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Purpose: To compare and validate Monte Carlo simulationusing the GATE software
with experimental measurementsfor scattered radiation in X-ray conebeam CT breast
imaging . In addition,to determinethe scatterdistributionfor single-order, andmultiple-
orderincoherentandcoherentscatter usingvalidatedMonteCarlo simulation.

Methods: This studyuseda bench-top cone-beamCT breastimaging systemusinga flat-
panel detector. A cylindrical phantom with equivalent composition of 50% fibro-
glandular and 50% adiposetissues was used.Scatter distributions were measuredby
beamstopandaperturemethods.A leadstrip was positionedbetweenthe X-ray source
and the breastphantomin the beam stop method. Its inverseversion was usedin the
aperture method. We computed the scatter contribution in the breast phantom by
subtracting backgroundscatter. The background scatter fraction was measuredwithout
the phantom. The Geant4-based simulation package GATE was usedto model X-ray
photon interactionsin the phantom and detector. Two implementedelectromagnetic
interactions packages, standard and low energymodels, were comparedfor computing
efficiency and physics ingredients. A structuredbreast phantom was used in GATE
simulationsto determinethe characteristics of variousscatter components which cannot
beseparatedin measurements.

Results: Measurementsby the two methodsare consistent within 5% after background
subtraction, andagreewith thelow energy model simulations.A hybrid modelin GATE,
with photoelectricprocessfrom thestandard modelandComptonandRayleighscattering
processes from the low energy model, is computationally efficient while maintaining
physicsaccuracy.The GATE simulations in the Bakic phantom showthat the multiple-
order scatter distribution, as well as single-order Compton scatter, has predominantly
low-frequencycharacteristics. Single-order Rayleigh scatter was observed to be the
primarycontribution to thespatially variant scattercomponent.


