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Purpose: Intensity modulated proton radiotherapycan reducethe doseto the critical structuresby optimizing the distribution and
intensty of the individual percil beams Howe\er, the finite size of a pencil beamand the scatteringin air degradethe lateral

penumbrain the patent, which could beinferior to the perumbraof a collim ated scatterecbeam. In this studywe comparethe lateral

penumbra of a pendl beamto the one of a collimatedbroaddivergentbeam suchasthe oneproducedby a doublescatering system,
for differentair gaps,rangecompenstor (RC) thicknessesndpencl beamsize(ay).

Method and Materi als: The penunbra of the collimated broaddivergen protonbeamhasbeen modeledusingthe generalized-ermi

Eygestheory. The model was validated with measuremats of the lateral profile in water. We analyzed24Q0 treatrrent fields to

establié typical clinicd bean configurations sud asair gap, RC-thicknessand collimator-to-patientdistanceg(CSD), which we used
to predict the penumiva (80% - 20%).

Results: The model predictsthe penumbrawith aaccurecy of 0.3mm. The perumbra of a pencil beamat shallowdeph is in gened

inferior to the penumbraof a collimatedbeambut is superor at largerdepths The penumbreaequivalentdeph (PED) exhibits a small
dependenceon the proton range,but it is stronglyaffectedby the CSD. For CSD 10cm, RC-thicknes 6cm,andSSD 210cm,PED is
11cmfor op=5mm.

Conclusion: Given the source size and sourcepostion the mockl allows to predictthe lateral perumbraof a doublescattenng system
with good accurcy. Typicdly, for the configuraton considerd, for protonrangeslargerthan 11cmthe pencil beampenumba is
superior to thecollimatedone. The inferiority at shallowdepthcanbe conpenstedwith a collimationof the scanningbeam.



