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First Observation of HE Cosmic Neutrinos  



� The IceCube fit for non-atmospheric 
neutrino flux for the 4-year HESE data:


   


    

 

     with the normalization 

�a ⇠ 2⇥ 10�18(E/100TeV )



�   A very different IceCube analysis of through-going 
muon tracks passing through the detector with higher 
energy threshold of 200TeV (6 year data) points to a 
much flatter flux


�  There have been suggestions that the observed 
astrophysical flux can be better described with two-
component power-law fits 




Could Observed Astrophysical Neutrinos 
be Due to Charm from Astrophysical 

Sources?




A.  Bhattacharya,  R. Enberg,  M.H. Reno and I. Sarcevic, 
JCAP 06 (2015) 034    



Could the observed neutrino flux 
have component from the dark 
matter decay in addition to the 

astrophysical source?


A. Bhattacharya, M.H. Reno and I. Sarcevic, 
JHEP 1406 (2014) 110

A. Bhattacharya, A. Esmaili, S. Palomares-Ruiz  and I.  Sarcevic, 
arXiv:1706.05746

Could the observed neutrino flux 
be due to only dark matter 

decaying into multiple channels?




Neutrino Flux from Dark Matter 
Decay

�   Flux is the sum of galactic and extragalactic contributions:

�  Galactic contribution:

�  Extragalactic contribution:

                                                    



  Dark Matter Decay Modes


DM ! ⌫̄µ⌫µ

DM ! µ+µ�

DM ! bb̄

DM ! W+W�

DM ! ⌫̄e⌫e

DM ! ⌧+⌧�

DM ! e+e� DM ! ⌫̄⌧⌫⌧











Limits on DM lifetime  



Could Dark Matter alone  
account for IceCube HESE 

events? 

�  Consider DM decay into two channels, one that 
would describe low energy data and the other 
high energy (PeV) events 

�   We have considered different combinations, 
finding best fit parameters for:  DM mass, 
lifetime and branching fraction (only 3 
parameters, less that in case of DM+ASTRO) 









 
l  We find that HESE data can be best  
described with the combination of the 
astrophysical neutrino flux and the dark 
matter decay   
l   Best fit values for DM mass and lifetime 
depend on the channel, for DM decay into 
leptons,  DM mass is of the order of several 
PeV, describing PeV events, while 
astrophysical flux describes lower energy 
flux  
l  DM decay  into      is disfavored  
  
 
   
 

                      Summary 

bb̄



 
l  We find limits on DM lifetime for wide 
range of DM mass, which are stronger than 
those obtained from gamma-ray data 
l   Future IceCube data could provide even 
further confirmation of the lack of events 
beyond few PeV, thus confirming that 
astrophysical flux cuts off and PeV events 
observed so far might be due to the DM 
decay component 
l  Interesting possibility that  IC HESE data 
is from decaying heavy DM only: DM mass in 
PeV range and DM decay into quarks and 
leptons 
       
  
 
   
 


