Magnetically controlled optical nanoantennas
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The study of light emission through optical nanoantennas has been a matter of intense research during
the last decade. They allow to control and manipulate optical radiation at subwavelength, with
applications in photodetection [1, 2], sensing [3], heat transfer [4, 5] or spectroscopy [6], among others.
A fluorescent molecule, as a first approximation, can be regarded as a dipole nanoantenna. The
emission properties of these molecules, essentially lifetime and angular radiation pattern, depend not
only on the intrinsic properties but also on the environment where they are embedded. This
phenomenon, initially described by Purcell [7], has been observed in emitters placed close to photonic
crystals [8] and more recently in plasmonic [9, 10] and magnetoplasmonic structures [11]. The
possibility of creating and manipulate nanostructured materials encouraged the exploration of new
strategies to control the electromagnetic properties with an external agent. A possible approach is
combining magnetic and plasmonic materials, where it is feasible control the optical properties with
magnetic fields [12-14].

In this work we present a fundamental study of the properties of an emitter in two different situations: in
the presence of a single magneto-plasmonic nanoparticle and inside a cavity formed by two magneto-
plasmonic nanopatrticles.
We analyze the effect of the magneto-optical activity both in the decay rate (inverse lifetime) and in the
radiated far field patterns.

We will show that the decay rate of an emitter experiments a weak dependence on the magneto-optical
effect, both in the presence of a single particle and within a cavity. This weak modification is in contrast
to the large modification of the far field pattern for a given range of distances between the emitter and
the scatterers. This implies that the radiated field pattern can be dramatically distorted while causing a
small modification on the dynamics of the emitter. In the particular case of absorptionless particles, the
situation is radically different and there is a region in which also the decay rate is largely affected by the
magneto-optical effect.
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