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Purpose:Theshort-lived radioisotopes,mainly 11C, 13N and15O producedduringproton
therapyallow imaging of threedimensionalin-vivo activity distributionusing positron
emissiontomography(PET). In our previousstudywe exploredthepossibilityof
reconstructingin-vivo absolutedosedistributionusingPETimaging information.
Developedmathematical modelrequires theknowledgeof thepositronemitters’
matrix ( ),k iN E∆ r% , which can eitherbepre-calculated usingMonteCarlomethod(time-

consumingbut easilydone)or calculatedanalytically (time-efficient, but requiressome
abstractrepresentations). Thepurposeof this studyis to developananalyticalmodelfor
thecalculation of thepositronemitters’kernelswhich would significantly speedup the
dose reconstructionprocedure.

Method and Materials: Thepositronemitters’matrix/kernel is calculatedvia the energy
integration of thegiven nuclear activation cross sectionwith theprotonenergyfluence
spectrumat positionr . Theprotonenergyfluencespectrumin turn is foundfrom the
solutionto theBoltzmann kinetic equation.

Results: As a first step, thecalculatedprotonenergyfluencespectrafor differentinitial
protonenergieshavebeencompared to those obtainedfrom Fluka simulationsat different
spatial pointsr . An excellent agreementbetweenbothapproachesis found.In the second
step,thenuclearactivation crosssectionsfor productionof different specieshave been
integratedwith theprotonenergy fluenceto obtain thepositronemitters’ kernel. In the
final third step,thepositron emitters’ kernel is usedto calculatetheactivity distribution
andcompareit to that simulated usingFlukaMC code. An excellentagreementbetween
theresultsof analytical calculationsand computersimulationsis also found.

Conclusions: Thedevelopedanalytical approachoffers significant improvement in time
efficiency for theproblemof dosereconstruction from themeasuredPETdistribution. It
constitutesa necessarystepforward neededfor practical applicationof this imaging
modalityin in-vivo protonbeamdosimetry.


