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•• Why sourcemodelingfor MCTPWhy source modelingfor MCTP

•• A multiple sourcemodelA multiple sourcemodel

•• Electron beammodeling and commissioningElectron beammodeling and commissioning

•• Photon beam modeling commissioningPhoton beammodeling commissioning

MC dosecalculation
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How to Obtain Beam Phase SpaceHow to Obtain Beam Phase Space
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Beam ModelsBeam Models vsvs Phase SpacePhase Space

•• Beammodels are basedon goodunderstanding of phaseBeammodelsare basedon goodunderstanding of phase

spacerepresentation and reconstructionspacerepresentation and reconstruction

•• Beammodels can bemore computationally efficientBeammodelscan bemore computationally efficient

•• Beammodels require lessstoragespaceBeammodelsrequire lessstoragespace

•• Beammodels are easierto commissionand implementBeammodelsare easierto commissionand implement

clinicallyclinically

•• Individual linaccomponentsareIndividual linac componentsare

consideredassubconsideredas sub--sourcessources

•• EachsubEachsub--sourcehas its own energysourcehasits own energy

and fluencedistributionsand fluence distributions

•• Angularcorrelation is retainedAngular correlation is retained

A Mul tiple Source ModelA Mul tiple Source Model

Ma et al MedPhys(1993,1994);Ma et al NRCC/PIRS-0509C (1995); Ma (1998)

•• Virtual point sourceVi rtual point source

•• Rings/conesfor primaryRings/cones for primary
coll imatorcollimator

•• Parallelbarsfor secondaryParallelbarsfor secondary
coll imatorcollimator

•• Rectangularsources forRectangularsourcesfor
applicatorapplicator

•• Planesourcesfor mirror,Planesources for mirror,
monitor chamber,monitor chamber, etc.etc.

SubSub --source typ essource types
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•• model1model1: a monoenergeticelectron point source: a monoenergetic electron point source

•• model2model2: electronpoint source+ energy spectrum: electronpoint source+ energyspectrum

•• model3model3: electronpoint source+ energy spectrum: electronpoint source+ energyspectrum

+ beampro+ beamprofil efile

•• model4model4: a multiplesourcemodel: a multiplesourcemodel

How many sourc es are enough?How many sourc es are enough ?
-- an example:a 2100C electron beaman example: a 2100C electron beam

CM Ma, BA Faddegon,DWO Rogers and TR Mackie1997Med. Phys.47(3):401-416

6 MeV6 MeV 18 MeV18 MeV

A point source + spectrum + profileA point source+ spectrum + profile ⇒⇒⇒⇒⇒⇒⇒⇒ 22--5% accuracy5% accuracy

Electron BeamModelingElectron BeamModeling
photon point source

electron point source

fluencescoring plane

electron square ring source

electron square ring source

A fourA four --source model for Varian 2100Csourcemodel for Varian 2100C

Jianget al Med.Phys.(1999)27: 180-191;Denget al Proc. ICCR(2000)



4

Linacs of the Same ModelLina cs of the Same Model

Ma (1998);Jianget al Med.Phys.(2000)27: 180-191

A test of the commissioning approachA test of the commissioning approach

• Referencebeam: Ein=12.0 MeV

to match

• BeamA: Ein=9.0 MeV (simulated)

• BeamB: Ein=15.0MeV (simulated)

• BeamC: publisheddata (nominal 12 MeV?)

Match Different EnergiesMatch Dif ferent Energies
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Match Unknown Dose DistributionsMatch Unknown Dose Dist ribution s
Advantages of Measure mentAdvan tages of Measurem ent --BasedBased

Source Modelin g and Beam CommissioningSource Modeli ng and Beam Commissioning

Lessdependenton preciseknowledge of linac geometryLessdependent on preciseknowledgeof linac geometry

• Fluencedist.ensuredby profile measurement

• Energyspectraensuredby depthdosemeasurement

• Angulardist.ensuredby source geometry (model)

• Beamoutputensuredby direct measurement

Photon Beam Modeling andPhoton Beam Modeling and
CommissioningCommissioning

A Thr eeA Three--SourceModel forSourceModel for
Clin ical Photon BeamsClin ical Photon Beams

• Point/extendedsourcefor primaryphotons

• extrafocal sourcefor scatteredphotons

• extended sourcefor contaminantelectrons

Jiang et al Med.Phys.(2001)28: 55-66; Li et al (2002)



6

collimator

samplingplanesampling plane

primar y point sourcepr imary point source

extrafocal sourceextrafocal source

extendedelectron sourceextendedelectron source

Photon energyspectraPhoton energy spectra

PrePre--calculatedMonoenergeticPDDcalculated MonoenergeticPDD
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AssumptionsforAssumptions for ExtrafocalExtrafocal SourceSource

• Thesourceplaneemitsphotons
isotropicallyover anangle.

collimator

isocenterplaneisocenter plane

extraf ocal sourceextraf ocal source

detectordetector
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Var iation of headscatter factor due toVar iation of headscatter factor due to
monitor chamber backscattermonitor chamber backscatter

• Resultsof this model
1.2% for 6 MV

1.6% for 15 MV

• Measuredresultsfrom Yu et al
(Phys.Med.Biol. (1996) 41:1107-1117)

1.2± 0.3% for 6 MV

1.8± 0.3% for 15 MV

Determi nation of ElectronDetermination of Electron
Energy SpectrumEnergy Spectrum

• CalculatetheCAX electronfluenceasa function of
field size usingFermi-Eygestheory

• Fit with themeasured CAX electron surface dose

• Recent improvementfor contaminantelectronsby Yang
et at (PhysMed Biol, 200449: 2657-73)

MeasuredMeasured vsvs MC Reconstructed Dose Distribution sMC Reconstructed Dose Distribution s

Yanget al, PhysMedBiol (2004)49: 2657-73

6 MV
40cmx40cm

18 MV
40cmx40cm
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SummarySummary

• An accuratesourcemodelcanbebuilt basedon
thesimulatedphasespacedata

• Measurement-based source modeling andbeam
commissioning is moresuitable for widespread
application

• Themultiplesourcemodel hasbeenprovento
beaccurateandpractical for clinical
implementation
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