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Comte du Buffon (1777): needle tossing experiment to
calculate w

Laplace (1886): random points in a rectangle to calculate =

Fermi (1930): random method to calculate the properties of the
newly discovered neutron

Manhattan project (40’s): simulations during the initial
development of thermonuclear weapons. von Neumann and
Ulam coined the term “Monte Carlo”

[ Exponential growth with the availability of digital computers |

Berger (1963): first complete coupled electron-photon transport
code that became known as ETRAN

[Exponential growth in Medical Physics since the 80’s|
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Clinac 2100C
9 MeV electrons

PET :positron
emission tomography

Why Call It Monte Carlo?

Bremsstrahlung

Annihilation

Sieberset al (2005)
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Exit
Terminate | the geometry
history

Sample arandom distance to
the next interaction from a pdf

Transport the particle to
the interaction site taking into
account geometry constraints

Select the scattering
angle from a pdf and
change the direction

Select the interaction type: Scattering
absorption or scattering?

Absorption

Terminate history Kawrakow
AAPM Summer School (2006)




General Purpose Monte Carlo Codes

=T + 0, +K, .. +0
:utotal photo comp pair Rayl EGS4

P=P+P +P.+P =1 Developed at SLAC/KEK/NRC
# ‘ e IR Maintained at KEK and SLAC

http://rewww.kek.jp/research/egs/
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EGS5
Developed at KEK/U Michigan/SLAC
http://rewww.kek.j p/research/egs/egss.html

EGSnrc
Developed and maintained at NRC
http://www.irs.inms.nrc.calEGSnrc/EGSnrc.html

General Purpose Monte Carlo Codes (cont.)
MCNP Try a hand calculation
Developed and maintained at LANL Monte Carlo!

http://menp-green.lanl.gov/index.html

PENELOPE HirayamaH and Namito Y 2001 Lecture notes
Developed and maintained at U Barcelona of radiation transport calculation by Monte
http://www.nea fr/abs/html/nea-1525.html (NEA) Carlo method High Energy Accelerator

Research Organization Report KEK Internal

Geant4 2000-20 (Tsukuba, |baraki, Japan: KEK)
Developed and maintained by alarge collaboration
in the high energy physics community
http://geant4.web.cern.ch/geant4/

An extensivereview isin

Andreo P 1999 Monte Carlo techniques
in medical radiation physics Phys. Med.
Biol. 36 861-920
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Monte Carlo

Zaidi H 1999 Relevance of accurate
Monte Carlo modeling in nuclear medical
imaging Med. Phys. 26 574-608

Distribution of the various orders of
scattered and nonscattered photons
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Kojimaet al Med Phys (1993)

Spatial distribution of absorbed energy due to
scattered quanta for mammographic x-rays
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Doi and Chan Radiology (1980)

Monte Carlo

Pharmacokinetics pathway
& molecular target
Dosimetry — >

- Tracer
Nuclear medicine X
instrumentation ——————————————— | +——————— Dead time corrections

Sensitivity————*  «———————— Dataacquisition protocol

Image data acquisition
Scatter correction ——  «————— Attenuation correction

Image reconstruction ———————— | ¢+—————— Partial volume
effects correction

Image processing

Kinetic analysis
Compartment modeling ——— >  +——— Statistical analysis

Functional image
Zaidi Med Phys (1999)
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Chan H and Doi K 1988 Monte Carlo simulation
in diagnostic radiology Monte Carlo Smulation in
the Radiological Sciences, ed R L Morin (Boca
Raton, FL, USA: CRC Press) pp 103-92

/

scatter-to-primary

Monte Carlo

Voxel phantom

cal MIRD phantom (FAX, Kramer et al 2004)




Monte Carlo Useful Reviews

MaC-M and Jiang S B 1999 Monte Carlo modelling of electron beams from medical
accelerators Phys. Med. Biol. 44 R157-R189

Mackie T R 1990 Applications of the Monte Carlo method in radiotherapy The
Dosimetry of lonizing Radiation vol 3, ed K Kase et al (New York, NY, USA:
Academic) pp 541-620

Mohan R 1997 Why Monte Carlo? Proc. 12th Int. Conf. on the Use of Computersin
Radiation Therapy (ICCR) (Salt Lake City, UT, USA), ed D D Leavitt and G
Starkschall (Madison, Wi, USA: Medical Physics Publishing) pp 16-8

Rogers D W O 2002 Monte Carlo techniques in radiotherapy Phy. Canada 58 63-70

Verhaegen F and Seuntjens J 2003 Monte Carlo modelling of external radiotherapy
photon beams Phys. Med. Biol. 48 R107-R164

Williamson J F 1988 Monte Carlo simulation of photon transport phenomena:
sampling techniques Monte Carlo Smulation in the Radiological Sciences, ed R
L Morin (Boca Raton, FL, USA: CRC Press) pp 53-101
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Williamson Med Phys (1991)
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EGS4/BEAM Code Current Status of Monte Carlo Treatment
Planning (MCTP) for Megavoltage Photons

General purpose Monte = == “ Am
Carlo simulation system for Aﬁaccli_imlc MCTP systems MCNP
i i ELECTRON GAMMA SHOWER S —
modeling radiotherapy ; verm nvmmeace: McGill U (MMCTP) EGSnrc + XVYMC

sources | s = U Michigan (RT_DPM) DPM
=—

Originally developed in the MSKCC EGS4
OMEGA project (NRC-UW- Stanford U/FCCC (MCDOSE, MCSIM) EGS4

Ottawa Cancer Clinic \li T(_inngcen D) >E<\(gl\s/|§
llaboration irginia Commonweal
collaboration) \ Kyoto U/Osaka U (MCRTV) EGS4

The current version is

EGSnrcMP/BEAMnrcMP < “Commercial” MCTP systems
NOMOS (PEREGRINE with the CORVUS TPS)

ﬁt\:a!I/?Ne at y B e = CMS and Elekta (XVMC)
p://Www.Irs.Inms.nrc.c Nucletron (VMC++)
BEAM/beamhome.html ADAC (DPM)
etc...




Kyoto U/Osaka U
Monte Carlo System: MCRTV

Commercial TPS
(Varian Eclipse)

Patient-dependent
portion of the
treatment head

Monte Carlo

Monte Carlo output

(garbage in, garbage out: GIGO!)
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