
GPU based photon propagation for CORSIKA 8

Dominik Baack
Corsika Telcon

Online
03. 12. 2020



2Dominik Baack
dominik.baack@tu-dortmund.de

GPU based photon propagation for CORSIKA 8

Corsika

 Maintained at “Karlsruhe Institute of Technology” 

www.ikp.kit.edu/corsika

Corsika 7
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https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/
https://creativecommons.org/licenses/by/4.0/

https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/
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High parallel Cherenkov light

 Completely independent calculations for each photon

 “Simple” arithmetic no complex processes

 OpenCL allows platform independent vectorization & parallelization, first 
test shows good performance 

… but ... 
 CUDA – Nvidia proprietary but higher performance possible
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https://developer.nvidia.com/blog/nvidia-ampere-architecture-in-depth/
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Prerequisite

 Linear particle tracks

 >>1024 track segments accumulated
to reach good performance

Andre Schmidt - KIT
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Geometry

CTA Observatory  -  https://www.cta-observatory.org/about/how-cta-works/optimized-cta_orm_comp_webupdated_1800x590/



9Dominik Baack
dominik.baack@tu-dortmund.de

GPU based photon propagation for CORSIKA 8

CPU

S
im

ulati on

Computing Structure

GPU

Photon generationS
im

ulati on

Core Particle tracks

Filter 2

Propagation
&

Collision

Photon impact points
and angles

Track Handling

Filter 1

Tables in  texture  m
em

or y

Core
Core

Core

S
im

ulati on

D
ata C

ol lection

O
pe

nM
P

 /
 O

pe
nM

P
I  

 



10Dominik Baack
dominik.baack@tu-dortmund.de

GPU based photon propagation for CORSIKA 8

Computing Structure

GPU

Photon generation

Filter 2

Propagation
&

Collision

Track Handling

Filter 1

Tables in  texture  m
em

or y

 All Tracks to GPU
– More work to GPU
– Less data transfer

 Load, convert and distribute tracks to warps

 Split tracks if necessary partial  

 Remove any tracks with β<1  

βstart<1<βend
βend<1<β start
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 Remove particle 

 Angular cut not possible with 
– diffuse Emission
– Fluorescence

v⃗⋅p⃗⩽ cut
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 Use presolved 
   Frank-Tamm Formula

   to calculate N and α
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Possible CTA North configuration

Possible CTA North configuration
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 Propagation linear in first order …

     … but corrections necessary for modern IACT’s
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 Propagation linear in first order

 Tabulated correction factors generated offline 
and applied on GPU  
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Conclusion & Outlook

 GPU based light propagation possible and likely fast than CPU based 
approach

 Corsika 8 is a open source and modular framework for cosmic ray 
simulation: https://gitlab.ikp.kit.edu/AirShowerPhysics/corsika

 In Vivo tests still necessary with very new EM-Model (Proposal) for 
Corsika8 

 Improvement by sorting to reduce “starvation” of threads or more efficient 
thinning

 Dedicated test of a more efficient fluorescence  propagation 
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