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bright-dark screening soliton pair based on
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Based on the interaction of the separate soliton pair, the self-deflection of the bright screening soliton in a
bright-dark pair is studied by taking the higher order space charge field into account. Both numerical and
analytical methods are adopted to obtain the result that the higher order of space charge field can enhance
the deflection process of the bright soliton and varying the peak intensity of the dark soliton can influence
the self-deflection strongly. The expression of the deflection distance with the dark soliton’s peak intensity
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is derived, and some corresponding properties of the self-deflection process are figured out.

OCIS code: 190.5330.

Photorefractive (PR) spatial solitons have been exten-
sively studied during the last three decades!'). Many
interesting topics on the PR solitons, soliton pair and
soliton interaction were investigated thoroughly in a
single PR crystal2=13]. Very recently, we suggested a
crystal circuit in which two PR crystals are connected
in a chain by electrode leads with or without a volt-
age source and predicted theoretically that each crystal
could support a steady-state one-dimensional bright or
dark spatial soliton which we call separate spatial soliton
pairl=16] Tt is worthy to be noted that the two solitons
in such a soliton pair can affect each other when the
initial conditions changed. The coupling effects on the
intensity profiles, dynamical evolutions, stabilities and
self-deflection of the two solitons were investigated in
detail on such a biased['*'?! and unbiased'® PR circuit
and many new phenomena were revealed, in which the
most interesting one was that in a bright-dark (B-D)
soliton pair, the dark soliton could affect the bright one
by light-induced current whereas the bright soliton could
not affect the dark one in the limit that the spatial ex-
tent of the optical wave is much less than the width of
the crystal. We know that the bright soliton can deflect
from its original trajectory in a single biased PR crystal
considering the diffusion effect!!”=22], The stronger the
biased field is, the larger the deflection range of a PR
bright soliton is because the higher-order space charge
fields enhance the process of the self-deflection(2%:21], In
this paper, we investigate how to use the dark soliton
to control the self-deflection of the bright soliton in a
separate B-D soliton pair supported by a biased serial
crystal circuit in which the crystals are non-photovoltaic
PR crystals. Emphasis is put on the effects of higher-
order space charge field on the self-deflection of a bright
soliton.

As shown in Fig. 1, two non-photovoltaic PR crystals
denoted by P and P , are connected electrically in a chain
with an external voltage source V4. For each crystal, two
electrodes are made on the surfaces with their normal
parallel to the crystals’ c-axis. Two optical beams I and
I are input vertically into the two crystals. In the limit
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in which the optical wave has a spatial extent Az much
less than the x width of the crystal, we predicted that
each crystal could support a spatial bright (dark) screen-
ing soliton'"], which we call a separate spatial screening
soliton pair.

We have known that there are three types of separate
spatial soliton pairs: bright-bright (B-B), B-D and dark-
dark (D-D). In this paper, we only consider the B-D
soliton pairs. We assume that the bright soliton forms
in the crystal P and the dark one forms in the crystal
P. Each crystal is oriented with its c-axis perpendicular
to the direction of the laser beam, and the beams are
polarized parallel to the c-axis. Each beam propagates
in the crystal along the z-direction and is permitted
to diffract only along the z-direction. The theoretical
model about the separate spatial soliton pairs formed
in such a configuration was built in Ref. [14], in which
the diffusion process and the higher-order space charge
fields were not taken into account. The results obtained
in Refs. [14] and [15] for a B-D soliton pair are as fol-
lows. TA‘he induced space charge field Eg in cyysta,l
P and E, in crystal P are: Fg = gEAI—_{_dE, Ey =
§Es*254, where g = 6(Ioo +10)/[61a+(Ioo +1a)], § =
(SId/[(SId + 5(100 + Id)], 6= Sﬂ,s,‘(ND — NA)/(’yRNAW),

Fig. 1. Tllustration of the biased series PR crystal circuit con-

sisting of two PR crystals and a voltage source. C and C
denote c-axis.
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5’\ = Sﬂgz(}VD — NA)/(’?RNAW), EA = VA/W and
E4 =Vy/W. Here Np is the donor density, N4 is the
acceptor density, s; is the photoexcitation cross section,
~vgr is the carrier recombination rate, y and e are, re-
spectively, the electron mobility and the charge, S is the
surface area, of the electrodes of the crystals, W is the dis-
tance between the two electrodes, I is the so-called dark
irradiance, I = I(z, z) is the power density profile of the
beam, and it attains asymptotically a constant value at
z — +o00, that is, I(z — 00, 2) = I. The parameters
with a symbol * for the crystal P have the same physical
meaning as those without the symbol for the crystal P.
For simplification, we take 6 = 6 and Iq = Iq. which
result in the simplified expressions g = gj—;,g = 5_%3,

where p = I/I;, denoting the peak input intensity of
the dark soliton normalized to the dark irradiance.
Taking diffusion term and higher-order space charge
field into account, expressing the bright soliton beam
I = I(z, 2) in terms of the normalized envelope I(z, 2) =
I;|U(z,2)|%, U obeys the following dynamical evolution

equation(20-21],
, 1 U (U1?)sU
(wP)sv_ _
+’Yl (1 + |U|2)3 - 07 (1)

where s = x/xo, € =2 z/(kz3), B = ;’—;aEA, v =
oT, m = (o (gi—;EA) , 0 = (koxo)?(ngrss/2), T =
KgT/(exo), ¢ = eoer/(eNazo), Us = OU/OE, Uss =
02U/ 8s%. Here xy is an arbitrary spatial width, k = kon,,
ko = 2w /Ao and Ag is the free-space wavelength of the
lightwave employed, n, is the unperturbed extraordinary
index of refraction, v is the first-order diffusion term,
and +y; is the higher-order space charge field.

Taking the same method as in Ref. [14], the two nor-
malized profiles of the B-D soliton pair can be solved
from the following integral equations,

1 1/2d~
1/2, _ r Y
R W mier e e vl
0 ~
(—26)1/%5 = + 4y . 3)
96) [(m2 _ 1) _ 18 1y (1222 )]"”
@ -1 - 352m (42) |

where y(s) and §(8) are normalized real function bounded
between 0 and 1. U r1/2y(s) exp(iv€) for the
bright soliton, where r = Iy/I; = I(0,0)/I4, and
U = p/2j(3) exp(iD€) for the dark one. v and ¥ repre-
sent nonlinear shift of the propagation constant.

We can see that only under the condition that E£4 > 0
and E4 < 0, the B-D soliton pair can be formed in the
circuit. The bright soliton is related to the peak intensity
of the dark one through the parameter 8 = ogE4, where
g = ';—’13. So varying the input intensity of the dark
soliton p can change the properties of the bright one.

Here we take two SBN (strontium barium niobate)

crystals as P and P with the following parameters:
v33 = 237 x 1072 m/V, n, = 2.33,Ns4 = 4 x 10'6
cm~3, and €,=880. The z-width of the two crystals
W = W=1 cm. Moreover, we have Ay = 0.5 pm, xo = 40
pm, and 7' = 300 K. We then get the first-order diffusion
term v = 0.56 and ¢ = 8.82 x 10~*. We take the applied
voltage V4 to be 1000 V, which equals to E4 = 1 x 10°
V/m and E4 = —1 x 10° V/m. In this paper, we only
investigate the dynamical self-deflection evolution of the
bright screening soliton when the diffusion term and the
higher-order space charge fields are taken into account.
If we take a bright soliton incident upon the crystal P,
its dynamical evolution can be obtained by numerically
solving Eq. (1) when the values of r, 5,3, and +; are
given. First, we take the input peak intensity of bright
soliton # = 10 and p = 10 for the dark, and we get
g =11/12,5 = 80.9, and vy = 0.225. Using the above
parameters, we determine a bright soliton U = r'/2yo(s)
from Eq. (2) as the incident beam, and solve Eq. (1)
numerically to obtain the dynamical evolutions of the
bright soliton as shown in Fig. 2. From the figure we
can see that the bright soliton bends opposite to the
direction of the c-axis of the crystal. The spatial shift of
the beam center varying with the propagation distance
is illustrated in Fig. 2(b) (solid line). We can see that
when considering the higher order space-charge field,
the spatial shift becomes larger than only =y is concerned,
and we say that the higher-order term -; enhances the
self-deflection process of the bright screening soliton.
Since the main purpose of this paper is to investigate
the effect of the input peak intensity of the dark soliton
on the bright one’s self-deflection, now we change the
input intensity of the dark soliton to some other values
and get the corresponding self-deflection processes of
the bright one. Taking p to be 1, 10, 100, and 1000,
we get four B-D soliton pairs in which the four bright
screening solitons have the same value of the normalized
peak input intensity, i.e., r = 10. Figure 3 gives the £
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Fig. 2. (a) Dynamical evolution of screening bright soliton
under the case of r = 10, = 10,y = 0.56,v1 = 0.225 and
Es=—FEa =1x10° V/m; (b) Trajectories of the beam cen-
ter considering the higher-order term (solid) and not (dashed).
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Fig. 3. Spatial shifts of the bright beam center with r = 10
and B4 = —E4 =1 x 10° V/m under different values of .

dependence of As under different values of g. As is the
spatial shift of the beam center of the bright soliton from
its origin. We can see that in this case, the spatial shift
of the beam center increases as g increases. The larger p
is, the larger the spatial shift is.

We now use the perturbative procedure to derive an
approximate analytical expression for As varying with p,
from which we can obtain more comprehensive informa-
tion than that from the numerical results. The solution
of Eq. (1) is made asl*!]

U =r'""?y[s + u(g)]

x exp{ilvé + w()(s +u(@) + (@]}, (@)

while U = r/2y(s) exp(iv€) is the steady-state bright
soliton of Eq. (1) with v,y; = 0. Here u() represents
a shift in the position of the beam center, w(§) is as-
sociated with the angle between the central wave vec-
tor of this beam and the propagation axis £, and o(§)
is a phase factor that is allowed to vary during propa-
gation. As in Ref. [22], we get du(£)/d€ = —w(§) and
dw(zi)/d€ = 4B8[vK (r) + v1 K1(r)], where the dimension-
less functions K (r) and K;(r) are given by

K(r) = /_+0<> ds 2°(s)

1T+ 1y2(s)
—nfr+ ()} ” dsy2(8)>_1 C®

—0o0

_ +oo 2y2(s)
Ki(r)= /_OO dsi[l I x {y%(s) In(1 + )

x {y?(s)In(1 +7)

Il + rA(s)]) ( / . dsyz(s>) T @

—o0

The spatial shifts As(§) = —u(€) and u(§) can be di-
rectly integrated, we can obtain

As(€) = 2B[YK (r) + 11 Ka (r)]€?

=20t g K@) K . (7)
rh 2

We can see from the above expressions directly that
K(r) and K;(r) depend on the peak intensity of the

bright soliton r. Moreover, the normalized envelop y(s)
is related to the parameter § which depends on g and
E4. So K(r) and K(r) are also functions of p. Here
we discuss the dependences of the K(r), K;(r) and As
on p. We define Asyg = |As(§ = 1)|, denoting the
deflection distance at £ = 1. Figure 4 shows the curves
of K(r), K1(r) and Asg varying with . The results show
that the three parameters are all nonlinear functions of
p. K(r) and K;(r) have the same changing rule with
p, that is, increasing monotonously with p change from
0.001 to 1000 which results in a monotonous increase of
the deflection distance Asg with 5. When p is very small
or big enough, K(r) and K (r) almost keep unchanged
and therefore Asy approaches constant values at its two
edges.

Figure 5 gives the dependence of Asy on § under
different values of r. We can see from it that the po-
tential deflection ranges of the bright soliton caused by
p, e, As = |Asp(p = 0) — Asp(p — o0)| are different
dramatically, for example, As(r = 10) > As(r = 1000).
The result means that under some conditions, varying
p can change the value of Asy broadly, but under some
other conditions narrowly. It is a nonlinear function of
r. If we draw out the curves of As with r as shown in
Fig. 6, we can see that there is a peak value of As = 5.43
at r = 7.58. This means that if we want to modulate
the deflection distance of the bright soliton largely, we
should select the value of r near 7.58 and otherwise we
can let r be very small or very large where the deflection
range almost approaches zero, and where varying p can
hardly change the original deflection of the bright soliton.
Based on this result, we can select appropriate values of r
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Fig. 4. Dependences of K(r) (a), K1(r) (b) and Aso (c) on p
with r =10, B4 = —E4 =1 x 10° V/m.
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Fig. 5. Dependence of Asg on p under different values of r.

(a) r=1; (b) r=10; (c) r=100; (d) r=1000.
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according to this curve to satisfy our demand of a broad,
a narrow or a mediate range of the deflection.

In conclusion, we have investigated the self-deflection
of a bright soliton in a B-D soliton pair formed in a biased
serial non-photovoltaic PR crystal circuit based on higher
order space charge field with emphasis on the effect of the
peak intensity of dark soliton on it. Both numerical and
analytical methods are adopted to obtain the result that
the higher order of space charge field can enhance the
deflection process of the bright soliton and varying the
peak intensity of the dark soliton can influence the self-
deflection strongly. Based on this, a novel optically con-
trolled beam deflector or scanner can be possibly made
up.
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