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Purpose

Thepurposeof this work is to generate accuraterange-energyandrange-density tablesfor therapeutic protonsusing Monte Carlosimulation in
waterphantom.

Method and Material

The percentage depth doseand the depth peakdosewas calculatedusing Monte Carlo simulation for protons. The simulationwas based on
MonteCarlo code,MCNPX in waterphantom with protons energy ranging from 40 MeV increasingby 10 to 250 MeV. The calculationof the
three dimension dosematrix was performed usinga 2 x 2 x 1 mm^3 voxelsin thedepth peakrangein waterphantom.Thepencilbeamwasused
and thesourcewasuniformly distributedin areawith beamdiameteras20 mm. A 3,000,000historywas usedin eachindividual simulation with
uncertainty controlledless than1.0%.

Results

Thetotal 22 datapointsof simulateddepthpeakwerecompared to two widely usedprotonrange-energy tablesfrom InternationalCommission
on Radiological Units and Measurements(ICRU) Report 49 andfrom Data NuclearDataTables(DNDT). Thesimulatedrange-energycurve
matchesverywell with ICRU andDNDT with coefficient of determination equalto 1. Thedifferenceof thesimulation andmeasurementsis
1.17%at maximumand 0.70% at averagecomparedto ICRU,1.15%and0.37%comparedto DNDT respectively.Therelation of range-density
wasdetermined with waterdensity ranging from 0.4to 2.0 g/cm̂ 3.Theexponential relationof range-density givesverycloselymatched
estimation to thesimulatedvalue with thecoefficient of determination as0.9999.

Conclusion

Thesimulatedprotonrange-energy matchesvery well to two widely usedmeasurements.TheaccurateMonteCarlosimulation provides a close
benchmarkfor existedmeasurements.The simulation offers thechanceto replacethe infinite experimentsfor eachdetailedenergy anddensity.
Thesimulation alsoexpandsthefeasibility of accurate simulation in heterogeneity.


