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Optical domain-walls can be formed at the boundary separating two distinguishable ad-
jacent laser beams. They constitute the fundamental soliton associated with Berkhoer and
Zakharov modulational instability. These solitons exist in defocusing Kerr-type materi-
als providing that cross-phase modulation is higher than self-phase modulation. To date,
these solitons have only been experimentally observed in the temporal domain. In this
work, we investigate the formation of spatial domain-walls in colloidal semiconductor
nanocrystals by numerical simulations.

I ntroduction

In anomalous nonlinear Kerr media, it is well known that htigolitons are related to
modulational instability. In the same way, Haeltermaral. predicted the existence
of a new kind of soliton related to the Berkhoer and Zakhar@dufational instability
that occurs in the normal dispersion regime of propagatidn $uch structures can be
formed when cross-phase modulation is higher than selg@h@dulation. They consist
in the transition between two domains of opposite circutdapzations, and were there-
fore named “polarisation domain wall solitons” (PDW) [2]h& existence of PDW has
experimentally been demonstrated in the temporal domaiea9 [3].

Up to now, the domain-wall soliton has not yet been observethé spatial domain,
probably because its observation requires the propagafidight beam in a medium
exhibiting a strong negative instantaneous nonlineaac#fre index £). In this work,
we propose to make use of colloidal semiconductor quantus (@5QD), as they can
present the required strong negatigd4]. Although the crystalline structure of semicon-
ductors is not isotropic, the use of CSQD ensures isotropymacroscopic scale, which
in turns implies that cross-phase modulation effects acetimves higher than self-phase
modulation.

The geometry of our system is as follows: two orthogonalllapped beams are coprop-
agating side by side so that the soliton is formed at theindaty. Below we report on
the numerical simulations that were performed in order tiemeine the experimental
conditions enabling the observation of the spatial PDWnoli

Propagation Equations

The propagation of two orthogonal circularly polarizediogt beams in an isotropic
medium with nonresonant electronic instantaneous deflogu€err nonlinearity can be
described by the normalized coupled nonlinear schrodiageations:
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whereA, (A_) is the slowly varying beam envelope of the right (left) haddircularly
polarized electric field, normalized with respect\{@yLp, with y = % < 0, the non-
linear coefficient and.p = ka? with k the wave number in the materidl; = 92, + af,y

denotes the transverse Laplacian wheamdy are normalized with respect & andzis

the longitudinal coordinate normalized with respect o

Numerical results

The two beams were propagated using the well-known s@g-Bburier method. Since

PDW corresponds to the transition between two beams of aohamplitude, we have

first analyzed how the PDW formation is affected by the finize @ind the shape of the
beam profile modulating the PDW. The initial condition catsbf two half-supergaussian
beams, right- and left-handed polarized, while the traosits an hyperbolic tangent of

variable widthwg:
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whereg is the order of the supergaussian.

Figure 1a shows clearly that using a PDW inscribed onto admosquare-shaped & 1)
beam, the carrier beam broadens as a result of diffractibilewthe domain-wall propa-
gates without distortion as a result of the interaction leetwdiffraction and nonlinear-
ity [5].

In a practical experiment, it would be desirable to simplifg beam shaping as much as
possible. Therefore, we investigate the case were theecdreiam is Gaussiag & 1).
Figure 1b shows that with Gaussian beams, since the domaim®tpseudo-infinite, the
diffraction of the Gaussian beam induces a change of pealeipthat in turn alters the
domain-wall,i.e. the change in peak power lowers the magnitude of the nomleféesct,
which results in the broadening of the domain-wall.

As the broadening of the PDW inscribed on a Gaussian beanemiews to identify
the PDW as a structure that propagates undistorted, we &fithela parameter V, called
“visibility”, allowing for the comparison between the liaeand the nonlinear propagation
regimes. This parameter is defined as the rﬁ&ipbetween the width of the domain wall
(at an intensity value df= 0.5) after propagation in the linedc)and the nonlineamNL)

regime:
WL
V=—

WL
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(b)

Figure 1: Evolution of the beam component intensities althegpropagation: (ix =0,
(i) z= 16, (iii) z= 32, with two different input beams: (a) supergaussgs @); and (b)
Gaussiang = 1), withwy = 3 andxg = 40.

In Figure 2a, the visibility/ is plotted as a function of the PDW widtip, atz= 10 and
for xo = 30 andyp = 40. We observe a maximum aroung = 3, which is the optimum
value when the domains are not pseudo-infinite. Moreovesdlresults suggest that
the formation of a PDW should be observed even for step-likdilps vg — 0). As
can be seen in Figure 2b fap = 3, the visibility monotonically increases with the input
Gaussian beam widtty = yp. However, at a value of = yp ~ 30 we already have a good
visibility. By taking into account the Kerr coefficient of BtQdots i, ~ 10~ lcm?/W) a
power of 80 kW is needed to form the spatial DW. Given thiseathigh value despite the
large nonlinear coefficient,, we are considering the propagation in planar waveguide to
decrease the spatial width of the beam in trairection. We expect the formation of a
PDW providing that the beating length between TE and TM masleafficiently long in
comparison with the propagation length.
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Figure 2: Visibility as a function of the parameters of thpuhbeams : (a) visibility with
respect to PDW widthwg; (b) visibility with respect tag = Yo.
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Experimental set-up

The experimental setup currently built for the observatibthe spatial PDW is depicted
in Fig. 3. The beam at the output of a pulsed laser source tssfitg in two linearly
polarized components, andEy.The vertically polarized beam passes throughhase-
step plate in such a way that after the recombination of tleeli@ams, we end up with
opposite circularly polarized adjacent compondats= S The recombined beam
in then focused on the colloidal nanocrystals cell and atotltput the profile of both
polarized components are recorded.
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Figure 3. Experimental principle set-up

Conclusion

PDW solitons have been predicted two decades ago but arerdl experimentally
demonstrated in the temporal domain. In this work, we hawsvehthat the formation
of spatial PDW is possible even with initial condition faomn ideal, i.e. with a sharp
initial transition between the two polarization comporseahd Gaussian shape for the
beam the domain wall is inscribe on. Since PDWs are tramsifo@tween pseudo-infinite
domains, the overall extend of the beam should be suffigi¢auttje with respect to the
width of the DW. This result in required beam peak powers efdlder of 80 kW to ob-
serve spatial PDW in CSQD, despite their large nonlinear Beefficient in comparison
with other conventional nonlinear defocusing Kerr medigo&sible solution to decrease
the required power is to resort to planar waveguide made @56iD.
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