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Scintillation response has wide applications in the field of astronomy, medical physics, high-energy
nuclear physics, non-destructive evaluation, non-proliferation, and national security. Stringent
requirements involving nuclear proliferation, national security, and defense have prompted urgent needs
for new radiation detector materials with excellent energy resolution (<2%) at room temperature, which
has attracted attention toward accelerated materials discovery. Due to a general lack of fundamental
understanding of the underlying scintillation physics, the
field of radiation detection has reached an impasse.
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luminescence methods developed as part of this project, allows examination of material response to
external energy excitation in both single crystalline materials and nanoparticles. A few benchmark
scintillating materials, where dramatically different behaviors are observed under gamma irradiation,
were studied using the single-ion excitation technique, as shown in Figure 1. The light yield, nonlinearity,
and energy resolution were measured over a wide energy region of interest. Emission spectra of
CdSe/znS core/shell quantum dot composites were also studied to develop a fundamental understanding
of the scintillation physics of ion- and photon-nanoparticle interactions in the composite structures.

Products and Output

New Capability for EMSL Users



The results from this project provide a pathway to understand the underlying scintillation physics and to
aid in the development of new materials for radiation detection applications. The research also produced a
new capability—lon Beam Induced and Electron Beam Induced Luminescence.

We designed and constructed an optical analysis system for measuring both ion beam induced
luminescence and electron beam induced luminescence, as shown in Figure 2, where photons produced
from ion-solid or electron-solid interactions are collected into fiber optics and guided into a spectrograph
and a matching charge coupled device (CCD).

Figure 2. The optical analysis system: schematic drawing (left), sample holder and fiber optics inside chamber
(middle), and optical measurement setup outside the chamber (right).
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