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Multi -elementdetector arrayswereconstructedto characterizethepropertiesof active
wobbling andenergy-stacking protonbeam commissioning. A multi-layerionization
chamber(MLIC) arraymeasureddepthdoses, and a multi-padionization chamber
(MPIC) arraymeasuredlateralprofiles.TheMLIC consists of 122chamberswith
1.82mmspatialresolutionandhas aneffectivephysical density about60%thatof water.
TheMPIC consists of 128chambers arranged in two 38cm long orthogonallines with
spatialresolution of 5mm within 10cmradiusand 7mmoutwardly. During performance
testson theMLIC andMPIC, goodcollectionefficiencywith superiorreproducibilit y
andlinearitywereachieved.Therelative variationon thesensitivity for each individual
chamberwascarefullycalibratedbefore use for protonbeamcharacterization. The
relatively small chargecollection area(6mm in diameter) and volume(0.3cm3) of each
chamberhasa well guardedleadandallows oneto study theeffect of field sizeon depth
dose distributionsfor fields of approximately 2 cm to 10 cm in diameter.TheMLIC is
calibratedusinga pristineprotonbeam with range27cmin water.To calibratethelarge
dimensionalMPIC, uniform lateral dosedistributionsin water within 1% weregenerated.
Analytical functionswereappliedto fit measured depthdoseandlateraldistributionsin
waterduringthecalibrations.With propercalibrations,theuncertainties of measured
depthdoses andlateral profiles with thesemulti-element detector arrayswerewithin 1%
with respectto onesmeasured point by point with anion chamberin a water phantom.
Significanttime savingsfor beam measurementswerethusachieved.


