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Airy Plasmons: Bending Light on a Chip
A. Minovich, A.E. Klein, W. Liu, A. Salandrino, N. Janunts, I.V. Shadrivov, A.E. Miroshnichenko, 
T. Pertsch, D.N. Neshev, D.N. Christodoulides and Y.S. Kivshar

L ight can travel along a curved 
trajectory if it takes the shape of a 

particular caustic—that of nondiff ract-
ing “Airy beams.” Such non-spreading, 
accelerating wavepackets are named 
after the English astronomer Sir George 
Biddell Airy, who studied the colored 
curved projections of light in rainbows. 
A few years ago, Airy beams propagating 
along curved parabolic trajectories were 
created in free space at the University of 
Central Florida.1 Now, such beams were 
bound to the surface of a metal fi lm in 
the form of Airy plasmons,2 providing 
an experimental tool for studying non-
diff racting waves on a chip.

� e observed two-dimensional Airy 
beams exist on the surface of a metal 
fi lm due to the excitation of surface plas-
mon polaritons (SPPs)—quasi-particles 
in which photons are coupled to the free 
electron oscillations in metals. � e plas-
mon fi eld is tightly confi ned to the metal 
surface, decaying exponentially away 
from it. Such a planar system with a 
subwavelength confi nement is attractive 
for “fl atland photonics.” Unlike in free 
space, where non-diff racting beams may 
exist (e.g., Bessel and Mathieu beams), 
in fl atland geometry, Airy wavepackets 
are the only possible nondiff racting 
waves. Airy plasmons that propagate 
along curved trajectories (a) have only 
recently been suggested and can exist 
despite the strong energy dissipation at 
the metal surface.3

� ose predictions are now confi rmed 
in experiments in which researchers 
excited Airy plasmons on a metal-air 
interface using an engineered SPP dif-
fraction grating (b).2 Due to the strong 
binding of the Airy plasmons to the 
metal surface, we used near-fi eld scan-
ning optical microscopy to detect their 
evanescent fi eld. By analyzing the near-
fi eld structure of the SPP (c), we saw that 
the generated Airy wave indeed propa-
gates along a curved parabolic trajectory 
with a constant beam-width. We also 

observed a fascinating property—the 
so-called self-healing phenomenon—
which occurs when the wave recovers 
after passing through surface defects. 

Our theoretical studies show the pos-
sibilities for steering the Airy plasmons 
in diff erent directions, preserving their 
non-diff racting character4 by using 
engineering plasmonic linear potentials 
in metal-dielectric-metal structures 
with tilted metal plates (d). With the 
change of angle between the plates, Airy 
plasmon propagation can be controlled. 
Alternatively, at a fi xed angle u, the Airy 
plasmons generated at diff erent wave-
lengths will also be steered left or right 

(a) Intensity pro� le of Airy plasmon propagating along parabolic trajectory.3 (b) Setup for 
excitation and near-� eld imaging of Airy plasmon with engineered grating.2 (c) Scanning 
electron microscope image of grating pattern and measured near-� eld intensity pro� le of 
accelerating plasmon. (d) Wedged metal-dielectric-metal structure for manipulating Airy 
plasmon with one metal plate tilted by an angle u. (e-g) Numerically calculated � eld distribu-
tions of three plasmonic Airy beams of 0.6, 1 and 1.4 mm (in false colors) and u = 0.458°.4

(e-g), allowing for wavelength-selective 
routing of plasmon beams.

Airy plasmons are an attractive area 
of recent research,2,5 with applications in 
surface particle manipulation and optical 
communications. In addition, the dem-
onstration of 2-D nondiff ractive plasmon 
waves suggests that similar entities can 
be used in other low-dimensional systems 
such as graphene and magnetic surfaces. t
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Graphene Plasmonics: A Platform for 
Strong Light-Matter Interactions
F.H.L. Koppens, D.E. Chang, S. Thongrattanasiri 
and F.J.G. García de Abajo

Surface plasmons (SP)—the electro-
magnetic waves coupled to charge 

excitations at the surface of a metal—
are the cornerstones of various applica-
tions, including ultra-sensitive optical 
biosensing, optical metamaterials and 
quantum information processing. How-
ever, even noble metals, which are widely 
regarded as the best available plasmonic 
materials, are hardly tunable. � ey also 
exhibit large ohmic losses that reduce the 
lifetime of these excitations to a few tens 
of optical cycles at wavelengths close to 
the SP threshold, where they produce 
maximum fi eld confi nement. 

As a result, plasmon resonances in 
metals suff er large decoherence that 
limits their applicability to optical pro-
cessing devices. In this context, graphene 
emerges as a unique alternative two-
dimensional plasmonic material that 
displays a wide range of extraordinary 
properties. � is atomically thick sheet 
of carbon has generated tremendous in-
terest triggered by its superior electronic, 
mechanical and optical properties. 

Recently, graphene has also been 
recognized as an optical material for 
novel photonic and optoelectronic 
applications such as solar cells, photo-
detectors, light-emitting devices and 
ultrafast lasers. All of these photonic 
and optoelectronic applications rely on 
the interaction of propagating far-fi eld 
photons with graphene. In addition, 
surface plasmons bound to the surface 
of doped graphene1 exhibit a number of 
favorable properties that make graphene 
an attractive alternative to traditional 
metal plasmonics. 

In particular, graphene plasmons 
are confi ned to volumes of the order of 
106 times smaller than the excitation 
wavelength. Interestingly, this extreme 
fi eld confi nement is governed by the fi ne 
structure constant a3 and the ratio of 
the Fermi energy and photon energy.2 

Furthermore, dramatic tuning of the 
plasmon spectrum is possible through 
electrically or chemically modifying the 
charge carrier density and the electronic 
structure of graphene. � e ability to 
fabricate large, highly crystalline samples 
should give rise to SP lifetimes reaching 
hundreds of optical cycles, thereby cir-
cumventing one of the major bottlenecks 
facing noble-metal plasmonics.

We show that these remarkable plas-
monic properties can be used to tailor 
extremely strong light-matter interac-
tions2 associated to Purcell factors of up 
to 105 for just a graphene sheet. Based 
on analytical and numerical calcula-
tions, we predict observable eff ects of 
cavity quantum electrodynamics in our 
proposed graphene nanostructures.

Interestingly, graphene nano-
structures can have resonant extinction 
cross-sections that greatly exceed their 
geometrical cross-sections, despite the 
small volume occupied by this thin ma-
terial. � is enables effi  cient and resonant 

Coupling of a dipole emitter to doped homogeneous-graphene plasmons. (Top, left) Near-� eld 
produced by a perpendicular dipole situated 10 nm away from doped graphene. (Top, right) 
Poynting vector lines reveal strong coupling to the graphene surface plasmons. (Bottom) 
Tunable decay rate of an excited emitter in front of graphene with a carrier density corre-
sponding to a Fermi energy EF.

excitation surface plasmons by far-fi eld 
illumination. Moreover, using this 
mechanism, we show that it’s possible 
to boost the light absorption in graphene 
from 2.3 percent to 100 percent.3 

� ese results pave the way to a wide 
variety of applications such as effi  cient 
light harvesting, nanoscale optical 
absorbers, tunable nanoscale metama-
terials,4 waveguides and switches and 
quantum information processing. t
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