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§ Introduction 1 

• “Higgs” discovery is not the end of story. 

 

• Many BSM have non-minimal Higgs sector. 

1.  Multi Higgs Doublet                                  
1-1  2HDM (MSSM, ...) 

2.  “B-L” would be a broken gauge symmetry. 

3. Triplet Higgs (Type-II seesaw) 

4. Singlet Higgs (NMSSM, ...) 

5.  .... 
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• “Higgs” discovery is not the end of story. 

 

• Many BSM have non-minimal Higgs sector. 

1.  Multi Higgs Doublet                                  
1-* Neutrinophilic Higgs (neutrino mass) 

2.  “B-L” would be a broken gauge symmetry. 

3. Triplet Higgs (Type-II seesaw) 

4. Singlet Higgs (NMSSM, ...) 
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§ Neutrinophilic Higgs doublet 

models [Ma 2001 2006, Gabriel and Nandi 2007,…] 

• Yukawa couplings                         Dirac/Majorana 

 

 

• Higgs potential  
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models [Ma 2001 2006, Gabriel and Nandi 2007,…] 
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• Higgs potential    soft breaking 

•                                                               small VEV 



§§Concept of neutrinophilic Higgs 

• If  neutrino mass is given by 

                                            

         

 

• If  neutrino mass is given by                   , 
the smallness is at least partially due to 
smallness of Higgs VEV 

                                               and/or                  



§Introduction 2:  

Matter content in Universe 
• Open questions in cosmology 

1.  the origin of baryon asymmetry 

2.  the identity of dark matter 

 

 

 

 
•                                                           [NASA] 

 

                         

  



§ contents 

• Baryon asymmetry from thermal leptogenesis 
with Majorana neutrino 

 

• Right-handed sneutrino dark matter          
with Dirac neutrino 

 

 

 

                         

     



§ Baryon asymmetry  

• Why baryon number in our Universe is not 
same as anti-baryon number? 

 

 

 

•                                              

 

 
•                                                          [NASA] 

 

                         

• Baryogenesis via 
leptogenesis [Fukugita and 

Yanagida 1986] 

                              
Thermal leptogenesis 



Baryon asymmetry from thermal 

leptogenesis by a heavy N  

• Resultant baryon asymmetry 
 

 

 

 

 

• CP asymmetry 

 

• Efficiency (dilution, washout) factor        < (0.1 ~ 1) 

• Sphaleron transfer 

• Degrees of freedom in thermal bath 



CP asymmetry   

• A 

 

 

• In hierarchical right-handed neutrino mass 

 

 

 

 

• The lower bound on RH neutrino mass 
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• In hierarchical right-handed neutrino mass 

 

 

 

 

• Relaxed lower bound on RH neutrino mass 

 

§§ CP asymmetry (ν-philic ) 



• ΔL=2 scattering could be effective. 

 

 

 

• Condition 

§§ Washout (ν-philic )  



• A 

 

§§ Result 



• A 

 

§§ SUSY Result 

      Gravitino overproduction 

 



§§Leptogenesis vs gravitino 

• Gravitino problem 

•                                          [Kawasaki et al (2008)] 

•                                           Bound on N mass 

•                                            for leptogenesis 



§§SUSY neutrinophilic model 

• Superpotential 

 

 

                                          

• Parity assignment                             soft breaking                               



§ Dirac sneutrino dark matter 

• SUSY DM candidate 

     Dirac RH sneutrino  
                                           the minimal model [Asaka et al 2006] 

 

• Neutrinophilic Higgs sector 



§§ Dirac RH sneutrino  

• Yukawa couplings 

 

 

 

• Neutrino mass 



§§ Thermal relic density 

• Annihilation 

 

 

 

 

 

                          

     



§§Annihilation into γ 

• Annihilation into 2 γ 

 

 

 

                          

     



§§Annihilation into γ 

• Annihilation into 2 γ 

 

 

•                                                              @130 GeV 

 

 

• Fermi 130 GeV γ line anomaly [Weniger 2012]  

 

 

 



§ Summary 

• We investigated cosmological consequence of  
(supersymmetric) neutrinophilic Higgs in 
baryogenesis and dark matter 

 

• Low scale thermal leptogenesis v  1 GeV 

• Gravitino problem free in SUSY 

 

• Supersymmetric dark matter candidate (Dirac 
RH sneutrino) annihilating into line gammas 

 

 


