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The central goals of our project are understanding and engineering of fundamental properties of light generation and control in active optical nanostructures, and development of novel devices and systems for optical and quantum information processing. This is accomplished by integrating bottom-up synthesized nano-emitters with top-down fabricated structures for light confinement. Our work will enable the realization of robust, practical single photons devices (e.g. sources and switches), nano-scale lasers, and methods for photon harvesting with sub-wavelength resolution. These devices and techniques are expected to have a wide variety of applications in the areas ranging from quantum cryptography and optical communications, to life sciences and advanced photolithography.
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Similar to conventional dielectric fiber that can guide photons, metal nanowire can guide propagating surface plasmon modes (charge density waves coupled to photons) localized transversely to dimensions comparable to the wire diameter. However, as opposed to dielectric waveguides, fundamental plasmon mode of nanowire exists even when nanowire diameter is much smaller than the optical wavelength. Such sub-wavelength localization is accompanied by a dramatic concentration of optical fields, and reduced propagation velocities of plasmon modes. This, in turn, significantly increases the emission rate of a nanoscale optical emitter placed in the proximity of the nanowire, and channels the majority of its spontaneous radiation into the guided surface plasmon mode of the nanowire (Figure 1). Non-classical photon correlations (anti-bunching) between the emission from the quantum dot and the ends of the nanowire demonstrate that the latter stems from the generation of single quantized plasmons. The collection efficiency of our system can be further improved by coupling the nanowire to a dielectric waveguide (Figure 2). In this way, plasmons generated by quantum dot can be efficiently collected by an optical fiber.
1. A. V. Akimov, et al, Nature 450, 402 (2007)
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Fig. 1. Coupling of CdSe quantum dots to surface plasmons supported on single crystal Ag nanowire1. CH I and CH II show a confocal reflection image of an Ag nanowire, and fluorescence image of quantum dots emitting at 655nm, respectively. Ch III shows a coupled wire–dot system. The red and blue circle corresponds to the position of the dot coupled to nanowire and the end of the nanowire, respectively, used for photon cross-correlation measurements (the right-most panel).
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Fig. 2. Platform used for efficient extraction of quantum dot emission. Insets: fabricated structures and model of nanowire-waveguide coupler. 








