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Purpose:
Neutronproductonis of principal concem in shieldingof proton therapyunits. Conventionally neuton calculatonsarebasedn the

analytial methodswhich do not take theactualbean shapingcomporentsandthe nozZe shieldinginto account Thegoalof this
studywasto calculateneutronspectal fluenceproducel at a passie scattemg proton treatmentnit with detailedMonte Carlo
modelirg and to estimate the correspondig neuton doseequivalentandshelding requrementsat variousangdesrelativeto thebeam

direction.

Method and Materials:

We modéded all key componets in thenozzk includinga range modulator,scater, rangeshifterand apetture for a pas$ve scattering
protontherapyunit with MCNPX. We simulatedthe spectraihettron fluencesat differentanglesanddistarcesaroundthe nozzle. The
neutron spectal fluenceswerethenconvered to neutrondoseequivalert using conversiorfactorsfrom Internatima Committeeof
Radiolgyical Protection(ICRP) Publication 74. Based on the neutrondaseequivalentandspeetral fluence the shielding requirements

for wall s facing thebeamandparallel to the beamwereassessed

Results:

Thespectralneuton fluene varied significantly with anglerelativeto thebeam High enegy neuronswere forward peakedand
decreagdwith increasng angle. Low energyneutrongdid not chang muchwith angle. Neutrondoseequivalentin treatmentoom
did not changesignificantly with angk, but moreshelding wasrequiredfor thewall facingthe beamthanotherwalls becausehe

high energyneutronswere greatesat zerodegres.

Conclusion:
Theneuron spectrafluercefrom protontheragy unitschangs significantly with anglerelativeto thebeamdirection. Comparedo
the analytical methods Monte Carlo simulatedresuls provideda moreaccurateestimationof the neutronangulardistribution for

shieldirg design.

Conlflict of Interest (only if applicable):



