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What does MagBoltz Do?
• Predicts electron transport 

properties including velocity, 
longitudinal and transverse 
diffusion, attachment, Townsend 
coefficients, mean energy, for 
electron swarms drifting in gas 
mixtures.

• Since ~1999 MagBoltz has been a 
workhorse code for the field of gas 
detectors
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What does MagBoltz Do?

• You would be forgiven for thinking 
that MagBoltz has something to do 
with the Boltzmann Equation,
potentially in a magnetic field.

• Actually this has not been true 
since early releases in 1990s.

• Since 2001 it uses methods of 
Frasier and Mathieson and 
collision-by-collision simulations.
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Basic idea
• A well-simulated electron will explore configuration 

space ergodically, and eventually be uncorrelated 
with its past self.

• Measuring separation between an electron and 
itself far enough back in time is approximately the 
same as measuring separation between two 
different electrons.

• Thus MagBoltz makes a swarm prediction by 
simulating just one electron, for a lot of collisions 
(typically tens of millions).

• Cross sections must include energy dependent 
elastic, excitation, ionization, attachment, and have 
appropriate angular distributions. 

• Simulations possible in generic configuration of E 
and B fields (which influence how the electron 
moves between collisions.
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The Real Magic
• 1) Doing it all very fast 

• Skulleruds Null Collision method
• … and other tricks

• 2) Ensuring a comprehensive database of accurate cross sections
• Periodically uploaded to LXCat, tuned by magic hands of S. Biagi

https://fr.lxcat.net/instructions/categories.php

All the lines marked “Biagi” 
in LXCat are MagBoltz
exported cross sections
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The Down-side of MagBoltz

55990 lines of FORTRAN
Everything hard coded and cryptically named

Easy enough to run
But almost impossible to modify / extend / 
interface / understand.

(Honorable mention: heroic attempts in interfacing w/ Garfield++)
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PyBoltz: The New MagBoltz
• Full refactorization of entire MagBoltz code base into 

Python

• Modular structure, English variable names.

• Maintains performance (with a little help from Cython)
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https://github.com/UTA-REST/PyBoltz
D-D-D-
Documentation!
ß
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PyBoltz has extensive 
GitHub readme and full 
Sphinx documentation.



Validated against MagBoltz and against data with and
without B fields in complex gas mixtures

10



• Finally, we can develop for MagBoltz. 
• Our first extension is incorporation of modified effective range theory for cross section 

tuning.

Spherical wave phase shifts

Momentum transfer and total cross sections

Method of cross section parametrization consistent with 
angular momentum conservation in quantum mechanics.
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Argon- and Xenon- Plus 
Anything
• Rapid-fire exploration of diffusion reducing gas 

mixtures based on argon and xenon. 

• Jumping off point for further UTA gas mixture 
studies targeted at DUNE MPD and NEXT.
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Getting started

• Easy-to-use examples based on 
Jupyer notebooks and raw python 
in the Examples folder.

• We will support new users to get 
started – the sooner the better!

• Also open to ideas, thoughts, 
questions about interesting gas 
simulation studies for DUNE MPD. 
Please reach out if you have ideas!
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Thanks!
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