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Why do we measure cosmic rays?

Study high energy particles interactions

Distinguish between different types of particles (energy dependence)

Measure energy and direction of the primary particle (identification)
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Why do we simulate cosmic rays?

The only technique to study cosmic rays
is by indirectly measuring the extensive 
air showers

Need a “good” enough model to describe 
the many inter-dependent sub-processes 
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Some issues
Energy spectrum

Source: 2019-PDG

Cosmic ray simulations - CORSIKA

1 shower of 1020eV:

∼10 sub-showers of 1019eV

∼106 sub-showers of 100 TeV

∼1011 sub-showers of 1 GeV

A correct model should 
reproduce the 
experimental data !!
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Some issues

Cosmic ray simulations - CORSIKA

1997

Source: J.Knapp – Air shower 
simulations with CORSIKA. 
https://indico.cern.ch/event/71982
4/timetable/

Akeno Giant Air 
Shower Array

∼ 1020𝑒𝑉
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Some issues

Cosmic ray simulations - CORSIKA

Use the same ruler to get consistent 
results in different experiments.

The ruler used should be reliable to get 
correct results

What is needed?

Source: 
https://www.nature.com/articles/45
2264b

Source: https://www.icrr.u-
tokyo.ac.jp/as/project/agasa_org.h
tml
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CORSIKA

Cosmic ray simulations - CORSIKA

Cosmic Ray Simulation for KASCADE

KASCADE: an experiment to measure 
the composition of cosmic rays in 
Karlsruhe (Germany) 1997-2009

γ, 50 𝐺𝑒𝑉, 𝜃 = 0°

Source: F. Schmidt, 
J.Knapp – https://www-
zeuthen.desy.de/~jknap
p/fs/showerimages.html
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CORSIKA

Cosmic ray simulations - CORSIKA

“Full” description of a cosmic ray’s extensive air shower (4D) 

EM model: EGS4

Low energy hadronic models:
FLUKA
UrQMD
GHEISHA

High energy hadronic models:
QGSJET
EPOS-LHC
DPMJET
SIBYLL

+ many extensions:
CONEX (cascade eq.)
PARALLEL
CoREAS (radio signal)
COAST (Corsika data AccesS Tool)

Tuned at collider energies (TeV) and 
extrapolated to 1020 eV

https://www.iap.kit.edu/corsika/index.php
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CORSIKA in images

Cosmic ray simulations - CORSIKA

𝐸 = 1015𝑒𝑉 , 𝜃 = 0°

𝛾 𝑃 𝜇𝐹𝑒

Electrons, positrons, gammas
Muons, hadrons

Source: F. Schmidt, J.Knapp – https://www-zeuthen.desy.de/~jknapp/fs/showerimages.html
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1020eV Proton interaction

Cosmic ray simulations - CORSIKA

XY Projection XZ Projection

Isotropic in XY 
projection

Extreme forward and 
backward directions

Particles in the 
backward directions 
have 𝜃 ≤∼ 90

Source: F. Schmidt, J.Knapp – https://www-zeuthen.desy.de/~jknapp/fs/showerimages.html
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Proton interaction

Cosmic ray simulations - CORSIKA

𝐸 = 1015𝑒𝑉 , 𝜃 = 45°

Source: F. Schmidt, J.Knapp – https://www-zeuthen.desy.de/~jknapp/fs/showerimages.html

Asymmetry due to air 
density gradient
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Particle interactions in CORSIKA

Cosmic ray simulations - CORSIKA

Electro-magnetic

Bremsstrahlung Pair Production Magnetic deflection

𝛾

𝑒+ 𝑒−

Compton scattering

Source: F. Schmidt, J.Knapp – https://www-zeuthen.desy.de/~jknapp/fs/showerimages.html
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Muon Interactions

Cosmic ray simulations - CORSIKA

Muon decay Charged Pion 
decay

Outer region of shower

𝜈𝜇 ?

Source: F. Schmidt, J.Knapp – https://www-zeuthen.desy.de/~jknapp/fs/showerimages.html
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Hadron Interactions

Cosmic ray simulations - CORSIKA

Hadron-nucleus interaction

Hadronic decay

Source: F. Schmidt, J.Knapp – https://www-zeuthen.desy.de/~jknapp/fs/showerimages.html
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How to install ?

Cosmic ray simulations - CORSIKA

Download and unpack the code:
• from: https://web.iap.kit.edu/corsika/download/corsika-v770/
• Unpack using: tar –xvf corsika-77410.tar.gz
• Enter subdirectory: cd corsika-77410

For a “Normal” Linux distribution (gcc and gfortran):
• Execute: ./coconut

https://web.iap.kit.edu/corsika/download/corsika-v770/
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Options

Cosmic ray simulations - CORSIKA

After ./cocunut

Choosing energy models
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Options

Cosmic ray simulations - CORSIKA

Which detector type to use? Experiment !!

Flat: KASCADE, Pierre Auger Obs

Volume: Magic, HESS

Vertical String: IceCube, Antares
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Detector types

Cosmic ray simulations - CORSIKA

Horizontal flat detector

Source: T. Pierog – CORSIKA, Physics and technology

𝐼 ∝ 𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃
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Detector types

Cosmic ray simulations - CORSIKA

Non-flat (volume) detector

Source: T. Pierog – CORSIKA, Physics and technology

𝐼 ∝ 𝑠𝑖𝑛𝜃
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Detector types

Cosmic ray simulations - CORSIKA

Vertical string detector

Source: T. Pierog – CORSIKA, Physics and technology

𝐼 ∝
𝑑

2

2

𝜋𝑠𝑖𝑛𝜃(𝑐𝑜𝑠𝜃 +
4𝑙𝑑𝑠𝑖𝑛𝜃

𝜋
)
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Options

Cosmic ray simulations - CORSIKA

Many other options i.e.:
• Cherenkov light
• Faster simulations (THINning)
• Parallelization  
• Curved earth
• External atmosphere models
• E-field in atmosphere
• … 
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Shower Parameters

Cosmic ray simulations - CORSIKA

CORSIKA input file

./corsika_executable < input_file

Executing a file:

3 types of controls:
• Shower parameters
• Options parameters
• Output parameters
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Shower parameters

Cosmic ray simulations - CORSIKA

CORSIKA particle identification CORSIKA reference system
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Hands-On !!



25

Summary

Cosmic ray simulations - CORSIKA

CORSIKA is a good program but not perfect

Cosmic shower simulation is a heavy and long computer task

Wait for CORSIKA 8 with new improvements and more user friendly
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Questions?


