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‣ understand the basics of how particles travel in the universe; 

‣ learn about the computational methods used to model their propagation 

‣ get a glimpse into some of the codes widely employed by the community 

‣ understand the difficulties and limitations of model-building 

‣ learn how to build and run a simulation with the CRPropa code 

✦ install CRPropa own your own before Wednesday afternoon! 

goals
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outline
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‣ class 1 
✦ introduction to the course 
✦ introduction to astroparticle physics 

‣ classes 2 and 3 
✦ the theory of astroparticle transport 
✦ analytical and numerical methods for modelling astroparticle propagation 

‣ class 4 
✦ a primer on the CRPropa framework 

‣ class 5 
✦ hands-on class on how to simulate the propagation of astroparticles 

‣ class 6 
✦ current challenges in astroparticle physics and connection to modelling 
✦ philosophical issues in model-building and interpretation of observations



‣ material 

✦ course website: www.8rafael.com/en/teaching/computational-methods-for-astroparticle-propagation/ 

✦ github: https://github.com/rafaelab/Course_AstroparticlePropagation 

‣ references 

✦ lecture notes (will be released soon) 

✦ T. Gaisser et al. "Cosmic Rays and Particle Physics". Cambridge Uni. Press, 2016. 

✦ M. Longair. "High Energy Astrophysics". Cambridge Uni. Press, 2011. 

✦ G. Sigl. "Astroparticle Physics: theory and phenomenology". Springer, 2017. 

✦ A. Shalchi. "Nonlinear Cosmic Ray Diffusion Theories". Springer, 2009. 

✦ G. Fleishman and I. Toptygin. "Cosmic Electrodynamics". Springer, 2013.

course info
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http://www.8rafael.com/en/teaching/computational-methods-for-astroparticle-propagation/
https://github.com/rafaelab/Course_AstroparticlePropagation


what  is this course about?
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high-energy astroparticles: 
production mechanisms



high-energy astroparticles: production and synergies
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‣ how are (ultra-)high-energy particles produced? 

✦ charged particles: electromagnetic acceleration 

✦ neutral particles: particle interactions
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high-energy astroparticles: 
propagation mechanisms
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multimessenger propagation picture: cosmic rays
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multimessenger propagation picture: gamma rays and electrons
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multimessenger propagation picture: neutrinos
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propagation picture: photon backgrounds

13

10°10 10°8 10°6 10°4 10°2 100

" [eV]

1022

1024

1026

1028

1030

"
dn d"

[m
°
3
]

CMB

EBL Franceschini et al. 2008

EBL Finke et al. 2010
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propagation picture: intergalactic magnetic fields
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contribution of voids dominate 
over cosmological distances

Alves Batista, Shin, Devriendt, Semikoz, Sigl. PRD, 96 (2017) 023010. arXiv:1704.05869
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building propagation 
models



modelling the propagation of astroparticles
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modelling the propagation of astroparticles
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‣ mixing all ingredients → interpret (fit) observations 
based on models 

‣ this should be done self-consistently for all messengers 

‣ need to scan full parameter space of uncertainties

multimessenger 
simulation 
framework
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the CRPropa framework



the CRPropa framework
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‣ publicly available Monte Carlo code 

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

‣ propagation in any environment (Galactic, extragalactic, 
around sources) 

‣ modular structure 

‣ parallelisation with OpenMP 

‣ development on Github: 
https://github.com/CRPropa/CRPropa3
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Alves Batista et al.  JCAP 09 (2022) 035.  arXiv:2208.00107
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the CRPropa framework: multimessenger connections
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... and much more!


