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Purpose: Neutronsarea byproduct of high-energy radiotherapy.Althoughtheseneutronshavebeenstudiedthoroughlyin air, litt le
work hasbeendoneto study theseneutronsat depth in thepatient. This studyevaluatesthefluence,energy, andaveragequali ty factor
of neutronsasa functionof depth in water.

Method and Materials: MCNPX wasusedto developa MonteCarlo modelof a Varian2100accelerator operatedat 18-MV. This
modelwas usedto calculatethe neutron fluenceandenergyspectrain air andat depthsin waterbetween0.5cmand19.5cm.The
quality factor wasalsodetermined,basedon thecalculatedspectrumandmono-energetic quality factors andkermafactors.

Results:Comparedto the fluencein air, thepresence of a phantom led to an increasein thefluencedueto increasedscatter.At
increasingdepthin thephantom,thefluenceremainednearlyconstantuntil a depthof 3.5cm andthendecreasedat deeperdepths.
Theaverageneutron energy decreaseduntil approximately 7.5 cm depth and then remainednearlyconstantat deeper depths.The
quality factordecreasedfrom 16.7 (at 0.5cm depth) to 13.9at (19.5cm depth).The percentdepthdoseequivalentcurvegeneratedby
theneutronspectra producedby a medical acceleratorwasfoundto bedifferentfrom a previouslypublishedpercent depthdose
equivalent curve generatedby mono-energeticneutronsof thesameaverageenergy.Usingmono-energetic neutronsoverestimatedthe
doseequivalentby up to 20% and underestimatedthedoseequivalentby up to a factorof 3 at deepdepths.

Conclusion: Theneutron fluence andspectrumchangedsubstantially with depth,asdid theneutronquality factor.Therefore,when
theneutrondoseequivalentin a patient is being evaluated,it is necessaryto evaluatetheneutron spectrumandquality factorat the
relevantdepth.


