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We report the experimental observation of nonlinear light localization and edge soliton formation at the
edges of fs-laser written trimer waveguide arrays, where transition from nontopological to topological
phases is controlled by the spacing between neighboring trimers. We found that, in the former regime, edge
solitons occur only above a considerable power threshold, whereas in the latter one they bifurcate from
linear states. Edge solitons are observed in a broad power range where their propagation constant falls into
one of the topological gaps of the system, while partial delocalization is observed when considerable
nonlinearity drives the propagation constant into an allowed band, causing coupling with bulk modes. Our
results provide direct experimental evidence of the coexistence and selective excitation in the same or in
different topological gaps of two types of topological edge solitons with different internal structures, which
can rarely be observed even in nontopological systems. This also constitutes the first experimental evidence
of formation of topological solitons in a nonlinear system with more than one topological gap.
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Topological insulators are physical structures that behave
as conventional insulators in the bulk, but exhibit unusual
conductive properties arising due to the existence of
topologically protected, localized in-gap states at their
edges that are immune to local deformations. They have
been encountered in different areas of physics, including
solid-state physics, acoustics, electronics, mechanics, phys-
ics of matter waves, and optics. Topological insulators
have been demonstrated in different platforms and analyzed
using various models, starting from dimerized Su-
Schrieffer-Heeger lattices, to systems with broken time-
reversal symmetry supporting unidirectional edge currents,
time-periodic Floquet systems, structures with broken
spatial inversion symmetry, such as valley Hall phononic
or photonic crystals, various higher-order insulator plat-
forms, and many others [1,2]. In contrast with their widely
studied electronic counterparts, photonic topological
insulators [3,4] can exhibit a considerable nonlinear
response, therefore they exhibit new phenomena caused
by self-action or parametric wave interactions that can alter
the topological phases or affect the propagation dynamics
of topological edge states. The recent progress in the
investigation of passive and active nonlinear topological
photonic systems is described in the reviews [5–7]. It
includes, among others, nonlinearity-induced inversion of
topological currents [8,9], formation of self-sustained bulk
topological currents [10,11], nonlinear tuning of edge state

energies [12], condensation and lasing in edge states in
polariton systems [13–15], rich bistability effects [16,17],
enhanced parametric interactions [18–20], modulation
instability of edge states [14,21,22], and nonlinearity-
induced topological phases in systems that are topologi-
cally trivial in the linear regime [23–26].
One of the most genuine manifestations of nonlinearity

in topological systems is the possibility to form edge
solitons, namely, self-sustained states that inherit topologi-
cal protection from the linear counterparts from which they
bifurcate. In multidimensional systems, such states may
feature strongly asymmetric profiles reflecting their hybrid
nature. In 2D settings, these solitons may form sponta-
neously as a result of the development of modulation
instability of periodic nonlinear edge states [14,21] (non-
linear localized modes may also form in the bulk of the
insulator as demonstrated in Refs. [10,11]). Topological
solitonlike edge states that radiate in the course of propa-
gation have been observed [27] in Floquet topological
insulators [28–31], while a theory for envelope quasisoli-
tons built on edge states has been developed for discrete
[32–35] and continuous [21,36–39] arrays of helical
waveguides. Edge solitons may also form in waveguide
array-based valley Hall systems [40–43]; they were
observed in truncated photonic graphene lattice induced
in atomic vapors [44]. Recently nonlinear corner states
were demonstrated in higher-order 2D topological photonic
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insulators [45,46]. Among the simplest models admitting
the formation of the 1D edge solitons bifurcating from
linear edge states are dimerized Su-Schrieffer-Heeger
lattices [47]. Nonlinear topological states in such lattices
have been studied theoretically in Refs. [48–54] and
observed experimentally in electric circuits [24], topologi-
cal fiber loops [55], polariton condensates [13,56] and, in
the weakly nonlinear regime, in photonic lattices [57,58].
However, most experiments with weakly nonlinear edge
states and edge solitons were performed in structures with a
single topological band gap, admitting the formation of
edge solitons of only one type. The coexistence of several
edge solitons with different internal structures has never
been observed experimentally to date, although theoretical
proposals have been recently put forward [59].
In this Letter we present the experimental observation of

topological edge solitons in photonic trimer arrays, which
to date had been studied only in the linear regime [60–64].
For suitable trimer separations, our system exhibits two
topological bandgaps where edge states with different
internal structure and symmetry exist. Edge solitons ema-
nating from such edge states under the action of non-
linearity undergo rich bifurcations and can be traced up to
the point where nonlinearity drives them into the upper
allowed band, causing their coupling with bulk modes. We
observed two coexisting types of edge solitons emanating
from different gaps and show that they can be excited even
at low powers, in contrast to conventional surface solitons
in nontopological lattices that feature considerable power
thresholds even in 1D settings [65–69] (the latter are
substantially reduced in arrays created in photorefractive
crystals [70]).
We address the propagation of light in a waveguide

array consisting of N trimers, which can be described

by the dimensionless Schrödinger equation for the field
amplitude ψ :

i
∂ψ
∂z ¼Hψ − jψ j2ψ ; H¼−1

2

� ∂2

∂x2þ
∂2

∂y2
�
−Rðx;yÞ;

ð1Þ

where the function Rðx; yÞ ¼ p
P

m¼1;3N Qðx − xm; yÞ in
the linear HamiltonianH describes the profile of the trimer
array composed from Gaussian waveguides Qðx; yÞ ¼
e−ðx2þy2Þ=a2 of width a and depth p. To perform our
experiments, we fabricated arrays consisting of N ¼ 5
trimers in a 10 cm-long fused silica glass sample using
the fs-laser writing technique (see Supplemental Material
[71] for details). A microscope images of the fabricated
arrays are presented in Fig. 1(a). The separation between
waveguides inside each trimer is identical and equal to
preselected d ¼ 33 μm, at which nonlinear localization is
well observed. The separation s between trimers is varied in
the range 18–44 μm and controls the transition between
nontopological and topological phases. Although our array
is a line 1D structure, we use the 2D Eq. (1) to account for
all instabilities possible in the actual continuous exper-
imental system.
We first numerically calculate the linear spectrum of the

system (all parameters as in the Supplemental Material
[71]), which is central to understand the properties of the
edge solitons. Linear eigenmodes of the array have the form
ψðx; y; zÞ ¼ wðx; yÞeibz, where b is the eigenvalue (propa-
gation constant) of the mode, w describes the mode profile.
The evolution of the linear spectrum of the array with
separation s between trimers is shown in Fig. 1(b) for
N ¼ 5. At s ≥ d [middle and bottom rows of Fig. 1(a)],

FIG. 1. (a) Microphotographs of the fs-laser written arrays of trimers in the topological and nontopological regimes.
Transformation of the eigenvalue spectra upon variation of spacing s for the array with N ¼ 5 trimers (b) and array with
N ¼ 9 trimers (c). Topological branches are shown in red. Eigenmodes of the topological (d) and nontopological (e),(f) waveguide
arrays correspond to the blue dots in (b).
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when the intertrimer coupling is weaker than or equal to the
intratrimer one, the system is topologically trivial. There
are three bulk bands in the spectrum shown with black
dots and all modes are spatially extended, see examples in
Fig. 1(e) and 1(f). In contrast, at s < d [top row of Fig. 1(a)]
intertrimer coupling becomes stronger than intratrimer one,
driving the system into the topological phase. This is
accompanied by the appearance of two pairs of edge
states marked by the red dots in Fig. 1(b) in each of two
topological finite gaps in the spectrum, a remarkable
distinctive feature of this system. Notice that for a suffi-
ciently small separation s, a pair of modes (symmetric
and antisymmetric) in a given gap is nearly degenerate
[cf. modes 1 and 2 or modes 3 and 4 in Fig. 1(d)]. Modes in
the top gap feature two in-phase peaks in two outermost
guides (modes 1 and 2), while modes in the bottom gap
feature two out-of-phase peaks in two outermost guides
(modes 3 and 4). The localization of the topological edge
modes progressively increases with the decrease of the
value of s. Their appearance is consistent with the fact
that the corresponding topological invariant (winding
number) [3,4]

W ¼ i
2π

Z
BZ
hwκðx; yÞj∂κjwκðx; yÞidκ ð2Þ

calculated for the infinite x-periodic array [here wκðx; yÞ
are the normalized Bloch eigenmodes with momentum κ,
the integration is carried over the first Brillouin zone of
periodic array] is equal to 1, 2, and 1 for the top, middle,
and bottom bands, respectively, in the topological regime at
s < d, and is 0 for all bands in trivial regime at s ≥ d. The
spectrum for a larger array with N ¼ 9 trimers [Fig. 1(c)] is
practically identical—only the density of states in the bulk
bands increases. The robustness of such topological states
has been checked by adding small disorder into waveguide
depths and positions, which did not lead to appreciable
shifts of their propagation constants.
Topological edge solitons bifurcate from linear edge states

when s < d. They can be found in the form ψðx; y; zÞ ¼
wðx; yÞeibz from Eq. (1), leading to the nonlinear problem

Hw − w3 þ bw ¼ 0 where the propagation constant is now
an independent variable defining the soliton amplitude and
power U ¼ R jψ j2dxdy. The shape of the edge soliton is
determined by the symmetry of the edge state, from which
such soliton bifurcates. Figure 2(a) shows the family of out-
of-phase solitons emerging from the lower topological gap
[see the top row of Fig. 2(c) for soliton shapes]. In contrast to
conventional surface solitons, edge solitons do not feature an
excitation power threshold and form even at low U values
(see state 1 whose shape may resemble that of the linear edge
mode but it is a nonlinear state). When the propagation
constant of such soliton shifts into the second allowed band,
coupling with bulk modes occurs and the soliton acquires a
long tail in the array (state 2). Several branches emerge in the
vicinity of the allowed second band due to the interaction
with the relevant bulk modes.
Here we show only the simplest of them: black branches

correspond to stable solitons, while magenta branches
correspond to unstable ones. Soliton stability was analyzed
by propagating perturbed states ψ jz¼0¼wðx;yÞ½1þρðx;yÞ�
in Eq. (1), where jρj ≪ w is complex noise (up to 5% in
amplitude), up to distances z ∼ 104 that allow detecting
even weak instabilities (see dynamics in the Supplemental
Material [71]). The stable family with the lowest power U
in the top topological gap corresponds to well-localized
out-of-phase solitons (see state 3) that remain localized
until b reaches the top allowed band. In turn, in-phase edge
solitons with two in-phase left outermost peaks bifurcate
directly from the linear topological edge state in the top gap
[see Fig. 2(b) and state 4 in Fig. 2(c)]. This family splits into
two subfamilies with increasing b. One of them, with the
lowest U, is found to be stable and corresponds to a strongly
asymmetric state with practically all power concentrated
in the edge channel (state 5). The other family features two
nearly equal in-phase peaks in the two outermost guides
(state 6) and turns out to be strongly unstable. Nonlinear
states localized at the edge of the array in the nontopological
regime at s ≥ d exist only in the semi-infinite gap and
feature power thresholds for their formation.
One of the most representative features of our system

is that out-of-phase and in-phase edge solitons can coexist

FIG. 2. Families of solitons bifurcating from out-of-phase (a) and in-phase (b) linear topological modes in array with s ¼ 18 μm.
Black families are stable, while magenta ones are unstable. Shaded regions show bulk bands. (c) Examples of the out-of-phase (top row)
and in-phase (bottom row) topological solitons corresponding to the blue dots in (a),(b).
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(in different or in the same topological gap). They exhibit
qualitatively different intensity and phase structures
allowing their selective excitation with properly shaped
inputs. For the experimental excitation of the out-of-phase
solitons, we use two out-of-phase beams coupled into two
outermost guides and providing the largest overlap with the
target state [see Fig. 2(c), states 1 and 3]. These beams are
derived from a Ti:sapphire femtosecond laser, delivering
175 fs pulses at 1 kHz repetition rate. To generate two
independent beams, we used a Michelson interferometer
with the possibility of a smooth phase change between
beams. To characterize the soliton excitation efficiency
we measure the fraction S2 ¼ U2=U of the total power
remaining in two excited guides at the sample output for
increasing pulse energies E (S2 was defined using digitized
output intensity distributions from 12.3 MP scientific
CMOS camera Kiralux (Thorlabs) integrated inside two

circles of radius d=2 centered on two outermost guides,
divided by total power). Typical output intensity distribu-
tions for the nontopological array with s ¼ 44 μm
[Fig. 3(a)] show slow diffraction at low E with most of
the power distributing between three channels of the first
trimer, even at the largest available energy levels. S2 does
not exceed 0.5–0.6 and the pattern considerably changes
with E, so that no soliton formation is observed. In a
uniform array with s ¼ 33 μm [Fig. 3(b)] one observes
strong diffraction into the array depth in linear regime and
gradual contraction of light to two excited edge guides with
the increase of the pulse energy. It has to be stressed that
due to the pulsed nature of the excitation the tails of spatial
distributions, where the contribution from linear pulse
wings may be strongest, are somewhat more pronounced
in the experiment than in spatial theoretical simulations. In
the uniform array, S2 monotonically increases from zero to

FIG. 3. Nonlinear localization and soliton formation in nontopological arrays [with s ¼ 44 μm (a) and s ¼ 33 μm (b)] and topological
array [s ¼ 18 μm (c)] for out-of-phase excitation in two outermost left waveguides. The top row in each column shows the
experimentally measured fraction of energy S2 concentrated in two left channels at the output versus input energy E of pulses. Each
column compares the experimental (red lines) and theoretical (blue lines) intensity cross sections at y ¼ 0 and 2D intensity distributions
(insets) for increasing E values.
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∼0.7 illustrating the existence of a power threshold for
soliton formation. The picture changes qualitatively in the
topological regime. Thus, for s ¼ 18 μm [Fig. 3(c)] both
topological gaps become sufficiently wide and bands
substantially narrow down [see Fig. 1(b)]. Our two-
waveguide input nearly perfectly overlaps with the strongly
localized out-of-phase edge soliton, thus exciting it even at
the lowest power levels. A high excitation efficiency is
confirmed by large values of S2 ∼ 0.8 practically at all
energies. In this case, the second band is so narrow that
when the soliton crosses it, we did not observe appreciable
radiation into the bulk. Such radiation is visible only for
high power levels U ∼ 1.60, when b approaches the top
allowed band.
To excite in-phase edge solitons we rely on the fact that

already at moderate power levels this soliton becomes
strongly asymmetric with the largest fraction of its power
concentrated in the edge guide [Fig. 2(c), state 5]. Thus, we
use single-spot excitation in this case. To illustrate its
efficiency for s ¼ 18 μm, in Fig. 4 we plot the fractions
of power concentrated in one, S1, and two, S2, outermost
left guides. At lowest pulse energies E ¼ 0.015 μJ nearly
all power concentrates in the edge guide, while at E ∼
0.235 μJ a considerable fraction of it is transferred into the
second guide, as confirmed by numerical simulations. Note
that this is consistent with excitation of dynamically
oscillating between two guides state since the power
for this input is not yet sufficient for the formation of
stable asymmetric edge soliton. An asymmetric in-phase
edge soliton forms at E ∼ 0.3 μJ and its shape remains

practically unchanged over a wide energy range, again as
confirmed by numerics. Notice that for this type of
excitation and separation s, practically all light remains
in the two left outermost channels of the trimer array.
In closing, we highlight that the very nature of topological

trimer waveguide arrays allows the direct exploration of
different topological edge states, as they allow the realization
of structures with wide topological gaps where solitons
can be observed over a wide range of input powers. Our
observations open the way for the investigation of nonlinear
topological effects in 1D chains of dynamical or helical
guides, such as Thouless pumping via edge soliton states,
realization of power-controlled couplers based on topologi-
cal waveguide arrays, stable lasing in edge states from
different topological gaps in dissipative nonlinear systems,
or the investigation of nonlinear phenomena in 2D super-
lattice systems with richer topological properties and spectra.

The authors acknowledge funding of this study by
RSF (Grant No. 21-12-00096). Also, support by
CEX2019-000910-S [funded by MCIN/AEI/10.13039/
501100011033], Fundació Cellex, Fundació Mir-Puig,
and Generalitat de Catalunya (CERCA) is acknowledged.

[1] M. Z. Hasan and C. L. Kane, Topological insulators, Rev.
Mod. Phys. 82, 3045 (2010).

[2] X.-L. Qi and S.-C. Zhang, Topological insulators and
superconductors, Rev. Mod. Phys. 83, 1057 (2011).

[3] L. Lu, J. D. Joannopoulos, and M. Soljačić, Topological
photonics, Nat. Photonics 8, 821 (2014).

[4] T. Ozawa, H. M. Price, A. Amo, N. Goldman, M. Hafezi, L.
Lu, M. C. Rechtsman, D. Schuster, J. Simon, O. Zilberberg,
and I. Carusotto, Topological photonics, Rev. Mod. Phys.
91, 015006 (2019).

[5] D. Smirnova, D. Leykam, Y. D. Chong, and Y. Kivshar,
Nonlinear topological photonics, Appl. Phys. Rev. 7,
021306 (2020).

[6] Y. Ota, K. Takata, T. Ozawa, A. Amo, Z. Jia, B. Kante, M.
Notomi, Y. Arakawa, and S. Iwamoto, Active topological
photonics, Nanophotonics 9, 547 (2020).

[7] S. Rachel, Interacting topological insulators: A review,
Rep. Prog. Phys. 81, 116501 (2018).

[8] C.-E. Bardyn, T. Karzig, G. Refael, and T. C. H. Liew,
Chiral Bogoliubov excitations in nonlinear bosonic systems,
Phys. Rev. B 93, 020502(R) (2016).

[9] O. Bleu, D. D. Solnyshkov, and G. Malpuech, Interacting
quantum fluid in a polariton Chern insulator, Phys. Rev. B
93, 085438 (2016).

[10] Y. Lumer, Y. Plotnik, M. C. Rechtsman, and M. Segev, Self-
Localized States in Photonic Topological Insulators, Phys.
Rev. Lett. 111, 243905 (2013).

[11] S. Mukherjee and M. C. Rechtsman, Observation of Floquet
solitons in a topological bandgap, Science 368, 856 (2020).

[12] D. Dobrykh, A. Yulin, A. Slobozhanyuk, A. Poddubny, and
Y. S. Kivshar, Nonlinear Control of Electromagnetic Topo-
logical Edge States, Phys. Rev. Lett. 121, 163901 (2018).

FIG. 4. In-phase edge soliton formation in the topological array
with s ¼ 18 μm for excitation of the single left outermost
waveguide (left column, experiment; right column, numerics).
The top row shows fractions of energy concentrated at the output
in the left outermost channel (S1) or in two left channels (S2)
versus input energy E (in experiment) or power U (in numerics).
Intensity cross sections at y ¼ 0 and full 2D intensity distribu-
tions are shown for different input energies.

PHYSICAL REVIEW LETTERS 128, 093901 (2022)

093901-5

https://doi.org/10.1103/RevModPhys.82.3045
https://doi.org/10.1103/RevModPhys.82.3045
https://doi.org/10.1103/RevModPhys.83.1057
https://doi.org/10.1038/nphoton.2014.248
https://doi.org/10.1103/RevModPhys.91.015006
https://doi.org/10.1103/RevModPhys.91.015006
https://doi.org/10.1063/1.5142397
https://doi.org/10.1063/1.5142397
https://doi.org/10.1515/nanoph-2019-0376
https://doi.org/10.1088/1361-6633/aad6a6
https://doi.org/10.1103/PhysRevB.93.020502
https://doi.org/10.1103/PhysRevB.93.085438
https://doi.org/10.1103/PhysRevB.93.085438
https://doi.org/10.1103/PhysRevLett.111.243905
https://doi.org/10.1103/PhysRevLett.111.243905
https://doi.org/10.1126/science.aba8725
https://doi.org/10.1103/PhysRevLett.121.163901


[13] P. St-Jean, V. Goblot, E. Galopin, A. Lemaître, T. Ozawa, L.
Le Gratiet, I. Sagnes, J. Bloch, and A. Amo, Lasing in
topological edge states of a 1D lattice, Nat. Photonics 11,
651 (2017).

[14] Y. V. Kartashov and D. V. Skryabin, Modulational instabil-
ity and solitary waves in polariton topological insulators,
Optica 3, 1228 (2016).

[15] S. Klembt, T. H. Harder, O. A. Egorov, K. Winkler, R. Ge,
M. A. Bandres, M. Emmerling, L. Worschech, T. C. H. Liew,
M. Segev, C. Schneider, and S. Höfling, Exciton-polariton
topological insulator, Nature (London) 562, 552 (2018).

[16] Y. V. Kartashov and D. V. Skryabin, Bistable Topological
Insulator with Exciton-Polaritons, Phys. Rev. Lett. 119,
253904 (2017).

[17] W. F. Zhang, X. F. Chen, Y. V. Kartashov, D. V. Skryabin,
and F. W. Ye, Finite dimensional bistable topological
insulators: From small to large, Laser Photonics Rev. 13,
1900198 (2019).

[18] Z. H. Lan, J. W. You, and N. C. Panoiu, Nonlinear one-way
edge mode interactions for frequency mixing in topological
photonic crystals, Phys. Rev. B 101, 155422 (2020).

[19] S. Kruk, W. Gao, D. Y. Choi, T. Zentgraf, S. Zhang, and Y.
Kivshar, Nonlinear imaging of nanoscale topological corner
states, Nano Lett. 21, 4592 (2021).

[20] S. K. Ivanov, Y. V. Kartashov, A. Szameit, L. Torner, and
V. V. Konotop, Floquet edge multicolor solitons, Laser
Photonics Rev. 2100398 (2021).

[21] D. Leykam and Y. D. Chong, Edge Solitons in Nonlinear
Photonic Topological Insulators, Phys. Rev. Lett. 117,
143901 (2016).

[22] Y. Lumer, M. C. Rechtsman, Y. Plotnik, and M. Segev,
Instability of bosonic topological edge states in the presence
of interactions, Phys. Rev. A 94, 021801(R) (2016).

[23] Y. Hadad, A. B. Khanikaev, and A. Alú, Self-induced
topological transitions and edge states supported by non-
linear staggered potentials, Phys. Rev. B 93, 155112 (2016).

[24] Y. Hadad, J. C. Soric, A. B. Khanikaev, and A. Alú, Self-
induced topological protection in nonlinear circuit arrays,
National electronics review 1, 178 (2018).

[25] F. Zangeneh-Nejad and R. Fleury, Nonlinear Second-Order
Topological Insulators, Phys. Rev. Lett. 123, 053902
(2019).

[26] L. J. Maczewsky, M. Heinrich, M. Kremer, S. K. Ivanov, M.
Ehrhardt, F. Martinez, Y. V. Kartashov, V. V. Konotop, L.
Torner, D. Bauer, and A. Szameit, Nonlinearity-induced
photonic topological insulator, Science 370, 701 (2020).

[27] S. Mukherjee and M. C. Rechtsman, Observation of Uni-
directional Solitonlike Edge States in Nonlinear Floquet
Topological Insulators, Phys. Rev. X 11, 041057 (2021).

[28] N. H. Lindner, G. Refael, and V. Galitski, Floquet topo-
logical insulator in semiconductor quantum wells, Nat.
Phys. 7, 490 (2011).

[29] M. C. Rechtsman, J. M. Zeuner, Y. Plotnik, Y. Lumer, D.
Podolsky, F. Dreisow, S. Nolte, M. Segev, and A. Szameit,
Photonic Floquet topological insulators, Nature (London)
496, 196 (2013).

[30] L. J. Maczewsky, J. M. Zeuner, S. Nolte, and A. Szameit,
Observation of photonic anomalous Floquet topological
insulators, Nat. Commun. 8, 13756 (2017).

[31] S. Mukherjee, A. Spracklen, M. Valiente, E. Andersson, P.
Öhberg, N. Goldman, and R. R. Thomson, Experimental
observation of anomalous topological edge modes in a
slowly driven photonic lattice, Nat. Commun. 8, 13918
(2017).

[32] M. J. Ablowitz, C. W. Curtis, and Y.-P. Ma, Linear and
nonlinear traveling edge waves in optical honeycomb
lattices, Phys. Rev. A 90, 023813 (2014).

[33] M. J. Ablowitz and J. T. Cole, Tight-binding methods for
general longitudinally driven photonic lattices: Edge states
and solitons, Phys. Rev. A 96, 043868 (2017).

[34] M. J. Ablowitz and J. T. Cole, Topological insulators in
longitudinally driven waveguides: Lieb and kagome lattices,
Phys. Rev. A 99, 033821 (2019).

[35] D. A. Smirnova, L. A. Smirnov, D. Leykam, and Y. S.
Kivshar, Topological edge states and gap solitons in the
nonlinear Dirac model, Laser Photonics Rev. 13, 1900223
(2019).

[36] S. Ivanov, V. V. Konotop, A. Szameit, L. Torner, and Y. V.
Kartashov, Vector topological edge solitons in Floquet
insulators, ACS Photonics 7, 735 (2020).

[37] S. K. Ivanov, Y. V. Kartashov, A. Szameit, L. J. Maczewsky,
and V. V. Konotop, Edge solitons in Lieb topological
Floquet insulators, Opt. Lett. 45, 1459 (2020).

[38] S. K. Ivanov, Y. V. Kartashov, L. J. Maczewsky, A. Szameit,
and V. V. Konotop, Bragg solitons in topological Floquet
insulators, Opt. Lett. 45, 2271 (2020).

[39] S. K. Ivanov, Y. V. Kartashov, M. Heinrich, A. Szameit,
L. Torner, and V. V. Konotop, Topological dipole Floquet
solitons, Phys. Rev. A 103, 053507 (2021).

[40] H. Zhong, S. Xia, Y. Zhang, Y. Li, D. Song, C. Liu, and Z.
Chen, Nonlinear topological valley Hall edge states arising
from type-II Dirac cones, Adv. Opt. Photonics 3, 056001
(2021).

[41] D. A. Smirnova, L. A. Smirnov, E. O. Smolina, D. G.
Angelakis, and D. Leykam, Gradient catastrophe of non-
linear photonic valley Hall edge pulses, Phys. Rev. Research
3, 043027 (2021).

[42] B. Ren, H. Wang, V. O. Kompanets, Y. V. Kartashov, Y. Li,
and Y. Zhang, Dark topological valley Hall edge solitons,
Nanophotonics 10, 3559 (2021).

[43] O. Bleu, G. Malpuech, and D. D. Solnyshkov, Robust
quantum valley Hall effect for vortices in an interacting
bosonic quantum fluid, Nat. Commun. 9, 3991 (2018).

[44] Z. Zhang, R. Wang, Y. Zhang, Y. V. Kartashov, F. Li, H.
Zhong, H. Guan, K. Gao, F. Li, Y. Zhang, and M. Xiao,
Observation of edge solitons in photonic graphene, Nat.
Commun. 11, 1902 (2020).

[45] M. S. Kirsch, Y. Zhang, M. Kremer, L. J. Maczewsky, S. K.
Ivanov, Y. V. Kartashov, L. Torner, D. Bauer, A. Szameit,
and M. Heinrich, Nonlinear second-order photonic topo-
logical insulators, Nat. Phys. 17, 995 (2021).

[46] Z. C. Hu, D. Bongiovanni, D. Jukic, E. Jajtic, S. Q. Xia,
D. H. Song, J. J. Xu, R. Morandotti, H. Buljan, and
Z. G. Chen, Nonlinear control of photonic higher-order
topological bound states in the continuum, Light 10, 164
(2021).

[47] W. P. Su, J. R. Schrieffer, and A. Heeger, Solitons in
Polyacetylene, Phys. Rev. Lett. 42, 1698 (1979).

PHYSICAL REVIEW LETTERS 128, 093901 (2022)

093901-6

https://doi.org/10.1038/s41566-017-0006-2
https://doi.org/10.1038/s41566-017-0006-2
https://doi.org/10.1364/OPTICA.3.001228
https://doi.org/10.1038/s41586-018-0601-5
https://doi.org/10.1103/PhysRevLett.119.253904
https://doi.org/10.1103/PhysRevLett.119.253904
https://doi.org/10.1002/lpor.201900198
https://doi.org/10.1002/lpor.201900198
https://doi.org/10.1103/PhysRevB.101.155422
https://doi.org/10.1021/acs.nanolett.1c00449
https://doi.org/10.1002/lpor.202100398
https://doi.org/10.1002/lpor.202100398
https://doi.org/10.1103/PhysRevLett.117.143901
https://doi.org/10.1103/PhysRevLett.117.143901
https://doi.org/10.1103/PhysRevA.94.021801
https://doi.org/10.1103/PhysRevB.93.155112
https://doi.org/10.1038/s41928-018-0042-z
https://doi.org/10.1103/PhysRevLett.123.053902
https://doi.org/10.1103/PhysRevLett.123.053902
https://doi.org/10.1126/science.abd2033
https://doi.org/10.1103/PhysRevX.11.041057
https://doi.org/10.1038/nphys1926
https://doi.org/10.1038/nphys1926
https://doi.org/10.1038/nature12066
https://doi.org/10.1038/nature12066
https://doi.org/10.1038/ncomms13756
https://doi.org/10.1038/ncomms13918
https://doi.org/10.1038/ncomms13918
https://doi.org/10.1103/PhysRevA.90.023813
https://doi.org/10.1103/PhysRevA.96.043868
https://doi.org/10.1103/PhysRevA.99.033821
https://doi.org/10.1002/lpor.201900223
https://doi.org/10.1002/lpor.201900223
https://doi.org/10.1021/acsphotonics.9b01589
https://doi.org/10.1364/OL.385494
https://doi.org/10.1364/OL.390694
https://doi.org/10.1103/PhysRevA.103.053507
https://doi.org/10.1117/1.AP.3.5.056001
https://doi.org/10.1117/1.AP.3.5.056001
https://doi.org/10.1103/PhysRevResearch.3.043027
https://doi.org/10.1103/PhysRevResearch.3.043027
https://doi.org/10.1515/nanoph-2021-0385
https://doi.org/10.1038/s41467-018-06520-7
https://doi.org/10.1038/s41467-020-15635-9
https://doi.org/10.1038/s41467-020-15635-9
https://doi.org/10.1038/s41567-021-01275-3
https://doi.org/10.1038/s41377-021-00607-5
https://doi.org/10.1038/s41377-021-00607-5
https://doi.org/10.1103/PhysRevLett.42.1698


[48] M. A. Gorlach and A. P. Slobozhanyuk, Nonlinear topo-
logical states in the Su–Schrieffer–Heeger model, Nano-
systems 8, 695 (2017).

[49] D. D. Solnyshkov, O. Bleu, B. Teklu, and G. Malpuech,
Chirality of Topological Gap Solitons in Bosonic Dimer
Chains, Phys. Rev. Lett. 118, 023901 (2017).

[50] Y. Hadad, V. Vitelli, and A. Alú, Solitons and propagating
domain walls in topological resonator arrays, ACS Photon-
ics 4, 1974 (2017).

[51] R. Chaunsali, H. T. Xu, J. Y. Yang, P. G. Kevrekidis, and G.
Theocharis, Stability of topological edge states under strong
nonlinear effects, Phys. Rev. B 103, 024106 (2021).

[52] A. Y. Zykin, D. V. Skryabin, and Y. V. Kartashov, Topo-
logical solitons in arrays of modelocked lasers, Opt. Lett.
46, 2123 (2021).

[53] E. Cancellieri and H. Schomerus, PC-symmetry-protected
edge states in interacting driven-dissipative bosonic sys-
tems, Phys. Rev. A 99, 033801 (2019).

[54] D. Bongiovanni, D. Jukić, Z. C. Hu, F. Lunić, Y. Hu, D. H.
Song, R. Morandotti, Z. G. Chen, and H. Buljan, Dynami-
cally Emerging Topological Phase Transitions in Nonlinear
Interacting Soliton Lattices, Phys. Rev. Lett. 127, 184101
(2021).

[55] A. Bisianov, M. Wimmer, U. Peschel, and O. A. Egorov,
Stability of topologically protected edge states in nonlinear
fiber loops, Phys. Rev. A 100, 063830 (2019).

[56] M. Pieczarka, E. Estrecho, S. Ghosh, M. Wurdack, M.
Steger, D. W. Snoke, K. West, L. N. Pfeiffer, T. C. H. Liew,
A. G. Truscott, and E. A. Ostrovskaya, Topological phase
transition in an all-optical exciton-polariton lattice, Optica 8,
1084 (2021).

[57] S. Q. Xia, D. Jukic, N. Wang, D. Smirnova, L. Smirnov,
L. Q. Tang, D. H. Song, A. Szameit, D. Leykam, J. Xu, Z. G.
Chen, and H. Buljan, Nontrivial coupling of light into a
defect: The interplay of nonlinearity and topology, Light 9,
147 (2020).

[58] M. Guo, S. Q. Xia, N. Wang, D. H. Song, Z. G. Chen, and
J. K. Yang, Weakly nonlinear topological gap solitons in
Su-Schrieffer-Heeger photonic lattices, Opt. Lett. 45, 6466
(2020).

[59] C. Hang, D. A. Zezyulin, G. Huang, and V. V. Konotop,
Nonlinear topological edge states in a non-Hermitian array
of optical waveguides embedded in an atomic gas, Phys.
Rev. A 103, L040202 (2021).

[60] L. Jin, Topological phases and edge states in a non-
Hermitian trimerized optical lattice, Phys. Rev. A 96,
032103 (2017).

[61] B. Midya and L. Feng, Topological multiband photonic
superlattices, Phys. Rev. A 98, 043838 (2018).

[62] V. M. Martinez Alvarez and M. D. Coutinho-Filho, Edge
states in trimer lattices, Phys. Rev. A 99, 013833 (2019).

[63] Y. Wang, Y.-H. Lu, J. Gao, Y.-J. Chang, H. Tang, and X.-M.
Jin, Experimental topological photonic superlattice, Phys.
Rev. B 103, 014110 (2021).

[64] Y. Zhang, B. Ren, Y.-D. Li, and F. Ye, Topological states in
super-SSH model, Opt. Express 29, 42827 (2021).

[65] S. Suntsov, K. G. Makris, D. N. Christodoulides, G. I.
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