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Altermagnets combine the vanishing net magnetization of antiferromagnets with momentum-

dependent spin splitting. Magnon band splitting provides a direct probe of altermagnetic order

and may enable chirality-selective magnon transport, yet the momentum-space symmetry of this

splitting has not been determined quantitatively. Here we use inelastic neutron scattering to map

the momentum dependence of altermagnetic magnon splitting in hematite (α-Fe2O3). The splitting

vanishes along nodal directions and reaches maxima off the nodes, revealing the g-wave symmetry

of the altermagnetic order parameter. These results agree with linear spin-wave theory calculations

based on the altermagnetic model, which further identify the nondegenerate branches as magnons

of opposite chirality and trace the splitting to symmetry-inequivalent long-range exchange interac-

tions. Our results provide the first quantitative determination of the momentum-space symmetry

of altermagnetic chiral magnons. These findings, together with hematite’s high magnetic ordering

temperature and low magnon damping, establish it as a promising platform for low-dissipation,

symmetry-selective magnonic applications.

Altermagnetism has recently emerged as a distinct

class of collinear compensated magnetic states, comple-

mentary to conventional ferromagnetism and antiferro-

magnetism [1–4]. In altermagnets, the opposite-spin sub-

lattices are related by crystal rotations or mirror opera-

tions, in contrast to conventional antiferromagnets, in

which the opposite-spin sublattices are connected by in-

version or translation symmetry [1, 2, 5]. This symme-

try condition allows a vanishing net magnetization to

coexist with exchange-scale spin splitting in momentum

space [1, 2]. Experimentally, altermagnetic (AM) spin

splitting has been reported in several materials, rang-

ing from semiconducting MnTe [6, 7] and MnTe2 [8],

to metallic CrSb [9–11] and KV2Se2O [12]. A cen-

tral challenge in this field is to experimentally deter-

mine not only whether a material is altermagnetic but

also the symmetry of its altermagnetic order parame-

ter. As in unconventional superconductors, where the

momentum-dependent gap function defines the symme-

try of the superconducting state, the altermagnetic or-

der parameter can be expressed through the momentum-

dependent band splitting. Its nodal structure and sign

reversals distinguish d-, g-, and higher-order altermag-

netic phases [13]. In magnetic insulators, electronic tech-

niques such as angle-resolved photoemission spectroscopy

(ARPES) cannot readily access low-energy quasiparti-

cles, whereas magnon spectroscopy probes the relevant

spin excitations directly [14–16].

Among candidate altermagnets, hematite, α-Fe2O3,

combines a high Néel temperature (TN = 950 K),

insulating character, ultralow magnetic damping, and

exceptional chemical stability [17–19]. It also under-

goes the Morin transition near TM ≈ 260 K, a spin-

reorientation transition that changes the Néel-vector ori-

entation and magnetic anisotropy, thereby providing a

means to control magnon polarization and transport and

making hematite particularly attractive for antiferromag-

netic spintronics [17, 19, 20]. Recent theoretical work

has shown that the crystal and magnetic symmetries

of hematite support g-wave altermagnetism associated

with high-rank magnetic multipolar order [21]. First-

principles calculations further predict that this order pro-

duces a strongly direction-dependent splitting of oppo-

sitely polarized magnon branches, while relativistic ef-

ar
X

iv
:2

60
9.

08
69

3v
1 

 [
co

nd
-m

at
.s

tr
-e

l]
  8

 S
ep

 2
02

6

https://arxiv.org/abs/2609.08693v1


2

FIG. 1. Magnetic interactions and excitations in α-Fe2O3. (a) Exchange paths around a representative Fe site. The

dominant J1–J5 interactions are shown in black, and the inequivalent long-range J
(1)
13 and J

(2)
13 paths in pink and purple. Orange

and green arrows mark the oppositely oriented magnetic sublattices. (b) Top-view schematic of the microscopic origin of the

altermagnetic magnon splitting. Distinct oxygen-mediated environments make J
(1)
13 stronger than J

(2)
13 , lifting the degeneracy

between the S+− and S−+ magnon branches. (c) Brillouin-zone geometry, with P denoting the in-plane propagation direction
and θ its azimuth relative to the dashed off-nodal direction. (d) Quasi-three-dimensional INS intensity in momentum–energy
space along (H, 0, 0) and (−0.5K,K, 0). (e-g) Constant-energy slices in the (H,H, 0) and (−K,K, 0) planes, showing expanding
ring-like contours around zone centres Γ1 and Γ2. (h) INS spectrum along L through Q = (1, 2, L), showing dispersing magnon
branches.

fects, including Dzyaloshinskii–Moriya interactions and

magnetic anisotropy, do not mask the dominant nonrel-

ativistic altermagnetic splitting away from the Brillouin-

zone centre [22].

Experimental evidence for altermagnetic magnon split-

ting in hematite has recently been reported by inelas-

tic neutron scattering (INS) [16]. A magnon band

splitting of approximately 3 meV was observed be-

tween the optical branches near 100 meV, attributed

to alternating exchange interactions between symmetry-

inequivalent thirteenth-neighbour Fe pairs as predicted

by theoretical proposals of altermagnetic phase in this

compound [22]. However, the splitting was resolved

only along selected momentum trajectories, leaving

its in-plane angular dependence undetermined. Such

momentum-space information is essential because the in-

plane angular variation of the chiral magnon splitting,

|∆(Q)| = |E⟲(Q)− E⟳(Q)|, directly encodes the alter-

magnetic order parameter. In particular, the positions of

symmetry-protected nodes and antinodes, together with

the characteristic angular structure of the splitting mag-

nitude, distinguish g-wave altermagnetism from other

symmetries and conventional magnon splitting arising

from relativistic or dipolar interactions [21–23].

Here we report an inelastic neutron scattering study

of single-crystalline α-Fe2O3, focusing on the in-plane

momentum dependence of the optical magnon branches.

By mapping the angular modulation of the magnon

splitting, we identify the nodal and off-nodal directions

and resolve its g-wave pattern. Combined with linear

spin-wave theory (LSWT) calculations which determine

the alternating chiral character of the split branches,

these results unambiguously establish the g-wave alter-

magnetic magnon in hematite. We further show that the

symmetry-inequivalent long-range exchange interactions

responsible for the splitting also modify the magnon

eigenvectors, redistributing spectral weight between the

magnon branches. The comprehensive analysis provides

stringent evidence for anisotropic exchange in the

altermagnetic phase and distinguishes its contribution

from relativistic anisotropy effects. By resolving the

momentum dependence of the chiral magnons split-

ting, we identify key propagation directions for future

magnon-transport experiments and symmetry-selective

magnonic applications [19, 24].

Results

Figure 1(a) illustrates the exchange network around a
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FIG. 2. Magnon dispersion and its chiral splitting. (a,b) Experimental energy-momentum spectra along the nodal
direction, Q = (1 + H, 2, 8), and the off-nodal direction, Q = (1 + H, 2 + H, 8), respectively. The inset in (b) highlights the
high-energy branch splitting. (c-f) LSWT calculations for the AM model (c,d) and the corresponding conventional AFM model
(e,f). (g) Semiclassical schematic of right- and left-handed magnon eigenmodes propagating along q. Each row depicts a single
mode involving both Fe sublattices; red and blue arrows denote the FeA and FeB moments, respectively, and the cones indicate
their precession, with handedness defined relative to +q. Altermagnetic exchange lifts the degeneracy, giving ωR(q) ̸= ωL(q).
Panel (h) displays the calculated chiral response, S+−(Q, ω)−S−+(Q, ω), where red and blue denote excitations with opposite
magnon chiralities. Intensities are given in arbitrary units.

representative Fe site in α-Fe2O3. Of particular im-

portance are the two symmetry-inequivalent thirteenth-

neighbour exchange pathways, J
(1)
13 and J

(2)
13 (Fig-

ure 1(b)). Theoretically, this exchange asymmetry gen-

erates a momentum-dependent exchange field that lifts

the degeneracy of oppositely polarized magnon branches,

providing the microscopic basis for the altermagnetic

splitting. Its in-plane angular dependence (Fig. 1(c)),

reflects the order parameter symmetry [16, 22].

An overview of the measured scattering intensity is

displayed in Fig. 1(d) as a quasi-three-dimensional ren-

dering in I(E,Q) space, revealing well-defined dispersive

magnon modes consistent with previous reports [16, 25].

Representative constant-energy slices in the (H,K, 7)

plane and the dispersion along the out-of-plane L di-

rection through Q = (1, 2, L) are shown in Fig. 1(e-g)

and Fig. 1(h), respectively. Together, these data capture

the three-dimensional spin-wave excitations, comprising

steep branches emerging from successive zone centres and

weakly dispersive optical modes near 100 meV.

To characterize the magnon dispersion, we trace the

excitations along two high-symmetry momentum direc-

tions through the magnetic zone centre Q = (1, 2, 8)

(Fig. 2). The large L component ensures sufficient en-

ergy and momentum coverage to resolve the structure

of any magnon splitting (see Fig. 1(h)). Consistent ob-

servations are obtained in other Brillouin zones (Supple-

mentary Information). Fig. 2(a) displays the dispersion

along theH direction, Q = (1+H, 2, 8), corresponding to

a nodal direction of the predicted altermagnetic splitting.

Along this trajectory, no resolvable branch separation is

observed throughout the measured energy range. By con-

trast, a splitting emerges near 100 meV along the off-

nodal (H,H) direction, Q = (1+H, 2+H, 8) (Fig. 2(b)).

To model this direction-dependent splitting, we per-

formed LSWT calculations based on an effective Heisen-

berg Hamiltonian [16]:

HAM = HAFM +∆

 ∑
⟨i,j⟩(1)13

Si · Sj −
∑

⟨i,j⟩(2)13

Si · Sj

 (1)

where

HAFM =
∑
⟨i,j⟩n

JnSi ·Sj+
∑

⟨i,j⟩13

J ′Si ·Sj+
∑
i

D(Sz
i )

2 (2)

∆ =
J
(1)
13 − J

(2)
13

2
, J ′ =

J
(1)
13 + J

(2)
13

2
(3)
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FIG. 3. Angular dependence of the magnon band splitting. (a-h) Representative energy cuts at selected in-plane angles
θ as indicated around Q = (1, 2, 8). Black circles show the experimental intensity. The red curves show the total fits, which
consist of a linear background and two Lorentzian functions (blue and red areas). Error bars denote one standard deviation.
a.u., arbitrary units. (i) Polar plot of the magnon splitting. Red dots represent the fitted splitting magnitudes from the energy
cuts as in (a-h). The blue solid curve denotes calculated magnitude of the g-wave altermagnetic magnon splitting using LSWT.

Here, Jn denotes the n-th-neighbour exchange coupling

(n = 1, 2, 3, 4, 5), ⟨i, j⟩ labels the interacting spin pairs

shown in Fig. 1(a,b), and Si is the spin operator at lat-

tice site i. D denotes the single-ion anisotropy, with

Sz
i the z component of Si. Within this formulation,

HAM describes the altermagnetic model with J
(1)
13 ̸= J

(2)
13 ,

whereas HAFM describes the spin-degenerate AFM refer-

ence obtained by setting ∆ = 0, for which J
(1)
13 = J

(2)
13 =

J ′.

Whereas the spin-degenerate AFM calculation fails

to reproduce the observed off-nodal magnon splitting

(Fig. 2(f)), the AM calculation successfully captures this

feature (Fig. 2(d)). The fitted exchange parameters us-

ing the AM model are J1 = −1.51(4), J2 = −0.45(3),

J3 = 5.44(9), J4 = 4.05(4), J5 = 0.20(4), J
(1)
13 = 0.321(3)

and J
(2)
13 = 0.097(3) meV. The single-ion anisotropy was

fixed at D = −0.02 meV [16]. These parameters re-

tain the previously reported exchange hierarchy, with

the dominant J3 and J4 values close to the earlier es-

timates [16].

The chiral character of the calculated branches is il-

lustrated in Fig. 2(g,h). In a semiclassical picture,

the split branches correspond to right- and left-handed

magnon modes (Fig. 2(g)). The altermagnetic order

breaks time-reversal symmetry, and only time reversal

combined with the crystal rotation relating the opposite-

spin Fe sublattices connects the two modes at rotated

momenta. Away from symmetry-protected nodal direc-

tions, their degeneracy at the same momentum is there-

fore not enforced, allowing ωR(Q) ̸= ωL(Q). In α-

Fe2O3, this splitting arises from inequivalent J
(1)
13 and

J
(2)
13 exchange paths with distinct oxygen-mediated en-

vironments, producing a g-wave modulation of the sym-

metric exchange field (Fig. 1(b)). The calculated chiral

response, S+−(Q, ω) − S−+(Q, ω), shown in Fig. 2(h),

assigns opposite chiralities to the two off-nodal branches.

Thus, although the present unpolarized INS measure-

ment probes the sum of the two channels, the LSWT

calculation identifies the split modes as magnons of op-

posite chirality.

Having established that the altermagnetic Hamilto-

nian captures the direction-dependent magnon spectra,

we next extract the angular dependence of the magnon

splitting that characterizes the altermagnetic order

parameter. Fig. 3(a-h) show representative energy cuts

at selected in-plane propagation angles θ, with θ = 0◦

corresponding to one off-nodal direction. Each spectrum

is fitted with two Lorentzian functions and a linear

background; the dashed and solid red curves denote the

individual components and total fit, respectively. The

two components overlap near the nodal direction but

separate progressively towards the off-nodal directions.

The extracted peak separation |∆(θ)| = |E2(θ) − E1(θ)|
is plotted in polar form in Fig. 3(i). To compensate

for the intensity reduction imposed by the magnetic

form factor, we construct the polar map by combining

symmetry-equivalent sections of the high-energy magnon

branches from neighbouring Brillouin zones. The LSWT
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calculation (solid blue curve) reproduces the measured

angular modulation, with maxima along the off-nodal

directions and strong suppression near the nodes. This

characteristic nodal pattern demonstrates that the

observed magnon splitting is not simply a local band

separation but a momentum-space manifestation of the

underlying g-wave altermagnetic symmetry.

Discussion

To our knowledge, the present work is the first quan-

titative mapping of the in-plane momentum structure

of the altermagnetic order parameter in hematite. Be-

yond INS, complementary altermagnetic signatures in

hematite have been reported using X-ray magnetic circu-

lar dichroism (XMCD) imaging [26] and magneto-optical

measurements [27]. However, because of the insulating

nature of hematite, direct observation of spin-driven elec-

tronic band splitting using ARPES is challenging and has

not yet been reported.

Circular-dichroic resonant inelastic X-ray scatter-

ing (CD-RIXS) has been used to identify alter-

magnet candidates, including MnTe [28], CrSb [29],

La2O3Mn2Se2 [30], and Fe2Mo3O8 [31]. However, inter-

preting the dichroism as evidence of chiral split magnons

remains controversial. RIXS circular dichroism can also

arise from extrinsic optical effects, including X-ray bire-

fringence and effective time-reversal-symmetry breaking

inherent to the RIXS process [32, 33]. The momentum-

dependent magnon splitting is instead a direct manifesta-

tion of the altermagnetic order parameter symmetry. By

resolving the in-plane angular dependence of the split-

ting ∆(θ) in hematite, we establish the g-wave symme-

try of the altermagnetic state. A key conclusion from

our analysis is that the observed momentum-dependent

splitting cannot be understood simply as a conven-

tional magnon splitting caused by relativistic anisotropy

[21, 22], or dipolar interactions [23, 34]. Single-ion

anisotropy and Dzyaloshinskii–Moriya interactions can

modify the magnon spectrum but do not account for

the observed g-wave-like angular dependence of the op-

tical branch splitting. INS therefore provides a direct

bulk probe of order parameter symmetry across a broad

range of altermagnets, particularly in insulating systems

where electronic band spin splitting is difficult to access

by ARPES.

INS has been applied to several altermagnet candi-

dates. In MnTe, magnon splitting was resolved along

selected momentum trajectories, and comparison be-

tween nodal and off-nodal directions provided evidence

for g-wave altermagnetic magnons [15]. More recently,

INS measurements on single-crystal CrSb revealed a six-

fold modulation of the constant-energy magnon contours,

with a finite momentum-space separation along off-nodal

directions and no corresponding separation along the

nodal direction [35]. Earlier INS measurements on α-

Fe2O3 observed the splitting along an off-nodal direction

but did not determine its in-plane pattern [16]. Never-

theless, the angular dependence of the magnon splitting

has not yet been mapped quantitatively in any candidate

material. In this study, the high-quality data spanning

broad reciprocal space enable such a map, establishing

the g-wave altermagnetic order parameter in hematite.

The high rotational symmetry of a pristine g-wave

state can suppress momentum-integrated linear spin re-

sponse, although higher-order nonlinear spin current

remains allowed [36]. However, this constraint may

be lifted through symmetry engineering. Recently, in

situ strain applied to free-standing hematite membranes

was shown to control both the axial and basal-plane

anisotropies, with anisotropic strain reducing the basal-

plane symmetry and redistributing the antiferromagnetic

domain populations [37]. In CrSb, strain drives a g- to

d-wave conversion and activates a sizable spin-splitter

response [38], while crystal-symmetry reconstruction in

thin films has enabled room-temperature anomalous Hall

readout and electrical switching of the altermagnetic or-

der [38–40]. These results suggest that strain-induced

changes in the altermagnetic magnon symmetry could

be tested in hematite films or even bulk crystals.

In the context of spintronics, the insulating character

of α-Fe2O3 suppresses Ohmic dissipation, while its

sharp and well-defined magnon modes demonstrate weak

damping. These properties, together with hematite’s

high magnetic ordering temperature, large magnon

energy scale, chemical stability, and availability in

large, high-quality single-crystal form, make hematite a

promising platform for realizing low-loss altermagnetic

magnonics. Future room-temperature INS measure-

ments could determine whether the angular dependence

∆(θ) and its nodal structure persist across the Morin

transition. Polarized INS could distinguish the S+−

and S−+ channels and probe the opposite handedness

and domain dependence of the split magnons [41].

Together, these measurements would test the robustness

and controllability of g-wave chiral magnons under

technologically relevant conditions.

Methods

INS experiments

Inelastic neutron scattering experiments were performed

on the HD time-of-flight spectrometer at the China

Spallation Neutron Source (CSNS) [42], using a 16.1
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g hematite single crystal. The high crystallinity of

the sample was confirmed by X-ray Laue diffraction

(see Supplementary Information). The sample was

aligned in the scattering plane spanned by the (H,H, 0)

and (0, 0, L) directions and rotated within this plane

in 1◦ steps. The incident neutron energy was set to

Ei = 129.5 meV. The wave vector Q = (H,K,L) is

indexed in reciprocal lattice units (r.l.u.) using the

hexagonal unit cell. All measurements were conducted

at 3.5 K.

LSWT calculations

Linear spin-wave theory calculations were performed

using the SpinW package [43]. The collinear AFM spin

structure with S = 5/2 was adopted for all calculations

(see Fig. 1(a)). To account for crystallographic twin-

ning associated with the hexagonal lattice symmetry,

contributions from the corresponding twin domains

were considered in the calculations. Except for the

symmetry-inequivalent exchange coupling pair J
(1)
13 and

J
(2)
13 , exchange couplings beyond J5 were not included

because their fitted values were small and did not

improve agreement with the data.
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dichroism in resonant inelastic X-ray scattering. Phys.

Rev. B 112, 214429 (2025).

[33] Nag, A. et al. Circular dichroism in resonant inelastic

X-ray scattering from birefringence in CuO. Phys. Rev.

Res. 7, L022047 (2025).

[34] Sears, J., Garlea, V. O., Lederman, D., Tranquada, J. M.

& Zaliznyak, I. A. Altermagnetic and dipolar splitting of

magnons in FeF2. Phys. Rev. Lett. 136, 226701 (2026).

[35] Singh, A. K. et al. Coherent high-velocity chiral magnons

in the metallic altermagnet CrSb. Preprint at https://

arxiv.org/abs/2511.16086 (2026). arXiv: 2511.16086.

[36] Ezawa, M. Third-order and fifth-order nonlinear spin-

current generation in g-wave and i-wave altermagnets

and perfectly nonreciprocal spin current in f -wave mag-

nets. Phys. Rev. B 111, 125420 (2025).

[37] Harrison, J. et al. Room temperature control of axial and

basal antiferromagnetic anisotropies using strain. ACS

Nano 19, 42118–42127 (2025).

[38] Song, C. et al. Observation of spin-splitting torque

in altermagnets CrSb. Preprint at https://www.

researchsquare.com/article/rs-8852675/v1 (2026).

[39] Karetta, B., Verbeek, X. H., Jaeschke-Ubiergo, R.,
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