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ABSTRACT

We present a design to achieve antichiral edge states in acoustic systems where edge states on the two parallel edges of a lattice with a strip
geometry propagate in the same direction. This peculiar phenomenon is realized by using a honeycomb lattice consisting of acoustic
resonators with staggered air flow; i.e., the air flow takes opposite directions in resonators belonging to different sublattices. The existence of
antichiral edge states is revealed through full-wave simulations of the band structure and acoustic fields excited by a point source.
Furthermore, we compare these antichiral edge states with conventional chiral edge states. It is found that the antichiral edge states are less
robust than the chiral ones. Our work offers new possibilities for dispersion engineering and wave manipulations in acoustics.
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I. INTRODUCTION

Over the past few decades, topological phases of matter have
been extensively studied in various fields in physics, such as con-
densed matter physics,1,2 photonics,3–5 and acoustics.6 One major
motivation for these studies is to take advantage of topologically
protected boundary modes in topological materials. These topologi-
cal boundary modes, arising due to nontrivial topology in bulk, are
robust against disorders and are thus promising for applications.
Markedly different properties are exhibited by topological boun-
dary modes in systems with different dimensions and characterized
by different topological indexes. In two-dimensional systems with
first-order topology, there are two major classes of topological
boundary modes: chiral edge states and helical edge states. Chiral
edge states exist in quantum Hall insulators where time-reversal
symmetry is broken.7 When the sample geometry is that of a rec-
tangular strip, chiral edge states on opposite edges propagate in
opposite directions [Fig. 1(a)]. Helical edge states emerge in
quantum spin Hall systems and behave like two opposite copies of
chiral edge states; i.e., each spin propagates like chiral edge states,
but the two spins counter-propagate.8,9

Recently, a new type of edge states called antichiral edge states
was proposed in a modified Haldane model.10 In contrast to chiral
edge states, antichiral edge states propagate in the same direction
on both edges [Fig. 1(a)]. In the original proposal, this phenome-
non is achieved by simply flipping the signs of phases of complex
next-nearest-neighbor (NNN) couplings within one of the sublatti-
ces in the Haldane model.10 Under this modification, the NNN
couplings will shift the two Dirac points in energy rather than open
a bandgap. In this case, the edge states, which are flatbands con-
necting the projections of the two Dirac points in the absence of
NNN couplings, will become dispersive and form antichiral edge
states. Antichiral edge states have been studied in various
systems11–15 and recently have been realized in photonic crystals16

and electric circuits.17

In recent years, the acoustic system has become a commonly
adopted platform to demonstrate topological physics. Various topo-
logical phases have been studied in acoustics, including Chern
insulators,18–21 analogs of quantum spin Hall insulators,22,23

valley-Hall phases,24,25 Weyl semimetals,26–29 higher-order topolog-
ical insulators,30–35 and non-Hermitian topological phases.36–38
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These studies show the advantages of acoustic systems in control-
ling system parameters and fabrication. In particular, one of the
biggest challenges to realize antichiral edge states, which is to tune
the NNN couplings for an individual sublattice, has been

theoretically realized in Ref. 20 and experimentally demonstrated in
Ref. 21. In both articles, the authors have successfully built an
acoustic lattice with broken time-reversal symmetry, with the
complex phase introduced by circulating air flow inside cavities.

FIG. 1. (a) Schematic drawing of chiral (left) and antichiral edge states (right) in objects of strip geometry. Propagation directions for edge modes are labelled by red
arrows. (b) Schematic illustration of the designed acoustic honeycomb lattice. Acoustic hard walls are denoted by yellow, and air is denoted by gray. A unit cell consists of
one cavity from each sublattice (denoted by the rhombus). The inset shows the first Brillouin zone. (c) Zoomed-in view of the unit cell with detailed structural parameters
and directions of air flow within cavities. (d) Bulk frequency bands of the structure of staggered air flow (ω0 ¼ 45π rad/s, denoted by red lines) and without air flow
(ω0 ¼ 0 rad/s, denoted by black lines).
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Thus, it is possible to observe antichiral edge states in a properly
designed acoustic structure.

In this work, we present an acoustic resonator lattice that real-
izes acoustic antichiral edge states. Our design is similar to the ones
that were previously proposed to realize acoustic Chern insulators
on the honeycomb lattice consisting of acoustic resonators with air
flow.19–21 Importantly, while the air flow in all resonators circulates
along the same direction in previous designs, here we adopt stag-
gered air flow. More precisely, clockwise (CW) and counterclock-
wise (CCW) circulations are applied to resonators belonging to
different sublattices, respectively. In this case, the Dirac points are
shifted in frequency, and edge states connecting the projections of
the Dirac points are indeed antichiral edge states. We further iden-
tify these antichiral edge states through full-wave simulations of the
fields excited by a point source located at various lattice positions.
Besides, a comparison between antichiral edge states and chiral
edge states is also presented.

II. BAND DIAGRAM

The designed acoustic honeycomb lattice is illustrated in Fig. 1(b),
where the regions colored in gray are filled with air and the yellow
parts represent hard walls. Here, each lattice site is occupied by a
ring-shaped cavity (inner radius r ¼ 51:0 mm and outer radius
R ¼ 92:0 mm), which couples to its nearest neighbors through
thin channels of width w ¼ 9:5 mm. The lattice constant is
a ¼ 600

ffiffiffi
3

p
mm. Besides, the staggered air flow of angular velocity

ω0 is applied for each cavity. As shown in Fig. 1(c), the air flow cir-
culates in different directions for cavities on different sublattices.
As we shall see below, this configuration leads to antichiral edge
states.

The propagation of sound waves in the presence of irrotational
and inviscid background flow is described in Ref. 39, with the aero-
acoustic model being

� ρ

c2
iω(iωfþ ~V � ∇f)þ ∇ � ρ∇f� ρ

c2
(iωfþ ~V � ∇f)~V

h i
¼ 0,

(1)

where ρ is the density of air, f is the velocity potential, ω is the
angular frequency of sound, c is the speed of sound in air, and
~V ¼ (Vx , Vy) is the velocity for the background air flow. In all cal-
culations, we have set ρ ¼ 1:204 kg=m3 and c ¼ 343 m/s. For our
lattice structure, the air flow has been restricted to the xy plane and
in either the CW or the CCW direction. We have chosen the con-
vention such that clockwise rotation is positive,

~VCW ¼ ω0r~eθ ,

~VCCW ¼ �ω0r~eθ ,
(2)

where r represents the distance from the point inside the cavity to
its center and ~eθ is the unit vector along the azimuthal direction.
This guarantees that ∇ � ~V ¼ 0, using which we can further
simplify Eq. (1) into the following form:18,20

[(∇� i~Aeff )
2 þΦeff ]ψ ¼ 0, (3)

with effective scalar and vector potentials being

~Aeff ,CW=CCW ¼ +ωω0r~eθ=c
2,

Φeff ¼ ω2=c2 þ (∇ρ=2ρ)2 � ∇2ρ=(2ρ):
(4)

There are several points to learn from the expressions above.
First, by setting constraints on the background flow, the acoustic
equation (1) can be mapped onto the Schrödinger equation, which
describes a spinless charged quantum particle under vector and
scalar potentials. Moreover, the term ~Aeff ,CW=CCW indicates that an
effective magnetic field could arise in such a non-magnetic struc-
ture, given that any non-zero angular velocity ω0 is introduced
inside the cavities. When the staggered air flow is applied, the effec-
tive magnetic field Beff ,CW=CCW ¼ ∇�~Aeff ,CW=CCW takes opposite
values in different sublattices. This is a key feature of lattices with
antichiral edge states.10,13,16

The computed bulk dispersions for ω0 ¼ 0 rad/s and
ω0 ¼ 45π rad/s are plotted in Fig. 1(d) as black and red curves,
respectively. When there is no air flow in the lattice (ω0 ¼ 0 rad/s),
we observe two Dirac points with the same frequency (723 Hz)
located at K and K 0 valleys, respectively. After the staggered air flow
is turned on (ω0 ¼ 45π rad/s), the Dirac points still exist but experi-
ence a valley-dependent frequency shift. As shown in Fig. 1(d), the
Dirac point at K valley goes up in frequency to 734 Hz, while the
Dirac point at K 0 valley shifts down to 712Hz.

III. PROJECTED BAND STRUCTURES

Now we proceed to consider a semi-infinite lattice consisting
of a strip made of 11 unit cells in the y direction and periodic in
the x direction. The projected band structures are shown for both
cases of no air flow (ω0 ¼ 0 rad/s) and of staggered air flow
(ω0 ¼ 45π rad/s) in Fig. 2. When there is no air flow, the system
exhibits almost dispersionless flatbands (twofold degenerate) con-
necting the projections of bulk Dirac cones [Fig. 2(a)]. Once the
resonators are circulated with the staggered air flow, the whole
band structure tilts. The connecting bands acquire a positive slope
as the two projected Dirac points shift in opposite directions along
the frequency axis [Fig. 2(b)]. Further observation on the eigen-
modes’ profile at 725 Hz and kx ¼ π=a [Fig. 2(c)] reveals that these
states are indeed localized at the two edges. Therefore, the bands
colored in red in Fig. 2(b) are antichiral edge states, as these states
localize around the two edges and have a positive group velocity on
both edges.

IV. TRANSPORT PHENOMENA FOR ANTICHIRAL AND
CHIRAL EDGE STATES

To see how our design works, we performed a series of full-
wave simulations on a finite-sized lattice with the staggered air flow
of velocity ω0 ¼ 45π rad/s, as summarized in Fig. 3. In simulations,
the left and right boundaries were set as plane wave radiation
boundaries, and a point source was used to launch the acoustic
wave. Figure 3(a) shows the field distributions at 725 Hz when the
source is placed at the middle of the bottom edge (see the red star
for the position of the source). Most of the fields propagate right-
ward along the edge. Some waves go into the bulk, which indicates
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that some bulk states that coexist with the antichiral edge states are
also excited. Importantly, there is no acoustic wave travelling left-
ward along the edge. A similar situation is presented when the exci-
tation location is at the center of the top edge. In this case, the
excited edge state also propagates rightward [see Fig. 3(b)]. To
further check that there are no left-moving modes on both edges,
we put the source at the bottom right and the top right corners,
respectively. The corresponding field distributions are given in
Figs. 3(c) and 3(d), respectively. In both cases, the excited fields are
mainly distributed inside the bulk, and no sign of left-moving edge
states can be found. These simulation results are consistent with
dispersion given in Fig. 2(b) and prove that this lattice hosts anti-
chiral edge states.

After identifying antichiral edge states in our acoustic lattice,
our next step is to compare antichiral edge states with chiral edge
states. These two types of edge states occur in very similar settings.
To have chiral edge states in the lattice shown in Fig. 1(b), we only
need to set air flow directions in all cavities to be CW.19–21 In other
words, the costs of creating these two types of edge states are very
similar. Thus, we need to know their differences to identify suitable

applications for antichiral edge states better. One noticeable differ-
ence is already illustrated in Fig. 1(a) on their propagation direc-
tions in a strip geometry. Here, we focus on another important
property: robustness against defects. To this end, we adopt two
acoustic lattices. One supports chiral edge states, and the other
hosts antichiral edge states. All parameters for these two lattices are
the same (including air flow velocity ω0 ¼ 45π rad/s) except that
the lattices with antichiral edge states have a staggered air flow
while air flow directions in all cavities are set to be CW in the
other lattice. A point source placed at the lower-left corner is used
to excite the edge states in both lattices. When there is no defect,
the field patterns for chiral edge states [Fig. 4(a)] and antichiral
edge states [Fig. 4(b)] look very similar. Then, we introduce a
defect by enlarging the size of one cavity on the bottom edge. For
the lattice carrying chiral edge states, the wave goes around the
defect with no noticeable energy loss [Fig. 4(c)]. In contrast, the
antichiral edge state, upon encountering the defect, loses some
energy due to scattering into the bulk [Fig. 4(d)]. These results
indicate that antichiral edge states are less robust than the chiral
ones, which is due to the fact that antichiral edge states coexist with

FIG. 2. The projected band structures for lattices (with/without staggered air flow) proposed in Fig. 1(b) with eigenmodal profiles for selected edge states. Projected band
structures are calculated for a supercell consisting of 10 unit cells in the y direction. (a) corresponds to the case of ω0 ¼ 0 rad/s and (b) corresponds to the case of
ω0 ¼ 45π rad/s. Edge states in both figures are denoted by red circles. A red dashed line is plotted at 725 Hz, at which two degenerate antichiral edge states are selected.
Their simulated eigenmodal profiles are shown in (c), with the color indicating velocity potential field (f)’s absolute value.
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FIG. 3. Edge states on a finite-sized lattice with staggered air flow. The absolute velocity-potential field distribution when the point source is placed (a) at the middle of the
bottom edge, (b) at the middle of the top edge, (c) at the bottom right corner, and (d) at the top right corner. Acoustic point sources are indicated by red stars. The excita-
tion frequency is chosen to be 725 Hz. The right panels depict zoomed-in views of the field distributions of the selected boxes on the left. The red arrows show the propa-
gation directions. The color bar applies to all subfigures.
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FIG. 4. Comparison of chiral and antichiral edge states. The absolute velocity-potential field distribution at 725 Hz when there is no disorder for (a) chiral edge states and
(b) antichiral edge states, and there are disorders (the presence of exaggeratedly enlarged cavity) for (c) chiral edge states and (d) antichiral edge states. Red stars refer
to the positions of the point sources. The right panels depict zoomed-in views of the field distributions within the selected boxes on the left. The arrows show the propaga-
tion directions, for which a larger arrow corresponds to a more significant contribution. The color bar applies to all subfigures.
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bulk states while chiral edge states do not. Thus, unlike chiral edge
states whose robustness comes from strong topological protection,
the robustness of antichiral edge states relies on spatial separation
between edge states and bulk states10,11 and thus may depend on
system details. We want to stress that the coupling between a uni-
directional edge mode and bulk states in antichiral systems may be
useful in some settings involving energy transfer and signal pro-
cessing. Thus, although antichiral edge states may not be as good
as chiral edge states in waveguiding, their unique transport proper-
ties may lead to applications in other areas. One example would be
considering multi-channel communication, in which systems with
antichiral edge states stand as better choices than those with chiral
edge states. To transmit via the same number of channels, systems
with antichiral edge states take up just half of the space compared
with that of chiral edge states, as both edges instead of just one can
be utilized to support the one-way propagation of waves.

V. CONCLUSION

In summary, we have constructed an acoustic resonator lattice
that supports antichiral edge states. Based on full-wave simulations,
we have tested and proven properties known for antichiral edge
states, including edge states on opposite boundaries with the same
propagation direction. Furthermore, we also compared antichiral
edge states with chiral edge states and pointed out their differences.
With this relatively simple structure implemented by practical air
flow velocity, our findings could offer new insights into dispersion
engineering and wave manipulations in acoustics.

SUPPLEMENTARY MATERIAL

See the supplementary material for detailed parameters and
steps used in numerical simulations for a bulk band structure, pro-
jected band diagrams, and wave propagation. A section on quanti-
tative comparison for energy distributions in chiral and antichiral
systems is also included.
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