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The Cosmic Ray Landscape

Direct measurements, can identify 
and precisely measure individual 
particle species, providing detailed 
information on the primary 
composition. Current experiments 
can measure up to energies of a 
few hundred TeV. This is achieved 
despite challenges as: 
- containment 
- limited effective area.

Spectral features at the highest 
energies can be probed using 
indirect detection experiments



Simulations



Simplified simulation pipeline in astroparticle physics

Indirect ExperimentsDirect Experiments

CR interactions with the detector 
simulated through Geant4 (or FLUKA)

CR interactions with the atmosphere 
(CORSIKA + FLUKA, CONEX) 
Secondary products - Detector 
interactions with Geant4



Outline

- CORSIKA 7 installation

- CORSIKA 7 exercises

- CORSIKA 8 installation

- Geant4 Exercises



CORSIKA



CORSIKA LIMITATIONS

Might be fixed
in the newest
EPOS-LHC-R
model

Still testing



CORSIKA7 vs CORSIKA8

● CORSIKA 7 widely used 
● Written in Fortran 77
● Used in major experiments such as 

KASCADE, Pierre Auger Observatory, IceCube 
…

● Difficult to modify or extend.

● Mature codebase but limited by the aging 
technology and structure.

● CORSIKA 8 is a complete redesign written in 
C++17, 

● Designed as a general-purpose particle 
propagation framework

● Allows easier integration with detector simulations 
and external 
software.

● Modular architecture
● Native support for parallelization
● Actively developed (beta version available)

Today’s focus on CORSIKA7
Go through the installation procedure for CORSIKA8 together



CORSIKA7 Download

Download from here: 
https://drive.google.com/drive/folders/1dYYBpZjT94b5LqLYiUR3HlLVCEiMiz7y?usp=sharing

https://drive.google.com/drive/folders/1dYYBpZjT94b5LqLYiUR3HlLVCEiMiz7y?usp=sharing


Let’s setup the environment

wget https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86_64.sh
bash Miniconda3-latest-Linux-x86_64.sh

if miniconda is not installed yet:

then

conda create -n geant4-env 
conda activate geant4-env
conda install  -c conda-forge geant4 root gfortran_linux-64 make gcc_linux-64



CORSIKA7 INSTALL

Download from here: 



CORSIKA7 INSTALL II



CORSIKA7 INSTALL III



CORSIKA7 INSTALL IV



CORSIKA7 INSTALL V



CORSIKA7 SUMMARY



Simulating a shower



Exercise

ELMFLG  F   T



git clone https://gitlab.com/psavina_public_projects/corsika-hands_on
Compile coast (go underder corsika-77800/coast and then type make ; make install)
Modify the Makefile (COAST_DIR has to point to your current corsica folder)

Read the output

https://gitlab.com/psavina_public_projects/corsika-hands_on


Protons vs Photons

Proton @ 100 TeV

Photon @ 100 TeV



Read the output



https://gitlab.iap.kit.edu/AirShowerPhysics/corsika/-/tree/corsika8-v1.0-beta1?ref_type=tags

CORSIKA 8



GEometryANdTracking



G4 Components

particles processes

detector 
geometries

particles 
generator





Geometry



Physics



Tracking



Compile your first example

examples can be found under:

path-to-miniconda3/envs/geant4-env/share/Geant4/examples/

to compile

mkdir build
cd build
cmake path-to-src -DCMAKE_PREFIX_PATH=$CONDA_PREFIX

Exercise repositoris:
https://github.com/psavina/ISAPP2025_G4_SimpleSim.git
https://github.com/psavina/G4CORSIKA.git * needs CORSIKA 8

https://github.com/psavina/ISAPP2025_G4_SimpleSim.git
https://github.com/psavina/G4CORSIKA.git


Ex1 - Simple Scintillator

Heavily inspired on example/basic/B4/B4c

RunAction

Begin of RunAction (create the file to store data)

EventAction

Begin of EventAction 
(Reset variables - create new particle)

Steps: interaction of the 
particle with the detector

End of EventAction 
(Write data)

End of RunAction (close the file)



Ex1 - Geometry



Ex1 - Read Output

Output is in root format so you can easily read it with python or root:

root B4.root
B4->Draw(“Eabs”)

conda install -c conda-forge uproot matplotlib

import uproot as ur
import matplotlib.pyplot as plt

f = ur.open("B4.root")
t = f['B4']
e = t['Eabs'].array()

plt.hist(e, bins=100)
plt.xlabel("E$_{abs}$")
plt.tight_layout()
plt.show()


