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The Geant4 Medical Simulation Benchmarking Group

▪ Created in 2014.

▪ Current Coordination Team:

▪ Coordinator: Susanna Guatelli (Univ. Wollongong, Australia)

▪ Deputy-coordinator: Pedro Arce (CIEMAT, Spain)

▪ 55 researchers; 31 institutions from 11 different countries.

https://twiki.cern.ch/twiki/bin/view/Geant4/G4MSBG

https://twiki.cern.ch/twiki/bin/view/Geant4/G4MSBG
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▪ G4-Med project:

▪ 20 tests to benchmark Geant4 pre-built physics lists 

for medical physics applications.

▪ Against reference data and experimental 

measurements.

▪ Routinely executed for regression tests.

▪ geant-val @ CERN.

▪ Some in Geant4 nightly tests.

▪ Goals:

▪ Provide physics list recommendations.

▪ Monitor physics capability of Geant4.

▪ Webpage:

Motivation & Goals

https://twiki.cern.ch/twiki/bin/view/Geant4/G4MSBG

Regression tests on the CERN computing infrastructure

https://geant-val.cern.ch/

https://twiki.cern.ch/twiki/bin/view/Geant4/G4MSBG
https://geant-val.cern.ch/
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Geant4 Physics Lists Tested

▪ G4EmStandardPhysics (a.k.a. “option0”)

▪ Usually used as reference by Geant4 physics developers for high-energy physics.

▪ G4EmStandardPhysics_option3 (“EMY” suffix in physics list naming convention)

▪ Based of G4EmStandardPhysics with more accurate settings to model dE/dx, nuclear stopping & fluorescence.

▪ G4EmStandardPhysics_option4 (“EMZ” suffix)

▪ Deemed to be the most accurate combination of Geant4 models, regardless of CPU efficiency.

▪ G4EmLivermorePhysics (“LIV” suffix)

▪ Includes data-driven low-energy models for e- ionization and γ based on the Livermore evaluated data libraries.

▪ G4EmPenelopePhysics (“PEN” suffix)

▪ Includes low-energy models for e-, e+ & γ re-engineered from PENELOPE code.

Electromagnetic Physics Constructors
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For proton therapy:

▪ QGSP_BIC_HP

▪ G4EmStandardPhysics_option4 is used by default since Geant4-10.5.

▪ QGSP_BIC_EMY is same as previous, but…

▪ No HP libraries for neutrons.

▪ G4EmStandardPhysics_option3 is used.

▪ QGSP_BERT_HP differs from QGSP_BIC_HP in:

▪ EM interactions are modeled with “option0”.

▪ For incident p & n, Bertini model (own Precompound+Evaporation) is used for hadronic inelastic scattering.

For carbon ion therapy:

▪ G4IonBinaryCascade - LightIonBinaryCascade model.

▪ G4IonQMDPhysics - Quantum Molecular Dynamics (QMD) model.

▪ G4IonINCLXXPhysics - Liège Intranuclear-Cascade model (INCL).

Geant4 Physics Lists Tested

Hadronic Physics Constructors
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▪ Outcomes with Geant4 v10.5:

▪ Overall, G4EmStandardPhysics_option4 

(_EMZ) is recommended for accurate 

simulations.

▪ QGSP_BIC_HP (_EMZ) physics list provides 

a good overall description.

Tests included in G4-Med

Publication #1:

Arce et al. (2021), Med Phys, 48(1):19-56. 

[doi: 10.1002/mp.14226]

https://twiki.cern.ch/twiki/bin/view/Geant4/G4MSBG

https://doi.org/10.1002/mp.14226
https://twiki.cern.ch/twiki/bin/view/Geant4/G4MSBG
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▪ Regression testing between 10.5 (paper #1) 

and 11.1 for the existing tests:

▪ Normalized mean square error (NMSE)

▪ Data analysis performed @ CMRP, University of 

Wollongong (Australia).

▪ New tests:

▪ Geant4-DNA tests (microdosimetry and chem test)

▪ X-ray radiotherapy dosimetry with the advanced 

example medical_linac

▪ In-vivo PET for hadrontherapy.

▪ Execution time benchmarking – done with 

Geant4 v11.1:

▪ Selected cases for each test.

▪ Benchmark all tested physics lists.

▪ Have enough histories to neglect the initialization 

phase.

▪ Physics lists used as reference:

▪ G4EMStandardPhysics_option3.

▪ G4EmDNAPhysics_option2.

Current benchmarking activities

Ongoing activity

Paper #2 in preparation
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Selected Results: EM Physics

Note: Work in progress – these are preliminary!
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S. Guatelli (UOW) & L. Pandola (INFN)

Comparison against NIST XCOM

Total attenuation coefficient test

G4 EM Physics list OPT4

K-S test: p-value above 0.8

All in agreement

EPICS 2017 added
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P. Arce (CIEMAT), M. Maire (LAPP) & M. Novak (CERN)

Check that the ratio of the dose deposited in the cavity divided by 

the beam energy fluence is equal to the mass energy transfer 

coefficient of the wall material.

Fano Cavity test

No significant change

WVI is about 30 times and SS about

500 times slower than
G4EMStandardPhysics_option3
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B. Faddegon & J. Ramos-Méndez (UCSF)

Experimental benchmark of the forward scatter of e- with 

energy 13 MeV and 20 MeV

Scattering angle = 2–8 deg

Exp. data: Ross C, et al (2008) Med Phys, 35(9): 4121-31

Electron forward scattering

Be C

Al Ti Au

No significant

changes
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Dose Point Kernel (DPK)

S. Incerti, M.C. Bordage,

I. Kyriakou, Y. Perrot

Radial energy deposition profiles 

from an isotropic e- source in 

water

Comparison against EGSnrc

10 keV

15 keV

100 keV

1 MeV
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Selected Results: Hadronic Physics

Note: Work in progress – these are preliminary!
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Light IonBragg Curves

82%

M. A. Cortés-Giraldo et al., (Univ. Sevilla)

Ref. Data: D. Schardt et al., GSI Report 2008-1

▪ Initial energy spread adjusted from 

experimental Bragg curves.

▪ Simplified geometry model for simulation

▪ Depths of 82% distal dose are 

compared.
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Charge Changing Cross Section (CCCS)

C. Omachi, T. Toshito (Nagoya PTC), T. Sasaki (KEK)

Ref. data: Toshito T, et al (2007) Phys Rev C, 75(5): 054606.

NMSE for (all) 

fragment production

Computational 

performance
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400 MeV/u 12C fragmentation in water

Ref. paper: D. Bolst et al., NIM A 869 (2017)

Ref. data: E. Haettner et al., PMB 58 (2013)

Angular distributions: 

comparing all distributions
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Positron-emitting fragments in heavy ion beam therapy

A. Chacon, M. Safavi et al., (ANSTO)

Validation against in-house experimental measurements 

performed at HIMAC, QST, Chiba (Japan)

BIC, 

QMD 

INCL
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More Test Results at TWiki Webpage & geant-val

https://twiki.cern.ch/twiki/bin/view/Geant4/G4MSBG
https://geant-val.cern.ch/

https://twiki.cern.ch/twiki/bin/view/Geant4/G4MSBG
https://geant-val.cern.ch/
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▪ The Geant4 physics continues to evolve.

▪ The G4-Med tests have proved 

▪ To monitor how changes in the Geant4 physics component  translate in physical quantities of interest;

▪ To support significantly the development of the Geant4 physics component.

▪ The next steps are to

▪ Add test on radioactive decay (important for nuclear medicine).

▪ Modelling of ionization chambers.

▪ Add more tests on hadronic physics (e.g. total inelastic cross section tests of production of C-10 and C-11 

important for carbon ion in-vivo PET and Prompt Gamma imaging).

▪ Add tests in applications scenarios not currently covered, e.g.

▪ Calculation of S-values, for internal dosimetry.

▪ Calculation of photon energy fluence profile and thick target photon backscatter.

▪ Acknowledgement: the Geant4 Medical Simulation Benchmarking Group.

Summary and Conclusions
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https://www.linkedin.com/in/miguel-antonio-cort%C3%A9s-giraldo-0422864b/
https://twitter.com/miancortes
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