Effect of the nanoparticle size on the scintillation of polymeric composites.
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Scintillating composites consisting of a dye-doped matrix loaded with dense nanoparticles have been studied intensively in order to overcome the performance limitations of polymeric scintillators for use in fast timing detection, dosimetry, gamma/neutron discrimination and other applications in the fields of medicine, technology and research. Here, we investigate the scintillation efficiency of a series of composites loaded with hafnium oxide nanoparticles of various sizes, where the total mass of the added dense matter remains constant. Counterintuitively, the best composition is the one with the largest particles employed (~50 nm) and consequently the lowest concentration. Spectroscopy experiments and Monte Carlo modelling of light/matter interactions show that the presence of large nanoparticles significantly increases the local generation of diffusing ionised charges compared to the unloaded system. This locally enhanced charge density favours recombination after thermalisation to generate emissive states, thus increasing the composite scintillation yield beyond that of commercially available polymeric system. [3] Notably, this occurs without affecting the time response of the material. The results obtained demonstrate that controlling and designing the inhomogeneity of the system's stopping power by loading it with low concentrations of size-tailored nanoparticles is a promising, yet still unexplored, strategy for improving the performance of polymeric scintillators.  
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