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Abstract. The Compressed Baryonic Matter (CBM) is a heavy-ion experi-

ment, currently under construction, at the Facility for Anti-Proton and Ion Re-

search (FAIR) in Darmstadt, Germany. It aims to explore the QCD phase di-

agram at high baryon density (µB) using the SIS-100 accelerator at FAIR. The

Silicon Tracking System (STS) is the main detector for tracking and momentum

determination. A scaled-down prototype of various detector systems, including

mini STS (mSTS), is being meticulously tested in the mini CBM (mCBM) ex-

periment at the existing SIS-18 accelerator at GSI, Helmholtzzentrum für Schw-

erionenforschung in Darmstadt. This experiment seeks to comprehensively as-

sess both hardware and software components, ensuring their efficacy in online

readout, processing, and analyzing the intricate topological data generated by

real events detected by the detector subsystems.

The recent development provides a facility to convert the Computer-Aided De-

sign (CAD) based geometry model to Geometry Description Markup Language

(GDML), an XML-based format. The representation of the solids extracted

from a CAD toolkit typically consists of triangular or quadrilateral facets. The

GDML file is then used in ROOT and GEANT4 using TGDMLParser and

G4GDMLParser respectively to read the information of geometry volumes and

to create different volume assemblies to prepare the simulation geometry to be

used in the simulation.

This report presents a comparative analysis of simulation studies using two dis-

tinct representations of the mSTS geometry: one employing simplified primi-

tive solids and the other utilizing tessellated solid-based geometry, including the

run-time, secondary particle production, and z-vertex of the secondary particles.

1 Introduction

The Compressed Baryonic Matter (CBM) [1] experiment is a fixed-target heavy-ion physics

experiment designed to explore the QCD phase diagram at moderate temperatures (T) and

high baryonic chemical potentials (µB). Currently under construction at the Facility for An-

tiproton and Ion Research (FAIR) in Darmstadt, Germany, the CBM experiment is expected
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4.2 Primary and Secondary Particle Distribution

To compare the production of secondary particles, a larger statistics sample of 1000 jobs

with 100 events each was used. Figure 7 presents a comparison of simulated data of the

primary particle distribution based on their PDG ID for two distinct geometries of the mSTS.

Since the primary particles originate directly from the input source of the UrQMD events,

it is verified that no difference is observed. Figure 8 shows the distribution of secondary
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Figure 7. Primary particle distribution based on their PDG Id.
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Figure 8. Secondary particle distribution based on their PDG Id.

particles, according to the PDG ID, for primitive and tessellated shape geometries, together

with their ratio. The distributions agree within their statistical accuracy, except few cases of

low statistics species.

4.3 GEANT4 Process

Figure 9 represents the various physics processes, including Electromagnetic (EM) and

Hadronic processes, that occurred during the transport of the UrQMD events. We can ob-

serve that a few processes, such as Compton scattering, Hadronic interaction, and Coulomb

scattering, exhibit a variation in the ratio ranging between 2 - 5%. Apart from these, the ratio

for the remaining process shows no differences.
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as discussed in the section 4.1, shows that tessellated solid-based geometry requires a signif-

icantly higher computational run-time compared to the geometry prepared using primitive

solids. The increased run-time for the geometry based on tessellated solids is attributed to the

algorithm iterating over all the surfaces through which the particle traversed. However, there

is ongoing development to make the simulation faster for tessellated solids by optimizing al-

gorithms such as the Bounding Volume Hierarchy (BVH) at the CERN8 [12], which can only

make the simulation faster up to some extent. Furthermore, it was found that careful prepara-

tion of geometry using primitive solids available in ROOT and with meticulous optimization

of the volume representations and rigorous approximation of the material properties can lead

to results consistent with those obtained from the detailed tessellated geometry. This ob-

servation suggests that there is no significant advantage from the CAD-to-ROOT tessellated

solid geometry in terms of physics accuracy, while it imposes a substantial computational ex-

pense. Therefore, well-optimized primitive solid-based geometries remain the ideal choice to

be used in physics simulation study. However, detailed CAD models can serve as precise ref-

erences, and the CAD-to-ROOT workflow still provides significant value as a powerful tool

for preparing simplified geometry and improving the physics accuracy. Additionally, there

are a few aspects that still need to be understood well, which include the study of geometry

load time in the simulation with increasing the number of tessellated solid facets.
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