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“We are struggling to find clear indications that can 
point us in the right direction. Some people see in this 
state of crisis a source of frustration. I see a source of 
excitement because new ideas have always thrived in 

moments of crisis.” G. Giudice (CERN, 2016)

State­of­the­Art:



  

A grown up SM and NPA grown up SM and NP



  

LHC
(aka
SM)

BSM
Theoretical 
physicist

BSM BSM Theoretical physicist
Theoretical physicist

A grown up SM and NPA grown up SM and NP

(and read arXiv)

Own's theory

New data



  

Summary or logical construction

SM's free parameters  Fermion masses and →
mixing parameters  GST  Arbitrary Yukawa → →
matrices  ?  Schmidt-Mirsky approximation → →
theorem  m3 >> m2 >> m1  systematical → →
procedure  Construction of the mixing →
matrices  Discussions of ansatz  Study of → →
complex phases  Agreement between →
theoretical and experimental mixing matrices 
(quarks and leptons)  Neutrino masses  Two → →
opened questions (A & B)  B  Study of GST → →
relation  Flavor-Blind principle  ?→ →  



  

The four mass ratios The four mass ratios 
parametrizationparametrization



  

Standard Model parametersStandard Model parameters



  

Standard Model parametersStandard Model parameters



  

Mixing parametersMixing parameters

(Weak basis)

(Mass basis)



  

Mixing parametrizationsMixing parametrizations

(Mass basis)

(Independent
field rephasings)

Num. of mixing parameters:

PDG,PDG, Chau, Maiani, Kobayashi-Maskawa, Wolfenstein, Fritzsch-Xing, Valle-Rodejohann



  

Mass ratiosMass ratios

Gatto, Sartori, Tonin (1968), 
Cabibbo (1968), Tanaka (1969),

Mohapatra (1977), Weinberg (1977), 
Fritzsch (1977), Ramond (1993), Xing (1996), 

Rasin (1997), Chkareuli (1998), Mondragón (1998),
Tanimoto (1999), Fritzsch, Xing (1999), King, 

Valle, Peinado, Spinrath, Antusch... 
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But, is it even possible?



  

Mass ratiosMass ratios

Gatto, Sartori, Tonin (1968), 
Cabibbo (1968), Tanaka (1969),

Mohapatra (1977), Weinberg (1977), 
Fritzsch (1977), Ramond (1993), Xing (1996), 

Rasin (1997), Chkareuli (1998), Mondragón (1998),
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Valle, Peinado, Spinrath, Antusch... 



  

Complex phases IComplex phases I

(Masina, Savoy) 



  

Complex phases IComplex phases I

No exact solution.

(Masina, Savoy) 



  

Complex phases IComplex phases I

No exact solution.

(Masina, Savoy) 

An approximated solution?



  

Hierarchical massesHierarchical masses

Schmidt-Mirsky approximation theorem (Schmidt, Mirsky, Eckart, Young)



  

Hierarchical massesHierarchical masses

Schmidt-Mirsky approximation theorem (Schmidt, Mirsky, Eckart, Young)

rank 1 
rank 2



  

Minimal flavor violation (MFV)Minimal flavor violation (MFV)

(Barbieri, Hall, Romanino, Dvali, Straub, Blankenburg, Grinstein)

Rank 0

Rank 1

Rank 0

Rank 1

Rank 2Rank 2

Rank 3



  

Electroweak basis*Electroweak basis*



  

Electroweak basis*Electroweak basis*



  

Electroweak basis* + mixing Electroweak basis* + mixing 
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Electroweak basis* + mixingElectroweak basis* + mixing

?



  

ComplexComplex phases II

● Minimal mixing

● Maximal mixing

● CP Violation



  

AnsatzAnsatz

(Fritzsch, Xing, Chkareuli, Froggatt, Nielsen, Rasin, Hall)



  

CKM (other authors)CKM (other authors)

(Fritzsch, Xing, Chkareuli, Froggatt, Nielsen, Rasin, Hall)

PDG 2014



  

CKM (ours)CKM (ours)

PDG 2014
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PMNS (Neutrino masses)PMNS (Neutrino masses)

NuFit14



  

PMNS (our predictions)PMNS (our predictions)

NuFit14
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PMNS (without fine tuning)PMNS (without fine tuning)

Forero et al
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SomeSome insight into the flavor puzzle

● Strong hierarchical masses
● Minimal mixing in the

1-3 and 2-3 sectors
● CP Violation in the 1-2 sector

● Weak hierarchy in neutrino masses
● Minimal mixing in the 1-3 sector
● Maximal mixing in the 2-3 sector
● CP Violation in the 1-2 sector
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● The hierarchy in the masses provides the simplest way to study fermion mixing 

● We have built a new mixing parametrization using four mass ratios

● The flavor puzzle is understood as a direct consequence of the fermion masses

● For the parametrization it was necessary to use the 
Schmidt-Mirsky approximation theorem

● Application of this theorem was equivalent to ask Minimal Flavor Violation 

● We found an excellent agreement in the quark mixing sector (CKM)

● Application to the lepton sector provided the absolute value of neutrino masses 
(which gave an excellent agreement to the PMNS matrix) and pointed to which 2-3 
octant

  

ConclusionsConclusions



  

Thanks for your 
attention!



  

The flavor-blind principleThe flavor-blind principle



  

Two inquiriesTwo inquiries

● Hierarchical contributions* 
(work in preparation with J. Hoff, W. G. Hollik, L. Flores, UJSS) 

● Ordered Yukawas

*(Froggatt-Nielsen, Arkani Hamed, Ibarra-Solaguren, Altmannshofer, Knapen-Robinson)

What principle or symmetry 
could lay behind such 
sequential Yukawas?
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Two family caseTwo family case

Phys. Rev. D93 013002 (2016), UJSS



  

Two family caseTwo family case

SymmetricAntisymmetric

Phys. Rev. D93 013002 (2016), UJSS



  

The flavor-blind principle:The flavor-blind principle:

“Yukawa couplings shall be either flavor blind or decomposed into several 
sets obeying distinct permutation symmetries.”

Phys. Rev. D93 013002 (2016), UJSS



  

Two family caseTwo family case

Lehmann
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Two family caseTwo family case

AntisymmetricSymmetric

Lehmann

Phys. Rev. D93 013002 (2016), UJSS



  

Three family caseThree family case
Harari 78, Kaus, Lavoura, Fritzsch, Tanimoto, Meshkov, Babu, Mohapatra, Mondragón, Rodríguez Jauregui, 
González Canales, Barranco
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ConclusionsConclusions



  

● The hierarchy in the masses provides the simplest way to study fermion mixing 

● We have built a new mixing parametrization using four mass ratios

● The flavor puzzle is understood as a direct consequence of the fermion masses

● For the parametrization it was necessary to use the 
Schmidt-Mirsky approximation theorem

● Application of this theorem was equivalent to ask Minimal Flavor Violation 

● We found an excellent agreement in the quark mixing sector (CKM)

● Application to the lepton sector provided the absolute value of neutrino masses 
(which gave an excellent agreement to the PMNS matrix) and pointed to which 2-3 
octant

● The study of the flavor-blind principle provided a way to understand origin of the 
sequential Yukawa terms noticed in the study of the four mass ratios parametrization 
 

ConclusionsConclusions
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