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The Airy plasmon is unique since it represents the only possible one-dimensional diffraction-free
solution.
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Surface plasmons (SPs), or more exactly, surface plas-
mon polaritons, are surface electromagnetic waves that
propagate along the planar interface between a metal and
a dielectric material [1] (see Fig. 1). These particu-
lar electromagnetic modes are sustained by the collec-
tive electronic oscillations (plasma waves) in the metal
in proximity to the interface. Plasmons are essentially
two-dimensional waves whose field components decay ex-
ponentially with distance from the surface. The very
fact that these waves tightly cling to the surface makes
them ideal for molecule diagnostics and biosensing appli-
cations. On many occasions, SP beams are expected to
carry energy from one location on the surface to another.
Yet for this to happen in an effective way, diffraction
broadening effects must be first suppressed.

Methods to suppress the diffraction broadening of a
freely propagating plasmon beam have been actively pur-
sued by several research groups in recent years. For many
applications, this diffraction-free plasmonic energy trans-

FIG. 1: (a) Schematic of the experiment of Minovich et al.
A gold grating deposited on a glass substrate is excited from
below by a polarized 784 nm laser beam. A bent gold-coated
fiber-optic tip with a 150 nm aperture is used to collect the
light generated by surface plasmons (red peaks). (b) Image
of Airy plasmons recorded with the fiber tip superimposed on
a micrograph of the grating. (c) Numerical simulation of an
Airy plasmon undergoing self-healing as it collides with a hole
bored into the grating. (Adapted from A. Minovich et al.[2])

port would need to occur even if there were imperfections
on the surface. In a recent paper in Physical Review Let-
ters, Alexander Minovich at the Australian National Uni-
versity in Canberra and his colleagues report the experi-
mental observation [2] of a new class of plasmon-polariton
waves that could offer such a solution: the so-called Airy-
plasmon waves [3]. In general, Airy plasmons can ex-
hibit a host of appealing characteristics. Not only can
they retain their intensity features up to several diffrac-
tion lengths, but they can also self-heal and accelerate
(self-bend along a parabolic trajectory) during propaga-
tion. Apart from being interesting in their own right,
Airy plasmons may also hold promise for new, exciting
applications in the general area of plasmonics.

Diffraction is a ubiquitous process in nature. Under
the action of this effect, any confined beam carrying fi-
nite power is known to expand during propagation. The
familiar spread of a Gaussian optical beam is just an-
other example of this process. Loosely speaking, one can
understand this phenomenon by considering the walk-
off effects taking place between all the plane waves com-
prising a wave packet. The possibility of either engi-
neering or suppressing diffraction effects—at least up
to a certain distance of interest—was first tackled by
Durnin, Miceli, and Eberly in their classic paper on
Bessel beams [4]. In this work, it was recognized that
diffraction effects can be deliberately “delayed” by using
Bessel wave fronts—perhaps the best known example of a
“diffraction-free” field. What they also realized was that
all possible two-dimensional diffraction-free waves result
from a conical superposition of plane waves. This is so
because all the plane wave components involved share the
same propagation vector along the path of propagation,
and hence the beam intensity profile resulting from this
superposition remains invariant. Given that this coni-
cal addition can be arranged in a number of different
ways, it is clear that, in principle, one could come up
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with infinitely many such diffraction-free-field arrange-
ments—with the Bessel family being just one of them.

Diffractionless fields are normal propagation modes
(very much like a plane wave) and as such, in principle,
they are supposed to carry infinite power. In practice,
however, because of finite aperture effects, even these
“privileged” beams are eventually subjected to the ef-
fects of diffraction. Yet, if the size of the aperture is
considerably bigger than any of the intensity features of
this wave front, the beam will propagate virtually undis-
torted until diffraction associated with the aperture itself
starts to take its toll. Thus, for all practical purposes,
the diffraction process is slowed down over the intended
distance of propagation, and for this reason these beams
are called “diffraction-free.” Nowadays such diffraction-
less beams find interesting applications in many and di-
verse settings ranging from biosensing to nonlinear op-
tics.

At this point it is perhaps natural for one to ask if
similar concepts can be used in plasmonics. In other
words, is it possible to achieve diffraction-free propaga-
tion using plasmon beams along the surface of a metal?
If so, will the scheme of conical superposition also work
in this case? Surprisingly, the answer to the latter ques-
tion is no. The very fact that a surface plasmon polariton
can only exist in flatland renders the diffraction process
one-dimensional. In turn, this reduction in dimension-
ality does not allow meaningful diffraction-free patterns
through conical superposition [2]. Yet one-dimensional
(1D) diffraction-free waves do exist. This discovery was
made more than thirty years ago by Berry and Bal-
azs, who showed that the force-free quantum mechanical
Schrödinger equation can admit a unique, nonspreading
accelerating solution in the form of an Airy wave packet
[5]. These Airy packets are in a class by themselves and
do not result from any conical addition.

The realization that Airy waves can be actually ob-
served in optics came only recently [6, 7]. In fact, in
this realm, the beam’s acceleration takes on a whole new
meaning. It means that during propagation, the inten-
sity features of an optical Airy beam can self-bend, even
in free space, and this without violating the premises
of Ehrenfest’s theorem, which governs the centroid tra-
jectory. Interestingly, Airy beams can propagate along
parabolic paths, very much like cannon balls moving un-
der the force of gravity. Subsequent experimental stud-
ies also demonstrated that these beams tend to self-
heal themselves after encountering any perturbations—a
property shared by all diffraction-free beams.

Earlier last year, the prospect of observing nondiffract-
ing Airy plasmon waves was theoretically suggested by
our group [3]. As mentioned before, the Airy plasmon
wave packet is unique since it represents the only possible
one-dimensional diffraction-free solution. In this realiza-
tion, an Airy plasmon can propagate almost undistorted
over several diffraction lengths along the metal surface.
This occurs while its intensity features parabolically self-
bend as a function of distance. In general, the beam

can maintain the size of its lobes—a valuable property,
especially when resolution is needed. Even more impor-
tantly, because of its self-healing characteristics, the Airy
plasmon happens to be resilient against surface perturba-
tions. This is a desirable feature given that surface plas-
mon polaritons tend to lose or radiate energy because of
surface imperfections.
Minovich and colleagues report the experimental ob-

servation of such a surface Airy plasmon. Their exper-
iments were carried out on an air-gold interface at a
wavelength of 784 nanometers (nm). In this arrange-
ment a 150-nm-thick gold film was deposited on a glass
substrate. A diffraction arrangement was fabricated by
selectively removing the metal using focused ion-beam
techniques, as shown in Fig. 1(a). This was used as a
platform to couple a broader wave front of 200 microns
into a plasmon and shape the resulting beam into an Airy
profile. This is achieved by manipulating both amplitude
and phase of the optical field. The propagation dynamics
of the Airy plasmon are then monitored using a near-field
scanning optical microscope gold-coated fiber tip close to
the surface. Experimental near-field results are shown in
Fig. 1(b) and clearly demonstrate the anticipated ef-
fects. The main lobe of the Airy plasmon can maintain
its width (700 nm) up to several Rayleigh lengths while it
also parabolically self-bends—a key characteristic of an
Airy beam. In addition, self-healing is possible, as also
depicted in Fig. 1(c).
This field is only now beginning. Interestingly, since

the submission of this paper, Airy plasmons have also
been reported by other groups. These studies were car-
ried out independently at the University of California,
Berkley, and Nanjing University, China [8, 9]. These
works are expected to stimulate more efforts towards
a better understanding and utilization of nondiffracting
Airy plasmons. As the authors of the accompanying pa-
per indicate, surface Airy plasmons may open new oppor-
tunities for selective on-chip manipulation of nanoparti-
cles and optical sensing circuitry. It will be of interest
to see if, in the future, such ideas may spill over in other
emerging disciplines of plasmonics.
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