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Beam Models vs Phase Space

Beammodelsare basedon goodunderstanding of phase
spacerepresentation and reconstruction

Beammodelscan be more computationally efficient
Beammodelsrequire lessstoragespace

Beammodelsare easierto commissionand implement
clinically
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A Multiple Source Model

Individual linac componentgre
consideredhs subrsources

Eachsubsaurcehasits own energy
and fluence distributions

Angula correldion is retained

Maetal Med Phys(1993,894); Ma et al NRCC/PIRS0509C (19%); Ma (1998)

Sub-source types

Virtual point source
Rings/cone for primary
collimator

Parallelbarsfor secondary
collimator
Rectingularsourcesfor
applicator

Plare source for mirror,
moritor chamler, etc.




How many sourc es are enough ?
- an exampe: a 2100C eledron beam

: amonoerergetic electron point source

: electronpoint saurce+ energyspe¢rum

: electronpoint saurce+ energyspe¢rum
+ beamprdfile

: amultiple sourcemodé

CM Ma, BA FaddegonDWO Roges and TR Mackie 1997 Med Phys.47(3):401:416

Electron BeamModeling

A point source+ spectrum + profile = 2-5% accuracy

A four-sou cemodelfor Varian 2100C

phobn point source

electron point souce

electon squae ring souce

elecron squae ring souce

fluencescoring plane

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



Linacs of the Same Model

20 MeV slectron beam from 2100 with 646 cone (SSD=120 ¢m)
=

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

Match Different Energies

A test of the commissionng approach

Referencébeam Ein=120 MeV

H to match

BeamA: Ein=9.0 MeV (simulated)

BeamB: Ein=15.0MeV (smulated)
BeamC: publisheddaa (nomnal 12 MeV?)




Match Unknown Dose Distribution s

Photon Beam Modeling and
Commissoning

Advantages of Measurem ent-Based
Source Modeling and Beam Commissioning

Fluencedist. ensuredy profile measurement
Energyspectraemsuredby depthdosemeasuremen
Angulardist. ensuredy soure geometry (model)

Beamoutputensuredy dired measuremen

A ThreeSourceModel for
Clinical Photon Beams

Pdnt/extendedsource for primary photons
extrafocal sourcefor scattereghotons

extendead sourcefor contaminanelectrons

Jiarg etal Med. Phys(2001)28: 55-66; Li etal (2002)



Photon erergy spectra

6 MV photon energy spectrum
extrafocal source T A e
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Mean energy versus off-axis distance for a 6 MV beam Relative planar fluence versus off-axis distance for 6 MV beam
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Assumpions for Extrafocal Souce

The sourceplaneemitsphotons
isotropicallyover anangle.
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Detemination of Electron
Energy Spectrum

Calcuatethe CAX electronfluenceasa function of
field size usingFermiEygestheory

Fit with themeasurd CAX electon surfae dose

Recen improvementfor contaminantlectronsy Yang
etat(PhysMed Biol, 200449: 265773)

Variation of headscatta factor dueto
monitor chamber backscatter

Resultsof this model

1.2% for 6 MV

1.6% for 15 MV
Meagsiredresultsfrom Yu etal
(Phys.Med.Biol. (1996) 41:1107-1117)

1.2+ 0.3% for 6 MV

1.840.3% for 15 MV

Measured vs MC Reconstructed Dose Distribution s

Yanget al, PhysMed Biol (2004)49: 2657-73
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