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Motivation
Glashow and Weinberg “The suppression of 
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and the representation content of the model”

     PRD 15, 1958 (1977).



Motivation
Glashow and Weinberg “The supression of 
FCNC is natural if it depends only the symmetry 
and the representation content of the model”

     PRD 15, 1958 (1977).

In a multi-Higgs models we have Flavor 
conservation if the fermion masses are 
generated by a single source.



The proposal

• We assume that the scalar sector also has three 
families (there is no limit on the SM scalar sector). 

• And we, also, assume that the symmetry governing 
the scalar sector is the S3 symmetry.



The proposal
• Usually the discrete symmetries are used to give more 

predictability in flavor problem, for example reproducing 
ansäteze.

• About S3 symmetry (arXiv:1003.3552v2)



The proposal
• Or, all permutation of S3 symmetry are represented on the reducible triplet (x1,x2,x3) as:

• We change the representation using the unitary transformation:



The proposal
• Or, all permutation of S3 symmetry are represented on the reducible triplet (x1,x2,x3) as:

• We change the representation using the unitary transformation:

The multiplication rule is 
the same 3 = 2+1

3 x 3 = (2+1)(2+1)



The model

• However, we have two possible representations for 
the singlet and the doublet:

• All the fermions are singlets of S3 (Minimum 
extension of the SM).

And B:

A:



The model
SU(3) X SU(2) X U(1) X S3

• The most general scalar potential invariant under 
the symmetry is given by:

The Yukawa Sector



Model A
The constrain equations:



Model A
if v1 = v2 = v3.

• The mass matrix:



• The mass matrix:

Model A
if v1 = v2 = v3.

CP even

CP odd

Cherged



• The mass matrix:

Model A
if v1 = v2 = v3.

SM Higgs

Goldstones



• The mass matrix:

Model A
if v1 = v2 = v3.

This parameter may be > 0 or < 0, 
and since it is not protected by any 
symmetry.



Model A
if v1 = v2 = v3.

The constrain equations becomes:

We have to check if this choice is a minimum:
 to do so first random values are assigns for the lambdas

therefore, the potential now is a function of 
V(mus^2,v1,v2,v3)



Model A
if v1 = v2 = v3.

Second, we asked for the program to find the minimum of the 
function



Model A
if v1 = v2 = v3.

Second, we asked for the program to find the minimum of the 
function

Almost all cases meet to v1 = v2 = v3. 
This result is a global minimum, we do not know if it's the only 

choice, probably not.

implies restrictions to the 
values   of lambdas or mud2



Model A
• After  diagonalize the mass matrix we obtain the 

following mass eigenstates:



Model A
• After  diagonalize the mass matrix we obtain the 

following mass eigenstates:

Goldstones

SM Higgs



Model A
• After  diagonalize the mass matrix we obtain the 

following mass eigenstates:

Goldstones

SM Higgs

• It is possible to note that there are still a residual Z2 
symmetry, it is the exchange of the doublets h2 and h3 still 
allowed.



Model A
• Soft terms break the Z2 symmetry to avoid the 

mass degeneracy:

"this mass matrix is god for neutrinos but not for 
Higgs scalars sector all eigenvalues are different 
from zero: there are no Goldstone bosons"



Model A
• It is possible to explain, for example, three bosons with 

mass equal125 GeV and the charged with 308 GeV.



Model A
• It is possible to explain, for example, three bosons with 

mass equal125 GeV and the chargeds with 308 GeV.



Model A
• It is possible to explain, for example, three bosons 

with mass equal125 GeV.

= - 0.7746* (246/Sqrt[2])^2



Model A
• It is possible to explain, for example, three bosons 

with mass equal125 GeV.

v1= v2 = v3 = v_sm/Sqrt[3] = 246/Sqrt[6] = 100.429



Model A: phenomenology

Interactions with h20 and the charged ones:



Model A: phenomenology

Interactions with h20 and the charged ones:

the unitary gauge



Model A: phenomenology
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Model A
L5=L6=L7=1 and mh2 = 350 Gev 

maindecays
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Model A
L5=0.001 and L6=L7=0.02 and mh2 = 350 Gev

comparing with the standard Higgs
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Model A
L5=L6=L7=1 and mh2 = 350 Gev 

comparing with the standard Higgs
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Model A
• So we can see that:

• The decays depend on the value of the parameters lambda.

• is possible to obtain a scalar potential that satisfies all the theoretical 
conditions of spontaneous symmetry breaking to give mass to the 
model spectrum.

• We can obtain decay rates similar to SM for the S3 model.

• We are analyzing the two-photon channel and it seems that it is 
possible to explain the results of the LHC...



Model B

The constrain equation implies:

This is a Minimum Global, is easy to check 
that for any numerical values is possible to 

obtain this vacuum alignment



Model B
• The mass matrix is diagonal in this case, but the 

masses are the same as in case of the Model A

• However the term below breaks S2 symmetry between v2 
and v3 which meaning that this term should be forbidden, a 
aditional Z2 symmetry is able to do so, if D -> - D.



Model B



Model B
• To avoid the mass degeneration we will adding 

quadratic terms, like we did in model A.

Do nothing



Final Thoughts
• We have a three higgs doublets model that have a 

simple scalar potential.

• This model remain closer to the standard model than 
a 3 - higgs model without s3 symmetry.

• h2 and h3 could be possible candidates to explain the 
photon counts in the LHC.

• Models A and B are similar or not? 

...



Thank you


