
  

PROPOSAL as a modular library
Two general ways of using PROPOSAL:

a) Using PROPOSAL as a self-contained particle propagator
→ e.g. IceCube, NuRadioMC 

b) Using individual PROPOSAL modules and extract physics calculations
→ CORSIKA 8

Modular structure of PROPOSAL
→ PhD, Sec. 4.2.1



  

Code structure of Interface: PROPOSAL ↔ CORSIKA

CORSIKA
classes

PROPOSAL
modules

→ PhD, Sec. 5.3



  

Code structure of Interface: PROPOSAL ↔ CORSIKA

ProposalProcessBase

Provides general (interface) functionalities:
● Conversion of particles and media 

between CORSIKA and PROPOSAL
● Definitions of physics cross sections and 

parametrizations
● Random number stream
● Interpolation table management

→ PhD, Sec. 5.3.1



  

Code structure of Interface: PROPOSAL ↔ CORSIKA

ContinuousProcess

Module to describe what happens between 
two discrete interactions (i.e., during a step):

● Continuous energy losses (dE/dX)
● Multiple scattering

* not used/called for photons, since they are not affected
→ PhD, Sec. 5.3.2



  

Code structure of Interface: PROPOSAL ↔ CORSIKA

InteractionModel

Module to describe what happens in a 
discrete interaction:

● Discrete energy losses (sampling type 
and size of energy loss)

● Secondary particle production

Energy losses are treated stochastically...
- If the energy loss could produce a secondary 

particle of relevant energy (Ecut = Etrack)
- If the energy loss is larger than 1% (vcut = 0.01)

→ PhD, Sec. 5.3.3



  

ContinuousProcess::getMaxStepLength

Returns: Maximal step length allowed by PROPOSAL module

Task: Calculate distance after which... 
a) the particle has lost 10% of its energy continuously
b) The particle has reached the tracking energy limit Etrack

Calculation: 

PROPOSAL::Displacement::SolveTrackIntegral()

Necessary due to tracking algorithm 
and multiple scattering 



  

ContinuousProcess::doContinuous

Task: Perform continuous propagation step, given a grammage Xstep 
a) Calculate continuous energy loss
b) Perform scattering

Calculation continuous energy loss: 

PROPOSAL::Displacement::UpperLimitTrackIntegral()

Solve for Ef



  

ContinuousProcess::doContinuous (ContinuousProcess::scatter)

Task: Perform continuous propagation step, given a grammage Xstep 
a) Calculate continuous energy loss
b) Perform scattering

Calculation scattering: 
PROPOSAL::multiple_scattering::CalculateScatteringAngle2D()

Two independent angles from 
chosen scattering distribution

a) We only change the direction of a particle after the step (Δθ), we discard the 
displacement during the step (Δx)
b) Using Moliere instead of Highland provides better results, but is computationally 
much more expensive
c) MoliereInterpol is already an optimized parametrization, but probably not perfect

→ PhD, Sec. 6.1.6



  

InteractionModel::getCrossSection

Returns: Mean free path of electromagnetic interactions

Task: Calculate total stochastic cross section

Calculation: 
PROPOSAL::Interaction::MeanFreePath()

For each particle and medium, σs(E) is 
stored in a separate 1d interpolation table  



  

InteractionModel::doInteraction

Task: a) Calculate individual stochastic cross sections
    b) Sample interaction and corresponding stochastic energy loss (v)

   c) Create secondary particles

Calculation: 
PROPOSAL::Interaction::Rates()

Calculate σs  individually for each 
interaction type and each medium 



  

InteractionModel::doInteraction

Task: a) Calculate individual stochastic cross sections
    b) Sample interaction and corresponding stochastic energy loss (v)

   c) Create secondary particles

Calculation: 
PROPOSAL::Interaction::SampleLoss()

1) Randomly select interaction type  + interaction target 
from individual stochastic cross sections (→ σi)

2) Calculate stochastic energy loss v: 

solve for v



  

InteractionModel::doInteraction

Task: a) Calculate individual stochastic cross sections
    b) Sample interaction and corresponding stochastic energy loss (v)

   c) Create secondary particles

Calculation: 
PROPOSAL::Interaction::CalculateSecondaries()

Calculate properties of secondary particles.
Different calculations for each interaction type.

Example pair production:

solve for ρ

Notable case: photonuclear interactions
Calculation of secondary particles will be 
performed by SOPHIA or SIBYLL.
Information (particle energy, interaction target) will 
be passed to these interaction models.

→ PhD, Sec. 6.2.5



  

InteractionModel::CheckForLPM

Task: Calculate whether a stochastic interaction will be discarded due to the LPM effect

Calculation: 
Rejection samling:

Calculate ratio c between differential cross 
section with and without the LPM effect. 

The influence of the LPM effect on continuous 
energy losses is currently neglected

→ PhD, Sec. 6.3.1



  

GitHub:

● PROPOSAL repo: https://github.com/tudo-astroparticlephysics/PROPOSAL
● cubic_interpolation repo: https://github.com/tudo-astroparticlephysics/cubic_interpolation

Library used for interpolation tasks

Resources

Theses:

● PhD thesis Jean-Marco: https://eldorado.tu-dortmund.de/items/9b9fbe5d-edc3-4d82-88a0-c81acb86bdcc
Most detailed source for the integration of PROPOSAL in CORSIKA; information on electromagnetic 
physics within PROPOSAL; Information on limitations and possible improvements of interface

● PhD thesis Jan: https://eldorado.tu-dortmund.de/items/5d4d06db-4bad-4048-bae5-860d309329a2
Most recent source on muon physics (and uncertainties) within PROPOSAL; a lot of general information on 
the physics and functionalities of PROPOSAL

● Master thesis Maximilian Sackel: Link to C8 wiki
More studies on first implementation of PROPOSAL in CORSIKA 8; details on restructuring of PROPOSAL

● PhD thesis Alexander: https://eldorado.tu-dortmund.de/items/d7631f8c-5bf3-490f-8b95-13778cf1c36f
In-depth insights into muon physics within PROPOSAL; but also a comprehensive overview of muonic 
physics processes

● PhD thesis Jan-Hendrik Köhne: https://eldorado.tu-dortmund.de/items/bb8cea99-d24b-42aa-a102-f25d1887f541
The ”old testament” for PROPOSAL (german). A lot of basic information on functionalities.

● Bachelor thesis Malte Geisel-Brinck: Locally in E5b nextcloud
Details on the implementation of Molière scattering in PROPOSAL

https://github.com/tudo-astroparticlephysics/PROPOSAL
https://github.com/tudo-astroparticlephysics/cubic_interpolation
https://eldorado.tu-dortmund.de/items/9b9fbe5d-edc3-4d82-88a0-c81acb86bdcc
https://eldorado.tu-dortmund.de/items/5d4d06db-4bad-4048-bae5-860d309329a2
https://gitlab.iap.kit.edu/AirShowerPhysics/corsika/-/wikis/uploads/33145a487a6b84c0d9364b44bb159ce1/2021_Master_Sackel_Maximilian.pdf
https://eldorado.tu-dortmund.de/items/d7631f8c-5bf3-490f-8b95-13778cf1c36f
https://eldorado.tu-dortmund.de/items/bb8cea99-d24b-42aa-a102-f25d1887f541


  

Publications:

● Improvements in charged lepton and photon propagation for the software PROPOSAL
Details on electromagnetic physics in PROPOSAL, including secondary particle production; General 
overview of restructuring and new functionalities of PROPOSAL

● Physics updates of the high-energy lepton and photon simulation tool PROPOSAL
Overview of several new (electromagnetic) physics processes in PROPOSAL

● Validation of Electromagnetic Showers in CORSIKA 8
Comparisons of EM showers of CORSIKA 8 with CORSIKA 7, including LPM effect

● High-energy lepton and photon propagation with the simulation framework PROPOSAL
General overview of applications of PROPOSAL

● Electromagnetic Shower Simulation for CORSIKA 8
Very first simulations of CORSIKA 8 EM showers, comparisons to CORSIKA 7, AIRES, and ZHS

● PROPOSAL: A library to propagate leptons and high energy photons
Overview of restructuring efforts for PROPOSAL, especially for the CORSIKA 8 interface

Resources

https://www.sciencedirect.com/science/article/pii/S0010465524001668?via%3Dihub
https://pos.sissa.it/444/482/
https://pos.sissa.it/444/393/
https://pos.sissa.it/423/076
https://pos.sissa.it/395/428/
https://iopscience.iop.org/article/10.1088/1742-6596/1690/1/012021


  

Supplementary Materials



  

Cascade algorithm
CORSIKA 8
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