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Scintillators are materials for radiation detection that convert an incident X- or gamma-ray photon, or nuclear particle, into a packet of visible light photons, which can then be detected by a photomultiplier, semiconductor diode, or semiconductor array [1]. Scintillators are widely used in nuclear and elementary particle physics, medical, non-destructive testing and security applications. Single pixel scintillator/detector systems are capable of energy resolution almost as good as that achievable with semiconducting detectors, but for imaging applications the pixel response is usually integrated and so the scintillator is being used as a simple phosphor.  The best scintillators in terms of conversion efficiency (up to 70,000 photons/MeV) and speed (a few tens of ns) are made from single crystals doped with a luminescent ion, but these are expensive to make, and many applications require a large number of individual scintillators.

Glasses or ceramics which are cheaper and more versatile in terms of the shape of the finished product (sheets, fibres, etc) can also serve as scintillators, but the performance generally falls well short of that for single crystals, with typically just a few hundred or thousand photons emitted per MeV of incident radiation compared to about 70,000 for the most efficient single crystals. One contributing factor to the poor performance is transparency: scintillators should be highly transparent since as many photons as possible must be harvested, but light scattering in standard ceramics results in long path lengths, high absorption, and low efficiency.

In this presentation, the current state of the art regarding scintillators is discussed before an account is given of our own recent work on transparent ceramic, glass-ceramic, and composite structure scintillators. In particular, ceramics based on cubic-structure materials which can be made in transparent polycrystalline form (as a result of the isotropic refractive index) have been investigated for scintillation performance in our laboratory. Results will be presented for a family of materials based on lanthanide–stabilised cubic barium chloride which, when doped with cerium, has one of the best performance envelopes for a ceramic scintillator thus far. A number of composite phosphor/scintillator stratified structures made from glasses or polymer/crystal combinations which are capable of energy discrimination have also been prepared, and their design and performance are discussed. 
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