninscared5.ht
ml
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Before Electroweak Before Electroweak 
symmetry breaking, symmetry breaking, 
the theory is quiral the theory is quiral 
and all particles are and all particles are 

Massless. Massless. 

Permutation Permutation 
of three of three 
objectsobjects

  
we have we have 

the Sthe S3 3 

symmetry. symmetry. 



  

After electroweak symmetry After electroweak symmetry 
breaking breaking  



  

After electroweak symmetry After electroweak symmetry 
breaking breaking  
The observed mass hierarchy in each fermion sector 



  

After electroweak symmetry After electroweak symmetry 
breaking breaking  
The observed mass hierarchy in each fermion sector 

The smallest symmetry group with The smallest symmetry group with 
doublet and singlet irreducibledoublet and singlet irreducible

  representations is the S(3)representations is the S(3)



  

After electroweak symmetry After electroweak symmetry 
breaking breaking  
The observed mass hierarchy in each fermion sector 

The smallest symmetry group with The smallest symmetry group with 
doublet and singlet irreducibledoublet and singlet irreducible

  representations is the S(3)representations is the S(3)

 We propose...  
 The group S(3) of permutations
 of three objects as the flavour 
symmetry.

We consider two ways to implement 
the symmetry:

1)As a symmetry of the mass matrices.
1 Higgs Boson

2)As a symmetry of the Lagrangian.
3 or 4 Higgs Bosons



  

Matter Content of the ModelMatter Content of the Model



  

Matter Content of the ModelMatter Content of the Model

S
3  

Invariant Higgs Potential



  

Matter Content of the ModelMatter Content of the Model

S
3  

Invariant Higgs Potential

The parameters μ's have dimensions of mass and eight real couplings 
a...h are dimensionless.

The Higgs potential has a minimum at



  

The minimization conditions give us three equations  determined by 
demanding the vanishing of                .   

From these, the following relationship among the Higgs vev's is obtained:   

This generate the Nearest Neighbour Interaction (NNI) mass matrices



  

The Yukawa Lagrangian for Dirac fermion 

For up quarks or Dirac neutrinos



  

The Generic Mass Matrix for the Dirac Fermions.

After  electroweak 
symmetry breaking

The rotation is unobservable
in quark mixings



  

NNI mass matrices for Dirac fermions

The matrix has the shape NNI and eigenvalues

The physical masses are related to the shifted  
masses        by:         



  

Numerical Results for Quarks



  

Left handed Neutrinos and type-I seesawLeft handed Neutrinos and type-I seesaw 
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Flavour Changing neutral Currents



  

Summary 

➢ The permutational symmetry S3 is the smallest non-abelian 
discrete symmetry suggested by data.

➢ Used as flavor symmetry in the quark, lepton and Higgs sectors 
allows for “unified” treatment of Dirac fermion masses.

➢ Godd phenomenology both in the quark an lepton sectors. 



  

Thank you!!!Thank you!!!
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