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Motivation

● VecGeom is a modern C++ geometry modeling library specifically designed to 
accelerate particle detector simulation by leveraging Single Instruction Multiple Data 
(SIMD) vectorization. 

● It offers optimized geometric primitives, developed in collaboration with the USolids 
project. 

● Integration in Geant4 (since version 10.5 in 2018):
● Native Geant4 geometry primitives can be replaced with VecGeom solids

● CMS has reported a significant 7–13% CPU speed improvement from code improvements 
alone in some geometry setups

● Also other LHC experiments report about the integration of VecGeom solids in their 
frameworks

● We expected to confirm a measurable efficiency gain, likely in the few-percent range, 
on the total simulation time
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ALICE O2 Geometry = TGeo

● ALICE O2 simulation framework uses ROOT geometry modeller, TGeo,  with 
G4Root navigation package

● Cannot profit for the Geant4 VecGeom solids integration

● ROOT TGeo + VecGeom is needed

● ROOT provides a converter class, TGeoVGConverter, that can be used to convert 
TGeo shapes into TGeoVGShape that delegates the navigation calls to a VecGeom 
solid

● Easy to integrate in the Geant4 VMC interface

auto converter = TVirtualGeoConverter::Instance(gGeoManager);
converter->ConvertGeometry();
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The shape occurencies in the ALICE 
geometry produced from TGeo shapes list

ALICE O2 Shapes

box

39.6 %

tube

32.5 %

composite

24.8 %

torus

0.8 %

Shape type #

box 24702

tube 20291

composite 15450

torus, tubeseg 401 ~ 500

xtru, pgon, trd1 101 ~ 250

trap, arb8, cone  51 ~ 100

eltu, ctub, halfspace,  11 ~ 50

sphere, coneseg, para  1 - 10

The proportion of complex shapes like 
polygones or polycones is rather low, so do 
not expect radical performance improvements
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Verification Tests via VGM

● The VGM (Virtual Geometry Model): a tool for in-memory conversion between 
Geant4 and ROOT geometry models

● Integrated in the VMC framework, the ALICE simulation core package
● Validation suite: 14 setups available; focusing on those relevant to shape response:

● Solids:  simple geometry of all solids supported by both engines
● BooleanSolids*: solids combined using all boolean operations

● Methodology:
● Track 1,000 geantinos (random positions/directions)
● Generate boundary-crossing logs via Geant4 tracking/verbose 1.

● Compare outputs using diff to ensure zero deviation in tracking
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ALICE O2 Benchmark

● Primary particles were pre-generated into a file o2sim_Kine_pythia8pp.root
● The benchmark command:

● o2-sim-serial -n 1000 -g extkinO2 --extKinFile 
o2sim_Kine_pythia8pp.root --configKeyValues "align-
geom.mDetectors=none" --skipModules ZDC -e TGeant4 --seed 234567

● Added “geomRootVecGeom” geometry option in Geant4 VMC that triggers the 
conversion to VecGeom solids

● The first tests have shown a significative slow down (~30%) with VecGeom solids 
● In the origin ROOT implementation, all convertible shapes were converted, no options for 

shapes selection



I. Hrivnacova @ CHEP 2026, Bangkok 7

TGeoVGConverter - Updated

● In order to be able to test the performance of the VecGeom solids per solid type, the 
converter class was enhanced with the following functions: 

● Additional changes:
● There were also excluded from conversion the boxes with shifted origin, which are not 

supported in VecGeom

● Introduced kGeoScaled bit in TGeoShape

● See:  https://github.com/root-project/root/pull/20489

virtual void SelectShapeType(TGeoShape::EShapeType) {}
virtual void ExcludeShapeType(TGeoShape::EShapeType) {}

https://github.com/root-project/root/pull/20489
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Results With TGeo Converter 

# converted 
shapes

Time [s]
Time/Ref. 
time

None 0 3254.2 1.

All (*) 39572 4298.9 1.336

Box 19263 4163.7 1.279

All - box 17854 3374.5 1.037

Tube 16860 3348.1 1.029

Composite 2564 3328.8 1.022

Torus 315 3261.2 1.002

TubeSeg 133 3316.3 1.019

We observe a systematic overhead when any VecGeom shapes are included 

(*) Excluded shapes showing 
differences in the VGM 
verification tests: 
Para, Composite shapes with 
intersection and non- trivial 
rotation  
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Geant4 Design Approach 
● Geant4 has to be configured with 

GEANT4_USE_USOLIDS compilation 
option

● When this option is activated, Geant4 
solids are replaced with VecGeom 
equivalents

#if defined(GEANT4_USE_USOLIDS)
  #define G4UBox G4Box
  #include "G4UBox.hh"
#else
  class G4Box : public G4CSGSolid
  { ... };
#endif

G4Box.hh

G4VShape

G4UAdapter

G4UBox

is

is

Vecgeom::
UnplacedBox

Static polymorphism: 
templates resolved at compile-time
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TGeo Design Approach 

● TGeo shapes are replaced with 
TGeoVGShape that delegates 
navigation calls to VecGeom shape 
base class 

class TGeoVGShape
  : public TGeoBBox {
private:
   vecgeom::cxx::VPlacedVolume
             *fVGShape; 
   TGeoShape *fShape;
   ...
};

TGeoVGShape.hh

TGeoShape

TGeoVGShape

vecgeom::
VPlacedVolume

vecgeom::
UnplacedVolume

has

vecgeom::
UnplacedBox

is

Dynamic 
polymorphism: 
virtual functions 
called at 
runtime
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Optimizing TGeo-VecGeom Integration
● Virtual function overhead (frequent memory fetches for fVGShape and virtual jumps) 

seems to impact CPU throughput and wash out the improvements in VecGeom 
● Revised approach: Apply the adapter design in the context of TGeo
● New objective: Implement and evaluate a high-performance adapter in TGeo.
● Key Components::

● TGeoVGAdapter – copies the design of the proven G4UAdapter
● Shape Integration: direct implementation of geometry shapes through the 

adapter layer
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New Shapes Implementation in TGeo

● New design requires to implement a TGeoVG* class deriving from TGeoVGAdapter 
for each TGeo shape

● Straightforward implementation:
● Adapt constructors to create the VecGeom solids as base

● Remove functions for navigation that are done via VecGeom base (implemented in the 
adapter

● Implemented shapes:
● Arb8, Cone, ConeSeg, Ctub, Eltu, Gtra, Hype, Pcon, Pgon, Sphere, Torus, Trap, Trd, 

Tube, TubeSeg, Xtru

● MultiUnion (not available in TGeo)
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New Shapes Implementation in TGeo - 2

● Cases needed attention:
● Cling processing of VecGeom classes causing compilation errors

● Dictionary generation in TGeoVG* shape classes was disabled (commented ClassDef 
and ClassImp macros) 

● Some shapes are implemented via inheritence tree: eg. Tube – TubeSeg – Ctub 
● These dependencies are dropped and each VG shape is implemented independently

● All TGeo shapes derive from TGeoBBox
● This is dropped and an interim TGeoBaseBox class is introduced

– This class is used as a base for shapes which do not have VecGeom equivalent, 
when TGeoBBox is replaced with TGeoVGBox 

● This change must be addressed in the client codes, eg. in some classes in  ‘geompainter’ 
or ‘gdml’ categories in ROOT or in some classes explicitly using TGeoBBox base in O2
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Performance Results

Time [s] Time/Ref. time

Reference run: O2 production version 3296.7 1.

Run with TGeo Converter 4370.9 1.326

Run with new Adapter 3204.4 0.972

Test benchmark: 
● 5 samples of 1000 events with standard ‘pythia8pp’ event generator setting 

pregenerated in a file, run in serial mode
● Software versions: ROOT: 6.36/10-alice1, Geant4: 11.3.p2; Geant4 VMC: v6.7.p1; 

VecGeom: master from Jan 26; O2: daily-20260425-0000
● Tested platform: Apple M1 Max, macOS 26.4.1
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Conclusions

● Tests with the ALICE geometry setup showed that the TGeo converter 
implementation failed to improve simulation time

● Experimental implementation of the new adapter design (modeled after Geant4) 
achieved a performance improvement of ~2.8%.

● New TGeo+VecGeom shapes with the adapter are not production-ready due to 
missing dictionaries, backward incompatibilities and requirement for further testing

● Future outlook:
● Investigate optimisation of Composite shapes with usage of MultiUnion solid
● Investigate alternative design options to identify a less "invasive" approach
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