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§ Introduction 1 

• Neutrinos are massive. 

 

 

 

• Why are neutrino masses so small?? 

1. by high scale physics (seesaw mechanism) 

2. by quantum effects (loop induced) 

3. by small Higgs VEV (neutrinophilic Higgs) 

4. ... 

 



§Neutrinophilic Higgs doublet models 
[Ma (2001, 2006), Gabriel and Nandi (2007),…] 

• Yukawa couplings                         Dirac/Majorana 

 

 

• Higgs potential  
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§Neutrinophilic Higgs doublet models 
[Ma 2001 2006, Gabriel and Nandi (2007),…] 

• Yukawa couplings                         Dirac/Majorana 

 

 

• 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: 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 
      [Davidson and Ibarra (2002)] 

 



CP asymmetry   • A 

 

 

• 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 [Haba and OS (2011)] 



§ For lighter N case : 
 resonant leptogenesis 



§§Resonant leptogenesis 

• Large CP violation below the DI bound. 

• Very strong degeneracy for a large CPV... 

• CP violation enhanced by self-energy with 
degenerated RH neutrinos [Pilaftsis and Underwood 

(2004)] 
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§§Resonant leptogenesis (ν-philic )  

• Large CP violation below the DI bound. 

• Relaxed degeneracy for a large CPV! 

• Degree of degeneracy [Haba, OS and Yagamuchi (2013)] 

 

                                       



§§Resonant leptogenesis (ν-philic )  

• Large CP violation below the DI bound. 

• Relaxed degeneracy for a large CPV! 

• N2 washout and sphaleron [Haba, OS and Yagamuchi (2013)] 

                                                    y is large 

                                                  →N2 in equilibrium 

                                                  →washout by N2 

    

 

                                       



§ Supersymmetric case 



§§SUSY neutrinophilic model 

• Superpotential 

 

 

                                          

• Parity assignment                             soft breaking                               



§§Leptogenesis vs gravitino 

• Gravitino problem 

•                                          [Kawasaki et al (2008)] 

•                                           Bound on N mass 

•                                            for leptogenesis 



• A 

 

§§ SUSY Result [Haba and OS (2011)] 

      Gravitino overproduction 

 



§ Summary 

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

 

• Low scale thermal leptogenesis with v  1 GeV 
and MN ≈10 TeV 

• Strong degeneracy for resonant leptogenesis can 
be relaxed. 

• Gravitino problem free in supergrvity 

 

 


