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Nonlinear topological photonics is an emerging field that aims to extend the fascinating properties of topological states to a
regime where interactions between the system constituents cannot be neglected. Interactions can trigger topological phase
transitions, induce symmetry protection and robustness properties for the many-body system. Here, we report the nonlinear
response of a polariton lattice that implements a driven-dissipative version of the Su-Schrieffer-Heeger model. We first dem-
onstrate the formation of topological gap solitons bifurcating from a linear topological edge state. We then focus on the forma-
tion of gap solitons in the bulk of the lattice and show that they exhibit robust nonlinear properties against defects, owing to the
underlying sublattice symmetry. Leveraging the driven-dissipative nature of the system, we discover a class of bulk gap solitons
with high sublattice polarization. We show that these solitons provide an all-optical way to create a non-trivial interface for
Bogoliubov excitations. Our results show that coherent driving can be exploited to stabilize new nonlinear phases and establish
dissipatively stabilized solitons as a powerful resource for topological photonics.

to the existence of a non-zero Berry phase, and gives rise to

fascinating phenomena like anomalous velocity, chiral edge
states (that are robust to disorder) or topological pumps"?. First
discovered in solid-state systems, topological physics can be emu-
lated in artificial lattices including atomic®, photonic*’, mechani-
cal’, optomechanical” and polaritonic®® systems. These platforms
have allowed engineering topological phases hardly achievable
in condensed matter, involving synthetic dimensions'’, disorder
effects'"'?, quasi-crystalline structures”® or higher-order multi-
poles'*'®. The physics becomes even richer when interparticle
interactions are considered’. In the weakly interacting regime,
nonlinearities induce topological phase transitions'’"", wave mix-
ing among topological modes***, enable the formation of solitons
in a topological gap”® or the realization of Thouless pump-
ing with solitons”*. In the strongly interacting regime, novel
symmetry-protected phases may appear”, and fractional quantum
Hall physics can be emulated™.

Recently, photonic platforms have allowed pushing this explo-
ration beyond the realm of conservative Hamiltonians, mainly
through the engineering of gain and loss. Non-Hermitian topologi-
cal systems’ have led to the development of topological lasing on
zero-dimensional**~** or one-dimensional (1D)***” edge states and
PT-symmetric phases®*’. Most of these works on non-Hermitian
topology have focused on probing, stabilizing or amplifying the
linear response of the system. These recent advances now offer the
possibility to experimentally explore topological photonics in a
regime where non-Hermiticity and nonlinearity are combined®-*.
Driven-dissipative photonic platforms are particularly suited to
probe this physics. The external drive can be used to stabilize novel

| he topology of band structures in periodic systems is related

nonlinear solutions inaccessible to systems subject solely to gain
and loss, and to modify the underlying topology*.

In this Article, we investigate the physics of gap solitons in a 1D
driven-dissipative topological lattice. We emulate a nonlinear ver-
sion of the Su-Schrieffer-Heeger (SSH) model: a 1D bipartite topo-
logical lattice with staggered hopping energies forming a chain of
coupled dimers*. Cavity polaritons enable exploring this nonlinear
topological physics®*>***=*. Indeed, their excitonic fraction pro-
vides repulsive interactions, resulting in a Kerr-type nonlinearity,
whereas their photonic component makes the system intrinsically
non-Hermitian via loss and possibly gain. Moreover, the system can
be resonantly driven and reach a steady state determined by the bal-
ance between drive, dissipation and nonlinearity**.

We demonstrate the formation of gap solitons that bifurcate either
from a topological interface state or from dimers in the lattice bulk.
When excited within the topological gap, the solitons present tails that
are highly sublattice polarized. This endows them with robustness
properties that we probe using an optically controlled non-Hermitian
defect (a local complex term perturbing the potential landscape).
We demonstrate that these solitons are robust to defects located on
one sublattice, a property inherited from the chiral symmetry of the
model. The crucial asset of driven-dissipative systems appears when
engineering the driving field. By imposing a phase frustration between
the driving field and Bloch eigenstates, we demonstrate the generation
of gap solitons that have no counterpart in conservative systems and
show high sublattice polarization in the core. Crucially, we show how
the modification of the potential landscape induced by these asym-
metric solitons can effectively split the chain and form a non-trivial
interface. This aspect is evidenced through the emergence of a topo-
logical edge state in the calculated Bogoliubov excitation spectrum.

'Université Paris-Saclay, CNRS, Centre de Nanosciences et de Nanotechnologies (C2N), Palaiseau, France. ?Institut Pascal, PHOTON-N2, Université
Clermont Auvergne, CNRS, SIGMA Clermont, Clermont-Ferrand, France. 3Institut Universitaire de France (IUF), Paris, France. “Université de Lille,
CNRS, Laboratoire de Physique des Lasers Atomes et Molécules (PhLAM), Lille, France. *These authors contributed equally: N. Pernet, P. St-Jean.

®e-mail: jacqueline.bloch@c2n.upsaclay.fr

NATURE PHYSICS | www.nature.com/naturephysics


mailto:jacqueline.bloch@c2n.upsaclay.fr
http://orcid.org/0000-0001-7947-1056
http://orcid.org/0000-0002-2072-0756
http://orcid.org/0000-0002-2898-6401
http://orcid.org/0000-0003-1532-7543
http://orcid.org/0000-0001-8068-6599
http://orcid.org/0000-0002-2508-8315
http://orcid.org/0000-0003-1746-5245
http://orcid.org/0000-0001-7823-8420
http://crossmark.crossref.org/dialog/?doi=10.1038/s41567-022-01599-8&domain=pdf
http://www.nature.com/naturephysics

ARTICLES NATURE PHYSICS

Intensity (a.u.)

Power (mW)

¢ Quasi-resonant

o BC106106,0,00,00,600,

y
=

—1,443.5 (meV)

-

E-1,445.8 (meV)
™
' 1
. 1
y 1
v 1
p 1
\'

o
T
(]
(7]
ac
«Q
D
©
o
T
-
¥

—

Lower s band
_1 C L L

00 08® 00

.0

(60j) Ausuayui
pazi[ew.loN

-1 0 1 -1 0
k (um™)

[ J) P —— N

D
5

Fig. 1| Implementation of the SSH lattice. a,b, Scanning electron microscopy images of the bulk SSH polariton lattices. We highlight some of the micropillars
with yellow circles and an interface defect in b with a green circle. Inset of a: schematic representation of a micropillar, composed of a Fabry-Perot cavity
defined by two distributed Bragg reflectors (DBRs) and a spacer (orange layer) embedding a single quantum well (QW). Right: Typical shape of the s and

p polariton modes. ¢,d, Spectrally resolved photoluminescence intensity measured as a function of momentum k under non-resonant excitation using an
elongated spot centred in the bulk (¢) and on the interface defect of the lattice (d). e, Transmitted intensity measured as the excitation power is ramped up
(blue circles) or down (red circles) under quasi-resonant excitation of the interface defect. f, Two-dimensional real-space image of the transmitted intensity
measured on the topological soliton. The excitation pump is localized on the interface state, as sketched on top of the panel. g, Normalized intensity profiles
(integrated over the transverse direction) measured for the topological interface state in the linear regime (dashed grey line) and for a topological gap

soliton bifurcating from the interface state (black solid line).

Nonlinear driven-dissipative SSH model
The physics of the polariton nonlinear SSH model can be captured
by a discretized Gross-Pitaevskii equation including drive and

dissipation:
|an|*an
1b42B,

e | = (Eo — %) | g
@y, 2,
—J b 7 bu Fan eiwt’
an Apn+1 F;,,n
where ., (t)=[a,(t); b,(t)]" is the time-dependent wavefunction
spinor on site A and B in the nth unit cell, # is the reduced Planck
constant, E, is the on-site energy, y is the polariton linewidth, gis the
interaction energy, J (J') is the intracell (intercell) coupling energy
and /(2n) is the driving field frequency setting the polariton field
frequency. The driving field F, = [F, ; F, ,]* can be engineered with a
specific amplitude and phase on each site, namely, Fo,i = |Fo |,
The topological nature of the SSH model is related to chiral (or
sublattice) symmetry. Zero-energy states, which emerge in lattices
ending with weak links, are protected by this symmetry. They are

localized on a single sublattice, thus presenting well-defined sublat-
tice pseudospin:
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The sign of the spin reflects the sublattice localization, either

on A (+1) or B (-1). The existence of topological edge states can
be related to the winding number W computed over the first

Brillouin zone* that can take the values of 0 (strong-link termina-
tion) or 1 (weak-link termination). Hereafter, we will show that
the specific properties of gap solitons generated in the nonlinear
driven-dissipative SSH model are linked to the pseudospin evalu-
ated in their core and in their exponential tails.

To emulate this system with cavity polaritons, we design arrays
of coupled micropillars (3.0pm diameter), with alternating short
(2.2pm) and long (2.75 pm) centre-to-centre distances (Fig. 1a). At
the centre of some lattices, we create an interface defect by insert-
ing a pillar surrounded by two consecutive long centre-to-centre
distances (Fig. 1b). These arrays are fabricated by etching a planar
cavity containing a quantum well (Methods).

The linear spectrum of these structures is probed by
low-temperature (4K) photoluminescence experiments (Methods).
Imaging the emission with angular resolution enables observing
polaritonic bands in momentum space (Fig. 1¢,d and Supplementary
Section 1). Real-space images are shown in Supplementary Section
2. The two lowest-energy bands originate from the hybridization
of the lowest-energy mode (s mode) of each pillar and emulate the
single-particle SSH model with a 0.45meV topological gap. The
spectrum asymmetry with respect to the centre of this gap is attrib-
uted to couplings between the s modes and the next modes of higher
energy (p modes)™. Interestingly, when the excitation overlaps an
interface defect (Fig. 1d), a topological state localized on the inter-
face pillar is observed in the topological gap (Supplementary Fig. 2).

Focusing the pump on the interface, we first evidence a topologi-
cal soliton that bifurcates from a linear topological state. We tune the
laser energy to 180 peV (approximately 2.5y) above the topological
interface state and measure the transmitted signal when scanning
the excitation power up and down. As shown in Fig. le, a hyster-
esis cycle is observed in the transmitted intensity, as expected in the
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Fig. 2 | Generation of topological gap solitons. a, Spectral density of states (DOS) of the SSH lattice. The drive (purple arrow) is detuned from the centre
of the topological gap by AE. b, Spatially resolved intensity (integrated over the direction perpendicular to the lattice and normalized to their maximum
value), measured as we ramp up the driving power. The dotted horizontal red lines mark the P, and P, thresholds. ¢,d, Experimental (solid line) and
simulated (dashed line) spatial profiles of the soliton above P, (¢) and P, (d) thresholds (the corresponding excitation powers are indicated with dotted
black lines in b). e, Pseudospins S; (red full circles) and —Sg (blue open circles) measured as a function of AE. The amount of optical power available

in the experiment enables exploring positive AE values up to 0.1meV only. The error bars are calculated by evaluating the impact of the area chosen for
intensity integration on the result. The grey solid line shows the values of S, obtained using a tight-binding calculation, where the intensity on each site is
convoluted with a Gaussian profile with FWHM of 2.7 um (about the FHWM of the s mode of the pillar). f, Soliton profile measured when the laser energy
is tuned to the upper trivial gap (AE=1.0meV). In b-d and f, the location of the drive is indicated with a purple arrow in the sketch above. In ¢, d and f, the
red (blue) dashed lines indicate the A (B) sites with peaked intensity whereas the grey areas represent the extent of the soliton cores.

presence of Kerr nonlinearities. The high-intensity branch manifests
the generation of a gap soliton. It presents the same spatial profile as
the linear topological interface state (Fig. 1f,g): a core self-localized
at the defect position surrounded by two sublattice-polarized expo-
nentially decaying tails.

Bulk gap solitons

We now address the nonlinear response in the bulk of the SSH lat-
tice (Fig. la). We implement a quasi-resonant excitation scheme
using a laser spectrally detuned by AE=hw — E, with respect to the
centre of the topological gap at energy E, (Fig. 2a). We focus the
laser (full-width at half-maximum (FWHM), 3.5 um) ten unit cells
away from the lattice edges to avoid finite size effects, and measure
the transmitted intensity.

We first consider an excitation scheme where the pump fre-
quency is tuned to the centre of the topological gap (AE=0) and
the beam is focused onto the centre of a dimer. This corresponds,
in equation (1), to a driving field localized on a single dimer with
equal amplitude and phase on both A and B sites. By ramping up
the driving power, we observe the formation of gap solitons that
are symmetric with respect to the pump and localized on a discrete
number of dimers (Fig. 2b). When the incident power reaches the
first threshold (denoted by P,), we observe the formation of a bulk
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soliton with a core extending over one dimer. Above threshold
P,, the soliton core extends to three dimers. Looking at the total
transmitted intensity when scanning the power up and down, we
evidence bistability and hysteretic behaviour at each nonlinear
threshold (Supplementary Section 3). Each threshold occurs when
the nonlinear blueshift induced by the polariton interaction energy
within a dimer overcomes the spectral detuning between the pump
and the top of the lower band. These solitons are composed of a
self-localized core region (Fig. 2¢,d, grey-shaded areas) and of expo-
nentially decaying tails on both sides. Due to the lattice inversion
symmetry, the soliton pseudospin computed over the entire profile
vanishes®: Siot=-0.10+0.06 after P, and Siot=0.09 +0.04 after P,.
Note that variations in P, are observed when pumping different
dimers. They are due to disorder-induced on-site energy fluctua-
tions of about 15peV. These are smaller than the polariton line-
width (y~ 70 peV) and do not influence the physics discussed here.

It is insightful to probe how the pseudospin varies over the pro-
file. Inside the soliton core, each dimer shows similar amplitude
on both sublattices, leading to a locally vanishing pseudospin’':
Score=-0.03 +0.09 after P, and Score =0.01 +0.06 after P, (Fig. 2¢,d).
In contrast, the evanescent tails are strongly localized on a single
sublattice: the A sublattice on the left and the B sublattice on the
right. Consequently, the pseudospins S; and S integrated over the
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Fig. 3 | Robustness of gap solitons against a defect. a, Schematic of the two-beam experiment to generate both soliton (quasi-resonant pump; purple
arrow) and optically induced defect (non-resonant pump; red arrow). b, Calibration of the optical defect: blueshift A as a function of the non-resonant
pump power measured on the calibration micropillar. ¢-g, Spatially resolved intensity profiles (integrated along the direction perpendicular to the lattice
and normalized to their maximum value), measured as we ramp up the driving power for no defect (c), a defect on the B sublattice generated with various
non-resonant powers (d-f) and a defect on the A sublattice (g) generated with the same power as in f. For each panel, the driven dimer (defect) is shown
on top with purple (red) circles. h, Threshold power Py measured as a function of the blueshift (deduced from b) induced by a defect localized on the

A (red symbols) or B (blue symbols) sublattice. The red and blue lines correspond to numerical simulations. The error bars correspond to the standard
deviation on the measurement of P, obtained by performing a repeatability study on the resonant pump alignment.

left and right soliton tails are non-zero and present opposite signs:
Sp> 0 and Sg <0 (Fig. 2¢,d).

The spin of the bulk soliton tails can be further explored when
varying the laser energy. In Fig. 2e, we report the measured Sy and Sg
when varying AE within the topological gap. The spin polarization
of the tails reaches its maximum close to the centre of the gap and
decreases when approaching the bands (Supplementary Section 4
provides the measured profiles). We now compare these features
with the case of solitons generated in the gap separating the s and p
bands. To do so, we tune the laser energy to the upper gap and focus
the laser spot onto a single site to efficiently couple to the upper
SSH band (anti-bonding symmetry). The soliton profile obtained
when exciting this trivial gap is presented in Fig. 2f. Both evanes-
cent tails present high intensities on all pillars and thus show no
spin polarization.

To accurately reproduce the experimental data, we use an
effective 1D continuous model, which allows to take into account
the finite size of the lattice pillars and the mixing of s—p bands.

We look for steady-state solutions of a 1D driven-dissipative Gross—
Pitaevskii equation. The strong and weak links are represented by
barriers in the potential (Supplementary Section 5). Numerical
results shown in Fig. 2¢,d (and Supplementary Fig. 6) reproduce the
measured soliton profiles with their characteristic tails of opposite
spin polarization.

Robustness of bulk gap solitons to non-Hermitian defects
In conservative SSH lattices, theoretical calculations predict the
interaction of gap solitons with a defect to be strongly influenced by
the spin polarization of their tails”’. Hereafter, we extend this idea
to the driven-dissipative framework, and show that the nonlinear
threshold for the lateral growth of the soliton core is immune to the
presence of a defect on one sublattice but not on the other.

We monitor how the spatial expansion of the soliton core is
affected by a defect positioned on a pillar belonging to a neigh-
bouring dimer. The defect is optically generated by non-resonantly
pumping a pillar belonging to the A or B sublattice with a second
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Fig. 4 | Spin-polarized solitons. a, Spatially resolved intensity (integrated along the direction perpendicular to the lattice and normalized to their maximum
value), measured as a function of Ag for a total excitation power P=80 mW (P> P,). The driven dimer is indicated on the top (purple discs). The white
vertical dashed line indicates the centre of the driven dimer. b, Measured (symbols) and calculated (dashed line) soliton total pseudospin Stot, as a function
of Ag. The error bars are calculated by evaluating the impact of the area chosen for intensity integration. ¢, The intensity profile of the soliton measured
(solid line) and simulated (dashed line) for a phase difference Ap =1.13x (indicated by the horizontal dashed line in a). The blue dashed lines mark the B
pillars with peaked intensity. d, Calculated Bogoliubov excitation spectrum (bottom) when driving a dimer with AE=0, Agp =1.13r and an excitation power
corresponding to the maximum spin polarization of the soliton core. The white dashed ellipse highlights the blueshifted site, and the arrow points towards
the mode emerging in the gap (the mode profile is shown in the inset). Above the Bogoliubov spectrum, we show the intensity profile of the bulk soliton
(red bars). The top shows an illustrative schematic depicting the chain. The red disc shows the site where the eigenmode has effectively been decoupled
from the bands. The white discs illustrate the two remaining semi-infinite chains together with their winding numbers W, determined from the coupling
strength at their termination.

laser (Fig. 3a). This creates a local reservoir of excitons whose effect  occurs toward the right and left dimers, regardless of the defect
is twofold: (1) it locally blueshifts the pillar on-site energy (pertur- amplitude (Fig. 3g,h) and for a power close to P, measured with-
bation on the real part of the potential); (2) it induces a local gain  out defect. This demonstrates that solitons in the topological gap
through the stimulated relaxation of excitons towards polariton present high robustness against non-Hermitian defects located on
modes (perturbation of the imaginary part of the potential). This  one sublattice because of the spin polarization of their tails. This
defect is, therefore, intrinsically non-Hermitian. would also apply to the topological solitons discussed earlier, which

To calibrate the real part of this perturbation, we measure the bifurcate from a topological edge state. Moreover, as discussed else-
spectral shift of the ground state from a single micropillar with sim- ~ where™, linear topological edge states at zero energy are immune to
ilar characteristics as those forming the chain (Fig. 3b). The imagi-  disorder in the coupling constants of the SSH lattice, as long as the
nary part (gain) is deduced from the lasing threshold (P, ~ 0.6 mW)  topological gap remains open. These properties still hold for the gap
in the calibration pillar (Supplementary Section 7). solitons discussed here.

The evolution of the spatial profile of the soliton as we ramp
up the resonant pump power is displayed in Fig. 3d-g for different ~Spin-polarized gap solitons using phase-engineered drive
amplitudes and positions of the defect. For comparison, the case  The bulk gap solitons considered so far present a globally vanish-
without a defect is shown in Fig. 3c. We first monitor the soliton-core  ing pseudospin, like in conservative systems®'. Hereafter, we show
expansion in the presence of a defect located on the B sublattice, ~how we can depart from this family of unpolarized solutions owing
where the soliton-tail intensity presents local maxima (Fig. 3d-fand  to the driven-dissipative nature of polaritons. To do this, we turn
Supplementary Section 7). As the defect breaks the spatial symmetry to an excitation scheme where two pillars of a dimer are driven
of the system and locally reduces the laser detuning, the soliton-core ~ with two beams with the same amplitude and tunable phase dif-
expansion becomes asymmetric. It is favoured towards the defect ference Ap=¢,—¢; (Fig. 4a). In equation (1), this corresponds to
at power P5. At higher power, close to power P, measured without a driving field localized on a single dimer with equal amplitude on
a defect, the soliton eventually recovers a symmetric profile. We  both sublattices, but different phases. We select a total excitation
observe in Fig. 3h that P; strongly varies with the defect amplitude. ~power P> P, to obtain a three-dimer soliton when Ag=0. Figure
The simulations shown in Fig. 3h reproduce this behaviour when 4a presents the evolution of the intensity distribution along the lat-
including the calibrated values of both real and imaginary parts of the  tice on increasing Ag. A sequence of abrupt switchings is revealed
perturbation (Supplementary Section 7 and Supplementary Fig. 8). between distinct regimes where the soliton core changes size. Close

This observation contrasts with what we measure whenlocalizing  to Ag =, the driving field becomes orthogonal to the lower-band
the defect on the A sublattice, where the amplitude of the tails van-  Bloch modes, strongly reducing light injection and explaining the
ishes. In that case, the second nonlinear expansion simultaneously  switching to the linear regime.
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For non-zero values of Ag, the soliton exhibits a non-zero
total sublattice polarization, which reaches a maximum close to
|STot|=0.5 in the vicinity of Agp=mx (Fig. 4b). Remarkably, the
soliton core is then localized on a single site of the driven dimer,
whereas the other driven site experiences a destructive interference
induced by the nonlinearity. We show (Fig. 4c) the experimental
and theoretical spatial profiles of this soliton for Ap=1.13n. As can
be analytically derived (Supplementary Section 9), when assum-
ing perfect destructive interference in one of the two sites of the
driven dimer, the resulting profile is found to be the same as that of
an SSH topological edge state. We emphasize that the novel family
of spin-polarized gap solitons reported here does not exist in con-
servative or undriven systems, as a phase-patterned driving field is
required to stabilize them (Supplementary Section 8).

Highly spin-polarized gap solitons have striking consequences
on the physics of the underlying excitations. These consequences
are related to the nonlinear on-site energy blueshifts locally induced
by solitons. For A =1.13x, the soliton core creates a local poten-
tial barrier strongly localized on a single site and effectively splits
the lattice in two semi-infinite SSH chains, one of them showing a
weak-link termination (W =1). This suggests the optical creation of
a non-trivial interface. For a more quantitative analysis of this effect,
we compute the Bogoliubov spectrum of the system (Methods), in
the presence of a spin-polarized soliton. We consider a situation
similar to the experiment, where the soliton is generated at energy
AE=0 using two pumps localized on sites 0 and 1 and A =1.13x.
The spatial profile of the soliton (obtained for the drive power cor-
responding to optimal destructive interference within the driven
dimer) is shown in the top part of Fig. 4d, and the spatial profile
of the Bogoliubov modes is shown in the bottom. The Bogoliubov
spectrum clearly shows a high-energy mode strongly localized at
the soliton core position on site 1 (white dashed ellipse), which is a
signature of the large blueshift experienced by this site. The vanish-
ing amplitude of the Bloch band states at this position suggests that
the lattice has effectively been split into two parts. Remarkably, we
observe the emergence of a Bogoliubov mode within the topological
gap (Fig. 4d, arrow), together with its particle-hole symmetry with
respect to the pump energy e =0 (ref. **). This mode is localized on
site 0 (weak-link termination with ¥V =1 next to the soliton core),
and presents a strong spin polarization of $=0.67, thus pointing
towards the non-trivial character of the optically created interface.
Since the soliton does not create an infinite potential barrier, the
emerging topological edge state in the excitation spectrum is not
fully spin polarized as one would expect otherwise. These simula-
tions appeal for further explorations to experimentally demonstrate
the emergence of an edge state in the SSH topological gap induced by
dissipatively stabilized gap solitons showing high spin polarization.

Outlook

This work provides exciting perspectives to nonlinear topologi-
cal photonics. Indeed, the driven-dissipative nature of polari-
tonic systems offers a general way to stabilize novel nonlinear
solutions that find no equivalent in conservative systems, to
engineer non-Hermitian defects as well as to reshape the poten-
tial landscape probed by Bogoliubov excitations and to modify
their topology*>**. The control over the imaginary part of the
potential could enable the exploration of PT-symmetric phases
in nonlinear driven-dissipative systems**”. These ideas can be
extended to more complex non-Hermitian landscapes with chiral
symmetry like two-dimensional polariton lattices'*>**" or
higher-order topological insulators®*-.
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Methods

Sample description. The polariton lattice used in this work is etched out of a
planar semiconductor microcavity with a nominal quality factor of Q~ 75,000
grown by molecular-beam epitaxy. The microcavity is composed of a 4 GaAs layer
embedded between two Ga,yAl,;As/Ga,sAl)o;As distributed Bragg reflectors
with 28 (top) and 32 (bottom) pairs. A single 15nm In,,;Ga,4sAs quantum well is
inserted at the centre of the cavity, resulting in strong exciton-photon coupling,
with an associated 3.2 meV Rabi splitting (measured by probing the polariton
dispersion via angularly resolved photoluminescence (Supplementary Section 1)).
After the epitaxy, the sample is processed with electron-beam lithography

and dry etching into arrays of coupled pillars arranged in an SSH lattice. The
exciton-photon detuning, defined as the energy difference between the uncoupled
cavity mode at the bottom of the s band and exciton resonance, is of the order of
-4.9meV for all the experiments (Supplementary Section 1). Effective couplings
Jand J’ are of the order J~0.5meV and J'~0.2meV.

Experimental techniques. The sample is held at T=4K in a closed-cycle cryostat.
Non-resonant photoluminescence measurements are realized with a single-mode
continuous-wave laser at 780 nm. The excitation spot is elongated (FWHM,

~30 um) by focusing the beam with a cylindrical lens at the back-focal plane of
the excitation objective. The emission is collected through a lens with a numerical
aperture of 0.55 and imaged on the entrance slit of a spectrometer coupled to

a charge-coupled device camera with ~30 peV spectral resolution. Real- and
momentum-space photoluminescence images are realized by imaging the sample
surface and the Fourier plane of the objective, respectively. A polarizer is used to
select the emission polarized along the long axis of the lattice. Experiments with
quasi-resonant excitation are realized in transmission geometry, with the excitation
(detection) on the epitaxial (substrate) side of the sample and a spot of 3.5 pm
FWHM. The optical defect is created by focusing an 825 nm continuous-wave
laser onto a 3 um FWHM spot on the epitaxial side. For the resonant two-spot
experiment (each with 3.5 pm FWHM), the phase difference is controlled with a
delay line with one of the mirrors mounted on a piezoelectric actuator.

Numerical methods. We use the third-order Adams-Bashforth method for the
numerical integration of the nonlinear Gross-Pitaevskii equation with a time

step of 10~ ps. CPU-based parallel computing is used to evaluate the kinetic
energy term via fast Fourier transform. The numerical grid of 2°=512 points
allows to describe a lattice of 21 dimers with a step of 0.25 pm. Increasing the
resolution further or considering a longer chain does not change the results. The
ramp-up and ramp-down times are 20 ns, which is a compromise between the
required adiabaticity and simulation time. We have checked that increasing the
ramp-up time further does not change the results. The parameters were as follows:
m=3x10""m, (m, is the free electron mass); y=70peV; g=5peV pm? pumping
spot FWHM, ~2.8 pm; and pumping-frequency detuning with respect to the

band edge, ~0.2meV. Other relevant parameters, such as the potential profile, are
provided and discussed in the Supplementary Information. Bogoliubov spectra
were calculated by linearizing the discretized Gross—Pitaevskii equation around
the steady-state solution y. We use the ansatz ¢, = (y; + dy,) exp(iot)

with 6y, = u, exp(—iet/h) + v, exp(ie*t/h), where € is the complex-valued
energy®' and u and v are two component vectors describing the amplitude of the
wavefunction of the A and B sites in the nth unit cell. The spectrum is symmetric
with respect to the pump energy e =0meV, as imposed by particle-hole symmetry.

In the graph shown in Fig. 4d, we display the energy versus position distribution
of the |u,|> component that is associated with the creation operator. The squared
amplitudes corresponding to the A and B sites of the nth unit cell are associated
with site numbers 21 and (2n 4 1), respectively.

Data availability

Source data are provided with this paper. All other data that support the
plots within this paper and other findings of this study are available from the
corresponding author upon reasonable request.
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