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Non trivial issues 
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As non linear theories of  CR acceleration 



Non trivial issues 
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Energy losses 
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Energy losses 
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For a given 



Adiabatic losses 
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Adiabatic losses 
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Adiabatic losses 
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Energy losses of electrons 
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Synchrotron losses 
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Synchrotron losses 
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For the energy loss time of  the electrons by synchrotron losses, we get the following scaling law  



Synchrotron losses 
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Synchrotron losses 
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Synchrotron losses 
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Synchrotron losses 
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Inverse Compton Losses 
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Inverse Compton Losses 
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Inverse Compton Losses 
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In the case of  protons and nuclei the ICS process is totally negligible.  



Energy losses of protons and nuclei 
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Energy losses of protons 
and nuclei 
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Inelastic pp cross section 



Energy losses of protons and nuclei 
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Spectrum of  photons, electrons, neutrinos 
(electronic and muonic) produced by the 

interaction of  protons distributed as a power 
law spectrum n(E) ~E-2 with an exponential 

cut-off  above 1014 eV (100 TeV).  



Energy losses of protons and nuclei 
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Leptonic/hadronicγemission 
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Leptonic/hadronicγemission: 
RX J0852.0-4622 (Vela-Jr) SNR 
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Leptonic/hadronicγemission: 
RX J0852.0-4622 (Vela-Jr) SNR 
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leptonic hadronic 



30 

Leptonic/hadronicγemission: 
RX J0852.0-4622 (Vela-Jr) SNR 



The Tycho SNR 
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The Tycho SNR is very well known, it corresponds to 
the remnant of  the Tycho supernova which could be 

observed with the naked eyes in the years 1572.  

X-ray image of  Chandra satellite 



The Tycho SNR 
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The emission spectrum is 



The Tycho SNR 
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The best fit of  the multiwavelength data are obtained with models assuming a dominant contribution of  
hadronic processes. the spectral index found for the accelerated protons is p  ~2.3 which is, as it should be (at 
least assuming acceleration by DSA), the same as the one of  the electrons constrained by radio and X-ray 
data. 
Leptonic models on the other hand give a much worse agreement with the data even tough the model 
displayed allowed for a significant decrease of  the assumed magnetic field (with respect to the favored value 
of  B ⇠ 215 μG)  

Leptonic model  Hadronic model  

Tycho SNR thus represent a case where we have very strong evidence of  the acceleration of  cosmic- 
rays in a SNR. Let us note however that no photon signal is observed above a few 10 TeV which means 

again that there is no signature of  the acceleration of  cosmic-rays above a few 1014 eV in this SNR  



The RX J1713.7-3946 SNR  
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 Spettro energetico RX J1713.7-3946 
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SNRs and galactic cosmic rays 
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SNRs and galactic cosmic rays 
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SNRs and galactic cosmic rays 
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SNRs and galactic cosmic rays 
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We must conclude that the nature of  the main source 
of  Galactic cosmic-rays is currently unclear. Although 

SNR still remain the most popular candidate, some 
authors have argued that scenarios involving super 

bubbles could solve most of  the caveats encountered 
with the SNR scenario 15 but observational signatures 

are still needed to lend further weight to this possibility.  



Molecular clouds as diagnostic tool for the 
spectrum of ecaping CR 
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DETECTION OF THE PION-
DECAY CUTOFF IN 
SUPERNOVA REMNANTS 

n Dermer 1986 
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n 67.5 MeV 
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Top SNR Candidates: IC 443 & W44 
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n Counts map in 0.1 deg x 0.1 deg pixels, 60 MeV – 2 GeV 
n Diamonds indicate previously undetected sources 

n Crosses and diamonds indicate sources with normalization free in the fit 

Both SNRs interacting with clouds, ages of  ~104 years,  

Ackermann et al. 2013, Science, 339, 807 



Gamma-ray Spectrum IC 443 
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n Ackermann et al. 2013, Science, 339, 807 

n Color (Gray) shaded region indicates statistical (systematic) uncertainty < 2 GeV. 
n Systematic uncertainty associated with Galactic diffuse modeling was estimated by using several 

alternative diffuse models based on GALPROP. 



Gamma-ray Spectrum W44 
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n Ackermann et al. 2013, Science, 339, 807 

n Color (Gray) shaded region indicates statistical (systematic) uncertainty < 2 GeV. 
n Systematic uncertainty associated with Galactic diffuse modeling was estimated by using several 

alternative diffuse models based on GALPROP. 



Gamma-ray and Inferred Proton Spectra 
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Assume average gas densities of  20 cm-3 (IC 443) and n = 100 cm-3 (W44) and distances of  
1.5 kpc (IC 443) and 2.9 kpc (W44), factor 1.85 enhancement from heavier nuclei. Inferred 

CR acceleration efficiencies of  1-10% (protons with p > 0.8 GeV c-1).  

n Ackermann et al. 2013, Science, 339, 807 



The knee of the CR spectrum 

47 



The knee of the CR spectrum 
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*The diffusion coeff  may vary if  the magnetic field power spectrum changes  

* 
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