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 discovered via gravity 
    by Fritz Zwicky (1933) & Vera Rubin (1970)  



 DM accounts for 1/4 of the mass-E  
of the Universe. 

 For the particle identification, a discovery 
    via EM, strong or weak probes is needed: 
    e.g. DM direct detection, production, etc. 

CDMS, KIMS, LUX, XENON… 
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 CDMS-Ge: Ge, exponential excess of 
events in the nuclear recoil band > 5σ. 

     (unofficial)                        arXiv:1204.3559  



arXiv: 1310.8214 



 Inelastic DM:  More than two states with mass splittings, i.e. EWDM. 
                                                                                                           hep-ph/0101138 

arXiv: 1110.2721 



 Isospin-violating DM (IVDM):                                        hep-ph/0504157 

    In general, DM can couple differently to p’s and n’s, fp≠fn. 
    Moreover, if  fpfn<0,  cancellation between two contributions,  
    depending on the number of p’s and n’s in a target. 
 
 
 
     tan θ=fn/fp and  
     ri is the relative abundance. 
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 fp
V >> fn

V :         
 

                                                                                tε << 1 & rX=mZx
2/mZ

2 < 1 
     : General in models with a kinetic mixing between U(1)Y & U(1)X. 

 
 fp

hi ≈ fn
hi :  interactions of h1 & h2 with the SM f ~ yf  and ∑fp

Tq ≈ ∑fn
Tq  

     : General feature in models via a Higgs portal. 
 
 Isospin-violating interactions through a interference of a scalar and 

U(1)X gauge boson contribution. 
    
 One can find some region of parameter space satisfying 
     fn/fp ≈ (fn

hi + fn
Zx ) /(fp

hi + fp
Zx ) ≈ fp

hi /(fp
hi + fp

X ) ≈ -0.7  
 
 
 
 



 General formula for a multi-isotope material   
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 α ∙yf
SM  y∙yf

SM 
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M. Gresham & K. Zurek, 
arXiv: 1311.0022 

LUX 
XENON100 

CDMS-Ge 

XENON10 

LUX 
Leff 

XENON100 
Leff 



 Points falling close to the CDMS-Si compatible region satisfying all Exp. constraints 



 Several positive reports on ~10 GeV DM 

   : DAMA, CRESST, CoGeNT, CDMS-Si (CDMS-Ge) 

   But, null results from XENON, LUX, … 

 Is it real ??? 

 IVDM is natural in a double portal model. 

Reconciling CDMS-Si and LUX  

    satisfying EWPT, Z width, 126 GeV Higgs, LHCb, … 
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 Symmetric DM   

 DM: fn/fp=(Sn-Vn)/(Sp-Vp)≈Sp/(Sp-Vp)  

       can be < 0 depending on relative size of Sp & Vp. 

 Anti-DM: fn/fp=(Sn+Vn)/(Sp+Vp)≈Sp/(Sp+Vp) 

       always > 0. 

 Asymmetric DM: one component dominates. 

    Relic density is mostly determined by asymmetry. 
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