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The CP problem

 In the limit            the QCD lagrangian has 
the symmetry                      sin the up and 
down masses satisfy                         one 
expect that the strong interactions to be 
approximately                      invariant 

 Experimentally                                                 
however, quark condensates break

down spontaneously    
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The CP problem

 
  however, quark condensates break down             

spontaneously, one expects now 4 Nambu-
Goldstone bosons           Although pions are light, 
there is no clue of another light state in the 
hadronic spectrum 

 Weinberg dubbed this the U(1)_A problem, 
suggesting that, somehow, there was no U(1)_A 
symmetry in QCD.



  

The strong CP problem

 ‘t Hooft realized that the current associated 
with the U(1)_A symmetry is anomalous

                                               

where N is the number of massless quarks. 
From this it is possible to add to te lagrangian 
the term:  



  

Strong CP problem

 This termproduces an electric dipole moment for 
the neutron of order:

with

which requires 

why      is so small ?, this is the Strong CP 
problem.



  

A solution

 Pecce and Quinn proposed  a solution 
suggesting that the SM had an additional 
U(1) chiral symmetry  which drives  



  

The five-texture mass matrices

 Our aim is to propose a PQ symmetry that 
generates this texture for the quark masses. 



  

Minimal Higgs content

 From the Lagrangian

 

it is possible to obtain the mass functions

                                                                         
                                                                         
                                                  



  

Minimal Higgs content

 To reproduce these mass functions at least 4 
higgs doublets are needed. 



  

Model particle content

 The PQ charges of quarks to reproduce the mass 
textures are

 by chosing the VEVs in a convenient way  it is 
possible to reproduce the quark masses and the CKM 
mixing matrix.    



  

Effective Lagrangian

  

where




  

Effective Lagrangian

 It is possible to obtain  the dimension five 
effective lagrangians by means of the non-
linear transformation 



  

Down quark Vector and axial 
couplings

                        



  

Constraints from Semileptonic 
decays 



  

Constraints from semileptonic 
decays



  

Conclusions

 In this work we have proposed a PQ symmetry that 
gives rise to  Hermitian mass matrices with five 
texture-zeros. This texture  can adjust in a non-trivial 
way the six masses of the quarks and the three CKM 
mixing angles  and the CP violating phase.

 we showed that this texture requires at least four 
Higgs doublets to be generated from a PQ symmetry. 
 We proposed a general parameterization for the PQ 
charges which is consistent with the texture.



  

Conclusions

 We calculated the FCNC coming from the effective 
Lagrangian of interaction between the Yukawa term 
and the axion.  This calculation poses some technical 
problems due to the multi-Higgs sector.  To solve this, 
we proposed a generalized Georgi rotation for an 
arbitrary number of Higgs doublets.

 As a bonus, we showed that our model can adjust the 
axion mass required to explain the anomaly recently 
reported by XENON1T~\cite{Aprile:2020tmw}.
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