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Guiding and Routing Light with Nematicons

Gaetano Assanto and Marco Peccianti

NooEL — Nonlinear Optics and OptoElectronics Lab, Department of
Electronic Engineering, INFN & CNISM, University “Roma Tre”,
Rome, Italy

We review the main properties and applications of Nematicons, spatial solitons in
reorientational nematic liquid crystals, with emphasis on waveguiding and
processing of optical information.
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I. INTRODUCTION

Liquid crystals in the nematic phase are characterized by a high
degree of orientational order and a nearly zero degree of positional
order. Thereby, their elongated or rod-like molecules, e.g., ~3nm in
length and only ~0.5 nm in diameter in the mixture E7, macroscopi-
cally form an effective uniaxial crystal with the optic axis along the
major molecular axis or director m [1]. At optical frequencies the
extraordinary refractive index n| associated to an electric field E
linearly-polarized along n is larger than its ordinary counterpart n;
for fields E | n; hence, most nematic liquid crystals (NLC) are
positive uniaxials. In the presence of an electric field their molecules
tend to rotate in order to react to the torque I' = 2D x E, with D the
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electric displacement field, and so minimize the free energy density
encompassing a distortion term Eq = 1/2{K;(V-n)®> + Ko(n-V x n)+
Ks(m x (V xn)?)} and an interaction term Ejn = —1/2(nﬁ —n)(n-E)?
due to I', with K; (i =1, 2, 3) the Frank elastic constants for splay, twist
and bend, respectively. As the resulting rotation of the induced rod-
like dipoles reduces the angle (/2 —9) between the director and E
in the plane (k, n) associated to an extraordinary (“e”) eigenwave, with

k the wavevector, the e-refractive index increases according to the

-1
usual n? = %;” + %:’] , being 3 = n (k (we neglected walk-off) [2—4].

1 ]
The latter corresponds to a positive reorientational nonlinearity with
An = Ang|y = 1/2¢4n.(9) sin(23)A% and A9 > 0, i.e., the self-focusing type
of response required to counterbalance beam diffraction and support
self-confined light packets or optical spatial solitons [5—7]. Optical spatial
solitons corresponding to an actual An are light-induced graded-index
waveguides and offer the potential to draw reconfigurable photonic cir-
cuits without pre-realized guiding structures [8]; they have been observed
in several media, with a large variety of nonlinear mechanisms [5,6,9]. In
NLGC, in particular, they can be stable in the two transverse dimensions
owing to the saturating and nonlocal character of the material response:
saturation is inherent to the angular molecular reorientation A9 in the
extraordinary principal plane, whereas nonlocality — i.e., a medium
change even at some distance from an electro-magnetic perturbation —
stems from the elastic forces between the molecules in the fluid, as
modeled above by the constants K; [1-4].

Owing to the self-focusing nonlinearity, modulational instability
and spatial solitary waves have been widely investigated in NLC
[10-15], including discrete solitons in one-dimensional waveguide
arrays [16,17]. Optical spatial solitons in nematic liquid crystals, or
Nematicons, are stable two-dimensional self-confined beams of light
based on nonlinear molecular reorientation [18]. As the index per-
turbation able to counterbalance diffraction is substantially wider
than the self-trapped beam, Nematicons belong to the class of highly-
nonlocal or accessible solitons [19,20]: they form channel waveguides
with a large numerical aperture and breathe in propagation, their
transverse size oscillating as they propagate in a graded-index distri-
bution [21]. Moreover, Nematicons are robust and can sense other
Nematicons or perturbations even at some distance, i.e., they can
survive the interaction with linear as well as nonlinear defects and
experience long-range mutual attraction [10,22].

In this paper we review the most important features and applica-
tions of Nematicons, providing a simple model but deferring details
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to more specialized publications. In Section II we describe the basic
equation(s) and the first observations of Nematicons in Section III
some of their main features. In Section IV we deal with electro-optic
steering of spatial solitons in NLC by acting on an applied voltage,
whereas in Section V we describe all-optical approaches for the devi-
ation of Nematicons.

Il. BASIC MODEL AND FEATURES

Let us consider a planar geometry such as the one sketched in
Figure 1(a, d), with a glass cell containing an undoped NLC with a
preset (voltage-induced) orientation of its director [23,24]. For an
incoming beam linearly polarized along x (along the cell thickness)
and propagating along z, the evolution of its slowly-varying envelope
A can be described by:

2ik %—‘3 + V3A +E3(nf —n?)[sin(9)? — sin(9%)*|A =0 (1)
with kg the wavevector in vacuum, & = kong(3), 3¢ the tilt of the NLC
molecules in the absence of light and 3 the overall angular orientation.
Equation (1) is a “well-conditioned” nonlinear Schroedinger equation
supporting stable solitary solutions owing to saturation. A preset dis-
tribution ® in the absence of a beam is symmetric along x and determ-
ined by the externally applied (low-frequency) voltage Va~hFE, with h

(a) D S D D D D 1 applied voltage
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FIGURE 1 (a) A low-power optical beam with the electric field extraordi-
narily polarized in the x—z plane propagates forward in a sample with initial
pre-tilt of the director. (b) Image of a 2mW Argon-ion beam diffracting in a cell
in the linear regime (polarized along y). (c) A spatial soliton generated be the
same beam of panel (b) but in the nonlinear regime (polarized along x): a
Nematicon propagates without spreading over a distance exceeding 1 mm
(i.e., tens of Rayleigh lengths). (d) Sketch of the planar NLC cell. O(x) is the
angle induced by the applied low-frequency voltage and 0y = ©(0). ¥ is the
nonlinear perturbation. The cell can be considered invariant along y.
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the cell thickness [24], according to

2

K(fix? L —e,E?sin(20) = 0 (2)
where K is the Frank constant taken equal for splay, bend and twist
and ¢, the dielectric anisotropy in the quasi-static limit. The planar
boundary conditions correspond to 9(x = —-h/2) =3 x=h/2) = 0.
After setting 3(x,y,z) =0O(x) +0/%¥(x,y,z) and @ =3=7n/4 in
order to maximize the reorientational response in a cell much thicker
than the beam waist, we obtain

2ikg—A +VIA +kg(nf —n?)PA =0

AnK V2 W — 8VeWE? + neo(nf — n? A" =0

xyz

3)

System (3) includes a nonlocal correction to the standard Kerr model,
and sustains stable and collapse-free propagation in nonlocal media.
Introducmg the free parameter « and normahzed variables
— (Ac/2)a(Va? Ty Rev/a, /1) exp(a/2c1). ¥ = (Yo/a/¥(\/a? 17
cm z/2.0), with AZ = 8A ¢E /mOKkZ(nH —nif = 2kR% R =K/
2A¢E?, W, = 2A¢E? /nKkZ(n” _’M) solitons of Eq. (3) are descrlbed by

Via—a+W¥Ya=0 V¥ —-a¥+1/2a*>=0 (4)

with a the envelope, ¥ the reorientational perturbation and « a figure
of nonlocality able to describe solitons between the two limits: high
nonlocality for small o« and the (local) Kerr-case for infinite « [20].
The fundamental solitons of (4) are stable because realize an absolute
minimum of the Hamiltonian [25]. Noteworthy, system (4) is formally
equal to the set describing simultons in quadratic media with an elec-
tronic nonlinearity, where « would be the phase mismatch and ¥ the
harmonic field [26]. In NLC, for comparable beam and reorientation
profiles, local-type solitons (with large «) approximate well the solu-
tions as the nonlinear perturbation is localized on-axis with respect
to the excitation [27,28]. Conversely, in the small « limit — when the
angular perturbation is much wider than the beam — the response is
highly nonlocal. In the «—0 regime, the soliton profile on-axis is Gaus-
sian and depends on power rather than intensity, as expected from a
highly nonlocal nonlinear response [13,19,20,29]. The latter model
can be directly compared with our experiments: images were acquired
with a CCD camera and a microscope taking advantage of the out-
of-plane scattering, as shown in Figure 1(b—c) comparing the linear
(diffraction) to the nonlinear outcome (Nematicon) [23]. Typical
parameter values for the NLC mixture E7 at 1 =514nm and in a
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75 um-thick cell biased at ~1V are (nﬁ -n?)~1,K~10 "' N,E=13
10*4V/m, &, ~ 20¢y and R, = 22 um. As powers <2mW were launched
into the cell, i.e., around 0.1mW coupled inside the NLC, the highly
nonlocal regime with P > P. = 16cn(90)eE”/kf(nf — n?)?~2u W
was addressed, yielding a Nematicon waist of the order of 3 um and
a peak perturbation ¥ of about 102 (rad). The relationship between
the Nematicon power P and its (intensity) waist W can be cast in
the existence curve PW? = P.R,2. When inputs do not exactly match
(in power or waist) the stationary (z-independent) states on the exist-
ence curve, with W << R, or, equivalently, P >> P_, an arbitrary Gaus-
sian input will in general excite a self-trapped oscillating beam or
breather, with intensity and waist pulsating as it propagates and
depending on the injected power [29].

lll. SOME FUNDAMENTAL PROPERTIES OF NEMATICONS

Figure 2 shows some additional results enlightening the nonlocal
nature of Nematicons. As pointed out above, the soliton waveguide
has a numerical aperture larger than what strictly needed to guide
the input light; hence, weaker copolarized signals of wavelength >4
can also be confined in a Nematicon excited at A [15,22]. This allows
to transferring/transmitting signals of different wavelengths and
modulation formats into Nematicons, paving the way to fully reconfi-
gurable circuits for spatial multiplexing whereby the information can
be routed in various directions or towards different output destina-
tions by way of the light-induced channel(s) [30]. Noteworthy, owing

50 (@ 50 » ©
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-50 -50
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FIGURE 2 (a) y-polarized and (b) x-polarized 2.7 mW spatially incoherent
(speckled) beam propagating at 514 nm in the NLC cell. A Nematicon forms
in the extraordinary polarization where a reorientational response is driven.
In (c¢) and (d) a 100 W He — Ne incoherent signal is collinear and copolarized
to the Argon beam in (a) and (b), respectively (tilt and offsets are artifacts).
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to the spatial nonlocality, also a spatially (and/or temporally) incoher-
ent, speckled (through a diffuser) beam can self-trap into a soliton if its
power is large enough to overcome the higher diffraction (Fig. 2(a))
and form an “incoherent” Nematicon (Fig. 2(b)) [31-33]. Even in the
incoherent case, the corresponding graded-index waveguide is such
that a weak and copolarized signal propagating through the same dif-
fuser follows the whereabouts of the stronger beam. In the example
displayed in Figure 2, for instance, a naturally diffracting 100 pyW
He-Ne beam at 632.8 nm (Fig. 2(c)) becomes guided in the presence
of a collinear copolarized spatially-incoherent Nematicon at 514 nm
(Fig. 2(d)).

Since the NLC effectively is a uniaxial and Nematicons are extra-
ordinarily polarized light packets, they undergo birefringent walk-
off, i.e., their Poynting vector S (or photon flux) points in a slightly
different direction than the wave vector k. As in liquid crystals
birefringence can easily be around 0.2 and reach 0.5, walk-off angles
can be sizable. In E7 walk-off can be as large as 7°. In a cell such as
in Figure 1(a, c¢), therefore, a Nematicon launched in the midplane
x = 0 will move upwards/downwards along x despite its wavevector
k//z. Eventually, the spatial soliton will approach the boundaries in
x = +h/2 and interact with the refractive potential defined by the
anchoring at the interfaces [34]. As a result, a Nematicon will follow
a “snake-like” trajectory as it moves out-of-axis due to walkoff and
feels the graded-index well in the cell (Fig. 3(a)). While such oscilla-
tions can be “tuned” by an applied voltage and exploited in the non-
linear regime to “correct” the soliton trajectory and output location
(see Section V), they can be compensated by an initial tilt, as illu-
strated in Figure 3(b) [34]. Geometries with the director in the (y, z)
plane, i.e. producing “side” steering (versus “depth”) with respect to
the plane of observation, have been exploited to control the Nematicon
direction by varying the walkoff by an applied voltage, as we will
address in Section IV. The plots in Figure 3 also emphasize the breath-
ing nature of Nematicons, with cyclic changes in waist. Such breath-
ing becomes rather involved when different wavelength components
contribute to the formation of a spatial soliton via cross-phase modu-
lation, as investigated by Alberucci and coworkers in the case of
two-color nematicons [35].

Organic dopants (dyes) have been investigated in various NLC mix-
tures, as they can introduce optical absorption and gain in specific
spectral intervals, at variance with undoped NLC which exhibit high
transparency in a wide spectral range and a nonresonant nonlinearity
[1]. Dye-doped NLC have been used to exploit the thermo-optic
response through absorption, to enhance the nonlinearity through
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FIGURE 3 Typical trajectory of a Nematicon in a cell with molecules lying in
the plane (x, z). (a) The input e-polarized beam is injected along z and forms a
breather which interacts with the boundaries and propagates along an oscil-
latory path in (x, z). (b) The input beam is launched at an angle of 7° in order
to compensate for the walkoff: as a result the Nematicon (still a breather)
remains in the midplane.

the so called Janossy effect [36,37] and to produce light amplification
and lasing action [38-40]. Noteworthy, the first evidence of beam self-
focusing in liquid crystals was reported in dye-doped NLC by Braun
and coworkers [41,42], and several experiments with solitary waves
carried out in dye-doped systems using the temperature-mediated
transition between nematic and isotropic phases [10,43,44]. In the
reorientational regime, dye-doped NLC can sustain dissipative soli-
tary waves, i.e., spatial solitons in the presence of absorption and/or
amplification [45]. Dissipative Nematicons are characterized by
breathing with aperiodic oscillations due to the varying power content.

IV. VOLTAGE CONTROLLED STEERING OF NEMATICONS

Nematic liquid crystals, reorientational molecular media with birefrin-
gent optical properties but in a fluid state, can be largely affected by
the presence of a low-frequency or static electric field, i.e., an applied
voltage [1,3]. An external bias, as outlined in Section I, can be used
to eliminate the Freédericks threshold and allow a continuous non-
linear response to an optical excitation, as exploited to produce low-
power solitons [23]. The electro-optic response of NLC, however, can
also be employed to modify their dielectric response, i.e., their birefrin-
gence and director orientation. While a change in birefringence will
affect the nonlinear dynamics and degree of nonlocality [46,47], a reori-
entation in the optic axis can entirely redefine the principal axes and
the extraordinary plane of the NLC uniaxial, thereby changing the
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polarization state and the direction of propagation of a “walking”
soliton beam [33]. An example is the application of an external bias
to an NLC cell such as in Figure 1(d) or Figure 3: an electric field
applied along x is able to modify the walkoff and the graded-index
distribution and therefore alter the Nematicon oscillation in the plane
(x, z).

Let us now consider the geometry sketched in Figure 4(a): planar
anchoring with E7 director in the plane (y, z) at an angle p#0, an
e-polarized beam with electric field in (y, z) can generate a Nematicon.
For e.g., p = n/4 with respect to z, the Poynting vector of such a
Nematicon forms a walk-off angle ~7° with k//z. When a voltage V
is applied across the cell thickness x, the electro-optic NLC response
will drag n upwards and the e-plane out of (y, z), altering the director
elevation ¢ as well as the walkoff 6. As a result, the apparent walk-off
of an e-wave, i.e., the direction of S as observed from above (y, z), will
reduce with V until 6 =~ 0° when n is nearly parallel to x. Such steering
is demonstrated by the photographs in Figure 4(b): the Nematicon
launched at V~0V (i.e., below the Freedericks threshold, top left
panel), propagates at smaller and smaller angles with respect to z as
V increases up to 2.1V, when the director n is nearly //x. This agrees
well with the calculated trend in Figure 4(c) (solid line), stemming
from a plane-wave treatment and the material parameters of E7
[48]. Noteworthy, the wave packet forming a spatial solitons can
effectively be treated as a plane wave despite its spectrum in space
and conserve its polarization state despite the changes in optical ani-
sotropy [49,50].

0 10 20 30
viv]

(@) (c)

FIGURE 4 (a) Planar cell for birefringent routing in the plane (y, z): the
director n forms an angle p = n/4 with respect to z at no bias, while the Poynt-
ing vector S to propagate at a walk-off of 7°. (b) Nematicon steering in (y, z) due
to reduced apparent walk-off versus external voltage from 0.6V (top left) to
2.1V (bottom right). (¢) Calculated and measured apparent walk-off versus
voltage.
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An angular deviation of 7 degrees is rather large for spatial solitons
in optics; it could be made even larger by using NLC with higher
birefringence. Nematicons, however, are robust and can survive the
interaction with a discontinuity such as the transition to another
transparent nonlinear medium supporting their propagation. It is
therefore at hand the use of two distinct dielectric regions in order
to exploit refraction through an interface. A simple cell structure
can be designed similar to Figure 4(a) but with a top electrode split
by a rectilinear gap in two portions 1 and 2, independently biased by
different voltages (Fig. 5(a)) [51]. The index and birefringence mis-
match between the two NLC regions below the electrodes can there-
fore be tuned in order to define the desired interface between the
two nonlinear media and control the refraction of a Nematicon. When
a soliton impinges on the (relatively narrow) gap separating the two
dielectrics (1 and 2), the Nematicon can either be refracted or undergo
total internal reflection (TIR), depending on the sign of the induced
index mismatch as well as on the incidence angle below or above the
corresponding critical value. Such phenomena in anisotropic dielec-
trics are not as simple as the usual Snell’s law in isotropic media,
but can be designed with the aid of the inverse surface of wave-
normals [51]. Using a cell with planarly anchored director parallel to
the gap, employing moderate voltages and near-infrared light at
1.064 um in a cell with E7, for region 2 biased at higher voltage than
region 1 we achieved refraction and angular steering of the self-
induced waveguides up to —18°, as visible in Figure 5(b), center photo.

AV=0V AV=-0.8V AV=0.8V

y [um]

500 1000
z[um) z[pm] Z[um]

(@) (®)

FIGURE 5 (a) Sketch of the NLC cell with two dielectric regions. On the top
glass slide two electrodes are separated by a straight gap of 100 um width
(indicated by the white dashed line in (b)). Unequal voltages V; and V, applied
to regions 1 and 2, respectively, induce different reorientations of the NLC
molecules, i.e., distinct optical densities. (b) Intensity evolution of a 4.5 mW
(input power) Nematicon along z. For AV=V; -V, =-0.8V<0V the fila-
ment is refracted by —18° at the interface between regions 1 and 2. (b) When
region 1 is optically denser than region 2, at AV = 0.8V and incidence above
the critical angle, the Nematicon undergoes reflection with a deviation of 22°.
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For region 1 biased with a higher voltage than region 2 and incidence
angles >79° we obtained total internal reflection refraction and a
Nematicon deviation of + 22 degrees, as shown in the rightmost panel
of Figure 5(b). In this configuration and thanks to the peculiar ani-
sotropy of NLC, optical solitons not only survive and maintain their
extraordinary polarization, but also exhibit a large linear as well as
a nonlinear Goos-Héanchen shift, with a corresponding power-
controlled lateral displacement [52]. Finally, when the director is not
parallel to the induced interface, the anisotropy allows non-specular
(asymmetric) total internal reflection [53].

V. ALL-OPTICAL STEERING OF NEMATICONS

Since NLC are characterized by a large optical nonlinearity which sup-
ports Nematicons, the same all-optical reorientational response can be
exploited in order to affect their propagation. Once again, the intrinsic
robustness of these nonlocal solitons enables their non-destructive
interaction with externally induced dielectric defects, other Nemati-
cons, interfaces [21,50-57].

An all-optical defect can be created by employing a suitably polar-
ized external beam in order to alter the refractive index and make a
lens, as in Figure 6(a). Correspondingly, a Nematicon impinging on
the lens-like perturbation will be either split into two branches or
deviated sideways depending on its position relative to the defect, as

o [degrees]

0 10 20 30 40
P [mW]

FIGURE 6 (a) Sketch of the geometry for inducing a defect by means of an
external beam. The Nematicon is launched from left to right (E-field along
x) and impinges on a lens-like defect as generated by the nonlinear NLC
response to an external beam at 1.064 pm with E-field along z. (b—c) Effect
of the perturbing beam of power P = 32 mW on the weak signal (He-Ne laser
light at 0.6328 um) guided by a Nematicon (at A = 1.064 um) in the (y, z) plane:
(b) when the induced negative lens (its position marked by the circle) overlaps
with the soliton, the confined beam splits up into a Y-junction; (c) as the lens is
shifted upwards by Ay = 9 um, the soliton and the signal are steered down-
wards; (d) plot of angular deviation in the case (c) versus input control power.
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visible in the photographs taken at 1064 nm (Fig. 6(b—c)) [54]. The type
of deviation and its size can be tuned by varying the power of the con-
trol beam (Fig. 6(d)), leading to potential all-optical gating and logic
operations when employing more than one external inputs [55,56].
This approach to all-optical defects excited by external beam(s) can
be generalized beyond the simple case of a lens, permitting the defi-
nition of various elements such as prisms or interfaces or periodic
structures. An alternative to bulk-induced defects is the action of
external light on the anchoring molecules at the boundaries, parti-
cularly in the presence of dyes [57].

While two high-power Nematicons intersecting at a wide angle
behave as ideal Kerr solitons (see Fig. 7(a)), angular steering can also
be obtained by the interaction of two or more of them in the plane (y, z)
of propagation, provided their separation and relative angle are within
the nonlocality range, as displayed in Figure 7(b—d) [22]. Owing to the
high nonlocality of NLC, mutual Nematicon-Nematicon interactions,
at variance with pure Kerr solitons, in most practical cases of interest

0 100 200 300 400 S00 600 700 800 SO0 —

7[pm] 00
(b)
01|
(c) 10
o 11

0.5

zlmm]

FIGURE 7 Nematicon interactions with another Nematicon. (a) Two high-
power nematicons intersect at a wide angle, beahing as ideal solitons; (b)
two low-power solitons (1.5 mW) launched at 514 nm (from the left side) with
a relative angle of about 1.7° (¢) same as above, with a higher input power
of nearly 2mW each: the Nematicons propagate in parallel; (d) same as above
with power >4mW: interlacing and spatial switching of the outputs are
clearly visible in the last case. (e) Example of an exclusive NOR logic gate with
three Nematicons: A and B are control inputs, S carries the signal. The photo-
graphs show a demonstration with 1.7mW Nematicons at 514 nm.
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are attractive regardless the relative phase. If the degree of nonlocal-
ity can be lowered (e.g., by acting on bias) below a critical value, how-
ever, Nematicons attract/repel in the usual phase-dependent fashion
characteristic of local solitons [568]. Two or more Nematicons can be
arranged into all-optical logic gates, as the presence of a soliton can
alter the path of the other(s) [59]. (Fig. 7(d) shows an exclusive NOR
(XNOR) gate realized with two control soliton-inputs A and B, and a
signal-carrying soliton S. The output of the latter at a given location
(logic state TRUE) is altered by the presence (binary state 1) or the
absence (binary state 0) of A and/or B, as summarized by the XNOR
truth table.

While the interactions above took place in the plane (y, z), volume
interactions can also occur. When two mutually attracting Nematicons
are launched with initial tilts out-of-midplane, they can form a cluster
with a finite angular momentum and spiral in propagation [60]. How-
ever, since the angular momentum of the system depends on the over-
all input power, clusters of high-power Nematicons will rotate faster
than those with low-powers, leading to power-controlled rotation at
the output [61]. Figure 8 shows an illustration of two spiraling Nema-
ticons and the output image of the cluster as the input power is
increased [62]. This phenomenon can be generalized to clusters of
nematicons with different colours [63].

Several Nematicons, coherent or incoherent, [64—66] can be gener-
ated via transverse modulational instability, form -clusters and
undergo complex dynamics in both space and spectrum, [67,68] includ-
ing the formation of optical shock waves in spite of the self-focusing
nonlinearity [69,70].

FIGURE 8 Nematicon interactions out of the plane (y, z). Left: sketch of spir-
aling Nematicons versus propagation. Right: images of the cluster in the out-
put transverse plane (x, y) for various excitations: 2.1, 2.7, 3.3 and 3.9 mW in
each beam, respectively. The boundaries of the NLC cell are indicated by ver-
tical solid lines: as power increases, the cluster rotates faster, with a measured
sensitivity of /2 (rad)/mW.
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FIGURE 9 Power-dependent Nematicon bouncing at the boundary: (a) propa-
gation and soliton trajectories in an NLC cell such as in Figure 1(c). Spatial
solitons are launched with an elevation ¢ = 0.6° in order to interact with the
interface: as power increases, so does the repulsive force and the Nematicon
is pushed away from the (lower) boundary (black line). (b) Acquired and super-
imposed photographs of Nematicon profiles at the cell output (z = L = 4mm)
for various powers; the squares corresponding to the symbols in (c¢). (c) Experi-
mental data (squares with error bars) and calculated (line) output soliton posi-
tions versus input power.

Finally, all-optical control on the propagation of a Nematicon can be
gained by acting on its effective mass (power) as it interacts with the
potential at the cell boundaries [71]. Since the nonlinear response is
nonlocal and the potential gets altered by the soliton power, a simple
way to displace a Nematicon consists in making it bounce off one of the
boundaries: as the soliton power increases so does the repulsive force,
pushing the self-trapped beam away as illustrated in Figure 9(a).
Experimental results with Nematicons excited at 1.064 um in a cell
as in Figure 1(c) are shown in Figure 9(b—c) [72].

VI. CONCLUSIONS

In this brief (and incomplete) review on Nematicons we have tried to
enlighten some of the most relevant features and recent results on
spatial optical solitons in nematic liquid crystals. The experimental
results, obtained with standard commercial NLC mixtures in simple
planar cells, demonstrate the wealth of basic physics and potential
applications of self-confined beams in these nonlocal dielectrics, mak-
ing NLC an ideal workbench for soliton physics. Self-guiding and sig-
nal routing, angular steering and spatial multiplexing, electro-optic
and all-optical control, switching, gating and polarization healing
are just examples of the features encompassed by Nematicons and
investigated to date. We anticipate several other phenomena and
applications to be discovered and reported in the near future.
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