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Abstract \

Simulation of particle -matter interactions in complex geometries is one of the main tasks in high energy physics (HEP) research. An essential aspect of the task is an
accurate and efficient handling of particle transport and crossing volume boundaries within a predefined (3D) geometry and a magnetic field .

The Quantized State Systems (QSS) family of numerical methods [2,4] provide attractive features for these types of problems, such asa dense output, which consists In

sequences of polynomial segments whose coefficients change only at discrete events, and lightweight detection and handling of boundary crossings based on explicit
root-finding of polynomial functions .

In this work we present a performance comparison between a QSS-based standalone solver [3] and combinations of standard fixed step 4th order Runge-Kutta (RK4) and

adaptive step RK4/5 methods in the context of Geant4 [5]. Results showed speedups up to 8x in casestudies for asingle particle oscillating harmonically in the x-y plane
with auniform B field in the z plane, with up to 200crossing planes.
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A Other Geant4 parameters

f deltaOneStepl02 mm A Circular motion of a single electron in the x-y plane
f epsilonMirt 105 A Uniform magnetic field in the z plane
f epsilonMax 10° A Equidistant parallel crossing planes

f stepMax 20 mm
f deltaChord0.25 mm
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f Up to 8x faster for 200 planes

Conclusions and future work

A We studied how QSS3,an asynchronous, discrete event based, third order accurate integration
method performs in the context of a basic HEP model.

A We compared QSS3 asmplemented in the standalone tool QSSSolver [3] against fourth order
Distribution  of errors in x(t) and y(t) Runge-Kutta asimplemented in Geant4.

for Geant4 and QSS3 A Our results showed that QSS3 performancescalessignificantly better in situations with increasing
number of volume crossings, asit was expecteddue to its efficient discontinuity handling property

GQLInk : QSS methods within Geant4 (dense output).

A An implementation of the QSSfamily of methods within Geant4 (GQLink ) is currently being tested

A Smaller errors in x(t) and y(t) trajectories

W()rk in Progress on arealistic HEP application . Performance studies are underway .
A We are currently embedding QSSinto Geant4through an abstract interface: GQLink
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