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Purpose: A systematictheoretical investigationof Swank factor for thick, segmented
crystalline scintillating detectors is reported.TheSwanknoise,originatingfrom variation
in thex-ray-to-photonconversiongain, degradesthedetective quantumefficiency (DQE)
performanceof radiotherapy imagers. Therefore, it is of great interestto examinethe
Swank factor, in particular the optical Swankfactor, as a function of variousdetector
design parameters.

Method and Materials: Swank factor was investigatedusing a recently implemented
Monte Carlo package (MANTI S) that simulatesboth radiation and optical transport.The
radiation and optical Swank factors were examinedusing a 6 MV photon beam as a
function of variousparameters,such asthe materialandthicknessof the scintillator, the
element-to-elementpitch of the detector, as well as the material and thicknessof the
septal wall separating detector elements.Moreover, the optical Swank factor was
examinedasa functionof theopticalpropertiesof thescintillator,top reflectorandseptal
wall.

Results: RadiationSwank factor improvedwhen thicker scintillators or higher density
septal walls were employed. The optical Swank factor droppeddramatically when the
scintillatorsurfacesfacing thewalls were not polished.Moreover,theresults indicatethat
septal walls must be highly reflective, as the optical Swank factor was found to drop
sharplywith decreasing septalwall reflectivity, even for a relatively clear scintillator.
Furthermore,the optical Swank factor was also strongly affected by the thickness,
absorption andscattering of the scintillator, and modestlyaffectedby the reflectivity of
thetop reflector.

Conclusion: Simulation of radiation and optical transport in segmentedscintillating
detectorsprovides the means to examine properties that are critically important to
performance,suchasoptical Swank factor. It is strongly anticipatedthatsuchstudieswill
greatly assistin thedesignof detectorsexhibitingveryhigh DQE.


