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Effect of four-wave mixing on induced waveguiding
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We study the waveguiding induced in a weak probe propagating in a medium of two-level atoms driven by

a copropagating strong pump. We show that when the transverse profile of the pump exhibits solitonlike
oscillations, similar oscillations can be induced in the transverse profile of the probe. When the probe waist size
is initially narrower than that of the pump, the probe adjusts its width after a short propagation distance, to that
of the pump. We show that the effect of the weak beam, which is created during propagation by four-wave
mixing, on the waveguiding of the probe, becomes important when the medium is optically thick. This
suggests that the importance of four-wave mixing in modifying induced waveguiding should be considered in
other waveguiding schemes.

PACS numbeps): 42.65.5f, 42.65.Tg, 42.65.Wi

[. INTRODUCTION an incident Gaussian probe beam, of width smaller than that
of the pump profile, exhibits a pattern on propagation which
We have previously shown that under suitable conditionsalmost completely follows the oscillations carried out by the
a weak nondegenerate probe beam propagating in a Dopplgtump profile. This occurs after an initial propagation dis-
broadened two-level atomic medium can exhibit spatial solifance through the medium in which the probe profile adjusts
tonlike behavior due to the effect of a strong copropagatindts width so that it almost matches that of the pump profile.
resonant pump beaﬂi‘]_]_ This behavior persists as |0ng as However, an analysis of the waveguide effect that is similar
the Rabi frequency of the pump remains strong enough té° the description given by Gross al. [2] and Truscotet al.
maintain lossless propagation of the probe. However, thé&3] for other systems, misses the contribution of an important
pump beam experiences reshaping during propagatioffect, namely four-wave mixing. It is well knowj8-10]
mainly due to nonlinear absorption, thereby limiting the soli-that in a copropagating configuration, a weak beam is created
tonlike propagation of the probe in the medium. Manassat®y the process of four-wave mixing, in addition to the inci-
and Grosg2] have also investigated induced focusing of adent strong pump and weak probe beams. The influence of
weak probe. They studied a three-levebystem, in which a  this weak generated beam, which copropagates through the
weak probe interacting with one leg of the system experiatomic medium with the incident pump and probe beams, on
enced focusing due to the interaction of a strong pump witihe waveguiding of the probe has not been considered before
the second leg of the system. More recently, Trusebtll. ~ (Se€, however, Ref11]). We show here that the effect of the
[3] demonstrated experimentally the waveguiding of a weakvave created by four-wave mixing is significamtyenfor
probe, interacting with one transition of atomic rubidium, configurations with large phase mismatch. We find that
due to the influence of an intense pump centered on a diffetvhereas the waveguide effect is essentially unlimited when
ent atomic transition. The waveguiding was achieved by crethe effect of four-wave mixing is ignored, it becomes se-
ating a transverse refractive index profile for the probe simiverely limited when the effect of four-wave mixing becomes
lar to that of an optical fiber. The atomic system wasdominant. This occurs when the probe is enhanced because
modeled as a three-level V system. In order to create thef parametric coupling to the weak generated wave, to the
steep-sided refractive index for the probe, a pump beam witgxtent that the probe intensity becomes of the order of the
a doughnut intensity profile, and peak intensity of 280 timedntensity of the pump, thereby violating the basic assumption
the saturation intensity of the rubidium vapor was required.of the probe being much weaker than the pump. We show
In this paper, we investigate the waveguide effect createghat by a proper choice of parameters, the weak generated
by a strong detuned pump beam, propagating in a medium d¥ave can be forced to remain small during most of the
two-level atoms, on a copropagating detuned weak probe. Iaropagation distance through the medium, so that the wave-
this scheme, the pump acts as a spatial soliton in the sengklide effect can be clearly discerned.
that its transverse intensity profile displays oscillating spatial
behavior due to the interplay of self-focusing and diffraction.  Il. DYNAMICS OF PUMP-PROBE PROPAGATION
The co_nditions for realizing such a spatial soIit_on have been We consider the interaction between an incident cw elec-
extensively explored4—7]. One major concern is the effect oma oo
. L ) . gnetic field of the form
of absorption, which is generally present in experiments anér
tends to damp the predicted effects. In the system considered. - _
here the pump is hardly absorbed since it is far from reso- E(r,t)= Y Eq(ri)= X Eg(ne (wa"kotcc.
nance with the atomic transition. We show that an incident Q=hP Q=hP (1)
weak wave copropagating with this strong pump may expe-
rience waveguiding because of the influence of the pumpmand a medium consisting of two-level atonis,(r) and
beam. Moreover, we show that this waveguiding is robustEp(r) represent the slowly varying envelope amplitude of
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the strong pump field and the weak probe field, respectively, 9 i, i )

and w, and wp are the pump and probe frequencies with Y =g ViUt L_a'L(|UL| UL, (4)
wave vectorsk, and kp. The two incident laser beams P NE

propagate in the direction through the atomic medium. The i i i

dynamics of these two beams as they propagate in a nonlin—y,=——V2Up+ —ap(|U |))Up+ — kp(UZ)U%,
ear medium is determined by solving the coupled Maxwell- 92 4Lp Lne Lne

Bloch equations. These equations have been used to describe ®)
various phenomena, such as the induced focusing of a weak . .

probe in an atomic\ system due to the influence of a strong iU =I—V2U n '_a (lu >u

pump|[2], and the induced focusing and deflection of a weak gz M AL ML MY M

beam in a self-defocusing medium, due to the presence of a .

strong pump bearfil2,13. However, these descriptions ne- + I_KM(UE) £ (6)
glected the possible influence on the propagation of the weak Lne

probe due to four-wave mixing. It is well known that on ) ) )
propagation, a new weak beam is created by the process where we have introduced the normalized variables
four-wave mixing, which copropagates with the incident

beams through the medium. HerEy(r) represents the E=x/\2wq, ULpm(E2)=ALpm(E2D)AoL. (7)
slowly varying envelope of the new weak beam of frequency 5 . _ ] ] ) o
wy=2w,— wp and wave vectok,,. Boyd et al. [8] found Here Ay, is the dimensionless peak intensity _of the_ incident
that this weak created wave can be significantly amplified®ump, and 2 py=uT,E_pw/h are the dimensionless
during propagation under appropriate circumstances. The iRump and weak beam Rabi frequencies, respectiviglyis
fluence of this generated weak wave on the propagation dhe transverse decay time, apds the transition dipole mo-
the incident probe is large when phase matching condition§'ent. In Eqs(4)—(6), the parametek y =#/mkNu?T, is a
are met. When the mismaitch is |arge, the propagation of th@haracteristic Iength indicating the strength of the nonlinear
two weak beams, that is, the incident probe and the geneferm. Note that the definition of the parametsgy; is differ-
ated weak beam, is usually considered to be decoulpd ent from that defined for a Kerr-type mediurh2], since it
However, we have found thatvenfor a large phase mis- does not depend on the pump laser intendity=kwj, is
match, the coupling between the probe and the generatdbie diffraction length withwy being the initial spot size of
beam cannot be ignored when the beams propagate througfie pump transverse profile. Note that we have restricted our
long distances in the medium. We therefore infer that it isanalysis to one transverse dimension ofilg], that is, we
not possible to assume priori that four-wave mixing has a have considered diffraction effects only in tikedirection.
negligible effect on the propagation of the probe, even fofThe wave vector is given blg=|k;|=w, /c and the coeffi-
large phase mismatch, and include terms that take this effecientsa; andxp \ are given by(see Ref[9] for full expres-

into account in the dynamical equations. siong

Having established the importance of the effect of the
generated beariy, on the characteristics of the system, we a;=ppa(wy)/Ay,  I=L,P,M, (8)
now turn to the dynamical equations. The intensity of the
three beams as they propagate is determined by solving the Kp=ppa( wp=20_ — wy)/A}Y , 9
coupled Maxwell-Bloch equation®]

K= Ppal @ =20, — wp)/AF . (10
~ & T 9
—VZE;(r,t)+ 2 EEJ(M): e EPJ(M), (20 The coefficients; account for self-induced absorption and

refraction of the pump, and for cross-inducégump-

5 induced absorption and refraction of the probe and the cre-
wherePy(r,t), with J=L,P,M, is the induced polarization ated weak beams. The terms \, provide the coupling for
of the medium which can be calculated from the densityparametric mixing of the weak beanmis, and Uy, . These

operatorp complex coefficients determine the propagation conditions of

the pump, probe, and the four-wave mixing beams. In par-

~ ~ ~n ticular, the choice of parameters such as pump and probe
P=N(u)=N(Tr(pu)), ) detuningsA, andAp, the rate of collisional dephasingTy/

R and the pump Rabi frequen@y , determines the transverse
whereN is the atomic number density and is the dipole variation ofa; and«p . The aim of the present work is to
moment operator. The medium consists of two-level atomshow that under appropriate conditions, a self-focusing pump
with lower level|a) and upper leve]b) and resonance fre- beam, which undergoes solitonlike cycles of focusing and
quency wq. For this two-level system, the density matrix spreading along its propagation path in the medium, can in-
elements are calculated from the steady-state Bloch equauce a waveguide effect in a copropagating probe. Moreover,
tions (see, for example, Refl14]). Assuming the paraxial we show that the weak beam that is generated by four-wave
approximation, the coupled amplitude equations take thenixing playsa non-negligible rolen this system, and has to
form be taken into account. We find that as long as its behavior is
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not dominated by parametric enhancement, the probe followdiffraction-induced spreading of the probe beam leads to the
the behavior of the pump and exhibits similar cycles of fo-confinement of the probe along its propagation path in the
cusing and spreading. medium.

In a previous publicatiofil], we showed that for a judi- When the pump is detuned from the atomic resonance,
cious choice of parameters, a nondegenerate probe can bat isA, #0, the behavior of the nonlinear refractive index
come confined along the propagation path through the mea, is more complex. Plotting, as a function of the square
dium, due to the effect of a resonant pump beam. This effeatf the pump Rabi frequency {2 T,)?, we found that for
can be obtained when two requirements are met. First, thg\ |<|§|, an extremum appears at a pump Rabi frequency
probe absorption, which is proportional to d, is small  such that AZ+4V?Z)~ 6% when § and A have opposite
and, second, the refractive index, which is proportional tosigns. WherjA | [<| 8] and s andA have the same signs, the
Reap, leads to a converging wave front by inducing focus-refractive index has a dispersive line shape centered near the
ing of the probe. The first requirement was fulfilled by ex- pump Rabi frequency given b)A€+4VE)~52. These fea-
ploiting the unique properties of the dead zone, which isyyres disappear for detunings satisfyiny |>|8|. For this
obtained for Doppler-broadened atoms when the Dopplegase, the generalized Kerr coefficiets /d| of the probe is
width is larger than the generalized pump Rabi frequency,egative for all values of pump Rabi frequency wh&p
(AZ+4V]) " with V =A_ /T, so that the stimulated emis- >0 and the probe is defocused, whereas/fpr 0,dnp /dl
sion of atoms with Doppler-shifted detunings smaller than>g and the probe is focused. These observations lead us to
the Rabi frequency is cancelled by the absorption ofsyggest that a self-focusing pump with <0 would lead to

Doppler-shifted atoms with detunings larger than the Rabfocusing throughout the transverse profile of a probe whose
frequency. These cancellation effects do not exist for thgrequency satisfies>A, .

nonlinear probe refractive index so that it survives Doppler
broadening. Thus, the dead zone has the unique advantage of

almost zero absorption of the probe accompanied by rela)!- PUMP PROPAGATION AND PROBE PROPAGATION

tively large values of its nonlinear refractive indgb5,16. It is well known that a strong pump whose frequency is
The second requirement concerns the induced focusing @fined to the high-frequency side of the atomic transition ex-
the probe. This induced focusing is essential for probe conperiences self-focusing,6,7). When the self-focusing effect
finement, as well as for waveguiding of the probe which isof the refractive index exactly compensates the effect of dif-
described in this paper. We therefore discuss this SUbjeCt iﬂaction, the beam becomes Se|f-trapped and is called a spa-
detail. The induced focusing is determined by the nonlineafia| soliton. An incident beam which deviates from the self-

refractive index, which is usuaIIy written in the form trapped solution may exhibit Cyc|es of focusing and
spreading, which may be callelitonlike oscillations This
Np=nNg+nNyl, 11 behavior is similar to the solitonlike propagation of a beam

in a Kerr medium. In an ideal Kerr medium the pump beam

wheren, is a constant for the case of a Kerr medilit?]  is strong but does not saturate the medium. Moreover, ab-
andl is the intensity. The Kerr coefficiemt, determines the  sorption is negligible and the soliton propagates without be-
spatial behavior of the beam. Thus a beam whose transversgy attenuated. The strong pump beam in our system propa-
intensity profile decreases monotonically from the center tqjates in the medium without being affected by the weak
the periphery is focused ifi,>0 and defocused ih,<0.  probe, as determined by E@). In this sense its character-
Equation(7) is only valid for weak fields but can readily be istics resemble those of a single strong beam propagating in
generalized for more intense fields by replacing by  a medium composed of two-level atoms. The pump beam
dnp/dl [18,19. Whennp was plotted as a function of the here is chosen to be far off-resonance with the atomic tran-
square of the pump Rabi frequency\2;)? for a pump in  sition so thatA,>1/T, . In addition, the pump Rabi fre-
resonance with a two-level systdit8,19, we found that an  quency employed is highly saturating. For this large detuning
extremum is obtained when the generalizéd 2s equal to  and high beam intensities, absorption is small compared to
the absolute value of the pump-probe detunidgwp  the effect of the refractive index. However, absorption at the
—w . This extremum is a maximum fa#>0, and a mini-  low intensity wings of the pump can still lead to reshaping of
mum for 6<0. Thus the generalized Kerr coefficient the pump, which in turn modifies the focusing effects expe-
dnp/dl of the probe is itself strongly nonlinear nea¥2 rienced by the probe on propagation. We have found that this
=14|: for <0 and 2/, <|4§|,dnp/dI<0 and the probe is effect can be reduced by introducing dephasing collisions
defocused, whereas fé<0 and 2/, >|§|,dnp/dI1>0 and  which decreasd, and hence the value of m . Note that
the probe is focused. The extrema coincide with the lowthe effect of Doppler broadening is negligible for this sys-
intensity limit of the dead zone. These observations led us ttem, since the detunings are much larger than the typical
suggest that in an experimental setup in which the probe isalues of Doppler width. Under the above conditions, a blue-
red-detuned, and the transverse intensity profile is chosedetuned self-focusing pump, propagating in a medium of
such that & >| 8| throughout most of the profile, the pump atomic two-level system, exhibits solitonlike behavior, simi-
would lead to induced focusing and hence confinement of théar to that observed for a Kerr medium.
probe beam. We now consider propagation of the probe. An incident

We have shown that when both the conditions are fulblue-detuned weak probe copropagating in an atomic me-
filled, the interplay between pump-induced focusing anddium with an incident strong blue-detuned pump beam is
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influenced by several effects. For a probe whose frequencgresent, the beam created at frequergy remains very
satisfies6>A, , the pump-induced generalized Kerr coeffi- weak during most of the propagation distance in the medium.
cientdnp/dl is positive for all values of pump Rabi fre- In this case, the probe is unaffected by the weak created
guency, leading to probe focusing. Pump-induced absorptioheam throughout most of its propagation. Under these con-
is significant for low pump intensities and smaller at highditions, the propagation of the probe is mainly governed by
pump intensities due to saturation effects. Therefore, a probine interplay of the pump-induced focusing effect and the
whose initial transverse intensity profile coincides mostlyspreading due to diffraction. As a result of these combined
with the high intensity part of the pump transverse profile,effects, the probe exhibits solitonlike oscillations provided
should not be much absorbed. Note that self-induced effecthat the weak created beam remains small.

of absorption or refractive index are not taken into account We assume that the transverse profiles of the two incident
since we have assumed that the probe is weak compared lb@ams are initially Gaussian,

the pump. Another influence, which we have already men-

tioned and is often underestimated when pump-probe propa- UL(¢,0=exd — £, (14
gation is analyzed, comes from the generation of a weak

beam by the process of four-wave mixing. This weak beam Aop ) WSL
copropagates in the medium with the incident pump and Up(£,0= Aol expg —¢§ 'W_(Z)p : (15

probe beams. From Eq$5) and (6) one can see that on

propagation the weak incident probe and generated beaWherewo,_ and wyp are the initial pump and probe waist

become coupled. It has been shown that if a beam of fregj,e5 We choose the probe waist to be smaller than that of

quencywy =2w, —wp is incident upon the medium, it can {he Hump so that the probe profile is initially within the trans-
be amplified because of this couplii]. The coupling is  yerse region where the pump intensity is large so that the
maximal when there is perfect phase matching and Sma(%l)ump-induced absorption is small. Then, under the condi-
when the phase mismatch is large. When the magnitude Qjons described above, the pump performs solitionlike oscil-
phase mismatch is very large, the coupled E§s.and (6)  |ations due to the interplay between self-focusing and dif-
decouple and Eqg2) and(3) of Ref.[1] are recoveredd].  fraction, and induces similar oscillations on the probe, by
The phase mismatch can be made very large by arranging thgeans of the competing effects of pump-induced focusing
incident beams such that the angle between them is verynd diffraction. We solve Eq$4)—(6) numerically by a pro-
large. In general, however, one cannot assume that the propgsqyre based on the discretization of the transverse Laplacian

gation of probe and generated beams is decoupled. in terms of second-order differences and the integration of
For a copropagating configuration the phase mismatch igye first.order differential equations by the fourth-order
determined by Runge-Kutta method.
Ap=k(2n . —np—ny), (12

IV. RESULTS AND DISCUSSION

wheren; is the refractive index of the corresponding beam |n the results presented here, the pump is detuned to the
given by high-frequency side of the atomic resonance wihT,
=—70 and the pump-probe detuningd3,= —25 with T,
=0.1T,. The initial dimensionless pump and probe Rabi fre-
quencies are Rq;=100 andAg,=10 ?A,;. The waist size

of the probe is initially half that of the pump, that &g
According to Egs.(12) and (13), the phase mismatch is =2wgyp, and thus almost all the probe beam is contained in
mainly determined by the choice of the parameters, such ake region where absorption is negligible. In order to empha-
pump and probe detunings. andAp, the rate of collisional size the effect of four-wave mixing, we first present the nu-
dephasing I/, and the pump Rabi frequenéy . Note that, merical results under the approximation that the propagation
due to pump reshaping, the phase mismatehis modified  of the probe and the created beams are completely decou-
during propagation. Here, our aim is to study the waveguidpled, that is, we deliberately drop the coupling terms in Egs.
ing of the probe due to the influence of the pump, and th€4)—(6). This approximation is often made in propagation
investigation of the effect of four-wave mixing on this schemes where the phase mismatch is large. Under these
waveguiding. We find that whereas the waveguide effect i€ircumstances, the propagation of the probe is solely deter-
ideally unlimited when the effect of four-wave mixing is mined by the mutual effects of pump-induced refractive in-
ignored, the model fails when the effect of four-wave mixingdex and absorption, and diffraction. In Fig. 1 we show the
becomes dominant. This results when the probe is enhancednsverse intensity profiles of the probe and the pump as a
due to parametric coupling to the generated weak wave, téunction of the propagation distance, for the case of decou-
the extent that the probe intensity becomes of the order of thpled probe and generated beams. Here the nonlinear and dif-
intensity of the pump, thus violating the assumption of thefraction lengths are given by, =1x102 cm andLp
probe being much weaker than the pump. By properly choos=2 cm. The pump exhibits sequences of focusing and
ing these parameters, one can minimize the coupling bebroadening, exactly in the same way that would be expected
tween the probe and mixing beams so that in a configuratiofrom the propagation of a single intense beam through the
where no incident wave with frequeney,,=2w, —wp IS  atomic medium. In the initial stages of propagation the pump

4
ni=1+ —Rex;, J=L,P,M. (13
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FIG. 1. The transverse intensity profile of the pump and the
transverse intensity profile of the prolbg, as a function of the
propagation distance for decoupled probe and generated beams.
The solid line indicates the probe while the dotted line illustrates
the pump. The pump and probe parameters &ge=50A,T, -
=-70,6T,=—-25T,=0.1T;,Lp=2 cml, =102 cm.

o

, I x 10%°
L

experiences self-focusing, which is followed by broadening
due to diffraction. On further propagation, the pump exhibits
reshaping of its intensity profile due to the interplay between
the nonlinear refractive index and diffraction, which gives
rise to a successive focusing and defocusing. We now turnto s
the propagation of the probe, also shown in Fig. 1. The ini- *
tially narrow probe promptly adjusts its transverse profile to =" 3
follow the sequences of focusing and broadening performed -
by the pump, and the two beams exhibit simultaneous soli- ¢
tonlike oscillations. Note that after propagating a short dis-
tance in the medium, during which the probe transverse pro-

file adapts its width to fit the width of the pump transverse 2 (em) -3 :
profile, the two beams proceed to propagate with almost

equal widths. This “almost matching” of the widths of the  FIG. 2. The transverse intensity profile of the puhgp and the
two beams occurs because changes in the pump transvetggnsverse intensity profile of the probbg, as a function of the
profile induce changes in the refractive index of the probepropagation distance for coupled probe and generated beams. The
At the very early stages of propagati¢not shown in the parameters are the same as in Fig. 1 but the effect of four-wave
figure), the probe is almost unaffected by the pump, and onlymixing is included.
broadens due to diffraction, since its waist size is small and
the refractive index induced by the much wider pump isprobe and the pump as a function of the propagation distance
mainly significant outside the probe transverse profile. Orfor the same parameters used in Fig. 1 but now including the
further propagation, the probe starts being influenced by theffect of four-wave mixing. Note that there are three beams
pump. When the pump is focused and its transverse profile isopropagating in the medium, the incident pump and probe
pulled towards the center, the induced probe refractive indekeams, and the generated weak beam, but only the transverse
becomes more pronounced near the center. The transvemsfiles of the pump and the probe are displayed in Fig. 2.
profile of the probe then “feels” the effect of the induced The propagation of the strong pump is, as expected within
refractive index and is focused. After this initial adjusting of the assumptions made here, unaffected by the effect of four-
the widths, the pump and probe propagate for a long distanogave mixing, and its transverse profile performs the same
in the medium. oscillations as in Fig. 1. In the first stages of propagation, the
In Fig. 2, we plot the transverse intensity profiles of thetransverse profile of the probe exhibits cycles of focusing
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transverse profile has a width comparable to the width of the
transverse profile of the pump. For these parameters, the ef-
fect of the generated weak wave is pronounced already at
~5 cm, where the probe transverse intensity increases due
to parametric gain.

The waveguiding of a weak probe by the influence of
a strong pump can be experimentally tested in a medium
consisting of atomic vapor, for example, sodium atoms. The
32S,,,-3%P3, transition of sodium with transition wave-
length A\y=589 nm forms an effective two-level system.
We expect that it should be possible to observe the behavior
of the probe shown in Fig. 2 witthN~10* atoms/cm in
the medium and a pump laser with initial intensity
I~ 50 kW/cn?. With an initial pump waiswg ~44 um,
the diffraction length id. p~2 cm and the nonlinear coeffi-
cient is Ly, ~10"2 cm. The transverse decay tin¥%g is
reduced due to collisions, with,~0.1T;. Under these con-
ditions, a probe beam wittvg, ~22 wm should exhibit an
oscillating transverse profile following similar behavior of
the pump beam. This behavior can be explained within the
FIG. 3. The transverse intensity profile of the pumap and the  assumptions that have been discussed in this work.

4
leO

I
o

L

transverse intensity profile of the prolbg, as a function of the It is clear that the effect of four-wave mixing on the
propagation distancg for coupled probe and generated beams. Thewaveguiding of a probe is significant in thick optical media.
parameters are the same as in Fig. 2 but Wigh=0.4 cm. In a configuration where only a pump beam and a single

probe beam are incident upon the atomic medium, a weak

and defocusing in much the same way as shown in Fig. 1lpeam is generated by four-wave mixing and builds up during
indicating that the generated beam is very weak and has naropagation. After having propagated for some distance in
significant effect. On further propagation, as the weak beanthe medium, this created weak beam becomes strong. The
starts growing and the phase matching conditions change, thgobe is then enhanced due to parametric coupling with the
probe is affected by this new beam. The transverse intensitgreated weak beam and eventually becomes as intense as the
of the probe increases due to the combined effects of pumgpump. At this point one has to resort to a full scale analysis,
induced focusing and the parametric gain induced by thavhere all beams participating in the system are treated to all
coupling to the weak beam. For example,zat8 cm, the orders.
probe intensity is five times greater than in the absence of In conclusion, we have discussed the waveguiding of a
four-wave mixing. This propagation distance corresponds tgrobe in a medium of two-level system, due to the influence
an optical path ofy,L ~16 000, wherd. is the length of the of a strong pump. When the pump transverse profile exhibits
medium (here taken to be 8 cm), ang, is the weak-field, solitonlike oscillations, the probe transverse profile follows a
line center, absorption coefficient given bya, Similar pattern. We have shown that the effect of a weak
=47NKku?T,/%. After much further propagation, the as- beam which is created during propagation, on the waveguid-
sumption of a weak probe becomes invalid due to the effedng of the probe, becomes important when the medium is
of four-wave mixing. optically thick. This suggests that the effect of this weak

We now show that the waveguiding of the probe due tdbeam which is created by the process of four-wave mixing
the effect of the pump is robust. We reduce the size of théhould be considered in other waveguiding schemes.
waists of the pump and probe profiles, and show that as
before, the probe profile adjusts its width and follows the
profile of the pump. In Fig. 3 we plot the transverse intensity
profiles of the probe and the pump as a function of the propa- This research was supported by the Israel Science Foun-
gation distance for the same parameters used in Fig. 2 bufation administered by the Israel Academy of Sciences and
with Lp=0.4 cm. One can see that by 0.3 cm, the probe Humanities.
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