Radiation from relativistic
particles
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The multi-wavelenaht ISM
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Emissivity and E. losses
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Klein-Nishina cross section
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Synchrotron
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ROSAT, counts > 0.5 keV (counts/bin) H.E.S.S., Significance (o)
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E2 dN/dE (erg em 57!)

E2 dN/dE (erg em 57!
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Bremsstrahlung

CR electrons + ISM nuclei 2 y rays
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Bremsstrahlung

CR electrons + ISM nuclei 2 y rays
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Emission processes:Neutral n decay

CR protons + ISM nuclei 2 #° 2 y rays



p-p interactions

We assume a power law spectrum for CRs: Np(Ep) X Ep_5

Fraction of proton kinetic energy transferred to pion

(from data): fro =~ 0.17
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p-p Interactions

Pion rest frame: : Lab frame:

B, =~ (E::, + vpZ, cos 9*)

i max and min energies -> cos6* = +1
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the gamma ray spectrum is symmetric (in log-log) with respect to:

at high energy the spectrum mimic the CR spectrum, with (roughly):

p-p interactions
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SED Modeling

Hadronic model (Inverse)
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Crab SED
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SED of the AGN Mrk 421
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