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Monte Carlo —

A Statistical Calculation,
problem solving
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Monte Carlo - & Calculation

Calculation of  using the Monte Carlo method
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Calculation of &t using the Monte Carlo method — cont.
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Sales Forecast Monte Carlo Simulation

Monte Carlo —

Sales Forecast

Monte Carlo in Radiation Physics

Monte Carlo modeling of particle transport
problems in medical and radiation physics
gives more advantages than other
techniques.

T — Experiments can be done without setting up
the physical situation, and results of some

Monte Carlo in Radiation PhySiCS “impossible” experiments can be obtained.

e.g. scoring the numbers of created particles
or calculating the relative OPFs of narrow

, beams. Y
Determine by Random Numbers ? Radiation Interactions
Before Interaction s A
Position ? (X,Y,Z)
Moving Direction ? (U,V,W) ®

Energy ? (E)
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After Interaction / Next Step
Position ? (X,Y,Z) % —
Moving Direction ? (U,V,W) i T
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Photon or Charge Particle Energy Deposition (EDEP)
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Disadvantage of Monte Carlo Technique

AP

History Runs ~ 1000000

Application: Radiation Protection
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Application: Linear Accelerator Simulation
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Application: Radiosurgery

Co-60

Gamma beam

Application: Radiosurgery (Gamma Knife)
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Application: Radiosurgery (X-Knife)

Dose close to plati i for the 4, 6, and 10 MV
stereotactic radiosurgery

Joel Y. C. Cheung
Broin Conre, Canosss Hospial, 1 W Peak Rood Hong Korg
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Medical Physics Unit, Departmens of Clinical Oncolugs: Qucen Mary Hespiial, Hong: Kong
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Application: CT Simulation

“Do Loop” for rotation

Application: CT Simulation

“Do Loop” for rotation CT x-ray source

3 Generation CT

Application: DRR Simulation

X-ray source

Scoring Voxel

31 Generation CT ®
Application: CT Simulation
“Do Loop” for rotation CT x-ray source
|
31 Generation CT Image ! z
Application: DRR Simulation
x-ray source




Application: Radiography
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Health Physics:

October 2007 - Volume 93 - Issue 4 - pp 267-272
doi: 10.1097/01HP.0000264450 81683 51

Paper

THE CALCULATION OF DOSE ENHANCEMENT CLOSE TO PLATINUM
IMPLANTS FOR SKULL RADIOGRAPHY

Cheung, Joel Y.C.*; Tang, Fuk-hay™
Abstract

Materials with high atomic numbers experience the occurrence of the photoelectric effsct
when they are imadiated by low energy photans. A shori range dose enhancement, due to the
dominant photaelectric eflect, close to platinum implants (Z = 78) in diagnostic radiography
cannot be easily measured experimentally. The enhanced dose may increase the risk for
adverse health effects from cancer or may damage vital brain structures close to the high
atomic number implants. In the present work, Mante Carlo simulation using the LSCAT
version of PRESTA EGS4 was employed to investigate the resulting dose enhancements. The
results show that the highest estimated dose enhancement of 79% for brain tissues close to
platinum implants was calculated for 65 KV x-ray energy and 180% for 120 KV x-ray energy.

©2007Health Physics Society 2

Application: Brachytherapy Source

-

Application: Brachytherapy Source

Phys. Mol Dol 421957 401406 st i the UK PIL 03131557883

The dose distribution close to an "Ir wire source: EGS4
Monte Carlo calculations
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The Electron-dose Distribution Surrounding
An "Ir Wire Brachytherapy Source
Investigated using EGS4 Simulations and
GafChromic™ Film
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Monte Carlo Packages

Monte Carlo packages

The availability of standardized Monte Carlo packages such
as:

*EGS4 : EGSNRC / EGS5
*BEAM

*ETRAN/ITS

*PENELOPE

*MCNP

*GEANT

along with the development of more powerful and inexpensive
computers has allowed more widespread use of the
technique.

EGS4 — Electron Gamma

Shower
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EGS4 (Electron Gamma Shower) code http://rewww.kek jp/research/egs/

‘Welcome to the Electron Gamma Shower (EGS) Web
Page

Standford Linear Accelerator Center
- by Nelson, Harayama and Rogers.

/ Energy < 100keV/

d Information

http://rewww kek.jp/research/egs/egsS.html

http://rewww .kek.jp/research/egs/epub.html

Wxe WA Mt 2 o @ ST
T o
% o a4

§ ~ EGSS Web Page

EGS
Manuals i AN
and Other | § coburresin
Documents I T =
H
i [ ey
slecr-265-2%
s haleThing.pct s
o
e
..... .
i

® R0 WA »
http://irs.inms.nrc.ca/

Poll e S

Official reles

EGSnrc Code —




3/7/2016

013 NRC Canada
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Baksu | Fortran 77 Introductory Course

Fortran Compilers —

Pseudorandom Number Generators

A review of pseudorandom number generat,

F. James
CERN, CH-1211 Geneva 13, Switzeriand

Received 2 May 1590

Pseudorandom Number
Generators




Pseudorandom Number Generators

F. James / A review of pseudorandom mumber generators )

Table 2
Properties of some Pseudorandom Number Generators

Generator Randomness. Porability Approx Needed 0 Needed 1o Disjoint
penod initialize restart equences.
[wa) [wd) 00, X length
poor 10° 1 1 sequential _
none 10'% z 2 sequential
good 10 2 2 (10° x10%)
good. 10 1 100 10° x10*
0™ 1 25 10° x 10"

wvenieatly.

3/7/2016

EGS4 Code

EGS4 Structure

User Code
Egs Code

EGS4 Distribution / Fortran Compiler

EGS4 folders on PC

Main folder

IEGS4
|C)MORTRANS
IC)PEGS4
FlsoatTim.exe
[=)4paTTIMFOR
[FleatcH.Bat

[£) COMPILER. TXT
|#]o1R.LST

[£] FORTRAN.TXT
¥ \READEGS.DOC
=) READMEOR..DIE
[] sTEPS.TXT

Converting code into Fortran

Creating material file(s) for radiation interaction

—
Local Disk (C:) »
Bumn New folder
Name 2 Date
1 autorun.inf 6/23
| bogm? 6/25/
|, GRAPHPAP 6/20,
|. HEN_HOUSE /23
J. inetpub 9712,
B 1 Intel 1277,
L mu 6/20,
1. My Documents 11/20
Perflogs 1714/
J. Program Files 9/16/,
. Proaram Files (A6Y 12m
EGS4 - Main Folder
|)APPENDIX [Hecnsvimor  [SIwF.eaT [=) ranmar REA
| BENCHMRK [Hepeser.mor  [HNRCCAMACMOR [ Srerz.mor
I)D0SRZ = ecs4.moR [FnrRccauxMorR [ SRCSPH.MOR
|C)ESPECT [ ecseeLok.mor  [FnRCCAUXP.MOR  [F]STDCONF.BAT
ICIEXAMIN [Flecs<env.BaT  [FNTALLY.MOR [=) TRacemac.mOR
ICIEXAMPLES [Fecsamacmor [ pLanEs.MoR
IINHOM [TIEGSINTER.BAT &) PRESTA.MAC
{2 INHOMP [= emF_macs.mor [ presta.mor
ICATUTOR =) ensrc.mor = PRITER .MOR
L ™cHeck77.6x  [H)EPSFRES.MOR [ HRANMAR.INI
(= cHEck77.MOR  [FlEX.BAT &) RANMAR MAC
S cvnDrRMOR [ GEOMAUX.MOR [ RANMAR. MIN
[ E_X_FIX.MAC O MACHINE.MAC I RANMAR.MS




Mortran or Fortran
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2.8 Iteration . . 12
2.9 Operator ... .. e 13
2.10 Techniques for the ng Out” Code .13

2.10.1 NONGENERATE command . .. ............. .. 13
2.11 Control Command for Mortran, FORTRAN Lists Output . . . . . ... . . Y
l—  2.12 Errors related to Mortran and how to fix them . .. ................ 15
3 Advanced Mortran 16
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3.1.1 Definition of Macros . ... .... F -]
32 Macros inEGS4MAC . . . . . ... .. .......... e S G ¢ 17
321 PARANETER BMINCEOB  oo% 3w s £06 sbiiians v S5 Wi am awis 4197

3/7/2016

User Code: Tutorl.mor

2 Ednpad Lite [i]i=1(c3]
e Gt ok g G Yow teb

Dk &- IRRD Y WT L4 @

User Code: CALL SHOWER

DO J=1,1000000 [

CALL SHOWER

— ]

(IQIN,EIN,XIN,YIN,ZIN,UIN,VIN,WIN,IRIN,WTIN)

User Code: HOWFAR

SUBROUTINE HOWFAR,;
COMIN/EPCONT,PLADTA,STACK/;

IRL=IR(NP); "SET LOCAL VARIABLE"

IF(IRL.NE.2) [IDISC=1; "TERMINATE THIS HISTORY"|
ELSE [
$PLAN2P(IRL,IRL+1,1,IRL-1,IRL-1,-1);

]

RETURN;
END;" END OF SUBROUTINE HOWFAR

User Code: AUSGAB

SUBROUTINE AUSGAB(IARG);
COMIN/EPCONT,SCORE,STACK,GEOM/;

IF

(IARG.LE.3) [

ESCORE(ITEMP1)=ESCORE(ITEMP1)+EDEP;]

]

RETURN;END;"END OF AUSGAB"

Compiling a Tutor Code




3/7/2016

Folder Content

HEN_HOUSE » EGS4 » TUTOR

HOWFAR (Tutorl)

i st

iith » Burn New folder B
= Name g Date medified Type
pegsd.dat
|_] TUTORL.MOR
=| | Tutora.mOR
TUTOR3.MOR
TUTOR4.MOR
B || TUTORS.MOR
] TUTOR6.MOR
TUTOR7.MOR
i i -
User Code: Tutorl.mor
ot e et
POE YRT L L@
LA mED) ¥ only 1 medium in the problem(default 10) '"
SEPLACE (PED) BITH (3] ronly 3 pecemrcie ropions (defaste 20090 o

P
P
N
~
N
r— SE
Y
£
W picrosottw .
ek
P2l wicrosott powerpoint 2010 »
=
¥ wicrsonicei 10 »
1
s Music
§) Paint ¥
2 Gomes
J cetingStanea »
- Computer
Windows Media Center
Control Panel
| Cateulator
= Devices and Printers
Sticky Notes
Defoutt Programs
:& Snipping Tool
Help and Support
> AllPrograms
ed 7 e
58

Setup Enviroment

labe 1
FB6D-

BATCH.BAT
bhyte
free

[C=\HEN_HOUSE>batch_

C:\cd hen_house

187,29/1988

|8?,29,1988
07/29/1988
63,083/1997

Mortran to Fortran and Compile

Uolume Serial Number i
Directory of C:\HEN_HOUS

<DIR>
<DIR>

12/19/2814
12/19/2014
T ;

@8.,/81/1988

]
HE®EW®R-I-L0®

10



Execute Tutorl
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[E=mrE

C;\Mndwsw -

Compiling

iCould Not Flnd C \HEN HOUSE\E'..S%\TUTOR\,*anm tjoh.»

Results of Tutorl

aﬁ_CNdemMﬂwﬂamBmeime

START HISTORY

START HISTORY

START HISTORY

START HISTORY
START HISTORY

Assignment #1: Al attenuation coefficient

Ht

Assignment #1: al.inp

| alinp

ELEM

&INP &END
AL

AL

ENER

&INP AE=0.512,UE=20.511,AP=.001,UP=20 &END
TEST

&INP &END

WLF

&INP &END

DECK

&INP &END

b5y
4

Assignment #1: Energy Cut Off

UP / UE (at PEGS)

PCUT / ECUT (at User Code)

AP/ AE (at PEGS)

Assignment #1: aluminum data file

mwﬁﬁ

&

BN C:\Windows\system32\cmd.exe

E—

4

6.616 HRHEPEGS BAT
...kM‘J PE! BAT

s> ,665
8 Dirds 436,2‘.‘!5.667.?12 hyteu free

\HEN_HOUSENPEGS4>pegsdb al.

11
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Assignment #1: al.dat

HEN_HOUSE » PEGSI » < | ¢ J] search PeGsa

b4 Share with v Burn New folder =« A
*  Name . Date modified Type
.. DAT 6/25/201412:58 PM  File foli
J ESP 8/19/2014 3:37 PM File fol
|| SMORTJOB.FOR £/19/2014 3:51 PM FOR Fil
lel L SMORTJOB.LST 8/19/2014351PM  LSTFile
| Smortjob.mor 8/19/20143:51PM  MORF
[Jaldst €— 12/22/2014 4:48PM  DATFil
| al.err 12/22/2014 4:48 PM  ERR Filu
[ alinp € 12/19/2014 433PM  INP File
| aldog 12/22/2014 4:43PM  Text Dc
L aldst 12/22/2014 4:48 PM  LST File
L] alpit 12/22/2014 4:48 PM  PLT Filh

- i

PEGS4 - Template

HEN_HOUSE » PEGS4 »

der
Name Date
||| P4AICOMP.INP 9/19/
|| PAIELEM.INP 9719/
L] | PAIMIXT.INP 9/19/
__| STEELINP 9/28/
| tainp 12/19
|| userinp 12/19
|| SMORTJOB.LST 87197

Mixture / Compound

MIXT
&INP NE=7,RHO=2.26,RH0Z=49.83,1.71,4.56,31.58,1.92,8.26,1.22 END
CONCRETE
O NA AL SI K CAFE
ENER
&INP AE=1.5,UE=100000,AP=.1,UP=100000 &END
TEST
&INP  BEND
PULF
ravaae] L pacome-we |
DECK COMP
AT RINP NE=2,RHO=1.8,PZ=2,1 &END
WATER H20
H O
ENER
&INP AE=1.5,UE=100000,AP=.1,UP=108000 SEND
TEST
&INP  &END
PHLF
&INP REND
DECK
&INP REND 9

Steel

|| STEELINP

MIXT -
&INP NE=2,RHO=7.7796,RH0Z=12.0,88.2 &END
STEEL

CR FE

ENER

&INP AE=0.515,UE=1.411,AP=.0@5,UP=0.90@ &END
TEST

&INP &END

PWLF

[~ &INP &END

DECK

&INP &END

Assignment #1: Result

ln[—" = ut
I

1,=1000000

1=438007

t=5cm

u=0.165104 cm-' (ref 0.165942 cm-")

Broad Beam p= ?

Assignment #2: Al Bremsstrahlung Spectrum

12



Assignment #2: Results
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Assignment #3: Linac PDD Calculation
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3 The Meaning of the Main Variables used in EGS4
The varisbles used in EGS4 and their APPENDIX 2 of SLAC-265.
ve which are toce Sode are as follows:
COMMON/STAGK
XQuP), YQIF), ZQP)  Position of & partick
UOIP) | VOIP)) WQNP)  Dircetional aosines of a partice.
wraie) Stutistical weight of the current particle (default=1.0).
EaiP) Total energy in MoV
1aeiP) Tobuger chat
IR(NPY Tndex of
comman /mounDs
EcuT Array of regions’ charged particle © T energios
in
in MoV,
e tranported.
s %
o varinbles and transforrod
: Integ 5
5 ek Lectine oppdd : Index of & soures part dont region
wrz  Statistical welght of & source particle
Assignment # 3: Results
Wan ee " POt - Mo e T i
WER - - rims teme O e e Tm c@cwn
y : & gl
-9 - - N 7 7 I e s R |
St
<ootans
ss0s
3006403 ¥
2soas
[r—
e
Lsoas
.
S0z
e
B % B e % w
=] 7
ot}

e
\\
‘\\\
W 2
Depth cm
7
Assignment # 3: IARG
Table 1(a) Value for IARG and corresponding situation.
IARG TAUSFL Situation
0 1 A particle is going to be transported by distance TVSTEF.
1 2 A particle is going to discarded because its energy
is below the cutoff ECUT (for charged particles)
or PCUT (for photons)—but its energy is larger
than the corresponding PEGS cutoff AE or AP, respectively.
2 3 A particle is going to be discarded because its energy
is below both ECUT and AE (or PCUT and AP).
3 4 A partick is going to be discarded because a user
__ requested it (in HOWFAR usually).
4 5 A photoelectric interaction has occurred and either:
a) the energy of the incident photon was below
the K-edge binding energy and it is going to
be discarded, or
b) a (fuorescent) photon is going to be discarded
with the K-edge binding energy. 76
) KEX Lecture ep.pot
1
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