
PHYSICAL REVIEW B 113, 245420 (2026)

Non-Hermitian higher-order topological insulators enabled by altermagnet engineering
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We show that proximity to an altermagnet provides an efficient route to engineering non-Hermitian higher-
order topological phases. The proximity-induced altermagnetic order gaps the edge states of a topological
insulator, thereby driving a transition from a first-order to a second-order topological phase. When combined
with nonreciprocal hopping, the system exhibits both the non-Hermitian skin effect and a hybrid skin-topological
effect, whereby first-order edge states and second-order corner states accumulate at selected corners of the lattice.
We demonstrate that the spectral winding number of the edge states under cylindrical geometry dictates this
corner localization and can be reversed by tuning the altermagnetic order. Consequently, both edge and corner
states become directionally controllable. Our results establish altermagnets as a versatile platform for realizing
and tuning skin-topological phenomena in non-Hermitian higher-order topological systems.
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I. INTRODUCTION

Altermagnetism has recently emerged as a distinct class
of collinear magnetic order that bridges the physics of fer-
romagnets and antiferromagnets [1–14]. It exhibits large
momentum-dependent spin polarization while maintaining
zero net magnetization, thus realizing time-reversal-odd spin
splitting with compensated magnetic moments [12,14]. This
unique symmetry realization enriches the taxonomy of mag-
netic phases and provides an intrinsic route to dissipationless
spin control without stray fields. Its symmetry-filtered spin
texture enables precise band-structure engineering, as veri-
fied theoretically and experimentally in MnTe [15–17], CrSb
[18–20], Mn5Si3 [21,22], RbV2Se2O [14], and KV2Se2O
[23,24]. Due to its time-reversal breaking band structure
and alternating momentum-dependent spin splitting, alter-
magnetism gives rise to a variety of novel effects and phases,
including the crystal Hall effect [3,25–27], giant tunnel-
ing magnetoresistance [28,29], spin-momentum interactions
[30–32], unique proximity effect [33,34], and topological
phases [35–40].

In recent years, the study of topological phases has been
extended to non-Hermitian systems, attracting substantial re-
search interest [41–62]. Non-Hermitian systems exhibit a
variety of striking phenomena that have no counterpart in
Hermitian physics [63–68]. Among the most prominent are
exceptional points [69,70], where both eigenvalues and eigen-
vectors coalesce, and the non-Hermitian skin effect (NHSE)
[45,71–81], which drives an extensive number of bulk states
to accumulate at system boundaries under open boundary con-
ditions (OBCs). By reshaping the topology of complex energy
spectra, non-Hermiticity enables unconventional topological
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phenomena, especially in higher dimensions. In particular, the
hybridization of topological edge states with the NHSE gives
rise to the skin-topological effect, where topologically pro-
tected edge states localize directionally at lower-dimensional
boundaries [82–92]. These phenomena highlight the impor-
tance of understanding how non-Hermiticity interacts with
intrinsic topological boundary states. The absence of stray
magnetic fields makes altermagnets especially appealing for
realizing non-Hermitian phenomena, since external magnetic
fields may suppress or obscure the NHSE [93,94]. While
recent works have examined exceptional-point physics in non-
Hermitian altermagnets [95,96], the NHSE and its coupling
to higher-order topology in altermagnetic platforms remain
largely unexplored.

In this work, we demonstrate that proximitizing an alter-
magnet to a non-Hermitian topological insulator provides an
effective and controllable route to engineering non-Hermitian
higher-order topological phases. Altermagnetism opens a gap
in the topological edge states of the topological insulator,
leading to a topological phase transition from a first-order
topological phase to a second-order topological phase. When
combined with nonreciprocal hopping, the system exhibits
both the NHSE and the hybrid skin-topological effect. The
latter, manifested as the accumulation of first-order edge
states at the corners of the system, is dictated by the spec-
tral winding number of the edge bands under cylindrical
geometry. Crucially, the proximitized altermagnetic order
serves as a powerful tuning knob: by modifying the band
dispersion of the edge states, it reverses the spectral wind-
ing number and thereby switches the localization direction
of the topological edge states. As the topological corner
states inherit this skin-topological effect, they likewise ac-
cumulate at tunable corners of the lattice. These results
establish altermagnetism as a versatile mechanism for design-
ing and controlling non-Hermitian higher-order topological
phases.
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FIG. 1. Energy spectrum and spatial distributions in the presence of strong altermagnetism. (a) Energy spectrum for a 30 × 30 square lattice
under PBC (gray) and OBC (other points), respectively. The black, blue, and red dots represent the energies of bulk states, first-order edge
states, and second-order corner states, respectively. (b) Average probability distributions of bulk states under OBC. (c) Probability distributions
of second-order corner states. The inset shows the average probability distributions of first-order edge states. (d) and (e) Real and imaginary
parts of the energies as a function of ky for the system under OBCx–PBCy. (f) Complex energy spectrum of the system under OBCx–PBCy.
The insets show the spectral winding of edge states. In panels (d)–(f), edge states with positive (negative) real parts of the energy are indicated
by blue (green) markers. Parameters: tx = ty = Ax = Ay = 1, δx = δy = 0.2, J = 0.7, and m0 = 0.

II. SWITCHABLE SKIN-TOPOLOGICAL EFFECT

We consider a two-dimensional non-Hermitian insulator in
proximity to a dx2−y2 -wave altermagnet, whose Bloch Hamil-
tonian is given by

H (k) = HTI(k) + HNH(k) + HAM(k). (1)

Here, HTI(k) = (m0 − tx cos kx − ty cos ky)σx+Ax sin kxσzsx+
Ay sin kyσzsy describes a Hermitian topological insulator that
preserves time-reversal symmetry and hosts helical edge
states, relevant to materials like HgTe and WTe2 [97–99]. The
non-Hermiticity is introduced by HNH(k) = (−iδx sin kx −
iδy sin ky)σx, which effectively describes nonreciprocal hop-
ping generated by an imaginary gauge field, where the
hopping amplitudes along the positive and negative x and y
directions acquire asymmetric Peierls factors [95,100].

The proximity-induced altermagnetic order [33,36], which
can be supported by realistic altermagnetic materials, is de-
scribed by

HAM(k) = J (cos kx − cos ky)σzsz, (2)

where J denotes the effective altermagnetic strength and can
be tuned by varying the layer spacing [33,36]. si and σi de-
note the Pauli matrices acting on spin and orbital degrees of
freedom, respectively.

In the absence of altermagnetism (J = 0), the Hamiltonian
reduces to a non-Hermitian topological insulator hosting gap-

less helical edge states that are evenly localized at four edges
of the lattice. Turning on the altermagnetic order fundamen-
tally restructures the phase diagram and drives the system into
a higher-order topological phase. To elucidate the physical
mechanism, we initially focus on the m0 = 0 case. In particu-
lar, we show the energy spectrum of the system with J = 0.7
in Fig. 1(a), where the spectrum under periodic boundary
conditions (PBCs) appears in gray, while the OBC spectrum is
separated into three parts corresponding to bulk states (black),
first-order edge states (blue), and second-order corner states
(red).

The altermagnetic order gaps the helical edge states, gen-
erating four in-gap corner states and driving the system into
a second-order topological insulator. The nonreciprocal hop-
ping renders the spectrum highly sensitive to the boundary
conditions: relative to the PBC bands, the OBC bulk energies
undergo a pronounced collapse, signaling the NHSE. The
spatial distribution in Fig. 1(b) confirms that the bulk states
accumulate at the lower-left corner of the square lattice, con-
sistent with the direction of nonreciprocal pumping. Beyond
the NHSE of the bulk states, the interplay between altermag-
netism and non-Hermiticity also reshapes the localization of
topological edge states. As shown in the inset of Fig. 1(c),
altermagnetic order and non-Hermiticity drive the first-order
edge states to accumulate at the lower-left corner of the lattice,
a hallmark of the skin-topological effect, in sharp contrast
to the J = 0 case where the edge states remain uniformly
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distributed along the boundaries. The skin-topological effect
further influences the second-order corner states: as illustrated
in Fig. 1(c), the in-gap zero states preferentially localize at the
lower-left corner, rather than appearing symmetrically at all
four corners as in the Hermitian limit or absence of altermag-
netism.

To gain a deeper understanding of the skin-topological
states, we analyze the spectral winding number of the edge
states under a cylindrical geometry. While the point-gap
topology is the standard diagnostic of the NHSE in one-
dimensional non-Hermitian systems [74,75], here we use the
spectral winding number of edge states under cylindrical ge-
ometry to characterize the skin-topological effect. Figures
1(d) and 1(e) show the real and imaginary parts of the spec-
trum for the OBC along the x direction and the PBC along
the y direction (OBCx–PBCy), respectively. As the edge states
under this cylindrical geometry disperse both in their real and
imaginary parts, their trajectories in the complex-energy plane
form a point gap, as illustrated in the insets of Fig. 1(f). Since
the edge-state branches are separated from the bulk branches
in the ky-resolved spectrum, the corresponding edge-state
spectral winding number with respect to a reference energy
E can be defined as

Wedge(E ) =
∑

n∈edge

∫ 2π

0

dky

2π i
∂ky log

[
E edge

n (ky) − E
]
, (3)

where E edge
n (ky) denotes the energies of nth edge states under

cylindrical geometry. Here, we take counterclockwise encir-
cling in the complex-energy plane as the positive orientation.
A positive/negative edge winding indicates that, when the y
direction is further opened, the corresponding edge modes ac-
cumulate toward the lower/upper end of the lattice. Moreover,
for the symmetric parameter set used here, the spectra under
the OBCx–PBCy and PBCx–OBCy geometries are equivalent.
Therefore, with the convention adopted in the paper, a posi-
tive/negative edge winding under the cylindrical geometry is
associated with the accumulation of edge states toward the
lower-left/upper-right corner under full OBC. The complex
energies of the edge states under OBCx–PBCy are shown
in Fig. 1(f). We find that the spectral winding number is
positive, indicating that the first-order edge states under full
OBC accumulate at the lower-left corner of the lattice. No-
tably, reversing the direction of nonreciprocal pumping, e.g.,
(δ → −δ), reverses the imaginary dispersion and changes
the winding number to be negative, causing the first-order
edge states to accumulate at the upper-right corner. Since the
second-order corner states originate from the altermagnetic-
order-induced gapping of the topological edge modes, their
wave functions are affected by the directional skin accumu-
lation of the parent edge-state subspace. This explains why
the corner states localize at the same selected corners as the
skin-topological edge modes.

Furthermore, varying the altermagnetic strength J signif-
icantly modifies the real part of the edge-state dispersion
under cylindrical geometry. The localization behavior of the
skin-topological states and second-order corner states changes
when a relatively small J is applied. To illustrate this, we show
the real and imaginary energies of the system under cylindri-
cal geometry with J = 0.3 as a function of ky in Figs. 2(a)

FIG. 2. Weak altermagnetism case (J = 0.3). (a) and (b) Real
and imaginary parts of the energies as functions of ky for the system
under cylindrical geometry. Topological edge states with positive
(negative) real parts of the energy are marked in blue (green).
(c) Complex energy spectrum of the edge states as a function of
ky. Edge states in panels (a)–(c) are color coded blue and green to
indicate positive and negative real parts of the energy, respectively.
(d) Average probability distributions of bulk states under OBC. Inset:
average probability distribution of zero states.

and 2(b), respectively. The energies whose real parts are posi-
tive (negative) and closest to zero are marked in blue (green).
The sign of the real dispersion is opposite to the strong alter-
magnetism case in Fig. 1(d), while the signs of the imaginary
dispersion remain the same. Therefore, the spectral winding
numbers under cylindrical geometry are reversed compared
to the case of J = 0.7. As shown in Fig. 2(c), the spectral
winding numbers become negative, indicating that the first-
order edge states will accumulate at the upper-right corner
of the lattice, which is opposite to the strong altermagnetism
case. Affected by the skin-topological effect, although the
bulk states localize at the lower-left corners of the system, the
corner states tend to appear at the same corner as the first-
order edge states and do not appear at the lower-left corner, as
shown in Fig. 2(d).

Overall, the skin-topological states and second-order cor-
ner states are localized at the opposite corners of the lattice
when we apply different strengths of altermagnetism, which
can be well explained by the spectral winding number of the
edge states under cylindrical geometry. Therefore, tuning the
strength of the altermagnetism provides a feasible method to
tune the localization behavior of the topological states.

III. EDGE FLAT BANDS AND BIPOLAR
SKIN-TOPOLOGICAL EFFECT

We have shown that both the skin-topological states and
second-order corner states can be switched by tuning the
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FIG. 3. The critical point at J = 0.57. (a) Complex energy
spectrum. (b) Average probability distribution of the bulk states.
(c) Average probability distribution of the corner states and first-
order edge states (inset) of the system under OBC. (d) The complex
spectrum of the system under OBCx–PBCy. The inset shows the real
parts of energies as functions of ky.

altermagnetic order, implying the existence of a critical al-
termagnetic strength Jc = 0.57 between the weak and strong
regimes. To illustrate this transition, we present the energy
spectrum and probability distribution of the bulk states in
Figs. 3(a) and 3(b), respectively. In this case, the system
remains in a higher-order topological phase and hosts four
in-gap zero states while the bulk states under OBC accumulate
at the lower-left corners of the lattice due to the nonreciprocal
hopping. The first-order edge states are uniformly distributed
along all four edges, as shown in the inset of Fig. 3(c),
indicating the absence of the skin-topological effect. The
second-order corner states also appear symmetrically at all
four corners without any directional preference. This absence
of both edge localization and corner selectivity originates
from the flat real energy dispersion of the edge states under
cylindrical geometry, as depicted in Fig. 3(d), which results
in a zero spectral winding number and suppresses the skin-
topological effect.

Although our analysis primarily focuses on the m0 = 0
case, the underlying control mechanism remains robust for
finite m0, demonstrating the physical universality of the ob-
served phenomena across a broader parameter regime. When
a finite m0 is introduced, the winding behavior of the edge
states under cylindrical geometry becomes more intricate, and
a bipolar skin-topological effect can emerge near the tran-
sition point discussed above. As an illustrative example, we
take m0 = 0.2 and J = 0.57, and plot the spectrum of the
first-order edge states in Fig. 4(a). In this case, the energies
obtained under full OBC and cylindrical geometry are shown
as colored and gray points, respectively. These energies are

FIG. 4. The bipolar skin-topological effect. (a) The gray points
depict the energies of the edge states under OBCx–PBCy, while
colored points represent the energies under full OBC with m0 = 0.2.
The inset shows the complex spectrum under cylindrical geometry
as a function of ky. (b) Average probability distribution of the edge
states under full OBC, with colors corresponding to the energies
highlighted in (a).

spectrally isolated from the bulk continuum. The edge states
under full OBC with positive and negative spectral winding
numbers, as extracted from the inset, are marked in orange
and green, respectively. When the system is opened in both
directions, the edge branches with opposite winding numbers
will accumulate at opposite ends of the boundary, i.e., at
opposite corners of the two-dimensional sample, leading to
the bipolar skin-topological effect. As shown in Fig. 4(b),
these states localize at opposite corners of the lattice, with the
probability distributions color matched to the corresponding
points in Fig. 4(a). Remarkably, the states at the intersections
between regions of opposite winding numbers correspond to
Bloch-edge states, marked by blue points in Fig. 4(a). These
states are extended along the edges rather than localized at the
corners, as confirmed in the inset of Fig. 4(b).

IV. CONCLUSION

In this work, we have investigated the non-Hermitian
second-order topological insulator realized by placing a
non-Hermitian topological insulator in proximity to an alter-
magnet. The nonreciprocal hopping drives the bulk states to
accumulate at the lattice corners, generating a pronounced
non-Hermitian skin effect. Meanwhile, the altermagnetic or-
der gaps the topological edge states and induces a transition
from a first-order to a second-order topological phase. The
interplay between altermagnetism and non-Hermiticity pro-
duces a skin-topological effect, in which the first-order edge
states are driven to the corners of the lattice. This effect is ac-
curately captured by the spectral winding number of the edge
states under cylindrical geometry. Crucially, the proximitized
altermagnetic order reshapes the real-part edge dispersion,
enabling a sign reversal of the spectral winding number and
thus a controllable inversion of edge and corner localiza-
tion, without altering the direction of nonreciprocal hopping.
As a consequence, the second-order corner states inherit the
skin-topological localization and preferentially accumulate at
the same corners as the edge states. Our results reveal the
rich interplay between altermagnetism and non-Hermiticity,
demonstrating that non-Hermitian altermagnets offer a versa-
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tile and tunable platform for manipulating topological edge
and corner states.

The nonreciprocal hopping in our model can be readily
implemented in cold-atom platforms using Raman-assisted
schemes and programmable lattices [101], acoustics [102],
topological circuits [103], and optics [53]. In electronic
settings, nonreciprocal hopping may be effectively engi-
neered via bilayer or multiorbital coupling [104–106]. The
altermagnetic order in our model can be realized in het-
erostructures by interfacing a two-dimensional topological
insulator with a layered altermagnet [33,36], in which the
effective altermagnetic strength can be tuned by varying the
interlayer distance. The predicted switchable hybrid skin-
topological effect and second-order corner modes may be
probed in electronic realizations by scanning tunneling mi-
croscopy/spectroscopy through spatial mapping of the local
density of states [107,108]. Notably, although we characterize
the skin-topological effect using the spectral winding number
under cylindrical geometry, a comprehensive understanding

of such effects across different dimensions and symmetry
classes remains to be developed. Furthermore, the interaction
between skin-topological states and higher-order topological
states represents an open question that merits further explo-
ration.
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