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Dirac Fermionic DM  

(a) I≠0, I3=Y=0 case	



Conclusion 

DM DM annihilate into V V 

•  To satisfy the direct search bound, the quantum number of Dirac 
fermionic DM is determined to be I3 = Y =0.  

    There are only two possibilities: I≠0, I3=Y=0  or I=Y=0. 
 

•  In the I≠0 case, the Sommerfeld enhancement is sizable for large 
I, producing large χ0χ0 → V V rates.           

    The DM Relic density can be reproduced with O(1-10) TeV mχ,  
    without violating the Fermi-LAT bound. 
 

•  In the I=0 case, a SM-singlet vector mediator X is required from 
renormalizability and the SM gauge quantum numbers.  

    To satisfy the latest bounds of direct searches and to reproduce 
    the DM relic density at the same time, resonant enhancement in 
    the DM annihilation diagram is needed. Masses are correlated. 

gf /gχ=(0.1,1,2) from top to bottom 

• The existence of DM is well  
   established. 
• Its properties are poorly known. 
• We study Dirac fermionic DM,     
   which is less studied than    
   Majorana and scalar DM.  σ N

Z ≈ I3
2 ×10−40 cm2

• To satisfy the direct search  
   bound, need to have  
                 I3=Y=0.  
• There are only two possible  
   cases:               
             (a) I≠0, I3=Y=0,     
             (b) I=Y=0. 

• SI elastic cross section   
   via Z exchange is usually   
   larger than expt. bounds   
   (~10-45cm2). 

See arXiv:1305.7008 for more details 

(b) I=Y=0 case	


Sommerfeld enhancement 

Gχ=gχ gf /MX
2 

From renormalizability and 
gauge symmetry, we need a 
gauge singlet vector to 
mediate interaction to SM 
particles.  
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