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Object Oriented Toolkit for Object Oriented Toolkit for 
the simulation of particle the simulation of particle 
interactions with matterinteractions with matter

An experiment of
distributed software production distributed software production 

and managementand management

An experiment of application of rigorous
software engineering methodologiessoftware engineering methodologies

and object oriented technology object oriented technology 
to the particle physics environment

also…

Born from the requirements of 
large scale HEP experiments

Widely used not only in HEP
• Space science and astrophysics
• Medical physics, medical imaging
• Radiation protection
• Accelerator physics
• Pest control, food irradiation
• Landmining, security
• etc.

• Technology transfer

R&D phase: RD44, 1994 - 1998

1st release: December 1998
2 new releases/year since then



Maria Grazia Pia

Domain 
decomposition 

hierarchical 
structure of sub-

domains

Geant4 architecture

Uni-directional 
flow of 

dependencies

Interface to 
external 
products w/o 
dependencies

in a nutshellin a nutshell
Rigorous software engineering

– Iterative-incremental software process
– Object oriented methods
– Quality assurance

Geometry
– Powerful and versatile geometry modelling
– Multiple solid representations handled through 

the same abstract interface 
– Simple placements, parameterised volumes, 

replicas, assembly-volumes etc.
– Boolean operations on solids

Physics independent from tracking
Subject to rigorous, quantitative validation 
Electromagnetic physics

– Standard, Low-Energy, Muon, Optical etc.
Hadronic physics
– Parameterised, data-driven, theory-driven models

Interactive capabilities
– Visualisation, UI/GUI
– Multiple drivers to external systems

Open sourceOpen source, freely downloadable from 
the web site (http://cern.ch/geant4)
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Geant4 CollaborationGeant4 Collaboration

Major physics laboratories:
CERN, KEK, SLAC, TRIUMF, TJNL

European Space Agency:
ESA

National Institutes:
INFN, IN2P3, PPARC

+ several groups at Universities

MoU based
Development, Distribution and User Support of Geant4

~100 members
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Globalisation

Sharing requirements and functionality
across diverse fields

scientific…
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DosimetryDosimetry with Geant4with Geant4

Space science
Radiotherapy Effects on components

Multi-disciplinary 
application environment

Wide spectrum of physics coverage, variety of physics models
Precise, quantitatively validated physics

Accurate description of geometry and materials
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DosimetryDosimetry
in Medicalin Medical ApplicationsApplications

Courtesy of L. Beaulieu et al., Laval

Radiotherapy with 
external beams, IMRT

Brachytherapy

Hadrontherapy

Radiation 
Protection

Courtesy of J. Perl, SLAC

Courtesy of P. Cirrone et al., INFN LNS

Courtesy of S. Guatelli et al,. INFN Genova

Courtesy of F. Foppiano et al., IST Genova
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Precise dose calculationPrecise dose calculation
Geant4 Low Energy Electromagnetic Physics package

Electrons and photons (250/100 eV < E < 100 GeV)
– Models based on the Livermore libraries (EEDL, EPDL, EADL)
– Penelope models

Hadrons and ions
– Free electron gas + Parameterisations (ICRU49, Ziegler) + Bethe-Bloch
– Nuclear stopping power, Barkas effect, chemical formulae effective charge etc.

Atomic relaxation
– Fluorescence, Auger electron emission, PIXE

Fe lines

GaAs
lines

Atomic relaxation
Fluorescence 

Auger effectshell effects
ions
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Mass attenuation coefficient in Fe

Geant4 LowE Penelope 
Geant4 Standard
Geant4 LowE EPDL
NIST - XCOM

H0 REJECTION AREA

p-value stability study

ResultsResults
All Geant4 models compatible with NIST
Best agreement: 
Geant4 LowE models

ValidationValidation
K. Amako, S. Guatelli, V. N. Ivanchenko, M. Maire, B. Mascialino, K. Murakami, P. Nieminen,     
L. Pandola, S. Parlati, M.G. Pia, M. Piergentili, T. Sasaki, L. Urban
Comparison of Geant4 electromagnetic physics models against the NIST reference data
IEEE Trans. Nucl. Sci., Vol. 52, Issue 4, Aug. 2005, pp. 910-918

Huge, ongoing effort for systematic, quantitative validation
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MicroSelectron-HDR source

Endocavitary 
brachytherapy

Superficial brachytherapy

Interstitial
brachytherapy

Bebig Isoseed I-125 source
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A A medical accelerator formedical accelerator for IMRTIMRT

Kolmogorov-Smirnov test

p-value = 1

depth dose 
profile

Simulation
Exp. data

0.100.4060 ÷ 84 mm

0.820.3048 ÷ 59 mm

0.190.43-47 ÷ 47 mm

0.900.27-59 ÷ -48 mm

0.230.385-84 ÷ -60 mm

p-valueDrange

lateral dose profile
Simulation
Exp. data tumour

healthy 
tissue
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HadrontherapyHadrontherapy

Courtesy of P. Cirrone, LNS, Catania

Inventory of Geant4 hadronic models
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Dosimetry: protons and Dosimetry: protons and ionsions
agreement with data 

better than 3%
Further validation tests in progress

0.7474520.79p-value
0.4993750.06Test statistics

Anderson –
Darling test

Cramer –
von Mises test

WHOLE PEAK
(N1=149 N2=66)

0.4438310.52Electromagnetic only

G.A.P. Cirrone, G. Cuttone, F. Di Rosa, S. Guatelli, A. Heikkinen, B. Mascialino, M. G. Pia,       
G. Russo
Validation of Geant4 Physics Models for the Simulation of the Proton 
Bragg Peak
In preparation, to be submitted to IEEE Trans. Nucl. Sci.
See talk at CHEP06, Mumbai, 13-17 February 2006

Severals papers published by user groups (Japan, US, Europe…)
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Heavy ion beamsHeavy ion beams

Geant4 simulation

Beam Track Reconstruction
135 MeV/u 12C beam

NIRS N. Kanematsu, M. Komori - Nagoya K. Niwa, T.Toshito, T.Nakamura, T.Ban, 
N.Naganawa, S.Takahashi - Uchu-ken M.Ozaki - Kobe S. Aoki - Aichi Y.Kodama - Naruto

H.Yoshida - Ritsumei S.Tanaka - SLAC M. Asai, T. Koi - Tokyo N.Kokubu - Gunma K. Yusa -
Toho H.Shibuya, R.Ogawa, A. Shibazaki, T.Fukushima - KEK K. Amako, K.Murakami, T. Sasaki

high spatial resolution 
emulsion chamber

Medical 
ion beam

Events with > 50000 
particles/event in 

detector acceptance

CMS

~ 180 minutes to simulate 1 event with 55K generator tracks

See more in K. Amako’s talk
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Exotic Geant4 applicationsExotic Geant4 applications……

FAO/IAEA International Conference on 
AreaArea--Wide Control of Insect PestsWide Control of Insect Pests:  

Integrating the Sterile Insect 
and Related Nuclear and Other Techniques

Vienna, May 9-13, 2005

K. Manai, K. Farah, A.Trabelsi, F. Gharbi and O. Kadri (Tunisia)

Dose Distribution and Dose Uniformity in Pupae Treated by 
the Tunisian Gamma Irradiator Using the GEANT4 Toolkit
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Radiation protection for Radiation protection for 
interplanetary manned missionsinterplanetary manned missions
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2.15 cm Al

10 cm water

5 cm water

4 cm Al

rigid/inflatablerigid/inflatable
habitats are equivalenthabitats are equivalent

10 cm water
5 cm water

Doubling the shielding Doubling the shielding 
thickness decreases  the thickness decreases  the 
energy deposit  by ~10% energy deposit  by ~10% 

10 cm water
10 cm polyethylene

e.m. physics + Bertini set

e.m. 
physics 

only

shielding shielding 
materialsmaterials

S. Guatelli et al., Geant4 Simulation for 
interplanetary manned missions, 
to be submitted to IEEE Trans. Nucl. Sci.
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Anthropomorphic Anthropomorphic 
PhantomsPhantoms

A major concern in radiation protection is the 
dose accumulated in organs at riskdose accumulated in organs at risk

Development of anthropomorphic 
phantom models for Geant4 
– evaluate dose deposited in critical organs

Original approachOriginal approach

–– analytical and analytical and voxelvoxel phantomsphantoms in 
the same simulation environment

Analytical phantomsAnalytical phantoms
Geant4 CSG, BREPS solids

VoxelVoxel phantomsphantoms
Geant4 parameterised volumes

GDMLGDML
for geometry description storage
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Radiation exposure Radiation exposure 
of astronautsof astronauts

10 cm water shielding
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Dose calculation in critical organs

Effects of external shieldingexternal shielding
selfself--body shieldingbody shielding

Preliminary

opens new ground for 
precise dose calculation and 

TBI TBI optimisationoptimisation
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DICOM image

3-D view
Reading image information
Transformation of pixel data into densities
Association of densities to a list of materials
Defining the voxels
– Geant4 parameterisedparameterised volumesvolumes
– parameterisation function: material                   

L. Archambault, L. Beaulieu,  
V.-H. Tremblay

Geant4-DICOM interfaceGeant4Geant4--DICOM interfaceDICOM interface
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Siemens KD2 linear accelerator,
6 MV photon mode

CT-simulation with a Rando phantom
Experimental data obtained with TLD LiF dosimeter

CT images used to define 
the geometry:

a thorax slice from a 
Rando anthropomorphic 

phantom

Comparison with commercial treatment planning systemsComparison with commercial treatment planning systems
M. C. Lopes 1, L. Peralta 2, P. Rodrigues 2, A. Trindade 2
1 IPOFG-CROC Coimbra Oncological Regional Center - 2 LIP - Lisbon

Agreement better than 2% between 
GEANT4 and TLD dosimeters 

81.0)(2 =TMSndfχ
52.0)4(2 =GEANTndfχ

71.6)(2 =PLATOndfχ
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Speed of Monte Carlo simulationSpeed of Monte Carlo simulation
Speed of execution is often a concern in Monte Carlo simulation

Often a trade-off between precision of the simulation and speed of execution 

Fast simulation (analytical methods)

Variance reduction techniques 
(event biasing)

Inverse Monte Carlo methods

Parallelisation

Methods for faster 
simulation response

SemiSemi--interactive responseinteractive response
Detector design
Optimisation
Oncological radiotherapy

Very long execution timeVery long execution time
High statistics simulation
High precision simulation

Typical use casesTypical use cases
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Parallel cluster processingParallel cluster processing
– make fine tuning and customisation easy
– transparently using GRID technology
–– application independentapplication independent

http://cern.ch/DIANE

MasterMaster--WorkerWorker
architectural pattern

prototype for an intermediate layer
between applications and the GRID

Hide complex details of 
underlying technology

S. Guatelli, A. Mantero, P. Mendez Lorenzo, J. Moscicki, M. G. Pia

Geant4 simulation in a distributed computing environmentGeant4 simulation in a distributed computing environment
In preparation, to be submitted to IEEE Trans. Nucl. Sci.
See talk at CHEP06, Mumbai, 13-17 February 2006

SequentialSequential
1 machine: ~ 4h 38’

Local PC farmLocal PC farm (Taipei)
29 machines: ~ 12’

GRIDGRID
27 machines: ~ 25’

(preliminary)

Same codeSame code
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http://www.ge.infn.it/geant4/dnahttp://www.ge.infn.it/geant4/dna
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“Sister” activity to Geant4 Low-Energy Electromagnetic Physics
– Follows the same rigorous software standards

International (open) collaboration
– ESA, INFN (Genova, Torino), IN2P3 (CENBG, Univ. Clermont-Ferrand)

Simulation of nano-scale effects of radiation at the DNA level
– Various scientific domains involved

medical, biology, genetics, physics, software engineering
– Multiple approaches can be implemented with Geant4 

RBE parameterisation, detailed biochemical processes, etc.

First phase: 2000-2001
– Collection of user requirements & first prototypes

Second phase: started in 2004
– Software development & open source release

The concept of The concept of ““dosedose”” fails at cellular fails at cellular 
and DNA scalesand DNA scales

It is desirable to gain an understanding 
to the processes at all levels 

(macroscopic vs. microscopic)DNADNA
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Requirements
Problem domain analysis

Theories and models for cell survivalTheories and models for cell survival
TARGET THEORY MODELSTARGET THEORY MODELS

Single-hit model
Multi-target single-hit model
Single-target multi-hit model

MOLECULAR THEORY MODELSMOLECULAR THEORY MODELS
Theory of radiation action
Theory of dual radiation action
Repair-Misrepair model
Lethal-Potentially lethal model 

Analysis & Design
Implementation
Test

Experimental validation of 
Geant4 simulation models

Critical evaluation of the models

in progress

Cellular level Cellular level Cellular level 

Geant4 approach: variety of 
models all handled through 

the same abstract interface
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Low Energy Physics extensionsLow Energy Physics extensions
Specialised processes down to the eV scale
– at this scale physics processes depend on material, phase etc.
– in progress: Geant4 processes in water at the eV scale
– β-release winter 2006

Processes for other material than water to follow
– interest for radiation effects on components

DNA levelDNA levelDNA level

Electrons Protons (H+) Hydrogen (H) Alpha (He++) He+ He

Elastic
Brenner (7.5 - 200 eV)

Negligible effect Negligible effect Negligible effect Negligible effect Negligible effect
Emfietzoglou (> 200 ev)

Excitation Emfietzoglou Miller and Green
Negligible effect

Miller and Green Miller and Green Miller and Green

Born (7 ev – 10 keV) Born (100 eV – 10 MeV) (1 keV – 15 MeV) (1 keV – 15 MeV) (1 keV – 15 MeV)

Charge decrease
Dingfelder

In progress In progress
(100 eV – 2 MeV)

Charge increase
Miller and Green

In progress In progressDingfelder 
(0.1 Kev – 100 MeV)

Ionization In progress
Rudd (0.1 - 500 keV)

Rudd (0.1 – 100 MeV) In progress In progress In progress
In progress (> 500 keV)

Not pertinent to this 
particle

Not pertinent to this 
particle

Not pertinent to this 
particle

Not pertinent to this 
particle

Not pertinent to this 
particle

Not pertinent to this 
particle

Current statusCurrent status
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Electrons Protons (H+) Hydrogen (H) Alpha (He++) He+ He

Elastic
Brenner (7.5 - 200 eV)

Negligible effect Negligible effect Negligible effect Negligible effect Negligible effect
Emfietzoglou (> 200 ev)

Excitation Emfietzoglou Miller and Green
Negligible effect

Miller and Green Miller and Green Miller and Green

Born (7 ev – 10 keV) Born (100 eV – 10 MeV) (1 keV – 15 MeV) (1 keV – 15 MeV) (1 keV – 15 MeV)

Charge decrease Dingfelder
In progress In progress

(100 eV – 2 MeV)

Charge increase
Miller and Green

In progress In progressDingfelder 
(0.1 Kev – 100 MeV)

Ionization In progress
Rudd (0.1 - 500 keV)

Rudd (0.1 – 100 MeV) In progress In progress In progress
In progress (> 500 keV)

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Electrons Protons (H+) Hydrogen (H) Alpha (He++) He+ He

Elastic
Brenner (7.5 - 200 eV)

Negligible effect Negligible effect Negligible effect Negligible effect Negligible effect
Emfietzoglou (> 200 ev)

Excitation
Emfietzoglou Miller and Green

Negligible effect
Miller and Green Miller and Green Miller and Green

Born (7 ev – 10 keV) Born (100 eV – 10 MeV) (1 keV – 15 MeV) (1 keV – 15 MeV) (1 keV – 15 MeV)

Charge decrease
Dingfelder

In progress In progress
(100 eV – 2 MeV)

Charge increase
Miller and Green

In progress In progressDingfelder 
(0.1 Kev – 100 MeV)

Ionization In progress
Rudd (0.1 - 500 keV)

Rudd (0.1 – 100 MeV) In progress In progress In progress
In progress (> 500 keV)

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Electrons Protons (H+) Hydrogen (H) Alpha (He++) He+ He

Elastic
Brenner (7.5 - 200 eV)

Negligible effect Negligible effect Negligible effect Negligible effect Negligible effect
Emfietzoglou (> 200 ev)

Excitation
Emfietzoglou Miller and Green

Negligible effect
Miller and Green Miller and Green Miller and Green

Born (7 ev – 10 keV) Born (100 eV – 10 MeV) (1 keV – 15 MeV) (1 keV – 15 MeV) (1 keV – 15 MeV)

Charge decrease
Dingfelder

In progress In progress
(100 eV – 2 MeV)

Charge increase
Miller and Green

In progress In progressDingfelder 
(0.1 Kev – 100 MeV)

Ionization In progress
Rudd (0.1 - 500 keV)

Rudd (0.1 – 100 MeV) In progress In progress In progress
In progress (> 500 keV)

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Process not pertinent to 
this particle

Cross sections

Final state generation

Process kinematics
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Elastic scatteringElastic scattering
Total cross section

Angular distribution

Phys. Med. Biol. 45 (2000) 3171-3194
Solid line: our model

● Brenner
● Emfietzoglou

10 eV
100 eV

200 eV
500 eV

1 keV

J. Phys. D 33 (2000) 932-944
Preliminary
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for medicinefor medicine

Macroscopic level
– calculation of dose
– already feasible with Geant4
– develop useful associated tools

Cellular level
– cell modelling
– processes for cell survival, damage etc.

DNA level
– DNA modelling
– physics processes at the eV scale
– bio-chemical processes
– processes for DNA damage, repair etc.

Complexity of 

software, physics and biologysoftware, physics and biology
addressed with an iterative and 
incremental software process

Parallel development 
at all the three levels
(domain decomposition)
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Scenario Scenario 
for Mars (and earthfor Mars (and earth……))

Geant4 simulation
space environment

+
spacecraft, shielding etc.

+
anthropomorphic phantom

Dose in 
organs at risk

Geant4 simulation 
with biological 

processes at cellular 
level (cell survival, 

cell damage…)

Phase space input 
to nano-simulation Geant4 simulation with 

physics at eV scale 
+

DNA processes

OncologicalOncological risk to risk to 
astronauts/patientsastronauts/patients

Geant4 simulation
treatment source

+
geometry from CT image

or
anthropomorphic phantom
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ConclusionsConclusions
Geant4 offers powerful geometry and physics modelling in an advanced 
computing environment
Wide spectrum of complementary and alternative physics models

Multi-disciplinary applications of dosimetry simulation
Precision of physics, validation against experimental data

Geant4-DNA: extensions for microdosimetry
– physics processes at the eV scale
– biological models

Multiple levels addressed in the same simulation environment
– conventional dosimetry
– processes at the cellular level 
– processes at DNA level

OO technology in support of physics versatility: openness to extension, 
without affecting Geant4 kernel
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Publications on Medical Physics in 2004-2005 (1)
Monte Carlo derivation of TG-43 dosimetric parameters for radiation therapy resources and 3M Cs-137 sources ,

J. Pérez-Calatayud, D. Granero, F. Ballester, E. Casal, R. Cases, and S. Agramunt, Med. Phys. 32, 2464 (2005) 

Octree based compression method of DICOM images for voxel number reduction and faster Monte Carlo 
V Hubert-Tremblay, L Archambault, L Beaulieu, and R Roy, Med. Phys. 32, 2413 (2005) 

Simulation of Dosimetric Properties of Very-High Energy Laser-Accelerated Electron Beams
T Fuchs, H Szymanowski, Y Glinec, J Faure, V Malka, and U Oelfke, Med. Phys. 32, 2163 (2005) 

Quantum Efficiency of An MCP Detector: Monte Carlo Calculation,
PM Shikhaliev, JL Ducote, T Xu, and S Molloi, Med. Phys. 32, 2158 (2005) 

The Use of a Miniature Multileaf Collimator in Stereotactic Proton Therapy 
R Slopsema, H Paganetti, H Kooy, M Bussiere, J Sisterson, J Flanz, and T Bortfeld, Med. Phys. 32, 2088 (2005) 

Simulation of Organ Specific Secondary Neutron Dose in Proton Beam Treatments
H Jiang, B Wang, X Xu, H Suit, and H Paganetti, Med. Phys. 32, 2071 (2005) 

Study of Truncated Cone Filters Using GEANT4 
T Himukai, Y Takada, and R Kohno, Med. Phys. 32, 2030 (2005) 

Proton Dose Calculation Using Monte-Carlo-Validated Pencil Beam Database for KonRad Treatment Planning System
A Trofimov, A Knopf, H Jiang, T Bortfeld, and H Paganetti, Med. Phys. 32, 2030 (2005) 

Monte-Carlo Investigation of Proton-Generated Radioactivity in a Multileaf Collimator for a Proton Therapy Facility
J McDonough, D Goulart, M Baldytchev, P Bloch, and R Maughan, Med. Phys. 32, 2030 (2005)

Energy Distributions of Proton Interactions in MCNPX and GEANT4 Codes Using a Slab Target
B Wang, X George Xu, H Jiang, and H Paganetti, Med. Phys. 32, 2029 (2005)

Monte Carlo Calculation of the TG-43 Dosimetric Parameters of a New BEBIG Ir-192 HDR Source
F Ballester, E Casal, D Granero, J Perez-Calatayud, S Agramunt, and R Cases, Med. Phys. 32, 1952 (2005) 
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Comparison of Pencil Beam Algorithm and Monte Carlo Dose Calculation for Proton Therapy of Paranasal Sinus 
Cancer

H Jiang, J Adams, S Rosenthal, S Kollipara, and H Paganetti, Med. Phys. 32, 2028 (2005) 

Clinical Implementation of Proton Monte Carlo Dose Calculation
H Paganetti, H Jiang, and S Kollipara, Med. Phys. 32, 2028 (2005) 

Validation of a Monte Carlo Algorithm for Simulation of Dispersion Due to Scattering of a Monoenergetic Proton 
Beam

D Goulart, S Avery, R Maughan, and J McDonough, Med. Phys. 32, 2019 (2005) 

Monte Carlo Simulations of the Dosimetric Characteristics of a New Multileaf Collimator
M Tacke, H Szymanowski, C Schulze, S Nuss, E Wehrwein, S Leidenberger, and U Oelfke, Med. Phys. 32, 2018 (2005) 

Verification of Monte Carlo Simulations of Proton Dose Distributions in Biological Media
H Szymanowski, S Nill, and U Oelfke, Med. Phys. 32, 2014 (2005) 

Octree Based Compression Method of DICOM Images for Voxel Number Reduction and Faster Monte Carlo 
Simulations

V Hubert-Tremblay, L Archambault, L Beaulieu, and R Roy, Med. Phys. 32, 2013 (2005) 

Design Characteristics of a MLC for Proton Therapy
S Avery, D Goulart, R Maughan, and J McDonough, Med. Phys. 32, 2012 (2005) 

Clinical Impact of Seed Density and Prostate Elemental Composition On Permanent Seed Implant Dosimetry
J Carrier, F Therriault-Proulx, R Roy, and L Beaulieu,  Med. Phys. 32, 2011 (2005) 

Monte Carlo Dosimetric Study of the New BEBIG Co-60 HDR Source
J Perez-Calatayud, D Granero, F Ballester, E Casal, S Agramunt, and R Cases, Med. Phys. 32, 1958 (2005) 

Monte Carlo Derivation of TG-43 Dosimetric Parameters for Radiation Therapy Resources and 3M Cs-137 Sources
E Casal, D Granero, F Ballester, J Perez-Calatayud, S Agramunt, and R Cases, Med. Phys. 32, 1952 (2005) 

Publications on Medical Physics in 2004-2005 (2)
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PSF and S/P in Mammography: A Validation of Simulations Using the GEANT4 Code
V Grabski, M-E Brandan, C. Ruiz-Trejo, and Y. Villaseñor, Med. Phys. 32, 1911 (2005) 

Validation of GATE Monte Carlo Simulations of the Noise Equivalent Count Rate and Image Quailty for the GE 
Discovery LS PET Scanner

CR Schmidtlein, AS Kirov, SA Nehmeh, LM Bidaut, YE Erdi, KA Hamacher, JL Humm, and HI Amols, Med. Phys. 32, 
1900 (2005) 

SU-EE-A2-05: Accuracy in the Determination of Microcalcification Thickness in Digital Mammography
M-E Brandan and V Grabski, Med. Phys. 32, 1898 (2005) 

Accuracy of the photon and electron physics in GEANT4 for radiotherapy applications
Emily Poon and Frank Verhaegen , Med. Phys. 32, 1696 (2005) 

Density resolution of proton computed tomography,
Reinhard W. Schulte, Vladimir Bashkirov, Márgio C. Loss Klock, Tianfang Li, Andrew J. Wroe, Ivan Evseev, David C. 

Williams, and Todd Satogata, Med. Phys. 32, 1035 (2005) 

The role of nonelastic reactions in absorbed dose distributions from therapeutic proton beams in different 
medium

Andrew J. Wroe, Iwan M. Cornelius, and Anatoly B. Rosenfeld, Med. Phys. 32, 37 (2005) 

Monte Carlo and experimental derivation of TG43 dosimetric parameters for CSM-type Cs-137 sources
J. Pérez-Calatayud, D. Granero, E. Casal, F. Ballester, and V. Puchades, Med. Phys. 32, 28 (2005) 

Dosimetric study of the 15 mm ROPES eye plaque
D. Granero, J. Pérez-Calatayud, F. Ballester, E. Casal, and J. M. de Frutos, Med. Phys. 31, 3330 (2004) 

Monte Carlo dosimetric study of Best Industries and Alpha Omega Ir-192 brachytherapy seeds
F. Ballester, D. Granero, J. Pérez-Calatayud, E. Casal, and V. Puchades, Med. Phys. 31, 3298 (2004) 

Publications on Medical Physics in 2004-2005 (3)
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Adaptation of GEANT4 to Monte Carlo dose calculations based on CT data
H. Jiang and H. Paganetti, Med. Phys. 31, 2811 (2004) 

Accurate Monte Carlo simulations for nozzle design, commissioning and quality assurance for a proton radiation 
therapy facility

H. Paganetti, H. Jiang, S.-Y. Lee, and H. M. Kooy, Med. Phys. 31, 2107 (2004) 

Phantom size in brachytherapy source dosimetric studies 
J. Pérez-Calatayud, D. Granero, and F. Ballester, Med. Phys. 31, 2075 (2004) 

Monte Carlo dosimetric characterization of the Cs-137 selectron/LDR source: Evaluation of applicator attenuation 
and superposition approximation effects

J. Pérez-Calatayud, D. Granero, F. Ballester, V. Puchades, and E. Casal, Med. Phys. 31, 493 (2004) 

Validation of GEANT4, an object-oriented Monte Carlo toolkit, for simulations in medical physics
J.-F. Carrier, L. Archambault, L. Beaulieu, and R. Roy, Med. Phys. 31, 484 (2004) 

Dosimetry characterization of 32P intravascular brachytherapy source wires using Monte Carlo codes PENELOPE 
and GEANT4, 

Javier Torres, Manuel J. Buades, Julio F. Almansa, Rafael Guerrero, and Antonio M. Lallena, Med. Phys. 31, 296 (2004) 

Publications on Medical Physics in 2004-2005 (4)
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Neutrons from fragmentation of light nuclei in tissue-like media: a study with the GEANT4 toolkit
Pshenichnov I, Mishustin I, Greiner W, Phys Med Biol. 50 No 23, 5493-5507. 

Monte Carlo dosimetric study of the BEBIG Co-60 HDR source.
Ballester F, Granero D, Perez-Calatayud J, Casal E, Agramunt S, Cases R., Phys Med Biol. 50 No 21, 309-316

Monte Carlo simulation and scatter correction of the GE advance PET scanner with SimSET and Geant4
Barret O, Carpenter TA, Clark JC, Ansorge RE, Fryer TD, Phys Med Biol. 50 No 20, 4823-4840. 

GATE: a simulation toolkit for PET and SPECT
S Jan, G Santin, D Strul, S Staelens, K Assié, D Autret, S Avner, R Barbier, M Bardiès, P M Bloomfield, D Brasse, V Breton, P
Bruyndonckx, I Buvat, A F Chatziioannou, Y Choi, Y H Chung, C Comtat, D Donnarieix, L Ferrer, S J Glick, C J Groiselle,
Guez, P-F Honore, S Kerhoas-Cavata, A S Kirov, V Kohli, M Koole, M Krieguer, D J van der Laan, F Lamare, G Largeron,
Lartizien, D Lazaro, M C Maas, L Maigne, F Mayet, F Melot, C Merheb, E Pennacchio, J Perez, U Pietrzyk, F R Rannou, 
Rey, D R Schaart, C R Schmidtlein, L Simon, T Y Song, J-M Vieira, D Visvikis, R Van de Walle, E Wieërs and C Morel
Phys. Med. Biol. 49 No 19, 4543-4561 

Monte Carlo simulations of a scintillation camera using GATE: validation and application modelling
S Staelens, D Strul, G Santin, S Vandenberghe, M Koole, Y D'Asseler, I Lemahieu and R V de Walle
Phys. Med. Biol. 48 No 18, 3021-3042

Simulation of organ-specific patient effective dose due to secondary neutrons in proton radiation treatment
Hongyu Jiang, Brian Wang, X George Xu, Herman D Suit and Harald Paganetti
Phys. Med. Biol. 50 No 18, 4337-4353

Validation of the Monte Carlo simulator GATE for indium-111 imaging
K Assié, I Gardin, P Véra and I Buvat, Phys. Med. Biol. 50 No 13, 3113-3125

Publications on Physics in Medicine and Biology in 2004-2005 (1)



Maria Grazia Pia

ntegrating a MRI scanner with a 6 MV radiotherapy accelerator: dose increase at tissue–air interfaces in a lateral magnetic 
field due to returning electrons
A J E Raaijmakers, B W Raaymakers and J J W Lagendijk, Phys. Med. Biol. 50 No 7, 1363-1376 

Consistency test of the electron transport algorithm in the GEANT4 Monte Carlo code
Emily Poon, Jan Seuntjens and Frank Verhaegen, Phys. Med. Biol. 50 No 4, 681-694 

Monte Carlo evaluation of kerma in an HDR brachytherapy bunker
J Pérez-Calatayud, D Granero, F Ballester, E Casal, V Crispin, V Puchades, A León and G Verdú, 
Phys. Med. Biol. 49 No 24, 389-396

Optimizing Compton camera geometries
Sudhakar Chelikani, John Gore and George Zubal, Phys. Med. Biol. 49 No 8,1387-1408

Four-dimensional Monte Carlo simulation of time-dependent geometries
H Paganetti, Phys. Med. Biol. 49 No 6, 75-81

Validation of the GATE Monte Carlo simulation platform for modelling a CsI(Tl) scintillation camera dedicated to small-
animal imaging
D Lazaro, I Buvat, G Loudos, D Strul, G Santin, N Giokaris, D Donnarieix, L Maigne, V Spanoudaki, S Styliaris, S Staelens and V 
Breton, Phys. Med. Biol. 49 No 2, 271-285

Monte Carlo simulations of a scintillation camera using GATE: validation and application modelling
S Staelens, D Strul, G Santin, S Vandenberghe, M Koole, Y D'Asseler, I Lemahieu and R V de Walle
Phys. Med. Biol. 48 No 18, 3021-3042

Publications on Physics in Medicine and Biology in 2004-2005 (2)

…and many more in other journals



Maria Grazia Pia

MeditationsMeditations……
HEP computing has a potential for technology transfer 
– not only the WWW…
– not only Geant4…

The role of HEP: expertise, but also reference
– Physics and software engineering expertise
– Reference to many small groups and diverse activities

Technology transfer: collaboration rather than colonisation
– Valuable contributions from the medical domain (requirements, testing, 

rigorous methodologies…)
– New resources into projects of common interest
– Avoid the “colonial” attitude 

CHEP 2001, Beijing, China
Computing in High Energy Physics


