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Outline

Lots of motivations

The model

What do we get?
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Dogma 4:
“The three independent 
magnitudes and the one phase 
of the mixing matrix are 
arbitrary parameters of 
the SM”
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Don't worry good looking man,Don't worry good looking man,
I'm still with you.I'm still with you.



  

However! 
At the same 
time...
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What do we want to do?

In 1968, 

Gatto, Sartori, and Tonin, Phys. Lett. B28, 128. (1968)
Cabibbo and Maiani, Phys. Lett. B28, 131. (1968)

Later generalized  to the case of three families,
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But! Mixing parameters
are described as
arbitrary parameters!!
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➢ Which symmetry?

➢ Where to search for it?

➢ What facts could we already know?

But,

U. J. Saldaña-Salazar, (IF-UNAM)

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

➢ Which symmetry?

➢ Where to search for it?

➢ What facts could we already know?

But,

U. J. Saldaña-Salazar, (IF-UNAM)

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

➢ Which symmetry?

➢ Where to search for it?

➢ What facts do we already know?

But,

U. J. Saldaña-Salazar, (IF-UNAM)

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

➢ What facts could we already know?

1. Discrete and a subgroup of U(3).

2. It acts independently on each fermion species.

3. It acts independently on each handedness.
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➢ Where to search for it?

1. Mass spectra

2. In the kinetic terms of the Lagrangian
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➔A hidden symmetry after the EWSB

➔Non-Abelian Symmetry Group
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S3

✔  A non-Abelian discrete subgroup of U(3)

✔  Hidden after the EWSB

✔  3 → 2 + 1
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1 Higgs S3

● Mondragón et al, Phys. Rev. D59, 093009
● Mondragón et al, Phys. Rev. D61, 113002
● Barranco et al, Phys. Rev. D82, 073010
● Feruglio et al, Nucl. Phys. B800, 77
● Kobayashi et al, Phys. Rev. D78, 115006
● Jora et al, Phys. Rev. D80, 093007
● Xing et al, Phys. Lett. B690, 204
● ... 
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4 Higgs S3

S3 hidden + 4H:
Yahalom (1984)
**Mondragon et al, arXiv:1304.6644 

S3 hidden + 3H:
Pakvasa and Sugawara (1975); Derman (1978); Wyler (1979); Frere 
(1979); Yahalom (1984); Ma (1991); Hall and Murayama (1995); Koide 
(1999); Lavoura (2000); Kubo, Mondragón, Rodríguez-Jauregui (2003); 
Kubo, Okada, and Sakamaki (2005); Kaneko et al (2007); Gonzalez 
Canales, Mondragón, and Mondragón (2012); Teshima and Okomura 
(2011); Bhattacharyya, Leser, and Pas (2011); Teshima (2012);... 
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Up to now...

Standard Model +
Massive neutrinos +

3 more Higgses +
S3
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I II III (u,d,l,vD)

2 1S

I II III

2 1S

IV

1A

Higgses

Fermions
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What do we get?
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● Hermiticity
● 2x2 Rotation
●
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See 
D. Emmanuel-Costa's talk

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

● Hermiticity
● 2x2 Rotation
● The angle should satisfy:

U. J. Saldaña-Salazar, (IF-UNAM)

13th Hellenic Summer School, Corfu, Greece
September 09, 2013

See 
D. Emmanuel-Costa's talk



  

● Hermiticity
● 2x2 Rotation
● The angle should satisfy:

U. J. Saldaña-Salazar, (IF-UNAM)

13th Hellenic Summer School, Corfu, Greece
September 09, 2013

See 
D. Emmanuel-Costa's talk



  

U. J. Saldaña-Salazar, (IF-UNAM)

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

U. J. Saldaña-Salazar, (IF-UNAM)

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

U. J. Saldaña-Salazar, (IF-UNAM)

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

Mondragón et al,
arXiv:1304.6644

U. J. Saldaña-Salazar, (IF-UNAM)

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

U. J. Saldaña-Salazar, (IF-UNAM)

Mondragón et al,
arXiv:1304.6644

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

U. J. Saldaña-Salazar, (IF-UNAM)

By use of

where

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

U. J. Saldaña-Salazar, (IF-UNAM)

We obtain

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

U. J. Saldaña-Salazar, (IF-UNAM)

with

13th Hellenic Summer School, Corfu, Greece
September 09, 2013



  

For all Dirac
Fermions.

Mondragón et al,
arXiv:1304.6644
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Mondragon and
Rodriguez-Jauregui
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The theoretical framework
of the SM + few ingredients
is in very well shape!
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Summary and Remarks

1) Mixing angles could indeed not be
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masses.
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Summary and Remarks

1) Mixing angles could indeed not be

arbitrary parameters but given in terms of the 

masses.

2) These relations can be obtained by

means of a flavour symmetry.

3 a) The mass spectra and the kinetic terms of the 

SM Lagrangian could be suggesting already which 

flavour symmetry (S3)...
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Summary and Remarks (cont'd)

3 b) and moreover, a multiHiggs isodoublet 

scenario (in this case: 3 more).
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Summary and Remarks (cont'd)

3 b) and moreover, a multiHiggs isodoublet 

scenario (in this case: 3 more).

 4) FCNC's are expected to be small

due to the strong hierarchy in the masses. 

(to be published)
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Summary and Remarks (cont'd)

3 b) and moreover, a multiHiggs isodoublet 

scenario (in this case: 3 more).

 4) FCNC's are expected to be small

due to the strong hierarchy in the masses. 

(to be published)

5) A more realistic model needs the full 

analysis of the S3-invariant Higgs pot.

(work in progress)
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Your attention!
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Any questions?
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Backup spartans
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