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MC simulations 1

» Simulations of stochastic processes

» Interactions are stochastic: the path of a single
ionizing particle may not be predicted

» Interactions are quantified by probabilities (cross
sections)

* Random numbers and cross sections may be used to
simulate single events

» Better than analytical methods, but requires CPU-
time




MC simulations 2

» Photons give rise to electrons and vice versa;
coupled energy transport

* Analytic methods are suboptimal for:
— Modeling of scatter
— Generating electron- and photon spectra
— Modeling interface effects

— Calculating energy dependence of dosimeter
response
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Photon MC

Description of photons and

! their energy depositions:
. Position
Pathlength
Depends on photon

Interaction energy
Secondary photon?
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1: Draw two random numbers; 0<R<1
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Photon pathlength

e Photon attenuation:
N =Ny_e™
» Describes the number of photons at depth z —is a
type of frequency distribution:

f(z)=Ce* , [f(z)dz=1= C=p
0

K 1
=|zf(2)dz==
= (z) E[Z (z)dz .

» Expected pathlength: 1/u
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Photon interaction point 1

* At what depth does an event (interaction) take place?
* Need a cumulative distribution with respect to depth:

F(2) = [f(2)dz = [pe*dz =1
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Photon interaction point 2

« Draw a random number R; — what is the
corresponding pathlenght for this photon?

F(z)=R =1-e" = e =1-R
__In1-R)
' 7

F(z)

Example: R,=0.6 — z,=18.3 cm
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Pathlength sampling

» Sampled pathlength of 1000 photons (1 MeV):
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Interaction sampling

* What interaction occur at given depth?
» Total probability:
W=T+0g+0+K

* Probability for e.g. Compton scatter:

_ (e}
pCompton -

« Draw random number:
R, — Compton scatter R, — Pair production
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Sampling of scattered photons

* Is the photon scattered? In what direction?
» Angular distribution follows Compton cross section:

« Compton distribution has _ _
. . Normalized scattering angle
no analytic cumulative

e Must draw two
random numbers

Probability

(1R, rejected
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Sampling Compton scatter
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Electron MC 1

» Simulations of electrons and positrons are more
complicated

A 0.5 MeV electron interacts ~10000 times when
slowing down to 1 keV in aluminium!

* Number of calculations — «

* Macroscopic Monte Carlo: Evaluate the electron
after a given steplength — several interactions
included in one step (simulations of every
interaction: microscopic Monte Carlo)
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Electron MC 2

» Relative energy loss

per step, n-
Tk+1 T _£

n ) Tk Tk
« T, electron energy in
interaction point k
e nissetby user
— may be sampled: n’=nR

o Step length: As=n T

=
dX k,k+1
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Electron MC, example

e 18 MeV electrons in water/bone
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 EGSnrc is a widely used MC code for e.g.
simulations of photon- and electron beams

o Complicated programming, but simplified,
user-friendly interface available: egs_inprz

http://www.irs.inms.nrc.ca/inms/irs/EGSnrc/EGSnrc.html
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EGSnrc/DOSRZ
 DOSRZ: MC in cylindrical geometry
C

C=1,P=1
C=2,P=1
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DOSRZ

e The user sets:

Phantom geometry

Radiation type- and energy (or spectrum)
Source (parallel beam, point source, ...)
Number of "histories”, i.e. number of particles
Some MC parameters

ralet - Radiumhospitalet

10



DOSRZ

* The user sets:
— Phantom geometry
— Radiation type- and energy (or spectrum)
— Source (parallel beam, point source, ...)
— Number of "histories”, i.e. number of particles
— Some MC parameters

Some important parameters

o ECUT: lower limit for electron transport (includes
rest mass of 0.511 MeV)

* PCUT: lower limit for photon transport

* AE: lower limit for generation of electrons

* AP: lower limit for generation of photons

* AE and AP is medium specific and must be set in
PEGS (see below)
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Directories

All codes found\ User area
here B3 HEN_HOUSE T aiEss
1 adrwin E-(3) EGS_HOME
B bin . - bin
Manuals — 120 data If DOSRZ is executed, 0 cavranre
TR data are place here -3 cavsphrve
) gnu T B3 dosranec
Windows interfaces___—» 0 o A edkare
{2 install_status ) examin
1) Inkerface . . B3 Fluranre
B ib User made medium files___y (5 pegss
120 lcenses should be placed here - spreanrc
22 makefiles -2 tutort
-2 martran3 {23 tuterte
Medium data > () pegst 2 tuter2
) pieces {2 tutorze
1) previewrz -3 tutors
~{3) scripts {20 tukor4
1) specs 23 tutordc
i spertra 120 tutars
Elec:ron and photon =g B s
spectra FE3) user_rodes -2 tutar?
—7 -4 utils

DOSRZ etc.
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Interface

ERIEMY_ddeqsing] GIT Ioe BZ FGSOAC ser codes, Copyright 7003 NEC Canada
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T =P Sninct EGSme umer code Targnit Uses ende ana P dota aiea - oy
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I FLURZree  chan 4] i
&)
|npUt file N | EGSere inpus e name ["egaing]
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Interface

(L2 _id.egsing ] LU for B2 LiSnac user codes. Copyright 2003 SRC Canads

”long”: most relevant Geveral | 110 connol | Mrte Cake | Geomety | Cnvts

iwatch "on™: all Ee
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--------------------- T ol colcudabion
b of Pt S [ "
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maan CFU boces oo ET T —
atatistical accusacy sought: 0.0000
Initial random .. Fandm Hussber sizsion
numbers T e |

What should be -
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Interface

B2 [EMY_ahLegsings ] G fur BZ FGSnre user codes, Cogryright 2003 MLC Canada =lol x|

Arrangement of Germrd | 1D corvol | Morke Colo | Geommty | Covty | Source | Tromwoont Parometes | 7
regions N Mk gt
Zethorrises [0
i s >
Distance from source -----7"""% derciptinty [ 7]
to first slab
medum [#etz [oiez [stan B [nepR [=
_______ L [wRs21CRY 1 1 1
Number of slabs 2 HADS2NICAU E 1 2
i 3
and thickness o
=T s 1
Cylinders :
and radius B B
—
-0
PPt 1
. . . 12 -
Medium in each region =l
Eocie | ez | g | goneke | s | pa | we | sbes |

Interface

S [EMY_shLegvings ] GUIT e RZ FGSnre user comhes, Copryright 2003 NRE Canada

Type of particle Gereudl | 170 contiol | MorinCoio | Geomety | Covty | Souce |nmvmu | i

Provide spectrum
(found under ---

7= - - pSipeciu e name
HENHOUSE\ e
spectra )
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frmcuin | | Bn | e | swe | pa | b e |
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Interface
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Output - *.egsgph (with IWATCH=graph)

pq r X y z E

1 ] 1 2 0. 0000000 0. 10000000

1 1] 1.86895864 0.10000000

2 1 1.88595864 0.52920

2 -1 1.868%5864 0. 20

2 1 1.8855864 0,52920631

1 0 1.8895864 0.81773069E-01
1 o 1.823 0.81773069E-01
2 -1 1. ] 06915

2 1 2345552 1. 0.5230691%

2 -1 23455852 1. 0.5 06915

1 o 3.2345552 1.8 0.696%3251E-01
1 ] 0408600 2 0.69633251E-01
2 1 0405600 0.51507270

2 -1 0408600 0.51507270

2 1 2 0408600 0.51507270

1 ] 2 =7.7017622 =3. 0408600 0.656099

1 a 2 -9.9838972 -0.41123173 0.656099

1 (1] 2 =9.983897 0.41123173 0.656099

1 o 2 -9.9838972 -0.41123173 0.656099

1 o 1 -9.9919167 0.40155202 0.65609927E-01
0 0 0 0.0000000 0.0000000 0.000 0.0000000 1
1 o 2=-0.81262147 1.4711231 0. 0000000 0.10000000

1 0 -1.47 31 0.17595443 0.10000000

2 1 1 11231 0.17595443 0.

2 -1 -1. 31 0.17595443 0

2 1 1.4711231 1] 555443 0.

1 ] -1. 31 0.17595443 0.

1 1] 1 -7.7556510 [ 55 0.52070326 0.83314358E-01

p: particle q: charge r:region Xx:Xx-coord E=energy
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Output - *.egslst

T Hedger Ve Settim foma iy

ai i TR S L L]

16



Output - *.egslst

T Hedger Ve Settim foma iy

Dizla) SRy a) w | %

Cylinders

Planes
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Output - *.egslst
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Plane number «—|
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PEGS

* Preprocessor for EGS

* Medium definition is performed in PEGS

» Have to set AE og AP, in addition to UE og UP
(upper limit for for electron- and photon energy)
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PEGS

. . - =lojx|
Give medium composition
Provide name of = i ez |
subbstance s
¥ ICRU densty conesbon
¥ I mdiive ttopping power
¥ Inchue Raylegh data
™ Mo & gas
Density correction
file R
& Deraty comachion e
Lower limit for Losk i [ oGSt [ = |
generationof .| .| ée""?“‘” — _
secondary " o :‘ wl = :|
photons (AP) or —
electrons (AE) i .:.:. .
T e e
File name ------—""""7" |
ek i | sty
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