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Whispering gallery mode resonators (WGMRs) confine light using total internal reflection and take
advantage of its several and narrowband circulating resonances for applications in optomechanics [1],
quantum electrodynamics [2] and sensing [3, 4]. The spherical symmetry and the low radiation loss of
dielectric microspheres make it difficult to probe them under free-space light. However, local field
enhancement from metallic nanoparticles placed at the edge of the resonators can circumvent this
problem by interfacing the optical far-field with the bounded cavity modes. In this work, we study the
dependency of the induced gallery-modes with the nanoparticle surface plasmon eigenmodes with
nanometric spatial resolution by using electron energy loss spectroscopy (EELS) and
cathodoluminescence (CL) in a Scanning Transmission Electron Microscope (STEM) (Figure 1). Using
both EELS and CL is mandatory to unravel the physics of these modes. Indeed, EELS offers the very
wide energy range (from 1.5 eV to 9.0 eV) needed to investigate WGMs (Figure 2). However, even the
very high energy resolution (~10 meV) of the used NION HERMES 200 (ChromaTEM) is insufficient
to resolve modes of different polarization, only possible using CL. We also show that gallery-modes are
induced along the spectral range of the dipolar mode of the nanoparticle, but absent in most of the higher
order modes due to their reduced net dipolar moment. Finally, we demonstrate the dependence of the
polarization of the induced gallery-mode with the induced dipole moment of the metallic nanoparticle.
The present work has been recently published in ref. [5].

=

@ CrossMark
https://doi.org/10.1017/51431927622007656 Published online by Cambridge University Press


http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1431927622007656&domain=pdf
https://doi.org/10.1017/S1431927622007656

Microsc. Microanal. 28 (Suppl 1), 2022 1963

EELS

Sample

CL Analysis

Monochromator

A

Electron Source

Figure 1: Scheme of the electron microscope containing the electron source, the electron
monochromator, the cathodoluminescence mirror, the sample and the EELS spectrometer (a).
In (b), scheme of the electron beam and the excited TM mode (dashed line) in the bare sphere.
In the presence of the cube, gallery-mode polarization can be controlled by the probe position,
as shown in (c).
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Figure 2: FDTD simulated and experimental EEL and CL spectra obtained from a bare SiO,
sphere using 200 keV electrons. In the inset, EELS and CL under 100 keV electrons and a
much weaker coupling strength.
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