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Localized surface plasmon resonances (SPRs) of metal nanoparticles enable nanoscale
manipulation of electromagnetic fields for a variety of sensing and light concentration
applications. Electron energy loss spectroscopy in the scanning transmission electron
microscope (STEM-EELS) is emerging as a key technique for near field characterization of
SPRs. However, far field light and electron beam excitation produce distinct responses in
plasmonic nanoparticles [1]. In recent work, three-dimensional imaging of nanocube
resonances described modal responses consistent with light scattering near fields [2]. In this
presentation, single nanoparticle resonances observed experimentally by STEM-EELS in lower
symmetry systems (e.g., nanorods, right bipyramids) are compared using discrete dipole
approximation (DDA) simulations for both light and electron excitation sources [3].
Silver nanorod monomers exhibit Fano-like resonances among longitudinal modes in far field
light scattering studies [4]. Electron energy loss spectroscopy (EELS) experiments and EELS
electrodynamics simulations, however, exhibit symmetric spectral line shapes. Experiments
and simulations do display spatial amplitude modulation of the longitudinal nanorod mode,
consistent with near field interference effects (Figure 1). In this presentation, key differences in
the near field responses of silver nanorods to far field light and electron beam excitation will
be examined (Figure 2). Interference effects among longitudinal nanorod modes will be
discussed in terms of near field amplitude modulation as well as coupled oscillator modelling
to explain experimental EELS mapping results as well as simulated EELS and
cathodoluminescence signals.
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Fig. 1: STEM-EELS maps and line profiles (4 nm from rod side) of modal components m = 4 – 5 for a 540 nm long Ag
nanorod on a 30 nm silicon nitride substrate (processed by non-negative matrix factorization). Extracted line profiles
are compared with simulated line profiles. The electron trajectory is along the z-axis.
 

 
Fig. 2: (a)-(b) Phase analysis of light scattering and EELS responses of Ag nanorod simulated by DDA. The respective
light absorption (Qabs) and light scattering (Qsca) efficiencies and EELS probability are plotted for comparison. (c)-(d)
Net induced dipole moment along the axis of the rod (y¬-axis) calculated for light scattering and EELS.
 


