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Non-Hermitian skin effect (NHSE) is an intrinsic non-Hermitian phenomenon where an extensive number of eigen-
modes, called skin modes, are localized at the boundary of a system. Recent theories have suggested that the NHSE can
be well-tuned by external fields, opening a route to manipulating wave localization. Here, we experimentally demon-
strate the diverse interactions between NHSE and synthetic magnetic fields (SMFs) in coupled acoustic ring resonator
lattices. We observe that the NHSE and SMFs can, via different physical mechanisms, compete or synergize, resulting
in either the suppression or the creation of NHSE. With the aid of the complex frequency excitation technique, we
experimentally observe that SMFs can suppress the NHSE by introducing Landau quantization, causing localization to
move towards the bulk. In contrast, we show that, the presence of SMF generates topological edge modes in the lattice,
which then become corner skin modes by the second-order NHSE. Our results evidence the rich physics and diverse
consequences that arise from the interplay of magnetic fields and NHSE, paving the way for actively controlling wave
localization.

I. INTRODUCTION

Non-Hermitian systems have gained widespread research
interest in recent years owing to their rich physics and
prospective applications1–6. One of the most prominent phe-
nomena in non-Hermitian systems is non-Hermitian skin ef-
fect (NHSE), whereby the spectrum under periodic boundary
condition (PBC) is characterized by nontrivial point gap topol-
ogy and enormous boundary-localized eigenstates, known
as skin modes, emerging under open boundary condition
(OBC)7–11. The NHSE results in the failure of the Bloch the-
ory, leading to a breakdown of conventional bulk-boundary
correspondence and the dependence of the OBC eigenspec-
trum to boundary conditions10–12. Furthermore, the skin
modes can cover a large energy window and are robust against
moderate disorder owing to their topological nature9,13–17,
which are appealing properties for classical wave devices as
they enable broadband and robust wave localization. So far,
the NHSE has been realized in a variety of classical wave
platforms including acoustics18–23, mechanics24–27, photon-
ics16,28,29 and topolectrical circuits30–32, with potential appli-
cations in efficient wave funneling16, mode morphing26, las-
ing33,34 and enhanced sensing35–37.

A magnetic field applied to a two-dimensional (2D) sys-
tem can lead to a variety of different phenomena. The emer-
gence of Landau quantization, by which an extensive number
of modes become localized in the bulk, is perhaps the most
celebrated effect38. On the other hand, applying magnetic flux
through certain 2D lattices also creates topologically nontriv-
ial states39, in which localized modes, viz, topological edge
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states, appear at the boundary of the specimen. The inter-
play of magnetic fields and non-Hermiticity has been an at-
tractive topic of research. For example, it has been theoreti-
cally shown that Landau quantization can suppress the NHSE,
due to the competition between the two distinct localization
mechanisms40–43. Yet in other scenarios, magnetic fields and
non-Hermiticity work together to give rise to the second-order
NHSE44, leading to corner skin modes in 2D systems. Conse-
quently, the combination of magnetic field and NHSE can lead
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FIG. 1. (a) Schematic of the interaction of NHSE and SMF: the mag-
netic field induces Landau Levels and Chern insulators, leading to the
suppression and generation of NHSE. (b) The SMF can push some
of the skin modes to localize in the bulk (upper panel) while creat-
ing chiral edge modes that facilitate the second-order NHSE (lower
panel).
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FIG. 2. (a) Illustration of the tight-binding model exhibiting first-order NHSE. (b) Illustration of one unit cell in the coupled ring lattice.(c)
Eigenstates of the lattice under x-OBC and y-PBC with different B. The magnetic field B = 0, 0.001, 0.003 (top to bottom panel), respectively.
In the calculations, M = 120, N = 1, t0 = 1, δ = 0.4, ky = 0. (d) Photo of the printed sample without acoustic synthetic magnetic field. (e)
Calculated coupling coefficient and reflection as a function of frequency. (f) Measured acoustic intensity profiles with the evolution of time
under different synthetic magnetic field strength. In (c) and (f), the intensity profile at each moment is respectively normalized by the peak
value at that time.

to diverse consequences [see Fig. 1(a)], which significantly
enhances the flexibility of controlling wave localization and
opens up new possibilities for a wide range of applications.

In this Letter, we investigate the rich physics and diverse
consequences resulting from the interplay between SMFs and
NHSE. SMFs are gauge fields appearing as effective magnetic
fields in the Hamiltonian. Achievable by artificial designs,
such as geometric deformation of the lattice or application
of modulation potentials, SMFs do not rely on electromag-
netic interactions and, therefore, affect neutral particles, mak-
ing them suitable for manipulating light and sound45,46. Our
experimental works are based on non-Hermitian coupled ring
acoustic lattices. First, SMFs are introduced to generate Lan-
dau levels, which then competitively interact with NHSE, as
illustrated in the upper panel of Fig. 1(b). Second, an SMF
is used to create a Chern insulator, giving rise to topologi-
cal edge states which then become corner skin modes by the
NHSE, as illustrated in the lower panel of Fig. 1(b). The
essential components, including complex and asymmetrical
couplings, which allow for the realization of the NHSE, are
implemented with engineered loss. A complex frequency ex-
citation technique is used to probe the NHSE in this passive
acoustic system21.

II. SUPPRESSION OF NHSE BY SMFS

We first study the suppression of the first-order NHSE by
magnetic fields. Consider a 2D tight-binding model as il-
lustrated in the upper panel of Fig. 2(a). The corresponding

Hamiltonian is:

H =
M,N

∑
m=1,n=1

(t+x c†
m+1,ncm,n + t−x c†

m,ncm+1,n

+ t−y,mc†
m,n+1cm,n + t+y,mc†

m,ncm,n+1),

(1)

where c†
m,n (cm,n) is the creation (annihilation) operator on site

(m,n). M and N denote the number of sites along x and y direc-
tions, respectively. The couplings along x direction are asym-
metric: t±x = t0±δ , leading to the NHSE. The couplings along
y direction are complex: t±y,m = t0e±i2πmB, yielding the gauge
field A = B(0,x) with B denoting the corresponding uniform
magnetic field. Noting that the periodicity along y direction is
not affected by the magnetic field, we reduce this 2D lattice to
a 1D one by fixing ky = 0, which greatly facilitates the imple-
mentation. The resulting lattice, as shown in the lower panel
of Fig. 2(a), has an on-site modulation 2t0 cos(2πmB+ky) due
to the magnetic field. Practically, this 1D model can be real-
ized in a coupled acoustic ring resonator lattice with losses on
the link rings and modulated sizes of link rings [Fig. 2(b)].

Figure 2(c) displays the calculated eigenstates (under OBC)
of the 1D lattice model for different values of B. When B = 0,
all OBC eigenstates are localized at the right boundary, which
are standard features of NHSE. Upon increasing B, an increas-
ing number of eigenstates are pushed into the bulk, showing
that NHSE is suppressed by SMF. We note that similar sup-
pression behavior can also be observed for other ky (see sup-
plementary material47).

The acoustic lattice is a periodic array of ring resonators,
as shown in Fig. 2(d). The rings are coupled by periodically
arranged small tubes, as indicated by the dashed orange box
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FIG. 3. (a) Schematic illustration of the lattice in Eq. 2. The coupling
strengths along x and y directions are tx and t±y,m, respectively. The el-
ements in purple and blue have additional loss (−γ) and gain (γ). (b)
Complex spectra for the lattice without (orange dots) and with (blue
dots) magnetic field under x-PBC and y-PBC. (c) Complex spectra
for the lattice with magnetic field under x-OBC, y-PBC (green dots)
and y-OBC (purple dots), respectively. (d) The intensity profile for
one skin mode in a finite lattice with magnetic field. In all calcula-
tions, tx = 1, t±y,m = (−1)m+1e±i2πmB (m is the column number, B is
the strength of the magnetic field) M = N = 100, B = 0.1, γ = 0.4
and ky = 0 for y-PBC.

in Fig. 2(b). There are two types of rings, one plays the role
of onsite orbitals, denoted as site rings, and the others provide
coupling, denoted as link rings. The SMF is implemented by
tuning the circumference of the site rings. The reciprocal cou-
pling coefficient t0 is determined by the small tubes between
the site and link rings. The asymmetric coupling ±δ are re-
alized by inserting sound-absorptive materials into the region
highlighted by the green box on the link rings such that the
wave passing through this region is attenuated. We have opti-
mized the coupling area such that the reflection is neglectable
(thus we only focus on the modes with clockwise circulation
direction in the site rings) [see Fig. 2(e)]. The whole struc-
ture is filled with air and surrounded by hard walls. All struc-
tural parameters are given in supplementary material47. This
coupled acoustic ring resonator lattice can be modeled by the
transfer matrix method. When the coupling strength in the
coupling region is small and the site and link rings are near
anti-resonance, the lattice can capture the tight-binding model
47.

Because of the absence of gain, the acoustic lattice is loss-
biased and the sound inside attenuates rapidly, which makes it
difficult to visualize the skin modes using a constant-intensity
source21. Recently, a new excitation method, called complex-
frequency excitation, was developed to compensate for the
loss in such systems21,48–50. The complex-frequency excita-
tion pumps the system using an incident signal modulated by

a specific amount of temporal decay, which corresponds to the
virtual gain effect inside the system. A complex frequency
signal of 8240+200i Hz with finite length is launched at the
left side of the lattice47. When the sound passes through the
red (green) region in the link ring, the excitation signal decay
is faster (slower) than the decay caused during propagation,
leading to an amplification (attenuation) effect47. By captur-
ing the time-domain signals at all positions of the whole sam-
ple, we experimentally obtain time- and site-resolved results
for three samples with different B. As shown in the top panel
of Fig. 2(f), the sound wave propagates towards the right and
eventually stops at the right edge without any reflection when
t > 15ms in the lattice without SMFs – a clear indication of
the NHSE. However, as B increases, a portion of wave en-
ergy stops in the bulk, whereas the rest reaches the right edge
[middle panel of Fig. 2(f)]. This indicates that the onset of
Landau quantization and B is competing with NHSE. By fur-
ther increasing B, Landau quantization eventually dominates
over NHSE [bottom panel of Fig. 2(f)]. These results clearly
demonstrate the suppression of NHSE by magnetic fields.

III. CREATION OF NHSE BY SMFS

Next, we demonstrate that magnetic fields can also in-
duce NHSE. To this end, consider a 2D non-Hermitian lattice
model with on-site gain and loss [Fig. 3(a)]:

H =
M,N

∑
m=1,n=1

(txc†
m,ncm+1,n + txc†

m+1,ncm,n

+(−1)m+1t−y,mc†
m,n+1cm,n +(−1)m+1t+y,mc†

m,ncm,n+1

+ i
(−1)m +(−1)n

2
γc†

m,ncm,n).

(2)

Each unit cell, as indicated by the orange box in Fig. 3(a),
consists of four sites with different on-site gain or loss. The
purple (blue) site has loss (gain) of −iγ (iγ), whereas the two
yellow sites have no loss or gain.

In the absence of a magnetic field, the spectrum under PBCs
in both directions forms straight lines in the complex plane
[see the orange dots in Fig. 3(b), more details are provided
in the supplementary material], indicating that there is no
NHSE44. The absence of NHSE is also verified by inspect-
ing the eigenstates under OBCs, as given in supplementary
material47. Then, we apply an out-of-plane magnetic field B
to the lattice by threading a flux 0.2π in each plaquette. This
splits the PBC spectrum into multiple sectors, with two large
real line gaps emerging [see the blue dots in Fig. 3(b)]. These
bandgaps induced by the magnetic fields, are topological and
they are closed by chiral edge modes when the system is un-
der x-OBC, y-PBC [see the green dots in Fig. 3(c)]. In the
presence of non-Hermiticity, i.e., gain and loss, these chiral
edge modes will be attenuated or amplified as they propagate
along the boundaries, depending on the non-Hermiticity at the
boundary. For an OBC lattice with an even number of sites
in both directions, the chiral edge modes on the bottom and
right edges will be amplified, whereas those on the top and left
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FIG. 4. (a) Photo of the sample without B, which is composed of 4×4 site rings coupled with link rings along x, y directions. The sites in
green (orange) boxes have additional loss (no additional loss), while the remaining sites have less additional loss. The half ring on the right
side is for inputting excitation signal. (b) Details of one unit cell in (a). The structural parameters M=6 cm, r=5.5 cm, L=5.48 cm, r=5.5 cm,
L′=9.72 cm, dn = md0 (d0=0.5 cm, m=1,2,3,4) and ϕ = 0.76π . (c) Measured acoustic energy profiles for the lattice with B at t=15 ms. (d)
Measured intensity distributions for the lattice without (blue line) and with (orange line) B along the red dashed line in (a) at t=5 ms and t=15
ms, respectively. (e) Measured intensity profiles as a function of time t for the lattice without (upper panel) and with (lower panel) B. The
intensity profile at each moment is respectively normalized by the peak value at that time. The red star marks the corner ring site in (a).

edges will be attenuated. This leads to a second-order NHSE:
the edge spectrum under full OBCs lies inside that under x-
OBC, y-PBC [Fig. 3(c)] and the corresponding eigenstates are
localized at the lower-left corner [Fig. 3(d)]. The skin corner
localization can be pushed to the upper-right corner by revers-
ing the direction of the synthetic magnetic field [details see
the supplementary material]. In this case, the role of the mag-
netic field is to induce the NHSE, through nontrivial point-gap
topology of edge states in nontrivial line gaps created by the
magnetic field.

To realize this phenomenon in the experiment, we de-
sign a 2D coupled acoustic ring resonator lattice as shown
in Fig. 4(a). The structure, consisting of site rings coupled
through link rings, is very similar to the one used in Fig. 2. To
realize the required negative couplings, we adjust the sizes of
the corresponding link rings such that there is a π phase shift
in the coupling51. Sound absorptive materials are inserted into
the site rings highlighted by the green boxes, while the site
rings in orange boxes remain unchanged. Half the amount of
sound absorptive materials are inserted into the remaining site
rings. Under such a setting, when we launch a sound signal
with a complex frequency of 8120+194i Hz with finite length,
the sites in the green (orange) boxes will exhibit virtual loss
(gain), yielding an effective value of γ being approximately
73 Hz [details are provided in the supplementary material].
For this lattice with B = 0, the intensity evolution along the
edges [indicated by the red dashed line in Fig. 4(a)] shows

a spreading of signal over the edges, without any unidirec-
tional propagation or corner localization [see Fig. 4(e)]. We
also measure the intensity field in the whole lattice at t=15 ms,
where no corner localization is observed, as demonstrated in
supplementary material47.

We then investigate the dynamics under a nonzero SMF,
which is implemented in the lattice rather than using onsite
modulations to mimic the effect of a magnetic field at a fixed
momentum. To this end, we move the link rings shaded in
yellow in Fig. 4(a) towards the right side52,53. The moved dis-
tance dm (dm = md0) for the three link rings in the same col-
umn is identical. Here, d0 is designed to be 0.5 cm, yielding
an effective magnetic flux ϕ = 0.76π for each plaquette. In-
terestingly, the measured intensity evolution is quite different
from that without B. As shown in the lower panel of Fig. 4(e),
the evolution pattern exhibits a clear unidirectional propaga-
tion when t < 10 ms. At around t = 10 ms, the sound signal
reaches the lower left corner. After t > 10 ms, the sound stops
propagation and remains localized at the corner, indicating the
corner skin effect. We also plot the intensity distribution in
the whole lattice at t=15 ms, as presented in Fig. 4(c), which
clearly shows that the sound power is highly localized at the
lower-left corner. Figure 4(d) compares the intensity profiles
along the boundaries without and with B at t=5 ms [dashed
white line in Fig. 4(e)] and t=15 ms [dashed orange line in
Fig. 4(e)]. At t = 5 ms, the sound wave has not yet arrived
at the corner ring and no significant difference can be found
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between the two cases [left panel of Fig. 4(d)]. By contrast,
after the sound reaches the corner (e.g., t = 15 ms), the in-
tensity is concentrated around the corner for B ̸= 0, whereas,
for B = 0, the intensity distributed over the edge sites [left
panel of Fig. 4(d)]. These observations clearly demonstrate
the emergence of acoustic second-order NHSE by a synthetic
magnetic field.

IV. CONCLUSIONS

To sum up, we have explored the intricate physics and ex-
perimentally demonstrated the suppression or the creation of
NHSE by SMFs. Our results demonstrate the rich potential
in the creative control of waves by SMF in non-Hermitian
systems. The boundary-localized skin modes can give rise
to the unidirectional wave propagation, energy localization
and enhanced absorption and emission. The introduction of
a synthetic magnetic field plays a crucial role in the NHSE.
The magnetic field breaks the time-reversal symmetry, lead-
ing to the creation of chiral edge states. Furthermore, the
direction and strength of the synthetic magnetic field can in-
fluence the localization pattern of the skin modes, enabling
the fine-tuning of the system’s behavior. This sensitivity of
the NHSE to the synthetic magnetic field, combined with the
non-Hermitian characteristics, allows for the creation of re-
configurable topological devices. Such reconfigurable devices
can adapt their functionality in response to external stimuli,
such as strain56 or other control parameters, which show great
potential in a wide range of applications, from signal process-
ing and wave manipulation to energy harvesting and active
control systems. The interaction mechanisms of SMFs and
NHSE reported here can be universally adapted for higher
dimensional systems and other wave systems where effec-
tive magnetic fields can emerge, such as Dirac point systems
with pseudomagnetic fields54 and optical systems under time
modulation55. The proposed coupled ring lattice is quite flex-
ible to acquire various forms of SMFs and non-Hermiticity,
and thus provides a versatile platform to study the diverse in-
terplay between magnetic fields and non-Hermitian phenom-
ena in both acoustics and photonics57.

SUPPLEMENTARY MATERIAL

See the supplementary material for details on the calcula-
tions of the tight-binding model and coupled ring resonator
model, eigenenergy profiles under different magnetic fields,
measured time evolution of acoustic pressure signals, calcu-
lated intensity field for the finite lattice without SMF and
more experimental results for the finite 2D lattice, experimen-
tal realizations of the on-site non-Hermiticity, discussion on
the complex spectrum, changing the localization positions of
the skin corner localization and suppression and creation of
NHSE in one single lattice.
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