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Theperformance of new and improvedmaterials for gamma ray scintillator detectors is dependent onmultiple
factors such as quantum efficiency, energy transport etc. In halide scintillator materials the energy transport is
often impacted by both intrinsic hole and electron traps such as Vk centers and their associated self-trapped
excitons (STE) as well as traps associated with defects and impurities. Recently there has been enormous
progress in the development of quantummechanical methods that allow us to investigate quantitatively these
mechanisms. Here we present first principles calculations at the hybrid density functional theory level for the
structure, mobility and optical properties of self-trapped excitons in three important families of scintillator
materials, the alkali metal, lanthanum and barium halides. Alkali metal and lanthanum halides have been
extensively characterized from an experimental point of view and serve in our studies as reference systems to
assess the accuracy and reliability of our theoretical procedure. We show that hydrid density functional theory
can accurately predict the different types of self-trapped excitons (on and off-center) found in these materials
in agreement with EPR experiments. We present results of accelerated molecular dynamics to determine the
migration pathways of excitons followed by nudged elastic band method calculations based on the migration
pathways to determine the energy barriers to migration. This methodology was then used to perform studies
of these defects in new scintillator materials including the barium mixed halides that we will compare to new
experimental results.
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