Anisotropic Fluorescence Enhancement near Semiconducting Carbon Nanotube Metasurfaces
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We report a theoretical study of the directionality effects in spon-
taneous emission (SE) and resonance fluorescence of a quantum two-
level dipole emitter (DE) near an ultrathin closely packed periodi-
cally aligned semiconducting single-wall carbon nanotube (SWCN)
film [1]. Such films present an example of highly anisotropic
metasurfaces with tunable optical properties [1-5] that are now avail-
able experimentally [6-8]. Near-field SE and far-field fluorescence
intensity profiles are derived analytically and computed numerically
as functions of the DE excitation energy and parameters of the film
such as SWCN composition and thickness. The nanotube alignment
is shown to provide an extra measure for quantum control of dipolar
SE and resonance fluorescence in such systems, in addition to film
thickness and composition parameters such as tube diameter, chirality
and translational period. The processes studied are shown to be highly
anisotropic, being enhanced by orders of magnitude in the direction
perpendicular to the alignment and metasurface plane (Fig.1), con-
trasting with the commonly believed viewpoint of their uncontrolla-
bly random directionality. The model system we study mimics a sin-
gle-atom detector or a single-photon source device. Knowledge of the
features we predict is advantageous for the new application develop-
ment with SWCN metasurfaces for solid-state single-photon source
and single-atom detector engineering.
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Fig.1. Short- (a) and long-distance (b) aniso-
tropic fluorescence intensity (relative to vac-
uum) as functions of the DE transition energy
and point of observation, computed for a DE
near the 10 nm thick weakly inhomogeneous
SWCN film (sketch on top) with electromag-
netic response reported previously [2,8]. The
strongest intensities are shown in the direction
perpendicular to film plane.
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