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Extensive research in Nano-optics over the last decade has made possible controlling optical
fields on the nanometer scale. In this talk we will present our recent advances in enhanced
light-matter interaction on the nanometer scale and their applications to quantum optics.

We first discuss an approach in which light is used to trap and manipulate a single
nanodiamond containing a single NV. We demonstrate both translational and angular control of
the trapped NV and discuss applications to vectorial magnetometry and mapping of the
electromagnetic local density of states [1]. We also demonstrate that the hybrid system formed
by a single NV coupled to a gold gap antenna can operate as an efficient and fast optical switch
upon non-resonant CW illumination. We show a modulation of the NV fluorescence by more
than 80% with time response faster than 100ns that we control through an independent NIR
gating laser of a few mW [2].

The second part of the talk presents our latest advances in optomechanics. We optically trap a
single nanoparticle in high vacuum and cool its three spatial degrees of freedom by means of
active parametric feedback. Using a single laser beam for both trapping and cooling we
demonstrate a temperature compression ratio of four orders of magnitude. We discuss the
potential of this approach for ground state cooling at room temperature [3] and ultrasensitive
force detection [4].
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