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Why is this man Speaking
Today?

9" BIENNIAL
ESTRO MEETING

ON PHYSICS -
AND RADIATION TECHNOLOGY

FOR CLINICAL RADIOTHERAPY

* My personal belief is
that this talk would
be better given by a
senior medical
physicist

* But most of that
community is In
Barcelona this week

September 8 >13 2007 ’
BARCELONA, SPAIN

' 2 AP e
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Geant4 is Still a Newcomer

* Frank Verhaegen of McGill University writing
In MedicalPhysicsWeb last year

GEANT4: a new giant in medical physics - MedicalPhysicsWeb

Q- http://medicalphysics

Sign i orgotten your password? | Sign up

medical : Wbl s, Lu(Y)AP Find Out the Novel
: Yo ' il i Scintillation Crystal for
-~ Next-generation PET Scanners

Heme | Opinlen | Industry | Research | Journals | Jebs | Preducts | Companies | Events | Societies | Contact us earc]
22arC]

Sep || Sign up as a member of

» RTOG: a ph erspective GEANT4: a new giant in medical physics medicalphysicsweb and
» Th at |GRT debate enter our prize draw to win
T Have you ever seen the panic-stricken expression on the an Apple iPhone.
» Proton therapy: practice makes
S face of graduate students when you tell them they are
perfect
» Imaging and radiotherapy: getting expected to work with Monte Carlo particle-transport
r all the time codes written in a language called FORTRANT? This is
» Avirtual opportunity for usually instantly followed by a suspicious gaze from the
interventional radiology student, cataloguing you with the other dinosaurs in the

local natural history museum.
Ty

Let's face it: young people entering the field of medical physics don't know

FORTRAN and are not inclined to like FORTRAN, let alene its dialects that

are used in some Monte Carle codes for medical physics. Popular Monte

Carlo codes in medical physics research - such as EGS, MCNP and

PEMELOPE - are all written in FORTRAM. This was the situation until ¥y
recently. Enter GEANT4 (GEometry AMNd Tracking; 5 Agostinelli et al. 2003), @C IV O
a fully object-oriented Monte Carle "toelkit” (as the authers prefer to call Ultrasound

it) written entirely in C++.

7
JIMAGING.

GEANT4, just like the older MCMP and EGS codes,

was created for purposes outside the field of medical . h . healthcare for everyone
s. The main players in its development are in

ombining the efforts of more than 100 £‘ Tomo'l'herupy
| J VNIV NI My
- K

waorkers from facilities such as CERN in Europe, KEK in Japan and SLAC in TED
the US (where EGS was originally developed).
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Uses of Monte Carlo within
Med Phys

* Characterizing machines and sources
* Treatment planning

* Retrospective studies

* Imaging

11 Sept 2007 Geant4 in Medical Physics J. Perl



Characterizing machines
and sources

* Beam Therapies

.

Source: Emily Poon, Frank erhaegen, McGill University
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Example from ESTRO

DEVELOPMENT OF METHODS FOR THE DESIGN OF ELECTRON
COLLECTION  SYSTEMS FOR  SCANNED  THIN-TARGET
BREMSSTRAHLUNG IMRT

R. Holmberg', B.Andreassen’, A.Brahme!

" KaroLinska INsTiTuTE, Medical Radiation Physics, Stockholm, Sweden.
Purpose/Objective

Driven by the need for more accurate and cost-effective therapeutic
methods, IMRT is rapidly being deployed at radiation therapy
departments. An efficient way of conducting IMRT is by using
narrow scanned photon beams, produced from thin bremsstrahlung
production targets. Thereby the photon penumbra and pencil beam
half width are minimized, while the mean photon energy in the beam
is increased, thus enhancing the quality of PET-CT dosimetry. This
approach, however, imposes the additional problem of deflecting
and stopping an intense stream of high-energy transmitted
electrons. In this work, methods for resolving this problem was
developed and applied to different treatment unit configurations.
Materials/Methods

To optimize the geometrical shape of the electron collector together
with the scanning and purging magnetic fields, a composite
framework, including CAD (Solid Edge 3D), electromagnetic field
simulation (Opera 3D) and Monte Carlo simulation (GEANT4), has
been set up. Codes have been developed to integrate the geometry
from the CAD software as well as the magnetic fields from the
electromagnetic design software in the Monte Carlo simulation,

11 Sept 2007 Geant4 in Medical Physics J. Perl



11 Sept 2007

Example from ESTRO

INVERSE TREATMENT PLANNING FOR THE MRI-ACCELERATOR
BASED ON PRE-CALCULATED BEAMLET KERNELS

A. Raaijmakers’, B.Hardemark?, C.Raaijmakers’, B.Raaymakers',
J.Lagendijk’

"UMC UrrecHt, Radiation Oncology, Utrecht, Netherlands.

2 RaYSearcH LaBoraTories, Stockholm, Sweden.

Purpose/Objective

At the UMC Utrecht, in cooperation with Elekta and Philips Medical
Systems, we are developing a combined 1.5 T MRI-6 MV linear
accelerator system. The design is such that the patient will be
irradiated in the presence of a magnetic field. This will influence
the dose distribution: The build-up distance is reduced and the
penumbra becomes asymmetrical. The dose in front of tissue-air
boundaries is increased by electrons being forced back into the
tissue due to the Lorentz Force. This will be referred to as 'electron
return effect’ (ERE). The dose increase in front of air cavities can
be counterbalanced with the dose decrease behind air cavities if
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Example from ESTRO

DESIGN AND EVALUATION OF AN HDR SKIN APPLICATOR WITH
FLATTENING FILTER

J. Pérez-Calatayud', D.Granero’, J.Gimeno', V.Gonzalez', F.Ballester?,
E.Casal’, M.Pujades®, R.van der Laarse®, V.Crispin®

' La Fe Universiry Hosprral, Radiation Oncology Department, Valencia, Spain.
2 Universiry oF VaLencia-IFIC, Department of Atomic, Molecular and
Nuclear Physics, Valencia, Spain.

3 Universiry oF VaLencia-IFIC, Department of Atomic, Molecular and
Nuclear Physics and IFIC, Valencia, Spain .

4 University of VaLencia, Department of Atomic, Molecular and Nuclear
Physics and IFIC, Valencia, Spain .

* NucLetron BV, Veenedaal, The Netherlands.

¢ Funpacion IVO, Radiotherapy, Valencia, Spain.

Purpose/Objective

The purpose of this study is: (I) To design flattening filters for the
Leipzig applicators (Nucletron). These tungsten filters aim to
flatten the heterogeneous dose distribution. (Il) To manufacture
prototypes of these new Leipzig + filters. (lll) To estimate the dose
rate distributions for these new applicators by means of the Monte
Carlo method, (IV) To experimentally verify these distributions with a
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Example from ESTRO

DOSIMETRY OF A NEW CO-60 SOURCE MODEL FOR HDR
BRACHYTHERAPY

J. Gimeno', J.Pérez-Calatayud', D.Granero', V.Gonzalez', F.Ballester?,
E.Casal?, M.Pujades®

"La Fe Universiry Hospiral, Radiation Oncology Department, Valencia, Spain.
2 Universiry ofF VaLencia-IFIC, Department of Atomic, Molecular and
Nuclear Physics, Valencia, Spain.

3 University oF VaLenaa-CSIC, Department of Atomic, Molecular and
Nuclear Physics and IFIC, Valencia, Spain.

Purpose/Objective

High dose rate (HDR) brachytherapy is a highly extended practice
in clinical brachytherapy. Quality dose rate distribution datasets of
the HDR sources used in a clinical treatment are required. Because
of the different source designs, a specific dosimetry dataset is
required for each source model. The purpose of this study is to
obtain the dosimetric characteristics of a new Co-60 source used in
brachytherapy and manufactured by BEBIG (Eckert & Ziegler BEBIG
GmbH, Germany).

Materials/Methods

The Monte Carlo code GEANT4 has been used to obtain the
dosimetric characteristics of the BEBIG Co-60 source following the
AAPM recommendations for high energy sources. The physics “low
energy” models of GEANT4 have been used. These physics models
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Example from ESTRO

PHYSICAL ANALYSIS OF 1-125 SEED USED FOR BRACHYTHERAPY-
MODEL 6711 AND STM 1251; A GEANT4 STUDY

T. Hanada', S.Katsuta', A.Yorozu', T.Ohashi', T.Sato? T.Otsuka',
R.Kikumura', KMaruyama®

"NamonaL HospiraL Oreanization Tokyo Mepical Center, Radiology, Tokyo,
Japan.

2 The Cancer Instrute Hospial of JFCR, Radiation Oncology, Tokyo, Japan.
 Kimasato Unversity, Graduate School of Medical Sciences, Sagamihara, Japan.

Purpose/Objective

In Japan, 2 types of seed such as model 6711 and STM 1251 are
provided. In these 2 seeds, internal components of seed designs
are different, as a consequence of featuring the specific physical
property. The purpose of this study is to analysis the difference
of physical property in these 2 seeds. For this approach, energy
spectra, radial dose function g (r) and anisotropy function F(r, ©)
were investigated.

Materials/Methods

In this work, particle transport simulations were performed with the
Geant4 version 8.1 toolkit. The pri photon spectra were taken
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Talks Later Today

* Validation of dose deposited for 125l
brachytherapy sources (low-energy photons)
— by Lydia MAIGNE (LPC, Clermont Ferrand, France)
— Thursday 14:00 - 14:20

* Geant4 simulation of HIBMC facility using DICOM
— by Tomohiro Yamashita (Kobe University, Japan)
— Thursday 16:30 - 16:50

11 Sept 2007 Geant4 in Medical Physics J. Perl 11


http://indico.cern.ch/contributionDisplay.py?contribId=16&sessionId=3&confId=10311
http://indico.cern.ch/contributionDisplay.py?contribId=16&sessionId=3&confId=10311
http://indico.cern.ch/contributionDisplay.py?contribId=16&sessionId=3&confId=10311
http://indico.cern.ch/contributionDisplay.py?contribId=16&sessionId=3&confId=10311
http://indico.cern.ch/contributionDisplay.py?contribId=16&sessionId=3&confId=10311
http://indico.cern.ch/contributionDisplay.py?contribId=16&sessionId=3&confId=10311

Treatment Planning

Treatment sequence
— 1) imaging
— 2) planning
— 3) simulation
— repeat 2 and 3 as needed
— mostly use parameterized models

— might use parameterized for first iterations of 1 and 2 and then MC for
validating the plan

— Time available depends on the kind of therapy, from 20 min to one day.
MC is superior to parameterized models in cases of heterogeneity:
— tissue/air interface, such as lung

— complicated tissue/bone interfaces such as in head and neck cases

— near implants, such as treating prostate when also have artificial hip

11 Sept 2007 Geant4 in Medical Physics J. Perl 12



GEANT4 based proton dose calculation
in a clinical environment: technical
aspects, strategies and challenges

Harald Paganetti

9 MASSACHUSETTS
\&)/ GENERAL HOSPITAL

HARVARD

MEDICAL SCHOO



Retrospective Studies

* Similar to treatment planning, but done after the fact,
to look at whether we believe the dose given was
correct.

* Allows slow MC calculation to be used to validate the
faster parameterized calculations that were used in
treatment.

* May still be in time to affect decisions about how
subsequent treatments (fractions) are given.
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Source: Irene Buvat, INSERM/CHU

* Many users use Geant4 for Imaging through
a specific Geant4 application called GATE

— See many talks in other sessions

* Other users build their own applications
directly from Geant4
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GATE : a simulation toolkit for emission tomography in nuclear medicine
and molecular imaging

Team : |. Buvat , INSERM / CHU Pitié S., France and the GATE collaboration
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Geometry examples of GATE
applications

Triple-head ‘gamma camera




Example from ESTRO

MONTE CARLO CALCULATIONS OF POSITRON EMITTERS IN
PROTON THERAPY

K. Parodi’, A.Ferrari?, FSommerer?, T.Bortfeld?, H.Paganetti’

"' MassacHuserTs GeENeraL HospiTal, Boston, USA.

2 CERN, Geneva, Switzerland.

3 MassacHuseTTs GENErRAL HospiaL, Boston, USA.

Clinical exploitation of the physical advantages of proton beams
for improved conformation of the dose delivery can benefit from
an in-vivo, non invasive verification of the applied treatment
and, in particular, of the beam range in the patient. Since proton
irradiation produces B-emitters like ''C and 'O, Positron Emission
Tomography (PET) imaging during or shortly after treatment can

11 Sept 2007 Geant4 in Medical Physics J. Perl
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Talks Later Today

* Deployment of GATE/G4 simulations on a grid arc
— Lydia Maigne (LPC, Clermont Ferrand, France)
— Thursday 14:20 - 14:40
« Simulating CT imaging with GATE
— Franca Cassol Brunner (CPPM Marseille, France)
— Thursday 14:40 - 15:00

* Overview of VR in GATE

— presenter TBA
— Thursday 15:00 - 15:20
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Why Do Medical Physicists
Choose Geant4?

* Modern programming

* Flexible, Open, Free

* All particle

* Able to handle complex geometry
* Able to handle motion
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Modern Programming

TALKING POINT
Sep |1, 2006
GEANT4: a new giant in medical physics

Have )
face ol
expect

MC code Particle types Class | Programming language
ETRAN/ITS Photons, electrons | FORTRAN
e MCNP Photons, electrons, neutrons | FORTRAN
usuall MONPX All particles I FORTEAN
“_udml | EGS4 Photons, electrons II FORTRAN
local n EGSnrc Photons, electrons 11 FORTRAN

PENELOPE Photons, electrons II FORTRAN
.~ GEANT3 All particles I FORTRAN

GEANT4 All particles I C++

Let's fac
FORTR,
are uset

Carlo ¢t Table 3.1. General-purpose MonteR Nt = R ae e Al Ve C TN O e e
PEMELOPE - are all written in FORTRAM. This was the situation unti
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Flexible, Open, Free

* Flexible - follows from good OO design

* Open - physicists like to have the ability
to get in under the hood and make
changes

* Free - not only free for user, but also
freely available for redistribution
(even for private companies to build
Geant4 into their own systems)
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All Particle

* Current “Gold Standard” in Med Phys, EGS,
Is only for electron and gamma

* Growth of Proton and lon Therapy
— Bragg Peak

protons
SOBP

Source: Dan Fry, Walter Reed Arm

Source: E. Pedroni, Europhysics News (2000) Vol. 31 No. 6
11 Sept 2007 Geant4 in Medical Physics J. Perl
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Able to Handle Complex Geometry

* Geant4 offers by far the most flexible geometry
description of any Monte Carlo
— useful for modeling of brachytherapy seeds

— useful for modeling of complex treatment head
parts such as multileaf collimators
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Able to Handle Motion

* Geant4 can model sources and
geometries that are in motion
— Rotating parts of proton IMRT machine
— Dynamic multileaf collimators (MLCs)

— Brachytherapy source moving through a
catheter

— Patient motion (respiration, etc.)

Source: Harald Paganetti, Harvard
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Issues

* Accuracy

* Speed

* DICOM Compatibility
* Memory

* Volume Rendering

e Scoring

* Ease of Use

11 Sept 2007 Geant4 in Medical Physics
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Accuracy

* Typically looking for 2 percent

* |If 5 percent were good enough, would just
use parameterized models

11 Sept 2007 Geant4 in Medical Physics J. Perl
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Speed
Typically require millions of “histories”
(medical physics term for “events”)
* Very serious issue for Treatment planning

Less so, but still a barrier, in other uses

— Characterizing machines and brachytherapy
SOurces

— Retrospective studies

— Imaging

Clusters of order of 10 machines typical
* Variance reduction (aka Event Biasing)
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Speed - Voxel Navigation

* Voxel geometries lend themselves to faster
navigation techniques than the standard Geant4
navigator

* Other codes more specialized for Med Phys have
taken advantage of this for years

 Talk from Jan De Beenhouwer and Steven Staelens
yesterday about how they did this in GATE.

* Talk by Pedro Arce on Friday
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DICOM Compatibility

* Qutput of scans (CT, MRI, etc.) are in format
called DICOM, basically a density (HUs)
— Automated conversion to tissue type

— Cutting edge technologies such as Dual Energy
CT may give enhanced tissue type info

* DICOM may be annotated with treatment
planning information (DICOM RT)
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DICOM - Memory

 DICOM files have order of 4 Million voxels
— e.g.

* 50cm x 50cm x 25cm volume
e 2mm X 2mm X 4mm slides

— Even if DICOM density is approximated as a small
number of materials, we require a large map to go
from voxel to material

* Parameterized materials would be helpful
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* Visualization tools in Geant4
are aimed at complex
hierarchical geometries

— e.g., ATLAS detector

* Medical Physics has
additional
requirements

— Representing voxel data
from DICOM

— Showing dose, etc in that
data

— Recent solutions from
Japan:
* GMocren
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Scoring

* Hits versus Scoring

— Original customers of Geant4, HEP, tended to
have unique, cutting-edge, detectors. Wanted to
model their own unique kinds of Hits.

— Med Phys (perhaps exception of Imaging) use
standard detectors already well characterized in
published references

* Recent advances in Geant4

— Ready-made scorers (Dose, Flux, etc., nicely
filterable by particle type, etc.)

— We will see this week a preview of scoring that
can be done entirely from the command line (talk
by Makoto Asai)
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Ease of Use

* Other Medical Physics Monte Carlos are
easier to use

— Focused applications rather than general-purpose
toolkits

— EGSnrc, BEAMnrc, DOSXYZ

* Movement towards easier-to-use Geant4

— GATE incorporates Geant4 into a more domain-
specific application

— Project in Japan to provide complete application
for all Proton and lon centers in Japan
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Geant4 Medical Physics
Communities

* Europe
* Japan
* North America

11 Sept 2007 Geant4 in Medical Physics J. Perl
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G4 Med Phys in Europe

* Wide range of applications

 Home of GATE

* Talks this afternoon, such as on activity of ltalian group
¢ Some important recent meetings for this community:

— First European Workshop on Monte Carlo Treatment Planning of the
European Workgroup on MCTP
* October 22 - 25, 2006, Gent, Belgium

* Talks Online at;:

http://cdfc00.ugent.be/Ewg-mctp/

— International Workshop on Monte Carlo Codes and 13th UK Monte
Carlo User Group Meeting (MCNEG 2007)

* March 26-27, 2007, NPL, Teddington, UK

— 9th Biennial ESTRO Meeting on Physics and Radiation Technology
for Clinical Radiotherapy

* September 8-13, 2007, Barcelona, Spain
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Geant4 European Medical User Organization

Home
- Monte Carlo in

Radiation Treatment
- Articles Collections

11 Sept 2007

guest - Join

notify me

The Geant4 ¥ European Medical User Organization

meeting place far the rapidly growing Geantd medical user community of Europe.

The purpose of G4EMU is to bring Geantd medical users together to share issues and practical advice, and to
develop collaboration in Europe.

» Aatos Heikkinen on planning the G4EMU launch

o [Please add your comments directly to these pages or send your suggestions to Aatos Heikkine#
-aatos ]

« Pablo Cirrone on launching G4EMU

Geant4 Links:
« The Geantd Morth American Medical User Organization G4NAMU &

« The "Medical Allr'atlnnb forum #in the Geantd HyperNews &
» Google Scholar search 'Geantd Medical'#

Geantd4 application for medical physics

HADRONTHERAPY
A Geantd application for the simulation
of hadrontherapy beam line

Geant4 in Medical Physics J. Perl 37



Multi modality imaging system dedicated to small animal

Team : D. Brasse ef al., ULP-IRES, France

Borosilicate
" windows (1mm)

10 mm
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Simulated PET acquisition of a respiratory and cardiac moved
NCAT-human torso phantom using the GATE toolkit

Team : N. Lang et al., UHM, Germany

GATE
Simulation

Attenuation
Phantom

Source
Phantom
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Clear-PEM scanner for breast cancer imaging with Geant4

Team : A. Trindade et al., LIP, Portugal
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Medical accelerator for IMRT

Team : F. Foppiano ef al., INFN Genova, Italy

e

£ et = e
%7/ TESTATA e
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Treatment head simulation

Team : S. Larsson et al., Karolinska U, Sweden

3Be, 50MV stationary beam
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Simulations for the virtual prototyping of a radiotherapy MRI-linear
accelerator system : linear accelerator output, CT-data implementation, dose

deposition in the presence of a 1.5 T magnetic field

Team : A. Raaijmakers ef al., UMC Utrecht, The Netherlands

(17

Central X-profile
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Hadrontherapy : proton beam line

Team : P. Cirrone et al., INFN Catana, ltaly

E = 64.25 MV DeltaE = 300 KeV/ i = 59.24 MeV
' - 55.76 MeV

= 53.33 MeV

=50.73 MeV

= 46.99 MeV

= 4112 MeV

15 20 3 40 15 20
Depth (mm) Depth[ mm]
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Microdosimetry at the cellular scale

Team : S. Incerti et al., CENBG / IN2P3, France

200 -150 -100 -50 0 50 100 150 200
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Anthropomorphic phantoms for dosimetry

Team : M.G. Pia ef al., INFN Genova, Italy
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Brachytherapy

Team : S. Guatelli et al., INFN + IST Genova, ltaly

y =0mm y =2 mm
mimm

? mm

Bebig Isoseed I-125 source
Leipzig y =5 mm y

mm

applicator .

mim




Betadosimetry and Activity Measurements in Brachytherapy

Team : M. Schubert et al., LMU, Germany

® Simulation on a 50 CPU Linux-Cluster using MPI
® Parallelisation by event/seed distribution
® Histogramming: ROOT-Toolkit

® Geant4d is used for:

® Dose calculations
® Helping to develop or

calibrate detector
systems
® Future use

® Dose planning using
CT-d ata 207Bj Spectrun_1 _

Dicom-library DCMTK - Measurement and Simulation
Clinical study

2P implants
Tumor therapy

6
1070200 400 600 800 1000 1200 1400
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G4 Med Phys in Japan

* Large concentration of Proton and lon therapy machines

..'__." W = l- r
WERC(Wakasa) =~/ PMRC (Tsukuba)

N
n, i W S
"'- - b
LR e ™
k oy - e
. , . "q._ -
r o S e "\-.__ il
o i3y W
i R P L

e e, |

HBMC (Hyoga)) 3+~ 77 &

® protontheavy ion

° I i ' iy ’
Major 5 yr research project kugf;ﬂ” SCC (Shizuoka)

led by Takashi Sasaki _—
NIRS, HIMAC (Chiba)
— http://gdmed.kek.jp/
* Talk this afternoon by Tomohiro Yamashita

* The Japan-Taiwan Symposium on Simulation in Medicine
— December 12 - 15, 2006, Tsukuba, Japan
— http://www-conf.kek.jp/geant4/
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Software Structure for P article T herapy Sinulation

N CC-E ast NIRS/IHI

¢ UCSsanFrandsm
EyeT reatnment Fadlity

)

\! \
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Validation Activities

“Material Prope 1tie s

Proton range

Stoppi CPoweMRa e,
\ Cﬁe}?z;? with NS T ?ata.,

‘ﬁeptﬁ-@ose dis tribution_

IEEE TNS Vs2,| sl (2005)1896-901

o120

Lol (a) 150 Mev
i

(5190 Mev

a—ala i
20 20
Depth (mm)

—  Simulaton.
B Masurement

L (a)150 MeV 80BPSO (a) 150 MeV SOBP120

e ey

© (b)190 MeV SOBPSO
oy S LT TS
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Wobbler demons tration:
Spiral Wobbling
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MLC  Water phantom

[ ] Measurements
- TPS alaulations
G4 (histograms)
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also for Carbon T herap

Depth-dose distribution (12C 400 MeV/n)
(2C 290 MeV/n)
Pristine Bragg peak Spread-out Bragg peak

Pristine Bragg peak
wo/ Ridge filter

Depth-dose distribution

wo/ Ridge Filter w/ Ridge Filter

Spread-out Bragg peak

Fromiuion,,
A

w/ Ridge filter

o Exp.
—BIC
- JQMD

[

Relative dose
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Simulation of penumbra measurement (1)

Beam | | Llllld]]

Penumbra widening
is well reproduced 107
by simulation.

Relative dose
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http:/sgeantd.kek jp gMocren/

gMocren: A Visualization T ool "

gMocren and utility sofiwares are
- - ; ,' 7 =
Opacity curve and color map editor .

W :
- Windows 2k/XP or PC Linux OS

- Pentium 4 or faster
- more than 1 GB (recommend)

Particle trajectories

Functionality Requirements :

eTo visualize
- the modality image used by the simulation, -~
- the calculated dose distribution and

- the particle trajectories
- in an agreeable speed
eTransfer function editor
eMulti-platform
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GRID Deployment and Web Ul Interface
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G4 Med Phys in North America

* Wide range of applications
* Some important recent meetings for this community:

— Monte Carlo techniques in radiotherapy and verification :
Third McGill International Workshop

* May 28 - June 1, 2007, McGill University, Montreal, Canada

* Talks Online at:;

http://www.medphys.mcgill.ca/~mcworkshop2007/talks/

— XVth International Conference on the Use of Computers in
Radiation Therapy (ICCR 2007)

* June 4-7, 2007, Ontario, Canada

— American Association of Physicists in Medicine (AAPM) 49th Annual
Meeting

e July 22-26, 2007, Minneapolis
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Geant4 North American Medical Users
Organization - GANAMU

Launched in May of 2005 to provide a meeting place for the rapidly
growing Geant4 medical user community of North America

G4NAMU

The Geant4 North American Medical User Organization

*Bring this community together
to share issues and advice, to o uniRaatierithien

) ; ome News Tutorials Links Groups
develop regional collaboration .
and to communicate as a group _. BN i et e o N i T
to the Gean t 4 deve|0pers .‘-I 5% purpose of GANAMU is to bring this community together to share issues and

advice, to develop regional collaboration and to communicate as a group to
the Geant4 developers.

Vi

Who ...
G4NAMU's current membership includes 93 members from 43 institutions
throughout Canada and the United States.

¢ C urre nt mem be rs h I p I n Cl u d €S . While many G4NAMU resources are provided by the Stanford Linear

Accelerator Center's Geant4 team, G4NAMU is intended to be a consensus

95 mem be rs fl’Om 44 . . el organization that evolves as needed by its members.
institutions throughout Canada I How ..

G4NAMU communicates through a mailing list, geant4-

and the U n |ted States ; > - namu@slac.stanford.edu. The list is lightly moderated just to maintain focus

and prevent spam.

+ To join the list, send mail to perl@slac.stanford.edu
« Hints on using the mailing list

*http://geant4.slac.stanford.edu/g4namu/


http://geant4.slac.stanford.edu/g4namu/

Geant4-Related Talks and Posters at
AAPM Annual Meeting 2007

Charara: Development of a Novel Detector for Measuring Proton Energy Spectra

Z-Jarlskog: Simulation of Neutron Dose Exposure for Pediatric Proton Therapy Patients
Using Whole-Body Age-Dependent Voxel Phantoms

Sechopoulos: Radiation Dose to Tissues From Mammography

Peterson: Variations in Scanned Beam Proton Therapy Doses Due to Random Magnetic
Beam Steering Errors

Archambault: Proton Dose Deposition in Water-Equivalent Plastic Scintillation Detectors

Chen: Dose Saving and Scatter Reduction in Volume-Of-Interest (VOI) Cone Beam CT-
a Monte Carlo Simulation Study with Geant4

Ulmer: Analytical and Monte-Carlo (GEANT4) Calculations of Collimator Scatter of
Proton Beams

Faddegon: Comparison of Monte Carlo Simulation Results to An Experimental Thick-
Target Bremsstrahlung Benchmark

Clasie: Design of a Vacuum Chamber for a Universal Proton Therapy Nozzle

Z-Jarlskog: Different Methods of Organ Equivalent Dose Scoring in Monte Carlo Neutron
Dose Calculations

Clasie: Optimization of the Beam Width in a Universal Proton Therapy Nozzle

Tinslay: Verification of Bremsstrahlung Splitting in Geant4 for Radiotherapy Quality
Beams

Paganetti: The IAEA Initiative to Standardize Nuclear Data for Heavy Charged-Particle

Radiotherapy
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Beamline design and quality assurance
Paganetti et al., Harvard/Massachusetts General

£ WIRED Event Display (version 3.12.1)

7
I
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A ]'\cr\]nfe dOSlmetry
] rd/Massachusetts General

Volume for absolute dosimetry

— R=22; M-8
— R=20; M=12
R=15.5; M=7.5
R=15.5; M=12
— R=12; M=2.5
— R=12; M=6
R=8.5; M=3.5

R=12 ; M=9.5
— R=8.5; M=7.5
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Patient dose calculation
Paganetti et al., Harvard/Massachusetts General
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Time dependent stmulations
Paganetti et al., Harvard/Massachusetts General
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N
=

Dose [Gy]

Solid lines: Patient in inhale
Dashed lines:  Considering the entire breathing phase
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Radiation Protection
Paganetti et al., Harvard/Massachusetts General
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Radiation Risk

Visible Man
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Detector Simulation
Paganetti et al., Harvard/Massachusetts General
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> "¥ourtesy of McGill University)

1.1 mm

A
\4
y

\4

5 mm 2 m

MicroSelectron Classic HDR source (part no. 080950)
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(Courtesy of McGill University)

——r=0.25cm o r=05cm

——r=1cm ceX-.r=2cm

—%—r=3cm —o—r=5cm

6 9
radial distance (cm)

100
angle (degree)

Radial dose function

GEANT4:

~0.4% higher than Williamson and Li
(Med. Phys. 22, 809-819, 1995)
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(Courtesy of McGill University)

Presence of lead shielding reduces the dose distribution in a lucite phantom
by up to 20%, and 1t is confirmed by ion chamber measurements.
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UNIVERSITE

Octree geometry compression — DICOM 1mages G 1LAVAL

* Indexing of the density distributions using a
density gradient threshold:

— High resolution kept only in heterogeneous area
— Can easily reduce the number of voxels by 75%

 Does not affect dose distribution
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B UNIVERSITE

Octree geometry compression — DICOM 1mages BN

L

vV # Voxels for the Phantom
A4 Difference for the Phantom
O-0# Voxels for the Clinical Patient

Relative size (%

0.06 0.07
/cm3)
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B UNIVERSITE

Prostate brachytherapy - LDR B LAVAL

— this work
o Williamson
o  Maneigra

40 60
radius (mm)

Validation of the model:
radial dose fonction
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B UNIVERSITE

Prostate brachytherapy - LDR B L AVAL

¢
©
\I

o
=
0o.
=
O
2
o

2 2.5 3 3.5
seed density (seed/cc)

This interseed attenuation is not
considered in TG43 (clinical) dose

calculations
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B UNIVERSITE

Prostate brachytherapy - LDR B [AVAL

G4 DICOM reader[1] =
Organ contours
Seed positions

CT image G4 geometry
D90: 5-7% differences between water MC and C'T-based MC
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Maiclioziatiyes selgpe ek

7

=i — -

ViAT r_g:_!é] e Catheter,

T

— Absolute real-time position measurement (within £1 mm)
— Absolute real-time dose measurement
— Modelization of the dose distribution using CT scan data

& 4D phantom
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pH8

206 kDa
167 kDa
A 0w A A Breast cancer N : =
NN N ) -
\ NN cells Collimator and i sl : S 60 kDa

- Sr-90 source = zme— —
i — 30kDa

e/ kDa

206 kDa

67kDa

60 kDa

— Energy dependence of irradiated

breast cancer cells
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[
[NERE,
1

Eﬁ | — ! !!I!Lm
i)

= — 11l bremsstrahlung splitting in Geant4
for radiotherapy quality beams,”
SU-FF-T-447

15 MV Photon Fluence From Fully-Stopping Lea Beryllium Aluminum Lead
Comparison of 1 million histories With and Without Bremsstrahlung Splitting wi

Splitting all 8.8 3.4 0.1
generations

- Splitting first

2 generation 15.3 6.2 2.2

2 only

Z ' Splitti I

= 27.5-32.5 degrees gepnlerlgt?ois

9

§ _ + Russian 11.8 6.6 3.1

2 Roulette

97.5-92.5 degrees

Energy (MeV)

J. Perl
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McDonald et al, “High precision data set for benchmarking of
electron beam Monte Carlo,” SU-FF-T-241
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Warning: Personal Opinion

* From here on, what I'll be saying is just
my personal opinion, based on my own
contacts with Med Phys users over the
last three years.
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Validation

Must be led by Medical Physicists publishing in Medical
Physics publications.

Geant4 collaborators work well with this community, but
Medical Physicists should be the lead authors on these
papers.

Their colleagues are professionally bound to listen to them, not
to us.

Radiation therapy machines are NOT turn-key operations.
They must be and are continually maintained, calibrated and
characterized by individual medical physicists who are
ethically bound to check everything out themselves.

The same is true for the Monte Carlo software that these
medical physicists use.

While many of my colleagues spend tremendous energies
validating Geant4, the ultimate responsibility for such
validation in Med Phys falls on the Medical Physicist.
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Some Rocky History

* Conclusions from a highly cited early Paper by Emily Poon and
Frank Verhaegen, “Accuracy of the photon and electron physics in
GEANT4 for radiotherapy applications,” Med Phys. 32(6):1696-
711, 2005.

Although recommended for medical physics applications, the Low-energy model

does not always give the best results. It is also considerably slower to run than the

Standard model. Overall, GEANT4 is best-suited for applications where electron

transport is not critical, in areas such as brachytherapy and megavoltage photon beam

simulations.
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And Recent Success

Monte Carlo Techniques in Radiotherapy delivery and verification:
Third McGill International Workshop
real

Comparison of Geant4 Resulfs to EGSnrc and
Measured Data in Large Field Electron Dose
Distributions

Bruce Faddegon (UCSF), Joseph Perl (SLAC)
Jane Tinslay (SLAC), Makoto Asai (SLAC)

Central axis depth dose curves and dose profiles of 6-21 MeV Primus electron
beams were measured for a 40x40 cm field and simulated in EGS4 in work
presented at the First McGill International Workshop in 2004.

Those Monte Carlo treatment head and water phantom simulations have now been
replicated with EGSnrc and the Geant4 Simulation Toolkit (version 8.2.p01).

In each case, as with the original EGS4 simulation, source and geometry have been
adjusted to best match simulation results to measurement.

Geant4 simulations were also shown for case of using the exact same source and
geometry parameters used in the EGSnrc simulations.

Work supported in part by the U.S. Department of Energy under contract number DE-AC02-76SF00515
and NIH R01 CA104777-01A2.



EGSnrc gets to
2%/2mm agreeme
with measurement : — Diode
inside useful field It e ] ' Parallel-plate
5%/5mm in T J o _ : — EGSnrc
penumbra and iyl
beyond

bremsstrahlung
(D,/D,) matched to

better than 5%

Better match to
diode than parallel
plate in build-up
region.

Diode over-
responds in the
brems region
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Geant4 gets to

3%/2mm agreeme
with measurement
inside useful field

6%/6mm in
penumbra and
beyond

bremsstrahlung
(D./D,) high by
about 6%, but we
are not finished
WEEL e

Better match to
parallel plate than
diode in build-up
region.
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EGSnrc Results most recent

h‘z Mé’f‘—l ' 18 'Mé’v‘

9
)
S
=
(]
o
o
S
=)
b
T
E
(i
o
@
0
=,
O

20 10 0 10 20 -20 10 O 10 20 -20 10 O 10 20
Distance off axis (cm Distance off axis (cm Distance off axis (cm

11 Sept 2007 Geant4 in Medical Physics



Results Geant4 VS Measurement

HEM

Conclusions

Monte Carlo simulation was used successfully to obtain an excellent match to measured
large field electron dose distributions. EGSnrc and Geantd with either physics list are
capable of accurate calculation of dose. There was no clear advantage of one code over
the other or one physics list over the other. Improved agreement may be possible with
further adjustment of parameters, including the distance between the different
components, the thickness of the scattering foils and the lateral positions of the scattermg
foil, monitor chamber, and jaws.
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And Recent Frustration

* Just last month at the annual meeting of the
American Association of Physicists in Medicine, | had
a conversation with a colleague who is frustrated
with step size dependence of protons in recent
releases

* My own work with colleague at UCSF also found
confusing relationship between step size and
accuracy (sign opposite of expected)
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Why is Accuracy so Difficult?

 OK to have speed/accuracy trade off in step size and range
cuts, our users understand this

— but need to be linear
* i.e., smaller step size or range cut = better accuracy

— at all medical physics energies
* e.g., electron beam, 6-21 MeV
* proton beam, 160 MeV

— and materials

* huge range of atomic weights, from vacuum to plexiglass to water to
tungsten (they’d probably use Neutronium if they could get it)

— and particles
* we’re the place users come for an all-particle code

— and need these to be consistently improving from one release to the
next

* This is a very challenging requirement
— both for writing the code
— and for re-testing from one release to the next
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And Aside from Accuracy

Clarity

— We need to provide guidance on which EM options to use
° processes
* step Sizes
* range Cuts

—  We heard this same thing from the Geant4 reviewers

— We saw a talk in the GATE meeting just yesterday where a
researcher had to spend a great deal of time to figure out these
options

Plateforme de Calcul pour les Sciences du Vivant

Electron Dose point kernels
calculations in water using GATE/G4.8

maigne@clermont.in2p3.fr
Credits: Cheick Thiam (LPC, Clermont-Ferrand),

Nicolas Chouin, Ludovic Ferrer (Inserm, Nantes),
Michel Maire (G4 collaboration)

http:/iclrpcsv.in2p3.fr
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SAr(]d Aside from Accuracy
. pee

—  Slower than EGSnrc by factor of 2 to 10 depending who you talk to

* Do we know that this is true?

* If we are slower, do we know why?

* Fermilab recently joined Geant4 collaboration and is contributing
software engineering/profiling expertise

* There are many areas where we know we can make improvements,
given the manpower
— Specialized navigators for Voxel geometries

— Compressed voxel parameterization as in talk yesterday from
Nicolas Karakatsanis, George Loudos, Arion Chatziioannou

m Possible solution
= If the material in one voxel is the same as that in its
neighbouring voxel,

= Treat those two voxels as one region (no region boundary between
those two voxels)

s Check that condition for all voxels

— Similar to OCTREE design by Vincent Hubert-Tremblay and Louis
Archambault from Canada

— And other ideas shown in fastGATE talk yesterday by Arion,
George, Nicolas, Richard
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Other Issues for Med Phys

* DICOM Compatibility
— Much to be done to get to where the EGS community already is
* Promising work coming out of Japan
*  Memory

— Not such a serious issue in all cases (depends on specific application)

* Would help if we allowed materials to be parameterized by density,
but this is not easy in Geant4 design

* Volume Rendering
— Much to be done to get to where the EGS community already is
* Promising work coming out of Japan
e Scoring

— Good news here, rapidly approaching best functionality offered by other
codes
* Made possible by parallel worlds

« Ease of Use

— Encourage communities to make their own applications
« Such as GATE
* Such as being done in Japan for their Proton machines
* Isittime to start a GART collaboration (Geant4 Application for RadioTherapy)?
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What would Help?

 Manpower
— Especially in electromagnetics at Med Phys energies

— Inlieu of that, I've found it helpful to explain to our Med Phys colleagues
that most of our funding comes from other problem domains such as HEP

that concern themselves with very different energies
(don'’t just assume the medical physicist knows how we’re funded)

« Some movement in the right direction
— SPACE - a more recent source of funding, has some promising overlap in
energies with Med Phys
— Beginnings of direct funding from Med Phys:

* Major projectin Japan
* In US, at least getting some travel assistance from an NIH grant

* Parallels to EGS
— The “Gold Standard” in medical physics Monte Carlo, EGSnrc,
began as a tool for the HEP community (the EGS project at SLAC).

— Now almost entirely funded for medical physics.
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Critical Time Right Now

* Reminder: This is just my Personal
Opinion, but | feel it strongly

* We are running out of time to get it right
for Medical Physics

— Remaining good will down to maybe one
year or so
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INAIINTTy VUl TooUuTo VI 1IVITU

A Phys
Top Priorities (In This Order):

- Accuracy - with stability against step size and range cut variation
. Clarity - guidance on which EM options (processes, step sizes, range cuts)
. Speed

LLess Critical:

- DICOM Compatibility

—  Our users are willing to bolt this stuff together themselves if need be
(they’re used to doing things the hard way, even willing to use MORTRAN)

s Memory

—  Our users are willing to use the various available workarounds
. Volume Rendering

—  QOur users are willing to do this part themselves by various complicated hacks
. Scoring

—  Recent improvements, and others almost ready, have essentially solved this
. Ease of Use

—  Our users are willing to do whatever it takes provided we give sufficient accuracy
with clear recommendations on which EM options to use and acceptable speed
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Now Is the Time

The Medical Physics community is paying attention to us Right
Now.

We need to pay attention to them nght Now
Coming bz

| | ¢ | | = | 10P http:/ /medicalphysicsweb.org fows farticle fopinion /2

gotien your password? | Sign

Lu{Y)AP Find Out the Novel
Scintillation Crystal for
- Next-generation PET Scanners

SEarc Go )
REGISTER NOW

Sep 11,2006 Sign up as a member of
» RTOG: a physics perspective GEANTA4: a new ciant in medical nhvsics medicalphysicsweb and

Heme | Opinlon | Industry | Research | Jeurnals | Jobs | Products | Companies | Events | Societies | Contact us

In conclusion, GEANT4 is definitely a cocl tool that you should lock
inte. Maybe you or your next graduate student could be part of the
further development that is needed to turn GEANT4 into the

workhorse for medical physics particle simulations.

recently. Enter GEANT4 (GEometry AMNd Tracking; 5 Agostinelli et al. 2003),
» Mucl Instr. Meth. Phys. Res A 506 250 a fully object-oriented Monte Carlo "toolkit” (as the authors prefer to call Ultrasound
it) written entirely in C++.

GEANT4, just like the alder MCNP and EGS codes, — W H 1 8@5{

was created for purposes outside the field of medical M:_.. healthcare for everyone
physics. The main players in its development are in

the discipline of high-energy physics, combining the efferts of m n 1060 ;‘ TDIﬂﬁTherﬂPy
workers from facilities such as CERN in Europe, KEK in Japan and SLAC in NCONPOEAILD

the LS (where EGS was originally developed).

Geant4 in Medical Physics

11 Sept 2007



