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Plasmon polaritons of metallic nanowires for controlling submicron propagation of light
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We use the Green dyadic technique to study the propagation of a local excitation along metallic nanowires
of a subwavelength cross section. The metallic nanowires are elongated parallelepipeds deposited on a trans-
parent substrate. A tightly focused plane wave illuminates one end of the nanowires. The localized surface-
plasmon resonances of the nanowires propagate the local excitations over distances larger than the incident
wavelength. The properties of the electromagnetic eigenmodes of the nanowires are analyzed in terms of the
local density of state$S0163-18209)02136-0

[. INTRODUCTION the electromagnetic field associated with a linearly polarized
focused plane wave are also given in this section. The reso-
The interaction of light with small metallic particles has nance conditions of a nanowire with fixed geometrical di-
been an intensive field of research for a long thr@mall ~ mensions are presented in Sec. . Section IV brings to the
metallic particles sustain electromagnetic modes known affre the usefulness of the concept of the electromagnetic lo-
localized surface plasmorsSP’s) which account for most cal density of state¢LDOS) to identify localized plasmon
of their optical properties. Up to the last decade, experiment€sonance. Section V demonstrates how to use the guiding
tal studies of LSP’s were restricted to the analysis of far-field°roPerties of nanowires to excite single metallic particles.
properties of large ensembles of particles. Recent improve-
ments of the near-field optical microscopy techniques nowa- Il. THEORETICAL BACKGROUND
days allow the observation of LSP’s in the vicinity of indi-

. . 13 _ . .
vidual particles. Near .f'.eld experiments have aIreaQy etallic particles have a limited range of validity. For ex-
demonstrated the possibility of probing the.optlcal'near-fle.I mple, the quasistatic treatment of the scattering is reliable
generated by surface p_Iasmo_ns and, ass_omateql with Io?a“z%ﬁly if the geometrical dimensions of the particles are much
plasmons of nanoscopic partlcles,_metalhc pa”'c"? LSP’s arg aller than the incident wavelendtht the dimensions of
suggested fo be relevant to various technologies such e particles are not negligible compared to the incident

micro-opticé and light guiding devices of subwavelength - - :
size® Recently, Quintert al. theoretically investigated elec- waveleng;h, Mie's theo_ry can b? applied, but only in the case
’ of scattering by spherical particles or clusters of spherical

tromagnetic energy transfer along chains of spherical Silvebarticlesff In our case, we consider an elongated nanowire

clusters‘_? On the _baS|s of a model in which a plane eIeCtr(.)'with a long axis that is larger than the incident wavelength.
magnetic wave |s_scattered and abso_rbed by only the_ﬂrs}o compute the field scattered by such a system, we use a
particle of the chain, they found that dipole-dipole COUpI'ngrigorous Maxwell equations solver which accounts for the

beltwee.rtw i_he partlclez'c?n be c:cpt|m|ze(|j ;0 pgo%agate th'i ! bhase retardation effects and for the rather low symmetry of
cal excitation over a distance o several hundred nanometer, particle. Among several techniques well suited to solve

Plasmon cogpling bet_ween small gold particles z_aligned tc’\/Iaxwell equations accurately, we choose the Green dyadic
form a long linear chain was recently observed using a phof”nethod(GDM), because it provides a direct link to the for-

ton scanning tunneling microscope. . mulation of the electromagnetic LDOS which will be used
In this paper, we demonstrate electromagnetic energy alow

transport through metallic nanowires deposited on a dielec-
tric substrate. The nanowires are metallic elongated parallel-
epipeds. The two short axes of the finite-size wires are much
smaller than the incident wavelength, while the long axis is The technique has been already widely described phe-
larger than this wavelength. We determine the propagationomena involving dielectric objects® or metallic resonant
conditions of a local excitation along the nanowires by com-cluster aggregatéé.In this section, we just summarize the
puting the near-field distribution above the nanowire whermain steps of the computational procedure.

one end is locally illuminated by a focused plane wave. Sec- The situation we consider is shown in Fig. 1. A nanowire
tion Il summarizes the Green dyadic method used to performvith a volume() and a dielectric functio®, is deposited on
such near-field calculations. The mathematical description othe interface that separates two semi-infinite dielectric media

Most methods modeling the scattering of light by resonant

A. Green dyadic method
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In order to determin€E(r,w), one has to consider the

Green dyadicG,¢(r,r’,w) associated with the bare inter-
face, which is defined by

2
> > < > > w o > >
—V><VxG,ef(r,r’,w)+sref(z)gGref(r,r’,w)

FIG. 1. Side view of the computational situation.

=18(r—r"). (6)
described by their dielectric constastsande;. The system
is illuminated by an incident beam, with an arbitrary spacelaking the posterior scalar product of both sides of &.
distribution and a harmonic time dependence of the formwith the vector (2/c?)[&,e¢(2) —&(r,w)]E(r,»), and inte-
teXp(— i wt) . The eleCtriC f|e|d SatiSfieS the vector wave equa'grating over the Wh0|e Space W|th respecfto |eads to
ion

2

> > w 5> o N
o L w?. . ES(r,w)=—ZJ'er’G,ef(r,r’,w)
—VXVXE(r,0)+&(r,0) SE(r,0)=0, (1) ¢
c - - o
X[eref(zs) —e(r',w) JE(r", w). (7)
wherefz(x,y,z) is the vector position and where the func- Introducing Eq.(7) into Eqg. (5), one obtains an implicit
tion g(r,w) is defined as Lippmann-Schwinger equation
-> . = > - > > w2 PN > >
e(rw)=e, if req, E(r,w)=E0(r,w)+—2J dr'Ges(r,r’, )
ccJa
o(fw)=erei(2) if 1¢Q. @ X[erer(z) (/) G 0).  (8)

The dielectric functions,e(z) that described the reference This Lippman-Schwinger equatidhSE) allows the calcula-

the external mediung,, can be expressed as inside the scatterer is known. However, the Green dyadic has
to be derived first.
er0f(2) =5+ O(—2)(8,— £2) 3) The tensoiG,«(r,r’,w) describes the electric field at the

observation poinf induced by a point source locatedrat

where®(z) denotes the Heaviside function. Using this defi- In our situation, each point inside the volurfeeof the wire
nition, Eq. (1) can be rewritten as is a point source. Since we are interested in the field scattered
in the upper medium, the field emittedrdtcan reachr after
w2 a direct propagation through the homogeneous upper me-
—~VXVXE(Tr,0) +&ef(2) ZE(T,0) dium or after reflection on the interface. As a consequence,
c the Green dyadic is expressed as a sum of two contributions,

2 o PR o -
= %[Sref(Z)—s(F,w)]E(F,w). (4) fref(rar,1“’):Gh(r:rlaw)+Gsurf(rar,vw)y 9
where G, is the tensor associated with a homogeneous me-

If the right-hand side of Eq(4) is interpreted as a source dium with a dielectric constant equal éa, and whereS,,;
term, the general solution of EG) can be expressed as a the accounts for the interaction of the field radiated by the point
sum of the incident fieIcEO(F ) and the field?s(F ) scat- source with the interface. The detailed calculation procedure

tered by the nanowire: of each contributiorﬁh andésurf can be found respectively
in Refs. 15 and 16.
E(r,0)=Ey(r,0)+E(r, ). 5) To compute the field inside the particle numerically, it is

first necessary to discretize the scatterer as an arrangement of

The field Eo(r,w) is the solution of Eq(4) when its right- N cells. If r; denotes the center position of tih cell, the
hand side is zero. It thus corresponds to the field refracted bySE reduces to a linear system that can be written in the
the flat interface. matrix form

> « - > > - - -1 > -

E(ry,w) T-VGer(ryry)  --- VGe(ry,rn) Eo(ry,o)

: = : : : , (10
E(FN ,a)) Véref(FN aFl) e I_Véref( I:)N vFN) IEO( I?N ,a))
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z the electric field associated with a plane wave focused
through an interface between two materials with different
refractive indexeé'~?® Assuming that the incident plane
wave is linearly polarized along the direction and is fo-
cused on the upper side of the interface, the electric field
transmitted to the upper medium reads

\ . (X*=y?)
\--- Objective lens Eox(X,y,2)=—i| g+ lo———|,
Fi
E il 2xy (12
X,¥,2)=—ilo——,
FIG. 2. Diagrammatic view of the local illumination of the 0y(X:¥:2) 2 rf
nanowire by a focused plane wave.
X
where V= (w?/c?)(e3—¢,)v, v being the volume of one Eo,(X,y,2)=-211—,

) T r
cell. Since all the components of the electric field in the I

particles have been obtained from systérf), it is then a  wherer=(x?+y?)'? and wherd, 1, andl, are defined
simple matter to derive the electric field anywhere in theas follows:
upper medium using a discretized form of E8):

lo= foad%/cosd)lsin b1( 75+ 7, COSh3) Jo( Ve 1Kol |)
E)(F,a))ZEO(F,w)‘f‘VQE éref(F*Fi)E(Fi ). (11

feq X explivesko COSh3Z),
B. Focused plane-wave model |1:J d¢1m5in¢1(7p sinea)Jy( \Eko"u)
Near-field experiments demonstrating the local excitation 0
of surface plasmons on thin films or LSP’s on single metallic X ex(i Ko COShZ
particles have already been reportédf The local excitation Pli Ve ko Cosha2).
has been achieved by illumination through a tapered metal o
coated optical fiber which is equivalent to a subwavelength Izzf d¢1\COSP;SiN G, (75— T, COSh3)
0

aperture. In our case, the local excitation of the nanowire is
realized in a classical way with a focused plane wave. Let us
consider the situation depicted in Fig. 2. A nanowire depos-

ited on a glass plate is locally excited by a converging inci- | Egs. (13), « denotes the angle between the marginal

g;nsts\l\p/)?e\\/tee. t;l;/ haeni?r(:%eer;tsiglr?gﬁ (\;vtf}\elzitii\?efo'?ﬁz%dpttir;;?liggefg?ays and the axis; 75 and 7, are the Fresnel coefficients for
A L e . s and p polarized plane waves, respectively, akglis the
tive index of the objective lens, the immersion oil, and the PP P P y

| | h b LIf th ical ind ¢ hWave number of the incident wave in vacuum. The quantities
glass plate are chosen to be equal. If the optical index of t 90, J4, andJ, are the zeroth-, first-, and second-order Bessel

!ens is only slightly differgnt from thg index of the sur_rour.1d- functions of the first kind, respectively. The anglkés and
ing medium, the application of the first Born approximation 5 are related by Snell’'s law. In order to show the structure

leads to neglect of the back-reflection of the scattered lighfc’ . o 't0 - sed electric-field wave, in Fig. 3 we report a se-

on the entrance side of the objective lens. As a consequenc&,Jence of electric intensity maps computed over the bare

we can consider that the nanowire lies on a semi-infiniteInterfalce for an incident wavelength in vacum 633 nm
homogeneous medium. The field diffracted by the par'ucIeThe observation plane is in ai{=1.0) and is located at

ggg;%satt))%sglculated using the GDM with the surface tensoi)bsz 25 nm over the glass substrate. The numerical aperture

(NA) of the immersion objective lens has been chosen equal
From Eqs'(l_o) and (1), all we ne_esl t9 compute the to 0.9. Such a value of the NA is realistic, and can be easily
scattered field is the zero-order soluti&R(r,w), i.., the  achieved with oil immersion microscope objectives. If the
electric field associated with the focused plane wave transgiejectric function of the glass substratess=2.25, from

mitted through the bare interface. Most of the works dealingpo \vell-known relationa = arcsin(NANs,), we find that
with the scattering of finite-size beam rely on a plane-wave[he angle of incidence of the marginal rays is about 36.9°.

expansion of the beam in order to compute the contributioRya have used 201 samples to perform the angular integra-
of each plane wave of the spectrum s.epgrafl%??.Because tion of 14, |4, andl,. The four maps in Fig. 3 are normalized
the GDM leads to a real-space dlscret|zat|on of the scatterey;, respect to the electrical intensity at the intersection be-
such a procedure is not necessary in our case. We just negleen the vertical axis passing over the focal point and the
to know the components of the focused fi#lg(r,») atany  opservation plane. THE?| map shows a spot slightly elon-
point located in the upper mediumz% 0). gated in thex direction. This nonsymmetric spot is mostly
The model we use to describe the fiﬁg(F,w) was de- due to the contribution of the longitudinalcomponent of
veloped by Took and co-workers to study the structure of the electric field. The maximum contribution of they, and

X Jo( \/s—lkorH)exqi Ve ko COSh3Z). (13
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FIG. 4. Near-field spectra of the 1/m-long nanowire. The
incident spot center is shifted by a distancexéd with respect to
the “entrance” end of the nanowire. The detection aBda located
10 nm over the top of the nanowire.

X (um) X (um)

incident light. The shift has been chosen toNoeependent,
FIG. 3. Electric intensity maps of the focused plane wave transand fixed toA/4 in order to compensate for the spot size
mitted through the bare glass-air interface. The incident plane wavgrowing with increasing wavelength. In the numerical work,
is linearly x polarized, and the objective lens has a NA of 0.9. the scatterer is discretized with 1600 cubic cells. Because the
volume of the wire is large enough to exclude intrinsic size
z components to the total electric intensity are in the ratio ofeffécts, we use the bulk values tabulated by Palik to describe

1, 0.0035, and 0.16, respectively. The spatial distributiondh® dielectric function of gold’ The signalQ computed ver-
and the relative weights of each component can be directiyus the wavelength is defined as

compared to the results presented in Refs. 24—26. Except for 1 IE(X.Y, Zepa N2
the wavelength, the illumination conditiofysolarization and Q(\)= _f Y2 Cobsy ds, (14)
NA of the objective described above will be kept constant S s|Eo(Xp,Yb ,zobs,)\)|2

for a]l the numerical applications performed in the following \ hare S is an area with a surface of 1860 nn? located
sections. above the “exit” end of the nanowire at a distance of 10 nm
from the top of the nanowireEy(Xy,,Yy ,Zobs:\) IS the elec-
tric field associated with the incident beam at the point lo-
cated in the observation plane above the “entrance” of the
In this section, the propagation conditions of a local elecwire. N refers to the wavelength of the incident light in
tromagnetic excitation along a metallic nanowire are detervacuum. The quantit®(\) can be understood as a kind of
mined. We first consider a nanowire made of gold with anear-field scattering coefficifithat measures the near-field
length of 1.5 um, a width of 30 nm, and a height of 15 nm. response at the “exit” end of the wire relative to a given
The dimensions of the nanowire have been chosen to be iocal excitation at the “entrance.” Eventually, this coeffi-
the range of feasibility of current nanofabrication techniquesient is proportional to the signal that would be detected by a
such as electron-beam lithograpHy. photon scanning tunneling microscope. The spectrum plotted
The optical properties of small metallic particles arein Fig. 4 exhibits several peaks in the red and near-infrared
strongly influenced by localized surface plasmon which argegions. Because the peaks occur at low frequency, we can
the collective oscillations of electrons. The LSP excitationassume that they are related to longitudinal eigenmodes, i.e.,
conditions of nanoscopic metallic clusters are well underexcitation with the electric field parallel to the long axisf
stood on the basis of a relatively simple formula deducedhe nanowire>* This assumption is supported by the fact
within the nonretarded approximatiofthe quasistatic re- that no significant signal is detected at the “exit” end of the
gime). In the case of nanowires, the elongation in one direcwire if the incident beam is mostly polarized in the trans-
tion up to a mesoscopic size makes the matter more difficulversey direction. Note that for microwave wavelengths, it is
because the phase retardation effects cannot be neglectiown that longitudinal resonances can be sustained by a
anymore. Simple formulas similar to those produced by théighly conducting wire in free space when the wire’s length
nonretarded approximation are not available. Therefore, tés equal to an odd number of half-wavelength©f course,
determine the excitation conditions of nanowires, we nu4n our situation, the high conductivity criterion is not verified
merically perform a spectroscopic analysis over a wide spedor all wavelengths of the spectrum, so that the effect dis-
tral range. cussed here relies on the features of the frequency-dependent
Figure 4 shows the spectrum of the intensity computedlielectric function of gold.
over the “exit” end of the nanowire when the incident wave-  Figure 5 shows the spatial distribution of the near-field
length is swept from the visible to the near-infrared. To com-electric intensity over the wire for two incident wavelengths
pute this spectrum, the center of the incident beam has beev=633 and 835 nm. Similarly to the computed spectrum of
shifted away from the other “entrance” end of the wire in Fig. 4, the observation plane is located 10 nm over the top of
order to reduce the area of the particle illuminated by thehe wire and the intensity is normalized with respect to

IIl. NEAR-FIELD AROUND A RESONANT NANOWIRE
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FIG. 5. Side view of the illumination condition and electric 0.2 0.8

near-field map computed 10 nm over the top of the nanowig.
out of resonancey =633 nm.(B) At resonance) =835 nm.

Y (um)

FIG. 6. Crosscuts of the near-field map shown in Fig(&.
|Eo(Xp . Yb »Zobs: @) | 2. Out of resonance, for=633 nm, only Alqng the x direction: (A) A=633 nm, and(B) A=835 nm. The
the area of the wire directly illuminated by the incident spotwhite arrow shows the position of the “entrance” end of the
shows up in the near-field map. Af is changed to 835 nm, nanowire. (b) AIor_lg_they direction: (A) A=633 nm [the initial
we observe a kind of standing-wave pattern over the wire. Tyalues of(A) multiplied by 104, and(B) A =835 nm.
refine the analysis, in Fig. 6 we show a crosscut of both .
images in thex andy directions. Fon =633 nm, the crosscut  S€€ that the LDOS can be extracted from the Green dyadic
shows that the intensity along the direction is strongly Using the relatioff
damped. For a distance of 250 nm from the “entrance” of 1
the nanowire, the detected intensity is reduced to 10% of the 2(rw)=——=TrJ G(r,r,o), (15)
normalized intensity. Fox =835 nm, the normalized inten- ™
sity exhibits a strongly oscillating behavior. The normalized\yhere Tr andy stand for the trace and the imaginary part of

intensity 1.4 um away from the “entrance” end of the wire = - - . =2
is still 40%. If the local probe of a near-field optical micro- gg’err;‘é)y‘ar;ip(;ctt;]\;eE’ér:]piﬁélgi/’;{;nteingoﬁ]gﬁg?g?:n?: sys-

scope is brought very close to the “exit” end of the wire, it . .
should be possible to detect the field intensity of the LSP thaem in the presence of scatterer. The calculation of

has been excited by the incident beam. In that sense, tHa(":"" @) is performed thanks to the Dyson equafion
nanowire can be regarded as a subwavelength waveguide, - . = < .-
Although the purpose of this work is not to optimize the (1" @)=Grer(r,r", @)

waveguide performances of the nanowire, we can expect that R . o

the coupling efficiency with the eigenmode of the wire could + f dr” Ges(r,r",0) V(r", ) G(r",r' o).
be significantly improved by adjusting the parameters of di- @

mensions and material of the wire. Such an optimization was (16)

shown to be possible by Quinten and Kreibig in the case o
silver particles chain8In order to gain more insight into the
structure of the wire’s eigenmodes, we introduce the conce
of electromagnetic local density of state in Sec. IV.

In the context of electron physics, the LDOS is understood as
6{1e density of the probability to find an electron at the obser-

vation point with a given energy. The density of the prob-
ability is related to the square modulus of the electron wave
function which can be computed using the Green’s-function

IV. LOCAL DENSITY OF STATES ABOVE A METALLIC formalism. In our case, the quantity we compute with the
NANOWIRE Green dyadic is the electric field. As a consequence, in anal-

ogy with the Green’s-function theory, the electromagnetic

Up to now, we have used the GDM only to compute the| DOS calculated using Eq15) gives the square modulus of

electric near-field scattered by the nanowire, but much morghe electric field associated with the eigenmode of the scat-
physical information is contained in the Green dyadic. Interer at a given frequency. Note that the electromagnetic
analogy with the scalar Green’s-function thedfy>one can LDOS computed here does not correspond to the square
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FIG. 8. Near-field spectrum of the 1/0m-long nanowire and
electrical intensity near-field maps far=770 nm. The observation
- plane is located 20 nm over the top of the object.

L.D.0.S (arb. units)

downgrade the agreement between the LDOS and the electric
intensity. The physical explanation of such a result is con-
X (um) tained in Eq.(11). Considering this equation, one can see

that the total scattered field is the superposition of the inci-

FIG. 7. Three-dimensional view of the computational situation.dent field and the field radiated by the object. In the case of
Electromagnetic LDOS profiles calculated along the li®Q’).  |ocal illumination, because the amplitude of the incident field
The line (C-C’) is located 10 nm over the top of the wire. decays as a function of the distance to the focal point, we

modulus of a photon wave function since, in quantum ﬁe|dunambiguously observe the field associated with the eigen-

theory, the electric field is an observable and not a photoﬁnOOIe (_)f the exit end of the nanowire. Conversely, 'f. the
wave function. nanowire is excited by a plane wave, the scattered field at

In Fig. 7 we show the LDOS computed along theirec- any point above the object is a coherent sum of incident and
tion. 10 .nm over the top of the wire. The LDOS gives an radiated field that can mask the field of the nanowire eigen-
image of the electric-field intensity associated with theMode. We can conclude that an eigenmode of the wire is

eigenmodes of the object. The eigenmodes of the wires Cagpnvenient to propagate a local excitation if the LDOS os-

be understood as solutions of the vector wave equation whefl/Iates strongly over the object.

no incident field illuminates the object. As a consequence,

the L_D(_)S profiles exhibit symm_ef[ric shape_s, gince no distor- V. SINGLE-PARTICLE EXCITATION

sion is induced by the superposition of the incident field. For WITH A NANOWIRE WAVEGUIDE

a frequency that corresponds =633 nm, the LDOS

shows an almost flat profile above the nanowire, except over In previous numerical applications, we have been inter-
the edges where tiny damped oscillations occur. Converselgsted in the total electric-field intensity. The GDM also of-
for A=835 nm, the LDOS profile exhibits a strong oscillat- fers the opportunity to investigate the contribution of each
ing behavior. Except for the two sharp oscillations over thecomponent of the electric field separately. Let us now con-
edges of the wire, we observe the same number of periods atider a gold wire with a volume of 106030x 20 nn?. The

the LDOS profile and on the corresponding crosscut of theépectrum of the wire shown in Fig. 8 is obtained when the
normalized intensity reported in Fig. 6. It appears that theentrance of the nanowire is excited as in the previous case.
oscillations observed on thecrosscuts of Fig. 6 reveal the The spectrum shows three neat resonance peaks in the visible
intrinsic structure of the excited eigenmode. Note that such &nge. We choose an incident wavelength ef770 nm, and
similarity between the LDOS and the electric intensity pro-compute the near-field intensity in an observation plane lo-
files is only observed when the incident light locally excitescated 20 nm over the top of the object. TH#? and |E,|?

the nanowire. If the object is entirely excited by an incidentmaps reported in Fig. 8 are plotted with the same gray scales.
plane wave, for example, polarization and phase effects maly appears that the component of the electric field supports
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particle is square with a surface of 880 nnt. Using the

1920 nm GDM, we have found that the axis resonances of the par-
V4 ticles @ and g8 occur at\ ,=730 nm and\ ;=820 nm, re-
Observation plane spectively. Even if these two wavelengths do not correspond
"""""""""""" to maxima of resonance peaks of thewfir-long nanowire
Y I X (cf. Fig. 8, the quantityQ has a significant value for both,

and\ ;. These two wavelengths have been used to compute
the maps shown in Fig. 9. One can see that, depending on the
wavelength, a bright spot appears above one or the other
particle. Because the field amplitude of the nanowire mode is
exponentially damped with the observation height, we can-
not observe propagation along the wires. To reach the two
particles, the field of the nanowire mode has tunneled across
an air gap of 20 nm. In spite of the damping induced by the
tunneling, the coupling between the wire and the particles
remains efficient. Such a configuration could be of experi-
mental interest for many applications, since it achieves a
single-particle excitation with the opportunity to switch from
one particle to another by adjusting the incident wavelength.
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VI. CONCLUSION

;

0 02 04 06 08 0 02 04 06 08 Using a rigorous Maxwell's equation solver based on
Y (um) Y (um) Green'’s dyadic technique, we have investigated the plasmon

d side vi ¢ the sinal o . excitation of metallic nanowires. If the incident beam is po-

dFIG' 9.f_T?dp andsi elv'elv‘;sc?ztoe singie p?r:t'cte ex_c(]'ltat'?’lhsa_“plarized parallel to the long axis of the particle and illuminates
I&:;e dne:rrt-i(;lees(gafi gg;f‘%fB) )\—ngrgooxﬁ: Tt?e ngsrlle?j Omﬁlis'so()ne of the end of the nanowire, the local excitation can be
P S ' " : P guided along the nanowire by means of localized surface

show the position of the two nanowires used as waveguides. . o

plasmon over distances larger than the incident wavelength.

most of the intensity detected over the nanowire. At theWhen locally excited at the resonance frequency, the electric

“exit” end of the wire, more than 90% of the total intensity near-field intensity scattered_by the nanowire is related to the
: . o electromagnetic LDOS profiles computed over the object.
's due to thez component. Note that this behavior is not Therefore, local illumination offers the opportunity to ob-
inconsistent with an excitation of theaxis of the wire. A erve diréctl the structure of the ei enmpc?des su)étained b
small prolate ellipsoid excited at the resonance frequency y 9 y

0 ; i

its long axis can also scatter an electric near-field Iocall)} € nanowwtes. F|ntally, (\j'\.'e. dprelsent?dlexan:p(;gf? of t:\e use of
strongly polarized along a direction perpendicular to the ex_lrgnct);/]v;res 0 excite individual particles at difierent wave-
cited axis. This result suggests that the electric field of the gins.
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