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W UHECR Source codes

® NeuCoSMA Himmer et al. Astrop. Phys. Vol. 34 Issue 4. 2010, 205-224

- ® AMS3 (no nuclear cascades) kinger et al. 2023 (arxiv:2312.13371

Source ejection
+

- EG Propagation

Extra-galactic UHECR Propagation codes

CRPropa Jcap (2022) no. 09. 035: arxiv:2208.00107

SIMProp Rroberto Aloisio et al JCAP11(2017)009
TransportCR kalashev, 0. E. & Kido, E. JET Phys, 120(5). 790-797. (2015)
PriNCe Heinze et al 2019 ApJ 873 88



https://www.sciencedirect.com/science/article/pii/S092765051000126X?via%3Dihub
https://arxiv.org/abs/2312.13371
https://iopscience.iop.org/article/10.1088/1475-7516/2022/09/035
https://iopscience.iop.org/article/10.1088/1475-7516/2017/11/009
https://link.springer.com/article/10.1134/S1063776115040056
https://iopscience.iop.org/article/10.3847/1538-4357/ab05ce
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Nuclear interactions over cosmic distances
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Probabilistic description

Nuclear interactions over cosmic distances

P (L) = de Mh zh

CMB

®
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Probabilistic description

Nuclear interactions over cosmic distances
P (L) = e Ml
Py (L) = he Ml
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Probabilistic description

Nuclear interactions over cosmic distances
P (L) = Xe Ml
Py(L) = Xe 22 za

CMB
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P (L) = Xe Ml
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Convolution of exponential
functions with different rates!
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Probabilistic description

Nuclear interactions over cosmic distances

Pi(L) = Ae Al CMB
P, (L) = e 2le Z, A1
" CMB

Convolution of exponential
functions with different rates!

(L) = Zf:l Pz‘(o))\A_ie(_’\A—iL)
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Probabilistic description

Markov Chain Description

Evolution of probability distribution vector
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Markov Chain Description CRISP
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Examples

o=

Example distributions: Sequential vs Concurrent casce crisp

Interaction matrix for SeCs is mostly empty

[\t Xt 0 0 0

0 At A 00
AM=| 0o 0 X a0
\ 0 0 0 0 0

Probability density of distance until “absorption” 15

f(L) = wexp(AL)A1l
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Example distributions: Sequential vs Concurrent casce crisp
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Impact of composition on the distributions CRISP
Cumulative distribution o B
F(L) — 1 L ﬂ'eXp(A.L)]. - : 5:::25%, 285i:60%, “°Fe:15%}
S — 56Fe
i o ] o E b6 “He only « %%Fe only
Different injection compositions g '
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e Solar abundances 5 04-
e Equal share for all species
e Like UHECR-fit comp. 0.2 -
Lorentz boost 1E9 s

100 10! 102
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Support & Feedback... CRISP

Feedback Support
Please use this link and provide feedback on For questions, support and issues in the code
you can open an issue on the github repository.

this session...
Additionally you can open a ticket in the ACME

support website:

[=]

https://support.acme-astro.eu/

https://www.acme-astro.eu/survey-hands-on-sessions-xwj4jm9/
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MICRO website MICRO@github

ol Thanks!

Cosmic Ray Stochastic Interactions for Propagation ~

LM, Kampert A&A, 708, A21 (2026)
LM arxiv:2501.06677
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