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Cross-modulation coupling of incoherent soliton modes in photorefractive crystals
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A problem of nonlinear wave propagation through a photorefractive crfBR(D) with drift nonlinearity has
been evaluated. A class of spatially localized solitonlike solutions with finite energy has been found. Solutions
of this class can be considered as multicomponent solitons, combined by two or more mutually incoherent
self-consistent components bonded by cross-modulation coupling. Light field spatial distributions of the com-
ponents look like zero and higher order modes of their common waveguide formed in PRC due to its nonlin-
earity. We have shown such a soliton is stable on distances of several diffraction lengths and its spatial
structure is robust to collisions and appreciafiteore than 10% in intensifystochastic perturbations of the
intensity distributions. With taking into account saturation of PRC nonlinearity, parameters of all the soliton
componentstheir amplitudes and width€hange quasiperiodically as the soliton propagates. The components
do not exchange energy while a small fraction of the energy is emitted on few diffraction lengths. We discuss
also a possibility of excitation of incoherent solitonlike multielectron states in conjugated polymers, ferromag-
netics, and superconductors. These states could correspond to some mutually incoherent and self-consistent
wave packets composed of electronic wave functions and propagating along conjugated chains or prominent
atomic planes[S1063-651X98)09804-3

PACS numbg(s): 42.65.Tg, 42.65.Hw, 42.65.Jx, 42.65.Wi

I. INTRODUCTION range, such beams can be captured in waveguides written in
PRCs by low-intensity spatial solitons too. The stable pairs
One of the most exciting problems of modern laser physof two incoherent spatial solitons of any of the types listed
ics is an investigation of self-organization in systems consist200ve[36,37 were observed. All the obtained results open
ing of a nonlinear medium and a light field. For the simplest/V!d® Prospects for controlling light by light in transmitting
case of a medium with spatially localizébbcal) nonlinear and processing of optical '”fofma“on- .
response—the case of so-called “Kerr-type” nonlinearity The main goal of the paper is the presentation of a class of
[1], stable self-consistent solutiofsolitons of problems of spatially localized stable solitonlike light beams, propagating

such kind have been studied rather well. The concepts qtgrough PRC with driftloca)) nonlinear response. A particu-

dt wector” ) [3] soli r case of such a solution—a specific kind of two-
one-componeni2] an wo-cc.)mponer(l‘.vec or’) [ ].so - component vector soliton—has been considered before for
tons as self-consistent spatially localized solutidagen-

: : ; the case of nonlinear media with Kerr-type nonlinearity
functions of many nonlinear problems have solidly clamped|3g 39, The multicomponent screening soliton of this class

in quite different fields of modern physics. Fiber optics andhjs 5 finite energy and corresponds to two or more bonded
optics of ultrashort laser puls¢s,4,5, nonlinear optics and  and mutually incoherent light beams—the components. In
laser spectroscopl6—8], physics of one-dimensiondlD)  relation to the character of light field distribution, the com-
chains and two-dimensioné2D) atomic planes in ferromag- ponents correspond to some zero and higher order modes,
netics [9,10], high-temperature superconducto(BiTSC) confined within the nonlinear waveguide formed in PRC by
[11], conjugated polymeris2—14, etc. may be listed among themselves. Interaction of the bonded modes is of pure cross-
these fields. From the model point of view, results, obtainednodulation(reactive character and is not accompanied by
in recent investigations of solitons, multisolitons, and stableghe energy exchange.

soliton pairs in photorefractive crystalBRC3, are of great

importance. The reason for such great activity in this field is Il. MODEL

a very strong optical nonlinearity of PRCs. Perceptible mani- A basis of our model is a steady-state solution of a well-
festations of nonlinear effects can be observed here und%rnown system of material equatioi49] for the internal
illumination by laser beams with intensities about only some

. . electric field Eg(X,2). In the 2D case without taking into
mwi/cn? (Ref. [15]). Star_tmg fr_om the ploneer Papers6— account a photovoltaic effect and saturation of PRC nonlin-
18], related to PRCs with drifflocal) nonlinear response

[19], so-called “bright” [20-2, “dark” [22.23, “gray” earity, this system solution can be written in a very simple

[24], vector[25] and “vortex” [26] solitons, multisolitons form [40]

[27], some questions of such soliton propagation, interac- Eq

tions [28,29, spatial dimensionality30,31], and stability Esx,2)== 1~ 1(x2). (1)
[32—34 were intensively studied. It was shown, for example, 0

that in PRC one can “write” a stable solitonlike waveguide, Here |, describes the so-called dark conductivityx,z) is
which is able to capture relatively wedh intensity) light  the radiation intensity. We suppose the external static electric
beamdq27,35. Moreover, when the wavelengths of intensive field E;~ 10 kV/cm is applied to PRC in the transverse di-
light beams are not thrown in the photorefractive sensitivityrection (along thex axis), the optical radiation propagates
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along the longitudinat axis, | (x,y) <1, and spatial scale of component¥ ,, substitution of Eq(3) into Egs.(1) and(2)
changing light field is not less than the wavelength. It meansesults in the system of equations for spatial profiles of the
our analytical consideration is limited by the local compo-components’ amplitudes in the Kerr-type approximation of
nent of PRC nonlinearity without taking into account its PRC nonlinearity
saturation, i.e., by the simplest case of steady-state screening
of the external electric fieleE, when PRC can be described
as a nonlinear medium with Kerr-type nonlinearit#0]. d?Yy, @k ., o,
Therefore, all types of multicomponent solitons considered ae T2k Iy (Y1+Y3) = v1,Y12=0, 4
here are so-called screening solitgag,24].

We describe a propagating light beam with the complex
amplitudeA(x,z) by a standard shortened wave equafibh

where ag= 3kr7°. To normalize Eq(4), let us introduce

the dimensionless coordinatés=x/x,, {=z/Ly4, and the
JA 1 A 5y am.plitudes Qf the compone.nfqyz(g):Ylvz(g) VR/ly. Here

i —=o-—+k—A, (2)  Xo is determined by a specific transverse scale of the prob-

dz 2k ox U] lem, for example, by the width of one of the light beams;

Ld=kx(2J is the diffraction length corresponding tq,; R

_ , _ L _ =Lg4/L,; L,=|aEy| ! is the nonlinear refraction length.

written in the paraxial approximation with no regard for ab- g\, ther, most of the illustrative material of our paper will be

sorption. Here k is the wave number, 7=  recented as 3D dependencies of absolute values of dimen-

—(Teir7712)Esc(x,2) is the nonlinear addition to the refrac- gjoniess amplitudel;| (i=1,2,...) of the components on the

tive index 7; r¢ is the eﬁgctlvg electro.-opn-cal constant. In plane of dimensionless spatial coordinatég). After nor-

Eq. (2), we neglect the unifortin thex direction change of  jjization, Eq.(4) transfers into the system of equations

the refractive index induced b,. Equations(1) and (2)  regarding the normalized amplitudes

form the simplest version of the self-consistent problem,

which takes into account the redistribution bfx,z) and

E.(X,2) in the Kerr-type approximation of PRC nonlinear- d2py 5

ity. The 2D model describes experiments with so-called d—fiZ[(pi+p§)—ﬂ1,ﬂp1’2=0, (5)

“slit” beams [41], which are widely used in practical study §

of photorefractive solitons due to a large anisotropy of PRC

nonlinearity. The role of saturation effects will be discussed

later (Secs. Il and 1y when we proceed to our computer wherep; o= Lavies the signs “+" and *“ = correspond to
calculation results. In this case, Ed) is modified by intro-  the cases of focusingit;>0) and defocusinggz<0) non-
ducing an additional denominator in the forrs-1(x,z)/1,]  linearities. Both of the cases can be realized under a corre-
(see, for exampld24]). sponding choice of PRC orientation akg direction[19]. It

is easy to check the syste®) conserves the same character
in the case of counterpropagating light beams.

Depending on the sign, the syste®) has well-known

In this section, we summarize and classify some knowrparticular solutions looking like one-component bright
results concerned with the possible spatial structure of twoF20,21,
component(vectop solitons. It should be noticed that these
results have been mainly obtained in a time domain, i.e., in
connection with problems of ultrashort pulse propagation plzi\/z_,fg’l/cosr( \/2_,815), p,=0 and p;=0,
through a nonlinear optical fib€i38,39,42—-44 We also
present here some results rglated_ with the interaction pe- po= \/2_,82/cosf( \/2—132@, (6)
tween two two-component solitons in the Kerr-type approxi-
mation of PRC nonlinearity as well as with influence of PRC
nonlinearity saturation on the soliton propagation.

Let us first find two-component solitonlike solutions of
the system, combined with Eq¢l) and (2). We will be
interested in the case of separating variables

Ill. TWO-COMPONENT SOLITONS

or dark[22],

p1=* By tan({B1€), p,=0 and p;=0,

A(x,2)=Y(x)exp(—iv,z) + Yo(x)exp —iv,z). (3) p2= =B, tanh({/B,¢), (7)

Here the real function&’; (x) determine spatial distribu- photorefractive screening solitons. Solutid@ and (7) are
tions of two mutually incoherent components of light field stable[45], while in any real experiment the needed 1D dif-
along thex axis; the positive constants, , define nonlinear fraction and self-interaction can be realized only by using slit
phase shifts of the components along thaxis. That means beams with uniform field distribution in direction orthogonal
we try to find steady-statéon z) distributions of the inten- to & and ¢ [41]. In doing so, one must take into account a
sity. With taking into account the mutual incoherence of thepossibility of beam filamentation, which can develop on PRC
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FIG. 1. Trajectories of screening solit¢hl), composed by two
mutually incoherent bright and dark components, and a two-
component solitor(13) (open and closed solid lines, correspond-
ingly): self-focusing nonlinearityp,, p,, andU are dimensionless
amplitudes of the soliton components and the potential engtgy;
=1, 8,=0.25.

length due to modulation instabilitj46]. Stability of 2D
solitons is achieved by saturation of PRC nonlinearity
[47,48.

To classify two-component self-consistent solutions of
more general character, one may use the following way. Let
us consider an analogy between the dependengig),
which are determined by the systéB), and nonlinear oscil-
lations of two coupled oscillators in the common dimension-
less potential

i, 2, 22 2 2 FIG. 2. Spatial distributionsp,(€)| (8 and |p,(£)| (b) of a
U(p1,p2)==[3(p1tp2) = (B1p1+ B2p3)]. (8 two-component solitor{13) propagating along thé axis: £ and ¢
are the dimensionless spatial coordinajgs= 1, 8,=0.25.

As earlier, the signs 4" and “ —" correspond to the cases p1=[\2B/cosi\28¢&)]cog a),
of focusing and defocusing nonlinearities, correspondingly.

On the plane §4,p5), the dimensionless potenti&B) has

some local extrema corresponding to specific points of its po=[2pIcosh\28¢)]sin( ) 9

phase portrait. However, suggestifigr definitenesk that

B1> B, and considering the self-focusing case, it is easy tqy dark (the self-defocusing case

check that only two absolute minima(p,,p,) with the co-

ordinatesp; = * /81, p»,=0 are the points of stable equilib-

rium focuses, and the only local maximum=p,=0 is a )

nodal point. All other specific points are of a saddle character P1= VB tant(Bé)cos @),  po= 1B tant(/BE)sin(a)

(Fig. 1. In the degenerate cag® =pB,= 8, all the points (10

with the coordinatep?+ p5= B, which are located on the

bottom of a “valley” of the potential(8), correspond to an

indifferent equilibrium. solitons. Such stable pairs, which have been first realized as
Except the one-component bright and dark solit¢s a stable pair of laser pulses with orthogonal polarizations in

and(7), there are also some known two-component solutiongonlinear waveguidef49], have been observed recently in

of Eg. (5) that can be written by elementary functions. For PRC[35]. In dimensionless coordinateg,(,p»,U), both the

example, if8,=B>= B, such solutions of Eq5) are well-  solutions are the projectior(en axisp; ;) of corresponding

known trivial stable pairs—Manakov solitorjf8]—formed  one-component soliton&) and (7) with trajectory planes

by two incoherent brighthe self-focusing cage rotated aroundJ symmetry axis by the angle.
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FIG. 3. Stability of spatial distributionkp,(£)| (a) and|p,(&)|
(b) of a two-component solitor§13): light field components are
perturbated by a Gaussian noid®% in intensity; &£ and{ are the
dimensionless spatial coordinatgg;,=1, B,=0.25.

When 81> 8,, well-known [42—44,50,5] stable pairs

(@)

(®)

FIG. 4. Stability of spatial distributiongp4(&)| (a) and|p4(&)|
(b) of a two-component solito13): crossing with the same two-
component solitong and ¢ are the dimensionless spatial coordi-
nates;B:=1, B,=0.25.

propagation of two ultrashort laser pulses with orthogonal
polarizations through nonlinear fibg¥$2,43, have been also
observed in PR({5,36]. In the focusing case, the soliton

can be formed by incoherent bright and dark solitons both irtrajectory starts §— —«) from the unstable equilibrium

the self-focusing case

p1= £N2B1— Bolcosh v2(B1— B2) €],
p2== B, tant 2(B1— B2) €], (1D
and in the self-defocusing one

p1=* By tant V2(8,— B,) ],
p2=*\2B,— Bi/cosh\2(B1— B2)€]. (12

The latter solution exists only whefi;<283,. Such stable

point (0++/B,) [the local maximum on the bottom of the
potential(8) valley] and comes §— +«) to the symmetrical
point (0 \/3,) (an open trajectory in Fig.)10n the plane
(p1,p2) the trajectory looks like a half-ellipse with half-axes
J28,— B, and /B, and, depending on the sign of its asymp-
totes, lies either in the half-plane,=0 (Fig. 1) or in the
half-planep,=<0.

All the listed above two-component solitonlike solutions
of Eq. (5) are self-consistent pairs of bright and dark soli-
tons. Moreover, if such a pair includes a dark soliton, the
pair energy is infinitely large. That is why some types of
known two-component solitons for PRC are of mainly me-
thodical interest. For the case of self-focusing nonlinearity of
PRC, we predict a possible type of two-component soliton
with a finite energy. It should be noticed that this self-
consistent solution of the nonlinear ScHirmger equation has
been known as a solution of the problem of propagation of

pairs, which have been firstly predicted for the problem oftwo ultrashort laser pulses with orthogonal polarizations
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through a nonlinear waveguide with Kerr-type nonlinearity
[36,39. While an analytical expression for the two-
component solution, which is under discussion here, is abso-
lutely the same as, for example, that[B6] because of the
approximations usedsee Sec. )| computer calculations
show that a solution of this type can be realized in PRC with
saturation [~1) as well. However, we postpone discussion
of this statement to the end of this section. In the same man-
ner as for the solutio9), this soliton trajectory starts from
and returns to the poin0,0) on the plane §,,p,) (a closed
trajectory in Fig. 1. However, in this solution, the compo-
nentp,(£) is odd. At the same time, in contrast to the pair
(112), the functionp,(£) exponentially decreases witf—

+oo, For B,=4p,, this new(of course, only for the case of
photorefractive medjatwo-component solution can be writ-
ten in an explicit form:

(@

p1=*\6B,/cosR(\28,¢),

po=*/68; sinh(\28,6)/cos(\2B8,¢). (13

Figure 2 illustrates spatial profiles of two mutually incoher-
ent symmetricalp;(£) [Fig. 2@] and asymmetricap,(£)
[Fig. 2(b)] components of the solito(il3) and their stable
propagation on the distange=10, which on a real experi-
mental scale corresponds to a PRC length of about 5 cm.
Numerical calculations show that, propagating through PRC
without p,, the symmetrical componept transforms into a
one-component bright soliton. At the same time, the asym-
metrical componenp, without p; gradually converts into a
pair of one-component bright solitons moving agatong¢)
and opposite in phase.

While it is known that vector solitons of such kind must
be stabld45], it is important to estimate their stability range.
Figure 3 illustrates stability of the solitof13) structure on
significant(10% in intensity stochastic perturbations of in-
put profiles of both field components, , by a Gaussian
noise. Our numerical calculations show that increase of the
noise level(up to 20% in intensityresults(in some runsin  opposite-phase componeng$™® and p{? “quench” each
the soliton(13) decay into a pair of bright solitor(§), which  other through interference and the one-component bright
consequently have a larger stability regarding such perturbasoliton (6) forms. Obviously, such an analogy is very condi-
tions. The next two figures illustrate structural stability of thetional because the shapes of two-component bright solitons
soliton (13) regarding collisions(crossing with the same of the pair gradually change with their closing due to cross-
two-componentFig. 4) and one-component briglFig. 5 modulation interaction.
solitons. So, for the case of photorefractive nonlinearity, the solu-
~ Computer simulation enables us to follow the transform-tjon (13) is a new stable and realizable two-component spa-
ing spatial structure of such a soliton with changi®g/8,.  tjal soliton related to the solutions with separating variables
We revealed that a limiting case of solutiGt) for 8,/8, 4t |east for the case wheig>1. However, results of our
—1 looks like a pair of two-component bright solitons ompyter calculation of a much more realistic situatign
[P .p5] ?”d[P(lﬁ) '/?(ZB)] infinitely separated along(and,  _| ‘\when we took saturation of PRC nonlinearity into ac-
correspondingly, noninteractipg the form of Eq.(9). Each oy, did not change this conclusion in principle. Figure 6
such soliton consists of two mutually incoherent componenty;strates evolution of spatial profiles, /&) of both com-
pi*? andp§"? . At the same time, corresponding compo- ponents of two-component solitofi3) as they propagate
nents of both solitonp{%) andp{?) are coherent in pairs. The through PRC. It is easy to see that the amplitudes and widths
component{® andp{? are in phase, wherea$™ andp$®  of both components change quasiperiodically. The compo-
are opposite in phase. Increasipg/B, results in gradual nents do not exchange by the energy while a small fraction
approach of the solitons to one another aldnip the case of of the energy is emitted on a distance about some diffraction
their full spatial coincidencethe limit 8,/8,—), the lengths.

(®

FIG. 5. Stability of spatial distributiongp4(&)| (a) and|p,(&)|
(b) of two-component solitoi13): crossing with bright solitort6);
¢ and  are the dimensionless spatial coordinatgs=1, B8,
=0.25.
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@

(©

(®)
(@

FIG. 6. Spatial distributionga), (b) and isolines(c), (d) of |p4| (@), (c) and|p,| (b), (d) components of two-component solit¢h3):
saturation parameteprrpg)g:o/IO: 1; ¢ and{ are the dimensionless spatial coordinajes+=1, 8,=0.25.

IV. SELF-CAPTURING OF HIGH-ORDER MODES thogonal[38,39,42,43 In case of multicomponent solitons
composed of three or more components, one must use an-
dther way to exclude their interference. One can use, for
example, the soliton components at different carrier frequen-
“cies and a nonlinear medium with rather slow nonlinear re-
The two-component solution(13) describes cross- sponse. In the case where the medium is not able to follow

dulati uri q i Pt q f by the light field beats resulting from the interference, the
mogulation capturing and propagating ot two moades Of z€rQuy, o "yl e fully equivalent to the case of mutually

and first order inside a stable nonlinear waveguide, written N coherent light field components. Namely, this case, which
PRC. In this section, we show that there are much mor as considered some years ago to describe spatially local-

comphcated stable §o|ut|ons of the same type, i.e., the're al%ed electronic pairs in high-temperature superconductors
multicomponent solitons composed of more than two INCOT551 (so-called “bisoliton” model of high-temperature su-
herent self-consistent light components. All such compo-

nents have a finite energy and spatially localized proﬁlesperconduqnvny_and in molecular chaing53], can be prac-
> . i ) . tically realized in PRC.
looking like profiles of high-order eigenmodes of their com-

mon nonlinear waveauide. As far as we know. multicom It is easy to check that a nonlinear waveguide, formed in
on noniin€ar waveguide. As 1ar as we know, muiticompo-, pp~ by nonlinear interaction of the solitéh3) compo-

nent ?ohtt?]ns of th'sf lt(ype thave nolt_ bee_r: dIISCUSSGd .b.emrﬁents, can be characterized by the following distribution of
even for the case of Kerr-type nonlinearity. In our opinion, . .- tive index:

the main reason for the lack of discussion is connected with
some difficulties in their practical realization. Because two-
component solitons of this type include only two compo-
nents, one can simply choose their polarizations to be or- A 9% A 7ax] COSIF(El &p). 14

In this section, we present analytical and numerical result
related to multicomponent solitons of a new class. We con
sider here the cases of photorefractive drift nonlinearity with
out and with saturation.
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Here A 7,:=68, and &=1/\2, describe the maximal resented only by hypergeometric functions. However, a char-
value of nonlinear addition tg and the nonlinear waveguide acter of solutions is significantly simplified for discrete rela-
width. Let us suppose that all the solutions of the consideretions betweenA 7., and & [54,55. In such cases, the
class write(inside PRQ a nonlinear waveguide with a spatial eigenfunctions can be expressed through so-called Legendre
profile analogous to Eq(14). However, we will consider associated polynomialg56] and the system of equations,
now A 7,..x and &, as parameters, which have to be deter-which must be solved, can be written in the form

mined. Then, in the first step, the problem will be reduced to

one of two rather well studied problems: calculating of lo- d2,(M Bon(n+1)
calized states inside a potential well with shape correspond- p'2 0 —Bilp™=0, (15)
ing to Eq.(14) [54] or finding of eigenmodes of an optical d¢ cosit(y2Bo¢)

waveguide with specified refractive index profile, given by

Eq.(14) [55]. In the second step, we will require the solitons, \yhere n= 1,2.... andi=1,2,.n. The condition of self-

which will be found on the first step, write inside PRC a -onsistent multicomponent sollto[rp(”) P(zn),---'Pn )] can

nonlinear waveguide with namely the us@ah the first step be determined as

profile of the refractive indeX14). This requirement will

separate self-consistent solutions from all the solutions,

which will be found in the first step, and enable us to deter- . (2 Bon(n+1)

mine the constants of corresponding expansion in a basis of Z :W-

the waveguide eigenfunctions, i.e., of its spatial modes. This - COSHT(V20¢)

approach has much in common with the approach developed

by Snyderet al. [47]. Without stopping here on routine calculations, let us write
Even in the first step, such a problem does not generallpnly some first multicomponent solutions of this class rior

have an elemental solution and its eigenfunctions can be rep=1, 2, 3, and 4

(16)

pV=12Bo/cosi\2B0¢), BM=Bo; (17)
pi?'=6Bo/costt(V2B0t), B =48y,
p?) =68, sinh(v2B8¢)/cosi(12B80¢), BY=Bo; (18)

=; VBB/cosi(v2B08), B =90,
ps¥= /308, sin(\2Boé)/costt(\2Bo),  BY =480,
= %J3_Bo/cosf( V2Bo¢) [4-5lcosf(V2B06)]. 5= Bo; (19
\"'= 358012/ costt(\2B0¢), B =168y,
(4)— 5 358, sinh(2B,¢)/costt(V2B06),  B5"=9Bo,
ps)=5B/2[6—7IcosR(\2Boé)1/cos(V2Bof),  B5)=4p,.

<4>— 5 V580 SiNN(\20¢)[4— TIcosti(v2Boé) 1/costf(v2Beé),  BY" = Bo. (20

It is easy to check that the first soluti¢h?) is nothing more linear waveguide, written in PRC by all the soliton compo-
than the bright solitor{6), the second onél8) corresponds nents. Figure 7 shows spatial profiles of all the components
to the above-described two-component solitd3). How-  of Eq.(19) and illustrates their stable propagation alongghe
ever, the third19) and the fourth20) ones are already next- axis. In the scale of a real experiment, the distatiegl0
order solitonlike solutions, including the third and the fourth corresponds to a PRC length about 5 cm. As previously,
incoherent light field components. The solitdqd®) and(20)  computer simulation of the more realistic situatibgr1,
include components with spatial profiles corresponding tovhen saturation of PRC nonlinearity has been taken into
the second symmetrical and asymmetrical modes of the noraccount, does not change this conclusion in general. Figure 8
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(@

(®)

(©)

FIG. 7. Spatial distributiongp{®(&)| (@), [p¥(£)| (b), and
|p(33)(§)| (c) of three-component solito(19) propagating along the
{ axis: ¢ and { are the dimensionless spatial coordinateg*,)=9,
B =4, p¥)=po=1.

illustrates evolution of spatial profilep!{®,(¢) of all the

That means all the soliton components are proportional to
each othefcompare with Eq(9)]

M_qn) ___ Y7FY V2Bo
P =8 (22)
cosh(V2Boé)
and we must only require that
n
> [aM]?=1 (23)
=1

to obtain one more self-consistent solution.

To conclude the section, let us note one more specific
feature of multicomponent solitons that could be important
in many applications. In contrast to the two-component soli-
tons (9), the solitons of this class give a possibility to vary
A 7max, 1-€., to control all the parameters of the photoinduced
waveguide by changing the number of soliton components.

V. CONCLUSIONS AND FINAL REMARKS

To summarize, let us briefly list our main results and con-
clusions.

Starting from the simplest model of PRC with drift non-
linearity (Kerr-type approximation of PRC nonlinear re-
sponsg we found a class of multicomponent solitonlike so-
lutions, corresponding to stable propagation of some self-
consistent components—mutually incoherent spatially
localized light beams with finite energy and specific spatial
structure. In relation to the shape of light field distribution,
the components look like zero and higher order modes, con-
fined within a nonlinear waveguide formed in PRC by them-
selves. A particular case of this class solution—specific case
of two-component soliton, corresponding to our second order
solution—has been known before for the case of Kerr-type
nonlinearity [42,43. However, we have shown here that
there are much more complicated solutions of the same type
because these solutions include more than two mutually in-
coherent components. We checked that the solitons of this
class are not only physically realizable but conserve their
structural stability on PRC length about 10 diffraction
lengths. In the case of Kerr-type nonlinearity, interaction of
the components is of pure cross-modulatiogactive char-
acter and is not accompanied by the energy exchange. The
simulation of a more realistic situatiohz~1, when satura-
tion of PRC nonlinearity was taken into account, did not
change this conclusion in general. In our opinion, such mul-
ticomponent solitons could be important to many applica-

components of solitofL9) as the soliton propagates through tions because they offer new possibilities in the changing
PRC. While the amplitudes and widths of all the componentselation between the maximal increment of the refractive in-
change quasiperiodically, it is easy to see that the solitogiex A .., and the nonlinear waveguide spatial scéje

(19 conserves its structural stability.

A possibility to neglect by the interference of soliton

In fact, there is one more multicomponent solution thatcomponents, which is necessary to realize new multicompo-
can be considered as a kind of trivial generallzatlon of Mananent solitons, can be realized when the components at differ-

kov soliton (9) (Ref. [3]) to the n-component (=1,2,...n)
case. If we consider the case Wl’ﬂﬁ)E,Bo, the systen{15)
can be reduced to a very simple form:

Co ap) 2 1= @
d¢ cosit(v2B08) |

ent carrier frequencies; (i=1,2,... is the number of the
component and a nonlinear medium with rather slow rise
time T of nonlinear response are used. In this case, one must
only satisfy the conditionAw;;T>1, where Aw;j;=|w
—wj|. This is namely the case considered above by the ex-
ample of photorefractive nonlinearity.

A new class of multicomponent solitonlike solutions of
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FIG. 8. Spatial distributionga), (b), (c) and isolines(d), (), (f) of |p$?| (a), (d), [p$?| (b), (e), and|p$?| (c), (f) components of
three-component solito(l9): saturation parametdf pi®12+[p$12+[p§?1% .~ /1,=0.5; ¢ and { are the dimensionless spatial coordi-
nates;8¥=9, =4, g =p,=1.

nonlinear Schrdinger equation should be of rather generalalso may be interesting in connection with problems of 1D
character. In modern physics, this equation has become unthains in ferromagnetic§9,10] and conjugated polymers
versal because it properly takes into account the (inshic) [12-14, as well as of 2D atomic planes in high-temperature
term in the expansion of nonlinear polarization in a standarguperconductorfl1]. Here, an idea about some incoherent
wave equation. A spatiotemporal analogy is also of greabut bounded and stable electron wave packets, which propa-
importance; it enables one to extend all the main specifigate along 1D conjugated atomic chains or 2D isolated
features of the spatial multicomponent solitons found on atomic planes, can be very fruitful. The pack@&smponents
time axis, i.e., to extend solutions of many spatial problemsf a multicomponent solitonwill have mutually orthogonal

to problems connected with propagation of ultrashort lightspatial distributions. The needed incoherence of a soliton’s
pulses. In many cases, namely, by this equation, one catomponents may be supplied by a fast phase relaxation or
describe propagation of stable spatially localized wave packdifferent carrier frequencies of the wave packets. Moreover,
ets of electron wave functions with taking into account, forthe formation of such incoherent but bounded electron wave
example, an electron-phonon interacti&@?,53. Such mul- packets under excitation of coherent wave pacKstmper-
ticomponent solutions of the nonlinear Sattimger equation  conducting pairsby a picosecond laser pulse with a photon
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energy of~2 eV may explain a rather strange experimental ACKNOWLEDGMENT

result, which we recently obtained in cooled Y-Ba-Cu-O

films. In this experiment, we observed an energy gap in the This work has been performed with financial support from
spectrum of Y-Ba-Cu-O electronic states during more than 3he Russian Foundation for Basic ReseafGhant No. 96-
ns after fast heating of the superconducting film by a pico-02-16238.

second laser pulg&7].
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