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density heterogeneities and the influence of multiple Coulomb and nuclear scatterings
on the Bragg peak distal falloff
Purpose: To investigatethe proton beamenergy and angular spectra downstreamof density
heterogeneities andthe influenceof multiple Coulomb scattering (MCS) and nuclearscattering
(NS) on the Braggpeakdistal falloff. Method and Materials: The investigation wasperformed
using Monte Carlo (MC) simulations with MCNPX. Six geometries including a homogeneous
slab of boneand five dif ferent heterogeneities were studied. The contribution of MCS and NS
processeson the energy and angular spectra,and distal falloff width was investigatedusing
different physics options in the simulations including: i) MCS and NS processes turned on; ii)
MCS turnedoff andNS turned on; iii) MCS turned on andNS turned off; andiv) MCS and NS
turnedoff. Results: The distal falloff width shows an increasefor all the heterogeneitieswhen
compared to the homogeneousgeometry. Using dif ferent physics options it was confirmed that
MCS is the main processthat leadsto the increase in the distal falloff width. On one hand, the
contribution of MCS in the distal falloff width dependson the heterogeneity.On the otherhand,
thecontribution of NS hasonly a smalldependenceon the heterogeneity.Theshapeof theenergy
andangularspectrashows a strong dependenceon the geometry.Conclusion: It is confirmedthat
the degradation of the Braggpeakandconsequent increase of the distal falloff width is mainly
due to MCS processoccurringin the heterogeneities. Further analysis showed that NS process
contributes to about 5 % of the distal falloff width and has only small dependence on
heterogeneity. A correlationbetweenthedistal falloff widths andthe shapeof the energy spectra
is found. It is proposeda methodology basedon the shapeof the energy spectra to predict the
distal falloff width for simpleheterogeneities.


