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MultI-messenger probe of Cosmic Ray Origins

Funded by:

Participating institutionsGoal
Multi-messenger study of bursting sources 

and their contribution to UHECRs. 

Approach
Modelling in-source production, 

interactions and propagation of UHECRs 
from bursting sources to compute expected 

values of observables. 
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Check the website for updates

https://micro-uhecr.github.io/

https://github.com/micro-uhecr

https://micro-uhecr.github.io/
https://github.com/micro-uhecr
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Interactions 
discussed

Which interaction models??

Hadronic (p+p, p+A)Photohadronic 
(photomeson)

L. Morejon, K.H.Kampert PoS ICRC2023 (2023) 285L. Morejon, et al, JCAP 11 (2019) 007

https://doi.org/10.22323/1.444.0285
https://iopscience.iop.org/article/10.1088/1475-7516/2019/11/007
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Workflow in CRPropa
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sequence
of

modules 

Source: R. Alves Batista ICRC  (2021)
code modules

Cosmic Ray Propagation code

● Modular structure
● Interactive simulation
● Flexible and extensible
● Python interface

Extensions and plugins are 
under active development.
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Interactions in CRPropa
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Source: J. Dörner (DPG 2022)
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Interactions in CRPropa

7

Source: J. Dörner (DPG 2022)

Hadronic 
Interactions

Module

Hadronic 
Interactions

Module
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Single nucleon vs Collective interactions 

Ref: L. Morejon, et al, JCAP 11 (2019) 007

Photohadronic interactions

https://iopscience.iop.org/article/10.1088/1475-7516/2019/11/007
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Total photonuclear cross section

Ref: L. Morejon, et al, JCAP 11 (2019) 007

        Properties:
● Universal curve 

for all masses

● Smeared 
resonances

● Mass scaling is 
energy dependent

Photohadronic interactions

https://iopscience.iop.org/article/10.1088/1475-7516/2019/11/007
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Photopion suppression
Energy dependent escape, decrease of production

Ref: L. Morejon, et al, JCAP 11 (2019) 007

Photohadronic interactions

https://iopscience.iop.org/article/10.1088/1475-7516/2019/11/007
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Cascade Enhancement

Ref: L. Morejon, et al, JCAP 11 (2019) 007

Photohadronic interactions

https://iopscience.iop.org/article/10.1088/1475-7516/2019/11/007
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Cascade Enhancement

Ref: L. Morejon, et al, JCAP 11 (2019) 007

Photopion production with cascade

Photohadronic interactions

https://iopscience.iop.org/article/10.1088/1475-7516/2019/11/007
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Impact on source simulation: Tidal Disruption
Photohadronic interactions

Marked differences in 
cascade composition!
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Impact on source simulation: Tidal Disruption
Photohadronic interactions

A = 14

N

Z

Nuclear contribution is 
not the dominant!
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Hadronic Interactions Module (HIM)
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Source: J. Dörner (DPG 2022)

Hadronic 
Interactions

Module

Hadronic 
Interactions

Module

Publicly available code HIM for CRPropa

Hadronic interactions

https://github.com/micro-uhecr/prototype_him_crpropa


CRPropa meeting | 25-27.09.2023 Leonel Morejon Updated interaction modules in CRPropa

Elements of the HIM
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Hadronic 
Interactions

Module

Hadronic 
Interactions

Module

● Sample hadr. interaction
● Produce input params.
● Call to external codes:

○ EPOS-LHC, SIBYLL, 
QGSJet, DPMJET, etc.

● Collect secondaries
● Transform btw. frames

Module written in python. Available soon 
within the CRPropa project on Github.
Module written in python. Available on 
Github (installation separate from CRPropa)

Publicly available code HIM for CRPropa

Hadronic interactions

https://github.com/micro-uhecr/prototype_him_crpropa
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New interface: CHROMO
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https://github.com/impy-project/chromo

Hadronic 
Interactions

Module

Hadronic 
Interactions

Module

● Sample hadr. interaction
● Produce input params.
● Call to external codes:

○ EPOS-LHC, SIBYLL, 
QGSJet, DPMJET, etc.

● Collect secondaries
● Transform btw. frames

Publicly available code HIM for CRPropa

Module written in python. Available soon 
within the CRPropa project on Github.
Module written in python. Available on 
Github (installation separate from CRPropa)

Hadronic interactions

https://github.com/impy-project/chromo
https://github.com/impy-project/chromo
https://github.com/micro-uhecr/prototype_him_crpropa
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CHROMO
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https://github.com/impy-project/chromo
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Hadronic interactions

https://github.com/impy-project/chromo
https://github.com/impy-project/chromo
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Interaction rate and step sampling

The interaction step is sampled as

where p is a random number 
sampled using CRPropa functions.

The density is handled by the 
Density class available in CRPropa.

The cross section can be chosen:
- from hadronic code (inefficient)
- from DPG recommended fit 

* C. Patrignani 2016 Chinese Phys. C 40 100001
* P.A. Zyla et al. (Particle Data Group), Prog. Theor. 
Exp. Phys. 2020, 083C01 (2020) and 2021 update.
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L. Morejon, K.H.Kampert PoS ICRC2023 (2023) 285

Hadronic interactions

https://doi.org/10.22323/1.444.0285


CRPropa meeting | 25-27.09.2023 Leonel Morejon Updated interaction modules in CRPropa

Seeds available for control:
1. Step-sampling seed
2. Hadronic engine’s seed
3. Interaction-plane angle seed

Example figure…
● Injecting a proton 1EeV 
● Interaction step controlled by seed 1
● Secondaries’ species, energy, momenta and 

distribution controlled by seed 2
● Transversal plane momenta controlled by 

seed 3

24

Additional random-seed settings
Hadronic interactions
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Simulation scenario…

Simulation time versus matter density
Hadronic interactions
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Example simulation (Magn. Field OFF)
Hadronic interactions

Escaping particles Escaping particles
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Example simulation (Magn. Field OFF)
Hadronic interactions

Escaping particles Escaping particles
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Example simulation (Magn. Field ON)
Hadronic interactions

Escaping particles Escaping particles
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Example simulation (Magn. Field ON)
Hadronic interactions

Escaping particles Escaping particles
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Magn. Field ON versus OFF
Hadronic interactions

MF OFF MF ON

Escaping particles Escaping particles
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Thanks!

MICRO website MICRO@github

Photopion @ github HIM @ github
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