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Since their first observation in metallic alloys, quasicrystals have remained
highly intriguing ubiquitous physical structures, sharing properties

of ordered and disordered media. They can be created in various ways,
including optically induced or technologically fabricated structuresin
photonic and phononic systems. Understanding the wave propagation
in such two-dimensional structures attracts considerable attention,
with strikingly different localization properties observed in various

quasicrystalline systems. Direct observation of localization in purely linear
photonic quasicrystals remains elusive, and the impact of varying rotational
symmetry onlocalizationis yet to be understood. Here, using sets of
interfering plane waves, we create photonic two-dimensional quasicrystals
with different rotational symmetries. We demonstrate experimentally that

linear localization of light does occur evenin clean linear quasicrystals.

We found that light localization occurs above a critical depth of optically
induced potential and that this critical depth rapidly decreases with
increasing order of the discrete rotational symmetry of the quasicrystal.
These findings pave the way for achieving wave localization in a wide

variety of aperiodic systems obeying discrete symmetries, with possible
applications in photonics, atomic physics, acoustics and condensed matter.

Quasicrystals'* are unique structures: unlike crystals, they are not peri-
odic, thatis, they do not feature translational symmetry, and at the same
time, they still can continuously fill the entire space. Unlike crystals,
which, by the crystallographic restriction theorem, can possess only
two-, three-, four- or sixfold rotational symmetries, two-dimensional
quasicrystals can feature any order of a discrete rotational symme-
try, such as fivefold, sevenfold or higher symmetries (see examples
in Fig. 1 below). Quasicrystalline structures—initially discovered in
the process of the growth of alloys**—are nowadays extensively stud-
ied in solid-state physics™*~, including twisted bilayer graphene®’.
They are artificially created in ultracold quantum gases®™, in various

optoelectronic””and photonic'*?' systems. Theimpact of symmetry

and long-range order on wave propagation within quasicrystalline
materials and structuresis among the mostinteresting aspects under
active currentinvestigation across diverse fields.

Indeed, the evolution, transport and localization properties of
waves in a given medium are determined, in particular, by its geo-
metrical characteristics and, specifically, by its inner symmetry. For
example, localization of linear excitations is impossible in homoge-
neous and periodic media due to their translational symmetry. At the
same time, linear localization is possible in two-dimensional disor-
dered materials®**. More recently, it was predicted** and observed
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Fig. 1| Quasicrystals of different symmetries and cross-sections of
corresponding optical potentials. a, Experimentally generated N-fold
symmetric quasicrystal patterns/, (r) with odd (upper row) and even (lower
row) dihedral symmetries. The reference origin is the image centre. b, The
representative numerically generated cross-sections of the optical quasicrystal
potential Ey/[1+1,(r)]for N=5, E,=4 (upper panel) and N=8, E,= 5 (lower
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panel) along the x-axis aty = 0 of the lattice profile. The horizontal dashed green
lines show the energies equal to —f for the fundamental, most localized modes
(blue curves). wis the transverse profile of the eigenmode of the photonic
quasicrystals, and Bis its propagation constant or eigenvalue. / stands for the
interfence of N plane waves (see its expression in the text). £, stands for the
strength of the electic field.

experimentally” that localization of light can also occur in incom-
mensurate moiré lattices, created by two twisted periodic sublattices
and characterized by rotational point symmetry, but lacking trans-
lational symmetry. However, in all previous experimental studies of
light propagation in two-dimensional quasicrystals, the localization
was reported only under the action of nonlinearity" or additional
disorder®. Thus, the observation of wave localization in pure quasicrys-
talswithout the action of additional confining factors remains elusive.
Ourwork provides clear and direct experimental proof of this intrigu-
ing phenomenon by studying light propagationin reconfigurable pho-
tonic quasicrystals with various discrete symmetries, and reveals the
dependence of the depth of the optical quasicrystal potential at which
light localization occurs, onthe order of its rotational point symmetry.

We optically induce™ photonic quasicrystals in a photorefrac-
tive crystal of strontium barium niobate (SBN or Sr,Ba,_[Nb,O¢, where
x=0.61; dimensions =5 x 5 x 20 mm?®) by interfering N pairs of coun-
terpropagating coherent plane waves with transverse wavevector
components tk;, £ K,, ..., + k,, which have the same absolute values
and are mutually rotated by the angles of 21/N; that is, k; = k(cos 6,
sin 8 with a constant k and ;= 2m(j - 1)/N. Strontium barium niobate
crystalsfeatureastrongelectro-optic anisotropy, withthe electro-optic
coefficient r;; =45 pm V' being much smaller than ry;; =250 pm V.,
Accordingly, we use ordinary polarized light (affected by r;;) for the lat-
ticeinduction so that the corresponding beams do not experience any
noticeable self-actioninthe crystal, and propagate undistortedasina
uniform linear medium. By contrast, the probe light is extraordinarily
polarized (affected by r3;) so it feels inhomogeneous refractive index
landscape induced by the ordinary polarized beam.

In the paraxial approximation, the propagation of an extraordi-
narily polarized probe beam, with dimensionless amplitude ¢(r, ), in
aphotorefractive medium with an optically induced refractive index
landscape, is governed by the Schrodinger equation™:

lo2, Eo

2 1+ Iy @

.9
iz p=Hp,  H=-

HereV = (0/0x, 0/0y); r= (x,y) isthe radius-vectorinthe transverse
plane scaled to the wavelength A= 632.8 nm of the beam used in the
experiments; z is the propagation distance scaled to the diffraction
length 2nin A, where n. is the refractive index of the homogeneous
crystal for extraordinarily polarized light; and E, > O is the dimension-
less potential amplitude, controlled by bias field £ through
Eq = k3n¢D*ry3E/2. Here k, = 21/Ais the wavenumber and Dis the unit
ofthe transverse distance. The intensity of the N-fold symmetric opti-

callattice, whichisinduced in the sample by N pairs ofcounterpropg-

gating plane waves, is given by /y(r) = [(A/N) Zj’il cos(k; - r+ )] .

Thenon-zerostationary phase ¢ breaks the inversionr > -r symmetry,
thus enabling rotational symmetries of odd orders. The amplitude of
each plane wave is chosen such that the maximum of /, (r) and conse-
quently the maximal depth of the lattice potential, given by E/[1+1,
(r)], remains the same for all quasicrystals used in the experiment
regardless of their rotational symmetry. In our simulations, k=2,
¢ =1/10 and A?=2.24. Such photonic quasicrystals obey
two-dimensional dihedral symmetries D, accounting for Nrotations
and Nreflections; the group properties differ for even and odd values
of N, respectively. Restricting the consideration to non-crystalline
symmetries, in Fig. 1 we show examples of the experimentally created
quasicrystals with N=5,7,9 (upper row) and N = 8,10, 12 (lower row)
(these patterns agree well with the numerically calculated
patterns shownin Extended Data Fig.1). The modulation of the refrac-
tive index in these experimentally created quasicrystal lattices—
under the peak intensity of the writing beam, which is fixed at
40 W m™, and an applied electric field of £=300V mm—is
6n=4.4x10™

The field of a stationary probe beam (that is, of an eigenmode)
propagating in the quasicrystalline structure covering the whole trans-
verse face of the sample is described via a solution to equation (1) of
the form ¢(r, z) = w(r)e?, where w(r) is the transverse profile of the
mode (solving the eigenvalue problem Hw = —fw) and Bis the propaga-
tion constant. The eigenvalue problem was solved using the
finite-difference method. To characterize the degree of the localization
ofsuchaneigenmode, one can use theintegral formfactor (aliasinverse
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Fig.2|Formfactors and profiles of linear eigenmodes supported by
quasicrystals. a, The dependence of the form factor (inverse width) of the
eigenmode with the largest S on electric field £,, for quasicrystals with different
orders of discrete rotational symmetry N. For the field values E, that are well
above the localization threshold, all curves x(£,) approach the numerically found

asymptotic curve x,, = -0.2138 + 0.3162 y/E, . The curves with stars and spheres
correspond to quasicrystals with odd and even discrete rotational symmetries,
respectively. b,c, Examples of the mode profiles |w(r)|* with the largest S for

Ey< EXPT (upper panel) and £, > EEPT (lower panel) for quasicrystals with N =5 (b)
and N=8(c). Thewindows showninband care-20 <x<20and-20 <y <20.

participation ratio) y = ([f |¢I4d2r)1/2/U, where U = ' [¢I*d?r, with
theintegration over the transverse area of the quasicrystal is the energy
flow. The form factorisinversely proportional to the average width of
the mode: the larger the value of y, the stronger the localization. The
dependence of the form factor of the most localized mode supported
by the photonic quasicrystal (thatis, of the mode with the largest 8) on
E,isshowninFig. 2afor different values of N. The central result of this
work is our observation that, for quasicrystals of any rotational sym-
metry—prohibited by the crystallographic restriction theorem—there
exists acritical depth of the potential, whichis defined by the applied
direct current field and denoted below as £;”"(where LDT stands for
the localization—delocalization transition), above which (that is, at
E,> EXPT), atleast one of the guided modes becomes spatially localized,
whereasat £, < E;PT all eigenmodes of the Hamiltonian Hare extended.
As the transition between strongly localized and delocalized states
occurswithintheinterval of £, values of finite widths, the critical value
E,LVDT is defined as the point at which the respective dependence x(£,)
changesits slope.

Withineach group of odd and even order symmetries, the critical
depths E}P" decrease rapidly with increasing symmetry order, that
is, EXPT> EXPT> . and EPT> ELDT> ... (see curves marked by stars and
spheres, respectively, in Fig. 2a). This separationinto two sequences
of symmetries corroborates with different properties of dihedral
groups of odd and even orders?. In particular, quasicrystals obey
(lack) inversion symmetry along each of the symmetry axes for even
(odd) N, which is expected to affect light propagation. We have also
found that the positions of the LDT thresholds on the energy scale
correlate with the effective inhomogeneity of the refractive index,
which canbe characterized by the deviation of the integral refractive
index at the centre of the quasicrystal from its asymptotic value on
the periphery (this property can be quantified by the filling fraction

fwandisinvestigated in Supplementary Fig. 3). For instance, we have

foundthat the LDT threshold is a monotonically decreasing function
of the filling fraction fy (Supplementary Fig. 3c). Meanwhile, for
quasicrystals belonging to dihedral groups of even and odd orders,
the critical depths are not strictly alternating (for example,
ELPT> FLOT> pIBT> FIDT> ). Notice that for the structure withN =6,
which is consistent with the crystallographic restriction theorem
(that s, it is exactly periodic), no LDT is observed, all of the eigen-
modes remain delocalized for any E, value that is manifested in low
values of the form factor y.

We performed calculations of the density of states (DOS) in pho-
tonic quasicrystals with different symmetries to gaina better theoreti-
cal understanding of the LDT phenomenon. These calculations were
conducted both above and below the LDT point, as shown in Supple-
mentary Fig. 1. Above the LDT point, specifically for applied field
E,> E\PT, the distribution of the DOS (DOS(B)) in the quasicrystals of
all orders exhibits a discrete-like nature with multiple spikes and
extended regions of the spectrumwhere the DOS is nearly zero. In this
scenario, the eigenmode with the largest value of eigenvalue B is well
separated from the other modes. By contrast, below the LDT point,
withappliedfield £, < E;PT, the DOS(B) distribution seems to be nearly
continuous. Inthis regime, there are numerous delocalized modes that
are distributed in a nearly uniform manner across the spectrum.

Yetanother interesting observationis the existence of two limitsin
the dependencies x(E,) showninFig.2a. Thefirstoneisasaturation limit
for the form factors of the fundamental eigenmodes guided by quasic-
rystals of different symmetries, and this limit is well above the critical
potential depth; the form factors of modes in structures with different
Nasymptotically approach the same curve, whichis well approximated
by the formula,, = —0.2138 + 0.3162 y/E,, indicating that characteristic
localization radii of the well-localized fundamental modes are practically
independent of the symmetry order N. This independence of the form
factor onthe symmetry order can be explained by the isotropic proper-
ties of the central maximum of the refractive index (see Supplementary
Section 1). The second limit is the minimal LDT threshold achieved at
E,=0.4572whenN - . The existence of thisminimum value of LDT can
be understood by observing thatlim,.../y (1, §) = [4/,(2r)]>, whereJ,(-) is
the zero-order Bessel function of the first kind (see Supplementary
Section 2). In this limit, the propagation problem is reduced to the
existence (or non-existence) of bound statesin the respective confining
optical potential —E,[A/,(2r)1%/(1+ [A/,(2r)]?), which tends to zero
atr - «, However, this decay is very slow and the known results***° on
the existence of at least one bound state at any £,, are not applicable to
it. Instead, in Supplementary Section 2, we show that for small enough
E,, such potential cannot sustainguided modes, that is, guidance canbe
enabled only by the bias fields of finite amplitudes.

We emphasize that localized eigenmodes reported here are not
defect modes, which one may expect to findin deep potential minima;
by contrast, these states are enabled by interference. Toillustrate this,
inFig.1b we show representative profiles of the localized fundamental
modes and their energies —f (green dashed lines) with respect to the
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Fig.3|Propagation of input Gaussian beams and their form factors.

a,b, Simulated propagation of an input Gaussian beamin fivefold (a) and
eightfold (b) symmetric quasicrystals. The red dots in the lattice imagesina
(N=5)andb (N =8) indicate the location of the central and off-centre Gaussian
excitations. The second and third columns show the corresponding output

#®— 5 (central)

®— 5 (off-centre)
—&— 8 (central)
—w— 8 (off-centre)

intensity distributions, after propagation distance z = 50 cm, in the quasicrystal
for central excitation, whereas the fourth and fifth columns are for off-centre
excitation. The windows showninaandbare -20 <x, y < 20. ¢, Form factor of
the output light field extracted from the propagation simulation at a distance
z=50 cmyversus E, for both central and off-centre input beams.

optical potential. One observes that forboth N=5and N = 8 structures,
the -Benergy level crosses multiple local potential minima (behaviour
that clearly contrasts with that of the defect modes), but the funda-
mental modes remain strongly localized in the vicinity of the central
minimum and do not undergo diffraction due to tunnelling to the
nearest local minima.

InFig. 2b,c we compare the profiles of the fundamental modesin
the quasicrystals, where EtPT = 3.6 for N=5,and EP" = 4.1for N= 8, for
potential depths below and above respective E;°". The modes for
E,=3< E;%Tare delocalized (only central regions are showninFig. 2b,c,
whereas the actual calculation window is much larger), whereas the
modes at E,=6> E;%T are localized practically on one central spot of
the potential. This is the case for all quasicrystal lattices with £, values
wellabove the critical depth, as form factors of fundamental modesin
this limit approach practically the same value x,(E,).

Simulations of direct propagation within the framework of equa-
tion (1)—using the split-step fast Fourier-transform method with an
input Gaussian beam ¢(r, 0) = exp(—|r|*/r,2) of width r, =1, which covers
roughly one local maximum of the induced quasicrystal lattice—are
reportedinsecond and third columns of Fig. 3a,b. As predicted by the
analysis of the eigenvalue problem Hw = -pw, for E, < E;PT, the beam
quickly diffracts (second column of Fig. 3a,b), whereas for £, above
E;PT,thebeamremains well-localized at all distances (third column of
Fig.3a,b).Importantly, this observation does not depend on the posi-
tion of the initial Gaussian excitation at the input face of the crystal.
Namely, for the off-centre incidence described by yY(r -r;,)
(r,,=11.3i + 8.1j in Fig. 3a, and r,, = 11.1i + 4.6j in Fig. 3b; they were
chosen to be one of the Nlocal maxima on aring of a certain radius in
thelattice; see Supplementary Fig. 4 for anillustration), the beam also
shows diffraction or localization depending on whether the £, valueis
below orabove the critical value £4°T (see columns four and five in Fig.
3a,b),justas for the central excitation. Indeed, the integral form factor
X, calculated at the distance z=500 (corresponding to a physical dis-
tance z=50 cm), illustrates that the LDT value E;PT is practically the
same for the central and off-centre excitations (Fig. 3¢; see Supplemen-
tary Figs. 2 and 4 for more off-centre excitation results).

For the experimental observation of light localization, we first
employ representative members of the photonic quasicrystals family,
with odd N=5 and even N =8 discrete rotational symmetries (Fig. 4a).
To probelight propagationin them, an extraordinarily polarized signal
beam was focused on the input facet of the quasicrystal lattice. The
signal beam was about 22 pm in diameter and coupled into a selected
local refractive index maximum of the quasicrystal. The selected local

maximum canbelocatedintherotational centre of the quasicrystal, orit
canbelaunched at the off-centre position, asindividually indicated with
thered dotsinFig.4a. Toensure that the input beam does not distort the
inducedrefractiveindex profile and that it propagatesinthe crystalinthe
linear regime, the bias field was turned off after the lattice was prepared,
and the power of signal beam was taken approximately 10 nW—nearly
10° times lower than the power of the lattice-creating beam.
Experimental evidence of the light localization in quasicrystals
for both central and off-centre excitation conditions is presented in
Fig. 4, in which we compare output patterns for the probe beam after
propagation through the fivefold (N = 5) and eightfold (N =8) sym-
metric 2-cm-long quasicrystals for different applied electric fields £
(see Extended DataFig. 2 for more results on quasicrystal lattices with
other N). As shown in Fig. 4b,c, for a fixed N, arelatively sharp LDT
occurs when E exceeds a certain critical value E,LVDT, indicating a clear
transition from the beam diffraction to spatial localization. In the
experiment we measured £:°" =300 V mm™and E5°" =360 V mm for
quasicrystals featuring five and eightfold rotational symmetries,
respectively. Thus, as comparedin Fig.4b,c, when E < EbDT, thelightin
the quasicrystal lattices notably diffracts upon propagation and
expands across multiple local maximain the vicinity of the excitation
point. When £ > EXPT, diffractionis clearly arrested and alocalized spot
is observed at the output. As predicted by the numerical analysis and
confirmed here experimentally, the critical applied field E5Tis nearly
thesame for the central and off-centre excitation conditions (Fig. 4d).
Itisimportant to note that the experimentally observed localiza-
tionsin quasicrystal lattices are due to the interference effect, that is,
they are determined by global, rather thanlocal, symmetry properties
oftheunderlying structures. To confirm that no additional disorder or
defects were introduced into our optically induced quasicrystal lat-
tices, whichcouldleadtolightlocalization, we conducted acomparison
experiment in the commensurate case (N = 6) for which the optically
induced structureis exactly periodic. Inthis case, we observed substan-
tial diffraction of light for any position of the probe beam (Extended
DataFig.2). As we used the same set-up and method toinduce all qua-
sicrystal lattices for varying N (they differ only in the employed phase
masks), this ensures that disorder and defects are absentin the lattices
for any other N values. Besides, to ensure the reproducibility of the
results and to eliminate the possible influence of any anisotropy in
the response of photorefractive crystals, we performed the experi-
ments five times for each N value. Before each experiment, the previ-
ously created structures were erased, and the quasicrystal lattice was
rewritten to a different location across the sample (this was achieved
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Fig. 4 | Experimental observation of light localization in quasicrystals.

a, Experimentally realized quasicrystal lattices with N=5and N=8. The red dots
indicate the locations where the probe beamis launched. b, Observed output
intensity distributions of probe beam after propagating in quasicrystal lattices
with N =35, illustrating LDT with increasing applied electric field for both central
and off-centre excitations. ¢, The same as b but for quasicrystals with N=8.

180 V mm'wn E 180 V mm'1ﬁ
240V mm1l
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360 V mm1‘
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I 400V mm™ I
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Theapplied field £, measured in V mm, is indicated between the respective
output profiles. Inb and ¢, the distributions are shown withina400 pm x 400 um
window. d, Experimentally measured form factor at the output facet of the
quasicrystal versus applied field for central and off-centre excitations. The
shaded areas represent the uncertainties of the form factor introduced during
the lattice creation and signal beam measurement.

X (107 um™

T
400

T
200

500

Fig. 5| Experimental results for different orders of the point rotational
symmetry of the quasicrystals. a,b, Experimentally measured form factor
versus applied field (a), and the observed output intensity distributions for the
probe beamat £=300 V mm™ (indicated by the vertical dotted line in a) (b) for

Max

Min
quasicrystal lattices with Nincreasing from 5to 12. Central excitation is used in all

of the cases shown here. The shaded areas in a represent the uncertainties of the
form factor; in b the distributions are shown within a400 pm x 400 pm window.

by displacement of the mask; see Methods). We then repeated meas-
urements of the output patterns. Therefore, each pointinFig. 4d and
Fig. 5a represents the average of five measurements, and this
guarantees thatany possible disorder of defects are ruled out as factors
affecting localization in specific realizations of the lattice.

Finally, we experimentally study the impact of the symmetry order
Nofthe quasicrystalonthelight localization by comparing the respec-
tive form factors y for the output probe beams versus £, for Nincreasing
fromN=5to12.AsshowninFig.5a, forall orders of discrete rotational

symmetry of the crystal, except N= 6 (which corresponds to the peri-
odiclattice), the dependence of y on Eexhibits a clear jump from lower
to higher values after undergoing a rather narrow transition regime,
and the transition point clearly decreases with increasing N
(if one considers odd and even values of Nseparately), whichisingood
agreement with the numerical results presented in Fig. 2. As one can
see, the experimental measurements reveal saturation of the form
factoraround £=400 V mm™, where we estimate theinduced refractive
indextobe én=5.87 x10™*.In Fig. 5b, the output intensity distributions
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are presented for quasicrystals with different rotational point sym-
metries at the fixed electric field £=300 V mm™, whichis substantially
lower than the critical field ££°" for afivefold-symmetric quasicrystal.
Accordingly, for N=5,the probe beam experiences notable diffraction
following propagation; diffractionis also observed for N=8,10 and 12.
For quasicrystals with N=7, the electric field is near the critical value
at which the transition to localization occurs, and so the tendency to
suppress diffractionis obvious. Finally, for crystalswithN=9 or11, the
selected electricfieldis larger than the critical value, and one observes
well-pronounced localization on the entire length of the sample. Note
that, in our experiment, the use of the translation stage with amounted
charge-coupled device camera (Extended DataFig. 3) allows recording
ofthelightintensity at every distance zinside of the sample. Meanwhile,
our experimental results do not reproduce the law x,,(E,), shown in
Fig. 2a. Instead, the increase in E, results in the saturation of yto a
constant. We attribute this disagreement of the numerical and experi-
mental asymptotic behaviours to the fact that the crystal cannot pro-
vide an indefinitely high refractive index contrast: nonlinear effects
start playing the role at sufficiently strong values of the field E,.

In conclusion, we reported an investigation and observation of
the impact of discrete rotational symmetry on the LDT in a photonic
quasicrystal. By continuously tuning parameters, we found that the
critical depth of quasicrystals controlling the LDT decreases with
increasing order of the discrete rotational symmetry. The observation
reported in this work clarifies fundamental aspects of the evolution of
linear excitations in wave systems with quasicrystal structure and may
shed light on the explanation of localization phenomenain aperiodic
photoniccrystals and photonic crystal fibres, phononic systems, and
Bose-Einstein condensates held in optically induced quasicrystal
lattices®* 2. The phenomenon of light localization in quasicrystals
may be employed for the design of micro-lasers without the need
for conventional laser cavity®’, may be used to enhance the nonlin-
ear parametric interactions of light waves®, and in cavity quantum
electrodynamics.

Online content
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Methods

Experimental set-up

The experimental set-up is sketched in Extended Data Fig. 3. We used
the technique of computer-generated holography to produce the
desired quasicrystal lattice. Initially, the phase information of the
targeted lattice, which corresponds to the interference wave field
of N pairs of counterpropagating plane waves, was encoded into a
phase-only spatial light modulator (SLM) that had a resolution of
1,920 x 1,200 pixels controlled by a computer. An example phase
diagram (N=5) encoded into the SLM is presented in the inset of
Extended Data Fig. 3, and more diagrams are presented in Supple-
mentary Fig. 5. The interference wave field was then reconstructed
byilluminating the SLM with a continuous-wave laser withA =532 nm
and ordinary polarization. It should be noted that, although the
reconstructed wave field seems to be visually similar to the target
quasicrystal lattices, it cannot be directly written into the SBN crystal
as it does not form a well-non-diffracting light beam. To overcome
this limitation, we converted the wave field into the wavevector
domain, filtered out any unwanted components (using a Fourier
Mask placed at the Fourier plane of the 4f optical system, which
allowed only the first-order diffraction pattern to pass), and then
transformed it back to the space domain. This process ensures the
creation of asmooth and well-nondiffracting wave field throughout
the 2 cmlong of sample.

Asignallight with wavelength 633 nm and extraordinary polar-
ization was used to probe the propagation dynamics of light in
photonic quasicrystal lattices. A translation stage equipped with
acharge-coupled device camera was used to record the intensity
distribution of the probe beam at different locations inside of
the sample, after the lattice behind each respective location was
erased.

In our experimentsinvolving off-centre excitations, we selected
oneofthe Nlocal maximaonaringwithacertainradiusinthelattice
as the excitation point. We usually chose any of the Nlocal lattice
maxima on the first, second or third rings with radii ranging from
tenstoafew hundreds of micrometres. Asthe input probe beam has
adiameter of approximately 22 pm, while the sample has atransverse
dimension 5 mm x 5 mm, we made sure that the selected excita-
tion points were sufficiently far away from the boundaries of the
finite-size structure. As aresult, the impact of the boundary effects
can be safely ignored.
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Extended Data Fig. 1| Numerically calculated symmetric quasicrystal patterns. Numerically calculated N-fold symmetric quasicrystal patternswithN=5,7,8.,12,
aswell as the periodic patternwithN =6, fork=2and A?=2.24.
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Extended Data Fig. 2| Experimentally intensity distributions below and
above LDT point. Experimentally observed delocalized output intensity
distributions for probe beam observed below LDT point (at low values of the
applied electric field) and localized distributions observed above LDT point (at
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sufficiently high values of the electric field), for N =5, 7-12. At N = 6 the field is
delocalized at all amplitudes of the electric field. The distributions are shown
within the window 0of 400 pm x 400 pm.
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Extended Data Fig. 3| Experimental setup. SLM, spatial light modulator; BS, beam splitter; L, lens; FM, Fourier mask; AT,variable attenuator; SBN, strontium barium
niobate crystal; CCD, charged-coupled device. Bottom-left, the phase diagram for N = 5; bottom-right, the structure of Fourier mask.
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