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Purpose:
Scannedion beamtherapyof intra-fractionallymoving targetsrequiresmotion mitigationto preventdeteriorationsof thedelivered
doses dueto interplay. A beamtracking systemwasdevelopedandexperiments with variousdetectorswereperformedto assess
systemperformance.
Method and Materials:
Tracking of moving targets with scannedion beams requiressimultaneouslateralandlongitudinalrangeadaptationof pencil beam
positions.Lateralbeam tracking is achieveddirectly with thebeamscanning system.Longitudinaltrackingis performed with a
dedicatedenergymodulation systemconsisting of fast, motorizedabsorberwedges.In experimentswith radiographic films, a range
telescope, andan arrayof pin-point ionization chambersin a waterphantom, the precisionof lateral, longitudinal,and3D motion
compensation wasmeasured.Motion wasinducedlaterallyby a sliding tableandlongitudinallyby ramp-shapedabsorbers.Motion
detection wasperformed with a laser-triangulation sensor. Experimentaltrackingdatawerecomparedto resultsof measurementswith
stationary detectorsystems.Films were analyzedwith respectto geometrical shapeaswell asmean,minimum,andmaximum
response level within thetargetregion.Ionization chamberdata wereanalyzedfor differentvolumesof thesetup.Analysisof range
telescopedatafocusedon Bragg-peakshapesandranges.
Results:
Film analysis yieldedconservationof geometrical shapeandresponses(mean±SD,minimum,maximum)of (0.276±0.010,0.241,
0.288)and (0.275±0.007,0.252,0.284)for stationaryirradiation and trackingrespectively.Within thetarget volume,ionization
chamber datawith beamtracking deviatedfrom stationaryirradiationby 0.3± 1.5%with -2.7%minimumand3.7%maximum
deviation. TheBragg peak rangefor trackingdeviated by lessthan 0.25mm water-equivalent from thestationaryreference.
Conclusion:
Thetracking systemfor scannedion beamssuccessfully restoreddosedistributionsfor moving targetsby adapting individual Bragg
peaks during irradiationsin quasi realtime.
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