
1.Introduction 

 Neutrino mass 

 Dark matter 

 Baryon number asymmetry 
 

+ Inflation 
 

The SM still has the serious problems 

A radiative seesaw model is a promising candidate which can 

explain these problems simultaneously. 

2.Radiative Seesaw Model 

SM  +  a scalar doublet 𝐻2  +  3 right-handed neutrinos 𝑁𝑖 
𝑍2 symmetry even odd 

E.Ma,Phys.Rev.D87. 077301 

Neutrino Mass 
Since Dirac mass terms at tree level are 

forbidden by the 𝑍2 symmetry, neutrino 

masses are radiatively induced. 

The new scalar doublet has no vev. 

The 𝑍2 symmetry is kept as the unbroken symmetry. 

𝐻1: the SM higgs 

𝐿𝛼: the SM leptons 

Dark Matter 

The 𝑍2 symmetry also guarantees 

the stability of the lightest 𝑍2 odd 

particle. Here we assume 𝐻0 is the 

dark matter.  

 

Leptogenesis 

Z2  
odd 

SM 

SM 

Lepton number asymmetry is generated 

through  the out-of-thermal equilibrium 

decay of the lightest right handed neutrino. 

 

S.K. and D. Suematsu, Phys.Rev.D86.053001, EPJC73:2484  

4.Complex Scalar Extension 

Neutrino Mass 

Non-renormalizable Potential J. McDonald, JCAP 1409 (2014) 09, 027  

5.Comparison with the CMB Observations and Reheating 6.Summary 

Inflation 

The field along this trajectory is considered to 

play a role of inflaton. 

The potential has local minima for a fixed θ at 

The change of the inflaton from some period to 

the end of inflation can be expressed as  

:canonically 

normalized inflaton 

3.Chaotic Inflation 

• We consider the model which 

explains neutrino mass, DM, baryon 

asymmetric Universe and also 

inflation. 

 

• This model could be free from the 

serious problem caused by trans-

Planckian field values.  

 

• Both the tensor-to-scalar ratio and 

the spectral index could have values 

which are favorable from the recent 

observations. 

 

• Sufficient reheating temperature for 

leptogenesis could be realized. 

 

χ 

end 

N* N(Xe) 

ε< 1 

e-foldings 

Inflation ends  at ε=1.  

Effective potential 

The Planck-suppressed operators 

spoil the flatness of potential!  

Inflaton should start to roll down the 

potential from trans-Planckian value. 

Initial value of inflaton  

To realize the proper value of e-foldings through sub-Plankian 

range of inflaton, we consider a two field inflation scenario. 

case B 

start 

The inflaton rolls down towards the 

global minimum beyond the potential 

barrier Vb before ε=1. 

ε=1 

Tensor-to-scalar ratio and spectral index Reheating  

The Universe can be reheated up through 

Inflaton decay. 

Sufficient reheating temperature 

for leptogenesis can be realized. 

:not to contribute to the  

  potential for inflation 

:for small neutrino masses 

Small 𝜑 can induce large field value of inflaton. 

Neutrino Mass Matrix 

The leading term of inflaton potential 

Quadratic 

Chaotic Inflation 

Small neutrino masses are realized 

even if masses of Ni are O(1) TeV.  

The scalar singlet plays a key role also for the small 

neutrino mass generation.  

Small scalar coupling is an effective coupling appearing at low energy 

regions after integrating out a heavy complex scalar singlet S. 

The CMB observations give the normalization 

such that 

at                                     . 

In the following estimation we fix the parameters 

so as to satisfy this condition. 

The contribution of N(Χe) is not negligible. 

case A 

The contribution from C2 term is larger than case B. 
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end 
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Power-low potential 
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