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Introduction
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> Question: origin & composition of Ultra-High Energy Cosmic Rays
> Likely dominated by extra-galactic sources [Allard et al. 2007 astro-ph0512345]

> Candidate: Active Galactic Nuclei (AGN)
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> CR acceleratlon inthe jet p = relativistic jet
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Physical model Blazar Spectral Energy Distribution (SED)

inverse Compton (leptonic scenario) [T T T T
hadronic cascade ¢hadronic scenario) [

synchrotron self-Compton — “¢|
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blue: L < 10455 erg/s
green: L < 10455 erg/s
red: L, < 10475 erg/s

black: L~ > 1048 erg/s
Points: observation. Lines: models
[Ghisellini 2013 arXiv:1309.4772]
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Physical model — hadronic processes

[ T.DeYoung ]

If heavier nuclei

Fermi-shock . .
Examples of interactions are present,

CR acceleration
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power-law CR injection
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dE
index a depends on
shock compression ratio
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(typically o = 2)

Acceleration, synchrotron,
escape time depend
on magnetic field strength
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Interaction framework

> NEUCOSMA [Bearwald et al, AP 35 (2012) 508-529] NnUMerical framework for nuclear cascades
> Developed for Gamma-Ray Bursts (GRB)— apply to AGN
> Numerically solve PDE system (1 eq. per particle species)
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Preliminary results

> Input Blazar SED proposed in [Anchordoqui et al., AP 29 (2008) 1-13]
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Preliminary results

> Pure proton injection:

o process rates 104 steady-state spectra 107 ejected spectra
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Preliminary results

> Pure iron-56 injection:

100 process rates steady-state spectra ejected spectra
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[X Rodrigues, A Fedynitch, D Boncioli, W Winter — in preparation]
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Preliminary results

= Comparison of total neutrino spectra

v ejected spectrum (all flavors)
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Acceleration of heavy nuclei in AGN has a significant effect on the
expected v spectrum

\'

\'

Currently attempting to reproduce other published results

Vv

Next step: probe parameter space, particularly isotopic composition

> In the future: consider more sophisticated model to include photon
feedback (self-consistent picture of photons—protons—nuclei)
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Backup

Example: treatmentof p~y — w4 -

- in NEUCOSMA

Static species
or explicitly time-dependent
-- external input
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Each variable species corresponds to one
differential equation of the form:

ON(E) 0 .. N(E)
o~ op (MEINE) =5

+Q(E)
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[W Winter, private note]

“Manual” species with injection only
Updated only on request

(e.g. in time-steps, where the data
are written into a file)
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