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Purpose:
Strayradiation exposuresareof concernfor patientsreceiving proton radiotherapyandvary stronglywith severaltreatmentfactors
such as proton energy, field sizeandmodulation width. Thepurposesof this studywereto conservativelyestimate neutronexposures
for a contemporarypassivescatteringprotontreatmentunit andto understandhowtheyvary with treatment factors.

Method and Materials:
We simulatedall 24 options (eachrangemodulatorandsecondscatterercombination is accountedfor oneoption)for a passive
scatteringprotontherapy unit with MCNPX. Spectralneutron fluencefrom simulationswasthenconvertedto neutron dose
equivalent usingcorresponding doseconversion factors. We studiedthe neutrondoseequivalentpertherapeutic absorbeddose(H/D)
asa function of treatmentfactorsincludingprotonenergy, location in thetreatment room,treatmentfield size,andspread-out Bragg
peak (SOBP)width usingMonteCarlo simulation.

Results:
TheH/D valueat isocenterfor a 250-MeV mediumfield size option wasestimatedto be20 mSv Gy-1. H/D decreasedto about 20%
from 250 Mev to 160MeV. H/D fell off sharplywith distancefrom thetreatment unit, approximately following a powerlaw; H/D was
about 10%higherfor a largefield option thana mediumfield optionfor thesameenergy. H//D almost doubled whenSOBPwidth
wasincreasedfrom a pristinepeak to 16 cm.An analytical model wasdeveloped,which predictedH/D valueswithin 28%of those
obtainedin simulations;this value is within typicalneutron measurement uncertainties.

Conclusion:
Theresults quantified howtreatmentfactorsinfluenceH/D values. Thein-air methodwith a closedaperturepresentedhereprovidesa
simple and straightforward approachthatcouldbeadoptedfor facilit y inter-comparisons.In addition,ananalyticalmodelwas
developedto quickly estimateH/D values.
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