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First-principles Investigation of the Structure, Mobility and Op-
tical Properties of Self-Trapped Excitons in Alkali Metal, Lanthanum
and Barium Halide Scintillators1 GREGORY BIZARRI, MAURO DEL BEN,
EDITH BOURRET, ANDREW CANNING, Lawrence Berkeley National Labora-
tory — The performance of new and improved materials for gamma ray scintillator
detectors is dependant on multiple factors such as quantum efficiency, energy trans-
port etc. In halide scintillator materials the energy transport is often impacted by
self-trapped exciton (STE) formation and mobility. We present first-principles cal-
culations at the hybrid density functional theory level for the structure, mobility
and optical properties of STEs and their associated lattice defects (VK centers) in
two important families of scintillator materials, alkali metal and lanthanum halides
(AX and LaX). AX and LaX have been extensively characterized by experiments
and serve as benchmark systems to assess the accuracy of our theoretical proce-
dure. We show that hydrid functionals accurately predict the different types of
self-trapped excitons (on and off-center) found in AX and LX materials in agree-
ment with EPR experiments. We then applied this approach to perform preliminary
studies on classes of new scintillator materials including the barium mixed halides
and compared with our new experimental results. These studies have the potential
to benefit the development of improved scintillator materials tailored for specific
applications.
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