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Electromagnetic Cascade

• Relevant interactions
• Bremsstrahlung

• Ionization

• Moller

• Bhabha

• Pair production

• Photoelectric effect

• Rayleigh

• Compton
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Available Cross-Sections: Bremsstrahlung (and Pair)
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+ Migdal

𝜔, 𝜃𝑖

> 10MeV

All

https://arxiv.org/pdf/1202.4
879.pdf



Cross - Sections
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Bethe-Heitler:
- Used in EGS
- Corrections:

- Coulomb
- Screening
- Empirical Corr.

Tsai:
- Used in Geant4
- Corrections:

- Coulomb
- Screening

Migdal:
- Full Screening
- LPM effect

Need to include:
- Dieelectric effect
- LPM effect Atomic model: Thomas-Fermi-Moliere model



Screening

• Electron cloud screens nucleus

• Bethe-Heitler: Correction term

• Tsai: Included

• Migdal: Full Screening Approx.

• Effect at k < 10 GeV
• Predominantly pair production
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Dielectric Effect

• Material Effect

• Emission takes place over long distances
(High energy e to low energy 𝛾)

• Depends on the plasma
frequency

• In metals relevant at ≈ 10−4 𝑃𝑟𝑖𝑚

• The cross-section no longer
diverges!
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LPM Effect

• Material and density dependent

• Interaction vertices closer than
reformation length

• Scales with 
1

𝜌

• Relevant for high energies
• Above 𝐸𝐿𝑃𝑀

• Here an approximation
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Cross-Checks - Pair
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Cross-Checks – Pair II
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Cross-Checks - Bremsstrahlung
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Cross-Checks – Shower Development
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Cross-Checks – Shower Development II
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Cross-Checks – EGS4
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Cross-Checks - CORSIKA
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Cross-Checks - CORSIKA
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Technicalities – Cross-Sections

• Pair

• Bremsstrahlung

Note there is in error in the Tsai paper concerning the Bremsstrahlung’s cross-section
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Technicalities – Suppression

• Dielectric Suppression

• Bremsstrahlung

Note there is in error in the Tsai paper concerning the Bremsstrahlung’s cross-section
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Technicalities – Rates
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Technicalities - Scaling

• Observables as reference

• Energy conservation

• Radiation Length
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Technicalities – Equation Matrix
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Technicalities - Solver

• Ionization poses a problem

• Major bottleneck

• Implemented

• LSODA
=> Fastest and least precise

• BDF
=> Slowest

• RK45
=> Intermediate and most precise

• Euler
=> Only usable without inization
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