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motivation

‣ do we observe high-energy cosmic messengers, or do we 
detect them?

‣ "unobserved" processes in-between → propagation

‣ goal: build self-consistent picture of the universe
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cosmological photon fields
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the CRPropa framework for astroparticle propagation

‣ publicly available Monte Carlo code 

‣ propagation of high-energy cosmic rays, gamma rays, 
neutrinos, and electrons 

‣ Galactic and extragalactic propagation 

‣ modular structure 

‣ parallelisation with OpenMP 

‣ development on Github: 
https://github.com/CRPropa/CRPropa3

while
active

candidate
= particle

interactions /
energy losses

acceleration

cosmology

geometry

observer

break
conditions

propagation

crpropa.desy.de

Alves Batista et al.  JCAP 05 (2016) 038.  arXiv:1603.07142 

Alves Batista et al.  JCAP 09 (2022) 035.  arXiv:2208.00107

https://github.com/CRPropa/CRPropa3
http://crpropa.desy.de
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... and much more!
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CRPropa. propagation modes
Alves Batista et al.  JCAP 05 (2016) 038.  arXiv:1603.07142 

Merten et al. JCAP 06 (2017) 046. arXiv:1704.07484 

Alves Batista et al.  JCAP 09 (2022) 035.  arXiv:2208.00107

propagation
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Di↵erential
Equations
3D (galactic)



Rafael Alves Batista   |   May 28, 2025  |  The CRPropa framework14

CRPropa. interaction processes

processes

photons

pair

production

double pair

production

cosmic rays

photopion

production

Bethe-

Heitler pair

production

photo-

disintegration

nuclear

decay

elastic

scattering
synchrotron

neutrinos

electrons
inverse

Compton

scattering

triplet pair

production

synchrotron



Rafael Alves Batista   |   May 28, 2025  |  The CRPropa framework14

CRPropa. interaction processes

processes

photons

pair

production

double pair

production

cosmic rays

photopion

production

Bethe-

Heitler pair

production

photo-

disintegration

nuclear

decay

elastic

scattering
synchrotron

neutrinos

electrons
inverse

Compton

scattering

triplet pair

production

synchrotron

towards a unified framework for (ultra-)high-energy 
multimessenger studies
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how does CRPropa work?
Δx

‣ does an interaction occur 
at this step?

‣ no: continue

‣ yes: add by-products

‣ compute Lorentz force at 
each step

e-

γ

γ

e+

magnetic field

step

‣ resolution (Δx)

✦ small: resolve interactions

✦ large: speed up simulation

‣ magnetic field structure

✦ resolve propagation regime 
(diffusive vs. ballistic)

‣ geometry

✦ the "aiming" problem
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how to use CRPropa for 
gamma-ray studies?
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example notebooks

https://crpropa.github.io/CRPropa3/ 

https://crpropa.github.io/CRPropa3/index.html
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IGMF constraints with gamma rays. strategies

‣ strategy 1: point-like sources will appear extended 

‣ strategy 2: secondary gamma rays will arrive with time delays  

‣ strategy 3: combination of 1 and 2 → spectral changes

observational 
strategies
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LIV. modified mean free paths

pair production (CMB)

pair production (EBL) inverse Compton scattering (EBL)

inverse Compton scattering (CMB)
Saveliev & Alves Batista. Classical and Quantum Gravity  41 (2024) 115011. arXiv:2312.10803
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‣ Github development 

✦ report possible issues there
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✦ many photon backgrounds and magnetic-field models 

‣ Github development 

✦ report possible issues there
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the CRPropa team
the developing team (currently) 

S. Aerdker (Bochum) 
R. Alves Batista (Paris) 
J. Becker Tjus (Bochum) 
G. Di Marco (Madrid) 
J. Dörner (Bochum) 
K.-H. Kampert (Wuppertal) 
L. Merten (Bochum) 
L. Morejon (Wuppertal) 
G. Müller (Aachen) 
P. Reichherzer (Oxford) 
A. Saveliev (Kaliningrad) 
L. Schlegel (Bochum) 
G. Sigl (Hamburg) 
A. van Vliet (Abu Dhabi)

CRPropa users and developers.  
CRPropa Workshop 2022 (Madrid)

and MANY contributors
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gamma rays. interactions during cosmological propagation
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simulations of electromagnetic cascades with LIV
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vacuum Cherenkov and photon decay
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B: external magnetic field 

gaγ: coupling constant 

ma: ALP mass 

E: photon energy 

ne: plasma density in medium
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Δ∥

depends on


