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An Overview of the EGS4 system

The EGS4 system is a Monte Carlo computer
simulation program package.

- PEGSH is a standalang program 1o g acrale materal Cross-scctinn
and other dita used for partxcle (ranspon

- {her subroutines (SHOWER, ciw.) can be cubled fram a user-
wrkiea programs (2 user ¢ode) o simulaie the traaspon of the
radiation particles

- A user code lakes care ol the simuelaion geametry, scoring
quantilies and data analysis

ELECTRON GAMMA SHOWER

{Stanford Linear Accelerator Center)

MAIN PROGRAM

HOWFAR [{AUSGAB| } User

Cuode
HATCH | SHOWER I 1
Electrons: Photons:

Muitiple scattering || Compton

Maotler Photoelectric

CROSS SECTION DATA Bhabha Pair production i

Bremsstrahlung Rayleigh |

Basic aspects of the EGS4
Monte Carlo radiation transport

* Particle transport

N, = 84,

avet

Ny = - IR, § = - A, IR

* Particle interaction

Fi(k) = {0,+0,+...6 /G, F(k}<R<F(k}

Random Number Generators

The linear congruential random number generators
(LCRNG): 1, = a(l, +c) modulus 2*

- aisthe “multipiicr”, ¢ 18 the “increment” and ks the number of
hils 1 the iniegers of Lhe computer

The multiplicative congruentiai random number
generators (MCRNG)Y: I, = a1 modulus 2¢

— The RNG used in EGS4 is a = 663608341 and k = 32 wilh s
sequence lengih of about |07




|
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Scoring quantities of interest

The absorbed dose = ZE/m

- E, is the energy depasiied by the particle | in a voxel and 17 is 1he
maa of the voxel

The particle fuence = Xs/V

— §;ishe track lenths of the panicle i in a voxel and Vis the volume
of Lhe voxck

Tagging a history using LATCH

Variance reduction techniques

The efficiency of a Monte Carlo calculation
can be estimated by

e=IH{oIT)

where T is the computation time to obtain a
variance estimate G2

Photon interaction forcing

Force to interact in a phantom
N, = - In[1-R[1-eM]]
My is the thickness of the phaniom i prumber of mean free paths
The new weighting factor; W'= W{ ] -g™1}
Force to interact in a region of a phantom
Ny=M, - In{I-R[1-eMu-Mu)]}

My, i the number ol miean Iree paths 1o the ncar boundary of the
region amd My, 10 the Tar houndary of the regien.

The new weighting factor; W'= W{gMu .g"Muy

Exponential Transform

Bias the sampling procedure to interact in the
regions of interest
N,=-BInR
3= 1/(1-Ccos)
Cis defined by the user, @ the photon angle wrt the
direction of interest

The new weighting factor: W'= W[ g-NCond

C < ¢ smaller ¥ tor surface problem
0 < C < 1 :larger N, for shietding problem

Electron Range rejection

Range rejection:
- Discard an electron if its residual range is smaller the
distance to the nearest boundary
Region Rejection:
- Discard an electronf its energy 15 smaller than the

energy cutoff (ECUT) for a region, which is “far” away
from the region of interest.

Correlated Sampling

Sharing same particle tracks:

- same geometry for several simulations
Sharing same random number sequence:
- different geometry for several simulations

Repeating particle tracks:

- several tracks for the same simulation (displacement.
rotation, streiching )




Implementation of EGS4

Generate the PEGS4 data

- Use consistent dats For the simulation

Write the main program
- Inpul beam and pronwetry data
- Call HATCH ti nditann crivss-scehon data
- Call SHOWER 11 gencrate mstorics
— Writc HOWFAR 1 handle peametry amd boundary crossmg

Write AUSGAB 10 scor quanintics of interest
- Analyse resulis and oulpal

Some Important EGS4 Parameters

AE, AP

- Thresheld encrgy Tor §-say and hremsstrahlung gencration
ECUT, PCUT

- Encrgy cusalTs fur clectron and phodon transpon
ESTEPE

- Maximum (ractional cnergy luss per eleciron siep
TMAX

- Upper linnt an ciectran step size {in cm)

Some EGS4 User Codes

DOSRZ
- duse ciukoulanen i cybindoegb-planar geongetry
FLURZ
fluence cadeslabion in eyhadtal-planar geomenry
CAVRZ
dose caleulation i cyladned-planar geonwetry
DOS™ETER

dose valcwlation i evimdrcal-planadrrectangular geonictry

The OMEGA/BEAM system

The BEAM script
-t build and coompile EGSS user codes tor linie simuiation
The BEAM proper and Component Modules
Putldeny hlocks to form EGS4 user codes
DOSXYZ
- dose caloulatien o Y rechoear geometry ST phandann
BEAMDY, STATDOSE, beam_gui, xyz_gui

- wbliy sobtwarre Tor davs infoupuel nd analysis

OMEGA BEAM SYSTEM

NAZD Datara Univerty o MLOne, MAchson

SCANHTRONIX PHILIPS




ELECTRON BEAMS
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PHOTON BEAM TRANSVERSE DOSE PROFILES
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Web Site on EGS4 system

EGS Web page

RiLp:fehasun dhl povAcgsicps hind
EGS4 download site
- Unix: hipfwwow amsanims nre cafinms/icd/EGS4get egsd byl
C htpifiwww. penkorp/nuvd

M hipesfensson bl gavicgs/epublapfyn JKta T bl
- PO ip Hebssan] b gpovipublicie dstdiegsape sp

BEAM home page
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