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ABSTRACT

We review some of our recent results on experimental light-induced periodic structures and their role in controlling light
in discrete optics considering advanced features based on phase engineering and multiplexing of optically-induced lattic-
es. While in the past only rather simple geometries like diamond, square, or hexagonal lattices were studied, we focus
onto more complex photonic structures. Among them, we will present anisotropic triangular lattices, superlattices and
three-dimensional lattices. We also study the propagation and localization of light in these structures — from simple
waveforms to complex topological structures carrying phase dislocations.
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1. INTRODUCTION

Due to versatile steering and control possibilities, wave propagation in nonlinear periodic structures has been the subject
of extensive studies for several years. The interplay between periodicity and nonlinearity has been shown to cause a va-
riety of fascinating nonlinear effects. In particular, discrete and gap spatial solitons have been studied in many different
systems such as conjugated polymers [1], Bose Einstein condensates [2] and nonlinear waveguide arrays [3]. In optics,
the induction of periodic refractive index structures in photorefractive materials [4] has been utilized to demonstrate a
large variety of nonlinear localization effects such as soliton trains [5], Zener tunneling and Bloch oscillations [6] as well
as vortex solitons [7-9]. The advantage of this induction technique is given by the electro-optic properties of photore-
fractive crystals such as strontium barium niobate (SBN), which allow highly nonlinear, reconfigurable refractive index
patterns to be achieved at very low power levels. While in the past only comparatively simple geometries such as di-
amond, square [4,10,11] or hexagonal [12] lattices were studied, currently, special attention is paid to more complex
photonic structures such as modulated waveguide arrays [13], lattice interfaces [14] or double-periodic 1d photonic lat-
tices [15] as well as to the propagation of more complex waves as for example optical vortices or vortex solitons [16]. In
general, complex or multiperiodic structures as well as complex wavefronts interacting with these lattices are of im-
mense interest since they offer many exciting possibilities to engineer the diffraction properties of light. Among the
many features that can be expected by these complex lattices, an example is the potential opening of additional mini gaps
in the transmission spectrum, thereby paving the way to new soliton families in nonlinear media [17].

In this paper, we present several approaches to realize on the one hand complex two- and even three-dimensional pho-
tonic lattices, and on the other hand linear and nonlinear interaction with complex wavefronts carrying phase dislocations
leading to novel stabilization mechanisms of complex waves.

2. WAVE PROPAGATION IN OPTICALLY-INDUCED PHOTONIC LATTICES

A simple and well-known procedure to generate a desired intensity distribution for optical induction of two-dimensional
(2d) photonic lattices in photorefractive crystals utilizes the interference of several plane waves inside the biased photo-
refractive crystal [4]. The periodicity of the induced patterns can be controlled by the interference angle whereas the
modulation depth depends on the externally applied electric field. More flexibility in changing the lattice parameters can
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be achieved by using a programmable spatial light modulator to create the diffraction free propagating transversely peri-
odic lattice wave [10,11]. For example, this configuration has been used to show the existence of discrete and dipole-
mode gap solitons in photonic lattices of triangular shape [18] which would otherwise require the use of six plane waves
and is consequently not very convenient to be induced by interference.

Mathematically, one can describe the optical induction of photonic lattices as well as beam propagation in these struc-
tures by the following set of equations:
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scalar potential of the electric screening field £, and the externally applied electric field E,,, which is directed along the
c-axis of the crystal. The total intensity I is the sum of the lattice wave and the probe beam intensity. Eq. (1) has been
made dimensionless by introducing the length scales wy and z, = kwg’. k and n, denote the wave vector and the unper-
turbed refractive index, respectively. Throughout this paper, we use r.;= 280 pm/V, ny = 2,35 and wy = 10um.

is proportional to the effective element of the linear electro-optic tensor .5 ¢1is the

Fig. 1 shows a schematic of a typical setup used in our experiments. A beam derived from a frequency-doubled Nd:YAG
laser at a wavelength of 532 nm is split into two beams with adjustable intensities by using a combination of half wave
plates and polarizing beam splitters. The transmitted beam illuminates a programmable spatial light modulator (SLM1)
to imprint a phase modulation in such a way to create the desired non-diffracting lattice forming wave [10] necessary for
the induction of periodic structures. The modulated beam is then imaged at the input face of a SrggBag4oNbyOg
(SBN:Ce) crystal by a high numerical aperture telescope. A half wave plate in front of the telescope is used to ensure
ordinary polarization of the lattice wave, thus enabling its effectively linear propagation [4]. The crystal is additionally
biased by an externally applied electric field and — to control the dark irradiance — uniformly illuminated with a white-
light source. The second spatial light modulator (SLM2) combined with proper Fourier filtering is employed to achieve
the desired amplitude and phase structure of an incident Gaussian probe beam. It is passed through a half wave plate to
ensure its extraordinary polarization and subsequently sent to the CCD camera to record a phase interferogram with the
probe beam. To observe the induced refractive index structure, the lattice can be illuminated with a broad plane wave,
which is guided by the regions of high refractive index. As a consequence, the modulated intensity distribution at the
output of the crystal qualitatively maps the induced refractive index. When including a Fourier-transform lens, the spec-
trum of the lattice can be analyzed too. A further analysis can be achieved by Brillouin zone spectroscopy [25,26].
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Fig. 1: Experimental setup. BS: beam splitter, CCD: camera, FF: Fourier filtering, L: lens, M: mirror, MO: microscope objective,
PH: pinhole, SLM: spatial light modulator
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3. TRIANGULAR LATTICES

For optically-induced lattices in photorefractive media, the induced refractive index change depends strongly on the ani-
sotropy of the photorefractive response as well as on the polarization of the lattice wave [10,11,19]. In particular, its spa-
tial orientation with respect to the c-axis of the crystal determines the symmetry of the resulting refractive index lattice,
which can be different from the inducing light pattern. Even when considering lattices with a fourfold symmetry as the
simplest example of highly symmetric structures, two lattice orientations can be distinguished: a square pattern with one
high-symmetry axis orientated parallel to the c-axis, and a 45° tilted, so-called diamond pattern as it has been used in
most experiments up to now. We have demonstrated that, due to the photorefractive anisotropy, the square lattice results
in an effectively 1d refractive index structure consisting of vertical lines, whereas the induced refractive index change for
the diamond pattern contains well separated spots, thus forming a fully 2d structure [10,11]. Furthermore, the anisotropic
structure of the induced refractive index change has been shown to influence the symmetry of discrete solitons [19]. Due
to the effectively 1d refractive index modulation, discrete solitons generated in the square lattice resemble 2d solitons in
a quasi 1d lattice potential whereas a probe beam in the diamond lattice follows the dynamics known for truly 2d lattices.

Recently, we have extended the concept of solitons in optically induced lattices to more complex anisotropic lattices and
demonstrated, that with a concise analysis of the non-diffracting patterns in the anisotropic photorefractive material the
formation of more complex and higher-order discrete and gap solitons is possible. As an example of an anisotropic pho-
tonic structure, we have chosen complex triangular lattices with
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As shown in Fig. 2, we distinguish two different orientations of the lattice wave: the so-called parallel orientation with
(X,Y) = (x,y) and the perpendicular orientation with (X,Y) = (y,x). For the parallel orientation (top row in Fig. 2), the out-
put of a guided plane wave (Fig. 2(c)) reveals a fully 2d structure, while for the perpendicular orientation it contains
vertical lines resembling an effectively 1d refractive index structure (Fig. 2(f)). In fact, these two lattices not only
represent an example of highly-symmetric patterns that are transformed into lattices with reduced symmetry, but also
patterns that are an extension of the commonly known fourfold symmetry diamond or square lattices. Triangular lattices
in parallel orientation are higher-order lattices consisting of dipole structures oriented in a diamond pattern with angles
of 60°. In particular, we have shown that the symmetry of discrete solitons in these lattices is influenced by the photore-
fractive anisotropy in a very similar way as in lattices with fourfold symmetry. The triangular lattice in parallel orienta-
tion in addition enables the formation of dipole-mode gap solitons [18].
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Fig. 2: Parallel (top) and perpendicular (bottom) triangular pattern. (a, d) Lattice wave, (b, €) numerical simulation of the
light-induced refractive index change, (c, f) guided wave

In Figs. 3 and 4, we summarize our experimental and numerical results on the existence of solitons in such triangular
lattices. It is clearly visible that the diffraction of the probe beam in the parallel oriented lattice at low power shows a
behavior similar to the diamond lattice, forming a fully 2d diffraction pattern (Figs. 3(a, b)). In contrast, corresponding
images for the perpendicular lattice (Figs. 3(g, h)) show an effectively 1d diffraction pattern consisting of vertical stripes
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as observed for the square pattern [10,11]. Increasing the power of the probe beam, we observe the evolution from the
described diffraction pattern to the strongly localized discrete solitons (Figs. 3(e, f) and (k, 1)). The numerical simulations
are in very good agreement with our experimental observations.

It has also been demonstrated that the lattice in parallel orientation with its dipole-like islands of high refractive index
gives rise to the formation of dipole-mode gap solitons. By generating a dipole-like input, we were able to obtain a stable
dipole-mode gap soliton (Figs. 4(c, f)). The existence of these stable solitons in triangular lattices offers novel possibili-
ties to control dipole-like beams. In bulk photorefractive media they are known to experience strong repulsion [20], whe-
reas in the presence of the lattice they are confined in one dipole-like island of high refractive index.

Fig. 3: Formation of fundamental discrete solitons in the parallel (a-f) and perpendicular (g-1) triangular lattice. First and
third column show experimental results while second and fourth column depict the corresponding numerical simula-
tions. (a, b), (g, h) Diffraction of the probe beam at low power (= 20 nW), (c, d), (i, j) localized state at moderate power
(=40 nW), (e, 1), (k, 1) discrete soliton (= 150 nW)

Fig. 4: Experimental results (top) and numerical simulations (bottom) for the formation of a dipole-mode gap soliton in the
parallel triangular lattice. (a, b) Diffraction of the probe beam at low power (= 10 nW), (c, d) localized state at moderate
power (= 25 nW), (e, f) dipole-mode gap soliton (= 90 nW)
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4. SUPERLATTICES BY HOLOGRAPHIC MULTIPLEXING

At a first glance, superimposing lattices with different periodicities seems to be straightforward when employing the
above-mentioned techniques. However, unfortunately, for the induction of multiperiodic lattices, the self-evident idea to
use the spatial light modulator for a direct modulation of the lattice wave with a corresponding pattern is not successful.
The reason is that lattice waves of different periodicities acquire different phase shifts during propagation and their cohe-
rent superposition therefore leads to an intensity modulation in the propagation direction due to interference. Conse-
quently, a method of incoherent superposition is required. Of course a simple overlay of multiple incoherent interference
patterns is feasible but lacks the flexibility benefits offered by the usage of a modulator.

A solution can be found when using multiplexing techniques known from holographic data storage. Several different
approaches such as wavelength, angular and phase code multiplexing [21-23] allow the superposition of different refrac-
tive index patterns inside the volume of a photorefractive crystal and can serve as a basis for the induction of multiperi-
odic photonic superlattices. Compared with the commonly used sequential recording scheme, the method of incremental
multiplexing [24] offers the possibility to induce the superimposed lattices with varied modulation depths by simply ad-
justing their relative illumination times. In fact, this enhances the flexibility of the induction process even more.

We have implemented this method for the induction of 2d diamond patterns of the form

~ . x+Y ). [ xXx—Y
A, (x,y) = 4, sin (fj Sm[ V2 j 5

In our experiments, we have analyzed the induced refractive index structures in Fourier space using Brillouin zone spec-
troscopy [25, 26]. If only one lattice period is used during the induction process, the Brillouin zone pictures show the
corresponding lines marking the borders of the first Brillouin zone of the corresponding lattice (Figs. 5(d, e)). The induc-
tion of a 2d photonic superlattice as a superposition of these two structures is depicted in Figs. 5(c) and (f). The arrows in
Fig. 5(c) indicate the alternating sequence of the two single periodic lattice waves. Both waves are sent onto the crystal
in an alternating scheme having the same power, respectively. It is important to note that this illumination time is at least
one magnitude smaller than the typical dielectric relaxation time of the used crystal, which at these intensities typically is
in the range of tens of seconds. Fig. 5(f) clearly shows the Brillouin zone structure of the double-periodic 2d superlattice
induced by the superposition of the two single periodic structures.

Fig. 5: Lattice wave (top) and Brillouin zone spectroscopy (bottom) of a 2d multiperiodic lattice. (a, d) Diamond pattern
with lattice period of 17um, (b, ¢) diamond pattern with lattice period of 28um, (c, f) incremental multiplexing of di-
amond patterns with lattice periods of 17 and 28pm

We emphasize that the only fundamental restriction on the successively multiplexed structures is their diffraction free
propagation through the medium. Therefore, the method of holographic multiplexing may also be extended to induce
more sophisticated refractive index structures, for example asymmetric lattices being a superposition of many single pe-
riodic lattices of different symmetries.
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5. VORTEX CLUSTERS

Some of the most spectacular observations of nonlinear dynamics of coherent light waves in periodic potentials relate to
the properties of vortices and vortex flows in optical lattices [27-30]. Dramatic changes of light diffraction or tunneling
of matter waves in media with periodically modulated parameters indicate novel directions for manipulating waves with
a complex phase structure. Self-trapped phase singularities [16] in the form of isolated discrete vortices have been pre-
dicted theoretically [31-34] and generated experimentally in square photonic lattices [27, 28, 35].

We have investigated the stability properties of vortex clusters, i.e. clusters of weakly coupled fundamental solitons with
a superimposed phase structure containing one or more phase singularities. In particular, we have demonstrated the exis-
tence of multivortex solitons [9] as well as double charge discrete vortex solitons [37] in hexagonal photonic lattices.

5.1 Multivortex solitons

Multivortex coherent states appear naturally in the systems with repulsive inter-particle interactions where they can be
confined by external potentials. For attractive interaction, multivortex structures are known to be unstable, and they have
only been observed as infinite periodic waves [11]. As a result, spatially localized multivortex states remain unobserved
and largely unexplored. Recently it was predicted theoretically [37] that photonic lattices with threefold symmetry can
support stable multivortex spatially localized states, in a sharp contrast to earlier studied square lattices [38]. Recently,
we have reported on the experimental observation of topologically stable spatially localized multivortex solitons generat-
ed in optically-induced hexagonal photonic lattices [9] which can be described by

x . ik x .
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The experimental observation of these structures is challenging due to the intrinsic anisotropy of the photorefractive non-
linear crystal, the induced potential is also strongly anisotropic [18]. To compensate for the asymmetry of the lattice and
balance corresponding energy flows between the individual sites, the lattice is deformed from its exact hexagonal sym-

metry in such a way that the ratio of the spatial frequencies is changed from &, /k, = \/5 to k,/k, =2.2 resulting
in a hexagonal structure which has been slightly stretched along its vertical direction.

To generate a multivortex probe beam, we focus three extraordinarily polarized beams onto the front face of the crystal
in such a way that they have the same symmetry as the induced lattice. In the real space depicted in Fig. 6(a), this ar-
rangement results in an input probe beam having the form of seven distinctive spots forming a hexagonal pattern with the
same periods as the lattice and containing six vortices. At low input powers of =20 nW, the diffraction of the probe beam
leads to a broad output distribution as shown in Fig. 6(b).

However, at high powers &1 pW), the structur e becomes localized and the output intensity distribution features seven
well-pronounced spots closely resembling the input. To show the topological structure of multivortex solitons, we record
the phase interferograms of the reference beam and the probe beam at low and high intensities, respectively. It is clearly
visible that at low power (in the linear regime) the initial phase profile becomes strongly distorted. While the six initial
vortices can still be found in the output field, their positions are changed. In contrast, for high input power of the probe
beam (Figs. 6(c, f)) in the nonlinear regime not only the beam intensity becomes self-trapped but also the phase profile
(Fig. 6(f)) retains exactly the same hexagonal vortex pattern of the input beam. We emphasize that the observation of
stable multivortex solitons requires stretching of the photonic lattice. The reason for this behavior can be found in the
intensity transfer between two lobes i and j. Under the assumption that all the lobes of the cluster are centered on the
lattice sites and only weakly coupled, this intensity transfer can be derived as J; oc ¢; sin(¢ - ¢; ) wherein ¢;; denotes the
respective phases, and ¢; are the coupling coefficients [9]. In order to create a stable vortex cluster, the intensity flows

N
between all lobes should be balanced, i.., Z J i = 0 (see details in Ref. [38]).

i=1

For a structure with N = 7 and a hexagonal symmetry, this implies that the transverse power flow between each outer
lobe and the center lobe has to be twice as high as those between the outer lobes themselves. Under this constraint the
flow condition can be fulfilled only if for all adjacent lobes the coefficients c; become equal. However, this condition
cannot be fulfilled in the case of hexagonal lattices with &, / k, = V3 due to the photorefractive anisotropy.
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Fig. 6: Intensity distributions (top) and phase interferograms (bottom) of a multivortex soliton in a hexagonal lattice. Posi-
tions of the vortices are indicated by blue circles for the topological charge m = -1 and red ones for m = +1. (a, d) Probe
beam input, (b, €) output intensity at low power, (c, f) multivortex soliton

As a result, at low powers of the input beam the anisotropic discrete diffraction dominates the dynamics. In the soliton
regime the intensity of the probe beam attains a well defined 7-lobe structure but with an additional modulation resem-
bling that of the diffracted beam. This modulation indicates complex deformations of the power flow [38]. Hence, in a
hexagonal lattice, the vortices are unstable and undergo topological transformations during propagation. However, the
photorefractive anisotropy of the lattice can be compensated for and, consequently, the energy flow can be balanced by
adjusting the ratio k, / k, appropriately. Indeed, a stable phase profile can be achieved for the 7-lobe cluster in this case.

For a structure with N = 7 and a hexagonal symmetry, this implies that the transverse power flow between each outer
lobe and the center lobe has to be twice as high as those between the outer lobes themselves. Under this constraint the
flow condition can be fulfilled only if for all adjacent lobes the coefficients c; become equal. However, this condition
cannot be fulfilled in the case of hexagonal lattices with &,/ k, = 3 due to the photorefractive anisotropy. As a result, at
low powers of the input beam the anisotropic discrete diffraction dominates the dynamics. In the soliton regime the in-
tensity of the probe beam attains a well defined 7-lobe structure but with an additional modulation resembling that of the
diffracted beam. This modulation indicates complex deformations of the power flow [38]. Hence, in a hexagonal lattice,
the vortices are unstable and undergo topological transformations during propagation. However, the photorefractive ani-
sotropy of the lattice can be compensated for and, consequently, the energy flow can be balanced by adjusting the ratio &,
/ k, appropriately. Indeed, a stable phase profile can be achieved for the 7-lobe cluster in this case.

5.2 Double-charge discrete vortex solitons

Lattices with a non-square symmetry such as hexagonal and honeycomb lattices show striking new vortex forms, includ-
ing multi-vortex localized states [9, 37]. However, perhaps the most counter-intuitive result to emerge from the consider-
ation of hexagonal lattices is that in the simplest six-site configuration double-charge vortices may become stable, while
single-charge vortices are always unstable [39], in agreement with the stability properties of vortex solitons in modulated
Bessel lattices [40]. This is particularly surprising as higher-charge discrete vortices are typically unstable in homogene-
ous nonlinear systems [16].

Here, we demonstrate experimentally the stability of a double-charge vortex in contrast to the corresponding single-
charge vortex state which is unstable under the same conditions. As described in section 2, the lattice is formed with the
help of one spatial light modulator. We use the second phase modulator to impose either a 2r or 4% phase winding on an
input modulated (six-site) beam for the generation of single- and double-charge vortices, respectively. The characteristics
of the beams are otherwise identical, and thus differences in the dynamics are due solely to the different input phases.
We selectively vary the beam intensity to effectively move from the linear regime (low power, Ixop. = 50 nW) to the non-
linear regime (high power, I;ohe = 550 nW).
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The single-charge vortex input is shown in Fig. 7(a). Its intensity distribution has a form of a necklace with six intensity
peaks whose positions correspond to the lattice sites (index maxima). At low input power the beam undergoes discrete
diffraction and a complete loss of the initial six site input state (Fig. 7(c)). At high power the initial six site intensity pro-
file changes significantly after propagation (Fig. 7(e)), showing strong intensity modulations and even filling in the cen-
tral lattice site. Furthermore, in the phase profile multiple vortices are seen to appear, further indicating a breakdown of
the single-charge state (circles in Fig. 7(f)). We were unable to find an example of stable propagation of the single-
charge vortex in the high-power (nonlinear) regime, a result consistent with the isotropic case predictions [39]. In the
case of the double-charge vortex (Fig. 7(g-1)), we again observe a discrete diffraction with low input power (see Fig.
7(1)), however the result changes dramatically when the power is increased (see Fig. 7(k)). We observe that now the six-
site input structure is preserved in the nonlinear propagation.

Interestingly, while the overall phase winding is still 4m, it can be clearly seen that the initial double-charge singularity
has split into two single-charge vortices. This splitting of the higher-order singularity has been shown to be due to an
inherent topological instability in the higher phase-winding. This topological breakdown in the linear (low power) part of
the field further indicates that the stability of the 4n phase winding across the six sites is due to the interplay of the nonli-
nearity and local phase of the high-power sites suppressing the development of a dynamical instability. However, we
find that this stability is critically dependent on the symmetry of the lattice, with a decrease in the lattice stretching (and
thus a corresponding decrease in the symmetry of the underlying modulated refractive index) leading to a dynamical
instability in the double-charge state as well.

The phase interferogram in Fig. 7(1) also indicates an additional pair of single-charge vortices of the opposite charge in-
side the vortex structure (not marked by circles). However, this additional pair does not affect the stability of the 4n
phase winding, and it can be fully attributed to inevitable experimental noise in this region of low intensity of light.

To corroborate our experimental results, we have performed numerical simulations using the full anisotropic model as
desribed in section 2. First we consider the case of a six-site initial state with a single-charge vortex phase of the form
shown in Fig. 8(a) with either low or high power propagating a distance of 20 mm in the lattice. For the low input power
case (Fig. 8(c)) we see that, as in the experiment, the vortex beam undergoes diffraction. If instead a high input power is
considered (Fig. 8(c)) the vortex maintains much of its form.

*Wll”mm;l;m‘

Wy

Fig. 7: Comparison of the stability of single- (a-f) and double-charge (g-1) vortices. Circles indicate positions of vortices
with topological charge m=+1 (red) or m=-1 (blue). (a, b) Intensity and phase distribution of an input single-charge
vortex beam, (c, d) beam profile and phase at the output for low input power, (e, f) output for high input power, (g, h)
double-charge vortex input. (i, j) discrete diffraction for low power, (k, 1) discrete double-charge vortex soliton.
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Fig. 8: Numerical simulation of the intensity (top) and phase profile (bottom) for a single-charge vortex. (a, ¢) Input, (b, f)
beam profile at z =20 mm for low input power, (c, g) beam profile at z = 20 mm for high input power, (d, h) high pow-
er output at z = 280 mm

Some intensity fluctuations are evident, and more importantly, the vortex phase has deteriorated showing breakdown of
the initial single-charge vortex circulation. It must be noted that the break-up is clearly less than that observed in the ex-
periment and this discrepancy is attributed to the higher anisotropy of the experimental lattice leading to a larger instabil-
ity growth rate. In our numerical simulations, the strong instability becomes evident for longer propagation distances as

shown in Fig. 8(d) for z = 280 mm.

In Fig. 9, we consider the same input beam intensities but change the phase to that of a double-charge vortex. The low
power output (Figs. 9(b, f)) appears similar to the single-charge case, exhibiting diffraction and break-up of the vortex. In
contrast, the high power output in Figs. 9(c-h) appears unchanged in the intensity profile with a well-pronounced double-
charge vortex phase. Similar to the experimental results, the separation of the double-charge phase singularity into two
single-charge singularities is observed. However the phase circulation around a contour tracing the six high intensity
sites is well defined and equals 4.

These results demonstrate experimentally and numerically the formation of stable double-charge vortex solitons in a
hexagonal photonic lattice created optically in a self-focusing photorefractive crystal. In contrast, single-charge vortices
are unstable in the same regime. Let us note again the importance of balancing the nonlinear anisotropy by stretching the
lattice. Beyond a critical imbalance no stable double-charge vortices exist.

Fig. 9: Numerical simulation of the intensity (top) and phase profile (bottom) for a double-charge vortex. (a, €) Input, (b, f)
beam profile at z=20 mm for low input power, (c, g) double-charge discrete vortex soliton at z =20 mm, (d, h) double-
charge discrete vortex soliton at z =280 mm
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6. THREE-DIMENSIONAL LATTICES

Whereas 2d reconfigurable photorefractive lattices have become already quite well-understood and show — as we dem-
onstrated above — fascinating effects of complex nonlinear physics as dipole or vortex soliton stability, three-dimensional
(3d) reconfigurable structures that are able to show advanced nonlinear features as e.g. slow and stopped light have not
been realized up to now.

Theoretically, it has been shown that by the interference of multiple beams as well as by the multiple exposure of two
beam interference, all fourteen three-dimensional Bravais lattices could be generated [41, 42]. When this technique is
adapted to the use of spatial light modulators, it can be significantly simplified. Here, we report the generation of well-
defined reconfigurable three-dimensional (3d) nonlinear photonic lattices in externally biased strontium barium niobate
(SBN:Ce) crystals by a single step optical induction approach.

As the photonic lattices in higher spatial dimensions influence the inter-site coupling and wave scattering in anisotropic
media drastically, we experimentally explore the versatility of the optical induction approach for the fabrication of large
area reconfigurable 3d structures with flexible parameters in such media.

Fig. 9 shows in the upper row computer simulations of the light intensity distribution obtained by the interference of the
lattice forming beams, whereas the lower row shows the corresponding experimental results of a plane wave propagating
in the structure in the direction indicated, revealing the refractive index modulation in this direction. The three-
dimensional nature of the structure is clearly revealed.

The experimental analysis of these reconfigurable 3d structures proves their embedded potential in the area of nonlinear
light-matter interaction investigations. The intrinsic nonlinear light localization in such structures and propagation of
discrete modes in higher dimensions would give rise to the realization of promising nonlinear applications. In view of
actual nonlinear photonic device integration in the technological quest for the realization of all optical active devices, we
envisage the investigation of many exciting nonlinear propagation, trapping, switching, and steering beam dynamics in
these highly reconfigurable 3d photonic lattices.

Fig. 10: Computer simulation of the light intensity distribution by the interference of lattice forming beams (a-c) and expe-
rimentally observed waveguiding (d, ¢). (a) three-dimensional interference pattern, (b, d) x-y plane, (c, ¢) x-z plane
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