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Purpose:
Neutronproduction is of principal concern in shieldingof proton therapyunits.Conventionally, neutron calculationsarebasedon the

analytical methods, which donot take theactualbeam shapingcomponentsandthenozzle shieldinginto account. Thegoalof this

studywasto calculateneutronspectral fluenceproduced at a passive scatteringproton treatmentunit with detailedMonte Carlo

modeling and to estimate thecorrespondingneutron doseequivalentandshielding requirementsat variousanglesrelativeto thebeam

direction.

Method and Materials:

We modeled all keycomponents in thenozzle includinga rangemodulator,scatter, rangeshifterand aperturefor a passive scattering

protontherapyunit with MCNPX. We simulatedthe spectralneutron fluencesat differentanglesanddistancesaroundthenozzle.The

neutron spectral fluenceswerethenconverted to neutrondoseequivalent usingconversionfactorsfrom International Committeeof

Radiological Protection(ICRP)Publication 74. Based on theneutrondoseequivalentandspectral fluence,theshielding requirements

for walls facing thebeamandparallel to thebeamwereassessed.

Results:

Thespectralneutron fluence varied significantly with anglerelativeto thebeam. High energy neutronswere forwardpeakedand

decreasedwith increasing angle. Low energyneutronsdid not change muchwith angle. Neutrondoseequivalentin treatmentroom

did not changesignificantly with angle,but moreshielding wasrequiredfor thewall facingthebeamthanotherwalls becausethe

high energyneutronswere greatestatzerodegrees.

Conclusion:

Theneutron spectralfluencefrom protontherapy unitschanges significantly with anglerelativeto thebeamdirection.Comparedto

the analytical methods, MonteCarlo simulatedresults provideda moreaccurateestimationof theneutronangulardistribution for

shielding design.
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