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Resonators in optics are mainly build from compact objects called cav-
ities. At microscale (a few wave lengths) theses cavities are made from a
dielectric material such as glass, whereas at nanoscale, cavities are made of
metal such as gold. The principal physical characteristics of the cavity is its
electric permittivity εc, which is real and > 1 for dielectric materials, and
negative for metals (in suitable frequency range).

A step in the study of such devices is the investigation of complex scatter-
ing frequencues k ∈ C of the open system formed by a bidimensional cavity
Ω embedded in the free space, in our case the Helmholtz equation in R2:

(1)

−div
1

ε
∇u = k2u in R2,

outgoing radiation condition |x| → ∞.

Here ε has a jump across ∂Ω:

ε =

{
εc in Ω,

1 in R2 \ Ω.

so system (1) is a transmission problem.
In optical devices, the modes of interest are those which concentrate along

the boundary of Ω. For dielectric cavities, these are the whispering gallery
modes. For negative index cavities, plasmons also have this property.

In this talk, I mainly address whispering gallery modes (WGM) with
focus on radially symmetric cavities with radially varying permittivity. We
show how asymptotic analysis and numerical computations describe WGM
as the angular frequency of modes m tends to infinity [1, 2].

Relying on the recent work [3], I will also address plamonic modes in the
case of a negative index material and show similarites and contrasts with
whispering gallery modes.
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