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Altermagnets are a recently discovered class of magnetic materials that combine a collinear, zero-
magnetization spin structure, characteristic of antiferromagnets, with spin-split electronic bands, a hallmark
of ferromagnets. This unique behavior arises from the breaking of combined time-reversal and spatial
symmetries (such as inversion or lattice translation), which are preserved in conventional antiferromagnets.
To date, research has mainly focused on altermagnetic phases in periodic crystals, where the order is linked
to rotational symmetries compatible with translational periodicity. In this Letter, we demonstrate that
quasicrystals, which possess rotational symmetries incompatible with periodicity, can host exotic
altermagnetic orders. Using symmetry analysis and self-consistent mean-field theory, we predict stable
g-wave and i-wave altermagnetism in octagonal and dodecagonal quasicrystals, respectively. These phases
are characterized by global C3T and C;,T symmetries and exhibit anisotropic spin-splittings in their
spectral functions and spin conductance, with characteristic eight and twelvefold nodal structures that
establish a theoretical framework for identifying these phases in future experiments. Our findings establish
quasicrystals as a versatile platform for realizing unconventional altermagnetic orders beyond the

constraints of periodicity.
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Introduction—Altermagnets represent a recently discov-
ered class of magnetic materials, distinct from conventional
ferromagnets and antiferromagnets [1-11]. They uniquely
combine a collinear spin structure with zero net magneti-
zation, characteristic of antiferromagnets, with spin-split
electronic bands, a hallmark of ferromagnets. This uncon-
ventional behavior is rooted in the breaking of composite
symmetries—specifically, time-reversal combined with
spatial operations like inversion or translation—which
remain intact in conventional antiferromagnets. It enables
unique physical phenomena such as anomalous transport
[12-16], giant tunneling magnetoresistance [17,18], and
potential topological responses [19-22], thereby prompting
widespread research both theoretically and experimentally
[23-29]. To date, however, the exploration of altermagnet-
ism has been almost exclusively confined to periodic
crystals. Within this paradigm, altermagnetic phases are
protected by specific crystal rotational symmetries (e.g.,
fourfold or sixfold). This reliance on crystallographic
symmetry fundamentally forbids altermagnets with
higher-order or rotational symmetries incompatible with
periodicity. This limitation necessitates the search for
alternative platforms beyond periodic crystals to realize
more exotic altermagnetic states.
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Concurrently, a second, independent paradigm shift has
transformed our understanding of aperiodic systems.
Quasicrystals were considered textbook examples of geo-
metrically frustrated structures [30,31], presumed to sup-
port only disordered, spin-glass-like magnetic states [32—
34]. However, subsequent theoretical studies ruled out the
notion that geometrical frustration fundamentally forbids
long-range magnetic order in quasicrystals [35-38].
Experimental realization of such phases remained elusive
for decades. The subsequent observation of long-range
ferromagnetic order [39,40] and, most strikingly, long-
range antiferromagnetic order in a true icosahedral quasi-
crystal [41,42] has demonstrated that the complex aperiodic
order of quasicrystals can support coherent magnetic ground
states. These breakthroughs position quasicrystals as a fertile
platform for discovering unconventional magnetism.

This Letter unites these two revolutionary frontiers by
showing that the rotational symmetries of quasicrystals,
which are incompatible with periodicity, can enable and
stabilize forms of altermagnetic order unavailable in
periodic crystals. This mechanism is distinct from recent
proposals of altermagnetism in amorphous solids [43],
where rotational invariance is statistical rather than an exact
long-range symmetry of a deterministic quasiperiodic
structure. In the quasicrystalline case studied here, the
altermagnetic order is protected by magnetic rotational
symmetries tied to the quasiperiodic long-range order itself.
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Here we show that this principle enables altermagnetic
phases with symmetry structures inaccessible in periodic
crystals. Specifically, the Ammann-Beenker (AB) tiling, a
canonical octagonal quasicrystal, supports a g-wave alter-
magnetism protected by a composite eightfold rotational
symmetry Cg7, where T is time-reversal symmetry. Our
analysis of the Fourier spectra reveals a momentum-
dependent spin structure with a nodal g-wave configura-
tion. We propose that this unique order can be detected via
double-tip scanning tunneling microscopy (STM) [44—-48]
and show that transport measurements would exhibit a
spin-polarized current whose anisotropy directly reflects
the underlying g-wave symmetry. Furthermore, we extend
our analysis to show that an i-wave altermagnetic phase can
emerge in the Stampfli-tiling dodecagonal quasicrystal.
Our findings establish a previously uncharted direction in
magnetism, demonstrating that the rich symmetries of
quasicrystals offer a new route to designing and discovering
altermagnetic orders beyond periodic systems.

Model—We adopt a minimal #-J-like model [43] for the
orbital altermagnet phase of an AB-tiling quasicrystal
[Fig. 1(a)]. The AB-tiling quasicrystal consists of two
types of primitive tiles: square tiles (red) and rhombus tiles
(cyan) with an acute angle of 45°. Each site contains two
orbitals connected by a Cg rotation [Fig. 1(b)]. A concrete
realization of this setup is achieved with the {d,,,d_>}
orbitals. They form a symmetry-protected degenerate
doublet belonging to the E, irreducible representation in
the Cg, point symmetry of the Ammann-Beenker tiling
[49,50]. The total Hamiltonian, H = Hg + Hfy,,, consists of
a kinetic term and an interaction term. The kinetic term

Hyg = ZT;[F(nejk)]GOlPk (1)
(Jk)

describes hopping between adjacent sites. Here, (---)
denotes sites connected by the bonds of distance a = 1,
as shown in Fig. 1(a). ‘I’jT = (C;aT’C;ﬂT’C;ai’C;ﬁi) are
electron creation operators at site j. @ and f represent
the two orbitals at one site, and spin degrees of freedom are
denoted as 1 and |. 6 is the polar angle of bond
connecting sites j and k with respect to the horizontal
direction. The orbital-dependent hopping matrix is given by

t—t 200+t
F(’?‘g)—<<1 2)cos nl +t,

(t, — t,) sinnO cos no
(t, — t,) sinnO cos no .

(tl — tz)sinzne + 12
(2)

We fix t; = 1, t, = 1/2, and = 2 in the case of the AB-
tiling quasicrystal. At 8 = 0, the hopping is dominated by
the overlap between the first orbitals #;, while the second
orbitals have a smaller overlap #,, with t, < t,. At0 = 7 /4,
these hopping strengths are reversed. This angular depend-
ence captures the rotating orbital texture illustrated in
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FIG. 1. (a) Schematic illustration of the AB-tiling octagonal
quasicrystal, which consists of two types of primitive tiles: square
tiles (red) and rhombus tiles (cyan) with an acute angle of 45°.
(b) Each site of the AB-tiling quasicrystal features two orbitals
(blue and orange) connected by a Cg rotation. (c) We propose that
the altermagnetic order in a quasicrystal can be probed by a
double-tip STM setup. When a spin-unpolarized current is
injected, the output current becomes spin-polarized due to the
altermagnetic structure. (d) Normalized mean altermagnetization
m/my,, as a function of the filling 7 and the interaction coupling
strength J. Each data point is obtained by using the self-
consistent mean-field method.

Fig. 1(b), where the orbital character naturally twists along
different bond directions due to the underlying Cy rota-
tional symmetry.

We include a ferromagnetic Heisenberg-like combined
spin-orbital interaction [43,51],

Hp, =-J Z (‘I‘;Tgal‘l’j) (‘P};TQYZ‘I’,() —nng,  (3)
(ik).Sx

where n; =3, c}m Cjus 18 the total on-site occupation
operator, with s = 71, | labeling spin and ¢ = «a, f§ labeling
orbital. 6*(7%) are Pauli matrices acting on the spin (orbital)
subspace. In the single-fermion-per-site limit, Eq. (3) resem-
bles a ferromagnetic Kugel-Khomskii interaction, expressed
as (S; - 8)(z; - 7)) [52]. In Sec. ST of Supplemental Material
[53], we provide a detailed group-theoretical derivation of the
orbital selection and Slater-Koster hopping textures and
discuss possible experimental directions. Mn-based octago-
nal quasicrystals and approximants [54] provide useful
motivation for octagonal quasiperiodic environments,
although the Ammann-Beenker model used here should
be viewed as a minimal symmetry-based model rather than a
material-specific description of Mn-Si-Al.
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Mean-field decoupling and emergent altermagnetism—
The interaction term is decoupled via a mean-field approxi-
mation, yielding an effective single-particle Hamiltonian,

Hiy = =0y (mj)m = (nj)m + (j < k), (4)
(k)

where 7 is the total occupation and m; = ‘IJJT o*t*¥; denotes
the local magnetization. We assume that spontaneous sym-
metry breaking occurs along the ¢° and orbital z¢ directions,
retaining only the diagonal components relevant to the
symmetry-broken state. At each iteration, we compute
site-resolved expectation values for the local charge density
(n;) and magnetization (m;). These expectation values are
then used to update the mean-field Hamiltonian for the next
iteration. This self-consistent procedure is repeated until
convergence is achieved (typically within 200 iterations) and
allows for spatially inhomogeneous ordering without pre-
supposing translational symmetry.

This interaction term in Eq. (4) lifts the degeneracy
among the four spin-orbital configurations. For a positive
m;, the states 1) and |$|) on the j th site have lower
energy, whereas [#7) and |al) have higher energy.
Consequently, the spin and orbital degrees of freedom
become locked, with electrons in the a-orbital predomi-
nantly carrying spin-up and those in the f-orbital carrying
spin-down [see Fig. 1(b)]. This establishes the altermag-
netic phase in quasicrystals. Although the magnetic term
m; individually breaks the eightfold rotation symmetry
Cs = 7,0)Rg and time-reversal symmetry T = izy0,K,
their combination CgT remains a preserved symmetry of
the system. Here, R is the orthogonal matrix that permutes
the tiling sites to rotate the whole system by z/4, and K is
the complex conjugation. This composite symmetry plays a
central role in characterizing the altermagnetic phase.

We emphasize that the full Hamiltonian lacks global spin-
rotational symmetry due to the locking of the spin degrees of
freedom to the fixed, geometry-dependent orbital textures of
the quasicrystalline lattice. Consequently, the total energy of
the system is sensitive to the specific direction of the spin and
orbital polarization. In Sec. SIV of Supplemental Material
[53], we performed fully unrestricted self-consistent calcu-
lations and found that the altermagnetic state further breaks
spin-rotational symmetry, with spin polarization stabilized
along the principal axes (x, y, or z) concomitant with orbital
polarization (z,). This specific alignment allows the system
to preserve the combined Cg7 symmetry, where the spatial
rotation Cy acts on the lattice and the time-reversal operation
T acts on the spins, which protects the characteristic g-wave
spectral splitting.

Interaction-induced altermagnetic ordering—Figure 1(d)
presents the averaged magnetization normalized by its
maximal value, m/m,,, as a function of the filling n and
the interaction coupling strength J. The average magnetiza-
tion is defined as m =} (m;)/N, where N = 833 is the

total number of lattice sites. The normalization factor m,,, =
2 — |4n — 2| represents the theoretical upper bound derived
from the occupation constraints [43]. For small J, the system
settles into a trivial metallic state, as the local altermagne-
tization (m;) vanishes during the self-consistent calculation.
For larger J, a stable altermagnetic phase emerges with a
finite order parameter m, which approaches its theoretical
maximum m/m,, — 1 in the strong-coupling regime.
Spectral function—Direct visualization of spin-resolved
momentum-space textures is experimentally challenging
but has become increasingly feasible, even for complex
materials like quasicrystals, due to the development of
high-efficiency, multichannel spin detectors [66—68].
Although quasicrystals lack discrete translational sym-
metry, meaning crystal momentum is not a good quantum
number, their momentum-space properties can still be
probed via Fourier analysis. Specifically, one can project
eigenstates onto plane-wave-like trial states of the form
psp) =N3 .y, eP¥ilx;su). These trial states serve as
Fourier components of the real-space basis, representing
spatial modulations with wave vector p. This Fourier-based
projection thus provides a practical framework for analyz-
ing the momentum-space structure of quasicrystalline
systems in the absence of a Brillouin zone [69,70]. We
therefore compute the spin-resolved spectral function [43]

Al =2y R

A

where 6 = 1072 is a small broadening factor and ey is
the Fermi level corresponding to the filling number n.
This quantity is directly accessible in spin-resolved angle-
resolved photoemission spectroscopy (ARPES) measure-
ments on quasicrystalline samples [71,72].

Figures 2(a) and 2(b) show the numerically calculated
spectra with J = 0.05 [marked by the green star in Fig. 1(d)].
For this weak coupling, the system remains a trivial metal,
and the spin-up and spin-down spectral functions are
degenerate. The spectrum exhibits an eightfold rotational
symmetry, reflecting the underlying symmetry of the quasi-
crystal lattice. The spectrum also displays fine hierarchical
structures characteristic of quasiperiodic electronic spectra
[73,74]. In the following, we focus on the symmetry of the
spin-resolved spectral weight, which provides the direct
diagnostic of the altermagnetic phase.

Figures 2(c) and 2(d) show the spectra for a strong
interaction coupling of J = 0.7 [marked by the yellow
star in Fig. 1(d)]. In this regime, the system enters an
altermagnetic phase, characterized by a finite self-consis-
tent altermagnetic order. This results in a clear spin splitting
in the spectral functions, accompanied by the breaking of
Cg symmetry while preserving a residual C, symmetry.
Crucially, the spin-up and spin-down spectral functions are
related by a Cy rotation due to the preserved Cg7T symmetry
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FIG.2. Spectral density A(p) as a function of momentum p. (a),
(c) Spin-up spectral density A;(p). (b),(d) Spin-down spectral
density A, (p). (e) Spin-resolved difference A;(p) — A, (p). We
take the interaction coupling J = 0.05 in (a) and (b) and J = 0.7
in (c)—(e). The electron filling is fixed at n = 0.9 in all panels.

of the whole system. Consequently, the difference A% (p) —
Al (p) transforms antisymmetrically under a Cg rotation,
meaning it changes sign and must vanish along the nodal
line defined by 6 = z/8 + nxz/4.

Spin-conductance—Another distinguishing experimen-
tal feature of altermagnetism is its unique spin transport
properties [12—18]. We employ the two-terminal device to
investigate the transport properties of the quasicrystalline
system, where each lead is modeled as a tunable STM tip.
One tip is positioned at R(cos ¢, sin¢), and the other is
symmetrically located at —R(cos ¢, sin ¢»). By varying the
probe separation R and angle ¢, the setup allows for angle-
resolved probing of the transport anisotropy.

Specifically, each STM tip is modeled as a one-dimen-
sional chain with the Hamiltonian H;, = Z< i) d)} 17500 Dy,
where ®@; denotes the spinor at site j in the lead and 7 = 1.
The coupling between the tip and the device is described
by the tunneling Hamiltonian H' =} ; ‘Pj-te_’-fk‘roaOGDk +
H.c., where ¥; denotes the spinor on the device [see Eq. (1)]
and rj is the distance between the device site j and the lead
site k. The exponential factor ensures that the coupling is
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FIG. 3. (a) Spin conductances ¢4 and ¢ as functions of the

angle ¢ with R = 4. (b) 64 — o as functions of the angle ¢ and
the radius R. (¢),(d) o4 and o as functions of the angle ¢ and the
radius R. We take J = 0.7 and n = 0.9 in all panels.

spatially localized, restricting the tunneling to sites in close
proximity to the tip position. The conductance between the
two tips is calculated by using the Landauer-Biittiker formula
[75=77] and the recursive Green’s function method [78,79].

Figure 3(a) shows the spin conductance o4 | as functions
of angle ¢ for R = 4. The spin-dependent conductance
exhibits strong anisotropy, a phenomenon more clearly
visualized in Figs. 3(c) and 3(d), where we plot o4 | as
functions of Rcosé@ and Rsinf. Similar to the spectral
function, the conductance for each spin component dis-
plays a clear C, symmetry. However, a Cg rotation trans-
forms the spin-up conductance into the spin-down
conductance. As a result, the difference oy — o0} changes
sign under an eightfold rotation and must vanish along the
nodal line & = z/8 + nx/4 [see Fig. 3(b)]. These transport
signatures further confirm that the system realizes a g-wave
altermagnet. While experimentally demanding, multiprobe
STM techniques provide a unique and powerful route to
probe nonlocal transport anisotropies and correlation func-
tions. Our calculations thus provide a clear theoretical
target and a strong motivation for such advanced measure-
ments, where the predicted symmetry of the spin-conduct-
ance offers an unambiguous signature of the underlying
quasicrystalline altermagnetic order.

Stampfli-tiling dodecagonal quasicrystal—We extend our
analysis to the Stampfli-tiling quasicrystal [Fig. 4(a)],
which features a global twelvefold rotational symmetry
[71]. This tiling consists of three primitive tiles: squares
(red), regular triangles (purple), and rhombuses (cyan) with
an acute angle of 30°. The Hamiltonian is analogous to the
AB-tiling case, but with # = 3 in Egs. (1) and (2) to reflect
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FIG. 4.

(a) Schematic illustration of the Stampfli-tiling dodecagonal quasicrystals. (b) Each site of the Stampfli-tiling quasicrystal

features two orbitals connected by a C), rotation. (c)-(e) A;(p), A, (p), and A, (p) — A, (p), respectively. (f) Normalized mean
altermagnetization m/my,, as a function of the filling n and the interaction coupling strength J. (g) Spin conductances ¢4 and o, as
functions of the angle ¢ with R = 4. (h) 64, — 6 as functions of the angle ¢ and the radius R. The electron filling is fixed at n = 0.9 in

(c)—(e), (g), and (h).

the C;, symmetry. This can be realized by choosing the
fx(x2-3y?) and f32_,2) orbitals. Similarly, these two f
orbitals form E5 doublets in dodecagonal (C},,) quasicrys-
tals [49,50]. In this setup, for 8 = 0, hopping is dominated
by the overlap #; between the first orbitals, and the second
orbitals have a smaller overlap ¢, [Figs. 4(a) and 4(b)]. For
6 = /6, the roles are reversed.

Figure 4(f) shows the normalized altermagnetization
m/my,, as a function of filling » and interaction coupling
strength J. We find that the altermagnetic phase in the
Stampfli-tiling quasicrystal remains stable at large J, with
m approaching its theoretical maximum. This behavior
closely resembles our findings for the AB-tiling quasicrys-
tal, indicating that the emergence of altermagnetism is a
robust feature in quasicrystalline systems with higher-fold
rotational symmetries.

Figures 4(c)-4(e), 4(g), and 4(h) present the spectral
functions and transport properties of the Stampfli-tiling
system, respectively. Because of the underlying C;, sym-
metry, the spin-up and spin-down components of the
spectra and transport response are related by a twelvefold
rotation. As a result, their differences, i.e., A;(p) — A, (p)
and 64 — o, exhibit antisymmetric behavior under C,
rotations, changing sign upon a z/6 rotation. These signa-
tures establish the presence of a C,T protected i-wave
altermagnetic phase in this quasicrystal.

Conclusion and discussion—We have extended the
concept of altermagnetism to quasicrystals, demonstrating
that their unique higher-fold rotational symmetries,

incompatible with translational periodicity, can protect
novel altermagnetic phases. By calculating symmetry-
protected spectral textures and transport features, we have
identified clear experimental signatures. The characteristic
spectral textures are directly accessible via spin-resolved
ARPES, and the anisotropic transport signatures can be
probed using multitip STM.

We acknowledge that resolving these nodal structures via
spin-ARPES or double-tip STM represents a significant
challenge with current techniques applied to solid-state
quasicrystals [12—18,66—-68]. However, the identification of
candidate materials like Au-In-Eu provides a clear moti-
vation for future spectroscopic efforts. Furthermore, the
predicted phases may be simulated in highly tunable
platforms, such as optical quasicrystals for ultracold atoms
[80,81] or moiré quasicrystals [82,83], where the specific
orbital-dependent interactions can be engineered directly.

The proposed mechanism is experimentally motivated
by two developments. First, transition-metal quasicrystals
and approximants [54] provide quasiperiodic environments
in which orbital doublets and direction-dependent hopping
textures may arise. Second, the recent observation of long-
range antiferromagnetic order in Ausgln,gsEuyss [41]
demonstrates that coherent magnetic order can be stabilized
on quasiperiodic lattices. These results suggest that quasi-
crystalline magnets are promising systems in which to
search for altermagnetic spin splitting, while a fully
material-specific microscopic model remains a subject
for future work.
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Note added—During the preparation of this work, we
became aware of two complementary studies on altermag-
netism in quasicrystals [87,88], addressing hyperspatial-
projective model construction and symmetry-based classi-
fication, respectively.
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End Matter

The g-wave and i-wave altermagnetic phases found
here can be understood within the magnetic or black-
and-white group classification of quasiperiodic crystals
developed by R. Lifshitz [35-37]. This framework
classifies magnetic structures by combining spatial
operations with time reversal or spin reversal. In the
present context, it provides a symmetry-based basis for
analyzing which magnetic symmetries of a quasiperiodic

crystal can allow for altermagnetic spin splitting in
electronic spectra.

In Sec. SII D of Supplemental Material [53], we adapt
the spin-group language used for periodic altermagnets
[1,60,84-86] to two-dimensional quasiperiodic point
groups. We identify the admissible altermagnetic phases
through the decomposition of the real-space symmetry
group G-
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Ry = [E|[H] + [Co]|G = HI. (A1)
Here, the spin group Rj is constructed by pairing spatial
operations in the halving subgroup H with the spin identity
&, while operations in the coset G — H are coupled with a
spin flip C,.

Based on this formalism, we categorize quasicrystals
into three classes distinguished by the order of their
rotational symmetry: odd-, 4n-, and (4n + 2)-fold.
Specifically, we show that, while mirror-driven alter-
magnetism is universally accessible, pure rotation-driven
altermagnetism is allowed for 4n-fold systems (like the
octagonal case studied here). This distinction arises

because only 4n-fold symmetries allow the vertical
180° rotation (C,,) to be sequestered within the spin-
preserving subgroup H, thereby avoiding the enforced
spin degeneracy that forbids rotation-driven phases in
odd and (4n + 2)-fold systems. The Ammann-Beenker
and Stampfli tilings used in this Letter possess the full
dihedral point symmetries 8mm and 12mm, respectively.
Accordingly, the magnetic point groups of the alter-
magnetic phases realized in these tilings are 8'm’'m and
12’m'm. In the cases studied here, the twofold rotation
can be placed in the spin-preserving subgroup, allowing
for altermagnetic spin splitting protected by CgT
and C12T.
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