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Motivations 

•  Dark Matter (DM) and massive neutrinos can not be explained in the 

Standard Model (SM) 

•  The simplest extension to give a mass to neutrinos is the type-I 

seesaw mechanism (Minkowiski, Gell-Mann, Ramond, Slansky, Freedman, Niuenhuizen…) 

•  If θ13=0, the neutrino mixing matrix (UPMNS) can be well approximated 

by the Tri-Bimaximal Mixing (TBM) pattern Harrison et al (hep-ph/0210197, hep-ph/0302025, hep-

ph/0403278… )   



Motivations 

•  In Type-I seesaw, leptogenesis does not work if there exists a 

(residual) flavor symmetry, leading to zero θ13  Jenkins et al (0807.4176), Aristizabal Sierra et al 

(0908.0907), Bertuzzo et al (0908.0161), Hagedorn et al (0908.0240)  

 
•  Nonzero θ13 and leptogenesis can come from DM radiative corrections 

in the context of some underlying flavor symmetry, resulting in TBM 

•  The DM stability can simply come from a Z2 symmetry 

•  We keep a spirit of minimality, i.e., fewest free parameters from the 
DM sector 

hep-ph/0202239 



The Model and relevant observables 

•  A gauge-singlet fermion 𝜒1, a fermionic SU(2)L doublet 𝜒2 and a real gauge-singlet scalar S 
 
• These particles are odd under the Z2 symmetry   

•  The values of the observables are taken from PDG (Phys.Rev. D86, 010001 (2012)), T2K  
  (1308.0465) and Planck results (1303.5076). 



DM radiative corrections 



Results on UPMNS angles and mass-squared differences  



DM relic abundance and direct detection 



Leptogenesis (TeV N) with new contributions 



Leptogenesis (TeV N) with new contributions 



Leptogenesis (TeV N) with new contributions 
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S as Inflaton in chaotic inflation 



S as Inflaton in chaotic inflation 



S as Inflaton in chaotic inflation 



S as Inflaton in chaotic inflation 



Conclusions 
•  In the type-I seesaw, θ13=0 and zero lepton asymmetry if 

there exists a flavor symmetry resulting in the TBM. 

•  The dark particles, odd under a Z2 symmetry, break the 
flavor symmetry to achieve θ13~ 90 and leptogenesis. 

•  Only one radiative correction is needed for degenerate 
TeV heavy neutrinos and sub-TeV DM to achieve the 
goals. 

•  The singlet S can play the role of the inflaton with mS~1013 
GeV. 

 



Conclusions 
•  With mS, mN ~ 1013 GeV, one needs only one radiative 

correction to achieve the goals.  

•  There is a direct connection between 𝛿cp and leptogenesis, cp and leptogenesis, 
which is absent from the original leptogenesis in the type-I 
seesaw. 

•  For concrete model building, one should be very careful 
about radiative corrections from particles in question apart 
from the dark particles. 

•  These additional corrections might spoil the connection 
between the DM and SM neutrinos.  


