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Geant4 Advanced examples
Illustrate realistic applications of Geant4 in typical 
experimental environments
 

Coordinator: Francesco Romano

Deputy:  Miguel Cortes-Giraldo

Working Group (2024 census)

• 26 Geant4 Collaborators (15% of G4 Collaboration)

• 5 contributors (30% of G4 total)

• 2.78 FTE (2.1 FTE in 2023, 1.8 FTE in 2022)

• + ... FTE for external contributors!

Members and Contributors (Census 2024)
 

1. Francesco Romano (INFN-CT, Catania, Italy) WG Coordinator
2. Miguel Cortes-Giraldo (Universidad de Sevilla, Seville, Spain) WG Deputy Coordinator
3. Makoto Asai (JLAB, Virginia, US)
4. David Bolst (University of Wollongong, Australia)
5. Pablo Cirrone (INFN-LNS, Catania, Italy)
6. Giacomo Cuttone (INFN-LNS, Catania, Italy)
7. Gabriele Cosmo (CERN, Switzerland)
8. Paolo Dondero (SWHARD, Genpova, Italy)
9. Milos Dordevic (Vinca Institute of Nuclear Sciences, University of Belgrade, Serbia)
10. Susanna Guatelli (University of Wollongong, Australia)
11. Alexander Howard (CERN, Switzerland)
12. Sebastien Incerti (CENBG/LP2I Bordeaux, France)
13. Christophe Inguimbert (ONERA, France)
14. Damien Lambert (CEA, France)
15. Le Anh (Institut de Radioprotection et de Sûréte Nucléaire, Paris, France)
16. Zhuxin Li (CENBG, France) → contributor
17. Francesco Longo (INFN-Ts, Trieste, Italy)
18. Carlo Mancini (INFN Rome, Italy)
19. Alfonso Mantero (SWHARD srl, Italy)
20. Claire Michelet (CENBG/LP2I Bordeaux, France)
21. Giuliana Miluzzo (INFN Catania, Catania, Italy) → contributor
22. Luciano Pandola (INFN-LNS, Catania, Italy)
23. Giada Petringa (INFN-LNS, Catania, Italy)
24. Ivan Petrovic (Vinca Institute, Belgrad, Serbia)
25. Andrea Polsini (INFN, Ts, Trieste, Italy) → contributor
26. Giorgio Russo (CNR-Lato, Cefalù, Italy)
27. Alberto Sciuto (INFN-LNS, Catania, Italy) → contributor
28. Ronny Stanzani (SWHARD S.R.L., Genova, Italy) → contributor
29. Bernardo Tomè (LIP, Portugal)
30. Hans-Joachim Wenzel (Fermilab, US)
31. Anna Zaborowska (CERN, Geneva, Switzerland)
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dsbandrepair              Ahn Tuan Le                Evaluate the early radiation-induced direct and indirect DNA damage (SSBs, and DSBs)

new examples (as respect 2023)

Medical 50% Space 33% HEP 12% Other 6%

Medical: 17

Space: 11

HEP: 4

Other: 2

34 examples



https://geant4.web.cern.ch/collaboration/working_groups/advExamples/

Advanced Example web pages
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https://geant4.web.cern.ch/collaboration/working_groups/advExamples/

https://geant4.web.cern.ch/docs/advanced_examples_doc/index

Advanced Example web pages
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https://geant4.web.cern.ch/collaboration/working_groups/advExamples/

https://geant4.web.cern.ch/docs/advanced_examples_doc/index

Advanced Example web pages
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Workplan 2024
• Release of a new example showing how to import in Geant4 simulations IAEA Phase Space Files (1,2)[*] (Cortes-Giraldo) 
→ in progress (see M. Cortes-Giraldo’s talk)

• Improve MicroElec example to show the use of novel electron low energy cross sections for solid state materials beyond 
silicon (1,2) (Inguimbert, Lambert) → in progress

• Implementation of pre-clinical, mice PET images to evaluate a dose distribution for new drugs (1,2) (Russo) → in progress

• Upgrade of the medical_linac example (1,2) (Mancini, Caccia, Pozzi) → done (see S. Pozzi’s talk)

• Design of realistic phantoms of C. elegans in the stim_pixe_tomography advanced example (1,2) (Michelet) → in progress

• Add a new geometry reproducing some dosimeters used in FLASH radiotherapy in the eFLASH_radiotherapy example 
(1,2) (Milluzzo, Romano, Pensavalle) → done for SiC array and sensitive detector (see G. Milluzzo’s talk)

• Add new detectors, SiC and TEPC microdosimeters, in the exp_microdosimetry example (1,2) (Milluzzo, Romano) → done 
for SiC, in progress for TEPC (see G. Milluzzo’s talk)

• Improve the Hadrontherapy example in the simulation of proton, carbon ion and helium ion beam irradiation for the 
calculation of track- and dose- averaged LET(1,2) (Cirrone, Petringa, Sciuto, Dordevic?) → done (see G. Petringa’s talk)

• Maintenance of the webpage (1,2) (Romano) → done (4 examples webpages in progress)

• Maintenance and code review (e.g. implementation of the extended examples coding guidelines and migration to C++17) 
in selected examples (1,2) (Romano) → in progress

Note
o [*] Optional, and subject to the availability of manpower
o 1: aimed to be done in first semester
o 2: aimed to be done in second semester 6



New developments
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New examples released in Geant4 11.2

• Development of two examples related to space applications

By P. Dondero, A. Mantero and R. Stanzani, SWHARD s.r.l., Genova, Italy

• Xray_TESdetector

• Xray_SiliconPoreOptics

• Development of two examples related to biological aspects

• stim_pixe_tomography: by C. Michelet and PhD student Z. Li, Bordeaux University, France

• dsbandrepair: by L. T. Anh, Y. Perrot (IRSN), C. Villagrasa (IRSN), S. Meylan, H. N. Tran (LP2I)
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stim_pixe_tomography
Proton imaging on biological micro-organism like Caenorhabditis elegans (C. elegans)
 Authors: C. Michelet, Z. Li*, A. Rouwane, H. Tran, S. Incerti, H. Seznec  (Univ. of Bordeaux and LP2i, CNRS, Bordeaux, France)

Slide from C. Michelet

S. Incerti

C. Michelet

Z. Li
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References
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stim_pixe_tomography

 

3D transmission 
tomography

“Classical” 
(2D) imaging

• The phantom will be made available in 
the stim_pixe_tomography advanced 
example

• Applications: imaging, radiation biology 
(dosimetry)…

• Work in progress; public release expected 
in summer 2025

10Slide from C. Michelet



dsbandrepair – new advanced example

• The example aims to:

• Evaluate the early radiation-induced DNA damage

• Direct and indrect strand breaks (SB)

• Single strand breaks , double strand breaks (simple, complex)

• Repair models: 

• Two Lesion Kinetic (TLK): Survival fraction

• LEM-IV: Un-rejoined DSB

• Coupled to DNA geometries constructed with DnaFabric (Compt. Phys. Comm. 
2016 204:159-169)

• Full genome including bot heterochromatin and euchromatin

• Yeast, Bacteria, Human nuclei cell

• Three modules: Phys_geo, Chem_geo, & Analysis can be run separately

• Support MPI parallelism

• Please cite: Meylan et al.  Sci. Rep. 7 (2020) 11923, Anh et al. Phys. Med. 124 
(2024) 103422

Institute for 
Nuclear Science 
and Technology 
(INST), Vietnam

A. Tuan Le

11Slide from A. Tuan Le



- Fibroblast 

     euchromatin (34%), heterochromatin (66%)
- Aconfig: G4DNAPhys_opt2 + G4DNAChem_opt2 

(SBS, 5ns)

- Bconfig: G4DNAPhys_opt2 + G4DNAChem_opt3 
(IRT_sync, 5ns)

dsbandrepair - benchmarking results

See:  Anh et al. Phys. Med. 124 (2024) 103422

Actual To be developed

Independent tracks Dose rate effect: conventional -> UHDR (?)

No impact of chemical enviroment Oxygen effect, scavengers

G4DNAPhys_opt2
(e- up to 1 MeV)

Benchmark the code for new Geant4-DNA developments
- G4DNAPhys_opt4 with e- up to 10 MeV
- New models for protons up to 300 MeV

Complex code Making it easier to understand how things work

2 examples: moleculardna and dsbandrepair Unified simulation code

Analysis: survival and unrejoined DSB Other biological endpoints: aberrations, mutation
12
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New developments (covered in the session)

13



Summary and Conclusions

• Many advanced examples related to several fields, mainly for medical and space 
applications

• General improvement of the examples and consolidation of the developments

• Big effort for benchmarking and experimental verifications

• Updating of the web page and code review, update and maintenance

• Relevant number of young collaborators (collaborators, contributors, external)

• First paper on Advanced Examples?
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Thank you

Aknowledgements:
Many thanks to all the members of the Advanced Examples Working Group 
and also external collaborators for providing useful materials  
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