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ABSTRACT
We investigate the spectral nature of the Neumann-Poincaré operator on the intersecting disks,
which is a domain with the Lipschitz boundary. The complete spectral resolution of the operator
is derived, which shows in particular that it admits only the absolutely continuous spectrum, no
singularly continuous spectrum and no pure point spectrum. We then quantitatively analyze
using the spectral resolution the plasmon resonance at the absolutely continuous spectrum.

INTRODUCTION

The Neumann-Poincaré (NP) operator is a boundary integral operator naturally arising when
solving classical Dirichlet or Neumann boundary value problems using layer potentials. This
operator is not self-adjoint with respect to the usual L2 inner product unless the domain is a
disk or a ball. However, it is recently found that by introducing a new inner product the NP
operator can be symmetrized and admits a spectral resolution. If the boundary of the domain is
smooth, then the corresponding NP operator is compact, and hence has only the point spectrum
accumulating to 0. But, if the boundary of the domain is Lipschitz, then the NP operator is not
compact (it is a singular integral operator), and it is quite interesting to investigate the nature
of the spectrum of the NP operator, in particular, whether it admits both point and continuous
spectrum. In [3], we derive a complete spectral resolution of the NP operator on the intersecting
disks which is a Lipschitz domain, from which we are able to show that the NP operator on the
intersecting disks has only absolutely continuous spectrum. As far as we are aware of, this is
the first example of a domain with the Lipschitz boundary for which the complete spectrum of
the NP operator is derived.

The study of the NP operator goes back to Poincaré as the name of the operator alludes. It
has been a central object in the theory of singular integral operators developed during the last
century (see [2]). Recently there is growing interest in the spectral property of the NP operator
in relation to plasmonics. The plasmonic structure consists of an inclusion of the negative di-
electric constant (with dissipation) embedded in the matrix of the positive dielectric constant.
The eigenvalue of the NP operator is related to the plasmon resonance (see for example [1]).
The negativity of the dielectric constant of the inclusion makes it necessary to look into the
spectrum of the corresponding NP operator. If the dielectric constant is positive, which corre-
sponds to the ellipticity of the problem, only the resolvent of the NP operator matters. In [3],
we derive quantitatively precise estimates of the plasmon resonance at the continuous spectrum



of the NP operator on intersecting disks in the quasi-static limit. Particularly we obtain precise
rates of resonance as the dissipation parameter tends to zero. As far as we are aware of, this is
the first such a result.
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