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We investigate the generation of higher-order optical vector solitons in two transverse dimensions in aniso-
tropic nonlinear media consisting of an incoherent superposition of a Gaussian beam and a higher-order laser
mode with a complex internal modal structure. We demonstrate both numerically and experimentally various
examples of these stable self-trapped light structures and show that vortex modes carrying topological charge
always decay into multiple-humped structures that remain self trapped during propagation. Furthermore, we
demonstrate the mutual stabilization of a triple- and a double-humped transverse light structure leading to the
formation of a two-dimensional vector soliton without a stabilizing fundamental Gaussian mode.
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I. INTRODUCTION laser mode of Hermite-Gaussi@dG) or Laguerre-Gaussian
(LG) type. Among various possible configurations it is par-
Stable self focusing of light in a medium with a saturableticularly the HGy-like dipole mode that allows the genera-
Kerr-type nonlinearity has attracted much research intered{on of a very robust type of optical spatial vector soliton; the
within the last decadfl]. A monochromatic and highly co- dipole-mode vector sollton. In contrast, all com_b|nat|ons ofa
herent light beam propagating in a saturable nonlinear matefyndamental Gaussian mode and ai-Giodelike vortex

rial induces a refractive index modulation that counterbal—Carrylng topological chargenf=1) are linearly unstable and

: : . decay into a stable dipole-mode structure carrying angular
ances the natural diffraction. Therefore, the beam remamﬁom}éntun[lo 11] Theprobustness of the dipole}’mgde vgec-
self trapped and propagates as the fundamental mode of if§; soliton motivates the investigations on higher-order mul-

self-induced waveguide. These self-focused light structureghumped solitary waves. Multihumped self-trapped optical
that consist of only one optical field are denoted as scalapeams have only been realized in the planat (D geom-
solitons. In contrast, vector solitons are self-trapped opticagtry so faf5] and a numerical stability analysis revealed that
beams that consist of more than one optical field. They wereombinations consisting of higher-order modes such as
first suggested by Manakd2] for the case of a Kerr non- triple-humped transverse light structures are linearly unstable
linearity and two beams of different polarization staf@s  [6]. The instability that leads to a breakup of the combined

Here, at least two copropagating beams interact via the norfiTuctures becomes dominant at large propagation distances
linear response of the material and jointly induce a multi-and was therefore not observed experimentally. Previous the-

N : . oretical investigations that describe the formation of vector
m_ode Wavggwde in which they propagate as agenmb@es solitons in photorefractive crystals are based on saturable and
It is essential for the formation of all kinds of vector solitons

. R isotropic nonlinear model®,10]. However, the photorefrac-
that the interference between the individual componentsg;q nonlinearity is of anisotropic natufd3] and therefore,

must not contribute to the induced refractive index changgnhe experimental results deviate from numerical simulations.
An, and therefore, it has to be destroyed. For this purpose #ere, we present a numerical analysis of vector solitons in
is convenient to use mutually incoherent components. bulk anisotropic medium. It is particularly the nonlocal na-
Optical spatial vector solitons have been extensively anature of the anisotropic refractive index change in a DC-
lyzed in the planar (* 1)-dimensionalD) geometry in me-  electric field biased strontium barium niobd@BN) photo-
dia with a Kerr-like saturable optical nonlinearity. Various refractive crystal that supports the formation of these
combinations of a fundamental single-humped and a doublemulticomponent solitary waves with an elaborate geometry.
humped beam were observed experimentdilyand studied Moreover, we demonstrate experimentally and numerically
theoretically[6]. Further on, collision-induced shape trans-the existence of composite solitons consisting of higher-
formation[7] as well as energy exchange upon collisj8h  order modes.
of these soliton pairs have been reported. Recently, the exis- Our contribution is divided into three main parts. First, we
tence of multicomponent solitary waves in two transversedemonstrate that the incoherent combination of a Gaussian
dimensions has been predicted on the basis of a saturable aadd a vortex beam with a topological chargenot2 does
isotropic model[9,10] and subsequently has been observechot form a stable self-trapped structure but decays via an
in experiments[11,12. They consist of one bell-shaped intermediate state consisting of two single-charged vortices
Gaussian beam and a second beam bearing a higher-ordato a triple-humped structur@HS). Second, we show that
the structure, consisting of a triple-humped higher-order
mode and a fundamental Gaussian mode, propagates self
*Electronic mail: weilnau@uni-muenster.de consistently in the nonlinear material and forms a triple-
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humped vector soliton. Finally, we demonstrate the mutual
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stabilization of a double-humped and a triple-humped com-
ponent that results in the formation of a localized optical
light structure even without the fundamental Gaussian com-

ponent. It is indeed surprising that the combination of two n -
L ]
=
30 um
(a) (b) (c)

unstable components leads to the formation of a self-trapped
FIG. 1. Decay of a vortexri=2) in the presence of a Gaussian

state. Therefore, the presence of the stabilizing fundamental
Gaussian beam is not a general requirement to generate op-
tical spatial vector solitons in two transverse dimensions.

The_ experlmerjta_ll setup for the generathn Of Optlcal VE€Cheam. The vortex and Gaussian component are shown in the upper
tor solitons consisting of two components is similar t0 the,ng pottom row, respectively. Intensity distribution at the input face
one that was earlier described([ihl]. We derive two beams () ‘and exit face of the crystal for a separate propagativand a
from a frequency-doubled Nd:YAG-lasex 532 nm) with  combined propagatiofc) of 13.5 mm with 1.9 kV applied along
the help of a Mach-Zehnder-like configuration. One of thethe ¢ axis.
beams is transmitted through a phase mask to get the re-
quired transversal profile for the higher-order mode in the_. . , .
first diffraction order. The second Gaussian beam is reflected 94res 1b) illustrate the crystal's exit f‘_r"ce for_the case.
by a mirror mounted on a piezoelectric device that oscillated/€n €ach beam propagates separately in the biased nonlin-
at about 1 kHz before it is recombined with the first beam&@" medium. The double-charged vortex, which has a screw-
bearing the higher-order mode. Due to the crystal's noninlike transversal phase distribution does not form a self-
stantaneous response it cannot follow the interference fludocused state, it merely disintegrates into three quasisolitons
tuations induced by the fast oscillating mirror. With this that arrange in a triangular waffig. 1(b), top]. This breakup
technique, we obtain two effectively incoherent but copropabehavior is somehow similar to the theoretical investigations
gating optical beams that will become the constituents of th@iven in[14]. In contrast, the Gaussian beam remains self
higher-order vector soliton. Finally they are focused onto thdérapped and forms an ordinary elliptically shaped photore-
front face of a cerium-dopeD.002% wt) SBN:60 crystal fractive soliton[Fig. 1(b), bottom]. The situation changes
with dimensions of 13.85X5 mnt, (aXbxc). The beam completely when both beams copropagate incoherently in the
spot size at the crystal front face is about L2n full width medium, as depicted in Fig.(d. The vortex disintegrates
at half maximum. They propagate either along the crystal’s now into three well-defined spots that rearrange along a line
or b axis that corresponds to a propagation length of 5 othat is tilted with respect to the vertical axis by 3@®ig.

13.5 mm, respectively. The crystal is biased with a DC-1(c), top]. The fundamental Gaussian component basically
electric field of 1.5-2 kV along its axis in order to use the remains in its shape and becomes slightly elongated in the
larger 55 electro-optic coefficient of SBN. Additionally, the direction of the triple-humped structure.

crystal is illuminated with incoherent white light to control ~ To get a deeper insight into the processes taking place in
the degree of saturation of the nonlinearity that is in thethe crystal during the propagation of the two beams, we flip
range of unity for all our experiments. Finally, we image thethe sample by 90° and use its 5-mm lobgaxis for our
crystal's front and exit face on a charge-coupled device caminvestigations, which displays equal nonlinear properties.
era connected to a computer system. Due to the slow réA/ith an external voltage of 1.8 kV and beam powersPgf
sponse of our material, we are able to resolve the single=1.7 uW and Pg=1.9 uW, the boundary conditions are
constituents of the multicomponent beam by blocking onenearly unchanged. Figurd@ illustrates the vortex compo-
component and recording the remaining light intensity fromnent after 5 mm simultaneous propagation with the funda-
the other constituent within a short time interval af{  mental beam. It does not yet disintegrate into several beam-
~0.1 s). lets but retains its initial donutlike shape and just shows
some irregularities that stem from the growing instability
during propagation. Via interference with a mutually coher-
ent plane wave we record the interference pattern and

First, we investigate the copropagation of an optical vor-thereby visualize the vortex’ phase distribution that is illus-
tex with topological chargen=2 and a fundamental Gauss- trated magnified in Fig.(®). We clearly identify two single-
ian component. The vortex beam with a total powerPgf  charged vortices at the position of the two dark spots in Fig.
=1.6 uW is formed by diffraction of a light beam from a 2(a) with their phase dislocation indicated by the arrows in
computer-generated hologram and is incoherently combineBlig. 2(b). It shows that a higher-order vortex of charge
with the Gaussian beam of nearly equal total powy  =n is topologically unstable and decays imtwortices with
=1.8 uW. Both beams overlap completely while propagat-chargem=1. This was earlier demonstrated [it5] for the
ing 13.5 mm through the nonlinear material. Figur@1 case of a defocusing nonlinearity and is in fact a general
shows the input intensity distribution for the vortex compo-property of optical beams carrying topological charge even
nent(upper row and the Gaussian componéghbttom row. in a linear medium.

Il. EXPERIMENT

A. Experimental results
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FIG. 2. Decay of a vortexr=2) in the presence of a Gaussian n . n
beam. The vortex component after a propagation of 5 @nand
13.5 mm(c) with the according plane-wave interferer(oe and(d). (@) (b) (c)

Figure Zc) illustrates once again the higher-order compo- FIG. 3. Stabilization of a triple-humped bedopper row in the
nent of the vector soliton demonstrated in Fig. 1 and theresence of the Gaussian fundamental mi@détom row. (a) input
appropriate interference pattern with a plane wave after #tensity. Intensity distribution after 13.5 mm separétg and si-
propagation of 13.5 mrfFig. 2(d)]. It clearly shows that the multaneous(c) propagation.
resulting fringes that appear at the location of the three spots
are all shifted byr. This demonstrates that the initial phase stable and decays into a triple-humped structure during
dislocation of the double-charged vortex transforms first intapropagation.
two closely separated single-charged vortices that then sub- Now, the nontrivial question arises whether such a THS
sequently induce two transversal phase shiftsraind form  represents one component of a stable vector soliton. For this
a triple-humped structure. The subsequent transition from gurpose, we implement a second experiment where we pro-
modulated donut-shaped structure in Figa)dnto a triple-  duce such a triple-humped beam directly and combine it with
peak structure depicted in Fig(@ is a characteristic feature a fundamental Gaussian beam in the nonlinear medium. We
for the propagation of double-charged optical vortices inmodify the experimental setup and derive four separate
saturable self-focusing medium, and was already observed peams from our laser source. After being reflected from pi-
atomic vapor{16]. In such a system, the single steps of thee€zomounted mirrors, they are recombined by several beam
transition could be visualized by increasing the strength ofplitters and focused onto the front face of the crystal. Three
the nonlinear effect continuously. If the nonlinearity is weak, mutually coherent beams are aligned parallel in the direction
which is comparable to short propagation distances, the voperpendicular to the crystal's axis forming the triple-
tex disintegrates and forms two bright spots located on ophumped higher-order mode. The relative phase of these
posite sides of the initial donut. Enhancing the strength of thgeaks is shifted byr, which is controlled by piezomechani-
nonlinear effect, the two lobes start to attract each other angal drivers. The remaining fourth beam bearing the funda-
rotate about their common axis and a central peak will bamental Gaussian mode gets effectively incoherent relative to
generated. Due to the inherent phase singularities, the singtbe higher-order component by the reflection from the oscil-
lobes will not fuse but start to repel mutually and separatdating mirror, a technique that has been already used in the
from each other. Experiments in the isotropic atomic vapoexperiment described above. The result of this investigation
displayed a continuous helical motion of the three beamletés depicted in Fig. 3.
due to a nonvanishing angular momentum carried by the The upper row demonstrates the higher-order oj-&e
initial vortex beam. In contrast, the anisotropic photorefrac-component whereas the fundamental mode is represented in
tive nonlinear system does not support a spiraling motion ofhe bottom row. Figures(d) illustrate the input intensity of
the single lobes due to its symmetry-breaking property. Nevihe two components with equal total beam powerPaf;s
ertheless, the transverse angular momentum of the vortex Pgauss&=1.9 wW. Figures 8b) show the evolution of the
component does not vanish but induces an oscillation of théwo beams propagating separately over a distance of 13.5
triple-peak structure in the transverse plane. This phenommm in the crystal biased with 1.8 kV. The lobes of the
enon seems to be a generic feature of anisotropic systemgigher-order component propagate in a self-focused way
since the interaction of two scalar solitons supports a conthrough the nonlinear material. The refractive index change
tinuous spiraling motion for an isotropic moddl7] and an  in between the bright spots is much smaller than in the illu-
oscillating motion for the anisotropic modgl8]. minated areas because of thephase shift between adjacent

So far, we have shown that a vector soliton consisting ofobes. As a consequence, light will only be attracted in the
a double-charged optical vortex in one component and a furbright beamlets that therefore appear to repel each ftigr
damental Gaussian beam in the second component is uBtb), top]. For example, they experience agpulsive forcg’
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whereas the Gaussian component forms an ordinary ellipti-
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cally shaped photorefractive solitdfig. 3(b), bottom|. In

the case when both components are present, the three peak

of the THS remain self trapped during the propagation and

leave the crystal nearly unchanged compared to the input

intensity distribution, as depicted in Fig(c3. It is obvious

that the Gaussian component stabilizes the whole structure P—

and prevents the single beamlets of the THS from separation R

during propagation. We conclude that the copropagating

higher-order mode and the fundamental Gaussian beam form

indeed a triple-humped vector soliton in a photorefractive

nonlinear medium. Both components induce a multimode ‘

waveguide in which they propagate as eigenmodes. It is es-

sential to mention here that the THS is not just guided by the '

waveguide induced by the fundamental component, because

both beams are of comparable total power and induce there- @) (b) (©)

fore a joint refractive index modulation in which they both

propagate self consistently. Even though some parts of the FiG. 4. Generation of a vector soliton from a double-triple-

THS are not overlapping with the Gaussian component inihumped pair.(a) input intensity distributions(b) output after a

tially, they experience a strong attraction that is due to theeparate propagation of 13.5 mm, a@l both components co-

nonlocal change of the refractive index induced by thepropagating.

Gaussian beam. Consequently, the shape of the fundamental

Gaussian component gets affected in the same way by thag lobes. The relative distance of the marginal beamlets of

presence of the THS and becomes stretched in the verticéhe THS increases from 8@.m at the input face to 175um

direction[Fig. 3(c), botton. It is interesting to note that the at the output face, as well as the dipole peaks gain about

three lobes of the separately propagating THS depicted i85 wm in distance while propagating through the nonlinear

Fig. 3(b) have slightly different intensity and do not align medium. The scenario changes drastically when both com-

properly along a vertical axis. This effect can be understooghonents copropagate simultaneously in the crystal. The ver-

in terms of the diffusion-dominated charge-carrier transportical circumference of the triple-humped component reduces

process that comes into play for higher-beam intensities ang 110 um and the dipole’s vertical distance gets even

results in a deviation of the beam’s trajectory in the directionsmaller than at the crystal’s front face. Generally, both com-

of the externally applied electric field, which is commonly ponents maintain their transverse shape. The innermost peak

denoted as bendind9]. As a consequence, the less intenseof the triple-humped component gets elongated in the verti-

innermost hump bends less to the left during propagation. cal direction[Fig. 4(c), top] as it basically traps the two
Finally, we investigate the question wether it is possiblebeamlets of the dipolfFig. 4(c), bottorm] which in turn, trap

to generate a vector soliton consisting of a combination othe two marginal beamlets of the THS. So, the combination

two higher-order modes without the fundamental Gaussianf both higher-order components forms a bound self-focused

mode. Although, a successful self trapping of a double- andtate whereas both constituents itself diverge during propa-

triple-humped structure has been reported in the planar geyation. The mutual stabilization of these multihumped light

ometry[5], it has never been observed in the{2)D con-  structures reveals that it is possible to generate self-trapped

figuration before. To generate such a configuration, we desptical beams with a complex internal structure even in the

rive a double- and a triple-humped mode beam from oumbsence of a fundamental and nodeless Gaussian beam. Due

laser with the help of several beam splitters and mirrorgo the limited dimensions of our crystal and the restriction to

mounted on piezo-electric elements. Each higher-order modsvo observation planes a&=5 and 13.5 mm statements

constitutes of two or three mutually coherent and parallellyabout the stability and the propagation behavior of these soli-

propagating beams, respectively. The reflection of one comtary waves are not very reliable and will therefore be treated

ponent from an oscillating mirror destroys the coherence inn the following theoretical section.

the same way as described above. The triple- and double-

humped beam are coupled into the crystal in such a way that IIl. THEORY

the peaks of the dipole beam overlap with the dark notches

of the THS. Both components are shown in the top and bot- Here, we investigate the propagation of higher-order

tom row of Fig. 4, respectively. modes in an anisotropic nonlinear medium numerically to
The input intensity distribution is given in Figs(a},  support and extend the results of the experiments described

while the result of the separate propagation of 13.5 mm ir@bove. The propagation of two mutually incoherent beams in

the 1.9 kV-biased crystal is shown in Figgb% Neither the @ photorefractive medium may be described by the paraxial

THS (Prus=2.2 uW) in the upper row nor the dipole®;  approximation for optical beanj48]

=2.6 uW) underneath form a localized and nondiverging .

structure. The single lobes of both components repel each EA +}A A :Z(E _‘7_‘P>A (1)

other during propagation due to the phase between neighbor- gz L2 27T 0 gy L2
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where A , represents the slowly varying amplitude of the
two optical fields.z is the direction of propagatiomn, rep-
resents the transverse Laplaciadf/@x>+ d%/dy?), and ¢
describes the material’s electrostatic potential induced by the
two beams.y=k?n3w?r o is the coupling constank is the
wave numberng is the material’s ordinary refractive index,

w is the beam waist at the crystal’s front face, angd rep-
resents the effective electro-optic coefficient. The transverse
coordinatesx andy are scaled by the beam waistand the
propagation coordinate is scaled by the diffraction length
Lp=knw?. With typical beam waist parameters of
10-12 uwm and an ordinary refractive index of SBN af
=2.3 a single diffraction length is equivalent to 3—4 mm in
the real physical system. The electrostatic potengals
given by a material equation derived from the Kukhtarev
model for a photorefractive nonlinearif3]

d
V2p=—-VeV InI+E0&InI. (2)

Here, the normalized intensity=1-+|A;|2+]|A,|? is given

in units of the saturation intensity, ar#}, describes the ex- (d) (e) ()

ternal electric field that is applied in the horizontal transverse ) ) ) )

x direction. The diffusion of the charge carriers that is small _F'C- 5. Numerical simulation of a copropagating vortex compo-

compared to the drift effect due to the external electric field"e"t (M=2) (upper row with a fundamental Gaussian component

is neglected here. The system of equations is not integrabﬁ(-t)’ottom TOW‘ Figs. (ai)_(_f) deF_"Ct t_he tr"’.‘nsvérse profiles for the
. B . ropagation lengthg=0; 0.25; 0.5; 2.75; 3.5; 4.

and therefore no analytical solutions can be determined’

Therefore, we restrict on the split-step Fourier methad]

and demonstrate the evolution of the beams within a paransusing way[22]. Therefore, the THS will never align in the

eter range comparable to the experimental conditions. horizontal direction of the applied electric field.

It is the influence of the fundamental Gaussian component
that keeps the higher-order mode trapped during propaga-
tion, otherwise the vortex beam would completely disinte-

Figure 5 demonstrates the spatial evolution of a copropagrate after a few diffraction lengths. It is only natural that the
gating vortex beami=2) and a fundamental Gaussian Gaussian component also becomes affected since both com-
mode. Both mutually incoherent components are depictegonents have equal total power and jointly induce the multi-
separately in the upper and bottom row for different propaimode waveguide in which they both propagate. As a conse-
gation distances with an applied voltage of 4.5 kV/cm. Inquence, it becomes elliptically shaped in the direction of the
Fig. 5(a), the input intensity is given. Figurg(lh shows the THS axis[Figs. 5d)-5(f), bottom row]. These numerical
evolution atz=0.25. The vortex componefFig. 5b), top]  calculations are in qualitative agreement to the experimental
starts to disintegrate and develops two instead of one dankesults depicted in Figs. 1 and 2. The simulation of the vortex
notch in its center, which is similar to the experimentally component in Fig. &) and the experimental picture in Fig.
observed structure depicted in FigaR When propagating 2(a) show almost identical results for a relatively short
further to z=0.5, the vortex beam transforms first into a propagation length. In the case when both components
two-peak-structurdgFig. 5(c), top] and later into a triple- propagate for a distance of 13.5 mm, which corresponds to
humped component that lasts for several propagation lengtrebout paper diffraction lengths in the numerical simulations,
[Figs. 5d)-5(f)]. This scenario was also observed I6] for ~ the experiment as well as the simulations reveal that the vor-
the case of a saturable nonlinear medium. Because of thex component undergoes a transition into a THS with non-
initial screwlike transverse phase distribution of the vortexzero angular momentum. In the next step, we investigate
beam, the whole structure bears a nonvanishing angular maowumerically the formation of a triple-humped vector soliton
mentum. In contrast to isotropic simulations presented irconsisting of a THS and a nodeless fundamental mode as
[10,16, we do not observe a smooth rotation of the higher-already demonstrated experimentally in Fig. 3. The propaga-
order component, but detect an angular oscillation around itson behavior of the two incoherently coupled modes is de-
central peak. This effect arises from the anisotropy of thepicted in Fig. 6. The single frames are arranged in a similar
model we used in our simulations. We never observe a horiway as in Fig. 3. The input intensity distribution is given in
zontal orientation of the three beamlets. In anisotropic simuFigs. §a) for the triple-humpedtop) and the Gaussian com-
lations, the induced refractive index change is negative at thponent(bottom. The evolution after an independent propa-
horizontal margins of the light structures and acts in a defogation of two diffraction lengthsz=2) is given in Fig. €b).

A. Numerical results
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(a) (b) (c) (d) (a) (b) (c) (d)

FIG. 6. Numerical simulation of the triple-humped vector soli- ~ FIG. 7. Numerical simulation: The mutual stabilization of the
ton generation. Upper row, the THS, bottom row the fundamentafwo separating modes. Separate propagatian=i is given in(b).
Gaussian component with) input intensity distribution, beam evo- The copropagating modes for propagation lengthg-e8 (c) and
lution at z=2 for a separate propagatiofy) and simultaneous 2z=4 (d).
propagation az=3 (c) andz=4 (d).

It can be clearly seen that the three out-of-phase lobes of ﬂ}aere In & qualitative agreement compared with the experimen-

higher-order component strongly repel each other durinq?glx] c;l:ts;irved_s.ttrulcturejlt(_jepmftedt;]n E!gt. 4. Smcg WF t§tart
propagation[Fig. 6(b), top] and that the Gaussian mode Itrary initial conditions for the distance and refative

forms an ordinary photorefractive solitpRig. 6(b), bottom. intensity of the single Iol_oes, the propagat.ion O.f the tWO. com-
The triple-humped mode itself does not form a self-trappecp_onems comes.along'wnh strong fluctuations in mtensfgy and
state as already demonstrated in the experiment in Kix). 3 c_hstance. Our simulations, as well as our experimental inves-
The four frames in Figs.(6) and Gd) demonstrate the trap- t!gat|ons, demonstrate the general effect of mutual stabiliza-
ping of the triple-humped mode at the propagation steps tion of the two components, but the shape of the components
=3 and 4 when it copropagates with the fundamental Gausgetains only for relatively short propagation distanceszof
ian beam. A comparison of the THS i) with the one =~5. Exceeding this typical distance, the fluctuations in rela-
depicted in(d) shows that the relative intensities of the threetive intensity and distance increase remarkably and the
beamlets fluctuate during the propagation through the crysriple-humped structure decays into a single-humped one,
tal. We infer that the initial intensity distribution is not an which finally traps the two lobes of the dipole component. A
exact solution of Eqs(1) and(2) but approximates a spatial propagation distance of five diffraction lengths is beyond our
vector soliton that is stable with respect to small amplitudeexperimental limit, and therefore the breakup could only be
deviations for at least ten diffraction lengths in propagationseen in the numerical simulations. Deriving a numerical so-
distance. Again, a complete agreement with the experimentaltion for the initial beam profiles from the Eqdl) and(2),
results demonstrated in Fig. 3 is obvious. one might find stationary solutions for double-triple humped

To complete our investigations on higher-order mode vecmy|ticomponent solitary waves. A promising numerical pro-
tor solitons in saturable anisotropic media, we finally carrysedure is the one proposed by Zozuétaal. and Petviashvili

out some numerical simulations on the generation of g20,23, but its application is beyond the scope of the work
double- and a triple-humped vector soliton complex. Similaryresented here.

to the experiments and the numerical procedures described

ak_)ove, we combine a double-trlple-humpe_d pair of beams IV. CONCLUSIONS

with equal total power in the nonlinear medium biased by an

external voltage of 3.6 kV. Neither the dipole component nor In conclusion, we have demonstrated the generation of
the THS form a self-trapped state when propagating sepdiigher-order mode vector solitons in a bulk saturable aniso-
rately, as already demonstrated above. However, the incohetropic nonlinear medium experimentally and numerically.
ent coupling of both beams leads to the formation of a localWe have shown that an optical vortex with a topological
ized light structure. Figure 7 demonstrates the evolution of &harge ofm=2 is unstable and undergoes a transition into a
triple-humped optical beam with twa-phase shifts in the triple-humped light structure when copropagating with a mu-
upper row, and the dipole-mode beam in the bottom rowtual incoherent Gaussian beam of equal total power. The
[Fig. 7(@)]. In the case of an independent propagation, eaclheams interact only due to the non-local response of the ma-
component itself spreads in the transverse plane and does rtetial that is essential for the generation of these triple-
form a localized statgFig. 7(b)]. The initial intensity distri- humped structures. Additionally, we demonstrate that once a
bution of the triple-humped component varies slightly from THS structure forms, it remains as a component of a stable
the simulation depicted in Fig. 6. As a consequence, the invector soliton. Finally, it is even possible to generate a non-
nermost peak interferes destructively with the two marginaldiverging light structure consisting of two higher-order
peaks aftez=2. It is the incoherent combination of the two modes that display a diverging propagation behavior when
modes that finally prevents the repulsion of the single beampropagating separately. The mutual self trapping can be ob-
lets as demonstrated in Figs.(@ and 7d) for propagation served at least for a considerable propagation distance before
distances oz=3 and 4. Again, the theoretical simulations the composite self-trapped light structures may disintegrate.
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