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Geantd4

* Monte Carlo code modelling particle transport and interactions in
matter

* Maintained by a large international Collaboration (> 100 members)

e www.geant4.org

Geant4 Collaboration Meeting, October 2017, Wollongong, Australia
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Simulation for physics, space and medicine

NEUTRINOS TESLA COSMOPHYSICS
Sudbury Neutrino Observatory Electropolishing steers superconducting Joint symposium brings CERN,
confirms neutrino oscilation p5 cavity to new record p10 ESA and ESO together p15

Geant4 Collaboration, NIM A, Vol: 506,
pp: 250-303 has >9000 citations

Most cited publication authored by CERN
excluding the Review of Particle
Properties


http://www.geant4.org/

Applications

Verification of radiotherapy Treatment
Planning Systems

Improvement/optimisation of QA
instrumentation

Dosimetry and production of
radiopharmaceuticals

Imaging (e.g. PET, SPECT, CT)
Detector design

Radiation protection in Earth Labs,
aviation and space

— Design shielding solutions
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Geant4 Medical Simulation Benchmarking Group

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

» Created in 2014.

e Current Coordination Team:

« Coordinator: Susanna Guatelli (Univ. Wollongong, Australia)
. . D
e Deputy-coordinator: Pedro Arce (CIEMAT, Spain) uLN[[(fIEﬁm
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Motivation & Goals

e Geant4 offers many pre-built physics lists.
Which one is more adequate for a specific
medical physics application scenario?

e G4-Med project:

e 18 tests to benchmark Geant4 pre-
built physics lists for medical physics
applications

* Against reference data and
experimental measurements

e Executed at CERN in regression
testing

e Goals:

* Provide physics list recommendations
e Monitor physics capability of Geant4

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

CERN computing infrastructure.

List of current tests
Currently the G4-Med system includes 18 tests.

N T R T

Photon attenuation coefficients PhotonAttenuation 3. Guatelli, L, Pandola

Eleciron stopping powers ElectronDEDX V. Ivanchenko
Low energy electron backscattering ElectronBackScat P. Dondero, A. Mantero,V. Ivanchenko, M. Novak
Electron scattering from foils at 13-20 MeV kinetic energies ElecForwScat B. Faddegon, J. Ramos-Méndez

Bremsstrahlung

B. Faddegon,J. Ramos-Méndez

Fano cavity Fano cavity P. Arce , M. Maire, M. Novak

Electron Dose Point Kernel LowEElecDPK S. Incerti, M.-C. Bordage, I. Kyriakou, Y. Perrot
Microdosimetry Microyz 3 Incerti, | Kyriakou

Brachytherapy - dose rate Brachy-ir 3. Guatelli, D, Cutajar

Daosimetry - clinical 5-6 MeV electron beam To be added

Dosimetry for mammography IMammo C, Fedon, |, Sechopoulos

Hadronic nucleus-nucleus inelastic cross section NucNuclnelxs D. Sakata, S. Guatelli, E. Simpson

Bragg curves in water for 67.5 MeV protons LowEProtonBraggPeak B. Faddegon, J. Ramos-Méndez

Absolute neutron yield for protons ProtonC12NeutronYield B. Faddegon, J. Ramos-Méndez

Production cross sections of different fragments C12FragCC C. Omachi, T. Toshito, T. Sasaki

62 MeV /n C-12 fragmentation on Carbon target LowEC12Frag C. Mancini-Temacciano

400 MeV/n C-12 fragmentation C12Frag D. Bolst, S. Guatelli, F. Romano

Estimation of proton radiobiological damage LowEProtonRBE G. Petringa, GAP Cirrone L. Pandola, G. Cuttone

Light ion {proton, 3He, carbon) range and depth dose curves in water  LightlonBraggPeak M. Cortes-Giraldo, A. Perales, J. M. Quesada Molina



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

Integration in geant-val
for Automatized Regression Tests
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G4 Med Is integrated in geant-val to execute regularly automatized regression tests on
the CERN computing infrastructure
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CERN computing infrastructure.

List of current tests
Currently the G4-Med system includes 18 tests.

N [ T

Photon attenuation coefficients PhotonAttenuation S. Guatelli, L. Pandola

Electron stopping powers ElectronDEDX V. Ivanchenko

Low energy electron backscattering ElectronBackScat P. Dondero, A. Mantero,V. Ivanchenko, M. Novak
Electron scattering from foils at 13-20 MeV Kinetic energies ElecForwScat B. Faddegon, J. Ramos-Méndez
Bremsstrahlung yield Bremsstrahlung B. Faddegon,J. Ramos-Méndez

Fano cavity P Arce , M_Maire, M. Novak
Electron Dose Point Kernel LowEElecDPK S. Incerti, M.-C. Bordage, |. Kyriakou, Y. Perrot
Microdosimetry Micrayz S. Incerti, I. Kyriakou
Brachytherapy - dose rate Brachy-ir
Dosimetry - clinical 5-6 MeV electron beam To be added L
Dosimetry for mammaography IMammo C. Fedon, |I. Sechopoulos
Hadronic nucleus-nucleus inelastic cross section NucNucinelxs D. Sakata, S. Guatelli, E. Simpson
Bragg curves in water for 67.5 Me\/ protons LowEProtonBraggPeak B. Faddegon, J. Ramos-Mendez
Absolute neutron yield for protons ProtonC12MNeutronYield B. Faddegon, J. Ramos-Méndez
Production cross sections of different fragments C12FragCC C. Omachi, T. Toshito, T. Sasaki
62 MeV /n C-12 fragmentation on Carbon target LowEC12Frag C
400 MeV/n C-12 fragmentation C12Frag D. Bolst, 5. Guatelli, F. Romano
Estimation of proton radiobiological damage LowEProtonRBE G. Petringa, GAP Cirrone L. Pandola, G. Cutione

Light ion (proton, 3He, carbon) range and depth dose curves in water LightlonBraggPeak M. Cortes-Giraldo, A. Perales, J. M. Quesada Molina



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

Tested Geant4 Physics Constructors and Lists

Electromagnetic Physics Constructors

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 G4AEmStandardPhysics 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 y based on the Livermore evaluated data libraries.

G4EmPenelopePhysics (“PEN” suffix)
 Includes low-energy models for e, e* & y re-engineered from PENELOPE code




EM Physics Lists (CH)
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B ra,C hytherapy teSt D. Cutajar, S. Guatelli, A. Le, A. Rosenfeld

University of Wollongong

« Based on the Advanced Example brachytherapy 10 " Ref 4 Livermore v Penelope
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Internal breast dosimetry

C. Fedon and I. Sechopoulos, Radboudumc (NL)
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Tested Geant4 Physics Constructors and Lists

Hadronic Physics Constructors

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 _option3is used.

e QGSP_BERT_HP differs from QGSP_BIC HP in:

* EM interactions are modeled with “option0”.
* Forincident p & n, Bertini model (own Precompound+Evaporation) is used for hadronic inelastic scattering.

For carbon ion therapy:

 G4lonBinaryCascade - LightlonBinaryCascade model.

* G4lonQMDPhysics - Quantum Molecular Dynamics (QMD) model.
* G4lonINCLXXPhysics - Liege Intranuclear-Cascade model (INCL).



Partial Hadronic Model Inventory —
important for particle therapy

At rest

absorption, L,

P

7, K, anti
.

Radioactive

decay

High Precision

Evaporation

Fermi breakup Pre-

Multifragment | compound

_ Photon Evap

Binary cascade

Bertini-style cascade

1 MeV 10MeV 100MeV 1GeV 10GeV 100 GeV 1TeV
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300 MeV/n ?Cion charge-changing cross section

Authors: C. Omachi (Nagoya Proton Therapy Center, Nagoya,
Japan, T. Sasaki (KEK, Japan), T. Toshito (Nagoya Proton Therapy

B Exp 4 BIC

o
E
= Y QMD © INCL
Center, Nagoya, Japan) © &
Q 10* —
m -
o [
Experimental data obtained with an emulsion plate in e [
the NIRS P152 experiment: Toshito et al 2007, Physical s b
Review C, 75(5):054606, 2007. 85 r
= "
8 |
- X
-
2 o Yoo
L _ | | I
3
o Vb e
W 0.9
2 0% }
O -LE ) X
0.6E
= 050 : 0
0.4 Total Li Be B

Fragment




Bragg Curves in Water for Proton & C-12 Beams at
Therapy Energles , _ QGSP_BIC_HP - 10-05-1ef-00 (protons)
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» Simplified geometry model for simulation
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e “option0” not accurate enough for 12C, other EM constructors 0s | /.//

agree within 2-3 sigma. 6

Ras2 exp~Ras2,4 [MM]
>

» [For proton beams, all physics constructors agree within 05 - v - _~ _ o
experimental uncertainties. Depth in water [mm]




Fragment Yields for 1°C @ 400 MeV/u on Water Target
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Test on cell survival curve modelling for proton therapy

Authors: G.A. P. Cirrone, G. Cuttone and G. Petringa, INFN LNS, Catania, Italy

MDA-MB231 DU145
e Reproduce in-vitro cell survival curves = 1 3
against experimental measurements, } i =
performed at the CATANA facility } b
e at 20 mm depth in water, corresponding L‘; i [ | L‘; I |
to the mid of a clinical 62 MeV > T 7 o N
modulated clinical proton beam 10°F ¢ mammorsos ' L '
e prostate DU145 cells and breast cancer o E T e T B
cell line MDA-MB-231 22 18
e Using Geant4 and LEM I j% | } ?%é__ir_r ______________
 Against exp data (G. Petringa,et al., §§§1+ L I S ek — §§§ } *
Physica Medica, vol. 58, pp. 72-80, 2019.  *# ¢ e ie 2 “asmsasT TR e

Documented in: G. Petringa,et al., “Radiobiological quantities in proton-therapy: Estimation and validation using geant4-
based monte carlo simulations”, Physica Medica, vol. 58, pp. 72-80, 2019.



Conclusions & Outlook 54

» Currently, 18 tests have been included in G4 _Med to benchmark EM and Hadronic physics capabilities of
Geant4 for medical physics applications.

» Some test physical quantities, others include more realistic scenarios.
« G4 Med is integrated in geant-val for regular executions on the CERN computing infrastructure.
» Overall, G4AEmStandardPhysics option4 (_ EMZ) is recommended for accurate simulations.
« QGSP_BIC HP (_EMZ) physics list provides a good overall description.

e Future work will focus in two main aspects:
 Inclusion of new tests and refinement of existing ones.

« Assessment of the different physics list choices in terms of accuracy and CPU performance across future
releases of the Geant4 toolkit.

« More information at our TWiki page: https://twiki.cern.ch/twiki/bin/view/Geant4/G4MSBG

» Paper accepted as a Special Issue of Medical Physics,

Thank you


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




	G4_Med, a Geant4 benchmarking tool�for medical physics applications
	Geant4 
	Slide Number 3
	Geant4 Medical Simulation Benchmarking Group
	Motivation & Goals
	Integration in geant-val�for Automatized Regression Tests 
	Tests included in G4-Med
	Tested Geant4 Physics Constructors and Lists
	Slide Number 9
	Brachytherapy test
	Slide Number 11
	Tested Geant4 Physics Constructors and Lists
	Slide Number 13
	300 MeV/n 12C ion charge-changing cross section
	Bragg Curves in Water for Proton & C-12 Beams at Therapy Energies
	Fragment Yields for 12C @ 400 MeV/u on Water Target
	Test on cell survival curve modelling for proton therapy
	Conclusions & Outlook
	Slide Number 19

