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Standard Model 

Unsatisfied points 

  ・Zero neutrino masses 

  ・No Dark Matter candidate 
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・Seesaw mechanism 

    ・introduce right-handed neutrinos 
Majorana mass term 

Block diagonalization ( when               ) 

But no DM candidate 

→ improve simultaneously → radiative seesaw models 

 ← cosmological observations 

・DM candidate in MSSM: neutralino 

    neutrino mass? 



Radiative Seesaw Models 

・Ma model 

  neutrino mass (1-loop) 

  Dark Matter 

couplings 
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・Zee-Babu model 

  neutrino mass (2-loop) 

  (one is massless) 

・f: 3x3 anti-symmetric 

・Doubly charged scalar 



Radiative Seesaw Models 

・Krauss-Nasri-Trodden model 

  neutrino mass (3-loop) 

  Dark Matter candidate (        ) 
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(only one generation) 

・Aoki-Kanemura-Seto model 

  neutrino mass (3-loop) 

  Dark Matter candidate 



A New Radiative Seesaw Model  

with B-L symmetry 
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Field contents 
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Fermion: 

Boson: 

New particles 

symmetry is imposed. 



Lagrangian 
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→ no Dirac mass term 

→ realized by constraining the scalar potential 

Right-handed neutrino masses are forbidden. 

・get masses at one-loop.  

when        becomes massless 



Neutrino mass generation 
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massless 

when 
We need 

for neutrino mass scale.  

since 

ex. 



Multi-component Dark Matter 
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DM candidates: 

We have various combinations. 

Two or three component DM. 

Ex.1 

       mass is  

radiatively  

generated. 
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Ex.2 
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Constraints to the model 
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・S,T parameters 

   → vacuum polarization of gauge bosons  

・Lepton Flavor Violation 

・Thermal relic density of DMs 

 

・neutrino mass scale 

→ Flavor structure of Yukawa couplings 

at 

→ we get 



Annihilation channels 
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DM: lightest right-handed neutrino 

p-wave s-wave s-wave 

Simplest case:  They do not exchange (at tree level). 

→ we can consider their abundances  

     independently. 

vanish when 



Numerical calculation 
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・constraints 

  S, T parameters            Lepton Flavor Violation 

  neutrino mass scale      thermal relic density of DMs 

・ 
 

・ 
 

・ 



Numerical calculation 
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to get neutrino mass scale to 



Annihilation channels 
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DM: SM singlet 

All channels are p-wave. 

resonance 



Direct detection of DM 
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Elastic scattering:                     (Higgs exchange) 

Resonance is important 

but We need 



Summary 
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・We constructed a new radiative seesaw model. 

・Light neutrino masses are generated at two-loop level. 

・Multi-component DMs are included.  

        (           symmetries) 

・We analyzed this model under some constraints.  

     (S-T parameters, thermal relic density of DMs, 

     Lepton Flavor Violation, neutrino mass scale) 

・Resonance region is only allowed by both of relic density  

  of DM     and direct detection experiment. 

Thank you for your attention! 


