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Purpose: To createa new methodologyfor dosecomputationsapplicableto general
medicalphysicsapplications,based upon a directdeterministic solutionof the(3-D)
Boltzmanntransportequation(BTE).

Method and Materials: Using the multigroup discrete ordinates (SN) deterministic
method in the PENTRAN-MP (Parallel Environment Neutral-particle TRANsport-
Medical Physics)code system, fluxes and correspondingdoseswere determinedfor a
clinical test caseusing a UF Series B whole-body voxelizedpediatric patientphantom.
With a 90 keV planarx-ray source, we performedtwo setsof transportcalculationsbased
on thesamephantommodel,employingboththe MonteCarlo (MC) andSN methods.SN

calculationswereperformed usingPENTRAN, andthe MCNP5 codewasusedfor MC
calculations.Post processing in the PENTRAN-MP code system includes seamless
parallel dataextractionusing the PENDATA code,followed by applicationof the 3D-
DOSE codeto computedosein each phantomvoxel, with dose-volume histograms for
critical organsof interest.

Results: We demonstrate thatthedeterministicSN andMC solutionsare, in thevicinity
of the sourceregion,completely in agreement; thelargest statistical error of theMC
simulationwas<5%, typically averaging <2%. Moreover, thedeterministicSN method
alsoprovidedglobally converged resultsin each voxel at sitesdistalto thesource(in ~3
hrs on 16 processors), where theMC resultson thesamecomputingplatform had
significantout of field error, andwould require a significantly longer running time
(estimatedat >2000hrs) to produce meaningfulresultswith anacceptable stochasticerror
to enablecomparisonwith thewell-converged SN results.

Conclusions: A newmethodologyfor 3D dosecalculations has beendevelopedbased
on a parallel discreteordinates(SN) solution of theBTE. With theproper discretization
applied, the SN methodpresentsan accurate, fast solution yielding a complete3-D dose
distribution without stochasticerror.


