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We describe experiments employing femtosecond pulse-shaping
techniques by which quantum coherences in single organic molecules
can be created, probed, and manipulated at ambient conditions
even in highly disordered solid environments. We couple individual
molecules reversibly to an optical monopole antenna and achieve
control of the emission direction.
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Abstract: Coherence does play a role in achieving the high efficiencies of light-energy conversion in natural antenna complexes. However
since natural systems are intrinsically heterogeneous, clear relations between structural and quantum properties can only be obtained by
addressing individual systems. Here we show by employing femtosecond pulse-shaping techniques that quantum coherences in single
organic molecules can be created, probed, and manipulated at ambient conditions even in highly disordered solid environments [1]. We find
vibrational wave-packet interference and broadly distributed coherence decay times for different individual molecules giving direct insight into
the structural heterogeneity of the local surroundings. A superior degree of coherent control is achieved by adapting the time and phase
distribution of the optical excitation field to the dynamics of each molecule.
The efficient optical excitation and detection of nanoscale quantum emitters generally involves large solid angles because their interaction
with freely-propagating light is omni-directional. Unidirectional emission of a single emitter can be achieved by coupling to a nanofabricated
optical antenna [2]. We have placed quantum dot in the near field of the antenna, such that it drives the resonant feed element of the antenna.
The resulting quantum-dot luminescence is strongly polarized and highly directed into a narrow forward angular cone. The directionality of the
quantum dot can be controlled by tuning the antenna dimensions. Similarly we couple individual molecules reversibly to an optical monopole
antenna [3] and achieve control of the emission direction. Moreover the direct mapping of the antenna field with single fluorescent molecules
reveals a spatial localization of 25 nm, demonstrating the importance of such antennas for nanometer resolution optical microscopy [4]. Our
results show the potential of optical antennas to communicate energy to, from and between nano-emitters.
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