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Medizinische Physik Ubungen

Lecturer: Roberto Mini

Main goal of the course is the use of

a simple Monte Carlo program (EGSRay)
as a tool to illustrate the concepts introduced
in the theoretical lessons.

It 1s not the aim of this course to become
experts in Monte Carlo!

Each week a new homework will be assigned and
after running the simulations at home, the student is
expected to write a brief and quantitative report including
graphs and simulation outputs with the main results.
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Simple example of a Monte Carlo problem

Elastic scattering of neutrons in a slab of material
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General considerations of Monte Carlo codes

Geometry and media: definition of the geometry, particles involved and media through which the particles are
to be transported.

Sampling of probability distributions: use of pseudo random number generators to obtain probability
distributions relevant to the physical problem.
Generation of secondary particles.

Random number generators: produce random numbers uniformly distributed in the interval (0,1) with periods
larger than 10*. Several methods e.g. multiplicative congruential method, for
more details see: Numerical Recipes, W. H. Press et al.

Transport: follow-up of the fate of particles and transport them as they travel through different media.
Simple example:

Geometry and medium: consider 1 MeV photons impinging on a water phantom

Sampling: after traveling a certain length (mean free path) we decide whether the photon interacts or not in
the medium. Once an interaction has taken place, the fate of the photon and secondary particles
has to be simulated. Sampling of angular distributions.

Transport: we follow all particles until they have left the geometry defined.



General considerations of Monte Carlo codes

Cut-off of secondary particles

18 MeV electrons impinging on a W+Cu target

" _ viewer-0 (OpenGLStoredXm)
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@ The lower the cut-off in energy the more particles are produced

@ More accuracy at the expense of computing time




Monte Carlo in radiotherapy

Target + collimator
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Head simulation

18 MV photon beam (Vendor specific)
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Brachytherapy — [SEuEE

e Brachytherapy i1s a medical
therapy used for cancer treatment

Radioactive sources are used to deposit
therapeutic doses near tumors, while
preserving surrounding healthy tissues

1 i r B

e Treatment planning: how to set (where?, how long?)
radioactive sources in treatment’s target area

e Software 1s used to define
patient’s treatment planning

Interstitial brachytherapy

e [t calculates the dose in
(prostate)

the patient

Smom osteelcable 9

Active Ir-192 Core



Protontherapy

radmed.web.psi.ch/asm/gantry/gantry_master.htm

_Experimental data:
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Phyvsics processes

What processes should we simulate?

Leptonic processes (e, e’, muons, etc), hadronic processes (protons, heavy ions, kaons, etc)

Typical list for electromagnetic interactions (cross sections per atom)

y: Coherent scattering (Rayleigh scattering, ~Z>°)
Photoelectric effect (~Z*)
Auger electrons
Characteristic x-rays
Compton scattering (incoherent scattering, ~7.)
Pair production with screening (in the field of a nucleus, ~Z%)
Triplet production (pair prod. in the field of an atomic e, ~Z)

e, e: Continuous energy loss through collisions with atomic e (~Z)
Mgller scattering (e e’) ]
Bhabha scattering (e* e’) ] Delta e
Bremsstrahlung production (~Z?)
Annihilation (positron annihilation ~Z)
Multiple scattering: elastic Coulomb scattering from nuclei
Moliere theory for small angles < 30°

|1 . Grafik-Optionen P

— Spuren
[+ Rapleighphotonen
[+ Bremsstrahlung

[+ Comptanphatonen
[+ Annikilationsphotones

— Cutoff
[+ Phaotarets
[+ Elektronen
[+ Positronen

—Wechzehirkungen
[+ Bremszstrahlung
[+ koharente Streuung
[+ Photosffekt
[+ Comptoneffekt
[+ Paarbildung
[+ Maller-Streuung
[+ Bhabha-Streuung
¥ Anribilation
Drarstellung:
i kleine Punkte
{* grofe Punkte

Beset |
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EGS-Rav Version 1.0.1

Dr. Christoph Kleinschmidt www.uni-koeln.de/~airm7/EGSRay/index.html
Stadtische Kliniken K6ln-Merheim

ki-EGS-Ray Yersion 1.0.1 Beschleuniger e 9 Me¥.spt o =1=7] x|
Datei  Simulation  Dosis  Bild  Fenster  Optionen  Info

—Farbskala —Ebene

Start | X: " lin ™ log e ol
. . . 1 Hist Y:[745 ||| | i S |

Installation instructions —— : ] | e

. . Pausze - - [
and link to download site;: ———| _ +D11 *D11 o« [
. Stop | D| | 1]
www.ams.unibe.ch e et ol d
PEICNEIN

-> Lehre : N -
Vorl Unterl = ol | Maw] 3
-> vorlesungs Unterlagen — .o o | "““”E Ma”l Mitte | mitMausl

-> Medizinische Physik I,

.. M — Spuren zeichnen
ubungen "Wiallbild [¥ Photonen [ ohne Primarstrahlung
-> Download des EGSRay m v Elelr?trcunen [ Cutaff zn.aichn?n
—l [ Positronen [ automatizch loschen
Program Seript I¥ Energie [ mit Yerzogerung
[ wechselwirkungen _ Details |
ﬂ [ nurin dieger Schicht Alles aus
Spekien |
—Z0am
Objekte Meue Mitte| A0] - | + | <10] Standad |
Medien

—Yerschiedene Optionen
[T Medium zeigen [ Geometrie nicht zeigen
[ Dosis nicht zeigen

Hiztogramm |
Ende |

Histaries: 31712 Sall Elektronenalgarithmus

M aximalwert venwerfen |

Histories / mir; 8340 [totat 35811) PRESTA: BLOMIN. [ | ESTEPE:[ || pDastelund NSO
Rechenzait 00:00:53 Soll mas. 5chrittweite: ¢ Dosie / dep. Eneraie £ el Fehler
Leerlauf |

Eingabefile; |I::HM|:|nte Carloh\EGSH av\Beschleuniger & 3 Mel zpt |
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EGS-Ray ist eine Umsetzung des bekannten Monte-Carlo-Codes EGS4 fiir Windows-PC ohne grof8en Aufwand

Man kann mit EGS-Ray

* Photonen, Elektronen oder Positronen Quellen definieren als Punktquellen oder Felder
* Isotrope oder gerichtete Strahlenquellen definieren

* Feste Energien oder Spektren benutzen

* Energiedosis oder deponierte Energie berechnen

* Beitrdage der Teilchengenerationen (Primér-, Sekundirstrahlung usw.) separat ermitteln
* Die Orte von Wechselwirkungen und Cutoff zeichnen lassen

* Den Elektronencode PRESTA an- oder ausschalten

* Histogramme von Teilcheneigenschaften beim Durchgang durch eine Fliche

* Dosisergebnisse als MS-Excel-Datei exportieren

* Ergebnisse fritherer Rechnungen auf den Bildschirm holen und auswerten
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Rechenraumn

PRESTA Obijekte

Parameter Reduced Electron
Step Transport Algorithm

michtaktiver Bereich

@ Jow energy algorithm

Symmetrieebens

@ accurate des CI'iptiOIl of : iy Histogrammebene E
1

Felder [mit Richtung) '
multipl e scatterin g irk.ungen: Funktgquelle [mit Richtung)
hing Spuren:
@ lateral diffusion koharente Streuung primare Phaotanen
. . Photoeffekt ————— Rayleighphotonen
@ boundary crossing algorithm Comptoneffekt Eremzstrahlung
Paarbildung el Comptonphotaonen
Maller-Streuung Phatare Annihilationsphotoren

Bhabha-StreLung 2 Elektroneh ————  Elektranen

Annikilation Foszitronen Foszitronen
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EGS-RaV Input file for a simple example

Daten
C:\EGSRay\Mediendaten\52licru.dat
Randomseed

Data tables: PEGS4 (Preprocessor for EGS4) / 1802 9373

/y Punktquelle  ——mrmrrrrrmy
Particle Sources: Punkktquelle 0.0.0. .

Richtun
Feld Yo
Photonen, Elektronen, Positronen Photonen
Energie, Spektrum / —> f%f(’)fgie e
Rlch‘Fung, Richtungsbereich Rechenraum
Gewicht -4.05 -4.05 0 4.05 4.05 18.
Scoringraum sy

-4.05 -4.05 0 4.05 4.05 15.0

Geometry: Raum, Halbraum Voxelgrisse
Platte 0.10.10.1 oy 2
Halbraum !

Box
H20521I1CRU
Kugel 201
Ellispsoid Histogramm
Zylinder 20.1
Kegel ;hzs’tggramm """"""""""""""""
Flachenobjekt Histogramm
240 el B
Medivmname -~

- 2cm
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Data Analysis: Scoringraum

Input file for a simple example

Daten
Voxelgrosse C:\Programme\EGSRay\52licru.dat
Histogramm Randomseed
5 . 1802 9373
Energiedosis
Deponierte Energie
Program control: Scoringraum
General: 4.05 -4.05 0 4.05 4.05 15.0
.. Voxelgrosse
Histories 0.10.10.1
Rechenzeit Halbraum
H205211CRU
Rechenraum 201
Batch Histogramm
Keine Dosis 20.1
Physics: ;I;Stsogramm
ECUT, PCUT Histogramm
ECUTGlobal, PCUTGlobal 25.0
Particlesplittinge v
P & —P»>  Presta
PRESTA
ESTEPE
BLCMIN
Maxstep Histories: 333 Sol; 10000000 |- Elekhonenalgaithmus
Voxelstep Histaries / mir: 5166 [total: 25830] FRESTA: BLCMIN: [1.5036 | ESTEPE:[L0 |
Randomseed Rechenzeit: 00:00:02 Sall S

Leetlauf

Eingabefils: ||::"xF‘rngramme"\E GSRaytuebungenE THZA08 Erze

16



After extracting the EGSRay_1_0_1.zip file it creates the following directory tree

EGSRay 1 0_1
EGSRay puddress |3 Di\Program Fles\EGSRayltemplEGSRay_1_0_IEGSRay
| Mame
Info ) File and Folder Tasks & ¥Irfo |
Mediendaten I ' | Mediendaten
. . __'} Make a new Folder 5 Scriptfiles

Scrlptflles @ Fublish khis Folder to ) 5etup

Setup Fhailah Ty

Goto Setup and execute SETUP.EXE to install EGSRay
Define where you want EGSRay to be installed (e.g. in the same directory)

This creates the executable EGSRay.exe which is ready to work !

Address |3 DProgram Files\EGSRayitermplEGSRay 1 0 11EGSRay

r | Mame Size Type
File and Folder Tasks & ‘_aﬂnf,:, File Folder
.,..? Ko ol _iMediendaten File Folder
: : |y 5criptfiles File Folder
@ E#gﬁ;;hls Falder to [Chgetup File Folder
M S il e %EGERE'};‘.EXE 742 KB  Application
[Z] STSUNST.LOG S5 kE  Text Document

Note: in order to test the program using script files you will have to define (with a simple text

Size

Type

File Folder
File Folder
File Folder
File Folder

w aGD
Drake Modified
19.10,2005 18:43
19,10,2005 18:43
19,10,2005 15:43
19.10,2005 15:43
16.02,2001 12:42
19,10,2005 18:58

editor) the right path were EGSRay should look for the Media data files (e.g.

in \EGSRay_1_0_I1\EGSRay\Mediendaten\521icru.dat )

B

Crate Modified

19.10,2005 18:43
19.10,2005 18:43
19.10,2005 18:43
19.10,2005 18:43

A short manual (Kurzanleitung.txt) and a detailed manual (EGS-Ray Anleitung V.1.0.doc)

are found in \EGSRay_1_0_I1\EGSRay\Info

It is highly recommended that you print both of them
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Assignment 01

Download and install EGSRay using the correct path in the script files
Bring the program to work!
Print the EGSRay manual: EGS-Ray Version 1.0 Anleitung.doc

First Assignment: (to be completed in 2 weeks)
Based on the already explained example,

Simulate: Electrons E=1,10MeV
Photons E=1, 10 MeV
Pencilbeam
impinging on a water phantom
scoring dimensions and voxel size adapted to each case
histograms at intervals of 0.5 cm

enough statistics (= 10° particles)

Analysis: Depth dose curves
Profiles at several depths
Qualitative differences between electrons and photons

GNUPLOQOT plotting utility program
www.gnuplot.info
-> download
-> gnuplot on sourceforge, section Files.
sourceforge.net/project/showfiles.php?group_id=2055
-> Download gp400win32.zip
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