Interaction of a graphene nanoflake with an adatom
under optical illumination
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Graphene nanoantennas sustain strong electro-magnetic field localization upon resonant
illumination. To exploit the local field enhancement, quantum emitters such as atoms or
molecules should be positioned close to the flake, where electron tunneling may influence
the optical response of the system. In our work, we develop an analytical framework and
numerical tools to account for dynamics and optical properties of hybrid systems made of
graphene nanoflakes coupled to adatoms in the presence of an external electromagnetic
field.

We use this framework to investigate the optical phenomena, including plasmons and
spontaneous emission of an atom in proximity to graphene antennas. We focus the analysis
on the interplay of two distinct physical mechanisms that may influence the optical response,
namely the optical coupling between the atom and the antenna and electron tunneling
between them. We distinguish different regimes in adatom - flake distances where these
effects determine optical properties. While optical coupling dominates at larger distances,
the tunneling may be significant at distances of the order of a nanometer leading to
hybridization of the antenna and adatom orbitals. In consequence, fransition energies and
fransition dipole moment elements of the coupled system are modified. These quantities
determine the spontaneous emission rate. As a result, we find that the spontaneous emission,
opfically enhanced at moderate atom-antenna distances, can be modified and quenched
at short distances.
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