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Abstract:
Exciton polaritons (EPs) are ubiquitous light-matter excitations under intense
investigation as test beds of fundamental physics and as components for all-
optical computing. Owing to their unique attributes and facile experimental
tunability, EPs potentially enable strong nonlinearities, condensation, and
superfluidity at room temperature. However, the diffraction limit of light and
broad momentum content of fast electron probes preclude the characterization
of EPs in nanoscale structured cavities exhibiting energy-momentum dispersion.
Through an innovative combination of electron beam and optical probes, I will
show theoretically that these limitations can be overcome to measure EPs in
periodic nanophotonic cavities at their natural energy, momentum, and length
scales via lattice electron energy gain spectroscopy. With the combined high
momentum resolution of light and nanoscale spatial resolution of free-space
focused electron beams, lattice electron energy gain spectroscopy can expose
deeply subwavelength EP features using currently available monochromated,
aberration-corrected scanning transmission electron microscopes (STEMs). Time
permitting, I will also discuss the addition of polarization structure to the STEM
electron probe and demonstrate theoretically how this degree of freedom can be
harnessed to characterize the 3D polarization-resolved response field and local
chirality of an optically excited target with nanoscale spatial resolution.
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