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Magnons in ferromagnets have one chirality, and typically are in the GHz range and have a
quadratic dispersion near the zero wavevector. In contrast, magnons in antiferromagnets are com-
monly considered to have bands with both chiralities that are degenerate across the entire Brillouin
zone, and to be in the THz range and to have a linear dispersion near the center of the Brillouin
zone. Here we theoretically demonstrate a new class of magnons on a prototypical d-wave alter-
magnet RuO2 with the compensated antiparallel magnetic order in the ground state. Based on
density-functional-theory calculations we observe that the THz-range magnon bands in RuO2 have
an alternating chirality splitting, similar to the alternating spin splitting of the electronic bands,
and a linear magnon dispersion near the zero wavevector. We also show that, overall, the Landau
damping of this metallic altermagnet is suppressed due to the spin-split electronic structure, as
compared to an artificial antiferromagnetic phase of the same RuO2 crystal with spin-degenerate
electronic bands and chirality-degenerate magnon bands.

The study of magnetic excitations offers an important
insight into fundamental properties of distinct phases of
matter, as well as into applications of magnetic mate-
rials. While incoherent magnons contribute to the heat
conversion and harvesting phenomena studied in the field
of spin-caloritronics [1, 2], coherent magnons play a key
role in the complementary field of magnonics [3–7]. This
research field aims at energy-efficient transmission, stor-
age, and processing of information without the need of
charge transport, thus eliminating Joule heating and as-
sociated losses. A complete suppression of the motion
of both electron and ion charges is an approach towards
energy downscaling that is unparalleled in the conven-
tional micro- and opto-electronics [5–7]. Moreover, com-
pared to photons at the same frequency, the wavelength
of magnons is orders of magnitude shorter which opens
a prospect of wave-based information technology scaled
down to nanometers.

Ferromagnetic magnons are polarized with a right-
handed (counter-clockwise) chirality and, therefore, can
carry spin currents which is the key enabling feature
for magnon spintronics [4]. However, the quadratic
ferromagnetic-magnon dispersion implies a wavevector-
dependent group velocity. This hinders a propagation of
magnon pulses in the form of stable narrow wave-packets.
In addition, ferromagnetic magnonics operates primarily
in the GHz range, i.e., at much slower rates than those
offered by photonics.

In contrast, as schematically illustrated in Fig. 1, anti-
ferromagnetic magnons typically have a photon-like lin-
ear dispersion close to the center of the magnonic Bril-
louin zone when neglecting relativistic effects, and reach
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FIG. 1. Schematic representation of the distinct phe-
nomenologies of non-relativistic magnon spectra in three basic
classes of collinear magnets. Left: A polarized magnon mode
with a right-handed (counter-clockwise, cyan) chirality and a
quadratic dispersion near the Γ-point in a ferromagnet. Mid-
dle: Two degenerate magnon modes with right-handed and
left-handed (clockwise, purple) chirality and linear dispersion
near the Γ-point in an antiferromagnet. Right: Alternating
splitting (highlighted by grey shading) of two magnon modes
with right-handed and left-handed chirality and linear disper-
sion near the Γ-point in an altermagnet.

the THz frequencies [8, 9]. However, in the conventional
collinear antiferromagnets with two mutually compensat-
ing opposite-spin sublattices, the corresponding two po-
larized magnon modes with right-handed and left-handed
chirality are degenerate across the entire Brillouin zone
[10–13]. The observation of magnon-generated spin cur-
rents in antiferromagnets then relied on the splitting of
the degeneracy of the opposite-chirality modes by exter-
nally applied magnetic fields [11, 12].
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In our Letter we demonstrate distinct characteristics
of magnons in altermagnets [15, 16] that can remove the
above principal limitations of ferromagnets and antiferro-
magnets. Confirmed by density-functional-theory (DFT)
calculations, we show that in this recently identified third
basic magnetic class [15, 16], the magnon modes with
right-handed and left-handed chirality can be split at
zero magnetic field despite the vanishing net equilibrium
magnetization of these unconventional collinear compen-
sated magnets. The sign of the splitting between the
opposite-chirality modes alternates across the magnon
Brillouin zone (see schematic illustration in Fig. 1), sim-
ilar to the alternating sign of the spin splitting of the
electronic bands [15, 16].

We predict that the magnitude of the splitting between
the opposite-chirality modes in altermagnetic RuO2

reaches a ∼ 10 meV range. This scale is comparable
to the splitting between opposite-chirality modes in an
uncompensated ferrimagnet YIG [17]. We also point out
that a direct experimental detection of the mode chiral-
ity for splittings on the ∼ 1 − 10 meV scale has become
recently accessible via inelastic polarized neutron scat-
tering [17].

While altermagnets can have the ferromagnetic-like
(ferrimagnetic-like) separate polarized magnon modes
with a certain chirality they, simultaneously, preserve
the favorable antiferromagnetic-like THz-range and lin-
ear dispersion of the magnon modes (see schematic illus-
tration in Fig. 1). The alternating sign of the chirality
splitting is a unique signature of altermagnetic magnons
with no counterpart in conventional ferromagnets or an-
tiferromagnets.

We start our discussion with symmetry-based remarks.
The typically leading contribution to the magnon spec-
tra can be obtained by mapping the spin-dependent elec-
tronic structure on the non-relativistic Heisenberg Hamil-
tonian, H = −

∑
i ̸=j Jij êi · êj [13, 18–21]. Here êi is the

direction of the magnetic moment for an atom at posi-
tion Ri, and Jij are Heisenberg exchange coupling pa-
rameters. In the Heisenberg model, the real and spin
space transformations are decoupled and the symmetries
of the corresponding magnon bands can be described by
the non-relativistic spin-group formalism [10, 13, 14].

In antiferromagnets, crystallographic translation or in-
version symmetry transformations connecting opposite-
spin sublattices protect the degeneracy of the magnon
bands with the opposite chirality [10, 13]. Remarkably,
this has been commonly illustrated on the opposite-spin
sublattices of rutile crystals, while omitting the pres-
ence of non-magnetic atoms in these crystals [9, 10, 13].
However, as highlighted in recent theoretical studies of
the electronic structure of the metallic rutile RuO2, the
non-magnetic O-atoms break the translation and in-
version symmetries connecting the opposite-spin sublat-
tices [15, 16, 22]. The remaining symmetries connecting
the opposite-spin sublattices, that protect the zero net

magnetization in the non-relativistic limit, are crystal-
lographic (proper or improper) rotations [15, 16]. The
symmetries of RuO2 allow for the relativistic anomalous
Hall effect [22, 23], and for non-relativistic spin currents
[24–27], giant and tunneling magnetoresitance [28, 29],
and spin-split band structure [15, 30]. Instead of classi-
cal antiferromagnetism [9, 10, 13, 31], the rutiles, includ-
ing RuO2, are the prototypical representatives of alter-
magnetism according to the recent spin-group symmetry
classification of collinear magnetic phases [15].

We now proceed to the ab initio calculations of the
magnon spectra in RuO2. First we map the DFT elec-
tronic band structure on the Heisenberg Hamiltonian
and obtain the chirality-split, as well as the chirality-
degenerate, parts of the spectrum of the undamped
magnons across the RuO2 Brillouin zone. Next, we in-
clude into the consideration also the spectrum of Stoner
excitations, which is expected to provide the leading
mechanism limiting the lifetime of magnons [21, 32] in
metallic RuO2. On one hand, the spin-split parts of the
electronic band structure are expected to suppress this
Landau damping, in analogy to ferromagnets [21, 32–
34]. On the other hand, the altermagnetic spin-group
symmetries also protect the presence of spin-degenerate
nodal surfaces crossing the Γ-point [15, 16], and these
can be expected to generate an antiferromagnetic-like
enhancement of the Landau damping. We will qual-
itatively estimate the strength of the Landau damp-
ing in the altermagnetic phase of RuO2 by compar-
ing it to the calculated magnon lifetime in an artifi-
cial antiferromagnetic phase of the same RuO2 crys-
tal with spin-degenerate electronic bands and chirality-
degenerate magnonic bands across the entire Brillouin
zone.

In the DFT electronic-structure calculations [35], we
consider the experimental lattice parameters of RuO2,
taken from Ref. [36] (for more details see Supplemen-
tary information). The magnon spectra of RuO2 were
produced by mapping the DFT results onto the Heisen-
berg Hamiltonian and by diagonalizing the associated
Landau-Lifschitz equation of motion for the adiabatic
magnon dispersion. The coupling parameters were deter-
mined using the magnetic force theorem [18], as detailed
in Ref. [20]. For the DFT-based calculation of the Lan-
dau damping we adopt the approximation of Ref. [21].
(For more details see Supplementary information.)

In Fig. 2a we show the rutile crystal structure of RuO2

(see also Supplementary information further highlighting
the positions and spacings of Ru atoms in the crystal).
The calculated pairwise Heisenberg exchange interaction
parameters among different sets of Ru atoms mutually
separated by |Rij | are shown in Fig 2b. Among those, we
observe that all inter-sublattice exchange interactions are
negative or negligibly small. The resulting compensated
antiparallel ordering is consistent with experimental neu-
tron scattering data on RuO2 [37]. The equal value of
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FIG. 2. (a) Model of the crystal structure of the altermag-
netic rutile phase of RuO2. The opposite-spin sublattices
are labeled by Ru1 and Ru2 and further distinguished by
the blue and red color. The black spheres correspond to O
atoms. Inter/intra-sublattice exchange interactions between
pairs of Ru atoms, discussed in the text, are highlighted
by dashed/solid double-arrow curves. (b) DFT Heisenberg
exchange parameters as a function of the separation of Ru
atoms. The dashed/solid rectangle highlights the exchange
parameters corresponding to the dashed/solid double-arrow
curves in panel (a). (Only exchange parameters with energy
cut-off above 3 meV are shown.) (c) The opposite spin sub-
lattices with the highlighted spin-group symmetry of the al-
termagnetic RuO2, which combines a two-fold spin-space ro-
tation C2 with a four-fold crystallographic-space rotation C4

(four-fold screw-axis parallel to the c-axis).

the two nearest-neighbor inter-sublattice exchange pa-
rameters, represented in Fig. 2b by a single triangle high-
lighted by a dashed rectangle and corresponding to the
two dashed double-arrows in Fig. 2a, illustrates the
C4 symmetry connecting the opposite-spin sublattices in
the RuO2 crystal (Fig 2c) that is preserved in the micro-
scopic DFT Hamiltonian and in the Heisenberg model.
Here C4 represents a four-fold screw-axis parallel to the
crystallographic c-axis.

Next we analyze the intra-sublattice exchange param-
eters. Among those, the ones corresponding to Ru atoms
separated by

√
2 Alat play a decisive role in the result-

ing alternating chirality-splitting of the magnon spec-
tra, plotted in Fig. 3 side-by-side the spin-split electronic
bands. (Alat denotes the x−y plane lattice constant, see
Supplementary information.) These Jij ’s are highlighted
in Fig. 2b by a solid rectangle and correspond to the pairs
of Ru atoms connected by solid double-arrow curves in
Fig 2a. They are sizable in magnitude when compared to
the first and second-nearest-neighbour exchange parame-

(a)

FIG. 3. Top: Electronic band structure of the altermag-
netic phase of RuO2 plotted along a Brillouin zone path in a
kx−ky plane crossing the Γ-point. Red and blue colors mark
projections on opposite-spin channels. Bottom: Correspond-
ing magnonic band structure. Purple and cyan colors mark
opposite magnon chiralities. (

ters (owing to the itinerant origin of magnetism in RuO2)
shown in Fig. 2b. However, unlike the latter, the intra-
sublattice Jij ’s for Ru atoms separated by |Rij |=

√
2

Alat depend on the direction of Rij . They have a dif-
ferent magnitude and even opposite sign, depending on
whether the exchange interaction acts along the y = −x
or along the 90◦-rotated y = +x diagonal. We attribute
the strong dependence of these Jij parameters on the di-
rection of Rij to the presence or absence of the O atoms
along the corresponding bonds, as seen in Fig. 2a.

The electronic and magnonic band dispersions along
Brillouin zone lines in the kx − ky planes crossing the Γ-
point are shown in Fig. 3, and the Z-point in Supplemen-
tary information. There are two magnon eigenmodes,
ωn(q), reflecting the number of magnetic sublattices.
The corresponding eigenfrequency of the wave-like angu-
lar precession has opposite sign along the two branches,
i.e., it describes clockwise or anti-clockwise rotation of
the Ru atomic moments around the ẑ-axis (the easy c-
axis of the magnetic moments in RuO2 [22, 23, 37]). In
either case, the excitation of magnons requires to supply
energy into the system, proportional to |ωn(q)|.
In the Supplementary information, we highlight the

magnitude of the corresponding magnon eigenvector
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components, which indicates how much each of the two
opposite-spin Ru sublattices have their moments tilted
away from the ẑ-direction, i.e., from the ground state or-
der [19]. This representation shows how the excitations
involve the opposite-spin sublattices in different fashion
as a function of the wavevector q within the Brillouin
zone. Near the Γ-point, the collective precession affects
to the same extent the magnetic moments of both Ru
sublattices. In contrast, towards the boundary of the
Brillouin zone, each eigenmode is dominantly carried by
one or the other Ru sublattice, respectively.

The key observation in Fig. 3 is that the opposite-
chirality magnonic bands can be split, as illustrated by
calculations along the Γ−S path (for the Z−R path see
Supplementary information). The chirality splitting of
the magnonic bands is similar to the spin-splitting of the
electronic bands along the same paths. Magnon excita-
tions of one chirality eigenmode occur at a larger energy
cost than for the opposite chirality. The order gets re-
versed along the orthogonal directions Γ−S′ (Fig. 3) and
Z−R′ (Supplementary information). This is again sim-
ilar to the alternating sign of the spin splitting observed
in the electronic band structure. The alternating sign
of the chirality splitting and spin splitting imposes that
the magnonic and electronic bands are spin degenerate in
parts of the Brillouin zone. In Fig. 3, this is illustrated
along the S − X − Γ path (and in the Supplementary
information along the R−U− Z path).

We can numerically track the origin of the chirality
splitting to the directionality dependence in the Heisen-
berg exchange interaction discussed above, accounting
for the contribution of the exchange couplings within
spheres of different radii. For |Rij |<

√
2Alat, the Jij

parameters depend only on the distance (see Fig. 2b).
Calculations of the magnon dispersion truncating the
lattice Fourier transformation to this shorter cutoff pro-
duce no lifting of the degeneracy of the opposite-chirality
magnon bands. On the other hand, the anisotropy of
some of the exchange interactions (e.g. those highlighted
in Fig. 2a by solid double-arrow curves) generates the chi-
rality splitting of the magnon eigenmodes in the RuO2

altermagnet.

We emphasize that the anisotropy of the exchange in-
teractions alone is not sufficient for generating a chirality-
split magnon spectrum. The anisotropy has to be accom-
panied by the spin-group symmetries of the altermag-
netic phase of RuO2. To highlight this point, we have
performed reference calculations for an artificial antifer-
romagnetic phase of RuO2, constructed from the alter-
magnetic phase by doubling the unit cell along the z-
axis, which introduces an additional translation symme-
try connecting the opposite-spin sublattices (see Supple-
mentary information). Despite the persisting anisotropy
of some of the Jij ’s, the spin-group symmetry of this an-
tiferromagnetic phase protects the spin-degeneracy of the
electronic bands across the whole Brillouin zone [15, 16].

Our DFT calculations shown in the Supplementary infor-
mation confirm the corresponding chirality-degeneracy of
the magnon bands.

Another important observation in Fig. 3 is the linear
energy dependence |ωn(q)|∝ |q| over a significant portion
of the Brillouin zone, and the THz range of the altermag-
netic magnons in RuO2. This is analogous to the conven-
tional magnon dispersions in antiferromagnets [8, 9], and
contrasts with the quadratic dispersion and GHz range
typical of ferromagnetic magnons.

(n
or
m
.) Altermagnetic

Antiferromagnetic

(n
or
m
.)

(a)

(b)

FIG. 4. Comparison of the Landau damping in the altermag-
netic (a) and artificial antiferromagnetic (b) phase of RuO2,
normalized to the maximum Landau damping in the alter-
magnetic phase for the depicted path in the Brillouin zone.
Purple and cyan colors mark opposite magnon chiralities

We conclude the discussion of the chirality splitting of
magnon modes in altermagnets by noting that we ob-
serve a negligible effect on the splitting when mapping
the DFT electronic structure on a generalized Heisen-
berg model that includes relativistic spin-orbit coupling
effects [38]. For more details see Supplementary infor-
mation. We also show in the Supplementary information
our calculations of the alternating chirality splitting of
magnon modes in an insulating rutile CoF2, in hematite
Fe2O3, and in semiconducting MnTe, that all have been
classified by symmetry as altermagnets [15, 16]. The cal-
culations confirm that the alternating chirality splitting
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is a general feature of magnon spectra in altermagnets,
and highlight that the magnitude of the splitting can be
strongly material dependent (for more details see Sup-
plementary information).

We now move on to the discussion of the Landau
damping in RuO2, determined by the intensity of Stoner
single-particle spin-flip transitions. The approximated
Landau damping calculated by the method described in
Ref. [21] and in the Supplementary information is shown
in Fig. 4. The intensity of Stoner single-particle spin-flip
transitions is degenerate along the S − X − Γ path, or
non-degenerate along the Γ − S path, in the same way
as observed for the magnon dispersion ωn(q) in Figs. 3.
In Figs. 4 we qualitatively compare the Landau damp-
ing calculated along the above Brillouin zone paths for
the altermagnetic phase of RuO2 and for the artificial
antiferromagnetic phase. In both panels, the data are
normalized to the maximum value of the Landau damp-
ing in the altermagnetic phase for the depicted path in
the Brillouin zone. As expected, the antiferromagnetic
phase leads to the degeneracy in the Landau damping of
the opposite-chirality magnon eigenmodes. As also an-
ticipated from the spin degenerate band structure over
the entire Brillouin zone, the Landau damping tends to
be, overall, stronger in the antiferromagnetic phase.

Near the Γ point, the calculated Landau damping in
the altermagnetic phase of RuO2 shows a non-zero inten-
sity of the competing Stoner excitations, which is analo-
gous to the behavior of metallic antiferromnagnets [33].
In comparison, metallic ferromagnets present a Stoner
gap, i.e., no Landau damping for q → Γ. This is a
consequence of the splitting of the electronic bands into
majority and minority-spin states. Single-particle spin-
flip transitions that can compete with the collective mag-
netic excitations are only possible upon overcoming the
above gap [33]. In the altermagnetic phase of RuO2,
the electronic bands over most the Brillouin-zone volume
are also spin split. This explains the observed overall
suppression of the Landau damping, as compared to the
artificial antiferromagnetic phase. The Landau damping
in altermagnetic RuO2, therefore, shows features that
are intermediate between the antiferromagnetic and fer-
romagnetic cases.

To conclude, we have demonstrated that similarly to
the electronic band structure, the degeneracy of magnon
bands with opposite chirality is lifted in altermagnetic
RuO2, with the sign of the chirality-splitting alternat-
ing across the magnon Brillouin zone. This indicates
that, on one hand, magnons in altermagnets can be chiral
and carry spin currents, similar to ferromagnets but with
highly anisotropic characteristics. On the other hand,
the dispersion of altermagnetic magnons can be linear
over a significant portion of the Brillouin zone, similar
to antiferromagnets. These unconventional characteris-
tics make altermagnets a promising material platform
for spin-caloritronics [39] and magnonics. The latter re-

search direction may include the exploration of the emis-
sion, propagation and detection of ultra-short (ps-scale)
pulses of chiral THz magnons of wavelengths orders of
magnitude smaller than the wavelengths of the THz pho-
tons.
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