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Origin of High Energy Neutrinos: 
Cosmic Accelerators  

� Particles (electrons, protons, etc) are 
accelerated to high energies via Fermi 
shock acceleration 

�   High energy protons collide with 
ambient protons and photons  

�   Hadronic production of pions, kaons 
and D-mesons which decay into 
neutrinos 



Cosmic Accelerators 

Physics Today 2009 



Observed High Energy Particles 
from the Sky 

�  Cosmic Rays (energy up to  1021 eV) 

 

� Gamma - rays (energy up to 1013 eV) 

�  Atmospheric Neutrinos (energy up to 109 eV ) 

 

�   Astrophysical Neutrinos (30GeV – 2 PeV) 



Cosmic Rays 





Active Galaxy 



High Energy Gamma Rays  
�  Active Galactic Nuclei (AGNs) are 

prodigious particle accelerators and the 
most powerful radiation sources known in 
the Universe, with luminosities ranging 
from 1042 – 1048 erg/s. 

� Over 50 AGNs observed by EGRET in MeV 
energy range, and about 15 AGNs in TeV 
range. 

 



 

�  Solar Neutrinos (MeV energies) 
 
�  SN 1987A (MeV energies) 
 

�  Atmospheric Neutrinos (GeV to TeV energies) 

�  Astrophysical (extragalactic)  Neutrinos (AGN, 
GRB, cosmogenic, etc; GeV to EeV energies) 

 
�  Neutrinos from Dark Matter Decay or Dark 

Matter Annihilation 

Cosmic Neutrinos 



Neutrino fluxes 



First Observation of HE Cosmic Neutrinos 



Example of Cosmic Accelerator


Schematic picture of  a relativistic jet buried inside  
the envelope of  a collapsing star – Slow-jet Supernovae (SJJ) 

Razzaque, Meszaros and Waxman (2004) 



Mechanism for particle 
production


�   Electrons and protons are accelerated to 
very high energy in internal shocks via 
Fermi shock acceleration. Electrons cool 
down rapidly via synchrotron radiation  in 
the presence of the magnetic field


�   In an optically thin envirement, these  
relativistic electrons emit synchrotron 
photons which are observed as gamma-
rays  on Earth












    Meson cooling times for the slow-jet core collapse supernovae 
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    Proton flux has energy cut-off (because of the 

cooling) and is given by 
 
 
 
 
 
 
 
      In general Z-moments are energy-dependent 

and they also have energy cut-off coming from 
the proton flux cutt-off (but at lower energies) 

 
 
     
      
                                                                                                         



Neutrino Flux From Slow-Jet Core Collapse Supernova 
(obtained with energy-independent Z-moments) 



Could IceCube Excess in PeV Neutrino 
Flux be Due to Charm from Slow-jet 

Supernovae?
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  Additional Neutrino Flux from 
Heavy Dark Matter Decay
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Galactic:


Extragalactic:


Decay modes:
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 Best fit parameters for energy 28Gev-10PeV:   


   DM mass = 240 TeV, lifetime =3  x 10^27 s


   power-index = 2.55


  (varying all the parameters) 


10 DM events plus 26 astro events


     Best fit IC: 


     power index = 2.58







 





Best fit parameters for energy between 28TeV- 
10PeV when power-index is fixed to 2


   DM mass = 319 TeV, lifetime =2.6 x 10^27 s 
(varying all the parameters except power-index) 


    17 DM events plus 16 astro events


     


     







Summary  
� Astrophysical neutrinos are valuable probes of 

new physics (solar neutrinos,atmospheric 
neutrinos have provided us with the very first 
indication that neutrinos have mass).   

�   Ultrahigh energy cosmic neutrinos (from 
AGNs, GRB, SJS, etc,) probe physics at 
energies beyond the LHC 

�   Dark matter which decays into neutrinos gives 
unique signatures in observed neutrino 
spectrum (bump in IceCube data?) 


� Understanding of astrophysical neutrino flux 
produced in pp collisions at energies close or 
above the LHC is very important – charm 
contribution dominant at high energies.    



Back-up Slides 
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�  We consider difuse flux from SJS with  astrophysical 
parameters allowed by IceCube 

IceCube Exclusion Region 



Diffuse Neutrino Flux from Slow-Jet 
Supernovae Sources 
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We define the Z-moments : 

 

 

●  For proton flux  the propagation over distance X in the co-
moving jet frame is given by  

 

●  Meson flux is determined by solving the evolution equation:    


