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Localized surface plasmons are under intensive study since long ago because they play a very
important role in the optical properties of metallic systems. In particular, they become
especially relevant in the optical properties of nanostructures, such as tiny particles embedded
in dielectric matrices or nanoperforated membranes. The intensity as well as the spectral
position of these resonances strongly depends on a variety of parameters such as the size, the
shape, or the concentration of the metallic particles/holes or the refractive index of the
matrix.!! The vast majority of the studies have been so far devoted to study noble metal
particles/holes since their free electron contribution to the optical properties in the infrared
and visible spectral range is predominant, exhibiting also a low damping constant. In other
metals such as palladium, platinum, cobalt, nickel or iron, the free electron contribution to the
optical properties is smaller, and have a higher damping constant, therefore their surface
plasmon resonances appear broader and less defined.) On the other hand, ferromagnetic
metals posses spontaneous magnetization which enables them to present magneto-optical
properties, which are absent in noble metals. This characteristic can be used to design new
kind of plasmonic structures. Moreover, different theoretical works have suggested that
surface plasmon resonance of magnetic metallic nanoparticles/holes could enhance the
magneto-optical activity with respect to that of a continuous medium.®! However, the size of
the nanoparticles/holes under consideration is always much smaller than the wavelength of
light and the interaction between the particles/holes was rarely not considered. But the
particle/hole size™ and the radiative coupling between them strongly modify the optical
properties of the system[* and, therefore, it may also modify its magneto-optical response.
This is precisely the scope of this work, where we theoretically analyze the dependence of the
magneto-optical properties on the size of a system consisting on periodically arranged Ni
nanowires embedded in a dielectric environment and on the negative of this structure, i.e.
metallic Ni membranes with nanometer scale periodic perforations. Such systems have
already shown to exhibit interesting effects, such as an enhancement of the magneto-optical
Kerr rotation and faraday™. We will show that the enhancement is due to a surface plasmon
resonance of the Ni nanowires/pores, its spectral position depending on the wire diameter.

In the figure we show the magneto-optical part of the reflectivity (rys) as a function of the
energy of the incoming wave (normal incidence) normalized to that of the Ni bulk. The left
panel corresponds to the Ni nanowires array in two different environments, and shows a peak
in each one revealing the position of the plasmonic structure. The right one corresponds to the
Ni perforated membrane, where the pores have the same geometrical parameters as the
nanowires in its “positive” counterpart. The peak in each curve appears at the very same
position, meaning that the plasmonic structure is one that travels along the wire/pore and will
depend on its geometrical parameters.

On a different framework, the impact of the dielectric environment holding (filling) the
nanoparticles (nanoholes) on the magneto-optical properties of such kind of systems is also of
great interest. A previous study has been focused on how the magneto-optical response is
affected when the whole surrounding environment changes./ However, in many cases the
environment shows a characteristic non isotropic profile. For example, the growth of nickel
nanowires in an alumina matrix membrane obtained by anodization processes. A recent

TNT2007 03-07 September, 2007 San Sebastian-Spain



Poster
work!™ presents a clear difference between the optical properties of the alumina close to the
wires and that related to the bulk alumina matrix. We will address the magneto-optical
response dependence of periodic Ni nanowires arrays (and its negative structure perforated Ni
membranes) on localized dielectric changes consisting on a shell surrounding (filling) the
wires (pores), whose refractive index different to that of the whole dielectric medium.
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