














4. CONCLUSIONS, OUTLOOK AND DISCUSSION

In summary, we have studied the nonlocal optical response of small nanoplasmonic structures. We presented
our implementation of the numerical evaluation of the optical properties due to nonlocal response, and hope
that this will beneficial for colleagues embarking on similar explorations. Furthermore, it was shown that taking
nonlocal response into account gives rise to longer calculation times. For the wire geometry considered here,
the calculations are fast, on the order of a minute, but for more complex geometries further optimization may
be required. We showed the first results of the comparison between optical fields in the presence of only local
material response as compared to both local and nonlocal response. Since the differences can be substantial,
especially for small structures much smaller than optical wavelengths, this shows that the usual Drude bulk
description of metals breaks down.

Although the hydrodynamical Drude model that we employ is more accurate that the usual Drude bulk model
and we anticipate that it will predict several new observable phenomena in nanoplasmonics, it has its limitations
as well. The most obvious limitation is that additional boundary conditions need to be chosen, and our choice
of Pekar boundary conditions by definition excludes electronic quantum tunneling phenomena from the model.
We think this is an excellent approximation, unless one is interested in quantum tunneling itself and the optical
field that it generates.

After implementation of our method to calculate nonlocal optical response, a whole new class of problems
can be explored. For since our method is general, one is in the position to study arbitrary plasmonic structures
with it, and in the near future we plan to use our method to explore several other geometries of interest. One
area of research for which our work may become relevant is quantum plasmonics.!” 2 We also intend to use our
numerical method together with analytical calculations to get more insight when and where nonlocal response
will significantly alter the optical fields.
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