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Overview of Presentation

e\What is electron therapy and how is it performed?
eMonte Carlo dose calculation systems/codes that can be used
sGEANT
ssStandard Electro-Magnetic Physics Lists ( )
ssLow Energy Physics Lists ( )
s*Penelope Physics Lists ( )
*Review of Physics within each code
eInter-comparison of Electron MC codes for mono-energetic beams
»Dose deposited as a function of depth;
»Angular distribution of electrons at a fixed depth;

»Mean energy spatial distribution at a fixed depth.



Electron Simulations

Early work Present
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Figure 1. Detailed diagram of full simulation geometry.
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Verification of MC model
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Verification of MC simulations
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Review of Physics within each code
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Reference Monte Carlo code used ...

The EGSnrc Code System:

Monte Carlo Simulation of Electron and Photon Transport

[. Kawrakow and D.W.0O. Rogers

o Radiation Standards
National Research Council of Canada
Ottawa. K1A ORG
iwanQirs.phy.nrc.ca
dave@irs.phy.nrc.ca

Nov 7, 2003

NRCC Report PIRS-701




New organization for the production phase, MoU based
Distribution, development and User Support

Atlas, BaBar, CMS, HARP, LHCB & Collaboration Board

CERN, IJNL.,KEK, SLAC, TRIUMF o manages resources and responsibilities

Barcelona Univ., ESA, Frankfurt @ Technical Steering Board

Univ..Helsinki Univ. IGD. IN2P3 » manages scientific and technical matters

Karolinska Inst., Lebedev, TERA #  Working Groups

COMMON (Serpukov, Novosibirsk, Pittsburg # Coime ance cavspment {04 ot i

etc.) kineiir
ccelerator

Members of National Institutes, Laboratories and Experiments participating

in Geant4 Collaboration acquire the right to the Production Service and User
Support

For others: free code and user support on best effort basis

ATL A THEP Protvino

Maria Grazia Pia, INFN Genova




Geantd

Geant4 architecture

Software Engineering

Visualizat

Domain

decomposition
has led to a

hierarchical
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sub-domains

linked
by a uni-
directional

flow of

dependencies
Patide

plays a fundamental role in Geant4

User Requirements

structure of

* formally collected
* systematically updated

« PSS-05 standard

* spiral iterative approach Software Process

* regular assessments and improvements
» monitored following the ISO 15504 model

Object Oriented methods

« OOAD
* use of CASE tools

* essential for distributed parallel development
« contribute to the transparency of physics

» commercial tools

« code inspections Quality Assurance

« automatic checks ot coding guidelines

"

* dedicated testing team

/

Use of Standards

* testing procedures at unit and mtegration level

* de jure and de facto




Processes

Processes describe how particles interact with
material or with a volume itself

Three basic types

» At rest process
(e.g. decay at rest)

- ics
Transpartation

Process

» Continuous process 3 Management . Photolepton_
(e.g. 10nization) hadion

« Discrete process ————e
(e.g. decay 1n flight) Optical Decay Hadwonic

Transportation is a process

« Interacting with volume boundary
The process which requires the shortest interaction length limits the step

T/ Maria Grazia Pia, INFN Genova



Electromagnetic physics

o

multiple scattering

It handles e et _
_ | 5 Bremsstrahlung
= €lectrons and positrons energy oss = fonisation
= v, X-ray and optical photons = annihilation
. MUons 5 photoelectric effect
5 Compton scattering
= charged hadrons ey =
) 9 g Rayleigh effect
el E vy conversion
| efe” pair production
Comparable to Geant3 already in the 1st a release (1997) 2 synchrotron radiation
_ _ E transition radiation
N High energy extensions g Cherenkov
» fundamental for LHC experiments, cosmic ray experiments ctc. [JENSSivHilei]

reflection

N Low energy extensions absorption

o fundamental for space and medical applications, neutrino scintillation

experiments, antimatter spectroscopy ete. T —
A Alternative models for the same physics process EENECRTTT

Maria Grazia Pia, INFN Genova



Physics processes relevant for medical applications
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 Low Energy extensions of electromagnetic interactions
— 2350 eV electrons, photons
— ~ 1 keV positive hadrons, ions
— ICRU-compliant and ICRU-consistent
— Barkas effect taken into account for antiprotons, negative ions
— further extensions and refinements in progress

« Radioactive Decay Module

— simulation of radioactive sources, including all the secondary

emissions _ _
* Multiple scattering

— new improved model, taking into account also lateral
displacement

* Hadronic interactions
— ample variety of complementary and alternative models

« Neutrons
— exploiting all the evaluated n data libraries worldwide g

eant4 for PET & SPECT
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.Santin

Low Energy Electromagnetic Physics
http:/www.ge.infn.it/geant4/lowE/

G

b » down to for electrons and y
- REEEE based on the LLNL data libraries
% Low En ergy shell effects
2 . * down to in the near future
i Electromagnetic -
O based on Penelope Electron Photon
package extends the T
ransport
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of physics interactions
meeszj ];Of izz;znasnd down to for hadrons and ions
o ohyaice, antimattor Bethe-Bloch above 2 MeV
searches Ziegler and ICRU parameterisations

(with material dependence)
free electron gas model
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charge dependence (Barkas effect)
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Our Preliminary results with

EGSnrc, STD EM, LowE and PENELOPE .....

1 MeV incident electrons on homogeneous material
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100 keV incident electrons on homogeneous material
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10 MeV incident electrons on homogeneous material
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100 keV incident electrons on homogeneous material

Angular Distribution

100keV Electrons incident on BONE
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POSSIBLE PROBLEM IN THE ELASTIC
MULTIPLE SCATTERING ALGORITHM....

10 MeV incident electrons on homogeneous material

o R FA N O (- s L
0 10 20 30 40 50 i} 70 30 L]

angle /degree

0 10 20 30 40 50 6l 70 80 90
angle fdegree

Angular Distribution Angular Distribution Angular Distribution
10MeV Electrons incident on H20 10MeV Electrons incident on Bone 10MeV Electrons incident on LUNG
00— T T T T T T T LS — T T a 0028 "
o — EGSnre » EGSnre EGSnre
: e — STD_EM o022 - STD_EM = STD_EM
4 0.015 — J‘f 1 LowE - LowE . 0015 = LowE =
. /j b PENELOPE PENELOPE 3 — PENELOPE
001 { \ - £
1 Z
Fi L '{\ 1 7 0.006
. f \g £ Q
=000 ;‘\‘T\& = & = 0003
f ;\‘:’\\ 0003
.
\%
ey
’
h-.o‘-“'ﬂ« - -
o T YO IO 0 | R e O o RTINS T ) O O L 0 ;
(1] 0 20 30 40 50 60 70 &0 o0 10 20 M0 10 S0 60 70 ) 10 20 30 40 50 (i) 70 8l Q0
angle /dagree angle idegree angle Mdegree




100 keV incident electrons on homogeneous material

Mean Energy Distribution
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Preliminary Conclusions

EGSnrc vs GEANT (STD_EM, LowE, PENELOPE models)
Preliminary results indicate that the elastic multiple scattering algorithm used

in GEANT to model electron elastic scattering and diffusion is not adequately
implemented...
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