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The Cosmic Budget     
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Evidence for Dark Matter     
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§  Galactic Rotation Curves 

§  Gravitational Lensing 

§  Light Element Abundances 

§  Large scale structure (LSS) 

§  CMB Anisotropies  

§  Other reasons… 

 

                Properties:  

§  non-radiating 

§  approximately collisionless 

§  non-relativistic 



The WIMP Hunting     
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Direct Detection Indirect Detection Collider Searches 

time 

Scattering Annihilation Production 



A Snapshot of Results from Direct Detection Experiments        
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Sensitivities are improving rapidly  



Limits from Indirect Detection Experiments        
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   <σv> = velocity averaged self-annihilation cross-section 
 
ANTARES: arXiv:1612.04595, IceCube: arXiv:1705.08103 
             SK I-IV: J.Phys.Conf.Ser. 718(2016)042040 
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  Being neutral and 
 weakly interacting, 
   νν channel is an 
  interesting option 
 
 Other channels like 
   bb, tt, ff are also  
 possible at tree level 
 
Can we improve the  
  limits for low mχ? 
  



Our Work     
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Magnetized Iron CALorimeter (MagICAL) @ INO     
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                 3 modules each of size 16m × 16m × 14.4m, sampling detector with 151 layers 
 
Each layer: Resistive Plate Chamber (RPC) as active detector& a 5.6 cm thick Iron Slab as target 
 
1.5 T Mag. field: Excellent Charge-Id, can probe the DM properties in ν and ν modes separately 
 
      Timing information will be used to distinguish between upward and downward going events  



DM Density Profile     
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Spherically Symmetric Dark Matter Density Profile 

    Uncertainty in the DM density profile 
 
      Study both NFW & Burkert profiles 
 
  NFW: Cuspy Halos  (astro-ph/9508025) 
 
 Burkert: Cored Halos (astro-ph/9904159) 
 

IceCube Collaboration: arXiv:1505.07259 

r à distance from the center of the Milky Way Galaxy  



DM Annihilation     
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DM Annihilation     
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Event Rates     
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Necessary Ingredients for Calculation    
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Binning Scheme Oscillation Parameters 

Detector Properties 



Event Spectrum    
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Data: Predicted atmospheric neutrino event in MagICAL (ATM), Theory: ATM + DM 



Model Independent Upper Bound on <σv>     
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                                             Poissonian Δχ2 
 

   20% normalization uncertainties in both atmospheric neutrino event 
                              and dark matter induced events   



A Comparison    
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Decay of Dark Matter    
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Event Spectrum    
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Lower Bound on the Decay Lifetime of Dark Matter      
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A Comparison      
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Conclusions      
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§       We have done the analysis for the diffuse DM 
           component of the Milky Way Galaxy  

§      Therefore, our constraints on velocity-averaged  
          self-annihilation cross-section and decay lifetime 
          are robust and conservative, having very mild  
          dependence on the DM density profile  

§      INO-MagICAL can play an important role in the  
         DM mass range of 2 to 50 GeV, complementary  
         to the searches performed by Super-K & IceCube 
 
      Charge-ID helps INO-Magical to probe the properties 
       of DM in neutrino & antineutrino modes separately 

Thank you 


