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‘We show that incoherently coupled grey—grey spatial soliton pairs can be established in guest—host photorefractive

polymers under steady-state conditions, provided that their carrier beams have the same polarization, wavelength, and

are mutually incoherent. The properties of these soliton pairs, such as their width and polarization, are discussed in

detail.
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In the last decade, optical spatial solitons in
photorefractive materials have been actively investi-
gated because of the fact that they can be formed
at low light intensity. Up to the present, several
generic types of photorefractive spatial solitons have
been known: quasi-steady-state solitons,!~4! screen-
ing solitons,5—8! photovoltaic solitons,[® 14! screening-

(15-22] ghatjal solitons in cen-

[23,24]

photovoltaic solitons,
trosymmetric photorefractive media, and res-
onant self-trapping which occur in photorefractive
semiconductors.[25:26] The quasi-steady-state solitons
can exist in a biased photorefractive crystal over a
time interval during which the externally applied field
is slowly being screened by the space charge field.['?]
Moreover, the quasi-steady-state solitons can also be
induced by another laser beam.* The screening soli-
tons are possible in steady state in a biased non-
photovoltaic photorefractive crystal. They result from
non-uniform screening of the bias field. The photo-
voltaic solitons can be established in steady state in
photorefractive materials with a strong photovoltaic
effect.

tovoltaic effect to create the space charge field. The

These photovoltaic solitons rely on the pho-

screening-photovoltaic solitons were shown to be able

to exist in biased photovoltaic photorefractive crys-

tal, they stem from both photovoltaic effect and non-
uniform screening of the bias field.

All of the above-mentioned solitons can exist in
inorganic photorefractive materials. Recently, a new
type of dark, bright,[?l and grey®® photorefractive
spatial soliton was predicted in biased guest—host pho-
torefractive polymers. Of all photorefractive poly-
mers, guest—host photorefractive polymers which are
made from photoconducting polymer hosts and doped
with high levels of chromophores, are one of the most
successful types of photorefractive polymers. Upon
illumination, the photosensitizer in the guest—host
photorefractive polymer contributes mobile charges,
which redistribute following the spatial dependence
of the optical intensity under the action of diffusion
or externally applied field, and yield a space charge
field. The space charge field then gives rise to the
index change by means of orientational enhancement
and electro-optic effect. The latter process is capa-
ble of counteracting the effect of diffraction, and thus
the non-diffracting optical beam or polymeric soliton
forms.

In 1996, Christodoulides et all28:29 studied the
incoherent coupling between two screening solitons.

They showed theoretically that bright—bright, dark—
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dark, and bright—dark incoherently coupled soliton
pairs can be established in biased non-photovoltaic
photorefractive crystals, provided the two mutually
incoherent incident beams have the same polarization
and wavelength, and propagate collinearly. Soon af-
terwards, Chen et all3—32] observed these incoher-
ently coupled soliton pairs in biased strontium barium
niobate (SBN) crystal in experiments. Very recently,
we predicted that incoherently coupled soliton pairs
can also be formed in biased photovoltaic photore-
fractive crystals(®*—3% and in biased centrosymmetric
photorefractive media.[?®l In addition, we have found
that incoherently coupled dark—dark and bright—
bright soliton pairs can exist in the guest—host pho-

(371 In this paper, we will show

torefractive polymer.
that incoherently coupled grey—grey spatial soliton
pairs can also be supported in guest—host photorefrac-
tive polymer.

To investigate the incoherently coupled grey—
grey soliton pairs in guest—host photorefractive poly-
mer, let us consider two mutually incoherent opti-
cal beams (with the same wavelength and polariza-
tion) that propagate collinearly in a biased guest—
host photorefractive polymer along the z-axis and
permitted to diffract only along the z-direction.
the external bias field F.. is assumed
The electric

field components of the two optical beams are ex-

Moreover,

to be applied along the z-direction.

pressed in terms of slowly varying envelopes ¢ and
¥, ie. Er = ¢(z,2)exp(ikonyz)y/I, and E; =
¥(z, z)exp(ikonyp2)v/T,, where ¢ and 1 are the am-
plitudes of the slowly varying envelopes normalized
by +/Iy, Iy is a uniform background illumination,
k = kony, ko = 27w/, ny is the unperturbed index
of the polymer, and ) is the free-space wavelength of
the light. Under the above conditions and using the
dimensionless variables { = z/2kx2, s = z/zo, where
Zq is an arbitrary spatial width, we obtain the follow-

ing equations:[3”]

2/(m+1)
. y+1
1¢<+¢ss+ﬂ<m) ¢ =0, (la)
2/(m+1)
. y+1
e + thss + ﬂ(m) ¥ =0, (1b)

where ¢ = 8¢ /0(, pss = 8%p/0s%, etc.; m is a mate-
rial parameter that ranges from less than 1.0 to greater

than 3.0, v = Iy/I,, and

ﬂ:/@z,y =

Here Fy and I are, respectively, the electric field and

omocz yEo (2)

soliton intensity far away from the soliton centre, i.e.
Ey = E(z — 00, 2), Iy = I(z — +00, z). If the spa-
tial extent of the optical beams is much less than the
z-width of the photorefractive polymer, FEj is approxi-
mately equal to Fex. The parameter Cy , in Eq.(2) is

dependent on the polarization of the incident optical

beam, which can be expressed as[2%]
Cp = 0.54N Aa(pp /ksT,)? (3a)
and
Cy=—Cy/2 = —0.27TNag,Aa(pp /kT,)?  (3b)

for z- and y-polarized light, respectively. In Eqgs.(3),
Ny, is the density of chromophores, pup is the perma-
nent dipole moment of the chromophores, kg is the
Boltzmann constant, T, is the ambient temperature.
Aa = ay — a, where a; and a  denote the polar-
izabilities of chromophores parallel and perpendicular
to its dipole moment, respectively.

When m =1, Egs.(1a) and (1b) are actually the
same as that for the soliton pairs in biased photore-
fractive crystals, for which the soliton pair solutions
have been discussed in detail in Refs.[29, 34]. In what
follows, we will give the grey—grey soliton pair solu-
tions of Egs.(1) for all m # 1. To get the grey—grey

soliton pair solutions of Eqs.(1), we express ¢ and v

£120,28,34]
J ds ] }
(

4a)
-+ qso]
(

in the form o

¢(s,¢) = 7" cosOy(s )exp{l [vc +

st

$(5,¢) = 1 sinfy(s )exp{l[vc .
4b)

where v represents a nonlinear shift of the propaga-
tion constant, J is a real constant to be determined,
6 is an arbitrary projection angle, and @, is an ar-
bitrary phase. y(s) satisfies the boundary conditions

y2(s=0) = § (0 < § < 1, i.e. the intensity is fi-
nite at the origin), y(0) = 0, y(s — +oc) = 1, and all
the derivatives of y(s) are also zero at infinity. Sub-
stitution of Egs.(4) into Egs.(1) yields the following

ordinary differential equation:

d2y J2 1‘1‘7 2/(m+1)
oy L T —0. (5
- h() v=0 ©

According to the boundary conditions of y(s) at infin-
ity, we find that

J*=p—w. (6)
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Equation (5) can be integrated once and leads to

(&) = -n+0-0)(5-1)

_Blt+y)m+1
¥ m—1
1 2 (m—1)/(m+1)
x [<—+W ) —1]. (7)
1+~
Using the boundary conditions of y(s) at zero, we ob-
tain
. 1 14y & m+1
v_ﬂ{l—é—l_ v (1-0)2m—1

) [(11:16)(1”1)/(%1) ) 1” "

From Egs.(6) and (8) we know

4 149y 4§ m+1
v (1-62m-1

1448 (m—1)/(m+1) 5
X|:1—<1+’y) —m >0(9)

By expanding

1+~ 1+~

into series, we can prove that the quantity in the

braces of inequality (9) is positive, so that we have
B >0, (10)

that is, the incident optical beam are required to be z-
polarized (y-polarized) for launching a grey—grey poly-
meric soliton pair for chromophores with its polariz-
ability parallel to its dipole moments larger (smaller)
than that perpendicular to it. By further integrating
Eq.(7), we arrive at

BT by B e i_)
s—i/ﬁ{v<y +ﬂ2 2
e
Y Y m

o\ (m—1)/(m+1) ~1/2
) [} e
X -1 dg,(11
[( 15~ 7,(11)

from which the normalized amplitude y(s) can be eas-
ily obtained by numerical integration, and the grey—
grey soliton pair components can then be obtained
through a 6 projection.

To illustrate our result, we set v = 10, m =
2.0, zgp = 10pm, T,=300K, Ey = 70V/pum, an

0 = 30°. The polymer parameters are taken to

bel8l Ny = 1.27 x 102'em™3, pp = 5.5 x 10~ 18esu
= 1.83 x 1072°C-m, and Aa = 3.9 x 107 23cm? at
A = 690nm. For this set of values, 8 = B, = 21.2.
Figure 1 depicts the normalized intensity profiles of
a grey—grey polymeric soliton pair when § = 21.2,
v =10, § = 0.3, m = 2.0, and 6 = 30°. Under these
conditions, the FWHM intensity of the two compo-
nents is found to be 8.2um. Figure 2 provides the
normalized FWHM of the grey—grey polymeric soli-
ton pair as a function of « for various values of § when
m=2.0. Figure 3 shows the dependence of the normal-
ized FWHM of the grey—grey polymeric soliton pair on

~ for different values of m when §=0.1.

Normalized intensities

Fig.1. Soliton components, |¢|2 and |¢|?, for a grey—
grey polymeric soliton pair when g = 21.2, v = 10,
§ =0.3, m =2.0 and 6 = 30°.
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Fig.2. Normalized FWHM of a grey—grey polymeric
soliton pair versus 7 for various values of § when
m = 2.0.

According to Egs.(2), (8) and (11), we conclude
that the FWHM of the grey—grey polymeric soliton
pair is inversely proportional to the absolute value
of the external bias field. From Fig.2, one can find
that for a given intensity ratio v the FWHM of the
grey—grey polymeric soliton pair becomes greater as

the greyness parameter ¢ increases. Based on Fig.3,
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we also see that for a given intensity ratio 7 the grey—
grey polymeric soliton pair tends to widen with the

rise of the value of the material parameter m.

1.2 T T T T

Normalized FWHM

0 20 40 60 80 100
v

Fig.3. Dependence of the normalized FWHM of a
grey—grey polymeric soliton pair on « for different val-

ues of m when § = 0.1.

In conclusion, it is shown that the photorefractive

polymer doped with nonlinear optical chromophores
with its polarizability parallel to its dipole moment
larger than its perpendicular polarizability can sup-
port z-polarized grey—grey incoherently coupled spa-
tial soliton pairs, whereas the photorefractive poly-
mer doped with nonlinear optical chromophores with
its polarizability parallel to its dipole moment smaller
than its perpendicular polarizability can support y-
polarized grey—grey incoherently coupled spatial soli-
ton pairs. These soliton pairs can be established
provided that the two collinearly propagating optical
beams have the same wavelength, polarization, and
are mutually incoherent. It is found that the FWHM
of the grey—grey polymeric soliton pair is inversely
proportional to the absolute value of the external bias
field. The dependences of the FWHM of the grey—
grey polymeric soliton pair on the intensity ratio -,
greyness parameter §, and material parameter m are

also presented.
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