Harnessing Collective Phenomena in Hybrid Nanocomposites for Bright and Fast Scintillation
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The need to overcome the performance and scalability limitations of current ionizing radiation
detectors has stimulated a search for innovative material platforms as next generation scintillators.
Hybrid nanocomposites provide a versatile platform to decouple ionizing energy absorption from
radiative emission, enabling the independent optimization of stopping power and optical timing to
meet increasingly complex detection requirements. However, maximizing their potential requires
precise control over electronic and optical interactions at the nanoscale. In this work, we demonstrate
that by engineering the spatial arrangement and local environment of emitters, we can activate
collective phenomena that optimizes scintillation dynamics through two complementary strategies:

Self-Sensitization via secondary electrons: By encapsulating CsPbBr3 nanocrystals (NCs) within
mesoporous SiO> nanospheres (MSNs), we engineer dense domains that mimic the inter-emitter
spacing of organic scintillators [1]. This architecture exploits the high stopping power of high-Z NCs
while efficiently harvesting the secondary electron shower. Experimental results demonstrate a 40-
fold increase in radioluminescence (RL) yield compared to standard colloidal suspensions,
accompanied by an ultrafast emission component arising from multiexcitons; Synergistic Plasmonic
Coupling and High-Z Sensitization: We further push the scintillation timing performance by
engineering the local density of optical states (LDOS) using nanophotonic particles as optical
antennas in a high-Z-sensitized nanocomposite. Ultrafast spectroscopic analysis confirms that the
resulting optical coupling remains active under ionizing excitation.

Our results establish a design framework for "metasolid" scintillators, in which high-Z sensitization,
self-sensitization and plasmonic enhancement act cooperatively to overcome fundamental efficiency—
timing trade-offs. The presented concept provides a versatile route toward ultrafast, lightweight, and
scalable scintillators for fast-timing detection and imaging applications.
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