
• Neutrino mass 

• Dark matter 

• Baryon number asymmetry 

The SM still has the serious problems 

A radiative neutrino mass model is a promising candidate which can 

explain these problems simultaneously. 

Inert doublet scalar 

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

E.Ma,Phys.Rev.D87 (2006) 077301 

Neutrino mass 

Since Dirac mass terms at tree level are forbidden by the 𝑍2 symmetry, neutrino masses are 

radiatively induced. 

Small neutrino masses are realized 

even if masses of 𝑁𝑖 are O(1) TeV. 

New physics is expected at TeV regions. 

This new scalar doublet has 

no vacuum expectation value. 

The 𝑍2 symmetry is kept as 

the unbroken symmetry. 

𝐻1: the SM higgs 

𝐿𝛼: the SM leptons 

Mass matrix 

Dark matter 

The 𝑍2 symmetry also guarantees the stability of the lightest 𝑍2 odd particle. 

If we assume the lightest 𝑍2 odd particle is 

neutral, it can be a dark matter candidate. 

In this model, the origin of neutrino mass and dark matter is closely related. 

We assume that the lightest 𝑍2 odd particle is the neutral component of the inert doublet 

and its mass is O(1).TeV. Here we consider  the case that 𝐻0 is the dark matter.  

In this case the scalar couplings play a crucial role for the relic abundance. 

Gauge interactions 
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Scalar interactions 

The experimental results indicate that 𝜃13 is non-zero. 

TeV scale resonant leptogenesis 

Normal hierarchy 

The required baryon number asymmetry 

can be generated for Δ~O(10−5) and 

Δ~O(10−7) respectively. 

This is rather mild degeneracy compared 

with the ordinary case Δ~O(10−8-10−10). 

𝛿 is determined by the minimum velocity of dark 

matter which makes the inelastic scattering possible. 
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Although the interaction cross section is 

sufficiently large, it has not been found. 

This interaction should be kinematically forbidden 

by the mass difference between 𝐻0 and 𝐴0. 

In this case, the constraint from the inelastic 

scattering between the dark matter and a nucleus 𝑁 

through 𝑍 exchange should be taken into account. 

We assume that the neutrino Yukawa couplings are    

Normal hierarchy 

so that the neutrino mass matrix is diagonalized by the tri-bi maximal 

mixing form of PMNS matrix if 𝑞1,2,3(or 𝑞1,2, 𝑝1,2)=1.  

We look for the values of 𝑞1,2,3 (and 𝑞1,2, 𝑝1,2) in order to satisfy 

all the neutrino oscillation data.  

Lepton flavor structure 

Inverted hierarchy 

If we take the right-handed neutrino masses to be 

hierarchical, it is difficult to realize the required lepton 

number asymmetry due to the washout effects. 

Inverted hierarchy 

・Smaller yukawa       washout effects 

 

・Degenerate right-handed neutrino masses 

Resonant leptogenesis scenario 

CP asymmetry 

D.Suematsu, T. Toma and T. Yoshida Phys. Rev. D79 (2009) 093004 

• The radiative seesaw model with an inert doublet could be a promising candidate 

which explains neutrino mass, dark matter and baryon number asymmetry 

simultaneously.  

 

• The nearly degenerated right-handed neutrino masses can realize the observed 

baryon asymmetry. This degeneracy is milder than the ordinary resonant leptogenesis. 

 

• The dark matter direct search seems to be a promising experiment to examine this 

model. In particular, this simple scenario predicts the dark matter mass is around 1TeV. 

• Normal hierarchy 

An example of the result of numerical study 

Non-thermal equilibrium 

condition for leptogenesis  

• Inverted hierarchy 

Region consistent with all 

neutrino oscillation data 

D.V. Forero, M. 

Tortola, J. F. Valle, 

Phys.Rev.D86 

(2012) 073012 

 

Dark matter relic abundance follows the usual thermal relic scenario. 

Annihilation cross sections 

We could estimate the dark matter mass region by taking into account the scalar coupling 

constraints such as vacuum stability, perturbativity and unitarity up to some cut-off scale. 

Dark matter direct search is a good tool for verifying this simple model.  

Scalar coupling independent processes  

We could find the dark matter around 1 TeV mass region 

in the near future. 

We now attempt to correlate the parameters we tuned in the previous work independently.  

Right-handed neutrino mass degeneracy Small neutrino yukawa couplings Orign of the 𝑍2 sym. 

We could realize the conditions for leptogenesis simultaneously. 

New particle contents 

An example of this scenario 

Lepton number Reaction rates 

Cut-off scale: 

Unitary matrix which diagonalizes the right-handed neutrino mass matrix  

The required value 

can be generated. 
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