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Antichiral edge states in an exciton polariton strip
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We present a scheme to obtain antichiral edge states in an exciton-polariton honeycomb lattice with strip
geometry, where the modes corresponding to both edges propagate in the same direction. Under resonant
pumping the effect of a polariton condensate with nonzero velocity in one linear polarization is predicted to
tilt the dispersion of polaritons in the other, which results in an energy shift between two Dirac cones, and the
otherwise flat edge states become tilted. Our simulations show that due to the spatial separation from the bulk
modes the edge modes are robust against disorder.
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I. INTRODUCTION

Topological phases of matter have received tremendous
attention in the scientific community for the last few decades
due to the presence of robust edge states in between gapped
bulk states, which make the edges of finite samples conducting
even with an insulating bulk. Topological electronic systems
with broken time reversal (TR) symmetry [1,2] are charac-
terized by counterpropagating chiral edge states, whereas TR
invariant topological systems contain a pair of counterprop-
agating helical edge states at each edge corresponding to
different spins states and known as the quantum spin Hall
effect [3]. The application of topology in bosonic systems
has resulted in creation of one-way transport of photons
[4–9], excitons [10,12], and exciton polaritons [11–19]. Very
recently antichiral edge states have been proposed in the
modified Haldane model, where modes corresponding to both
the edges of a strip flow in the same direction, compensated
by the conducting bulk modes that propagate in the opposite
direction [20]. In this paper we present an exciton polariton
based scheme to obtain antichiral edge states in a photonic
system.

Exciton polaritons are hybrid particles of excitons and
cavity photons. Due to their excitonic fraction, polaritons
are strongly interacting, which enables them to form Bose-
Einstein condensates and to have quantum fluid nature [21].
Initial proposals for creating topological polaritons were in the
linear regime, not exploiting interactions between themselves,
while interaction with a hot exciton reservoir was shown to
provide a gain mechanism for topological polariton lasing
[19]. Theoretically, nonlinearity may lead to interaction in-
duced topology [14], solitons [22,23], and bistable topological
polaritons [24]. Here, we make use of the strong nonlinear
polariton-polariton interaction in a honeycomb lattice with
zigzag edges to realize antichiral edge states (Fig. 1). Since
the total number of right moving and total number of left
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moving modes must be equal, it is impossible to realize
the antichiral edge states in a gapped band structure. But
in a gapless band structure, where the counterpropagating
modes are provided by bulk modes, antichiral edge states
become possible [20]. Due to the spatial separation of the edge
modes from the bulk modes, backscattering is significantly
suppressed in these systems similar to the case in topological
insulators.

II. THEORETICAL SCHEME

We consider polaritons under resonant excitation in the
x and y linearly polarized basis described by the driven
dissipative Gross-Pitaevskii equation [28]

ih̄
∂φx,y

∂t
=

[
εx,y − h̄2∇2

2m
− i

�x,y

2
+ V (x) + U0(|φx|2

+ |φy|2)

]
φx,y − U1

(|φx,y|2φx,y + φ2
y,xφ

∗
x,y

)
+ Fx,y(x)e−iω0t , (1)

where εx and εy are the energies of the x and y polarized
polaritons with lifetime �x and �y respectively, ∇2 is the
Laplacian operator, m is the effective mass of the polaritons,
and V (x) is the potential. The nonlinear polariton-polariton
interaction constants can be expressed in terms of those in the
spinor basis by U0 = α1 and U1 = (α1 − α2)/2 [28]. It is well
known that polaritons with the same spin interact repulsively
making α1 positive, whereas polaritons with opposite spin
interact attractively making α2 negative and typically α1 �
|α2| [29,30]. Fx,y is a polarization-dependent resonant incident
optical field with frequency ω0, and φx,y are the polarization-
dependent polariton wave functions.

In what follows, we will excite the x polarized polaritons
using the resonant excitation for which Fy(x) = 0. In such a
limit the population of x polarized polaritons is much stronger
than that of y polarized polaritons. Nevertheless, we are in-
terested in the dispersion of y polarized polaritons, which can
still be weakly populated by fluctuations or additional pulses.
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FIG. 1. Schematic view of the system under consideration. A
graphene like polariton strip with zigzag edges, which can be
fabricated with different technologies [25–27], is subjected to an
x linearly polarized optical field. y linearly polarized polaritons
propagate at both edges in the same direction compensated by
counterpropagating polaritons through the bulk. Since the edge and
bulk modes are spatially separated, the edge states are robust against
scattering with disorder.

We can further simplify the problem by choosing the strength
of the polariton-polariton interaction strengths to be equal,
U0 = U1, which has been realized in the experiments [31,32].
In this limit terms |φx,y|2φx,y vanish from Eq. (1). Given that y
polarized polaritons are weakly populated, we neglect second-
order terms in φy [This assumption is particularly accurate as
it is readily seen that φy = 0 is a solution to Eq. (1) when
Fy(x) = 0 and stability analysis reveals that it is a stable
solution]. After taking all the above-mentioned conditions
into account Eq. (1) becomes

ih̄
∂φx

∂t
=

[
εx − h̄2∇2

2m
− i

�x

2
+ V (x)

]
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We choose
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which corresponds to a honeycomb lattice with periodicity a
in the x direction and zigzag edges if a cut is made making the
system finite in the y direction. Although we consider here a
smooth potential, similar results can be obtained with a square
well type potential at each lattice site. To simplify our analysis
we focus on the slowly varying field ψx,y = φx,yeiω0t and
make the following substitutions to move to a dimensionless
unit system: t → (2ma2/h̄)t , x → ax, y → ay, εx,y →
(h̄2/2ma2)εx,y, V0 → (h̄2/2ma2)V0, �x,y → (h̄2/2ma2)�x,y,

ω0 → (h̄/2ma2)ω0, ψx,y → (
√

h̄2/2ma2)ψx,y/
√

U0, and

Edge
Modes

FIG. 2. Dispersion of the y polarized polaritons calculated from
Eq. (6) corresponding to the stable states. All the states marked
in blue correspond to the bulk states and states marked in red
correspond to the edge states. Parameters: ω0 = 15, k0 = π , εx = 0,
εy = A2

0, A0 = 3.6, �x = �y = 0.23, V0 = 17.7, ζ = 0.1.

Fx → Fx
√

U0(2ma2/h̄2)
3
2 . In the dimensionless units, Eq. (2)

takes the form

i
∂ψx
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=
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2
+ V (x)

]
ψx + Fx(x), (4)

i
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[
εy − ω0 − ∇2 − i �y

2 + V (x) + |ψx|2
]
ψy − ψ2

x ψ∗
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(5)

III. BAND STRUCTURE

As mentioned earlier our aim is to study the dispersion
of the y polarized polaritons, which can be calculated by
substituting ψy = u(x)eiωt + v∗(x)e−iω∗t in Eq. (5), where
u(x) and v∗(x) are spatial functions to be found and ω is
the frequency, which is kept complex in order to capture
potential instabilities [33] and we continue to work in the limit
where the population of ψy is small. Upon substitution, Eq. (5)
becomes two coupled equations in u(x) and v(x) which can be
expressed in the following matrix form:[

ω′(x) −ψ2
x

ψ∗2
x −ω′∗(x)

][
u(x)

v(x)

]
= ω

[
u(x)

v(x)

]
, (6)

where ω′(x) = εy − ω0 − ∇2 + |ψx|2 − i�y/2 + V (x). It is
well known that graphene with zigzag edges shows flat edge
dispersion with zero group velocity. Our aim is to make the
dispersion asymmetric such that the edge states gain nonzero
group velocity. It was previously shown that a resonant excita-
tion with nonzero in-plane wave vectors can tilt the dispersion
of excitations [33]. The first and principle ingredient of our
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scheme consists of a stationary field ψx with a nonzero wave
vector which tilts the dispersion of ψy. We choose ψx =
A(y)eik0x, where ψx vanishes at the boundaries [−yL, yL]. To
take the boundary conditions into account we take (for |y| <

yL)

A(y) = A0[1 − e−(y−yL )2/2ζ 2
][1 − e−(y+yL )2/2ζ 2

]. (7)

This form of ψx can be easily imprinted by a specific choice
of the driving field, which corresponds to a transverse electric
polarized laser excitation with nonzero angle of incidence,

Fx(x) =
[
−εx + ω0 + ∇2 + i

�x

2
− V (x)

]
A(y)eik0x, (8)

which can be found by substituting the form of ψx in Eq. (4)
and solving for Fx(x). To keep Eq. (6) periodic in the x direc-
tion the only nontrivial permitted values of k0 are (2n + 1)π ,
where n can be zero or any integer. Under this condition, we
can apply Bloch theory on Eq. (6) to write

u(x) = eikxxũkx (x), v(x) = eikxx ṽkx (x), (9)

where ũkx (x) and ṽkx (x) are the Bloch wave functions of the
fluctuations with wave vector kx. Substituting Eq. (9) into
Eq. (6) we get the following equations which are used to
calculate the band structure in Fig. 2:
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]
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]
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[
−(kx + G)2 + ∂2

∂y2
− εy − |A(y)|2 − i

�y

2
+ ω0 − ω

]
ṽ(G, y) −
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G′

Ṽ (G − G′, y)ṽ(G′, y) − ψ̃2
x (G − G′, y)ũ(G′, y)

]
= 0,

(10)

where G = 2nπ is the reciprocal wave vector with n being zero or any integer, and using Fourier transformation the following
expressions can be found:

ũkx (x) =
∑

G
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∫ 1/2

−1/2
ũkx (x)e−iGx, ṽkx (x) =

∑
G
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∫ 1/2

−1/2
ṽkx (x)e−iGx,

V (x) =
∑

G

Ṽ (G, y)eiGx, Ṽ (G, y) =
∫ 1/2

−1/2
V (x)e−iGx, ψ2

x (x) =
∑

G

ψ̃2
x (G, y)eiGx, ψ̃2

x (G, y) =
∫ 1/2

−1/2
ψ2

x (x)e−iGx. (11)

Since it is a non-Hermitian system the spectrum will be
complex and only the real part of the spectrum near the Dirac
points is plotted in Fig. 2. The spectrum corresponding to
ω < 0 is the image of that corresponding to ω > 0 under
transformation k → 2k0 − k and ω → 2ω0 − ω [33]. In phys-
ical units, we have found that the energy shift between the two
Dirac points can be around 0.1 meV, taking m = 7 × 10−5me,
where me is the free electron mass and a = 2.2 μm. This
exceeds the decay rates in modern samples where polaritons
with long lifetime are obtained [34]. The required nonlinear
shift due to the polariton-polariton interaction to observe
the effect is about 1.45 meV which is within experimental
limits [35–37]. Another requirement of this scheme is that
the chosen energy and wave vector of the pump need to be
within the parabolic region of the lower polariton branch so
that parametric instabilities are avoided [21]. Since these edge
states are spatially separated from the bulk states the backscat-
tering of the edge states should be significantly suppressed
[20]. Nevertheless there is some overlap between the bulk
and edge states and the suppression of backscattering is not
expected to be as strong as in the topologically protected case.

IV. RESULTS AND DISCUSSIONS

To verify our claim we evolve Eqs. (4) and (5) in time
in the presence of an additional stochastic complex Langevin
noise term (chosen as a white noise in space and time). Once
ψx reaches its steady state one can obtain the dispersion

corresponding to ψy as shown in Fig. 3. This corresponds
to the photoluminescence spectrum that could be obtained
experimentally. For consistency, all the parameters are kept
the same as the ones in Fig. 2. To illustrate the propagation
and robustness of the edge states we introduced an impurity by
slightly deforming the potential at the edges and then excited
both the edges using a y polarized coherent pulse of the form

Fy = F0[exp{−[(x − x0)2 + (y − yL )2]/2σ 2}
+ exp{−[(x − x0)2 + (y + yL )2]/2σ 2}]
× exp[−(t − t0)2/τ 2] exp[i(kpx − ωpt )], (12)

where F0, τ , and ωp are the amplitude, duration, and frequency
of the pulses, respectively, centered at (x0, yL ) and (x0,−yL )
having wave vector kp with width σ . The values of kp and ωp

correspond to the blue dot shown in Fig. 3. Different stages of
the pulse propagation are shown in Fig. 4. As expected both
the pulses propagate in the same direction along the edges
of the sample. Even in the presence of the impurities the pulses
do not backscatter but flow around the impurities which prove
the robustness of the edge states. However, once the pulses
reach the left end of the sample they have no where to go
but to couple to the counterpropagating bulk modes (which
propagate from left to right) and the intensity can be seen to
be transferred toward the right end of the sample through the
bulk. Bulk modes at the right edge couple to the edge states
and the intensity is transferred back to the edges where they
again start to propagate from right to left. To compare the
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FIG. 3. Dispersion of the y polarized polaritons calculated from
Eqs. (4) and (5) in the presence of white noise which corresponds
to the photoluminescence spectrum obtainable in experiments. The
blue dot corresponds to the state which is excited to probe the pulse
propagation.

robustness of an edge state to a bulk state we add disorder in
the system by adding a Gaussian correlated disorder potential
with the honeycomb lattice potential V (x) and excite an edge
state and a bulk state with a coherent Gaussian pulse.

In Fig. 5 we plot the intensity distribution along the prop-
agating axis with time by summing over the other axis. The
edge state can be seen to propagate without being backscat-
tered [Fig. 5(a)], whereas the bulk state spreads over the
x axis with time indicating the presence of backscattering
[Fig. 5(b)]. The green line represents the mean position of
the pulse and the dashed green lines represent the square root
of variance around the mean position. We have checked that
the unidirectional propagation of the antichiral edge states is
unhampered for disorder strength less than 30 μeV, which is
consistent with the experimental observation [38]. We have
checked that unlike [20] this system does not leave behind
a half topological charge. Although the propagation length
considered in Fig. 5 is long enough to show a clear advantage
of antichiral edge states compared to bulk states, it is not
enough to show the possible coupling of antichiral edge states
to bulk states at the same energy. This can potentially be
caused by disorder in the system, so we stress that we are
not claiming that antichiral edge states are as robust as the
chiral edge states in topological systems. These antichiral
edge states can nevertheless be interesting in polaritonic sys-
tems for building polariton wires where information could
be efficiently transferred along the edges due to the absence
of backscattering. It is typically claimed that polariton gap
solitons in nanowires and chiral edge states in lattices can be
used in information-processing polaritonic devices. However,
criteria for photonic information processing were established
long ago [39], where it was pointed out that it is essential
for any feedback to be suppressed in the system. Polariton

FIG. 4. Propagation of the polaritons in a graphene zigzag strip
consisting of 32 × 23 unit cells with both edges slightly deformed.
Polaritons propagate through both edges in the same direction and go
around the defects without being backscattered, (a) and (b). Once the
polaritons reach the left end they couple to the counterpropagating
bulk modes and the intensity is transferred back to the right end (c).
When the polaritons reach the right end through the bulk they again
couple to the edge modes and start to propagate through the edges
robustly until they again reach the left end (d). The energy and wave
vector of the pulse correspond to the blue dot shown in Fig. 3. Due to
the finite lifetime of the polaritons the intensity decreases with time,
which is compensated by rescaling of the intensity at each time step.
Parameters: F0 = 2, σ = 2, τ = 4, t0 = 0.

gap solitons can propagate in both forward and backward
directions, while chiral edge states always come in forward
and backward propagating pairs. In contrast antichiral edge
states propagate in the same direction at both edges and
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FIG. 5. Propagation of (a) an edge state and (b) a bulk state
in the presence of disorder. Due to the absence of backscattering
the edge state does not spread too much whereas the bulk state
spreads indicating backscattering. The green line represents the mean
position of the pulse and the dashed green lines represent the square
root of variance.

thus correspond to a feedback suppression mechanism which
make them an excellent candidate for information-processing
photonic devices [40].

V. CONCLUSION

In summary, we have discussed a theoretical scheme to
obtain antichiral edge states in a photonic system, making
use of the polarization-dependent interactions of polariton
condensates, where the motion of an x linearly polarized
polariton condensate tilts the dispersion of y linearly polarized
polaritons. A nonzero velocity can be easily induced in a
polariton condensate by the choice of a coherent optical
incident field with nonzero in plane wave vector. The two
key ingredients in our scheme involve an exciton polariton
honeycomb lattice with zigzag edges and a nonzero velocity
of the x polarized polariton condensates, which then shifts
the two Dirac points of the y linearly polarized polaritons
in energy resulting in antichiral edge states where the modes
corresponding to both edges propagate in the same direction.
Thanks to the spatial separation of the edge and bulk modes,
backscattering is suppressed even in the presence of disorder.
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