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Meta 2006 highlights random, periodic optical metamaterials

Shalaev, Viadimir M.
Genack, Azriel

Photonic Metamaterials: from
Random to Periodic (Meta;
June 5-8, Grand Bahama Is-
land, The Bahamas) brought
together leading researcher-
sin three areas of science and
technology: photonics of ran-
dom media,with its deep and
challenging physics; photonic
crystals, which has matured
rapidly with the creation of
intricate structures; and
metamaterials, whose rapid
growth has been spurred by
dreams of supersedinglong-
accepted limits of optical
resolution and detectability. At
Meta 2006, a new topical
meeting held by the Optical
Society of America (Washing-
ton, D.C), the synergy be-
tween these fields was palpa-
ble andled to discussions be-
tween groups in which partici-
pants could re-imagine key
issues in their own islands of
expertise (see Fig. 1).
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Three introductory "grand
talks" were given by leaders
in their fields, John Pendry
{Imperial College; London,
England), Ad Lagendijk (Fun-
damenteel Onderzoek der
Materie; Utrecht, The Nether-
lands), and Sajeev John (Uni-
versity of Toronto;, Toronto,
Ont., Canada). The confer-
ence concluded with wrap-up
presentations by John Pen-
dry, Ad Lagendijk, and Yurii

Viasov (1BM; Yorktown
Heights, NY), which empha-
sized the state of the art of
the three fields and discussed
fundamental issuesraised at
the meeting.

Designed metamaterials have
developed at  breakneck
speed because of improved
nanofabrication  capabilifies
and the development of sub-
wavelength-scanning imaging
technigues and have opened
the way for many photonic
possibilities unattainable in
naturally existing materials.
The structural units of meta-
materials can be tailored in
shape and size; the composi-
tion and morphology can be
artificially tuned, and inclu-
sions with desired functional-
ity can be precisely placed.
Meta 2006brought together
experts from various disci-
plines to consider a broad
range of materials, from dis-
ordered fo pericdic, with a
range of structures and appli-
cations for manipulating light
with unprecedented precision
on the macro-and
nanoscales.

Although the field of metama-
terials includes a wide variety
of engineered materials with
designed optical properties,
the term was originally coined
in connection with negative-
index materials (NIMs), also
referred to as left-handed ma-
terials. Such metamaterials
promise tocreate entirely new
modalities for manipulating

light with revolutionary impact
on present-day optical tech-
nologies. Recent experimen-
tal breakthroughs in bringing
NiMs to the opiical regime
were described in talks by
Stefan Linden {Max Plank
Institute; Karslruhe, Germany;
see www. laserfocus-
world.com/articles/231731)

and one of the authors (Viad

Shalaev), whereas Xiang
Zhang (UC Berkeley, Ber-
keley, CA; see
www laserfocusworld.

corn/farticles/199240) and
Richard Blaikie (University of
Canterbury; Christchurch,
New Zealand; see

www laserfocusworld.com/arti
cles/229685) outlined pro-
gress in developing the super-
lens and its applications for
nanoscale photolithography.
The exchange of ideas from
the NIM field and from more-
mature fields of photonic crys-
tals and random media was a
distinguishing feature of the
meeting.

Great progress was reporied
in cloaking objects by com-
pletely excluding electromag-
netic fields from them and
thereby rendering them invisi-
ble (see figure). Graeme Mil-
ton (University of Utah; Salt

Lake City, UT), Nader
Engheta (University of Penn-
sylvania; Phitadelphia,

FA),and John Pendry pre-
sented three different ap-
proaches. (1)

The photonics of random me
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New perspectives were given
on the photonics of random
media and, particularly, on the
so-called Andersen transition
(& switchover frompropagat-
ing, wavelike behavior to spa-
tiglly localized photons that
are trapped by muitiple scat-
tering). There were three re-
ports of the transverse local-
ization of light fraveling in
samples that are uniformin
the direction of the incident
beam but disordered in the
perpendicular plane, a cir-
cumstance which had been
proposed by De Raedt, La-
gendik, and de \Vries. (2)
Photon lccalization and the
impact of nonlinearity was
studied in parallel clusters of
optical fibers (Thomas
Pertsch et al., Friedrich-
Schiller University/Institute for
Physical High Technology;
Jena, Germany), in a photore-
fractive crystal that had been
exposed o a random 2-D
speckle pattern interfering
with strongerwriting beams
(Tal Schwartz et al, Tech-
nion; Haifa, lsrael), and ina
linear array of parallel optical
wave-guides (Yoav Lahini et
al., Weizmann Institute of
Science; Rehovot, Israel).

The impact of localization in
the time domain was shown in
the increasing suppression of
transmission with delay from
an exciting pulsefor localized
microwave radiation (Andrey
Chabanov et al., University of
Texas at San Antonio/Queens
College, Flushing, NY)} and
optical radiation in the critical
regime in a sample with ratio
of mean free path to wave-
length of 4p (Christof Aegerter
et al., University of Konstanz;
Konstanz, Germany). The
creation of spatially extended
states when modes spectrally
overlap, termed neckiace
states by John Pendry, was
reported in measurements of
pulsed optical transmission
through  random  porous-
silicon layers (Jacopo Ber-
tolotti, Europsan Laboratory
for Nonlinear Spectroscopy;
Florence, Italy}, and in micro-
wave measurements of the

field within random wave-
guides  (Patrick  Sebbah,
CNRS/Queens College).

These states account for the
bulk of transmission in 1-D
systems.

Robin Kaiser of the Nonlinear
Institute of Nice, France, dis-
cussednew ways to study An-

derson localization at atomic
resonances using backscat-
tered light from cold atoms.
The prospects for novel co-
herent propagation effects in
these systems arising from
internal degrees offreedom
(Zeeman sublevels} and co-
operative effects such as su-
per-radiance were discussed
by Eric Akkermans of the
Technion.
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