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relativistic kinematics
review of relativistic kinematics
cross sections
particle interactions
general formulation
mean free paths
propagation of cosmic particles
electrons
photons
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electromagnetic processes
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Breit Wheeler pair production
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hadronic processes
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proton-photon interactions
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Exercise. In the figure €, refers to the photon energy in the proton res
frame. Knowing that, what should the value of &, be for a proton of 1020

eV interacting with the CMB (€ ~0.6 meV in the lab frame)?



proton-photon interactions: Bethe-Heitler pair production
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nucleus-photon interactions
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nucleus-photon interactions
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proton-proton interactions
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use proton-proton cross
sections as templates

Glauber model for cross

sections

coherent superposition of
nucleon-nucleon interactions
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