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Purpose:
A beamtrackingsystemfor scannedion beamswas developedto compensateintrafractionalmotion.A novelmethodto calculate
biologically effectivedoses for chargedparticles(especially carbonions) in thepresenceof motion wasimplementedand
experimentallyvalidated.

Method and Materials:
Thetracking systemadaptspencil beampositionsaccordingto targetmotion in quasirealtime.Lateralpositionadaptationis
performedwith thebeam scanning system, longitudinalrangecompensation with a dedicatedenergymodulation systemthatincludes
absorber material of adjustable thickness.To validatethecalculation of biologically effectivedosedistributionsin thepresenceof
motion,a medium-filled containerwith Chinesehamsterovarycells wasirradiatedon a sliding table(3D biologicaldosimetry).Cell
survival wasmeasuredfor threeirradiation schemes: 1. stationarytarget, 2.moving targetwithouttracking,3. moving targetwith
tracking. Measuredcell survival was convertedto biologicallyeffective dosesandcomparedto calculations.Furthermore,
measurements of thestationary setupand trackingirradiation under motion werecompareddirectly to validatethefunctionality of the
beamtracking system.

Results:
Theaveragerelativedifferencesbetweenmeasuredandcalculated biologicallyeffectivedosesD (Dcalc/Dmeas-1) in thetargetareawere
-5%±9%, 5%±9%and-6%±8%for the stationary,moving targetandtracking irradiation,respectively. Differencesbetween
calculationsandmeasurementswere comparable to relative variationsin biologically effective dosesof theexperimentaldataof 11%
(individual measurements).The differencebetweenstationaryandtracking irradiation(1-Dcomp/Dstat) was6%±9%.

Conclusion:
Theperformanceof thebeam tracking system wassuccesfully validatedwith 3D biologicaldosimetry by cell survival measurements.
Resultsof thenovelmethodto calculate biologcially effective dose distributionsarein goodagreementwith measureddata.
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