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Outline:
. Surface plasmons in complex media: many-body problem in electromagnetism.
. Metamaterials and applications: negative index materials, magnetic plasmons,

superlens, optical activity, sub-wavelength solitons and transmission lines.
. Current work and future prospective.

. Possible collaborations



Materials with controlled optical properties
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Inhomogeneous metal-dielectric films:
extraordinary electromagnetic properties
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Local optical response — numerical results

Bond percolation 5 =05 Current conservation: (A>>h=a)
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SP eigenstates: random vs. periodic systems

SP as a quasiparticles (localization): Bloch SP states
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Surface Enhanced Raman Scattering
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Metamaterials: negative index media

Negative index media New optical phenomena: i
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Magnetic response in optics
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Negative index First Bulk Negative index Media in Optics
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Optical imaging with super-resolution

Propagating waves Evanescent wave
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Loss and dispersion plays substantial role!
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Resolution improvement
by a factor of four
(very close to the theoretical limit)
has been experimentally
demonstrated!

Fang, N., et al., Science 308, 534 (2005)
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Tunable superlens with composite materials
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Coupled magnetic dipoles:
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Chiral metamaterials, optical activity and EIT

A. Magnetic dimers
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B. Plasmonic “molecule” for electromagnetically
induced transparency (EIT)
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Sub-wavelength solitons in metal-dielectric arrays =
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These solitons manifest unique features arising from
the three-fold interplay between periodicity, nonlinearity,
and SPPs tunneling, and display anomalous behaviors
comparing to solitons in uniform dielectric media
and conventional DWGAs.
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Transformation optics

b)

H. Bateman, "The transformation of the
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Proc. London Math. Soc. 8, 223 (1910).
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Phys. Rev. 118, 1396 (1960).

A.

Invariance of the Maxwell’s equations under
coordinate transformation - conformal mapping
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corresponds to the real spherical wave transformation}
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An imaginary rotation in the four-dimensional space may be specified, in
a particular case, by the equations
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B. EM fields in general relativity
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Seeking collaborations within LI

B. Parallelization of the FDFD and C. Analytical studies and experimental
FDTD codes for fast calculations validation of the isotropic cloaking

of transformable media

A. SP localization in 3D,
percolation threshold
and critical exponents
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D. Parallelization of the inverse E. Massively parallel calculations of
design methods including MST The EM behavior near gravitational

and generic optimizations 20 singularities and optical attractors



