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EGSRayv: Simplified linear accelerator in vacuum or air

" Linac electron beam

" simplified model of an electron field
" in vacuum or air

' and a water phantom

Daten

D:\..\700icru.dat

Randomseed
1802 9373
Histories
1000000
Punktquelle
0. 0. -1.
Richtung

0. 0. 1.
Elektronen
Energie
10.511
Rechenraum
-10 -10 -2 10 10 110.
Scoringraum

-10.1 -10.1 100 10.1 10.1 110
VoxelgroBe

0.2 0.2 0.2
To have vacuum

Halbraum <4—
AIR7 00{9&6’{ comment these lines
201

electron
source

Halbraum Water
H20700ICRU phantom

2 100 1 at SSD 100 cm
Presta

Histogramm
21
Histogramm
2 10
Histogramm
2 20
Histogramm
2 50
Histogramm
2 875
Histogramm
2 100
Histogramm
2 101
Histogramm
2 102
Histogramm
2 103
Histogramm
2 104
Histogramm
2 105
Histogramm
2 106

Histograms
along the beam

Histograms
in the water
phantom

electron
| source

----------------

____________________________________________________________________________

vacuum/air

H207F00ICRL
ECUT = 0.0 MV
PCUT = 0.0 MeW
Dichte =0 gfcem




EGSRay: Simplified linear accelerator in vacuum (spectra)

échse: 2 Koordinate: 1 Mawirmna: 1000 Achser 2z Koordinate: 875 Marima;

vacuum | vacuum

o0 10 20 30 40 50 &0 70 80 S0 100 00 10 20 20 40 50 B0 70 &0 80 100

Achses z Koordinate: 101 M axima: ootz Achse: 2 Koordinate: 103 b auima:

water phantom : water phantom

el

0.0 1.0 20 a0 40 5.0 6.0 FALL a0 a0 10.0 0.0 1.0 20 30 40 5.0 6.0 0 a0 a0 100




EGSRay: Simplified linear accelerator in vacuum (profiles)

Achzer z - Koordinate: 1 Marima: 1000003 Aohse 2z Koordinate: 875 Mawima 1000053

vacuum | vacuum

101 a1 1 4.0 a0 o a1 40 EA a1 101 101 8.1 -E.1 -4.0 2.0 0.0 2.0 a0 E1 8.1 101
dchses 2 Koordinate: 101 Marima: 521730 Achse: 2 Koordinate: 108 b amima: 244

water phantom | water phantom

01 &1 &1 40 20 oo 20 40 81 81 101 01 81 61 40 20 00 20 40 &1 81 101



EGSRayv: Simplified linear accelerator in vacuum
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EGSRav: Simplified linear accelerator in air (spectra)

Achee: 2 Koordinate: 1 [LERIES Achee: 2 Koordinate: 100 b aimna:

air air

0o 1.0 20 an 4.0 5.0 E.0 7.0 a.0 3.0 0.0 0o 1.0 20 a0 40 50 B0 70 80 a0 100
Achze: 2 Koordingte: 101 b amima; 999451 Achee: 2 Koordinate; 103 b axima:
water phantom | water phantom

0.o 1.0 20 30 40 a0 B0 7.0 8.0 30 10.0 0.0 1.0 20 30 4.0 5.0 .0 70 8.0 3.0 10.0




EGSRay: Simplified linear accelerator in air (profiles)

"f""c_hSE: z  Koordinate: 1 b aima: 333604 Achees 2 Koordinate: 875 Masima: 1110

air 1 air

01 &1 61 40 20 00 20 40 &1 81 104 01 81 61 40 20 00 20 40 Rl &1 101
Achee: 7 Koordinate: 101 b amima: 71680 Achee 2z Foordinate: 106 b amima: 104

water phantom water phanto

101 81 6.1 -4.0 -2.0 oo 20 410 .1 a1 10.1 101 -8 6.1 -4.0 2.0 n.a 20 4.0 6.1 g1 101



EGSRay: Simplified linear accelerator in air
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EGSRay: Simplified linear accelerator with scattering foil

Linac electron beam
" with scattering foil, air

' and water phantom

Daten

D:\..\700icru.dat

Randomseed

1802 9373

Histories

4000000

Punktquelle

00 -1

Richtun g electron

001 source
Elektronen

Energie

10.511

Rechenraum

-30.1 -30.1 -2 30.1 30.1 110
Scoringraum

-30.1 -30.1 100 30.1 30.1 110
VoxelgrofBe

0.2 0.2 0.2

Halbraum

AIR700ICRU

201

Halbraum Water
H20700ICRU phantom

2 100 1 at SSD 100 cm

simplified model of an electron field

rem

rem scattering foil definition

rem
Platte

TA700ICRU

2 0 0.0035
Presta
Histogramm
2 1
Histogramm
210
Histogramm
2 20
Histogramm
2 50
Histogramm
2 875
Histogramm
2 100
Histogramm
2 101
Histogramm
2 102
Histogramm
2 103
Histogramm
2 104
Histogramm
2 105
Histogramm
2 106

electron
source

scattering foil

air




EGSRay: Simplified linear accelerator with scattering foil (profiles)

AC_hSE: z Koordinate: 1 Mairna: 2lnoaez Achze: z  Koordinate: 875 b ainna: 208180

air 1 air

change of scale!

301 241 81 120 0 k&0 n.a E.0 120 181 24.1 301 301

2471 181 20 6D

Achze: 2 Koordinate: 101 b amirna: 186342 Achze: z Koordinate: 106 I aximar am

water phantom | water phantom




EGSRay: Simplified linear accelerator with scattering foil
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EGSRay: linear accelerator with scattering foil and electron applicator

" Linac electron beam
" with scattering foil, e- applicator, air
' and water phantom

Daten

D:\..\700icru.dat

Randomseed
1802 9373
Histories
4000000
Punktquelle
00 -1
Richtung
001
Elektronen
Energie
10.511
Rechenraum
-10.1 -10.1 -2 10.1 10.1 110
Scoringraum

-10.1 -10.1 100 10.1 10.1 110
VoxelgroBe
0.2 0.2 0.2
Halbraum
AIR700ICRU
201
Halbraum
H20700ICRU
2 100 1

electron
source

Water
phantom
at SSD 100 cm

simplified model of a 10x10 cm” electron field

rem scattering foil definition i

Plate scattering foil >

electron

source

TA700ICRU
2 0 0.0035
rem e- applicator definition

Platte

STEEL700ICRU electron applicator
2 84 85 (Tubus)

ECUT

1.

Platte

STEEL700ICRU

2 89 90

at z =0

air

_________________________________________________________________

ECUT

1.

Platte
STEEL700ICRU
2 94 95

ECUT
1. electron applicator (Tubus)

Box  HhEsainansicdmiiidniiiaiidiiiii

_____________

AIR700ICRU

-4.75 -4.75 84 4.75 4.75 95
Presta

Histogramm

2 1

Histogramm

2 10

Histogramm

2 106




Llinear accelerator with scattering foil and electron applicator (profiles)

Achze: z Koordinate: 1 b axima: 1984323

1 air

Achze: 2 Koordinate: 87.5 M awimna; 263

1 air

01 81 61 40 20 50 40 B1 81 101

Achze; z  Foordinate: 107 M awinna: 25591

| water pha

01 -8 6.1 -4.0 -2.0 na 20 40 .1 8.1 107

101 -84 -B.1 -4.0 2.0 n.ao 2.0 4.0 E.1 8.1 101
Achee: 2 Koordinate: 106 t arima: 110

| water phanto

01 -8 1 -4.0 20 0.o 20 4.0 E.1 a1 10.1
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EGSRay: linear accelerator with scattering foil and electron applicator
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accelerator head

o . Typischer Strahlerkopf eines modernen medizinischen
Elektronen-Linearbeschleunigers. (M: Slalom-Magnete fiir die
Strahlumlenkung, D: Doppeldosismonitor, P: Primérkollimator,
A: Photonenausgleichskorper mit vorgeschaltetem Beamhardener
und Elektronenfinger, Folien: Ausgleichsfolien fiir Elektronen,
E: Entfernungsmesser, H: Halter fiir Tubusse und Filter,
X,Y: Kollimatorblenden, Lampe und Spiegel: Lichtvisier).

accelerator head and gantry

electron gun
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Simplified linac photon beam with W target

' Linac photon beam

" simplified model of a photon field
" with W target

Daten

D:\..\700icru.dat

Randomseed
1802 9373
Histories
8000000
Punktquelle
0. 0. -1.
Richtung

0. 0. 1.
Elektronen
Energie
10.511
Rechenraum
-20.25 -20.25 -2 20.25 20.25 125
Scoringraum

-20.25 -20.25 100 20.25 20.25 120
VoxelgroBle
0.5 0.5 05
Halbraum
AIR700ICRU
201

rem
rem W Target
Platte
W700ICRU W target
20025 2.5 mm thick
ECUT

4

electron
beam

photon source

Halbraum Water phantom
H20700ICRU at SSD = 100 cm
2 100 1

particlesplitting Variance reduction
100 technique
Histogramm
2 10
Histogramm
2 50
Histogramm
2 90
Histogramm
2 100
Histogramm
2 105
Histogramm
2 110
Histogramm
2 115
Histogramm
2 120

Histograms
along the beam

Histograms
in the water
phantom

electron

W target2.5 mm- - - feps oo oo oo

photon source

_________________________________ | AR PR

WEOOICREL
ECUT = 4.0 ket
PCUT = 0.0 ket

Dichte =0 gfcem

air

water phantom
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Simplified linac photon beam with W target and flattening filter

' Linac photon beam

" simplified model of a photon field
" with W target and flattening filter
Daten

D:\..\700icru.dat

Randomseed

1802 9373

Histories Z axis X,y,Z
8000000 zlrl z212

Punktquelle

0. 0. -1.

Richtung

0. 0. 1.

Elektronen

Energie electron

10.511 beam

Rechenraum

-20.25 -20.25 -2 20.25 20.25 125
Scoringraum

-20.25 -20.25 100 20.25 20.25 120
VoxelgroBe
0.5 0.5 0.5
Halbraum
AIR700ICRU
201

rem
rem W Target
Platte
W700ICRU W target
20025 2.5 mm thick
ECUT

4

photon source

rem

rem Pb Flattening Filter

Kegel
PB700ICRU
2002

2041
Halbraum

AIR700ICRU Air below fft

2 41
Halbraum

H20700ICRU Water phantom
at SSD =100 cm

2 100 1

particlesplitting

100
Histogramm
2 10
Histogramm
2 50
Histogramm
2 90
Histogramm
2 100
Histogramm
2 105
Histogramm
2 110

Histogramm
2 120

Pb Cone flattening

At z1=2n11=0

Z
72 =4 =1

electron beam

W target 2.5 mm

Pb flattening filter

HEERT N
FPEFO0OICRL
ECUT = 0.0 Metf
PCUT = 0.0 Metf
Dichte = 0 gfccm

air
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Linac with W target, flattening filter and divergent collimator

" Linac photon beam

" simplified model of a photon field
with W target, flattening filter

" and collimator
Daten
D:\..\700icru.dat
Randomseed
1802 9373
Histories
14000000
Punktquelle

0. 0. -1.
Richtung

0. 0. 1.
Elektronen
Energie electron
10.511 beam
Rechenraum

0,0,0

2.5,25,50

-20.25 -20.25 -2 20.25 20.25 125

Scoringraum

-20.25 -20.25 100 20.25 20.25 120

VoxelgroBle

0.5 0.5 0.5 80.505 0.5 (for pdd)
Halbraum
AIR700ICRU
201

rem

rem W Target
Platte
W700ICRU W target

20 0.25 2.5 mm thick
ECUT

4

rem Pb Flattening Filter
Kegel

photon source

2.5,-2.5,50

PB700ICRU Pb Cone flattening
2002 filter

2041

Halbraum

AIR700ICRU

241

rem Divergent Pb collimator
Platte
PB700ICRU
2 50 58
ECUT

4

rem Collimator opening
Flidchenobjekt
AIR700ICRU

00 52

6

Wand

2 50 axis U wall coord
Wand
2 58
Flache
000 25 2550 25 -25 50
Fliche

000 25 -2550 -25-25 50
Fldche

000 -25-2550 -25 25 50
Fliche

000 -25 2550 25 2550
Halbraum

H20700ICRU  Water phantom
2 100 1 at SSD =100 cm
particlesplitting

100

Pb collimator
10x10 cm? field
8 cm thick

Histogramm
2 120

x1ylzl x2y22z2 x3y323

electron

beam
W target:2-5-mifr - < ey - - == - on 20

Pb ﬂatteléling filter

................................... P
1

air

Pb collimator

_____________________________________________________________________

watgr phantom

B e e £
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Assignment (08: Photon therapy machines

Photon beams E =10 MV :

1) Simulate: a linac head to produce photon beams in air and impinging on a water
phantom at SSD = 100 cm. Consider first an electron beam hitting a

W target 2.5 mm thick

Analysis: study the photon spectra and profiles at several depths and the depth
dose curve. Discuss the results.

2) Simulate: photon therapy machine as before adding a conical Pb flattening filter
2 cm in height, radius = 1 cm and starting at z =2 cm

Analysis: study the photon spectra and profiles at several depths and the depth
dose curve. Discuss the results.

3) Simulate: photon therapy machine as before adding a divergent Pb collimator at
z = 50 cm and 5x5 ¢cm’ opening

Analysis: study the photon spectra and profiles at several depths and the depth
dose curve. Discuss the results.

Scoring dimensions and voxel size adapted to each case. Enough statistics.
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