Role of self-trapped excitons (STEs) in the scintillation process of cerium doped LaX3 (X=Cl, Br)
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The intensity and decay properties of self-trapped excitons (STEs) and cerium emissions were studied under gamma-ray excitation in cerium doped LaCl3 and LaBr3 as function of temperature, between 100 and 600 K and cerium concentration, between 0 and 10 %. The results reveal clear trends in the scintillation process [1] [2]. It is governed by two different mechanisms. The first one is the sequential capture of primary charge carriers by cerium ions. This mechanism leads to temperature independent prompt scintillation with a decay time of about 15 ns that is governed by the intrinsic lifetime of the emitting 5d states of cerium ions. The second mechanism is an energy transfer from STEs to cerium ions. The parameters of this transfer mechanism are related to the STE creation rate, the STE mobility, the cerium ion concentration and the temperature. A numerical simulation of this scintillation model described by a set of coupled ordinary differential equations reproduces both temperature dependences of the scintillation intensity and decay times with four model parameters. These parameters provide us with information on how the relative contribution of the two mechanisms changes with cerium concentration or temperature and on the STE properties like the STE migration rate and the STE to cerium ion transfer rate. Special attention is paid to the influence of anion type on STE and scintillation properties.
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