
OpticsOptikOptik
Optik 119 (2008) 303–308

Effect of the dark soliton crystal temperature on the deflection of the

bright soliton in a separate bright–dark screening soliton pair

Zhang Guangyonga,b, Liu Jinsonga,�, Wang Chenga, Zhang Huilana, Liu Shixionga

aState Key Laboratory of Laser Technology, Huazhong University of Science and Technology, Wuhan 430074, PR China
bDepartment of Physics, China University of Geosciences, Wuhan 430074, PR China

Received 13 July 2006; accepted 8 November 2006

Abstract

We investigate theoretically the dark soliton crystal temperature effect on the deflection of the bright one in a
bright–dark soliton pair which is formed in a serial non-photovoltaic photorefractive crystal circuit. Our numerical
results show that the spatial shift of the bright soliton changes with the temperature of the dark one crystal and varying
the temperature of the dark soliton crystal can influence the deflection strongly. The temperature dependence of the
deflection process is further studied by perturbation technique and the results are found to be good agreement with
that obtained by numerical method. Relevant examples are provided.
r 2006 Elsevier GmbH. All rights reserved.
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1. Introduction

Photorefractive (PR) spatial solitons have been a
topic of research in nonlinear optics in the past few years
because of their possible applications for optical switch-
ing and routing [1–22]. At present, three types of steady-
state solitons (screening solitons [1–6], photovoltaic
solitons [7–11] and screening-photovoltaic solitons
[12]) have been predicted and already found experimen-
tally [13–15]. At the same time, soliton pairs (coherent
and incoherent) and soliton interaction have also been
extensively investigated [16–24]. However, almost all the
investigations on PR soliton, soliton pair and soliton
interaction were concerned with only one piece of PR
crystal [1–24]. Recently, Liu et al. [25–27] predicted a

new type of soliton pair, named separate spatial soliton
pair, which is formed in a crystal circuit in which two
PR crystals are connected in a chain by electrode leads
with or without a voltage source, and they investigated
the parametric coupling effects between the two solitons
in a separate soliton pair in detail on such biased [25] or
unbiased [26,27] PR circuit. In the limit of the spatial
extent of the optical wave being much less than the
width of the crystal, the previous results indicated that
the change of the intensity of the dark soliton can affect
the other soliton whereas the bright one cannot, and the
most distinct difference between separate soliton pair
and the soliton pair formed in a single crystal is that the
interaction of separate soliton pair is collisionless or
contactless optically. These properties may provide a
new way for the design of all optical devices.

As previously pointed out, the diffusion process
introduces an asymmetric tilt in the light-induced PR
waveguide, which results in the self-deflection of bright
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solitons during their propagation in the media [28,29].
Both the diffusion process and the dark irradiance of the
crystal are dependent on the crystal temperature [30].
Therefore, temperature has an obvious effect on the self-
deflection of bright solitons [31]. Since the two solitons in
a separate soliton pair couple each other by parametric
coupling, whether the temperature of one soliton can
affect the deflection of the other soliton in such soliton
pair? If it can, can we control the deflection of one soliton
by adjusting the temperature of the other soliton?

In this paper, we pay our attention to the effect of the
dark soliton crystal temperature on the deflection of
bright one in a separate bright–dark screening soliton
pair in one dimension. By using a numerical method, the
dynamical evolution and the deflection of the bright
soliton are discussed and then the analytical solution of
the deflection of the bright soliton is also achieved by
use of the perturbative procedure. Finally, comparison
is made between the results obtained using the numerical
and the analytical methods.

2. Theoretical model

We investigate steady-state PR solitons formed in a
series PR crystal circuit in which two non-photovoltaic
PR crystals denoted by P and P̂, are connected
electronically in a chain by electrode leads with an
external voltage source VA, as shown in Fig. 1. For each
crystal, electrodes are made on the surfaces with their
normal parallel to c-axis of the crystal; each crystal can
support a spatial bright (dark) soliton, known as a
separate screening spatial soliton pair. Considering two
optical beams that propagate in the two crystals along the
z and ẑ axes and are permitted to diffract only along the x

and x̂ directions, respectively. The optical c axes of the
two crystals P and P̂ are oriented along the x and x̂

coordinate, respectively. Moreover, let us assume that the
polarizations of the two incident optical beams are both
linearly polarized along x and x̂ directions, respectively.
Let I ¼ I(x,z) and Î ¼ Îðx̂; ẑÞ denote the intensities of the
two incident beams, which can also be expressed as I ¼

IdjU j
2 and Î ¼ ÎdjÛ j

2, where Id and Îd are the so-called
dark irradiance, which are all depend on the crystal’s
temperature. U and Û are the beam envelopes of the
optical beams. By employing standard procedures and
neglecting the loss in the material, we can obtain the
following dynamical evolution equations of U and Û [25]:

iUx þ
1

2
U ss � bðrþ 1Þ

U

1þ jU j2
þ g
ðjU j2ÞsU

1þ jU j2
¼ 0, (1a)

iÛ x̂ þ
1

2
Û ŝŝ � b̂ðr̂þ 1Þ

Û

1þ jÛ j2
þ ĝ
ðjÛ j2ÞŝU

1þ jÛ j2
¼ 0, (1b)

where Ux ¼ qU=qx, U ss ¼ q2U=qs2, b ¼ sE0, g ¼
skBT=ðx0eÞ, s ¼ ðk0x0Þ

2
ðn4

er33=2Þ, and r ¼ Ip/Id. x ¼
z=ðkx2

0Þ, s ¼ x=x0, x0 is an arbitrary spatial width,
k ¼ nek0 ¼ ð2p=l0Þne, l0 is the free-space wavelength of
the lightwave employed, ne is the unperturbed extra-
ordinary index of refraction, r33 is the electro-optic
coefficient of the PR crystal, I1 ¼ Iðx!�1; zÞ, e is
the electron charge, kB is Boltzmann’s constant, T is the
absolute temperature of the crystal P. In this paper, the
parameters with the symbol �̂ denoting the other optical
beam have the same physical meaning.

We pay our attention to the bright–dark screening
soliton pair. Let us assume that the bright soliton
formed in crystal P and the dark one formed in crystal
P̂. The expressions for E0 and Ê0 necessary for a
bright–dark soliton pair are as follows [25]:

E0 ¼ gEA, (2a)

Ê0 ¼ ĝÊA, (2b)

where g ¼ d̂ðÎ1 þ ÎdÞ=½dðI1 þ IdÞ þ d̂ðÎ1 þ ÎdÞ�, ĝ ¼

dðI1 þ IdÞ=½dðI1 þ IdÞ þ d̂ðÎ1 þ ÎdÞ�, EA ¼ VA/W, ÊA

¼ VA=Ŵ , d ¼ SmsiðND �NAÞ=ðgRNAW Þ and d̂ ¼
Ŝm̂ŝiðN̂D � N̂AÞ=ðĝRN̂AŴ Þ. S denotes the electrodes
surfaces, m the electron mobility, si the photoexcitation
cross section, ND denotes the donor density, NA, the
acceptor density and gR, the carrier recombination rate.
The parameters g and ĝ are known as coupling
coefficients between the two solitons with gþ ĝ ¼ 1.

The bright (dark) soliton solution can be derived from
Eq. (1a) (Eq. (1b)) by expressing the beam enve-
lope U ðÛÞ in the usual fashion: U ¼ r1=2yðsÞexp
ðinxÞðÛ ¼ r̂1=2ŷðŝÞexpðin̂x̂ÞÞ, where n ðn̂Þ represents a
nonlinear shift of the propagation constant and y(s)
ðŷðŝÞÞ is the normalized intensity profile, r ðr̂Þ is
defined as r ¼ Ið0Þ=Idðr̂ ¼ Î1=ÎdÞ. Using the boundary
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Fig. 1. Illustration of the serial PR crystal circuit. C and Ĉ

denote the c axes. I and Î denote the incident one-dimensional

soliton-like laser beams.
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