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Point defects play a relevant role in the scintillation process since they can act as traps for free carriers, created
by the interaction of ionizing radiation with the scintillator, slowing down the carriers migration toward the
radiative recombination centres. The competition which arises between charge trapping and recombination is
ultimately responsible for the degradation of the scintillator performance with a reduction of light yield, the
presence of rise time and long scintillation time decays - or even afterglow - and luminescence sensitization.[1]
The defect impact on the scintillation process is well established and several strategies have been proposed to
reduce the concentration of traps or their relevance upon the scintillation economy.[2] Co-doping with Ca or
Mg in cerium doped garnets and silicates has proven itself as a very effective strategy to improve scintillation
timing and light yield performances of these matrices. The detected improvements have been related to the
partial oxidation of cerium ions to their tetravalent form induced by the presence of the co-dopant. Although
Ce4+ is not photoluminescent by itself, it can still take part in the scintillation process by temporarily captur-
ing an electron, thus becoming trivalent and able to give rise to the typical Ce3+ luminescence.
In this contribution we will discuss the applicability of Ca co-doping in order to improve the scintillation
characteristics of YAlO3:Ce (YAP:Ce) single crystal grown by Czochralski method. Four different Ca con-
centrations (from 0 to 500 ppm) combined with two cerium contents differing by one order of magnitude
have been considered.[3] The optical properties of these samples have been studied by means of optical ab-
sorption (OA), steady state and sub-nanosecond time resolved photo- (PL) and radio-luminescence (RL). OA
data showed a clear increase in absorption in the UV region as a function of Ca content and related to the
Ca-induced Ce4+ ions presence alongside regular 3+ ones. Steady state PL and RL data evidenced a rather
clear reduction in the luminescence intensity related to reabsorption of the emitted light as well as energy
transfer phenomena occurring from Ce3+ to Ce4+ ions. Time resolved RL profiles showed an acceleration of
the main Ce3+ luminescence decay coupled with a reduction in the contribution of long scintillation tails by
increasing the Ca content; in weakly Ce doped samples, the observed scintillation decay improvements are
also accompanied by a clear acceleration in the luminescence rise time. TSL results evidenced a reduction in
carrier capture probability at defect sites. All these improvement are, however, accompanied by a substan-
tial reduction in scintillation light yield. The obtained data clearly suggest that Ca co-doping is not a useful
strategy to improve YAP:Ce crystal scintillation properties, but they also give valuable information on the ap-
plicability of this strategy on other matrices and activator ions. Moreover they also provide further insights
in the understanding of charge carrier migration and trapping role on the scintillation time response.
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