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CORSIKA in a nutshell

(J. Knapp “first 30 years of 
corsika”, ISAPP school 2018)
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CORSIKA
Air shower simulation codes

* first version 1989!
* 83 k lines of FORTRAN code!
* developed for vertical EAS of hadronic primaries
* extended over the years for generic air showers



4

(J. Knapp)

Main task of 
corsika:

* tracking of 
particles through 
the atmosphere

* invoking the 
correct physics 
modules 

~= HE version of 
GEANT, FLUKA ...
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Why start over?

“standard air shower: vertical proton”

* computing infrastructure 

changed since 1990 

(parallel computing, 

dedicated accelerators 

(GPUs,FPGAs,..)) 
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Why start over?

* FORTRAN

* multiple extensions 

over the years, 

patched on

→ hard to maintain
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Why start over?

Astroparticle physics is much more than 
hadron induced downgoing air showers
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Why start over?

Astroparticle physics is much more than 
hadron induced downgoing air showers

Also need:
* arbitrary media
* arbitrary geometries
* arbitrary primary particles 

==> be ready for anything
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CORSIKA 8 project

* started in 2018
* open development on gitlab
* c++ (17)
* very modular design
* split code into framework and application

Aim for: “GEANT-4 for the outdoors”



10

CORSIKA 8 collaboration
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CORSIKA 8 framework
* split air shower simulation code 
into separate pieces that work by 
themselves

Particle stacks
Geometry

Particle stacks

Emission 
- Radio

- Cherenkov
- acoustic

Output

Interaction (models)
- hadronic

- electromagnetic

Environment 
 material properties

Hoping that the pieces can 
be put together to simulate 
any astroparticle application

Propagation 
/ Tracking
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EAS/Cascade application

Continuous 
proc. e.g. 
magnetic 
deflection

Iterate through “process list”
- step length determined by all 
processed
- continuous & discrete 
processes

Discrete 
proc. eg. 
interaction/ 
decay
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CORSIKA 8 cascade application



14



15

Status of development
framework has sufficient functionality to simulate 

downgoing hadronic air showers:

- hadronic interactions 
- High energy (Epos, Sibyll, QGSjetII-04) 

+ Pythia 8 (ongoing)
- Low energy (FLUKA, UrQMD)

- EM interactions (PROPOSAL + SOPHIA for photo-had)
- Radio emission (ZHS & CoREAS)
- Tracking/Propagation w magnetic fields
- Thinning algorithm
- 5 layer exponential atmosphere “a la corsika 7”

- neutrino interaction + tau decay
- Cherenkov emission via external code

same functionality (not necessarily the same algorithm) 
as CORSIKA 7 ==> detailed comparison
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EM showers
Same processes as CORSIKA 7 (EGS) but different 
implementation (PROPOSAL) and cross sections

Electron/Positron cross sections
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EM showers
Same processes as CORSIKA 7 (EGS) but different 
implementation (PROPOSAL) and cross sections

Photon cross sections
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EM showers

Longitudinal profile of positrons with E>1MeV in a 10 TeV photon shower.
~%-level agreement
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EM showers

Lateral profile of e+- with E>1MeV in a 10 TeV photon shower.
~%-level agreement
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Hadron showers
100 PeV proton
EM > 10 MeV
Hadr./Muon> 300 MeV
FLUKA LE model

==> 10-20% difference! (or agreement as the optimist would say)
Under investigation..
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CORSIKA 8 – unique features
Cross media showers

J. Ammerman-Yebra, ICRC 2023

Full shower 
simulation 
including radio 
emission!
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CORSIKA 8 – unique features
Cross media showers
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CORSIKA 8 – unique features
Cross media showers

→ module for detailed tracking 
of energy deposit (2D,3D..)
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CORSIKA 8 – unique features
Cross media showers

Radio emission in ice
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CORSIKA 8 – beta release

* first release planned for September/October

* aim for beta-release: 

- get feedback on 
* user interface / steering 
* output format

- new applications from community 
on going collab.:
* TAMBO (mountain/valley showers)
* TRIDENT (neutrino ind. showers in water)

==> find missing functionality
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CORSIKA 8 – how to participate

Stay informed: corsika-devel email list 
(https://www.lists.kit.edu/sympa/subscribe/corsika-devel)

Contribute: gitlab 
(https://gitlab.iap.kit.edu/AirShowerPhysics/corsika)

Ask questions: Mattermost (https://mattermost.hzdr.de/corsika8)

Register:
* workshop (end of September 2024)
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Genealogy
Extend stack with bookkeeping 
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Different planets



30

CORSIKA 8 – unique features
Ice showers
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