Vol 16 No 5, May 2007
1009-1963/2007/16(05)/1391-08

Chinese Physics

© 2007 Chin. Phys. Soc.
and IOP Publishing Ltd

Diffusion-induced deflection and the
effect of two-wave mixing gain on
dissipative photovoltaic solitons*

Liu Shi-Xiong (X1 i )T,

Liu Jin-Song(X|#h#4)*, Zhang Hui-Lan (7K1 ),

Zhang Guang-Yong(# %), and Wang Cheng(E #2)

School of Optoelectronics Science and Engineering, State Key Laboratory of Laser Technology,

Huazhong University of Science and Technology, Wuhan 430074, China

(Received 25 June 2006; revised manuscript received 18 December 2006)

In an open-circuit dissipative photovoltaic (PV) crystal, by considering the diffusion effect, the deflection of bright

dissipative photovoltaic (DPV) solitons has been investigated by employing numerical technique and perturbational

procedure. The relevant results show that the centre of the optical beam moves along a parabolic trajectory, while

the central spatial-frequency component shifts linearly with the propagation distance; furthermore, both the spatial

deflection and the angular derivation are associated with the photovoltaic field. Such DPV solitons have a fixed

deflection degree completely determined by the parameters of the dissipative system. The small bending cannot affect

the formation of the DPV soliton via two-wave mixing.
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1. Introduction

It has been known that photorefractive (PR)
crystals can be used to form and support optical
solitons!™? which have been widely investigated in

[3=171 guch as photovoltaic

theory and experiment,
solitons, 1429 screening solitons[®% and screening-
photovoltaic (SP) solitons.[® In 2002, Cohen et al
proposed a kind of holographic soliton (HS)2! espe-
cially the HS in a dissipative system.?>23 We can
obtain a thorough review of recent work on spatial
optical solitons in PR crystals by consulting Ref.[24].

In 2003, the rigid photovoltaic (RPV) soliton
was proposed, 23 and such solitons were assumed to
occur in a nonlinearly amplifying or absorbing sys-
tem comnsisting of a photovoltaic crystal and a strong
pump beam with a uniform spatial distribution in
both transverse dimensions. The self-trapping beam
(also called signal beam) in the dissipative system
can evolve into a spatial soliton when it couples co-
herently with the pump beam by two-wave mixing
(TWM). The signal and pump beams are governed by
a coupled-wave equation (CWE). Although the evo-
lutions of the pump and signal beams should be de-

scribed by the CWE, under an undepleted pump ap-
proximation and by ignoring the effect of self-focusing
nonlinearity on the pump beam (namely under the
small-signal condition), the CWE can be simplified
into an evolution equation for the signal beam alone.
In what follows, we refer to the evolution equation
as small-signal equation (SSE). The bright and dark
analytical solitary solutions for the signal beam are
obtained from the SSE when the diffusion effect is not
considered.[?3] Because the system supporting such
solitons is a dissipative one, in this paper we call them
dissipative photovoltaic (DPV) solitons. It should be
pointed out that the DPV soliton is a result of a dou-
ble balance, i.e. diffraction is balanced by nonlinear-
ity and loss is balanced by gain, which results in the
DPV soliton having a fixed amplitude and width for
the given dissipative system. Different from those of
the previous photovoltaic solitons!!*=2% which were
investigated in detail by the predecessors, they should
belong in the Hamiltonian system because of no en-
ergy exchanging or neglecting the loss and gain.

Because deflection is a very important subject for
the study on spatial solitons in a Hamiltonian sys-
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tem, it has been extensively investigated theoretically
and experimentally.l-2°=3% So far, the deflection of
DPYV solitons has not yet been studied in dissipative
systems. However, the bending maybe plays a role
in the process of DPV soliton formation since such a
bending could slightly change the propagation direc-
tion of the solitary wave, thus maybe affect the cou-
pling process between pump beam and signal beam.
The experimental results in Ref.[25] demonstrate that
the deflection angle is less than 0.1 degree for solitons
in a Hamiltonian system, which seemingly means that
the effect of bending on DPV solitons formation is
too weak to be considered. The angle between pump
beam and signal beam for DPV solitons was suggested
to be 4 degrees,?3 so it is still necessary to study the
bending property of DPV solitons. Such a study has
significance not only for guiding a possible experiment
of DPV solitons, but also for enriching the knowledge
of spatial solitons on the properties of bending process
from Hamiltonian systems to dissipative systems.

In this paper, the deflection of DPV solitons has
been investigated by taking the diffusion effect into
account. Firstly, by solving the CWE and the SSE
using numerical technique, separately, we have tes-
tified and demonstrated that it is appropriate and
valid in practice to replace CWE by SSE, i.e. under
the small-signal condition, we can replace the CWE
with the SSE to survey the dynamical evolution and
the deflection of DPV solitons.
solved the SSE numerically under the small-signal con-

Secondly, we have

dition. The numerical results reveal that the centre of
the optical beam moves along a parabolic trajectory.
Lastly, based on the SSE, the deflection characteris-
tics have been analysed with a perturbational proce-
dure, and our analyses indicate that the beam centre
shifts quadratically, while the angle between the cen-
tral wave-vector and propagation axis varies linearly
with the propagation distance. These results gained
by the perturbational model are in good agreement
with those obtained by the numerical technique.

2. Nonlinear wave equation

The schematic configuration is shown in Fig.1
(also see Ref.[23]). The dissipative crystal is assumed
here to be a doped KNSNB (such as Cu:KNSBN6])
oriented along the x-axis. A one-dimensional signal
beam is extraordinarily polarized, confined in the x-

direction, whereas it extends in the y-direction. A
strong pump beam has a uniform spatial distribution
in both transverse dimensions, and it is a linearly po-
larized light and its polarized direction makes an angle
¢ with the z-axis. The signal and pump beams are
made to propagate in the crystal, and the wave vector
of each beam makes a small angle (0) with the z-axis.
The two coherent beams are coupled with each other
by TWM and then the signal beam obtains a gain from
the pump beam.3!! Under the configuration above
and by using the method similar to that in Ref.[23],
the space-charge field F4. in the open-circuit dissi-
pative PV crystal can be expressed asl”16:23] E . =
(InEeq — IsEpyn)/(Is + Iv) — ksT/[e(Is + 1p)]01 /O,
where Foq = —kEpn, k= KJ/K§, KB and K are the
PV coefficients of the pump and signal beams, respec-
tively, Fipn is the photovoltaic field constant of the PV
crystal for the signal beam,['*~1 kg is Boltzmann’s
constant, T is the absolute temperature, e is the elec-
tron charge, Iy = Is(z, z) is the signal beam intensity
and I, is the background light intensity. For the sys-
tem considered in this paper, we have Iy, = I, + Iq,
where I, is the pump beam intensity and Iy is the
dark irradiance intensity. When Iy < I,, we can de-
velop a space-charge field with the diffusion term as
follows:

Kl + I

kBl 1 815
— h—
lp ls

I,+1, 0z

Ey = (1)

Then the effective refractive index is obtained as(23:32]
Teff = [P°T33 cos 0 cos(0/2) + nrys sin @ sin(6/2)] cos ¢,

where . = ne/ng, ne is the unperturbed extraordinary
refractive index, ng is the ordinary index of refraction,

r33 and 749 are the electro-optic coefficients.

pump beam z,c
z
Yy
laser
\\
signal beam I~~~
KNSBN

Fig.1. The schematic of a DPV in an open-circuit PV
crystal, where the signal and pump beams are coupled
with each other by TWM. ¢ denotes the c-axis of the crys-
tal.
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Considering the variation of the envelope in the z-direction, in a slowly varying approximation, we find
that ¢s and ¢, satisfy the paraxial coupled-wave equation,

1 0%¢ Obs n3 I +xl, kgT 1

- s 00— + k e E s p . __[, . 19 =0,

ok a2z T eos0g, TRy TBB( L A A 1+15)¢ (o 5 )1+ 95 +1i5%00

1 62, 06 L+rl, kT 1 i\ L

L . 9<% | 1 E S p I 1p 0 —0.(2
ok ouz 8V, Ty 733( T e Ll ax)‘bp (ro+3 )1 0 Higletr =0.(2)

where k = nckg is the wave vector, kg = 27/ Ao, Ao is the free-space wavelength of the light wave, I and I'p are
the intensity and phase coupling coeflicients of the TWM process, respectively, ¥ is the absorption coefficient of
the dissipative crystal. One can adopt the dimensionless form & = z/(zpcosf), s = x/xg, 20 = kx%, go = 2010,
g =z0l"/2, 9 = 20¥0/2, Us = 151/2(;55 and U, = 151/2¢p, where x( is an arbitrary spatial width and I is an
arbitrary intensity. Thus Eq.(2) can be expressed in terms of Us and U}, as

3U 182U, 2 2 2 Us | p|2 .
65 2 9s2 + [(|Us|” + £|Up|%) + v(|Us| )ps]m+( )WUVFWUS:O,
2 2
G + 5t UL+ AU ) + 2P s + 0+ i9) g U + 100U =0, (3
|

where o = xr33Epn, v = x7337, X = (kozo)*(n2/2), x exp{iblIn[sech(Bs)|}exp(—iv€), (5)
7 =kgT/(exo), (JUs|*)ps = O(|Us|?)/Ds. Equation (3)
is the very coupled-wave equation (CWE) mentioned ~ Where I7 = [3G/(29)]'/? is the amplitude, B =
above. (G/b)'/? is the parameter related to width, b =

Owing to Io + il'/2 = i0EEw/(E + Ew), [~3P + (9P? + 8¢2)/2]/(2g) is the chirp parameter,
where 6 = ndregko/2, B = Eq — iFeq, Eq = V= (b2 —1)G/(2b) + Q is the parameter to represent
ArkpTsinf/(Age) is the diffusion field, Ey, = the nonlinear shift of the propagation constant.

eNaXo/(dmeregsinf) is the saturation field, Egs =
Ea + Esa, Na is the acceptor density, <o is the per- 3 ' he  equivalence between the
mittivity of vacuum, &, is the relative static dielectric
constant, we can obtain the expressions for g and gg Small-SIgnal equatlon and the

as, respectively, coupled-wave equation under

Es(E2, + EqEqs) Ee F2,

— e ——ealisa small-signal condition
Egs _"_qu , 90 XTeff Egs +E§q- g

g = XTeft

When the diffusion effect is neglected, the analyt-

Under the undepleted pump approximation and ¢, golitary solutions can be obtained from Eq. (4).

by ignoring the effect of self-focusing nonlinearity on Taking the bright soliton solution, i.e. Eq. (5), as

the pump beam (also called the small-signal condi- ., input beam, the dynamical evolution of this in-

; 23
tion), we can take Up(z, 2) as a constant.*’) As a re- put beam in a dissipative system can be studied by

sult, the CWE (3) degenerates into numerically solving the SSE (4) and the CWE (3),
oU, 102 ) . separately. For the latter, a Super-Gauss beam is

1 o€ +§ D52 —[Q = Y(|Us|")ps +1G]Us needed as an input pump beam, i.e. Up(s,§ = 0) =

132 exp[—(s/bo)*], where, I, is the peak intensity nor-

_ 2 : 277 _ p
P = (U Pps +1g]IU|"Vs = 0, (4) malized by Iy, by is a parameter corresponding to the

where Q = —ka—go, G = g—9 and P = a1 — k) — go. width of the beam. It will be demonstrated that, un-

Equation (4) is the very small-signal equation (SSE) der the small-signal condition, that is, the signal beam

mentioned above. When v = 0, the bright soliton is much weaker than the pump beam, the behaviours
solution of SSE (4) reads(23] of the dynamical evolution of the input signal beam
revealed by the two (SSE and CWE) equations are

Us(s, &) = Fsech(Bs) almost the same, including the process of deflection
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by considering the diffusion. This allows us to use
SSE (4), instead of CWE (3), to investigate the deflec-
tion of DPV solitons via not only a numerical method
in Subsection 4.1, but also a perturbation procedure
in Subsection 4.2.

For this dissipative system, the values of those
parameters in the above equations that will be used
in the following numerical simulations are taken as
ne = 2.27, ng = 2.35, &, = 500, r33 = 200 pm/V and
rgo = 820 pm/V for a KNSBN crystal with Ny =
1.2 x 10'6 em ™3, Yy = 0.54 cm ™! for A\g = 0.5 um at
T = 300 K, the other variables are 8 = 2°, ¢ = 87°,
Epn = 2030 V/em, 23 the arbitrary scale 2o = 25 pum,
as well as k = 0.5.016]

(a) 1UsI*  0.014
0.007
LL |
1.0
0.5
15 ¢
0
S _15 0
|Up |

(b)

0.6
0.8

s 14 1.0

Fig.2. (a) Simultaneous evolution of a bright DPV soli-
ton (intensity profile) based on the CWE by neglecting
the diffusion effect. Here, the adopted system param-
eters are 0 = 2° ¢ = 87°, A = 0.5 um, T = 300 K,
E,, = 2030 V/cm, o = 53.1985, v = 0, Jp = 0.54 cm ™!
and £ = 0.5. Solution parameters are F' = 0.113211,
B = 0.595924, b = 0.0116818 and v = —25.6699. (b) Si-
multaneous evolution of the pump beam, where Up(s,§ =
0) = Ipl,/Qoxp[—(s/bo)‘l]7 bo = 12 pm, the dimensionless
I, = 12.

With the set of values above and letting v = 0,

the intensity evolutions of the bright DPV soliton
in the dissipative crystal are obtained and shown in
Fig.2(a) and Fig.3 by solving numerically CWE (3)
and SSE (4), separately. They have revealed that,
under the small-signal condition, the intensity pro-
file evolution obtained by solving the CWE is in good
agreement with those obtained by using the SSE. At
the same time, under the set of the system parameter
values above and by taking the diffusion effect into
account, we have again obtained and compared the
results based on both equations. The intensity evo-
lutions of the bright DPV soliton are obtained and
shown in Fig.4(a) and Fig.4(b). In addition, the re-
sults of spatial shift (As) due to the diffusion effect
are illustrated in Fig.4(c). The numerical results re-
veal that the small-signal equation is also valid and
feasible under the small-signal condition when ~ # 0,
i.e. for describing the deflection of DPV solitons, the
SSE (4) is the equivalence of the CWE (3) under small-
signal condition.

0.014

15
0
s -15 o

Fig.3. Simultaneous evolution of a bright DPV soliton
(intensity profile) based on the SSE by neglecting the dif-
fusion effect. Here the adopted system parameters and
solution parameters are the same as those in Fig.2(a).

Without losing the universality, we have repeated
the numerical simulation of CWE (3) and SSE (4) in a
very broad range of system parameters. The numeri-
cal simulation results show that it is feasible and valid
to replace the CWE with the SSE under small-signal
condition.

In virtue of the analyses above, we have verified
the feasibility and validity of the small-signal equa-
tion. It provides us a convenient way to investigate
the deflection of DPV solitons. That is, CWE (3) can
be replaced by SSE (4) to investigate the deflection of
DPV solitons under small-signal condition.



No. 5

Diffusion-induced deflection and the effect of two-wave mixing gain on ...

1395

|Us[?

(b)
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Fig.4.

|Us|? 0
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0.007  _p 001

0 4

—0.002 | __ coupled equations
- - - small-singal equation
—0.003
0 0.2 0.4 0.6 0.8 1.0
g

(a) Simultaneous evolution of a bright DPV soliton (intensity profile) by considering the diffusion effect,

based on the CWE; (b) Simultaneous evolution, based on the SSE; (c¢) Evolution of the normalized spatial shift As,
based on the CWE (the solid curve) and the SSE (the dashed curve). Here, the adopted system parameters and
solution parameters are the same as those in Fig.2(a) excepting v = 0.2710.

4. Deflection of bright DPV soli-

tons

4.1. Numerical simulation results

Under the small-signal condition, the deflection of
DPV solitons is investigated via numerically solving
SSE (4) for a series of combinations of system param-
eters. The appropriate parameters have been selected
in order to support and form a stable DPV soliton.
Here we have computed some groups of parameter val-
ues in Tables 1-3, separately. Meanwhile, the deflec-
tions of DPV solitons have been gained via numerical
method, the normalized spatial shifts (As) are shown

in Figs.6-8. These results indicate that the bright
DPYV soliton moves on an approximately parabolic tra-
jectory, i.e. it evolves approximately along a parabolic
trajectory during propagation, which is similar to the
behaviour of solitons in a Hamiltonian system. But
it should be noticed that the deflection degrees of
DPV solitons are very small under the small-signal
condition. Regarding the actual propagating distance
z = 1 cm of the solitary beam in the dissipative sys-
tem as a standard, the corresponding deflection angle
(denoted by 1) of DPV soliton is also attached to the
parameters in Tables 1-3. The definition of deflection
angle is illustrated in Fig.5.

Table 1. The variable parameters used in Fig.6 and deflection angles.

0 P Epn o F B b v P/(°)

3 87 1230 32.2336 0.11682 0.477821 0.0193579 —15.6207 1.06x10~4
2 87 2030 53.1985 0.113211 0.595924 0.0116818 —25.6699 1.24x10~4
2 88 3020 79.1426 0.11347 0.72322 0.00796811 —38.7819 1.51x10~4
5 89 4760 124.741 0.0789222 0.624894 0.00514021 —62.2450 0.64x10~*

Table 2. The variable parameters used in Fig.7 and deflection angles.

T Epn a v F B b v ¥/ (°)
280 2100 55.0329 0.252928 0.105319 0.563894 0.011278 -26.5269 0.95x10~%
300 2030 53.1985 0.270994 0.113211 0.595924 0.0116818 -25.6699 1.24x10~4
320 1950 51.102 0.28906 0.101342 0.522802 0.0121415 -24.6273 0.93x10—4

Table 3. The variable parameters used in Fig.8 and deflection angles.
9 Epn a F B b v ¥/(°)

0.54 2030 53.1985 0.113211 0.595924 0.0116818 -25.6699 1.2389x 104

0.65 2471 64.7554 0.112984 0.655927 0.0115596 -31.2690 1.3582x10~%

0.72 2721 71.3069 0.111697 0.680318 0.0116309 —34.4437 1.3769x10—%
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| z=1cm |

Fig.5. The schematic of the deflection angle, when a DPV
soliton propagates the distance z = 1 cm in an open-circuit
dissipative PV crystal.

—0.001

- = «=132.2336 analytical
—— @=32.2336 numerical
- - - ~a=53.1985 analytical e

— = a=53.1985 numerical F}ph—3020v/cm\: \‘\_,
—--—a=79.1426 analytical DN
----- a=79.1426 numerical Epn=3020V/em M\
—0.003 | e a=124.741 analytical e
..... «a=124.741 numerical :

As

~0.002 N

0 0.2 0.4 0.6 0.8 1.0
3

Fig.6. The normalized spatial shift As versus &, where
the values of the system parameters are given as xg =
25 um, Ao = 0.5 um, T = 300 K, 99 = 0.54 cm~! and
v = 0.270994, and the other parameters and solution pa-
rameters are indicated in Table 1.

From Fig.6, it is easily found that the deflection
of DPV soliton is related to «, but it is not affirmed
that a larger deflection degree is corresponding to a
higher value of a. Now that the diffusion item ~ is a
function of temperature 7', i.e. the value of v varies
with T, the relation between the deflection of DPV
solitons and ~ is shown in Fig.7, from which one can
find that the bending degree does not become larger
with the v being higher, but it lies on the parameters
of the dissipative system. Moveover, it is seen from
Fig.8 that the deflection degree of DPV soliton is not
very sensitive to the absorption coeflicient ). Based
on the bending angle 1 in Tables 1-3, it is convinced
that the deflection degree of DPV soliton is slight un-
der the small-signal condition. From Figs.6-8, we can
also assure that the deflection degree of DPV soliton
is determined by the system parameters, that is to
say, the DPV soliton has the fixed deflection for the

fixed system parameters, which is the same as the be-
haviour of the RPV solitons[?3 that have the fixed
amplitude and width for the fixed values of system
parameters. That is the very reason why it is called
‘rigid’ soliton in the dissipative system. It should be
emphasized that we discuss the deflection of the DPV
soliton on condition that it can exist and propagate
stably in the dissipative system, because the param-
eters of DPV soliton vary as the system parameters

change.
0
—0.001 f
Rl
< — = y=10.252928 analytical
—— 7= 10.252928 numerical \.
-+ -« y=0270994 analytical
—0.002 b 0270994 numerical RN
—--=7v=10.28906 analytical ' :\
----- v = 0.28906 numerical N
—0.003 L L L L
0 0.2 0.4 0.6 0.8 1.0
3

Fig.7. The normalized spatial shift As versus &, where the
values of the system parameters are given as g = 25 pm,
Ao = 0.5 um, § = 2°, ¢ = 87°, E,;, = 2030 V/cm and
Y9 = 0.54 cm~', and the other system parameters and
solution parameters are shown in Table 2.

0
—0.001 f
— — o =0.54cm™ analytical
<]uJ Yo = 0.54 cnmi’' numerical
—0.002 | .. .90 =0.65cm™ numerical
—-—199 = 0.65cni’ analytical RN
o . N7
0003 b -- Yo =0.72 cm numerical )
----- 9o =0.72 cmi” analytical
0 0.2 0.4 0.6 0.8 1.0

3

Fig.8. The normalized spatial shift As versus &, where
the values of the system parameters are given as 6 = 2°,
@ = 87°, g = 25 pm, Ao = 0.5 pm, T" = 300 K and
v = 0.270994, and the other system parameters and solu-
tion parameters can be found in Table 3.

4.2. Perturbational procedure and re-
sults

Here, the deflection effect of the DPV soliton

will be further investigated theoretically, i.e. through

solving SSE (4) by the perturbational procedure.[”28!
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Keeping in mind that the beam evolution under the

(28]

action of diffusion is approximately adiabatic,'*®! we

start by making the following ansatz for the solution
of SSE (4):

Us(s,€) = P72V [s + p(€)]exp{—i[Q€ + w(¢)
x (s + (&) + o (&)}, (6)

where Ug(s, &) = P~ Y2V(s,€)exp(—iQE) is the
steady-state bright DPV soliton of SSE (4) with v = 0.
In Eq.(6) p(§) represents a shift in the position of the
beam centre, w(§) is related to the angle between the
central wave vector of this beam and the propaga-
tion axis &, o(¢) is a phase factor that varies during

propagation. The equations of motion for these real
variables are obtained by substituting Eq.(6) into two
complex conservation laws of SSE (4). These are es-
tablished by multiplying SSE (4) with U and (Us)?*
and integrating from —oo to +o00 over the coordinate
s. The results are given as

du(§)
d—§ = w(§), (7)
do(§)  w?(§)

¢~ 27 (8)
) ik, Q

where the dimensionless Kp is given by

Kp = } / (b —1)2B?F? sinh?(Bs)sech(Bs)** 21 [F2sech(Bs)*T 2% — 1]ds

— 00

12 + 4ib

2/7(b—1)T(3 +1b)

f‘l

— 4iF?
16 H

(b_i)BF2{ b—2i

I'(7/2+1ib)

4+ (b—1)e"™ 43P B_ (5 4+ ib, —5 — 2ib) + 28T40et" 2B (4 4 2ib, —5 — 4ib)]

JAbI(5 + ib) 8y/7(b —

(b—2i)2I(7/2 + ib) I'(7/2+ 2ib)

Here B.(a,b) is the incomplete Beta function and
I'(z) is the Euler Gamma function, viz. B,(a,b) =
[Ftem1 (1 — 1)~ ldt and I'(2) = [,7 ¢~ le tdt, so
the term of Kp is a constant.

Integrating Eqs.(7)—(9) yields the equations of

motion
w(§) = —4vKp¢, (11)
u(€) = —29Kpé?, (12)
o(§) = =8y Kp&*/3. (13)

Equations (11)—(13) demonstrate that, in the absence
of diffusion, i.e. -~ = 0, the variables w = pu =
o = 0. However, by taking diffusion effect into ac-
count, Eq.(12) shows that the beam centre follows
a parabolic trajectory, whereas Eq.(11) implies that
the central spatial frequency component shifts linearly
with the propagation distance, which is similar to the
behaviour of Hamiltonian solitons. Also, it is easily
found that the beam has suffered a lateral displace-

ment with a distance given by

rq = 2yKp2?/(kin? cos® 0x3) or

)F2I(3 +2ib) 2w F2T(4 + 2ib) 43+“’F(2+ib)F5+in( )

I'(7/2 + 2ib) (b—21)I'(6 + 2ib)

xq = 2r33(kpT/2e) K pz? /(x5 cos? 0), (14)

where z is the actual propagation distance. Moreover,
the angular deflection, i.e. the angle between the cen-
tral wave vector of this soliton beam and the z-axis
can also be evaluated from Eq.(11) and is given by

04 = 4yKpz/(kin? cos® 0x3) or

04 = 4r33(kpT/2e) K pz /(23 cos® ). (15)

It is important to know whether w(¢), p(¢) and
a(€), or xzq and Oy are also related to a implicated
in the term of K p, which is associated with the pho-
tovoltaic process. It is revealed that Kp is together
determined by values of F', B and b from Eq.(10), in
other words, it is not assured that Kp is proportion-
able to a. Thus the deflection degree is not larger
when the value of « is higher due to Eq.(12), which
agrees with the numerical result (Fig.6).

Some groups of the system parameters and solu-
tion parameters have been illustrated in Tables 1-3.
Also, the normalized spatial shifts (As = u) predicted
by an analytical model have been compared with those



1398 Liu Shi-Xiong et al

Vol. 16

obtained numerically in Figs.6-8, respectively. As one
can see, the results from both approaches are consis-
tent with each other on the whole. There is a small
difference between the numerical results and those
obtained from the analytical model: the numerical
results are less than the analytical ones, which can
be attributed to the fact that the evolution of bright
DPYV solitons under the action of diffusion is not en-
In addition, Figs.6—8 present that
the deflection degree of DPV solitons is small and de-

tirely adiabatic.

termined by dissipative system parameters under the
small-signal condition, which is very different from the
behaviour of solitons in a Hamiltonian system.

5. Conclusion

In conclusion, by considering the diffusion effect,
the deflection of bright DPV solitons has been dis-
cussed by both numerical simulation and perturba-
tional procedure. By using numerical technique, we
have found that the deflection of the signal beam is
approximately parabolic, which is further studied us-
ing a perturbational model. As one can see, the results
from two approaches are in good agreement with each

other. We have found that the centre of the solitary
beam moves on a parabolic trajectory, whereas its cen-
tral spatial frequency component shifts linearly with
the propagation distance. The deflection property of
DPYV solitons in a dissipative system is similar to that
of solitons in a Hamiltonian system. The deflection de-
gree is very weak under the small-signal condition, and
it is determined by the parameters of the dissipative
system. Because DPV solitons are based on the pro-
cess of TWM between pump beam and signal beam,
the deflection of the signal beam may affect the soliton
formation of the signal beam in possible experiments.
Our results demonstrate that the bending angles are
very small. The slight bending does not influence the
formation of the DPV soliton in a dissipative system,
which gives a guarantee that a stable DPV soliton
can exist and form in a dissipative crystal via two-
wave mixing, the DPV soliton is little influenced or
totally destroyed by the diffusion effect in theory and
experiment. Therefore, the most essential prediction
from this study for possible experiments may be that
the deflection of the beams is a factor that could be
ignored in the process of DPV soliton formation.
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