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Solid state optical structures such as photonic crys-
tals [1], slow-light waveguides [2], plasmonic nano-
structures [3] and metamaterial resonators allow for the
controlled enhancement of the photon local density of
states (LDOS) seen by embedded quantum emitters,
thereby increasing their spontaneous emission (SE)
rates via the Purcell effect. Such enhancement finds
application in areas such as molecule sensing, high-
resolution imaging, energy harvesting, nonlinear optics
and single photons sources [4].

A relatively new class of materials known as hyper-
bolic metamaterials (HMMs) offers the possibility of
achieving extreme confinement of light and increased
interaction with matter over a broad spectral range
[2, 5]. Such materials consist of both metal and dielec-
tric parts, and are sometimes described as having an
anisotropic dielectric tensor within an effective medium
description. The dielectric tensor elements ε‖ and ε⊥
are of opposite sign, corresponding to metallic or di-
electric properties along different axes, manifesting in
surfaces of constant frequency that are hyperbolic, ex-
tending to large values of k. The resulting momen-
tum mismatch between HMM and free-space electro-
magnetic fields results in strong confinement of light
around the structure [6]. Moreover, the isofrequency
dispersion allows dipole emitters to couple to a large
range of k-states at a single frequency, thereby increas-
ing the number of decay paths and the SE rates [5].

It has been suggested that one of the first applica-
tions of HMM nanophotonics could be single photon
sources, because of their broadband SE enhancement
and tunability [5]. It has also been suggested that the
method of light confinement in HMM cavity structures
is fundamentally different from the localized surface
plasmons of metals, being “electrodynamical” rather
than electrostatic in nature [7]. This electrodynamical
confinement, it has been argued, may reduce Ohmic
dissipation and increase quality factors compared to
metallic structures, implying that HMMs are better
single photon candidates than plasmonic resonators.

In this talk, we study HMM nano-structures using
a semi-analytical and intuitive modal approach, and
compare the associated SE enhancements and single
photon β-factors (quantum efficiency) with those of
plasmonic resonators. We first show that the photon
Green function of a complex, multi-layered HMM res-
onator can be simply and accurately described in terms
of its quasinormal modes (QNMs), the optical modes
for an open dissipative cavity structure [8]. Figure 1
shows a schematic of example metal and HMM res-
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Figure 1: (a) Schematic of a gold nano-dimer. Each paral-
lelepiped is 95 nm in length, and 35 nm in depth and width; the
gap size is 20 nm. A y-polarized quantum dipole is shown in
the gap centre. (b) Schematic of an HMM dimer with 7 layers
of gold and 6 layers of dielectric (blue), with layers stacked in
the z-direction. (c) Purcell factor (SE enhancement factor) for
a y-polarized dipole in the gap centre of a gold nano-dimer. Full
dipole results are shown with red circles, and the result of a single
QNM expansion is shown in solid blue. (d) y-projected Purcell
factor in the gap centre for an HMM dimer of metal filling frac-
tion fm = 0.2, shown with the result of a full dipole calculation
and with an expansion of 3 QNMs.

onators and their computed enhanced SE factors at
gap center, using both full dipole and QNM compu-
tations. We find greatly enhanced SE rates for the
HMM, up to an order of magnitude greater than those
of metal resonators with comparable geometry, similar
to other works. However, we show that in all cases, the
single photon output β-factors are significantly lower
than those of plasmonic structures, decreasing mono-
tonically with the dielectric character of the resonator.
Using our QNM approach, we explain analytically and
through direct calculation why HMM resonators are
likely poor candidates for a single photon source [9].
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