
The Computational Nano Materials Group uses mainly compu-
tational techniques to investigate light–matter interactions,
with emphasis on electromagnetism of nanostructured
systems, plasmonic structures and metamaterials. The group’s
ongoing and future projects can be broadly divided into the
following: hyperbolic metamaterials and their applications,
plasmonic systems, and active metamaterials.

Hyperbolic metamaterials are nanostructured composite
systems that have extremely anisotropic optical response.
These unique materials completely reflect one polarization of
light while being transparent to the orthogonal polarization.

“The optical properties of hyperbolic media are often surpris-
ing and counterintuitive,” says Assoc. Prof. Viktor Podolskiy,
who heads the group. “Light incident on these materials
exhibits negative refraction, so that a planar slab of hyperbolic
medium can be used as an aberration-free lens.”

Moreover, he says, hyperbolic media may help avoid the
diffraction limit, and can potentially be used for subwave-
length focusing of light and for imaging with subwavelength
resolution. Thus, they can be utilized for new generations of
lithographic and imaging applications as well as in designing
ultracompact high-performance sensors.

“Our group is working on several designs of hyperbolic media
— metal/dielectric nanowire metamaterials that operate at
visible and telecom frequencies — and on semiconductor-
layered metamaterials that operate in the mid-infrared
frequency range,” says Podolskiy.

According to him, plasmonic systems are often named as
promising candidates for a new generation of computing
and communications systems that will combine the ultrafast
processing offered by optical technology with the compactness
of modern electronics.

“Apart from understanding the fundamental physics, our
goal is to develop ultrafast near-field microscopy — a new
technique that could potentially be used to achieve unprece-
dented resolution in space and time domains,” he says.

Active metamaterials are directed toward understanding light
generation and loss compensation in metamaterials. The
applications lie in addressing the common limitation of
metamaterials: optical absorption.

“We are working on loss compensation in a number of
systems, from optical plasmonic composites to mid-IR semi-
conductor metamaterials,” he says. “We actively collaborate
with several groups around the world and are establishing
fruitful cross-disciplinary collaborations within UMass Lowell.”

www.uml.edu/Physics

Computational Nano
Materials Group
Studying Hyperbolic Metamaterials
and their Applications

9

The top panels show subwavelength focusing of light in hypergratings
with nanowire core, left, and nanolayer core, right. The bottom panels
show light’s intensity distribution across the focal planes (represented
by the blue horizontal lines in the top panels).

This diagram illustrates how the transmission spectrum of non-local
nanowire metamaterials is dominated by interference between the
main and additional optical waves with identical polarization.
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