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Three-color vector nematicon
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Abstract—Light localization via reorientation in nematic liquid
crystals supports multi-component optical spatial solitons, i.e., vector
nematicons. By launching three optical beams of different wavelengths
and the same input polarization in a bias-free planar cell, we
demonstrate a three-color vector nematicon which is self-trapped thanks
to its incoherent nature.

Optical spatial solitons are known to be stable in
nonlocal self-focusing media, such as photorefractive
crystals, soft-matter and nematic liquid crystals (NLCs)
[1-3]. NLCs are organic liquids with a large degree of
angular orientation, so they behave optically as positive
uniaxial crystals, with giant reorientational optical
nonlinearity, large electro-optic response and high
nonlocality. When a light beam with electric field E
propagates in NLC, the induced dipoles tend to undergo
the action of a torque

r=c¢(n’-n2)(n-E)nxE), (1)

with g, the dielectric susceptibility of vacuum, n, and n,
the refractive indices for electric fields parallel and
orthogonal to the optic axis n, respectively. The resulting
increase of the orientation angle © between the
wavevector k and n is responsible for self-focusing
through an increase in the extraordinary-wave refractive
index

n,ng . (2)
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When self-focusing balances out diffraction, a spatial
soliton is generated, associated to a graded-index
waveguide wider that the forming beam itself [4-5].

Spatial solitons in nematic liquid crystals, often referred to
as nematicons [4-6], also exhibit an incoherent nature,
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such that they can be launched by injecting spatially
incoherent beams [7-9] or optical wavepackets with
various spectral components [10-12].

The generation of vector spatial solitons in birefringent
uniaxial materials such as NLC by the collinear injection
of input beams at different wavelengths encompasses
several problems, despite the incoherent combination of
their intensities. In vector solitons, in fact, each
component can differ for polarization (extraordinary or
ordinary  eigenwaves), colour (wavelength) and
propagating direction, besides transverse profile, input
location and curvature, amplitude. Since optical
reorientation is more easily accessed with extraordinary
waves, i.e., with an electric field in the plane defined by
the wavevector and molecular director (or optic axis),
hereby we consider copolarized vector components.
Moreover, while vector solitons can also be formed with
distinct component profiles [13-17] or counterpropagating
excitations [18-19], hereby we focus on co-launching
Gaussian input beams with approximately equal linear
diffraction lengths (i.e. different input beam waist).[20]
Therefore, the components of distinct wavelengths
essentially differ for refractive indices and birefringence
through chromatic dispersion, as well as for birefringent
walkoff and elastic constants which rule the
reorientational response [21-22]. While refractive changes
and elastic constants determine the size of the nonlinear
response through molecular reorientation, [23-24] the
wavelength-dependent angular walkoff tends to separate
the beams in space [10, 25], with each individual Poynting
vector pointing in a different direction at angle & with
respect to the corresponding wavevector in the principal
plane nk of propagation, with
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Fig. 1. (a) Planar NLC (bias-free) cell for the study of nematicons. (b) Setup for the generation and observation of three-color nematicons,
comprising lenses S; and S; for collimation and waist adjustments, waveplates and polarizers, 20x microscope objective, beam combiners, dichroic
filter and CCD camera. (c) Calculated walk-off angle versus orientation 6 for the three colours.

In the experiments, we employed planar cells comprising  n,=1.51 and n.=1.66 at 642nm, and n,=1.49 and n.=1.63
two parallel glass slides separated by 50um and with the  at 1064nm, respectively. The cell geometry is sketched in
interfaces coated with rubbed polyimide layers to anchor ~ Fig. 1a, the typical setup in Fig. 1b. The calculated walk-
the molecular director at 45° with respect to z in the plane  off versus orientation angle 6 is graphed in Fig. 1c for
yz. The liquid crystals we used was the standard nematic  three colours.

mixture 6CHBT with n,=1.52 and n.,=1.68 at 532nm;
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Fig. 2. (a) Extraordinary-wave beam evolution in the observation plane yz at various input powers in the green; (b) same as in (a) for the red; (c)
same as in (a) for the near-infrared. (d), (e) and (f) Beam width versus propagation distance z for several input powers, as indicated in the legend.
and corresponding to the cases (a), (b) and (c), respectively.
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Nematicons were first generated at each individual
wavelength in order to assess the proper launching
conditions for each component beam. Figures 2a-c show
photographs of each beam evolution in the observation
plane yz for various input powers. Out-of plane scattering
was exploited to image the beam evolution in the plane yz
with a CCD camera. The graphs at the bottom, Figs. 2d-f
illustrate each beam width versus propagation distance at
various input powers as specified in the legend. Width
oscillations in the solitary regime are associated to beam
breathing in the nonlocal system [26-27].

Figures 3a-c display the three low power component
beams in the diffracting regime: clearly, none of them is
individually able to self-confine at the given input power.
The three copolarized extraordinary-wave beams were
launched collinearly by adjusting their input wavevector
tilt to make the Poynting vectors overlap. Finally, when
launched simultaneously as in Fig. 3(d), their incoherent
superposition induced a sufficiently strong potential well
to trap all components into a single vector nematicon, with
no diffraction over a propagation distance well exceeding
Imm.
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Fig. 3. (a-c) Low power beam diffracting in the sample for a beam at
wavelength (a) 532nm, (b) 642nm and (c) 1064nm, respectively. (d)
Three-colour vector nematicon resulting from the simultaneous launch
of the components shown above.

In conclusion, we have demonstrated the generation and
propagation of incoherent vector nematicons using three
colour components, namely red, green and near-infrared
beams. The copolarized extraordinary-wave beams,
launched collinearly by adjusting their input wavevector
tilt to make the Poynting vectors overlap, formed a spatial
soliton only when simultaneously present, witnessing the
synergistic role of their intensities (powers) through the
incoherent nature of the self-induced refractive index
potential.
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