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Purpose: To useMonteCarlo simulationsto characterizethedesignandperformanceof a nanotechnology-basedhigh spatialand
temporal resolution small animal micro-RT system.

Method and Materials: Theproposedmicro-RT systemusescarbonnanotube field emissiontechnologyto producearraysof
individually andelectronicallycontrollablex-raypixelsthatcanform spatiallyandtemporally high resolutionmodulatedirradiation.
Combinedwith theexisting carbon-nanotube field emissionmicro-CT, thefuture micro-CT-RT systempromises a high spatialand
temporal resolution image-guidedirradiationsystemidealfor smallanimal research. Prospectivedesignsfor themicro-RT system
wereevaluatedusingEGSnrc-basedMonte Carlosimulations. Designaspects studiedincluded:1) x-rayanodedesign,2) collimator
design,and3) dosimetricconsiderations, includingdoserate,inhomogeneity corrections, andtheoverlap effect of adjacentpixel
beams.

Results: Anodestudiesindicatethat reflective andtransmission targetdesignsproducesimilardosimetric properties, finding dose
ratesof 40 cGy/min/mA/pixel areachievableat isocenter (10 cm SAD) for 2 mm x 2 mm pixelsin a 3 cm diametermousemodel. For
beamenergiesof 80-100kV, photonsbelow 20 keV mustbefilteredout to eliminateexcessive surfacedosefor themousemodel.
This filtration canbeachievedusing a tungstentransmissiontarget26 µm thick or a 2.5mm Al filter with thereflectivetarget. Dose
overlap betweenadjacentx-raypixelsproduceshigh or low dosespotsfor a singlebeamarraydirection. Whenopposingbeampair
configurationsareused,thedoseinhomogeneity is reducedto negligible levelsnearisocenterand20%nearthesurface.

Conclusion: MonteCarlo simulation studiesareinstrumentalto thedevelopmentof a novelmicro-RT system. Theyareusedto
evaluateperformanceon differentsystemdesigns withoutthecost of prototypefabrication. TheMonteCarlo studyverified basic
dosimetricfeaturesof theintendedmicro-RT design.


