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Optical processes on the nanoscale are of great importance both fundamentally and for applications in science, engineering, technology, and defense. Among the fundamental problems of the nanoscale optics and nanoplasmonics is delivery if the optical radiation to the nanoscale. The conventional methods with tapered optical fibers and sharp metal tips can produce high enough enhancements of he local optical field by the price of a very low efficiency o the energy transfer. A goal of this project is to find much more efficient ways to transfer energy to the nanoscale using tapered nanoplasmonic structures. The concentration of the optical energy in the nanoplasmonic structures is coherently controlled using spatio-temporal pulse shapers.
We have developed theory of a plasmonic portal: a nanowedge where the propagation of the surface plasmon polaritons toward the tip leads to the transfer of the optical energy and its concentration on the nanoscale at the sharp edge of the wedge [1]. The concentration in the direction normal to the wedge surface and along the propagation direction is possible with the sizes less than 10 nm, which are determined by the minimum thickness of the wedge. The localization in the plane of the wedge normally to the propagation direction is determined by the thickness of the wedge at the site of the polariton launching and is typically on order of 20 nm. Separately, we have established that for plasmonic waveguides tapered stronger than the adiabaticity would allow, a very efficient concentration is possible [2].
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	Fig. 1. (a) Electric field amplitude of THz wave in plasmonic metal waveguide. The waveguide is a funnel-like coax where the field is concentrated between the center tapered silver wire and the thick silver shell. The radial field amplitude is shown in relative units using color coding. (b) The red line depicts the relative intensity of the THz radiation as a function of the inner radius R of the shell (the outer radius of the waveguide). The blue line shows the value of the adiabatic parameter (multiplied by a factor of 10) as a function of R.


We have also developed theory of the terahertz (THz) radiation compression into nanoscale regions [3]. The wavelength of the THz radiation is from tens to hundred microns and exceeds the size of the concentration region by two to three orders of magnitude. The nanoscale concentration of the THz radiation is extremely important for applications, including nonlinear THz spectroscopy, and sensing and detection of submicron objects of the biological origin (viruses, spores, bacteria) for biomedical and defense purposes. We have established that the principal limitation and scale of the spatial concentration of the THz radiation is imposed by the skin effect: the penetration of the THz radiation into the metal of the waveguide and its absorption by the metal, which are the plasmonic phenomena. The skin depth in the THz region is from 30 to 100 nm. We found that the adiabatic compression to the nanoscale is possible in optimally tapered, funnel-like metal plasmonic waveguides [3]. 
This adiabatic nanocompression of THz radiation is illustrated in Fig. 1, where the THz intensity is increased by a factor of ~5 with respect to the initial intensity at R=220 nm. Even for the compression radius of R=100 nm, the intensity is still comparable with the initial one. The efficient adiabatic compression of the THz radiation to the nanoscale regions will find application for THz ultramicroscopes with ~100 nm resolution, for detection, sensing and spectroscopy of submicron biological objects (viruses, spores, etc.) for biomedical and defense needs, etc.

We have carried out experimental studies of subwavelength focusing of surface plasmon polaritons (SPPs) on metal surfaces controlled by phased arrays of nanoparticles and by phase-controlled, shaped laser pulses [4, 5], see also [6]. Using PEEM, we have been able to observe the patterns of diffraction, interference and focusing, which are dynamically controlled by the relative phase between the individual pulses in the pair.
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	Fig. 2. Coherent control of SPP focusing using phased correlated pulse pairs. Patterns of focusing, interference, and diffraction are observed.


Finally, we have theoretically considered the renormalization of the Coulomb interaction on the nanoscale [7]. One of the manifestations of this effect is the transfer of the optical energy across a nanoplasmonic particle mediated by localized surface plasmons (SPs) [7]. in Fig. 3, we illustrate the transfer of optical excitation energy in the near field across a silver-dielectric nanoshell of aspect ratio x. Ad these results show, in the infrared region, the energy transfer rate is very efficient. It is comparable with the quenching rate by the metal, occurring during times on the picosecond scale. 
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	Fig. 2. Transfer and relaxation rates for nanocrystal quantum dots (NQDs) at the outer surface of silver nanoshell, modified and enhanced by SPs. (a) Schematic of the system and energy transfer processes. A nanoshell is indicated by a blue circle, and the donor and acceptor NQDs are labeled by D and A, correspondingly. The frequency distributions of the transition oscillator strengths of the donor and acceptor NQDs are shown by bold black curves. The energy transfer between NQDs and subsequent relaxation are indicated by red arrows. (b)-(c) The nonradiative and radiative relaxation rates (in the logarithmic scale) for NQDs on nanoshells for the aspect ratios x specified in the panels. The FRET rate for two NQDs situated on the opposite poles of a nanoshell [cf. panel (a)] is shown by the blue curves. The SP-mediated FRET rate averaged over the position of the acceptor on the nanoshell is shown by the light-blue curves. The rate of transfer to the metal is plotted by the green curves. The radiative rate for a NQD at the surface of the nanoshell is depicted by the red curves.
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