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Purpose:
MonteCarlo simulationshavebeenperformedto model thebeamprofiles produced by a two-stage
variable-aperturecollimator installed in a 120 kVp microCT scanner. Thesesimulationswill be
employedassourcemodels for furtherMonteCarlocalculationof dosedeposition in smallanimals
treatedwith image-guidedradiotherapy.

Method and Materials:
The EGS software package (http://www.irs.inms.nrc.ca/EGSnrc/EGSnrc.html) was used as the
simulation engine. A standardspectrumfor a 120 kV x-ray tubeas well as the microCT source-
collimatorgeometry was applied in thecalculation. Theradiationflux passing through themicroCT
isocenter plane was compared with experimental data acquired with the collimator set to
correspondingaperturesizes.

Results:
A MonteCarlo computation considering 108 photons from a 120kVp x-ray completed in 3 minutes
on a 2 GHz computer. A point source model showedthat the two stages of 0.97-cm brass
collimator blockscreate>99%attenuation, suitable for radiotherapy, with theexpecteddodecagonal
beamprofile observed at isocenter. Theseresultswereconfirmed by direct measurement.A point
source model however predicts only 1/3 of the penumbrawidth in the acquired image. A more
sophisticated model considering the 0.3-mm focal spot size of the x-ray tube produced beam
penumbras that agreed with measurement. In this model for a 1 cm aperture, 0.85%of the total
fllux is from scattering, and 70% of the scattering is from the spot area outside the 0.3-mm
diameter.

Conclusion:
Monte Carlo simulation usingthe EGS softwarepackagecanmodel a collimated kV x-ray system
including the x-ray sourceand a newly developedtwo-stagevariable-aperture collimator. In a
reasonablecomputationtime this modelprovides an accurateestimateof the outputof the system
thatwill becritical in performing dosimetriccalculationsand furtherdeveloping thefunctionalityof
this small animal radiotherapysystem.


