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Monte Carlo code overview

• GATE 7.2 (OpenGATE Collaboration)
• Open source
• www.opengatecollaboration.org

• MCNP6.1 (Los Alamos National Laboratory, USA)
• Quasi-open source
• Distributed by RSICC, ORNL

• FLUKA 2011.2c-5 (FLUKA collaboration)
• Open source
• www.fluka.org

http://www.opengatecollaboration.org/
http://www.fluka.org/


GATE 7.2

• Scanner geometry
• Phantom geometry
• Set up the physics proc.
• Initialization
• Detector model
• Source(s)
• Data output format
• Start acq.



GATE 7.2

• GEANT4 made easy!
• Less steep learning curves

• Leptons, baryons, mesons
• Generic ions
• Full analysis possible in ROOT
• Supports parallel 

computation
• CPU (Multi-thread & Multi-CPU)
• GPU 



MCNP6.1

• MCNP5 – neutrons, photons, electrons
• MCNPX – neutrons, photons, electrons + 33 other particle types
• MCNP6 – merged code + more, released 2012
• Features of interest for radiotherapy applications

• Full particle tracking options
• Radiography scoring
• 3D unstructured mesh



• Input scripts of varying 
complexity

• Define
• Cells
• Surfaces or macrobodies
• Physics
• Materials
• Source(s)
• Built-in or user defined scoring

• Does  not support parallel 
processing for protons and 
heavy ions

MCNP6.1



• Multipurpose interaction and transport MC code
• Developed and maintained by INFN and CERN
• > 5000 users
• Applications

– Neutrino physics, cosmic ray physics, accelerator 
design etc…

– Dosimetry, hadrontherapy

• 60 different particles + heavy ions
• Can be used freely for scientific and academic

purposes
• Flair – Advanced FLUKA interface

FLUKA 2011.2c-5



• Input scripts (use Flair for 
FLUKA !!!)

• Define
• Defaults
• Beam
• Geometry
• Material assignment
• Scoring

• If you need functionality that 
is not covered in FLUKA, then 
you need to code in Fortran 
77 and re-link !

• User routines

FLUKA 2011.2c-5



MC code comparison
• MC simulations are the gold 

standard in radiotherapy physics!
• Beamline and nozzle design
• Dosimetry (improvement of 

pencil beam algorithms)
• Secondary neutron doses
• Shielding design

• Knopf and Lomax, 2013

• Detector and detection system design and development
• Prompt gamma-ray, PET & Bremsstrahlung imaging
• Proton CT !

• Look-up tables for converting range to energy and vice versa
• Optimal absorber material / thickness
• Synthetic data for image reconstruction etc…

• Courtesy of Gordon Center for Medical Imaging



MC code comparison
• Range and longitudinal / lateral straggling in relevant materials using FLUKA, MCNP6 and GATE?
• Simple geometries / homogeneous blocks of water and Al
• Detector geometry (10 x 10 cm2 , 4.3 mm Al absorbers, 120 μm Si-chips)
• Monoenergetic protons
• Beam size, 7 x 7 cm2  
• MCNP6

• No tabular sampling, only nuclear models
• Proton cut-off energy 1 keV
• Vavilov model for charged particle straggling
• Nuclear elastic scattering is turned on

• FLUKA
• Default physics models (PRECISIO)
• Particle transport threshold set at 100 keV
• All secondaries are simulated

• GATE
• Physics List – QGSP_BIC_EMY (Hadronic models, ion cascade, em models)
• Maximum step size 0.1 mm
• Production cut-off 0.01 mm, max-step 



MC code comparison

• 100k protons in water
• Monoenergetic, 150 MeV

• 10k protons in Al 
• Monoenergetic, 150 MeV



MC code comparison



MC code comparison



MC code comparison
• MC calculated mean proton ranges in homogeneous 

materials agree to within ± 1σ, i.e. to within expected 
range straggling (all codes)

• The largest difference does not exceed 0.7% of the 
nominal range.

• Differences most likely due to use of different I-values in 
MCNP – to be investigated further

• GATE and MCNP agree to within ± 1σ in the detector 
geometry. FLUKA does not

• Major conclusion  be very careful and tune your 
parameters when doing cross-checks with different 
codes !!!
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