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Abstract. The effects of quantum coherence arising in an ensemble of
semiconductor quantum dots located near the surface of two-dimensional
optical materials are considered. The conditions for the realization of strong
coupling between surface plasmon-polaritons and quantum dot in proximity
to graphene are studied.

The realization of strong coupling between the emitter and electromagnetic field in
subwavelength systems is one of the priorities in modern nanoplasmonics [1]. Nanosystems
supporting strong emitter-field coupling are the basis for the creation of highly efficient
surface plasmon-polariton (SPP) sources [1], nano-antennas [2], and sensors [3]. The greatest
perspectives are associated with the implementation of strong coupling between the
semiconductor quantum dot (QD) and SPP in graphene [4]. The complexification of the
graphene geometry allows increasing the density of states for the self-consistent field of
emitter near the spatial limiters, e.g., grooves, pyramids, and so forth [5]. The use of QD as
an emitter has an advantage over atoms, namely, the possibility to tune the wavelength for
obtaining the optimal SPP propagation length for various conductor- dielectric interfaces.

Fig. 1. (a) The scheme of a possible experiment for SPPs generation. (b) The relative position between
energy gaps and band offsets of InSb bulk semiconductor with depicted energy levels of QD;
λ3=5.24 µm , λp=1.52 µm . (c) Dependence of g/γs ratio as a function of the radius of InSb QD placed
on dzb=2 nm buffer layer of SiO2 deposited on graphene.
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In this work, we investigate the features of the light-to-SPP conversion using QD placed
in proximity to graphene. The efficiency of this conversion depends on the type of SPP-QD
coupling. The key point in identifying the type of coupling is the ratio between the scattering
rate of electrons in graphene γs, the effective QD relaxation rate Γeff=kRΓ0, and SPP-QD
coupling constant g. In particular, the inequality g>γs, Γeff characterizes the regime of strong
SPP-QD coupling [4]. We assume that QD is placed on a buffer layer deposited on graphene
surface that is located on SiO2 substrate, see Fig. 1a. We propose to implement combined
light-to-SPP ladder-type scheme of interaction in QD with infrared λp laser pump and λ3 signal
SPP mode, see Fig. 1a,b. The implementation of ladder interaction scheme in QD (see Fig.
1b) allows for realizing the strong SPP-QD coupling even for the flat graphene. The
advantage of the scheme is the ability to tune the pump wavelength far from the SPP
wavelength, which solves the problem of background illumination when observing SPP. The
coupling constant can be determined as g  r   0  0VEF  r  12 , where µ12 is the
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depends on the distance between the QD and grapheneand the QD radius. At a fixed distance
from QD to the surface, the ratio g/γs increases with decreasing the QD size, which is caused
by enhancing the dipole moment of transition µ12 for QD with the small radius, see Fig. 1c.
At the same time, the graphene with small values of chemical potential µ=0.161 eV
demonstrates not so good SPP-QD coupling, which is associated with the short spatial scale
of generated SPPs (nEF=440) and a small area of SPP-QD overlapping. In fact, the highlylocalized field of SPP quickly weakens at the scale of approximately 10 nm over the graphene
surface and “does not feel” the internal QD degrees of freedom. On the other hand, SPPs are
less-well localized on doped graphene with a bigger µ, but they propagate over long distance
and well overlap the region of QD location. As a result, the ratio g/γs=1.14 for 20 nm InSb
QD placed at 22 nm distance to graphene with µ=0.3 eV demonstrates the possibility for the
creation of “bright” SPP source with infrared pumping.
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