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Standard Model
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•In the SM, neutrinos are massless.  

•Oscillation experiments suggest nonzero neutrino masses. 
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•Why are neutrino masses so tiny?
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Neutrino Masses



Dark Matter
• Many evidences for the DM
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•27% of the universe is DM 

•We do not new its nature 

•None of the SM particles can be a DM candidate 
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Neutrino masses and Dark Matter
•Neutrino and DM require New Physics beyond the SM 

•Radiative generation of neutrino masses is a viable 
scenario and testable at colliders 

•Interplay between Neutrino masses and DM
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E. Ma, PRD73 (2006)



Taken from Weniger, Light Dark Matter WS (2013)

Indirect Dark Matter Signal: γ



Indirect Signature: γ-line
•FermiLAT data 
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•130 GeV line from Galactic center: 3.3~6.5σ.     
•Other sources (Earth Limb, etc): ~3σ

Bringmann, et.al, Weniger (2012)

~4% of thermal relic density

→The current situation is confusing.  



Taken from Weniger, Light Dark Matter WS (2013)



Outline
•Introduction to Zee-Babu model for radiative neutrino mass 

•Introduction of DM in Zee-Babu model 

•Z2-model 

•U(1)B-L model 

•Phenomenology of DM 

•FermiLAT 130GeV gamma-line anomaly 

•Conclusions



The Zee-Babu model
• Two charged scalars                          with L=-2  are 
introduced in addition to the SM 

• Interactions:  

L (or B-L)—violating term

Babu, PLB(1988)
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The Zee-Babu Model 
•Right-handed neutrino is NOT necessary 

•Smallness of neutrino mass comes from loop-suppression 
factor 

•Det(M)=0: one massless ν 

•No Dark Matter  
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Z2 Model
•Introduce DM X and Z2-symmetry: X➝-X 

•Simplest extension to incorporate DM 

!

•The SM Higgs is a mediator between the DM X and the SM 
sector
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Z2 Model
relic density, direct detection: OK, small γ-line signal
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Z2 Model
•Correlation with H→γγ



U(1)B-L Model
•Add φ with B-L charge 2 

•μ-term is replaced by B-L symmetric Chang, Keung, Pal, PRL(1988) 

!

•spontaneous  B-L symmetry  breaking        < φ> =v φ/√2 generates 
neutrino mass 

!
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•Stability of DM X: remnant Z2 symmetry after         < φ> =v φ/√2 

Lindner, Schmidt, Schwetz, PLB705(2011)



U(1)B-L Model
•“Higgs” portal term 
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•annihilation into the SM particles for relic density 

•direct detection cross section

SM HS(DM)

| sin↵H | . 0.32



U(1)B-L Model
•mass split between Re and Im part of X: XR (DM) 
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•Total 22 parameters in the scalar potential



U(1)B-L Model
•Enhancement of XRXR→γγ

Resonance, large vφ

mφ=260GeV

mφ=1TeV



U(1)B-L Model
•Does XR give correct relic density,  ΩDMh2=0.12? 

•XRXR→αα is dominant in wide region of parameter space. 
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• 2 mR=mφ=260GeV,  λφΧ>0 
    mI=mh=mk=1TeV, λ’s=0.01

λφΧ>0



U(1)B-L Model
•2 mR=mφ=260GeV, λφΧ<0 

•TeV scale v φ  can explain FermiLAT  
gamma-line: too small relic density 
•Need to decouple XRXR→γγ:  
   mh=mk=20 TeV 

•mI=1TeV, λ’s=0.01

λφΧ<0



U(1)B-L Model
•Off-resonance  

•XRXR→αα cross section is too small  
and we need other channels for  
relic density: mh=150 GeV, 
mk=500 GeV 

•mφ=1TeV, mI=1TeV, λ’s=0.01



Conclusions
•Extended Zee-Babu model for radiative neutrino mass 
generation to include a DM candidate X and SM singlet scalar 

•Ζ2 model is consistent with relic density and direct detection but 
cannot explain FermiLAT gamma-ray line 

• U(1)B-L→Z2  

•Guarantees stability of DM XR 

•Goldstone boson plays an important role in DM annihilation 

•XRXR→γγ can be enhanced to explain the possible anomaly in 
FermiLAT gamma-ray data
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EW scale Goldstone boson
•Chang, Keung, Pal, PRL(1988)

Model indep. bound from  
stellar energy loss

Small enough due to 
two-loop suppression


