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ABSTRACT

Nanophotonics experiences phenomenal growth at both tldafmental research and application level.
Smaller and more complex devices are needed. The interdéiséiminnovation is not slowing down.
While dielectrics and semiconductors are rather well ustdedd, metals are promising. Due to strong
dispersion at optical wavelengths they exhibit a rich wgrad fascinating and often unexpected elec-
tromagnetic effects. The light illumination of ultra-sraletallic particles may give rise to strongly
localizedplasmon resonancdd]. Such a resonance depends on the material propertiegthlscale
and geometry so strongly that even details, which are mudilenthan the wavelength, may have a
strong impact on the resonance behavior. Powerful locatield amplitude enhancements, dispersion
of materials, negative permittivity, non-negligible lessand quasi-static effects with a loose coupling of
the electric and magnetic fields provide new challengesuorarical simulations [2]. Unlike the case of
metallic particles treated as perfectly conducting obstain [3], the scattering problem for silver/gold
nanoparticles at optical wavelength leads to a transnmigsioblem for Maxwell's equations [1, 4].
Since the energy of plasmon modes is confined to a thin regionwnding material interfaces, it is
advantageous to base the analysis on the u@oohdary Integral EquatioiBIE) methods [2, 3, 4].
While BIE methods based on the boundary approximations pisthitz polygon/polyhedron [4] may
meet the demands of electromagnetic research, particiesha nanophotonics have to be taken into
account precisely, describing realistic radii of the ctuw@. Highly accurate numerical analysis is es-
sential. The goal of this work is to develop an efficient aildpon, the performances of which will be
demonstrated on the example o€hannel Plasmon Polaritoanhancedptical nanoantenn#2].
Consider a single-particle nanoantenna located in an teftmmogeneous medium. It occupies the
region of space?~ C R? which is a simply connected bounded domain. Denote the cammgaht
asQt = R®\ Q- and the boundary aB = 9Q~. The mediumQ~ is characterized by the ma-
terial parametersges(\), u(A\)) assuming the external excitation by a time-harmonic edetaignetic
plane wave with the wavelength in free space. For simplicitf2* is chosen to be vacuum or air.
Deriving the vector Helmholtz equation for electric and metic fields [1] the resulting transmis-
sion problem is reformulated presenting the solution asrabawation of curl and double curl of



a single layer potential. Resulting surface integral equatfeature singular and hypersingular inte-
gral kernels which may give rise to ill-conditioned diserefperators. We propose to overcome these
difficulties by means of amnalytical regularizationof these operators involving singularity subtrac-
tion and division technigues. The primary idea is to splé thtegral operators into a canonical part
and a remainder. This step guarantees the efficiency of gwitiim in whole, because the former
allows an analytical inversion corresponding to the Mieusoh on a sphere [1]. The latter is less
challenging to evaluate. The "pole problem” is solved usihg properties of spherical harmonics.
Finally, the smoothness and periodicity of the remainingn&ks permit us to use a Fast Fourier Trans-
form providing the results with high accuracy and reducechglexity of the calculation scheme.
This method belongs to the categorySyectral BIE methoddeth-
ods of this kind have already been demonstrated to be a pavegrf
proach for acoustic scattering [3] and electromagnetittestag by
perfectly conducting bodies [3]. They provide fast and higitcurate
solution with small requirements of memory storage due tallan
matrices compared with those of classical boundary elemetttods.
While the theory of BIE methods has already been well eldbdrdhe
application in the rapidly developing field of nanophotariias not re-
-1 ceived much focus compared with that in the electromageticmu-

o5 +nity [3, 4]. To our knowledge a spectral BIE method for sofyinans-
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o mission problem on optical antennas was not developed. dfere
o the analytical regularization procedure in [3] was restdcto shapes
with known global parameterization over a sphere. The tidarof
. o this work is to introduce a spectral BIE method into nanophiis
Figure 1:Parameterization of . - . .
nanoantenna consisting of a{arowdmg the erX|b|I|ty. tq stgdy nanoparticles afbitrary shape TQ
. . overcome the shape limitations we propose to develop a [edesim
metallic patch with a V-groove __.. . . . .
for local field enhancement [2] zation usingmapping patching andspherlcal productsogether.

For example, the surfagén, w) of an optical antenna (Figure 1) may
be parameterized in a spherical system of coordinates g tisé spherical product of the Jordan arc
I'; ¢ T and the Jordan curvg, C T described by regulaf’?-smooth mappings; (1) : 3,5 — R?
andyz(w) : [0, 7] — R? in two orthogonal planes. Hefe~ is presented as a union of several simpler
geometries patched across the boundary by imposing aglitiequirements on the solution. Note that
the surfaces of optical antennas are smooth because atatcatés "corners” and "edges” are always
round. Similar to scattering problems [3], the applicatairspectral BIE methods to electromagnetic
transmission problems on smooth surfaces provides resitlisexponential asymptotic convergence

rates in terms of number of unknowns.
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