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[ Abstract]

Localized surface plasmon resonances (LSPRs) enhance electromagnetic fields in the
vicinity of metallic nanostructures. LSPRs play significant important roles in sensing, nano-
optics, and thermal therapy. For further application of the LSPRs, utilizations of various
plasmon modes such as multipole and magnetic modes are promising. For that purpose,
visualization and characterization of plasmon modes is essentially important. In this study, we
visualize plasmon modes in gold hexagonal plates by using a near-field transmission
microscopy. We assigned the observed near-field transmission imaging to superpositions of the
plasmonic eigen modes. From symmetry analysis based on group theory, the visualized modes
are classified to in-plane and out-of-plane modes. We also developed three dimensional near-
field imaging apparatus to reveal that spatial distribution of the plasmon modes in detail. We
found from 3D near-field imaging that out-of-plane mode confines optical fields more tightly
than that for the in-plane mode.
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Figure2. (a) SEM image of single gold hexagonal plate. (b) Near-field transmission image at 900 nm.
(c, d) Square moduli of eigenfunction. Eigen energy : (c) 5.25Ey, (d) 6.66E. (Ey is eigen energy of lowest
order mode). Irreducible representations of (c, d) are 41, B> in Cg, point group, respectively.
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Figure3. (a, b, ¢) Near-field transmission images taken at various sample-probe distance: (a) 20, (b) 40,
(c) 90 nm. (d) Attenuation slope of extinction intensity at the center and apex of hexagonal plate.
Attenuation slopes at apex and center were fitted by single and double exponential decay components,
respectively.




