Localized magnetic plasmons in all-dielectric structures.
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Abstract. The natural magnetic response is negligible for the majority of materials at high frequencies.
Materials exhibiting prescribed permeability and permittivity would open routes towards extraordinary
applications. Probably, one of the best known such materials are negative refractive index (NRI) ones,
first studied by Veselago [1], where simultaneous €=-1 and u=-1 lead to a refractive index n=-1.
Proposals for actual realizations of such materials [2, 3] can be considered as the origin of modern
metamaterials technology. One of the main goals is designing structures presenting an effective
magnetic response ezl with all u=1 blocks. Many of the practical implementations and theoretical
designs are based on resonant metal structures [4], which are suitable for this purpose at the expense
of presenting a strong absorption. Nevertheless, single scatterers as simple as a high refractive index
(HRI) sphere can support strong magnetic resonances [5], under certain conditions, the coherent
superposition of scattered EM waves by dipole electric and magnetic resonances by a single object
leads to a strong inhibition or enhancement of either backward or forward scattering by a single
scatterer. These conditions, first discovered by Kerker and coworkers [6] for dielectric spheres with
u£l, can be achieved also with nonmagnetic HRI all parameters are chosen appropriately [7].

We propose and theoretically study in this paper [8] a metamaterial made of nonmagnetic HRI
scatterers whose effective magnetic permeability is negative while its effective electrical permittivity is
comparable to that of the host medium.

Our system is a collection of monodisperse homogeneous nonmagnetic HRI spheres. The size,
refractive index and density of scatterers is chosen in such a way that the effective permeability per#z1,
can be prescribed to tailor the magnetic response of the system.

Localized plasmon resonances encountered in metallic spheres with e=-2 and p=1, have a magnetic
counterpart in spheres with p=-2 and e=1. In this work we design a metamaterial such that, when
carved in a spherical shape with the appropriate radius, a “metasphere”, it clearly supports a localized
magnetic plasmon resonance that can be identified with the magnetic dipole scattering channel of the
Mie theory for a sphere of the same radius as the metasphere and u =-2, e=1. In this way, our
metamaterial effectively behaves as a “magnetic metal” supporting localized magnetic plasmons.

We derive approximate, though universal, conditions for the occurrence of such magnetic plasmon
phenomena, revealing that available materials and geometrical parameters enable it for a wide spectral
regime from microwave to near infrared and even visible for geometries other than the spherical. This
effective medium together with our design rules paves the way towards realistic plasmonic u<0
structures, unlocking a whole new quadrant of the e-u plane.
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