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Purpose: Thepurpose of this work wasto determine which components alongthe central axisof a passivebeamdelivery systemfor
protontherapycontributesthemostto theproduction of secondaryneutrons.

Method and Materials: In this work a passivebeam delivery system was modeledbasedon the MD AndersonCancerCenter
treatment nozzle. We performedMonte Carlo simulations with Los Alamos codeMCNPX. In thesesimulations a 200 MeV proton
beamis shaped by a rotationalmodulator wheel(RMW), a secondary scattererand by a collimating systemincludinga variable snout.
Cylindrical volumes were placedalong the beam central axis to determine the radial distribution of the neutrons produced.The
volumeswere madeof concentric cylinderswith radiusrangingfrom 50 mm to 20 mm. The volumeswereplacedaftertheRMW, the
secondary scatterer,before and after the snout.The neutronflux andenergy spectraweredeterminedfor eachvolumeradii and for
threetreatmentvolumes.

Results: After the RMW the neutron flux was higher for all treatment volumesdiminishing as the distance along the central axis
increased. Theflux increasedslightly just before thefinal snoutfor thesmaller field sizesindicatinga backscattercontribution asthe
proton beam is finally collimated. At the end of the nozzle the flux was lower than after the RMW. The larger neutron flux with
energiesrangingfrom 130MeV to almost200MeV wasfoundat smaller radii. As theradialdistanceincreased theflux of energetic
neutronsdiminished.

Conclusion: We found that theRMW wasthemajor sourceof neutronsin the treatmentnozzle.The flux diminishedasthe distance
increasedindicating a 1/r2 dependency. The other shaping components contribute to the neutron productionbut it is difficult to
differentiatebetweencontributorsaftertheRMW.


