Simulating nanoparticles interaction with an electron beam
using the discrete dipole approximation
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Introduction
Studying the optical properties of plasmonic nanoparticles, scientists conduct experiments in which the nanoparticle is
scanned by an electron beam [1]. The main advantage of an electron beam over optical methods (limited by the
diffraction limit) is that it allows one to localize plasmon resonances on the surface of a nanoparticle with the accuracy
of at least 1 nm. When scanning a nanoparticle, fast electrons lose energy (electron energy loss spectroscopy – EELS),
and the particle emits light (cathodoluminescence – CL). As a result of the experiment, EELS and CL spectra are obtained
for each position of the beam on the particle cross-section.
To correctly interpret the data obtained in the experiment, it is necessary to numerically simulate the experiment. The
existing theory covers only the case of interaction of a particle and an electron in a vacuum - when there nothing else
present. But in reality, the particle is placed on a substrate (or inside a substrate) to resist gravity and collisions with
fast electrons.

Results
In this work, the volume-integral formulation of Maxwell's equations in terms of the Green's tensor was used [2]. As a
result, we obtained a generalized solution for interaction of a particle and electron in an arbitrary (including absorbing)
infinite host medium, including the case of Cherenkov radiation. This solution was not known previously, but its limiting
case of vacuum matches the previously known theory.
The expressions obtained with this solution for simulating the EELS and CL were implemented in the open-source
software ADDA (currently available in a separate fork – https://github.com/alkichigin/adda), based on the discrete
dipole approximation [3]. The simulation results for spheres in a vacuum showed agreement with the exact reference
solution (Lorentz-Mie theory). Moreover, the simulated spectrum for a silver sphere in a non-absorbing medium (SiNx
plate, speed of light 0.55𝑐, where 𝑐 is the speed of light in vacuum) matched the experimental one, where electrons had
the 120 keV energy (the corresponding speed is 0.59𝑐 – Cherenkov radiation case). This and other results will be
demonstrated at the conference.
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