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Lagrangian for quark and neutrino mixings    

Siginify CPV

Research Motivation

    Accident?                              Correlation?

Spontaneous CPV Model
Relate these two Dirac phases



PDG  standard parameterization

Parameterization

KM parameterization

Angles and phases are parameterization dependent.



Decompose KM



NH

Convert angle and phase

Utfit

Nufit, T2K

PDG KM
Quark mixing

Lepton mixing

IH

Quark mixing

Lepton mixing
NH

IH

see backup for details
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Spontaneous CPV       with PQ Symmetry  

Multi-Higgs Model

Gauge Group

Why 3 doublets and 1 singlet? 



Higgs Potential



3  phases 

 the only source of spontaneous CPV

Minimal condition of potential

Only 2

Only CPV Source

Maximal CPV



Absorb phases to redefine fermion fields

Absorb phases
Yukawa coupling

Lepton
Quark



Solution?

Relate Dirac phases to CP phase

Absorb VR into fermion field

Only CPV source
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Additional Higgs bosons               New Interaction   

Physical fields

Physical DoF

Axion field

 Same rotation
arXiv:0705.0399, 1010.5204



Neutral Higgs

Yukawa coupling

Mass Eigenstates

FCNC



top quark mass

Numerical Analysis

down-type quark mass

Couplings around 1 to not upset perturbative calculation

even stronger constraint
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FCNC between 2 and 3

New scalar mass scale 

Flavor Changing Neutral Current (FCNC)

Constrain



M. Tanabashi et al. PDG2018 

Radiative Decay



Tri-lepton Decay

M. Tanabashi et al. PDG2018 

Formula in Backup 



Phys. Rev. Lett. 126 (2021) 141801 arXiv:1911.00367

Formula in Backup 

Anomalous Magnetic Moment

Dominant 



arXiv:1909.11087

UTfit

BS Meson Mixing



Constraints for FCNC



EDM (eEDM, nEDM)

e

eEDM

nEDM

color EDM Weinberg Operator

dominant

Barr-Zee



 EDM
nEDM

eEDM

O(104)



Conclusion

1. In KM parameterization, sum rule

2. This sum rule can be accommodated in model 
    with spontaneous CP violation.

3.             provides very strong constraints on the 
     new neutral scalar mass scales and the model 
     allow (e, n)EDM to reach current upper bounds.

4. This model can be tested by future experiments.



Thanks!
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CPV in Higgs potential

EDM 

Parameterizing mixing

Electric Dipole Moment (EDM)



EDM
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