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Abstract—Theoretically investigate the excitation of plasmon
resonances of metallic nanowires and nanoshell by external
transient pulses is presented. To solve the problem, we used a
accurate mathematical approach based on the Laplace
transform, which allowed us to obtain an analytic representation
of the solution. Finding the inverse transformation is based on
the assessment of residues at singular points that correspond to
the plasmon resonances of our structures.
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1. INTRODUCTION

Amazing progress in invention have spawned a extensive
interest in nanotechnology which includes a large diapason of
disciplines. Particularly, metal nanoobjects are the topic of
measureless concernment in last years due to the potential of a
strong light localization beyond the diffraction limit via the
stimulation of surface and localized plasmons [1]. For
example in the paper of M. Stockman [2] resumes new
achievements in nanoplasmonics. This field of investigation
has newly exhibited the practice demonstration of many new
and effective conceptions and appeared as an extremely
budding development with several basic regions of
application: information developments [3, 4], life sciences
[5, 6] and security.

The interaction of metallic nanoobjects with light leads to
the excitation of localized and delocalized surface plasmons
(SPs) with different mode frequencies in the form of scattering
electromagnetic waves or oscillations that initiated by
collective oscillations of the electrons. Many metals have a
negative permittivity at optical frequency as the plasma
frequency of the conductance electron gas lies in this domain.
The resonances properties of nanoobjects with dimensions
down to 2 nm can be considered using classical Maxwell’s
theory [7]. When the frequency illumination of passes nearby
the plasma frequency of the metal the real part of the dielectric
constant becomes negative and resonances of the SPs can be
excited. The resonances modes of coupled nanostructures can
be investigated as bonding and antibonding combinations of
SPs of single structure with different eigenfrequencies and field
patterns [8-13].
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We investigate the excitation of SPs on metal wire and
shell by a non-stationary pulsed source. The goal of this
investigation is to gain a fundamental understanding and to
describe theoretically details of the transient dynamics of the
plasmon excitation on nanowire and nanoshell by a complex
source point. The excited plasmon dynamics in the metallic
nanowires and generated fields will be characterized by means
of accurate mathematical tool that based on the analytic
solution in the Laplace transformation range and its rigorous
inversion into time domain by virtue of residues evaluation at
singular points that coincides with the eigenfrequency of
excited localized plasmons of the our structure. This problem
has applications in the most growing areas of nanophotonics
and nanotechnologies which demand devices that can generate
coherent plasmonic fields in subwavelength scale. This
approach, represented by C.Baum in the 1970-s, has been
felicitously applied by authors to a diversity of 1-3D time
domain problems with non-stationary media [14-16].

II. STATEMENT OF THE PROBLEM AND SOLUTION

In this article, we consider problem of the excitation of
localized SPs on metal wire and metal shell by transient
external beam. The complex source point is used to model an
incident non-stationary beam. The model is based on the idea
of analytic continuation of the functions of real point source in
a complex space [15]. H-polarized fields will be considered.

In the first, assume that the source is at a point with the
real coordinates represented by a radius vector P, . Using the

expression for the 2D Green's function in the time domain
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formula for the magnetic field in free space
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If the source is located in the real point of the space
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Laplace transform of the equation (3) has the form

Hy(p.p)= 3K, (flﬁ—ﬁs ij(p) @

here J(p) is image of the function j(¢), H,(p,p) is image of
the function A,(7,p), K,(..) is modified Bessel function of
the 2-th kind. Let us further assume that the vector P, is a

complex p, =p_,which p_ is given by

X, =X, +ibcos
V. =Y, +ibsinf,

cs
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Xy, Vo> b, B are real numbers. For this problem, the separable
distance between the point source and the observation point is

= Jx-x )+ -y, ) -

Let us consider the transient dynamics of localized SPs
excited by pulsed complex source point on the metal wire

(Fig. 1 (a)).

Dispersive medium is characterized by the Drude model
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here @, is frequency of plasma, y, is the absorption of

material. The susceptibility of a plasma in the frequency
domain is of the form
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The susceptibility of the medium in the time domain can
be obtain using the inverse Fourier transform
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Find a solution to the problem for the metal wire in the
following form:

H= i 4,1, (m,qp)e™ %, p<a, (9)

m=—oo

H=Y B,K,(gp)"" ", p>a,

m=—oo

here 7, (..), K, (..) are modified Bessel functions of the 1-th

and 2-th kind, respectively. Representation of the external
field in the form of expression K, (..) provides the radiation

conditions at infinity.

Applying the boundary conditions, which represent
continuity of the tangential field component to the cylindrical
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boundary p=a, come up to the system (provided that the
source is located outside, p, >a) to determine the unknown

coefficients 4, and B,

4,1,(n,qa)-B,K, (qa)=1,(qa)K, (9p.)p) (p)zg—;’[ (10)

’ — — 4 — 4 g
4,1,,(n,qa)-n,B,K, (qa)=n,1I,(q0)K, (9p.) pJ (p)ﬁ (11)

For metal nanoshell (Fig. 1 (b)) the solution can be found in
the form

- if p<b: HV = i AV (gp)e™ers), (12)

- if b<p<a,

o
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- if a<p: HY =Y BYK, (gp)" " . (14)

Similarly, after the application of the boundary conditions,
we determine the unknown coefficients of the system

AVI(gb)— AT, (n,qb) - BOK, (n,qb) =0 (15)

m
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The coefficients of expansions have poles corresponding to
plasmon resonance and the branch point. The eigenfrequencies
of the excited plasmon resonances are complex @w= @' +i@” .
The dependence of the time of the transient pulse source is

jty=e"[6()-0(t-1)] (19)

III. NUMERICAL RESULTS AND DISSCUSION
In this paper, we consider normalized plasma frequency
w,=w,alc, w,=1, y=10"-w,, bla=05. Fig. 2 shows
the scattering cross section (SCS) of metallic nanowire (dashed

line) and metallic nanoshell (solid line). In the spectrum of the
metal wire is present dipole (Re(ka)=0.63) and quadrupole

(Re(ka)=0.675) plasmons (see Fig. 3 ((a) and (b))). The
directions of dipole moments are present.
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Fig. 1. Schematic diagram of the investigated phenomenon.
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Fig. 2. SCS of the metal nanowire (dashed line) and metal nanoshell (solid

line).
Fig. 3. The near-field distributions of metal wire and metal shell: (a) dipole SP;
(b) quadrupole SP; (c) even dipole SP; (d) odd dipole SP.

In the spectrum of metal nanoshell two types plasmons are
present: even and odd (see Fig. 3 (c) and (d))). Odd plasmon
resonances are shifted to lower frequencies (Re(ka)=0.48

and Re(ka)=0.6) and even plasmon resonances are shifted to
the region of higher frequencies (Re(ka)=0.77 and
Re(ka)=0.83).
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Fig. 4. Eigenfrequency and Q-factor of metal wire (1) and metal shell ((2) for
even SPs and (3) for odd SPs).

Fig. 4 describes the real parts of eigenfrequencies and
quality factors of the coupled dipole SPs of metal wire (1) and
metal shell ((2) for even dipole SPs and (3) for odd SPs) for
different values of angular variations of the field (m). Maximal
values of quality factor is seen for localized SPs of metallic
nanoshell.
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Fig. 5. Spectral density of the field in metal nanoshell (w, =1, 7 =27 alc).

Fig. 5 presents the spectrum density of the field in the metal
shell at its excitation complex source point. We are using the
normalized frequency of the source w, = @,c/a . The solid line

corresponds to the case when the source’s frequency coincides
with the real part of the frequency of even dipole plasmon and
the dashed line corresponds to odd dipole plasmon. The
duration of the pulse is 7=27a/c . In this case, unlike the case
of the incident harmonic wave (Fig. 2), in the spectrum
multiple peaks that associated with higher plasmons are
present.
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Fig. 6 shows snapshots of the absolute value of the field of
the non-stationary excited localized SPs travelling about the
metal nanoshell. In this case eigenfrequency of the external
pulsed beam is @,=0.83. We see that pulse of of the

simultaneously localized plasmons gives growth to
asymmetrical running field distribution. The field distribution
on the surface of the metal shell is more complicated because
in this case excited both even and odd plasmons with different
quality factors and distribution fields.

Fig. 7 presents the transient dynamic of the absolute value
of the magnetic field of the nanoshell for two values of the
pulse duration. We see that with increasing duration of the
pulse the intensity of the field increases.

T =140 T =180rx

Fig. 6. Snapshots of the dynamic SP propagation along the metal shell for
@, = 0.83 and different values of normalized time, T ( T =tc/a , where ¢ is
real time, a is radius of nanowire).
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Fig. 7. The evolution in time of the magnetic field of the metal nanoshell for
w, = 0.8318.
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CONCLUSIONS

In this paper we constructed an analytic solution, in the
format of the Laplace transformation, of the problem of
transient plasmon excitation to complex pulse source. For the
simulation of transient external beam we used the concept of
complex source point. The model is based on the idea of
analytic continuation of the functions of an real source point in
a complex space. This kind of source is a very useful model
for describing the excitation of non-stationary waves. It is
shown that pulse of the simultaneously localized plasmons
gives growth to asymmetrical running field distribution.
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