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Extragalactic Propagation of CRs
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Energy Spectrum of Ultrahigh-Energy Cosmic Rays
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Pierre Auger Observatory



Extragalactic Cosmic-Ray Propagation



Greisen, Zatsepin, Kuzmin Cutoff (GZK)

Penzias & Wilson 1965 (Nobel 1978)



Greisen, Zatsepin, Kuzmin Cutoff (GZK)



Photo-Pion Production



Photo-Pion Production



Photo-Pion Production



Extragalactic Photon Fields

arXiv:1802.03694



Pair Production and Adiabatic Loss



Energy Loss of Protons

Gaisser, Engel & Resconi, “Cosmic Rays & Particle Physics”



Energy Loss of Protons

Dermer & Menon, “High Energy Radiation from Black Holes”



Propagation of UHE Protons
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Propagation of UHE Protons
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Propagation of UHE Protons
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Propagation of UHE Nuclei M. De Domenico, EPJ 128 (2013) 99



Propagation of UHE Nuclei
D.Allard APP 39 (2012) 33



Propagation of UHE Nuclei
D.Allard APP 39 (2012) 33



Propagation of UHE Nuclei
M. De Domenico, EPJ 128 (2013) 99



Propagation of UHE Nuclei

A. Taylor et al., Phys.Rev. D77 (2008) 103007 and D82 (2010) 123005



“GZK Sphere”
K. Kotera & A.V. Olinto ARAA 49 (2011) 119



Extra- and Intergalactic Magnetic Fields

K. Kotera & A.V. Olinto ARAA 49 (2011) 119
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Vazza et al. MNRAS 445 (2014) 3706 Durrer&Neronov, AAR 21 (2013) 62



Propagation Through the IGMF


