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Objective: The objective of our proposal is to produce and characterize highly efficient low loss metallo-
dielectric metamaterials, which will be the basis for advanced nanophotonics concepts including: (i) random
lasing utilizing enhanced feedback from plasmonically coupled nanosize scatterers; (ii) SPASERs for local
nanolasing utilizing coupling between a plasmonic band and the quantum states of a gain medium; (iii)
distributed feedback from the band gap in a hollow core photonic crystal fiber and (iv) nonlinear optics and
stimulated Mie scattering in plasmonically coupled nanosize scatterers. During the course of the project we
achieved a number of significant results in all of aforementioned areas, resulting in 2 publications which
acknowledge support from SOARD. These papers are referenced below.

1) Random Lasing :

Scattering of light by disordered structures is a common phenomenon in our daily life. For many scientific
applications, scattering is often treated as a detrimental effect. However, recent development in the field of
nanophotonics shows that scattering in disordered nanostructures can enable new functionalities, including the
unexpected property of random lasing. A random laser is different from a traditional laser in that the feedback
amplification is not provided by a cavity formed by reflection components, but by disorder-induced scattering.
Our work focused primarily on multiphoton lasing in organic random materials, where we demonstrated 3
photon lasing. We published our collective work on random lasing and its applications in Nano Today.

2) Nonlinear Optics in Plasmonic Dichroic nanocomposites:

During the course of this project we prepared gold nanorods with well controlled aspect ratio and incorporated
these nanorods into a polymer matrix (PVA). The resulting composite materials were then characterized
regarding their linear and nonlinear absorption and dichroism properties. Polarization resolved femtosecond Z-
scan measurements were employed to characterize the nonlinear optical properties of nanocomposites. We
observed 57-fold enhancement of nonlinear absorption because of giant plasmon field induced by resonant
excitation of the aligned gold nanorod clusters, when mechanically stretching the PVA films. Numerical
simulations of the local electric field enhancement showed a remarkable agreement with the experiment when
clustering of the gold nanorods in PVA matrix was taken into account. The results of this work are
quantitatively consistent with models of local field enhancement within the clusters, therefore providing a
rational for the morphological design of optical nanocomposites with ultra-high plasmonic nonlinearities.
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