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First Observation of HE Cosmic Neutrinos 



Atmospheric Neutrino Flux  



�  Evaluation of atmospheric neutrino flux depends on 
cosmic ray (CR) flux and composition


�  Interactions of cosmic rays with air nuclei producing 
mesons (pions, kaons, D-mesons, etc) that decay into 
neutrinos.




Cosmic Rays



Cosmic Ray (CR)  Flux  



Dominant components of the atmospheric 
neutrino flux (schematic view) 



Atmospheric Neutrino Flux

Figure from talk by C. Kopper (IceCube collaboration), ICRC 2017 



Theoretical issues with charm production 



Theoretical QCD Approaches

�   NLO perturbative QCD 


�   k_T factorization including low-x resummation


�   Dipole model including saturation


�   Include nuclear effects in p-Air collisions 


�   Charm fragmentation functions (Kniehl and Kramer; 
Braaten et al.)


   



Theoretical uncertainties 



Reducing theoretical uncertainties 

� Use total charm cross section measured up to 
LHC energies (ALICE, LHCb) 

�   Use differential charm distributons (transverse 
momentum and rapidity distributions measured 
by LHCb at 7TeV and 13TeV 

�   Evaluate charm production in several 
perturbative QCD approached: NLO pQCD, dipole 
model and k_T factorization approach. 



Total charm cross section 



Transverse momentum distribution at the 
LHC  compared to LHCb data   
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Summary 
� Prompt neutrino flux probes pQCD at low x 

and low Q 

�   RHIC and LHC charm p_T  and rapidity 
distribution, and the energy dependence of 
the total cross section reduce theoretical 
uncertainty in predicting prompt neutrino 

� We evaluated prompt neutrino flux using NLO 
pQCD, dipole model and the k_T factorization 
approach, including nuclear effects.  


� Measurements of prompt neutrinos with 
IceCube  can provide valuable information 
about pQCD at small x.   
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