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Abstract
We consider propagation of surface plasmon polaritons

in linear chains of silver nanospheroids. We show that, for
suitably chosen parameters, the propagation is free of
spatial decay in spite of the full account of absorptive
losses in the metal.

1 Introduction
Propagation of surface plasmon polaritons (SPPs) in

chains of metallic particles has attracted significant
attention due to the number of potential applications in
waveguiding and nanoplasmonics [1,2], as well as in
spectroscopy and chemical sensing [3,4]. Chains of
nanoparticles have also attracted attention in quantum
information processing and it was recently demonstrated
that such chains can serve as unidirectional single-photon
or single-plasmon emitters [5]. In this work, we investigate
the spatial decay of SPPs in chains of spheroidal particles
and evaluate ways to mitigate this decay by manipulating
the aspect ratio of the particles.

2 Model
Consider a linear periodic chain of N identical silver

spheroids with b and a being the shorter and longer
semi-axes. The spheroids can be either prolate or oblate,
and we assume that the longer semi-axis is perpendicular
to the chain in both cases. We will consider only the SPPs
that are polarized transversely to the chain. For oblate
spheroids, the two mutually orthogonal transverse
polarizations are equivalent. In case of prolate spheroids,
we will consider only the polarization aligned with the
longer axis. In all cases, the shorter semi-axis is taken to be
8b  nm and the center-to-center interparticle distance is
3 24h b  nm. Thus, the surface-to surface distance

between two nearest neighbours in the chain is equal to b .
For transversely polarized SPPs, these parameters are
within the range of validity of the dipole approximation
[6], which will be used in all simulations.

The principal values of the polarizability tensor of each
spheroid are given by well-known expressions [7] with the
account of the first nonvanishing radiative correction [8].

We use the Drude formula to define the dielectric
permittivity  of silver with the contribution to the
permittivity due to the interband transitions.

Figure 1 Transmission spectra for transversely polarized SPPs
in chains built from prolate spheroids (a) and oblate spheroids (b)
for different aspect ratios /b a

3 Numerical results
Assume that the first particle in the chain ( 1n  ) is

illuminated by a near-field external source, which creates a
fixed and known amplitude of the electric field. We will
use the formalism of normalized Green’s function [9],

,1 1,1/n nF D D which can be obtained in finite chains
numerically by solving the coupled-dipole equations [9].
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We will refer to the quantity nF as the transmission of the
chain.

Figure. 1 shows that SPPs tend to propagate with less
decay for smaller values of /b a . The transmission nF is of
the order of unity when 0.05 / 0.15p   (for prolate
spheroids) or 0.05 / 0.25p   (for oblate spheroids).

The above finding is radically different from the results
previously obtained for chains of spherical particles. Still,
it can be seen from Figure. 2 that, in the case of spheres, nF
drops precipitously with n . The curves for spheroids
exhibit much slower decay.

The data of Figures. 1,2 do not contradict conservation
of energy. When the decay of the Green’s function is slow
or absent, all spheroids dissipate energy approximately at
the same rate and, correspondingly, this energy must be
supplied by an external source. Therefore, to maintain a
given amplitude of the external field, one must supply the
system with the optical energy, which is proportional to
the length of the chain, N .

Figure 2 Normalized Green’s function nF for linear chains of
spheroids with aspect ratio / 0.2b a  at the frequency
/ 0.15p   and for a chain of spheres at / 0.38p  

In Figure. 3, we plot /s eQ Q  (where sQ and eQ are
the efficiencies of scattering and extinction [7]) as a
function of frequency for chains of spheroids and spheres.
For both prolate and oblate spheroids, we have

31/ 10N   at 0.15 p  . This indicates that, in the
case of spheroids, almost all energy supplied by the source
is absorbed and the absorption is equally divided between
the spheroids comprising the chain; hence, we see no
significant spatial decay of nF .

The slow decay of SPPs reported above can be
explained from a physical point of view. Replacing
spherical particles by spheroids increases the strength of
electromagnetic interaction of neighbouring particles
because the coupling coefficients (polarizabilities) can be
increased while keeping consth  . This results in a
significant increase of the group velocity of SPPs, as was
already predicted in [10]. A wave packet spends less time

travelling from one end of the chain to another. If we
assume that the amplitude of the wave packet decays with
time at a constant rate, then we can expect a larger
amplitude of the SPP at Nth spheroid. Another helpful
factor is that the introduction of nonsphericity allows one
to shift the Frohlich frequency of the spheroids toward the
red, where metal nanoparticles are known to be better
(higher-quality) resonators.

Using previously known theoretical results [9] we can
estimate the SPP propagation length for the parameters
used in this work. We have 44μml  (oblate spheroids),
9.1μml  (prolate spheroids), and 0.6μml  (spheres),

which are in a good agreement with the data of Figure. 2.

Figure 3 Quality factor /s eQ Q  for chains of spheres and
spheroids with the aspect ratio / 0.2b a 

4 Conclusion
We conclude that the use of nonspherical particles can

be advantageous for the design of nanoparticle
waveguides. Gaussian SPP wave packets can propagate
along a chain of spheroids with negligible spatial decay.
These two features are desirable in many of the
applications considered in the literature. Unfortunately,
this regime of propagation requires large energy input: the
fraction of incident energy converted to the useful signal
scales as 1/ N .
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