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Super stringent constraint is hard to avoid 

process 

Dim. 9 operator 

oscillation 

c.f. 

[Aitken, McKeen, Neder, 
Nelson (2017)] 
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Mechanism (summary) 

Sakharov's criteria 

B# violation 

C&CP violation 

Thermal decoupling 

process proton stabilization 

Difference of mass bases between  
Yukawa coupling and dim.9 op. 
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Dynamics 

a scalar     (inflaton) dominate Universe 

Thermal plasma @preheating 
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Mechanism 

Estimation of thermalization time 

Energy loss 

・Landau-Pomeranchuk-Migdal (LPM) effects 
[Landau, Pomeranchuk (1953);Migdal (1956)] 

・2→4 Scattering 
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Mechanism 

CP violation 

analogy to ordinary neutrino oscillation! 

Only if            or            , 

namely, aligned to quark mass basis 

CPV vanishes 

once a state is observed as      by dim. 9 op. 

Key: no universal diagonal basis 
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Conclusions 

Direct baryogenesis @ 

proton is completely stable 

Sakharov's criteria 

B# violation: 

C&CP violation: 

Thermal decoupling: 

process 

Difference of mass bases 

Energy loss processes 

Amount of BAU 

Sufficient amount of BAU can be produced! 
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Conclusions 

Future works 

flavor dependence! 

oscillation 
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constructing a concrete UV model 
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Cutoff of the model 

Wave function renormalization 

Four-Fermi like coupling 

Perturbativity of scattering cross section 

Effective Lagrangian 
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A simple UV model 

By introducing two scalar quarks 

Correspondence to low energy parameters 
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