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Purpose: To improve the performance of Monte Carlo dosecalculation for photonbeams, a kerma-dose
hybrid dosecalculation schemeis introducedin this work.
Material and methods: Due to the high scoring efficiency of kerma, the statistical uncertainty of kerma
can be reduced to a lower level than for dosewith the samenumberof histories. However, kermaonly
equals dosein regionswherechargedparticle equilibrium (CPE) exists.Our approachis to first determine
the regionswhereCPEexists andthenreplacethe doseby kerma to improve statistical accuracy in these
voxels.To perform this hybrid kerma-dosecalculation, the kermaand the energy imbalance function are
simultaneouslyrecordedfor eachvoxel at the time of dosecalculation. The energyimbalance function (Q)
is definedasQ=Σi Ei–Σj (edepj) , whereEi is the initial energy of the i-th chargedparticlestartingits track
in the voxel and edepj is the energy deposited by the j-th chargedparticle passingthroughthis voxel. In a
voxel whereCPEexists,Q shouldbecloseto zero. In thecurrent work, doseis replacedby kermain voxels
whereQ is lessthan10%of kerma.
Results: Calculations were done in a multi -layer slab geometry and a CT voxel phantom. In both
geometries,the resultsshow that the energy imbalance function is sufficiently sensitive to distinguish
regions where CPE exists. The replacementof dose by kerma significantly reduces the statistical
uncertainty (by a factorof 3) andtheisodosecurvesbecomemuch smootherin thoseregions.
Conclusions: The proposedhybrid scheme cansignificantly reduce the statisticaluncertainty in the dose
calculation while accurately accountingfor the inhomogeneity effectcausedby lossof CPE.


