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Strong exciton-plasmon interaction in semiconductor-insulator-metal nanowires
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The interaction of one-dimensional excitons and plasmons is theoretically investigated in semiconductor-
insulator-metal nanowires. With the exact potentials presented analytically, the excitonic equation of motion in
electron-hole-pair representation in real space is established. The optical properties of the system are derived
by numerically calculating the evolution of the excitonic wave function. Linear absorption spectra demonstrate
strong exciton-plasmon coupling in the nanostructures. The redshifts of the exciton absorption are found to be a
result of interaction between the self-image potential and the indirect Coulomb interaction, of which the former
brings the blueshift and the latter gives the redshift. The shifts reach the scale of 10 meV, which can be easily
observed in experiment. Moreover, how the exciton-plasmon interaction is controlled by the parameters of the
structure is also illustrated.
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I. INTRODUCTION

Nanomaterials incorporating semiconductor quantum
structures and metamaterials have drawn a lot of attention in
recent years. In these superstructures, the interaction between
excitons in the semiconductor and neighboring plasmons
in close metallic structures via the Coulomb coupling can
significantly modify the optical properties of the otherwise
single excitonic components. Many interesting phenomena
have been found, such as Förster energy transfer,1–3 the non-
linear Fano effect,4,5 vacuum Rabi oscillations,6–8 local field
enhancement,9–12 and enhancement and suppression of lumi-
nescence in different situations.13–18 The prominent optical
properties can be further controlled by changing the dielectric
environment, sizes, shapes, interdistances, etc., which makes
the hybrid excitons hot topics in the field of plasmonics.19–22

As far as the excitonic systems are considered, a
large variety of semiconductor quantum structures are in-
volved. The quantum wells in close proximity to metallic
nanostructures23–25 have been considered, which can pro-
vide the interaction between two-dimensional excitons and
plasmons. Most research focuses on the systems includ-
ing the semiconductor quantum dots, which generate zero-
dimensional excitons. These kinds of excitons are usually
taken as two-level systems under the external field. For
example, the optical properties of superstructures composed
of metal nanoparticles and semiconductor quantum dots have
been intensively studied.4,11,12,26–37 In the system, the exciton
absorption shows redshift when accompanying the metal
nanoparticles in most cases and the shift is on the order of
0.1 meV.11 Compared with the quantum dots and quantum
wells, the quantum wires exhibit their optical properties
through the one-dimensional excitons (1D excitons) and
possess the ability to propagate the electrons, holes, and
photons along one direction, which makes them important
building blocks in electrical or optoelectronic applications.
Although 1D-exciton-plasmon interactions have also been
studied for some cases,38,39 how and in what degree the optical
properties of the 1D excitons are modified by the coupled
plasmons still deserve further investigations.

In this paper, we present a 1D-exciton-plasmon interaction
system in semiconductor-insulator-metal nanowires. To our

knowledge, the theoretical work for the optical properties
in the system have not been considered, although the 1D
nanowire providing the exciton-plasmon interaction has been
synthesized in experiments.40 1D excitons in the excited
semiconductor quantum wires (SQWs) of the system, strongly
confined in the two-dimensional (2D) transverse space, will
not only be dominated by the excitation fields, but also
interplay with the plasmons in the metallic layers via the
self-images of the created electrons and holes. However, the
usual description of the excitons as dipoles seems difficult
for analyzing the 1D-exciton-plasmon interaction, because
the metal layer cannot create a resonant field enhancement
on the dipoles aligning at the axis. To describe the optical
properties of the 1D-exciton-plasmon interacting system, the
equation of motion of the exciton wave function is established
in the electron-hole-pair representation in real space. With
a simplified model, the potentials felt by the electrons and
holes contributed by the self-images are given analytically.
Numerical results show that the exciton linear absorptions are
strongly modified: They show redshifts, which are found to be
a cooperation of two different effects caused by the interactions
with the plasmons, and the shifts reach the order of 10 meV,
which is far larger than that in the semiconductor quantum dots
and metal nanoparticle systems. So the strong exciton-plasmon
interaction can be observed easily in experiments. Moreover,
we will also illustrate how the interaction of the exciton-
plasmon interaction is controlled by size of the structure,
distribution of the dielectric constant, energy band gap of the
quantum wire, etc.

The paper is organized as follows. In Sec. II, the potentials
of the electrons and holes in the SQWs are given analytically
with a simplified model. The description of the optical
properties of the system is presented in Sec. III. The numerical
results are discussed in Sec. IV. Finally a brief conclusion is
given.

II. ELECTRIC FIELDS INSIDE THE SYSTEM

The 1D-exciton-plasmon interacting system is modeled as
a cylindrical SQW, infinite in the z direction, covered in order
with a coaxial cylindrical insulator layer (IL) and a metal layer
(ML), as shown in the upper part of Fig. 1. The outer radii of
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FIG. 1. (Color online) Upper: The structure of the semiconductor-
insulator-metal nanowires infinite in the z direction. Lower: The
distribution of dielectric constants along the ρ direction in the
nanowires.

the SQW and the IL are denoted as R1 and R2, respectively.
The lower part of Fig. 1 plots the distribution of the dielectric
constants in the three-layer structure, where ε1, ε2 are those of
the SQW and the IL, respectively, and εm(ω) is the dielectric
constant of the ML, depending on the frequency of the detect-
ing optical field. Usually εm(ω) is negative for the excitation
near the band gap of typical SQWs. The ML is made of Au or
Ag, as in most cases of the metal-incorporating complexes.

If the excitons in the SQW were excited, the created
electrons and holes inside the SQW would induce their images
(usually called self-images) in the IL and the ML because
of the dielectric contrast. To highlight the exciton-plasmon
interaction attributed to the existence of the ML and eliminate
the possible dielectric confinement effect41 contributed by
the IL, we let the dielectric constant of the IL equal that
of the SQW; i.e., ε1 = ε2. The self-images of electrons and
holes, locating near the inner surface of the ML, bridge the
interaction between the excitons in the SQW and plasmons
in the ML. To simplify the theoretical description, we assume
that the outer radius of the ML is infinity. This is reasonable
if the ML is thick enough in comparison with the radial size
of the SQW. In another words, the system can be taken as a
common SQW but covered with an infinite-width metal layer
rather than directly imbedded in the homogeneous dielectric
background (i.e., R2 → +∞, or called uncovered SQWs in
the paper).

The main role of the IL is to prevent the electrons and holes
excited out by the light in the SQW from experiencing the
quantum tunneling to the outside in some degree. Here, we
approximate the band gap of the IL as infinity and thus neglect
the tunneling effect. In fact, the tunneling probability is small
enough to be neglected when the insulator potential barrier is
far beyond the SQW. The IL can also be made of wide band
gap semiconductor materials, such as AlN with a direct band
gap of 6.2 eV.42 At the same time, the existence of the IL can
avoid the unphysical behavior of the self-image potential to be
mentioned later.

In these conditions, we can analytically express the poten-
tial created by an electron or hole inside the SQW. Suppose
one particle with charge q ′ locates at r ′ = (ρ ′,θ ′,z′); the
electrostatic potential at r = (ρ,θ,z) should satisfy the Poisson
equation

�� = −q ′

ε1
δ(r − r ′), (1)

with the following boundary conditions:

�i |R2 = �o|R2 , (2)

ε1
∂�i

∂ρ

∣∣∣
ρ=R2

= εm

∂�o

∂ρ

∣∣∣
ρ=R2

, (3)

where �i and �o refer, respectively, to the potential �(ρ <

R2,θ,z) and �(ρ > R2,θ,z). Actually the Coulomb potential
φc ≡ q

4πε1

1
|r−r ′| is just a particular solution to Eq. (1). Accord-

ing to the cylindrical symmetry of the system and homogeneity
along the z direction, the potential has the form of �i =
φc(ρ,ρ ′,θ − θ ′,z − z′) + φi(ρ,ρ ′,θ − θ ′,z − z′) inside (in the
dielectric environment of ε1) and �o = φo(ρ,ρ ′,θ − θ ′,z − z′)
outside (in the ML), where φi(o) can be expanded as

φi(o) = 2

π

+∞∑
n=−∞

∫ +∞

0
dkein(θ−θ ′)

× [Ai(o)In(kρ) + Bi(o)Kn(kρ)] cos k(z − z′) (4)

with constants A(B)i(o) determined by the boundary conditions
(2) and (3). Here In and Kn are, respectively, the first and
second kind of modified Bessel functions, and I ′

n and K ′
n are

their derivatives correspondingly.
The Coulomb potential φc can also be expanded as

φc = q ′

4πε1

2

π

+∞∑
n=−∞

∫ +∞

0
ein(θ−θ ′)

× In(kρ<)Kn(kρ>) cos[k(z − z′)]dk, (5)

where ρ<(>) refers to the larger or smaller radial coordinate
between ρ and ρ ′. Finally we can find that the potential created
by the charge q ′ gives the following constants:

Ai = q ′(ε2 − ε1)

4πε1

Kn(kR2)K ′
n(kR2)In(kρ0)

Xn(kR2)
, (6)

Bo = q ′

4πkR2

1

Xn(kR2)
In(kρ0), (7)

and Ao, Bi are zero. The function Xn(x) is defined as

Xn(x) ≡ ε1I
′
n(x)Kn(x) − εmIn(x)K ′

n(x). (8)

If the ML is replaced by the material same as the SQW with
dielectric constant ε1, then the potential created by q ′ only
includes the Coulomb potential of the point charge. Therefore
the potential φi in the system is produced by the image of the
charge q ′ in the ML. For a charge q located at r , it would
have the potential energy Vc ≡ q�i = V 0

c + V S
c , of which

the first item is just the direct Coulomb interaction V 0
c = qφc

and the second is an indirect interaction with the help of the
image of q ′, V S

c = qφi . We call the latter the indirect Coulomb
interaction hereinafter.
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For the charge q ′, besides interaction with another charged
particle via the Coulomb interaction, it can also feel its own
generated field. As the existence of the ML modifies the other-
wise exclusive Coulomb potential of the charge, the additional
self-energy of the charge at current position r ′ equals

US
q ′ (ρ ′) = lim

r→r ′

∫ q ′

0
φidq = q ′

2
φi(ρ

′,ρ ′,0,0). (9)

This is usually called the self-image potential, which can be
explicitly expressed as

US
q ′(ρ ′) = q ′2

4πε1

+∞∑
n=−∞

∫ +∞

0

εm − ε1

π

× Kn(kR2)K ′
n(kR2)I 2

n (kρ ′)
Xn(kR2)

dk. (10)

From the above results, we can see that the potential of the
electron and hole inside the SQW has been renormalized by
the ML, where the field has also been influenced by the created
electrons and holes. That is, the self-consistency of the field
is included in the solved potentials. The self-consistency of
fields is important for optical process in the low-dimensional
nanostructures.43

III. LINEAR ABSORPTION OF THE EXCITON

When the system is radiated with an optical field with the
electric field vector along the z direction, the Wannier exciton
is excited in the SQW. Due to the confinement of the IL,
the excitons are strongly localized in the two-dimensional
potential of the quantum wire. The linear absorption of the
SQW thus depends on the evolution of the electron-hole-
pair wave function �(re,rh,t), where ri (i = e,h) represents
(ρi,θi,zi) and ρi � R1. Based on the symmetry of the system,
we can assume41

�(ρe,ρh,z,t) = ψe(ρe,t)ψh(ρh,t)ψz(z,t), (11)

where z is the relative coordinate of the pair of electron and
hole along the wire. Under this assumption, the electron-hole
Coulomb interaction V 0

c and indirect Coulomb interaction V S
c

can be written as

V 0
c (ρe,ρh,z) = 1

4πε1

−e2√
(ρe − ρh)2 + z2

, (12)

V S
c (ρe,ρh,z) = −e2

4πε1

∫ +∞

0

2(εm − ε1)

π
C cos kzdk, (13)

where the factor C reads

C ≡ K0(kR2)K ′
0(kR2)I0(kρe)I0(kρh)

X0(kR2)
. (14)

Here we consider the screened Coulomb interaction with a
constant dielectric function; thus the influence of retarded
interaction44,45 is beyond our consideration.

In the effective-mass approximation and real-space rep-
resentation, the wave function obeys an inhomogeneous
Schrödinger equation:

ih̄(∂t + g2/h̄)ψ(ρe,ρh,z,t)

= Hψ(ρe,ρh,z,t) − dcvE(t)δ(re − rh), (15)

with the initial condition

�(ρe,ρh,z, − ∞) = 0, (16)

where dcv is the interband dipole matrix element and g2 is the
interband dephasing rate. The Hamiltonian is

H = H0 + V 0
c (ρe,ρh,z) + V S

c (ρe,ρh,z) + US
e (ρe) + US

h (ρh),

(17)

where

H0 = − h̄2

2m⊥
e

∇2
ρe

− h̄2

2m⊥
h

∇2
ρh

− h̄2

2μ
∇2

z , (18)

and μ is the reduced mass of the electron-hole pair μ =
(1/m

‖
e + 1/m

‖
h)−1, and m

‖
e(h) is electron (hole) effective masses

in the z direction and m⊥
e(h) in the ρ plane. The center-of-mass

motion of the electron-hole pair is neglected. US
e(h) is the

self-image potential of the electron (hole). As we want to find
the linear absorption of the system in stationary condition,
we assume that the electron-hole wave funtion oscillates with
relatively static amplitude and the created electrons and holes
feel a quasistatic potential. Thus the eletrostatic potential
obtained before is used here.

The interband polarization is

P (t) = 1

V

∫ +∞

0
d∗

cv�(ρ,ρ,z = 0,t)2πρdρ (19)

and the optical absorption spectrum is

χ (ω) = Im

[
P (ω)

E(ω)

]
, (20)

where P (ω) and E(ω) are the Fourier transformations of P (t)
and E(t), respectively. The equation can be solved with the
finite-difference time-domain method in real space,46–49 and
the optical absorption is obtained by fast Fourier transforma-
tions.

When the absorption of the system was considered as a
whole, the contribution by the ML should also be taken into
account. However, in the exciton-plasmon interaction system,
the absorption of the metal only provides a relatively smooth
background as compared with that of the excitons, especially
when the excitons are far from resonance with the plasmon
peak.11 Therefore we put the emphasis on the absorption of
the hybrid excitons in the SQW in the work.

IV. RESULTS AND DISCUSSION

First, we calculate the exciton absorption in a typical set
of parameters to discuss the role of the potential US

e(h) and
V S

c . The inner radius and outer radius of the IL are chosen
as R1 = 40 nm and R2 = 50 nm, respectively. The electronic
effective mass is m

‖,⊥
e = 0.067m0, where m0 is the free

electron mass. Our theory is applicable to both heavy-hole
and light-hole excitons, but only the former is focused on
here. The effective masses parallel and perpendicular to the
z direction of the heavy holes are respectively expressed
as m

‖
h = (γ1 + γ2)−1m0 and m⊥

h = (γ1 − 2γ2)−1m0, with
the Luttinger parameters γ1 = 6.85 and γ2 = 2.1 for GaAs
material. The band gap of the uncovered SQWs is 1.5 eV. The
dielectric constant ε1 is set as 10ε0 (ε0 is the vacuum dielectric

075438-3



JIE-YUN YAN PHYSICAL REVIEW B 86, 075438 (2012)

FIG. 2. (Color online) The linear absorptions of the system
with four different Hamiltonians H = H0 + Hx , where the detailed
expression of Hx for corresponding lines are listed in the legend.
Used parameters are stated in the context.

constant). The ML is made of Au, whose dielectric constant
εm is about −25.9ε0 for the photonic energy near the band
edge excitation. In this paper the dielectric constants of metals
are taken from the Ref. 50. The dephasing rate g2 is 1 meV for
a clear spectral resolution. The dipole matrix element dcv is
0.7 nm/e.

Besides the kinetic energies of the electron and the hole, the
parts of potentials V 0

c , V 0
c + US + V S

c (US refers to US
e + US

h ),
V 0

c + US , and V 0
c + V S

c are in turn included in the Hamiltonian
for calculations. The linear absorption spectra of the SQWs
under these four cases are shown in Fig. 2. The case of V 0

c is just
the linear absorption of the uncovered SQWs imbedded in the
same dielectric environment. The lowest excitonic absorption
peak locates at about 5 meV below the band gap in this case.
The case of V 0

c + US + V S
c gives the absorption of the 1D-

exciton-plasmon interaction system. It is clear that both the line
shape and peaks’ positions are changed. To analyze the respec-
tive influences of these potentials, we calculate the absorptions
with US and V S

c added separately. Comparing the case of
V 0

c + V S
c with that of V 0

c , we can see that the indirect Coulomb
interaction V S

c counteracts the Coulomb interaction V 0
c , lead-

ing to reduced excitonic binding energy. The conclusion can
also be drawn from the analysis of the formulas (13) and (14),
of which the factor Xn(kR2) in the integrand is negative. When
all the factors are considered, the potential V S

c finally behaves
as a positive and repulsive potential, totally different from V 0

c ,
a negative and attractive one. If the ML is substituted by ma-
terials with dielectric constants εm > 0, the factor Xn(kR2) is
then always positive, leading to V S

c > 0 and increasing binding
energy. Therefore the repulsive indirect Coulomb interaction
V S

c is the characteristics of the SQWs covered with MLs.
The influence of the potential US

e,h is relatively complex. By
comparing the absorption under the case of V 0

c + US and V 0
c , it

is found that US causes a redshift of the lowest excitonic peak.
The potential US is drawn in Fig. 3(b) under the same parame-
ters. It presents two features: (1) negative both for electrons and
holes; (2) higher in the center and lower at the edge of the SQW.
Undoubtedly the first one would lower the excitonic energy
levels. The second would cause the electrons and the holes to

FIG. 3. (Color online) (a) Schematics of energy levels and
confinement potential in the uncovered SQWs. (b) Schematics of the
changed energy levels and confinement potential in the SQW-IL-ML
system, with the accurate potential US plotted. (c) The linear
absorptions calculated with the Hamiltonians H = H0 (hollowed
circle line) and H = H0 + US

e + US
h (solid circle line). Parameters

are the same as in Fig. 2.

prefer to move centrifugally. That means the confinement in the
ρ plane is weakened, or equivalently the electrons and the holes
are delocalized by the potential to some extent, which results
in the enlargement of the effective radius of the quantum wire
and thus drops in the energy levels. In a word, the potential US

results in the redshift of the excitonic levels. This is reasonable
because the considered charges inside the SQW are attracted
by their self-images, which have opposite charges because
of the metal materials. The schematics of the confinement
potentials for uncovered SQWs and the SQW-IL-ML system
are drawn in Figs. 3(a) and 3(b) for a vivid illustration. It is
worth mentioning that the divergency of the potential at the
ρ = R2 is avoided by the existence of the IL. The physical
meaning is that the charge inside the SQW can never meet its
image in the ML for the infinite potential barrier.

The role of potential US can also be seen from the
comparison of absorption spectra calculated by two different
Hamiltonians: H = H0 and H = H0 + US

e + US
h . The former

is actually the continuum absorption of uncovered SQWs
without excitonic effect. The results are shown in Fig. 3(c).
The characteristics of the 1D exciton energy levels is evident
in the absorption spectra. The added potential US

e,h really
makes the band edge an obvious redshift. However, the wave
function of the excitons in this case is modified by the irregular
potential after all; the absorption line shape is changed
consequently. To sum up, the absorption of the 1D-exciton-
plasmon system is the cooperation of the blueshift-inducing
indirect Coulomb potential and the redshift-inducing self-
image potential. Quantitatively, the final redshift shows that
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FIG. 4. (Color online) The absorption spectra of the
semiconductor-insulator-metal nanowires with R1 changing while
R2 − R1 is unchanging. The absorptions of uncovered SQWs (or
only the potential V 0

c considered) are plotted with dashed lines for
comparison for each spectrum.

the indirect Coulomb interaction V S
c (ρ,ρ,0) plays a leading

role. We notice that the item with n = 0 in US
e (ρ) + US

e (ρ)
equals the value of V S

c (ρ,ρ,0), which gives us some intuitive
understanding of why the redshift is stronger than the blueshift
when both US and V S

c are added.
To demonstrate the evolution of linear absorption with

the radius of the SQW, we change R1, R2 while keeping
R2 − R1 = 10 nm and get the spectra plotted in Fig. 4. The
other parameters are unchanged. Under each group of radii, the
absorptions with the Hamiltonians H = H0 + V 0

c + US + V S
c

(spectrum B, red solid lines) and H = H0 + V 0
c (spectrum A,

black dashed lines) are calculated. The spectra are normalized
to their maximum value of spectrum A for each group.
The higher discrete exciton levels get more and more close
and finally disappear when the radius R1 increases, which
implicates the transformation from 1D exciton to the 3D
exciton. The lowest excitonic peak in spectrum B when
R1 = 20 nm is modified most seriously. With the radius
increasing, the new peak diminishes gradually and finally
becomes a small side peak at the redshift side of the original
exciton ground absorption. This is because the electrons and
holes close to the axis in the SQWs have negligible influence
from their images when the radius becomes large enough,
and therefore the modification of the exciton absorption is
relatively weak. However, the potentials US near the surface

FIG. 5. (Color online) The absorption spectra of the
semiconductor-insulator-metal nanowires with R1 = 40 nm and R2

changing from 60 nm to 43 nm. The absorption calculated with
Hamiltonian H = H0 + V 0

c is also given on the top for reference.

of the SQW ρ = R1 for the different systems have almost the
same value, which explains the almost same position of the
new lowest exciton peaks.

It is evident that the distance between the electrons or
holes and their images is an important factor determining
the strength of interaction between excitons and plasmons.
Now we observe the change of absorption by decreasing the
parameter R2 − R1 while keeping the radius of the SQW fixed;
i.e., R1 = 40 nm. The value of R2 − R1 is actually the width
of the potential barrier, determining the interaction distance.
The limitation of R2 = +∞ is just the single metal-uncovered
SQW. The absorption spectra are shown in Fig. 5, where the
spectra with R2 = 60 nm, 53 nm, 48 nm, 45 nm, and 43 nm
are displayed in order. The linear absorption of the uncovered
SQW (or R2 is big enough) is also given for comparison,
from which we can clearly distinguish the exciton absorption
peak of different subbands, which from left (low energy)
to right (high energy) are labeled as 0, 1, 2, 3, . . .. The
absorptions of the high-order-subband excitons appear Fano
line shaped due to the discrete exciton energy level locating
at the continuums of the lower subbands. All the spectra are
normalized to each maximum of theirs. With the decreasing
of R2, the peaks 1, 2, and 3 show redshifts and increasing
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FIG. 6. (Color online) The absorption spectra of the
semiconductor-insulator-metal nanowires (R1 = 40 nm and R2 =
50 nm) for different metal materials: Au and Ag. The band gap
of the corresponding uncovered SQWs is 1.8 eV, whose absorption
is plotted with dashed line. Inset draws the functions of dielectric
constants of Au and Ag.

strengthes relatively. The most outstanding change is the
lowest exciton absorption peak 0. It is split first, and then more
and more new peaks are generated in the redshift direction.
If the main absorption of the system is considered, a totally
distinguishable redshift on the order of magnitude of about
10 meV can be detected. The shift is about 100 times stronger
than that in the zero-dimensional exciton-plamson interaction
system.11

Besides the width of potential barrier, the dielectric contrast
between the SQW and the ML also has a key influence on the
optical properties of the 1D exciton-plasmon system. First,
we discuss the effects caused by different metal materials.
Figure 6 gives the absorptions of the SQW-IL-ML system with
the ML made of Au and Ag, whose dielectric constants are
−15.3ε0 and −22.3ε0, respectively, under the same excitation
with photonic energy 1.8 eV. The exciton absorptions of these
two cases have different shifts in comparison with the metal-
uncovered SQWs. It is evident that the excitons interplaying
with the plasmons in the Au causes a bigger redshift on the
lowest peak.

As the dielectric constant of metals εm is sensitive to
the frequency of the excitation, as shown in the inset of
Fig. 6, exciton absorption of the system would also experience
different shifts when the frequency of the optical field changes.
Because the photonic energy of the laser detecting the exciton
absorption locates near the band gap of the SQWs, the
dielectric constants of the ML is determined by the band gap of
the SQWs. We investigate the absorptions of the SQW-IL-ML
nanowires with R1 = 40 nm and R2 = 50 nm by tuning the
band gap of the SQWs from 1.5 eV to 1.9 eV with step 0.1 eV.
The spectra for a typical value of Eg = 1.5 eV are plotted in the
inset of Fig. 7. The same as we analyzed before, the original
absorption labeled with 1 for the metal-uncovered SQWs is
split and the lowest absorption peak has an apparent redshift,
while other higher exciton absorptions such as the peak labeled
with 2 experience redshifts in varying degrees. Increasing
redshifts of these peaks are observed with the band gap energy

FIG. 7. (Color online) The shifts of the absorption peaks for
systems with SQWs of different band gaps, changing from 1.5 to
1.9 eV by step 0.1 eV. The absorption spectra for the value of 1.5 eV
are given in the inset and the corresponding absorption peaks are
labeled with 1 and 2, respectively.

increasing, as Fig. 7 shows. The shift exceeds 10 meV for
the case of Eg = 1.9 eV. The result can also be explained by
the ever-increasing X−1

n (· · ·) in the formula of the potentials.
Actually there exists a singularity for the factor when the εm

increases further. We find that the redshift of the lowest exciton
absorption can even exceed 40 meV with the dielectric constant
εm fixed at −10ε0. The adjustable exciton absorption in the
scale of 10 meV is undoubtedly useful in the optoelectronic
applications.

V. CONCLUSION

We studied the optical properties of 1D-exciton-plasmon
interaction system in the semiconductor-insulator-metal
nanowires. The equation of motion for the excitons in the
electron-hole-pair representation in real space is established,
with the exact potentials felt by the excitons presented
analytically. The linear absorption of the system is obtained
by calculating the evolution of the excitonic wave function.
We found that the lowest exciton absorptions show redshifts
on the order of 10 meV, large enough to be easily observed
in experiment when compared with the quantum dots/metal
nanoparticles complexes. Through the analysis of the numer-
ical results, we revealed that the redshift is underlaid by two
competing factors: the self-image potential causing redshift
and indirect Coulomb interaction resulting in blueshift. We
also illustrated how the optical properties determined by the
exciton-plasmon interaction are influenced by the radius of
the SQWs, dielectric constant of the ML, width of the IL, and
excitation energy.
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