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Purpose:

The purposeof this investigationis to characterize the kilovoltagex-ray beamsproducedby an
on-boardimagerintegratedinto a linearacceleratorfor image-guidedradiationtherapy.

Method and Mater ials:

The Monte Carlo codesBEAMnrc/EGSnrc were used to study the characteristics of kV beams
and the properties of photons scattered by the imaged target. The x-ray tube is capableof
generating photonspectrawith kVp valuesbetween40 and 125 kV. The Monte Carlo results
were benchmarkedagainst measurementsand excellent agreements were obtained. The
investigationincludes the effect of including the electron impactionization(EII) and the
simulationshowedthat thecharacteristicradiationis increasedsignificantly in theenergy
spectrawhenEII is included.

Results:

The study found that the total spectrum of all photons including primary and scattered after
passing throughthe phantom is not muchdifferent from that of original x-ray beamsdueto the
competing factors of beamhardeningandscattering. Howeverthereis a significant differencein
the spectra andangulardistributions betweenscatteredandprimary photons. Resultsshow both
the magnitudeand the characteristics of scatteredx-rays. The study also presents the photon
fluence distributionsandspectraof x-ray beams with openand two typesof Bow-Tie filters used
for acquiring cone-beamCT images.

Conclusion:

The results indicatethat the combinationof large cone-beamfield size and large imagedtarget
significantly increasesscatter-to-primary ratiosfor photons that reachthe detector panel.For 10
cm, 20 cm and30 cm thick waterphantoms placedat the isocenter, the scatter-to-primary ratios
are0.94,3.0 and7.6 respectivelyfor anopen125kVp CBCT beam.TheMonteCarlo simulation
has provided quantitative data showing that the amount of scatter increaseswith the imaged
volumeand this also appliesto scatter-to-primary ratios.


