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Abstract: Using electron energy loss spectroscopy (EELS), optical spectroscopy, and finite
element method simulations, we investigate the distributions of plasmonic modes present in
fractal semi-continuous gold films, as well as studying anisotropy introduced into these films
from photothermal melting with a Ti:sapphire laser.

We have used EELS and optical spectroscopy to study the distributions of plasmonic modes present in thin
semi-continuous gold films of nominal thicknesses of 5, 6, and 7 nm, as well as the effect of photothermally
induced damage from a fs-pulsed Ti:sapphire laser on the distribution of these modes. We have previously
observed plasmonic field enhancement, white light generation, and the ability to induce strongly anisotropic
damage in these types of samples [1,2].

After illuminating an area of the films with linearly polarized laser pulses above a critical power, we see
features in the transmission spectra. These features have a polarization dependence, which is correlated with the
polarization of the laser used to induce the photothermal damage, see Fig. 1. Using finite element method
simulations of film morphologies recovered from scanning transmission electron microscope (STEM) images,
we study the polarization dependence of the field distributions of plasmon modes, and compare this with the
recorded EELS near-field optical data.
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Fig. 1. Left: STEM images of pristine and different laser powers of damage induced in a 5 nm gold film, scale bars are 200
nm. The polarization of the laser used for the damage was orientated along the east-west direction in the images. Right:
Bright field transmission spectra from regions of different powers of optical damage. A polarizer has been inserted
between the light source and sample. Aligning the polarizer parallel to the polarization of the laser used to induce the
damage, shows a peak decrease in transmission. For the perpendicular polarization this peak is severely reduced,
showing that large scale anisotropy has been introduced into the sample from the optical damage.
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