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    Surface plasmons are the collective electron oscillations propagating along the surface of a metal, 
whereas surface plasmon resonances are the corresponding eigenmodes in confined systems. These 
charge oscillations are the main ingredients in the field of plasmonics, offering potential applications in 
cancer research [1], surface enhanced Raman spectroscopy [2], and plasmonic computers [3]. In this 
study, we investigate surface plasmon resonances in rectangular single and double slits drilled into a 
free standing 100 nm thick silver film. For this purpose we acquired series of energy-filtered images 
(EFTEM) in the energy-loss range below 5 eV using the 200 kV SESAM microscope (Zeiss, Germany) 
equipped with a field emission gun, the in-column MANDOLINE filter, a symmetric electrostatic 
Omega-type electron monochromator, and ultra-stable high tension, facilitating an extraordinary 
dispersion, energy resolution, and isochromaticity [4, 5] during visualization of localized surface 
plasmon resonances (LSPRs) in rectangular slits. The image series were acquired in the energy-loss 
range between 0.4 eV and 5 eV with a step size of 0.2 eV where the monochromator slit and energy 
filter slit had a width of 0.2 eV. In order to gain a deeper insight into the electromagnetic behaviour, 
plasmonic eigenmode simulations of the rectangular slits were performed using the High Frequency 
Structure Simulator (HFSS 12, Ansoft, USA), which is based on the finite element method (FEM) and 
solves Maxwell’s equations using an adaptive mesh refinement with tetrahedral mesh units. Fabry-
Perot-like surface plasmon modes are visible for single and double rectangular slits. Different numbers 
of pronounced electric field intensity maxima were observed at different energies, which are attributed 
to LSPRs. In addition, coupling effects were observed for the case of double slits. In figure 1, 
simulated and experimentally observed plasmonic eigenmodes at around 1 eV in single and double 
slits are depicted. In the case of single slits, two electromagnetic field maxima are confined along the 
long slit walls. The theoretical result (figure 1d) shows that the electric field vectors resonate in phase. 
Therefore opposite electrical charges are deposited on the slit walls leading to a dipolar character. 
Corresponding experimental and simulated results for double slits show that the intensity is mainly 
concentrated along the connecting bridge. The simulated results for double slits show that opposite 
electrical charges are accumulated along the slit walls similar to the case in single slits, whereas the 
same electrical charge distribution is observed along the connecting bridge [6]. The reasons for this 
kind of behaviour as well as the difference of complimentary structures (slit versus rod) will be 
discussed in terms of electrical and magnetic charge coupling, too. In conclusion, we find excellent 
agreement between experimental and theoretical results which enables us to use the simulated field 
distribution for the interpretation of experimental data. From the experimental point of view, EFTEM is 
a powerful technique to investigate surface plasmon resonances from large areas with short 
acquisition times at high spatial resolution in the range of few nanometers which cannot be easily 
reached with optical methods [7, 8, 9,10].  
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Figure 1. Plasmonic eigenmodes that have been simulated with High Frequency Structure Simulator (HFSS), and 

experimentally acquired with EFTEM imaging in the single slit and double slits at 1 eV [6] 
 

 


