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Cross validation with the Geant4 collaboration
Susanna Guatelli & Sébastien Incerti

The collaboration & Partners

20 members, public laboratories and companies
developing an open source platform

Spokesperson: Lydia Maigne
Technical coordinator: David Sarrut

• U892 Inserm, Nantes
• U1101 Inserm, Brest
• IMNC –CNRS-IN2P3, Paris-Orsay
• LPC –CNRS-IN2P3, Clermont-Ferrand 
• IPHC –CNRS-IN2P3, Strasbourg
• CPPM –CNRS-IN2P3, Marseille
• UMR5515 CNRS, CREATIS, Lyon
• SHFJ CEA, Paris-Orsay
• CRCT - U1037 Inserm, Toulouse

France

• University of Applied Science, Julich, Germany
• University of Wuppertal, Germany
• Technological Educational Institute of Athens, Greece
• BioemTech, Athens, Greece
• Medical University of Vienna, Wiener Neustadt, Austria
• MedAustron, Wiener Neustadt, Austria
• ACMIT, Wiener Neustadt, Austria

Europe

• Memorial Sloan-Kettering Cancer Center, New York, USA
• UC Davis, Davis, USA
• University of Santiago of Chile, Chile
• Sogang University, Seoul, South Korea

ElsewhereThe collaboration is
looking for new 
members
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A large community of users
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Around 2000 registered users

• Large communities in France and USA
• Increasing number in Asia: China, Japan and 

South Korea

To register to the mailing-list: http://opengatecollaboration.org/mailinglist

GATE USERS MAILING LIST
What is for?
• The mean for the collaboration to send information about

releases, job offers, interesting papers
• The mean for users to ask any question regarding GATE: bugs, 

compilation problems, good pratice for using or developing the 
platform

http://opengatecollaboration.org/mailinglist


What is GATE?
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• GATE: Geant4 Application for Emission Tomography, Transmission Tomography, Radiotherapy and 
Optical Imaging

• GATE is an open source software (GNU LGPL) fully based on the Geant4 toolbox

• GATE is written in C++

• GATE is user-friendly as simulations can be designed and controlled using macros, without any C++ 
writing

• GATE can simulate SPECT, PET, CT and optical scans, radiotherapy treatments (internal, external) 
and ion beam therapy

• 1 release / year, after the Geant4 release, now GATE 8.2



GATE source code on GitHub
Release 8.2

How to post your devs?

• Get an account on GitHub
• Fork Gate repository
• Make your fix
• Submit a pull request
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https://github.com/OpenGATE/Gate
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https://github.com/OpenGATE/GateContrib

Play with GATE examples

• Dosimetry: Radiotherapy, DNA, LET, 
doseactor, dosebyregions, …

• Imaging: CT, PET, SPECT, SPECT_FFD, 
fluorescence, ProtonRadiography… 

• Misc: mesh geometry, STL geometry…

How to contribute?

• Prepare your example as a pull-request
• Clone the repository in your GiHub

account
• Commit your example
• New pull request



Some practical functionalities
GATE has been designed to fully cover your needs in treatment
planning in ion beam therapy

Voxelized and mesh images

Dedicated actors

Variance reduction techniques

Tools for ion beam therapy

To come soon: tools for radiation biology

Lydia Maigne - GATE workshop @ PTCOG58 conference  - June 12 2019 7

from dose 

To specific and lineal energies… 

To RBE…



Voxelized and mesh imaging: new approaches to define a virtual patient
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Anatomical details

► Generic voxelised volume (patient / 
phantom): multi-scale description, 
mixing high and low resolution

► Combining voxelised and analytical 
phantom description – Merging Mesh 
volume within a voxelised volume

Artificial implants



Dedicated actors
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• Dedicated tools for the collection of information during the simulation (with associated
uncertainties). 
• Simulation statistics
• EmCalculator
• Dose 
• Tet-MeshDose
• Kill
• TrackLength
• Production and Stopping particle position
• Secondary particle
• StoppingPower
• CrossSectionProduction
• PhS file
• LET
• Energy spectrum
• TEPC
• ……

/gate/actor/addActor DoseActor MyActor
/gate/actor/MyActor/save MyOutputFile.mhd
/gate/actor/MyActor/attachTo MyVolume
/gate/actor/MyActor/stepHitType random
/gate/actor/MyActor/setSize 5 5 5 m
/gate/actor/MyActor/setResolution 1 1 3000 
/gate/actor/MyActor/enableEdep true
/gate/actor/MyActor/enableUncertaintyEdep true
/gate/actor/MyActor/enableSquaredEdep false
/gate/actor/MyActor/enableDose false
/gate/actor/MyActor/normaliseDoseToMax false

Cas clinique n¶1

I Machine : Philips Allura Xper FD20

I Procédure : cardiologie interventionnelle

– Sexe : femme

– Temps : 26 min (scopie), 3,5 min (graphie)

– Prises de vue : 149 (dont 20 graphie)

– PKStotal : 862 Gy.cm2

– Ka,r total : 7,1 Gy

I Temps d’exécution SDMC : 1h48min

– ≥ 30min modélisation talon d’anode

– Particules primaires : 107

I Dose max. peau : 9,0 Gy (3,1%)
I Dose organes : (inc. stat. <2%)

– Cœur : 510,9 mGy

– Poumons : 646,3 [G:869,1-D:437,6] mGy

– Estomac : 430,3 mGy

– Foie : 228,6 mGy

– Pancréas : 160,8 mGy

– Rate : 680,1 mGy

– Peau : 102,3 mGy

I Dose efficace : 207 mSv (1,6%)

Carte de l’exposition de la peau

Carte de dose en coupe transverse

14/09/2018 Soutenance de thèse - Thomas DESCHLER 42

Easy usage in few lines:



Variance reduction techniques
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Hybrid MC-analytical methods to speed-up the computation
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Monte Carlo simulation of prompt γ-ray 
emission in proton therapy using a specific 
track length estimator
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D Sarrut1, É Testa2 and N Freud1
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Abstract
A Monte Carlo (MC) variance reduction technique is developed for prompt-
γ emitters calculations in proton therapy. Prompt-γ emitted through nuclear 
fragmentation reactions and exiting the patient during proton therapy could play 
an important role to help monitoring the treatment. However, the estimation 
of the number and the energy of emitted prompt-γ per primary proton with 
MC simulations is a slow process. In order to estimate the local distribution 
of prompt-γ emission in a volume of interest for a given proton beam of the 
treatment plan, a MC variance reduction technique based on a specific track 
length estimator (TLE) has been developed. First an elemental database 
of prompt-γ emission spectra is established in the clinical energy range of 
incident protons for all elements in the composition of human tissues. This 
database of the prompt-γ spectra is built offline with high statistics. Regarding 
the implementation of the prompt-γ TLE MC tally, each proton deposits along 
its track the expectation of the prompt-γ spectra from the database according 
to the proton kinetic energy and the local material composition. A detailed 
statistical study shows that the relative efficiency mainly depends on the 
geometrical distribution of the track length. Benchmarking of the proposed 
prompt-γ TLE MC technique with respect to an analogous MC technique is 
carried out. A large relative efficiency gain is reported, ca. 105.

Keywords: proton therapy, prompt-gamma imaging, Monte Carlo simulation, 
track length estimator, variance reduction

(Some figures may appear in colour only in the online journal)
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MC simulation of prompt γ-ray emission in proton therapy using a specific TLE
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• Fast computation of prompt-gamma yield distribution  during proton beam
• Based on low statistic Monte-Carlo and pre-computed tables
• About 105 time faster than analog Monte-Carlo

TLE (Track Length Estimator) and seTLE for 
low E photons
[Baldacci2015, Smekens2014 PMB]
Fast-Prompt Gamma (vpgTLE) yield 
[Kanawati2015 PMB] [Huisman2016 PMB] 
FFD (Fixed Forced Detection) for SPECT
[Cajgfinger2017 PMB]
FFD Scatter CBCT simulations
[Zolner2017 PIRO]
Neural Network based ARF for SPECT 
[Sarrut2018 PMB]
Fast neutron TLE
[Elazhar 2018 PMB]



The GATE-RTion project
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Passive and PBS proton and carbon beams easily
configured

Clinical applications

Cross validation with TPS 



GATE on social networks

Lydia Maigne - GATE workshop @ PTCOG58 conference  - June 12 2019 12

https://www.researchgate.net/project/GATE-Collaboration
Project page updated with the last advances in the fiels of imaging, therapy and computing efficiency
Papers available there

@GATE__MC
Twitts to follow GATE events/talks @ conferences

Coming soon
To be in touch with the user community

Coming soon
To build a network of research labs and companies to connect experts in medical physics using GATE 

https://www.researchgate.net/project/GATE-Collaboration


GATE events in 2019
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WORKSHOPS:
• June 22 (after MCMA conference) in Montreal (McGill University Health Centre) from 9:30 am to 1 pm, 

please REGISTER
• October 31 @ IEEE NSS-MIC conference in Manchester, programme and registration available soon

TRAININGS:
• July 9-11 (3 days with 3 teachers): Python data analysis for GATE simulations in Clermont-Fd

(France), registrations opened till June 15, please REGISTER urgently
• November 19-21 (3 days with 3 teachers): GATE training for beginners in Clermont-Fd (France), programme

and registration site coming soon

SPECIAL EVENTS:
• July 3: Hackathon day in Lyon (France), please REGISTER
• July 4: GATE technical meeting in Centre Léon Bérard, Lyon (France), you are invited to participate to our 

technical meeting and present your work using GATE, please REGISTER

TRAININGS FOR BEGINNERS IN ASIA coming soon: South Korea, Japan and China 

https://indico.in2p3.fr/event/19087/
https://cnrsformation.cnrs.fr/stage-19378-Python-data-analysis-for-GATE-simulations.html?axe=101
https://indico.in2p3.fr/event/19047/
https://indico.in2p3.fr/event/19280/


Recent papers
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PUBMED search: GATE+Monte Carlo+protons+carbon

Characterization of EBT3 radiochromic films for dosimetry of proton beams in the presence of magnetic fields.
Padilla-Cabal F, Kuess P, Georg D, Palmans H, Fetty L, Fuchs H.
Med Phys. 2019 May 4. doi: 10.1002/mp.13567. 
Evaluation of electromagnetic and nuclear scattering models in GATE/Geant4 for proton therapy.
Resch AF, Elia A, Fuchs H, Carlino A, Palmans H, Stock M, Georg D, Grevillot L.
Med Phys. 2019 May;46(5):2444-2456. doi: 10.1002/mp.13472. Epub 2019 Apr 15.
Monte Carlo simulation of the relative biological effectiveness and DNA damage from a 400 MeV/u carbon ion beam in water. 
Ou H, Zhang B, Zhao S
Appl Radiat Isot. 2018 Jun;136:1-9. doi: 10.1016/j.apradiso.2018.01.038. Epub 2018 Jan 31.
Organ doses from a proton gantry-mounted cone-beam computed tomography system characterized with MCNP6 and GATE.
Ardenfors O, Henry T, Gudowska I, Poludniowski G, Dasu A.
Phys Med. 2018 Sep;53:56-61. doi: 10.1016/j.ejmp.2018.08.011. Epub 2018 Aug 16.
A beam model for focused proton pencil beams.
Almhagen E, Boersma DJ, Nyström H, Ahnesjö A.
Phys Med. 2018 Aug;52:27-32. doi: 10.1016/j.ejmp.2018.06.007. Epub 2018 Jun 18.
A pencil beam algorithm for magnetic resonance image-guided proton therapy.
Padilla-Cabal F, Georg D, Fuchs H.
Med Phys. 2018 May;45(5):2195-2204. doi: 10.1002/mp.12854. Epub 2018 Mar 30.
Dosimetric evaluation of a commercial proton spot scanning Monte-Carlo dose algorithm: comparisons against measurements and simulations.
Saini J, Maes D, Egan A, Bowen SR, St James S, Janson M, Wong T, Bloch C.
Phys Med Biol. 2017 Sep 12;62(19):7659-7681. doi: 10.1088/1361-6560/aa82a5.
Benchmarking GATE/Geant4 for 16O ion beam therapy.
Resch AF, Fuchs H, Georg D.
Phys Med Biol. 2017 Sep 5;62(18):N474-N484. doi: 10.1088/1361-6560/aa807e.
Theoretical dosimetric evaluation of carbon and oxygen minibeam radiation therapy.
González W, Peucelle C, Prezado Y.
Med Phys. 2017 May;44(5):1921-1929. doi: 10.1002/mp.12175. Epub 2017 Mar 30.
Optimization of the mechanical collimation for minibeam generation in proton minibeam radiation therapy.
Guardiola C, Peucelle C, Prezado Y.
Med Phys. 2017 Apr;44(4):1470-1478. doi: 10.1002/mp.12131. Epub 2017 Mar 11.
Magnetic field effects on particle beams and their implications for dose calculation in MR-guided particle therapy.
Fuchs H, Moser P, Gröschl M, Georg D.
Med Phys. 2017 Mar;44(3):1149-1156. doi: 10.1002/mp.12105. Epub 2017 Feb 28.

https://www.ncbi.nlm.nih.gov/pubmed/31055847
https://www.ncbi.nlm.nih.gov/pubmed/30870583
https://www.ncbi.nlm.nih.gov/pubmed/29448059
https://www.ncbi.nlm.nih.gov/pubmed/30241755
https://www.ncbi.nlm.nih.gov/pubmed/30139606
https://www.ncbi.nlm.nih.gov/pubmed/29532490
https://www.ncbi.nlm.nih.gov/pubmed/28749373
https://www.ncbi.nlm.nih.gov/pubmed/28718770
https://www.ncbi.nlm.nih.gov/pubmed/28236644
https://www.ncbi.nlm.nih.gov/pubmed/28129665
https://www.ncbi.nlm.nih.gov/pubmed/28090633


How to use GATE, different ways:
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• For beginners: use the GATE virtual machine vGATE8.2

• For advanced users: Install GATE from scratch
• Compilation instructions available on the Wiki

• When you need large computing resources
• Install GATE on a cluster (Microsoft Azure, Amazon…) using the Docker 

framework

http://wiki.opengatecollaboration.org/index.php/Compilation_Instructions_V8.1


vGATE: the GATE virtual machine
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• Install VirtualBox on your laptop https://www.virtualbox.org/

• Download and import vGATE on VirtualBox

• Adjust the appliance Import Settings depending on your computer and enable 
Hardware virtualization

• Login credentials (sudoer):
• User: gate
• Password: virtual

https://www.virtualbox.org/
http://www.opengatecollaboration.org/node/91


GATE on Microsoft Azure or Amazon Web services
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• A new Docker image is proposed following every release
• https://hub.docker.com/r/opengatecollaboration/gate

• Compatible on every web services providers
• Create an account on MS Azure or AWS
• Configure your virtual machine
• Install Docker
• Install the GATE Docker image
• Run your simulations

• Tutorial for installation available on our web site

• Contact the collaboration for any help 

https://hub.docker.com/r/opengatecollaboration/gate


References
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§ Web site: http://www.opengatecollaboration.org

§ GATE user mailing list: gate-users@lists.opengatecollaboration.org

§ GATE documentation (wiki):
To install GATE: http://www.opengatecollaboration.org/InstallingGATE
To use GATE: http://www.opengatecollaboration.org/Documentation

§ GitHub:
Through the issue tracker: https://github.com/OpenGATE/Gate/issues 
Through the code: https://github.com/OpenGATE/Gate
Through the examples : https://github.com/OpenGATE/GateContrib

§ GATE publications: http://www.opengatecollaboration.org/Publications

New web site coming soon

http://www.opengatecollaboration.org/
mailto:gate-users@lists.opengatecollaboration.org
http://www.opengatecollaboration.org/InstallingGATE
http://www.opengatecollaboration.org/Documentation
https://github.com/OpenGATE/Gate/issues
https://github.com/OpenGATE/Gate
https://github.com/OpenGATE/GateContrib
http://www.opengatecollaboration.org/InstallingGATE

