
accelerated nuclei interact:

during propagation (“cosmogenic”)
or in sources (AGN, GRB, ...)

=> energy fluences in γ-rays and
    neutrinos are comparable due to
    isospin symmetry.

Neutrino spectrum is unmodified,
γ-rays pile up below pair production
threshold (on CMB at a few 1014 eV)

Ultra-High Energy Cosmic Rays and the Connection to
Diffuse Υ-ray and Neutrino Fluxes

Universe acts as a calorimeter for
total injected electromagnetic
energy above the pair threshold.
=> neutrino flux constraints.



Interaction Horizons







The universal
photon spectrum



Low energy photon target: Diffuse fluxes 



The diffuse photon background from keV to 100 GeV

Fermi-LAT collaboration, Phys.Rev.Lett. 104 (2010) 101101



quasar evolution

Theoretical Limits, Sensitivities, and “Realistic” Fluxes: A Summary

Neutrino flux upper limit  
for opaque sources
determined by EGRET
bound

Neutrino flux upper limit
for transparent sources
limited by primary cosmic
rays: Waxman-Bahcall bound

Armengaud and Sigl

no evolution

Fermi LAT limit



Cosmogenic neutrino fluxes depend on number of nucleons produced
above GZK threshold which is proportional to Emax/A
Further suppressed for heavy nuclei due to increased pair production

Physics with Diffuse Cosmogenic Neutrino Fluxes

Pure protons, Emax=3 1021 
eV, strong evolution

Pure iron, Emax= 1020/26 eV, 
no evolution

Kotera, Allard, Olinto, arXiv:1009.1382



Expected Sensitivities to/Rates of UHE neutrino fluxes

P. Gorham et al, arXiv:1003.2961 Kotera, Allard, Olinto, arXiv:1009.1382

Rates for intermediate fluxes



Physics with Diffuse Secondary Gamma-Ray Fluxes

Hooper, Taylor, Sarkar, arXiv:1007.1306

UHE gamma-ray fluxes depend on number of nucleons locally produced
above GZK threshold which is proportional to Emax/A
Further suppressed for heavy nuclei due to increased pair production



The GZK neutrino flux can also be enhanced by
magnetic fields surrounding the sources

Armengaud and Sigl

Magnetized galaxy clusters


