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Objective: To simulate using GEANT4 the interaction of 250 MeV protons in water to determinethe neutron yield and angular
distribution usingvarioushadronic interaction processes.

Materials and Methods: A cylindrical waterphantom(length=40 cm,diameter=40 cm,density= 1 g/cm3,meanexcitation energy =
75 eV) is surroundedby a spherical shell, that consists of 18 detectors, each of which covers 10 degreein theta. In Geant4,
electromagnetic energylossfor hadrons andleptonsarecategorizedaseither “standard”or “l ow energy” processes.The low energy
processis usedto extenddown particle interactions with energiesbelow thestandardprocess(for example:Protons1 keV, electrons
andphotons250eV). Therangecut for both low energy andstandard processis loweredfrom thedefault valueof 10-3 m to 1.5x10-5 
m to improve the accuracyof simulation. In the case of HI, elastic processesfor protonsarecalculatedby G4LEpp andGHEISHA-
style G4LElastic;whereasthe inelastic processesfor proton and neutron arecalculatedby G4PreCompoundModel below 170 MeV,
andG4CascadeInterface above 150 MeV; andfor neutronalsoby G4NeutronHPorLEInelasticModel. The neutron elasticprocessis
calculated using G4NeutronHPorLEModel for energy greater than 4 eV. When the neutron energy is lower than 4 eV,
G4NeutronHPThermalScatteringData is used. Thesimulationsarecarriedout using1 million incidentpencil beamproton.

Results: Neutronfluences per incident proton as a function of thetaaredetermined. Basedon hadronic processbeing usedin the
calculation,thetotalnumberof neutronsperincident protonthatreachall eighteenthetadetectorsrangesfrom 0.124to 0.243.

Conclusions:Our results show that thehadronicprocessesindeedplay a critical role for GEANT4 simulations. We recommendthat
carefulselection of physicsprocessesfor particleinteraction is essential in orderto interpretrealisticallysimulatedresults.


