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P H Y S I C S

Optical switching of topological phase in a perovskite 
polariton lattice
Rui Su1*†, Sanjib Ghosh1†, Timothy C. H. Liew1,2*, Qihua Xiong3,4*

Strong light-matter interaction enriches topological photonics by dressing light with matter, which provides 
the possibility to realize active nonlinear topological devices with immunity to defects. Topological exciton 
polaritons—half-light, half-matter quasiparticles with giant optical nonlinearity—represent a unique platform 
for active topological photonics. Previous demonstrations of exciton polariton topological insulators demand 
cryogenic temperatures, and their topological properties are usually fixed. Here, we experimentally demon-
strate a room temperature exciton polariton topological insulator in a perovskite zigzag lattice. Polarization 
serves as a degree of freedom to switch between distinct topological phases, and the topologically nontrivial 
polariton edge states persist in the presence of onsite energy perturbations, showing strong immunity to dis-
order. We further demonstrate exciton polariton condensation into the topological edge states under optical 
pumping. These results provide an ideal platform for realizing active topological polaritonic devices work-
ing at ambient conditions, which can find important applications in topological lasers, optical modulation, 
and switching.

INTRODUCTION
Topological insulators represent a new class of materials that are 
insulating in the bulk but show the hallmark property of topological 
conducting edge states, which are endowed with topological robust-
ness against disorder, as a consequence of the nontrivial topology of 
the bulk (1). Early demonstrations of topological insulators date 
back to the discovery of quantum Hall effect in condensed matter in 
1980s (2), and the concept of topology was later advanced to various 
fields including microwaves (3, 4), photonics (5, 6), cold atoms (7), 
acoustics (8), and mechanics (9). In particular, initially proposed by 
Haldane and Raghu (3), the extension of topology into photonics 
has revolutionized the design principle of novel optical devices, which 
allow robust edge transport with strongly suppressed backscatter-
ing loss (4, 10, 11), robust lasing (12–14), and harmonic generation 
(15), as well as robust propagation of single photons in the quantum 
regime (16, 17). Despite the remarkable success of introducing to-
pology into photonics for robustness, the properties of the topological 
photonic structures are usually fixed once fabricated. To develop a 
broader range of applications, the realization of reaching distinct 
topological phases in a single system is highly demanded (18–21). In 
condensed matter, several strategies have been experimentally used 
to gain access to distinct topological phases via spin- orbit coupling 
(22) and electrical field (23), which lay the foundation for realizing 
topological transistors. Similar achievements have also been exper-
imentally demonstrated with microwaves (18), mechanics (24), and 
electric circuits (25,  26). However, this access to distinct phases 
without changing the topological structure remains experimentally 

nontrivial in the optical frequency, particularly the visible spectral 
range, which demands subwavelength architectures (27).

Recently, microcavity exciton polariton systems have emerged as 
a unique platform for topological photonics (11, 12, 28–34), repre-
senting a linking bridge between photonics and condensed matter. 
Exciton polaritons are half-light, half-matter quasiparticles, which 
result from the strong coupling between cavity photons and exci-
tons. Compared with pure photonic systems, the light-matter 
hybridization provides them strong nonlinearity and enhanced re-
sponse to external stimuli. Topological exciton polaritons have been 
experimentally demonstrated in GaAs microcavities (11,  12,  35) 
and the more recent monolayer WS2 (33) but demanded cryogenic 
temperatures, and their topological phase is usually fixed. With the 
recent demonstration of polariton condensation in lattices (36, 37), 
the halide perovskite system (38–42) emerges as a promising candi-
date for room temperature active topological insulators with exciton 
polaritons. Exciton polariton topological insulators with polarization- 
dependent phases were theoretically proposed before (30), while 
they have not been experimentally realized yet.

Here, we demonstrate an exciton polariton topological insulator 
with polarization-dependent phases in a one-dimensional (1D) 
perovskite lattice at room temperature, which is based on the 
Su-Schrieffer-Heeger (SSH) model by coupling the s-orbital type 
polariton modes with a zigzag chain of nanopillars. By using the 
anisotropy and strong photonic spin-orbit coupling from the halide 
perovskite microcavity (36, 40, 41), we demonstrate the emergence 
of topological polariton edge states locating inside a large topologi-
cal gap of ~10 meV, which is essential for nonlinear devices that 
seek to use energy shifts to realize switches and information pro-
cessing while remaining topological (32). In the meantime, it allows 
distinct topological phase switching between topologically nontriv-
ial phase and topologically trivial phase by means of polarization 
switching. Furthermore, we show the topological robustness of the 
polariton edge states in the presence of structural imperfections 
with onsite energy variations, and exciton polaritons can condense 
into the topological edge states under optical pumping at room 
temperature.
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RESULTS
Mechanism of polarization-dependent topological phases 
in the perovskite zigzag lattice
In our experiment, the CsPbBr3 perovskite active medium is grown by 
a vapor-phase deposition technique as discussed before (38, 43, 44), 
with excellent optical properties and flat surface (see the Supplemen-
tary Materials). Robust exciton polariton condensates have been pre-
viously demonstrated in this type of perovskite microcavity at room 
temperature (36, 39). Here, we fabricate an active SSH zigzag 
chain with a perovskite microcavity consisting of 40 identical coupled 
nanopillars (20 unit cells) with a diameter of 0.5 m and a center- to-
center distance of 0.475 m (Materials and Methods), which is sche-
matically shown in Fig. 1A. The zigzag chain is created by patterning 
the spacer layer of poly(methyl methacrylate) (PMMA) inside the 
cesium lead bromide perovskite planar microcavity (Fig. 1B) with a 
cavity detuning of ~140 meV. Our halide perovskite system is 
known to exhibit birefringent behavior at room temperature due to 
the orthorhombic structure of the perovskite, leading to the intrinsic 
anisotropy along different crystalline axes (36). Unlike previous 
demonstrations of topology by using p-orbital type polariton modes 
with a limited topological gap and a fixed phase at 4 K (12), here, we 
create the topology with s-orbital type polariton modes with a sub-
stantially large topological gap and allow topological phase switch-
ing at room temperature, as a consequence of the intrinsic 
anisotropy and strong photonic spin-orbit coupling of the perovskite 

system. As shown in Fig. 1A, we intentionally align the zigzag chain 
at an angle of 45° with respect to one of the perovskite crystalline 
axes (fig. S2). In this case, the polariton hopping directions inside 
the lattice are exactly along the major crystalline axes. In the SSH 
model, the unit cell is composed of two sites, and the Hamiltonian 
can be written in the tight binding limit as

    ̂  H   =  ∑ 
n
    (t    ̂  a    n       ̂  b    n     

†
  +  t ′       ̂  a    n+1     †     ̂  b    n   + h . c .)  

where     ̂  a    n  (    ̂  a    n     † )  and     ̂  b    n  (    ̂  b    n     † )  are the polariton annihilation (creation) 
operators in the sublattices a and b in the nth unit cell, respectively; 
t and t′ represent the intracell and intercell hopping strengths, re-
spectively. The Hamiltonian reveals two topologically distinct 
phases for the cases of t > t′ (trivial) and t < t′ (topologically non-
trivial), and the difference can be directly distinguished by the topo-
logical invariant, i.e., the winding number w of phase (k) across the 
Brillouin zone

  w =   1 ─ 2     ∫ 
BZ

      ∂ (k) ─ ∂ k   dk  

w = 1 for the topologically nontrivial phase (t < t′) and w = 0 for 
the trivial phase (t > t′). In our perovskite system, because of the 
intrinsic anisotropy and strong photonic spin-orbit coupling (36), 
the polariton effective mass is strongly polarization dependent and 
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Fig. 1. Schematic and mechanism of polarization-dependent topological phase in a perovskite zigzag lattice. (A) Schematic diagram of the perovskite zigzag lat-
tice, where the lattice is created by patterning the PMMA spacer layer and aligned 45° with respect to the crystal axes of the perovskite layer. (B) Scanning electron mi-
croscopy image of the zigzag chain on perovskite layer before the deposition of top DBR. The white dashed circles are added for visibility. t and t′ represent the intracell 
and intercell hopping strengths. Scale bar, 1 m. (C and D) Polariton dispersions collected along kx at ky = 0 m−1 and along ky at kx = 0 m−1 from a planar perovskite 
microcavity under X and Y polarizations at room temperature, respectively. The solid curves represent the fittings from a coupled oscillator model for X (blue) and Y (red) 
polarizations. (E and F) Calculated band structures in X and Y polarizations, respectively. Y polarization represents a topologically nontrivial phase (w = 1) with topological 
polariton edge states inside the topological gap, while X polarization represents a trivial phase (w = 0). Inset to (F): Wave function distribution of the polariton edge state 
along the pillars highlighted with red dashed lines, showing an exponential decay of (tY/tY ' )n.
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direction dependent. As shown in Fig. 1 (C and D), the dispersions 
from a perovskite planar microcavity exhibit distinct curvatures un-
der different polarizations and directions (along X and Y), suggest-
ing different effective masses that are linked to the polariton hopping 
strengths (Materials and Methods). From the fitting of the disper-
sions, we extract distinct effective masses of mxx = 1.5188 × 10-5me 
(X direction in X polarization, blue line in Fig. 1C), mxy = 2.2335 × 
10-5me (X direction in Y polarization, red line in Fig.  1C), myy = 
1.5188 × 10-5me (Y direction in Y polarization, red line in Fig. 1D), 
and myx = 2.1094 × 10-5me (Y direction in X polarization, blue line 
in Fig. 1D), respectively. In this scenario, the hopping strength ra-
tios between intracell and intercell appear to be different with X and 
Y polarizations, where tY/tY ' = 0.68 for Y polarization and tX/tX ' = 
1.39 for X polarization. This suggests that the system exhibits a to-
pologically nontrivial phase with Y polarization (w = 1), while it 
shows a trivial phase with X polarization (w = 0). Figure 1 (E and F) 
show the calculated band structures for a zigzag chain of 40 sites 
with X and Y polarizations. Topological gaps open in both X and Y 
polarizations, while the most notable difference is that topological 
states exist in the latter case inside the topological gap and spatially 

localize at the two end sites of the zigzag chain. The localization 
nature is strongly determined by the hopping strength ratio, where 
the calculated wave function distribution of the topological state ex-
hibits an exponential decay behavior of (tY/tY ' )n along the pillars as 
highlighted in the inset of Fig. 1F.

Experimental demonstrations of polarization-dependent 
topological phases
To experimentally demonstrate the emergence of topological polar-
iton edge states and polarization-dependent topological phases, we 
directly probe the band structure of the zigzag chain by mapping 
the energy-resolved momentum-space photoluminescence spectra. 
The zigzag chain is nonresonantly excited with a continuous-wave 
laser of 457 nm (2.713 eV) at room temperature. Figure 2 (A and B) 
show the emission collection schemes from the edge and body cen-
ter of the lattice, which cover around 10 unit cells, respectively. 
Figure 2C shows the experimental photoluminescence mapping in 
X polarization collected from the edge. Because of the subwavelength 
size of the nanopillars, the coupling between s-mode polaritons gives 
rise to the s band ranging from 2.24 to 2.30 eV, representing the 
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Fig. 2. Experimental demonstrations of polarization-dependent phases in a perovskite zigzag lattice. (A and B) Schematic diagrams of excitation and emission 
collection from the edge and the body center, covering 10 unit cells, respectively. The red dashed line represents the emission collection area for the energy-resolved 
spatial images in (G) and (H). (C and D) Energy-resolved momentum-space polariton dispersions of the perovskite zigzag lattice collected from the edge in (A) for X and 
Y polarizations, respectively. The gray dashed lines highlight the topological gap opening inside the s band. Topological polariton edge states only exist inside the topo-
logical gap in Y polarization. (E and F) Theoretically calculated momentum-space polariton dispersions collected from the edge for X and Y polarizations, respectively. 
(G and H) Energy-resolved spatial images collected along the red dashed lines in (A) for X and Y polarizations, respectively. It shows localized emission at the end site with 
some decay to nearby pillars in Y polarization. Inset to (H): Typical real-space image at the edge energy, showing localized emission at the end site. (I and J) Energy-resolved 
momentum-space polariton dispersions of the perovskite zigzag lattice collected from the body center in (B) for X and Y polarizations, respectively.

D
ow

nloaded from
 https://w

w
w

.science.org on D
ecem

ber 16, 2021



Su et al., Sci. Adv. 2021; 7 : eabf8049     21 May 2021

S C I E N C E  A D V A N C E S  |  R E S E A R C H  A R T I C L E

4 of 8

major band in the dispersions. At higher energies above 2.32 eV, the 
p band arising from p-mode polaritons can also be seen. Within the 
s band, the anisotropic hopping of polaritons results in a large topo-
logical gap opening of ~8 meV as highlighted with gray dashed 
lines, which is in good agreement with the theoretically calculated 
dispersion shown in Fig. 2E. The spatial image collected along the 
red dashed line (Fig.  2A) further elucidates the topological gap 
opening nature, where no emission is observed inside the topologi-
cal gap, but the emission from the pillars can be observed outside 
the topological gap within s band. As a notable comparison, the 
emission collected from the edge in Y polarization (Fig. 2D) exhibits 
distinct features, where a similar topological gap opening of ~10 meV 
exists inside the s band but with the additional emergence of dis-
crete states inside the topological gap at k = 4.5 m−1 (highlighted 
with gray dashed lines). These discrete states correspond to the 
emergence of topological polariton edge states in Y polarization, 
which is in good agreement with theory (Figs. 1F and 2F). The large 
topological gap opening of ~10 meV is at least five times larger than 
previous demonstrations with polaritons (11,  12). The nontrivial 

nature can be further experimentally clarified by the real-space im-
age at the edge state energy and energy-resolved spatial image (Fig. 2H), 
which exhibits strongly localized emission at the end site. Because 
of the limited difference between intracell and intercell hopping 
strength (tY/tY ' = 0.68), the edge state wave function exhibits some 
decay to nearby pillars along the red dashed lines (Fig. 2A). Similar 
results can also be realized at the other end of the zigzag chain as 
shown in fig. S3. To further confirm the emergence of topological 
states localized at the edge, as shown in Fig. 2 (I and J), the energy- 
resolved emission mappings collected from the body center (Fig. 2B) 
exhibit similar topological gaps inside the s band but without any 
discrete states inside the topological gap in both X and Y polariza-
tions. These results together unambiguously suggest that the per-
ovskite zigzag lattice works as a topologically trivial insulator in X 
polarization but as a topologically nontrivial insulator in Y polar-
ization, which can be switched by changing the linear polarization.

One of the most crucial features of topologically nontrivial states 
is their robustness against fabrication imperfections and deforma-
tions, which provide the promising future in real-world applications. 

A B C

D E F

X 2

Fig. 3. Topological edge states in the presence of structural deformations. (A and B) Experimental energy-resolved momentum-space polariton dispersion and spa-
tial image of an inhomogeneous perovskite zigzag lattice in Y polarization. The arrow in (A) shows the topological edge state that locates at the upper limit of the topo-
logical gap. The dashed lines in (B) highlights the onsite polariton energy variations in the pillars. The intensity of spatial dispersion from 2.22 to 2.275 eV in (B) is magnified 
by two times for visibility. (C) Theoretical photon potential variations in the pillars compared with a homogeneous photon potential system. (D and E) Theoretically cal-
culated energy-resolved momentum-space polariton dispersion and spatial image of an inhomogeneous perovskite zigzag lattice in Y polarization by including the 
photon potential variations in (C). The arrow in (D) shows the topological edge state that locates at the upper limit of the topological gap. (F) Theoretically calculated 
energy-resolved momentum-space polariton dispersion of a homogeneous perovskite zigzag lattice in Y polarization, showing topological edge states exactly in the 
middle of the topological gap.
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In the SSH model, the topological edge states are protected by the 
chiral symmetry to ensure that topological modes always appear in 
the middle of the topological gap and localize in the edges. Disorder 
in hopping strengths will not break the chiral symmetry and only 
changes the size of the topological gap; thus, edge states are robust 
against this type of disorder (12, 45, 46). One of the most sensitive 
perturbations to the topological edge states is the onsite energy vari-
ations that could break the chiral symmetry and shift the topological 
edge modes toward trivial bulk states (12, 46). It is known that more 
significant disorder exists in perovskite systems than in the previ-
ous GaAs system. Here, we demonstrate this topological robustness 
protected by the topological gap in the presence of certain structur-
al deformations, which lead to onsite energy variations in the pil-
lars. As shown in Fig.  3A, with an inhomogeneous perovskite 
polariton lattice (high-resolution atomic force microscopy image as 
shown in fig. S4), the polariton dispersion in Y polarization still ex-
hibits a typical topological gap with edge states inside, while the 
edge states are not in the middle of the topological gap but locate at 
the upper limit of the topological gap, suggesting the existence of 
perturbations that effectively breaks the chiral symmetry. From the 
energy-resolved spatial image in Fig. 3B, we observe clear onsite en-
ergy variations as highlighted by the dashed line and the edge state 
still remains more localized in the edge, suggesting the topological 
robustness in the presence of these perturbations in the system. 
Theoretically, as shown in Fig. 3C, we include photon potential 

variations in the pillars within the range of ±17 meV into a homo-
geneous system and couple them with perovskite excitons, leading 
to onsite polariton energy variations within the range of ±4 meV in 
the pillars (Fig. 3, B and E). The theoretically calculated polariton 
dispersion and energy-resolved spatial image agree well with our 
experimental observations, as shown in Fig. 3 (D and E). Without 
any onsite energy variations that break the chiral symmetry, the topo-
logical edge states will remain as zero energy modes exactly in the 
middle of the topological gap, as theoretically shown in Fig. 3F.

Exciton polariton condensation into topological polariton 
edge states
An interesting feature for exciton polaritons in the strong coupling 
regime is that they are able to show nonequilibrium condensation at 
high temperatures, accompanied by laser-like emission. Because of 
to the driven-dissipative nature of polaritons, in which the steady 
state is fixed by the interplay between gain and loss, polaritons can 
condense to nonground states (11, 12, 39), which has been shown in 
perovskite lattices recently (36). To achieve polariton condensation 
into the topological edge states, we select a sample with exciton pho-
ton detuning of ~−140 meV, in which polaritons favor relaxation 
into the edge state mode. The system is nonresonantly pumped with 
a pulsed laser to reach the condensation regime. As shown in Fig. 4A, 
under low excitation power of 0.5 Pth, where Pth is the threshold 
pump fluence, the perovskite lattice exhibits a typical dispersion in 

A B C

D

E F

0 3500 0 9 × 105

Min Max

0.5 Pth 2.0 Pth

Fig. 4. Polariton condensation into the topological edge state at room temperature. (A) Energy-resolved momentum-space polariton dispersion at 0.5 Pth in Y polar-
ization, showing a typical dispersion with discrete states at k = 4.5 m−1 inside the topological gap. The white dashed lines highlight the topological gap with topological 
polariton edge states inside the s band. (B) Energy-resolved momentum-space polariton dispersion at 2.0 Pth in Y polarization, showing dominant emission from the edge 
states at k = 4.5 m−1. Simultaneous condensation into a higher energy state with much weak emission is also observed at k = 6.2 m−1, suggesting the driven-dissipative 
nature of polaritons. (C and D) Real-space images of higher energy state and the topological edge states at 2.0 Pth. The real-space image of the state at k = 4.5 m−1 exhib-
its strong localized emission at the end site with some decay to nearby sites, suggesting the edge state nature. (E) Evolution of integrated output intensity and linewidth 
of the edge states as a function of the pump fluence, which exhibit a clear intensity increase by three orders and linewidth drop by around three times across the thresh-
old of Pth = 10 J/cm2. (F) Emission energy evolution of the edge states as a function of the pump fluence, showing a continuous blueshift trend as a consequence of re-
pulsive interactions.
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Y polarization with edge states in accordance with Fig. 2H, while 
under strong excitation power of 2.0 Pth, polaritons tend to con-
dense into selected states with maximum gain. As shown in Fig. 4B, 
the emission is mainly from the edge states at k = 4.5 m−1 with 
much more intense intensity, suggesting the emergence of conden-
sation into the polariton edge states. Polariton edge state condensa-
tion could be further revealed by the real-space image (Fig. 4D), 
where it shows localized emission at the end site with some decay to 
nearby sites. It is worth noting that we also observe much weaker 
emission from a higher state, corresponding to the state at the top of 
s band at k = 6.2 m−1, which could be confirmed from the wave 
vector and also the real-space image (Fig.  4C). The simultaneous 
condensation into this state could be due to the overlapping of the 
large pump spot with the bulk mode, which provides the gain to 
condense. To characterize the transition quantitatively, we demonstrate 
the evolution of emission intensity, linewidth, and peak energy at 
the edge state as a function of pump fluence. As shown in Fig. 4E, 
with the increase in pump fluence, the emission from the edge state 
exhibits a clear nonlinear increase by three orders with a threshold 
of Pth = 10 J/cm2 . Correlatively, the linewidth of the polariton edge 
state displays a clear drop by around three times from 7.2 to 2.6 meV 
across the threshold. In the meantime, the energy of the polariton 
edge state emission exhibits a clear continuous blueshift trend by 
increasing the pump fluence (Fig. 4F) as a consequence of repulsive 
interaction of polaritons and reservoir. All the above evidence together 
shows the emergence of polariton condensation into the edge states.

DISCUSSION
We have unambiguously demonstrated a 1D exciton polariton to-
pological insulator in a perovskite zigzag chain at room temperature. 
By using the anisotropy and strong photonic spin-orbit coupling of 
halide perovskite microcavities, we demonstrate that the phase of 
the zigzag chain could be switched between topologically nontrivial 
phase and topologically trivial phase by means of polarization 
switching. In the topologically nontrivial phase, the topological po-
lariton edge states remain robust against structural imperfections 
with onsite potential variations and protected by the topological 
gap. In addition, we also demonstrate that exciton polaritons could 
condense to this particular topological edge state with optical 
pumping at room temperature. Our work reveals a new avenue to 
reach distinct topological phases in a single structure by photonic 
spin-orbit coupling, and we anticipate that more degrees of freedom 
to reach distinct phases can be achieved with synthetic photonic 
spin-orbit coupling (47). Our results represent an important step to-
ward not only exploring fundamental topological polaritonics but 
also developing switchable optical devices with robustness.

MATERIALS AND METHODS
Perovskite lattice fabrication
A total of 20.5 pairs of titanium oxide (54.6 nm) and silicon dioxide 
(87.6 nm) were deposited using an electron beam (e-beam) evapo-
rator as the bottom distributed Bragg reflector (DBR). The 80-nm-
thick cesium lead bromide perovskite was grown with a vapor-phase 
deposition method as described in our previous reports (43, 44). In 
detail, CsPbBr3 powders (0.15 g) as the source and muscovite mica as 
the substrate were respectively put in the middle and downstream of 
a quartz tube, which was mounted in a single zone furnace (Lindberg/

Blue MTF55035C-1). The quartz tube was pumped down to a base 
pressure of 50 mtorr and then continuously flowed with 30 sccm 
(standard cubic centimeters per minute) high-purity N2. The tem-
perature and pressure inside the quartz tube were maintained at 
600°C and 40 torr, and the whole synthesis time was set to 20 min to 
obtain high-quality perovskite crystals on mica substrates. The 
perovskite crystal was then transferred onto the bottom DBR by 
a dry-transfer process with scotch tape. A thin layer of PMMA spacer 
with a thickness of 60 nm was spin-coated onto the perovskite layer 
and patterned into a zigzag chain with a standard e-beam lithogra-
phy process (36). Another 10.5 pairs of silicon dioxide (87.5 nm) 
and tantalum pentoxide (60.2 nm) were deposited onto the struc-
ture by the e-beam evaporator, acting as the top DBR to complete 
the fabrication process.

Optical spectroscopy characterizations
The energy-resolved momentum-space and spatial photolumines-
cence mappings were conducted using a homebuilt angle-resolved 
photoluminescence setup by imaging the Fourier plane and real-space 
plane as described in previous reports (38, 42). A linear polarizer 
and a half-waveplate were used to select the emission linearly polar-
ized along the X or Y direction of the perovskite zigzag lattice. A 
50× objective [numerical aperture (NA), 0.75; Mitutoyo] was used 
to collect the emission from the perovskite lattice, which was sent to 
a 550-mm focal length spectrometer (HORIBA iHR550) with a 
grating of 600 lines/mm and a liquid nitrogen–cooled charge-coupled 
device of 256 pixels × 1024 pixels. In the linear region, a continuous- 
wave laser (457 nm) with a pump spot of ~10 m was used to pump 
the perovskite lattice. In the real-space plane, a spatial filter was 
used to select the emission area of the lattice. In the nonlinear re-
gime, the perovskite lattice was pumped nonresonantly with a pulsed 
laser (400 nm, pulse duration of 100 fs, repetition rate of 1 kHz) 
with a pump spot of ~15 m.

Theoretical calculations
We consider an anisotropic model for photons to describe the po-
laritons in perovskite. The anisotropy is considered in the form of 
different effective masses along two perpendicular directions to the 
crystal axis

  iℏ   ∂ φ ─ ∂ t  (  → r  , t ) =  [   −    ℏ   2  ─ 2  m  y  
      ∂   2  ─ 
∂  y   2 

   −    ℏ   2  ─ 2  m  x       
 ∂   2  ─ 

∂  x   2 
   + V(  → r   )  ]  φ(  → r  , t ) +   

 g  0  
 ─ 2   (  → r  , t)   (1)

Photons couple with excitons to form polaritons. We describe the 
excitons with the wave function  (  → r  ) , which follows the equation

   iℏ   ∂  ─ ∂ t  (  → r  , t ) =  E  ex   (  → r  , t ) +   
 g  0  

 ─ 2   φ(  → r  , t)  (2)

The potential  V(  → r  )  is introduced for the photons to form a zigzag 
lattice potential (section S5). It is experimentally shown that the 
masses mx and my are polarization dependent. Let us rewrite the 
coupled dynamical equation for photons and excitons as

   iℏ   ∂ ─ ∂ t   (   
φ(  → r  )

  
(  → r  )

   )   =  (      ̂  H  p   g  0   / 2  
 g  0   / 2

  
 E  ex  

   )   (   
φ(  → r  )

  
(  → r  )

   )     (3)

where the photon Hamiltonian is given by    ̂  H  p = −  ℏ   2  / (2  m  y   )   ∂  y     2  −  
ℏ   2  / (2  m  x   )   ∂  x     2  + V(  → r  ) . The potential  V(  → r  ) defines the lattice as the 
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zigzag chain (section S5). We diagonalize the Hamiltonian to obtain 
the modes φn and the energy eigenvalues n. We calculate the dis-
persion from the formula

   Ι(E,   
→

 k   ) =   1 ─    k      E         
n,  → q  

    ∣    ̃  φ   n  (  → q   ) ∣   2  exp 
[

   −    (E −    n  )   2  ─ 
    E     2 

   −   
 ∣   

→
 k   −   → q   ∣   2 
 ─ 

    k     2 
   

]
    (4)

where E and k are the energy and momentum resolutions in the 
dispersion.     ̃  φ   n  (  → q  ) is the Fourier transform of the eigenfunction φn(r). 
Experimentally, we find that for one polarization mx/my > 1, while 
for the other one it is the opposite mx/my < 1. For our numerical 
simulation, we considered Eex = 2407.7 meV and g0 = 120 meV. For 
topological phase in Y polarization, my/mx = 0.68, mx = 2.2335 × 
10−5me, and my = 1.5188 × 10−5me. For trivial phase in X polariza-
tion, my/mx  =  1.3889, mx = 1.5188 × 10−5me, and my = 2.1094 × 
10−5me (me is the electron mass).

SUPPLEMENTARY MATERIALS
Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/7/21/eabf8049/DC1
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