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Very important warning concerning EGS-Ray

Important:

EGS-Ray can not be used under
any circumstances in the clinical practice.

EGS-Ray is only a MC
visualization tool for pedagogical purposes

Look also at page 7 of the manual
(EGS-Ray Version 1.0 Anleitung.doc).
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EGS-Rav Version 1.0.1

Dr. Christoph Kleinschmidt www.uni-koeln.de/~airm7/EGSRay/index.html
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-> 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
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EGS-Ravz d simple example Script file for a simple example

Daten

Data tables: Daten / C:\EGSRay\Mediendaten\52licru.dat
Y

. , Randomseed
(path to medium data file) 1;82 (;?7836

Punktquelle

o e e e e e e ST, 3
Particle Sources: Punkktquelle / 0.0.0. i s

Richtung

(X,y,2 COOfdinateS)/' V1V AU — s

Richtung Photonen g
L

Photoner/ echenraum | e e e |

) Rechenraum
Energie -4.05 -4.05 0 4.05 4.05 18.
(MeV, + 0.511 MeV for & SCOTINErANM sy
-4.05 -4.05 0 4.05 4.05 15.0
Voxelgrosse
Geometry: Rechenraum 0.10.10.1 possme s a4
where particles are to be computed Halbraum
. H20521ICRU
(x1,y1,z1 coordinates of 1 corner 501
x2,y2,z2 coordinates posing corner) Histogramm [
Halbraum 20.1
divides the space in 2 regions, ;Ilzsg’gramm -------------------------
normal to the dividing surface, z 240 e

coordinate on this axis, O on the z axis

positive Seitenindex L] values of z >0
belong to the object

- 2cm



_ _ Script file for a simple example
Data Analysis: Scoringraum

Daten
where the doses 1S te.be computed C:\Programme\EGSRay\52 licru.dat
at least 1 scoring room iS Randomseed
1802 9373
Recehenraum
(coordinates are given as in Rechenrau
Voxelgrosse Scoringraum
: -4.05 -4.05 0 4.05 4.0 15.0
together with Rechenraum an iy
] i Voxelgrosse
raum have direct impact on performan 0.10.10.1
(X,y,z dimensions) Halbraum
. H20521ICRU
Histogramm 501
computes histograms of particleAlu Histogramm
angle and energy 20.1
(z axis, coordinate normal tg this axis) ghzs;ogramm
Histogramm
Program control: 250
General /o
Randomseed Presta
0<i <31328,0 <j <30081
Physics:
PRESTA
the electron transport
algorithm Histories: 933 Soll 10000000 [ Elekbonenalgorithmus
Histaries / min: 5166 (total: 25830) PRESTA: BLCMIN: [1.5036 | ESTEPE:[10 |
Rechenzeit 000002 Sall RO
Leerlsuf |

Eingabefile: |E:"~F'n:ugramme"~E G5R ayhuebungenE THZM08 Erze
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Photon attenuation

Good geometry (narrow beam)

collimator collimator
R B
Source Sample Detector

Narrow collimation minimizes non-direct photons

Requires a very intense source or large measuring times

From dN =-u N dx
dN': reduction in the number of photons due to interactions in a thickness dX
N=Neg™*"* =Ne ®Prx N=Ne ™" t=px [t]=g/m’
(¢} 0 (0]
M: linear attenuation coefficient K/p: mass absorption coefficient

(1/cm) (cm?/g)



Photon attenuation

IfTo (%)

Half Value Layer HVL
from N = Noe Hx

Mean range of photons

NN =% O Y=e*"™ 0 HVL=In2/p =0.693/y

N _ N e -In2 x / HVL
0}

R=1/u=144 HVL

J-DD LENLENL L DL L AL LR L L AL LA L L LA R AL L AL L AL L LR L L L L R B L AL AL BN AL L L N L L J_DD ——T—— T T T—T—T——T—T—T—T ———T——T—TT—T— T T—T—T—T—T—T—T—T—T
k .,
90 \
20
T0 | AN 54
JY /U
60 - _
50 % *
i o
ot
" \ y
H 25 %
PO T ST T [N SN TN T T-N AN TR T TR W [ SO T T 1 PR R Y L1 PR R Y L1 lD T I I . T T D T
x {om) x (oml

Example: 1 MeV photons in water (pencil beam = “narrow beam”)

U=0.07072 1/cm p=1g/cm’ p/p =0.0707 cm*/g (H. Krieger Table 17-4)

HVL=98 cm



Photon attenuation in water (1 MeV photons)

b4 A=-005cm ¥ =-0.05cm
100.0 rSpe 1l MeV Fhetens in Water (Pencilbeam)
[ ]
00 ':\ s I’Ihl Ii I Idl v IEIEIQII—EI—ll L
R 100 Pl phot_lmew.dat’™ o B -
800 \ Y Ea Eif e i
b
70.0 \ "\"ﬁ -
d “‘t * an i
§0.0 A = .
M‘- o
h0.0 - 0
A “ea :
400 [ L £ &0 : -
- 4 -If:'l.. ['Ehm _
30.0 S 4
20.0 d v an B : Wﬁﬂm ;
; 5D o B ]
u]
10.0 H
E ma_f£fit = 0.0T0L508 1/cm (ma = 0.0707 1fcm)
.o m H
0.0 1.5 3.0 45 E.0 7.5 9.0 1085 120 136 ﬁll_l 20 F [-I".,?L_:E 1t = 9.9 om (HVL = 9.8 ocm) -
i: - Daten T S S S S
BE\DEtDﬁnseﬁmciipgilzeusj\:lfungen ETHZY3. Madelstrahlen Elektronen-Photonent1 Me Madelstrahl - L-I 2 _g E E J. L-I J. 2 J. -I!
E:gh 0_3.110;121004 21:20040  Rechenzeit: 22.12190012:08:20 = |:C']'I'I:|
Histonies: 1237367
i i k x ¥ z Diosis % . .
Gnuplot commands to do a simple fit:
P R R 005 005 005 332068 4159
EEEEEE BN , .
O R - I gnuplot> plot 'phot_Ilmev.dat' u 6:8:9 w errorb 1 3
PR 005 005 045 779053 37.835
o 40 5 005 005 055 771402 95,643 nuplot> mu = 0.07 o
ig ig ? ESE Sgg Sgg ;ggggi 333183 g p : A 1n1tla] parameters
M 4 8 005 005 085 7iTem 37653 nuplot> dmax = 0.4 A ) )
@ 4@ o om om tm e ol gnup . - function to fit
W @ 12 om0 12 o 54173 gnuplot> y(x) = 100.*exp(-mu*(x-dmax))
EER SR E BN . , . .
0 4 18 05 005 15 7EIN 52,444 gnuplot> fit [04 15] Y(X) phOt_lmeV.dat u 6:8:9 via mu, dmax
0 40 16 005 005 165 7oE0I9 31151 v ' ' )
i gnuplot> plot 'phot_lmev.dat' u 6:8:9 w errorb 1 3, y(x) w lin 3
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Electron range in water
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Assignment 01 (cont.)

Add to the previous example 20 MeV

Simulate: Photon pencil beams E=1, 10, 20 MeV
Electron pencil beams E =1, 10, 20 MeV
impinging on a water phantom
scoring dimensions and voxel size adapted to each case
enough statistics (= 10° particles)

Analysis: Photons: d_ . d_, HVL and P from depth dose curves

(compare U with table values, Table 17.4 H. Krieger)
qualitative description of the profiles at several depths

Electrons: d  ,R_ from depth dose curves

qualitative description of the profiles at several depths

Briefly describe the qualitative differences between electrons and photons
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