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Chiral split magnons in metallic g-wave
altermagnets: insights frommany-body
perturbation theory
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Altermagnets are a novel class of magneticmaterials that bridge the gap between ferromagnets (FMs)
and antiferromagnets (AFMs). A key feature is the non-degeneracy of magnon modes where spin
splitting occurs, leading to chirality and direction-dependent magnon dispersions governed by
symmetry.Weexplore this inmetallic g-wavealtermagnets (TPn,whereT = V,Cr;Pn = As,Sb,Bi) using
density functional and many-body perturbation theories. We analyze the influence of pnictogen
substitution on spin splitting and magnon behavior. We uncover anisotropic magnon band splitting
aligned with electronic structure, and wavevector- and chirality-dependent damping due to Stoner
excitations. We identify regions in the Brillouin zone where the chiral magnon splitting overcomes the
damping. These findings suggest altermagnets are promising for spintronic and magnonic
technologies, where direction-dependent magnon lifetimes and nonreciprocal magno transport may
enable chiral magnon propagation, while wavevector-selective damping could be harnessed for fast
and controllable magnetization switching.

Altermagnets represent a newly identified class of magnets that uniquely
combine characteristics of ferromagnets (FMs) and conventional collinear
antiferromagnets (AFMs). For example, consistent with AFMs, alter-
magnets feature a compensated magnetic structure with zero net magnetic
moment. Similar to FMs, they exhibit spin splitting in their electronic bands
along specific crystallographic directions1–4. Unlike conventional AFM, this
spin splitting does not arise from spin-orbit coupling (SOC), instead, it
emerges from the interplay between magnetic exchange interactions and
crystal symmetry. This interplay leads to anisotropic spin polarization
within the Brillouin zone (BZ), breaking time-reversal symmetry while
preserving crystal symmetries such as rotations, i.e.,E↑(k)≠E↓(− k) without
SOC4. The collinear nature of altermagnets implies that the spin remains a
good quantum number in the absence of SOC and in difference to non-
collinear antiferromagnets, the spin-momentum locking features a com-
monk-independentquantization axis across theBrillouin zonedenoting the
spin-splitting just as a spin-up, -down splitting. The quantization axis can be
changed by rotating the antiferrmagnetic Néel vector relative to the cyrstal
lattice with implications on the anomalous Hall effect (AHE), the
Dzyaloshinskii-Moriya interaction (DMI) and the current-induced
exchange-coupling torques. These characteristics suggest that alter-
magnets represent a distinct category of materials that deviate from

conventional classifications of magnetic order and exhibit unconventional
physical properties.

A key aspect of understanding the distinctive behavior of altermagnets
lies in the studyof their spin excitations,whichdetermine their dynamic and
transport properties. Spin excitations in magnetic systems encompass both
collective magnon (spin-wave) modes and single-particle spin-flip Stoner
excitations5,6. In FMs, magnons exhibit a quadratic dispersion near the
Brillouin zone center, resulting in low-energy excitations. The ferromag-
netic resonance frequency, corresponding to zero-momentum spin exci-
tations in an external magnetic field, typically lies in the gigahertz (GHz)
range, depending onmaterial parameters and the applied field7. In contrast,
AFMs feature magnons with linear dispersion and significantly higher
antiferromagnetic resonance frequencies, which are in the terahertz (THz)
regime, due to the additional contribution of the strong exchange
interactions8. Altermagnets bridge these two regimes, combining FM-like
spin splitting with AFM-like symmetry and frequency response, while also
exhibiting unconventional magnonic properties, including the emergence
of chiral magnons, which distinguish them from conventional magnetic
systems in the absence of SOC9,10.

The term chiral magnons has recently gained attention11,12, yet its
precise meaning and implications often remain unclear. The concept of
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magnon polarization has been known for decades, and describes the
handedness of spin-wave (magnon) precession in magnetic systems.
According to classical (the Landau-Lifshitz equation) and quantum
mechanics, a magnetic moment arizing from electrons precesses counter-
clockwise around an appliedmagneticfield,which is conventionally defined
as having positive polarization. In simple FMs, all magnons share uniquely
this positive polarization13, whereas in collinear AFMs, two magnon bran-
cheswith opposite polarization exist but remain degenerate unless easy-axis
or easy-plane anisotropies or a large magnetic field lift the degeneracy8,14.
Despite these differences, direct experimental verification of opposite
magnon polarization remains challenging, often requiring polarized neu-
tron scattering techniques15–17.

In altermagnets, the chiral magnon degeneracy of antiferromagnets is
lifted along certain wave-vector directions and chiral magnons emerge as a
consequence of exchange interactions and crystal symmetry, rather than
from spin-orbit coupling. Unlike chiral magnets, where chirality originates
from the Dzyaloshinskii-Moriya interaction in noncentrosymmetric sys-
tems, altermagnetic chiral magnons arise from the momentum-dependent
spin splitting enforced by symmetry, even in centrosymmetric materials11.
This leads to nonreciprocal magnon dispersions, breaking time-reversal
symmetry in a distinct way compared to conventional magnetic systems.
The resulting asymmetric magnon propagation in altermagnets bears
similarities to chiral magnets but stems from a fundamentally different
microscopic origin9. Experimentally, the detection of chiral magnons in
altermagnets has been demonstrated using inelastic neutron scattering,
which has successfully been employed to observe altermagnetic magnon
splitting in materials such as MnTe18.

Beyond their fundamental significance, chiral magnons in metallic
altermagnets exhibit additional complexities due to their coupling with
Stoner excitations, which significantly affect both their dispersion and
damping. This coupling leads to wavevector-dependent magnon broad-
ening, distinguishing metallic altermagnets from their insulating counter-
parts and enabling a high degree of control over magnon propagation9,19,20.
While such damping may limit long-range magnon coherence, it can be
functionally advantageous for other applications, such as ultrafast magne-
tization switching, where enhanced damping facilitates rapid relaxation21,22.
These characteristics establish altermagnets as a promising platform for
next-generation spintronic and magnonic devices, where direction-
dependent magnon lifetimes enable nonreciprocal transport23–28 and
symmetry-controlled damping could be harnessed for efficient, field-free
switching.

Despite these promising characteristics, the theoretical description of
chiral magnons in metallic altermagnets remains challenging due to their
interaction with Stoner excitations. In particular, the classical Heisenberg
model, which successfully captures magnon spectra in insulating
altermagnets11,29, fails to describe the coupling between collective magnons
and single-particle Stoner excitations in metallic systems. Furthermore, it
does not account for electronic correlation effects, which critically influence
magnon lifetimes anddampingmechanisms.Amore accurate framework is
provided by many-body perturbation theory (MBPT)30,31, which explicitly
incorporates dynamic electron-hole interactions and the full complexity of
the electronic structure. This approach has been applied to the study of
elementary ferromagnets and compounds, offering insights into spin
dynamics beyond the limitations of classical models31–33. We have realized
the MBPT in the context of the full-potential linearized augmented plane
wave (FLAPW) methodology in terms of the implementation of the SPEX
code34–36. The code has been applied to a number of ferromagnets34,37 and
served as benchmark for an equivalent TDDFT implementation of the
magnetic response function38.

In this paper, we employ MBPT combined with density functional
theory (DFT) to investigate chiralmagnon excitations in a family ofmetallic
3d transition-metal monopnictides. The materials considered—VSb, CrSb,
CrAs, and CrBi—exhibit A-type antiferromagnetic Néel order and crys-
tallize in the centrosymmetric hexagonal NiAs-type structure, where the
transition metal T = V, Cr and the pnictogen Pn = As, Sb, Bi. These com-
pounds exemplify g-wave altermagnetism, wherein the momentum-
dependent spin splitting of electronic bands transforms under spatial
symmetries according to an octupolar harmonic (ℓ = 4) with even parity,
resembling a cloverleaf pattern with eight nodes. We systematically analyze
the relationship between electronic band spin splitting and magnon dis-
persions, with a particular focus on how pnictogen substitution influences
these characteristics.

The selection of these materials is motivated by several factors. One is
certainly the NiAs-type crystal structure, illustrated in Fig. 1. This structure
features alternating ferromagnetic atomic layers of transitionmetals stacked
antiferromagnetically along the z axis separated by pnictogen atoms in a
hexagonal arrangement. TheT-Pn superexchange along the z-axis stabilizes
the magnetic configuration with antiparallel sublattice moments, resulting
in a compensated net-zero magnetic moment system. The triangular
arrangements of the pnictogen atoms above and below each transition-
metal sublattice are rotated by 60∘ with respect to each other, which is the
structural framework that supports altermagnetic behavior. Thehigh crystal
symmetry (P63/mmc) prevents conventional linear DMI between neigh-
boring atoms and by this weak ferromagnetism. Thus, the magnetic
moments are really collinear with a uniaxial Néel vector along the
z-direction.

Experimentally, VSb and CrSb are well-established in this phase18,39,40,
while CrAs can crystallize either in the NiAs-type or MnP-type (orthor-
hombic,Pnma) structure, depending on synthesis conditions41. ForCrBi, no
direct experimental confirmation of its stable structure exists, though the-
oretical studies propose the NiAs-type as its ground state, with metastable
alternatives like the zincblende (ZB cubic F�43m structure considered in
spintronic contexts42. Other factors motivating the transition-metal
monopnictides are their relatively simple binary composition, which facil-
itates synthesis with fewer structural and chemical defects, as well as the
relatively low-energy glide planes of the NiAs structure that make alter-
magnetic properties susceptible to strain, making them attractive for spin-
tronic applications.

However, the first andmost important point for the selection of the
material family was that among the investigated compounds, CrSb
emerges as a benchmark system of altermagnets due to its high Néel
temperature TN (>700 K) and significant electronic spin splitting
(>1 eV) observed experimentally near the Fermi level43–46. In addition,
recent experimental work on the magnonmodes of CrSb47 has provided
direct evidence of chiral magnon excitations and their energy splitting.
This establishes CrSb as a key reference material for metallic

Fig. 1 | Magnetic and crystalline structure of NiAs-type altermagnetic TPn
compounds. Left: Schematic representation of the magnetic and crystalline struc-
ture of the NiAs-type altermagnetic TPn compounds (T = V, Cr; Pn = As, Sb, Bi),
illustrating the compensated A-type layered antiferromagnetic ordering of ferro-
magnetic sublattices (blue and red transition metal atoms) with opposite magnetic
moments (arrows). z is parallel to the antiferromagnetic translation direction [0001].
Right: Brillouin zone of the hexagonal lattice, with high-symmetry points indicated.
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altermagnetic spin dynamics and highlights the necessity of further
investigations into related compounds to explore the broader impli-
cations of chiral magnon excitations. Besides studying the details of the
prototypical CrSb system, it is important to study a set of similar
materials, in order to gain understanding and intuition of the
remarkable altermagnetic properties combining spin-splitting and
chiral magnon splitting in a compensated magnetic structure through
the study of chemical trends.

Our results reveal a pronounced anisotropic magnon band splitting
that closely mirrors the momentum-dependent spin splitting in the elec-
tronic bands. Furthermore, we demonstrate that magnon damping due to
Stoner excitations exhibits significant wavevector dependence, with strong
broadening in specific regions of the Brillouin zone while remaining
moderate in others. This variation highlights the intricate coupling between
magnon excitations and the underlying electronic structure of metallic
altermagnets. Beyond providing new insights into magnon behavior in
metallic systems, our findings establish altermagnets as tunable platforms
for directionalmagnon transport and control. These characteristics position
altermagnets as promising candidates for next-generation spintronic and
magnonic devices, where tailored magnon lifetimes and nonreciprocal
transport could enable energy-efficient signal processing and high-
frequency applications.

Results
Electronic and magnetic properties
To explore the unique properties ofmetallic altermagnets, we investigate the
structural, electronic, and magnetic characteristics of TPn compounds
(T=V,Cr;Pn=As, Sb, Bi) usingDFT (for details seeMethod Sections). The
results are collected in Table 1. Denoted by the negative sign of EAFM−FM,
our calculations confirm that the collinear layered c-axis AFM configura-
tion, i.e. magnetic structure with an A-type Néel vector with an easy axis
parallel to [0001] as shown in Fig. 1, has lower energy than FM. The energy
difference EAFM−FM gives a rough estimate of the Néel temperatures. Esti-
mating the Néel temperature in the mean field approximation (MFA) as
kBTN ¼ 2

3EAFM�FM and taking into account that the MFA overestimates
Monte Carlo results by about 59% for layered systems48, we estimate the
Néel temperature of CrSb to 875 K, which is in the ballpark of the experi-
mental value of 700 K. The resulting magnetic anisotropy energy (MAE)
exhibits an out-of-plane preference for all TPn compounds as indicated by

the negative sign of EMAE in Table 1. We therefore assume that this is the
magnetic ground state. To systematically determine the equilibrium lattice
parameters, we performed structural optimizations for both FM and AFM
states. The relaxed lattice constants for each configuration were found to be
different, indicating that magnetic ordering influences the structural para-
meters. However, since the AFM state was consistently lower in energy
across all materials, we adopted the AFM lattice parameters as the reference
values in Table 1 and used them for comparing the total energy differences
between the FM and AFM states. This choice ensures a consistent basis for
energy comparisons, eliminating any discrepancies arising from structural
relaxation effects. The observed preference for the AFM ground state
highlights the dominance of strong magnetic exchange interactions that
favor compensated magnetic ordering, which is a characteristic feature of
altermagnetic systems.

Table 1 summarizes the lattice parameters (a and c), sublattice mag-
neticmoments (mV/Cr), andmaximumspin splitting values (ΔE↑↓) along the
path Γ-L for all compounds. CrSb exhibits a large sublattice magnetic
moment (2.79μB) and a substantial spin splitting of 1.25 eV in its relaxed
lattice configuration, reflecting strong magnetic exchange interactions. In
contrast, VSb shows a smallermagnetic moment (1.77μB) and reduced spin
splitting of 0.55 eV, demonstrating the critical role of the transition metal
atom in governing the magnetic and electronic properties. These results
highlight how the choice of transition metals and pnictogen elements
directly influences the fundamental characteristics of altermagnets,
impacting both their electronic structure and magnetic behavior.

To disentangle the effects of lattice geometry and compositional var-
iation, we performed calculations for all compoundswith lattice parameters
fixed to those of CrSb, as shown in the second block of Table 1. This
approach allows us to isolate the impact of chemical composition from
structural effects, providing deeper insight into the intrinsic electronic and
magnetic interactions in these materials. Under this constraint, the spin
splitting, ΔE↑↓, of VSb decreases to 0.43 eV, while CrBi increases to 1.35 eV.
These trends reveal that the electronic structure is highly sensitive to lattice
variations, with larger unit cells tending to enhance spin splitting. The
pronounced dependence of spin splitting on lattice parameters demon-
strates their pivotal role in modulating the electronic and magnetic inter-
actions in altermagnets, further demonstrating how both structural and
compositional factors collectively shape their fundamental properties.

The spin-resolved band structure of CrSb, presented in Fig. 2(a),
reveals significant spin splitting near the Fermi level, particularly along the
Γ-L and A-M directions in the Brillouin zone. Given the previously dis-
cussed sensitivity of spin splitting to lattice parameters, we now examine the
role of chemical compositionby comparing the electronic band structures of
VSb, CrAs, and CrBi along the same direction, as shown in Fig. 2(b) for
relaxed lattice parameters. This comparison highlights how pnictogen
substitution modifies the electronic structure, with CrSb exhibiting the
largest spin splitting among the studied compounds, followedbyCrBi under
the relaxed lattice conditions. The observed trend aligns with the previously
established correlation between larger lattice parameters and enhanced spin
splitting, further reinforcing the interplay between structural and compo-
sitional effects in altermagnets.

Spin excitations
The electronic and magnetic properties of TPn compounds significantly
influence their spin excitation spectra. Magnons, which are collective spin-
wave excitations in magnetic materials, are described by the transverse
magnetic response function R+−(q, ω), see methods section for details.
Given the strong spin splitting observed in the electronic band structures, it
is crucial to analyze how these electronic properties translate into magnon
dynamics. Within MBPT, the transverse magnetic response function is
schematically given by: R+− = K+− + K+−T↓↑K+−, where the first term
represents the response of the noninteracting system (the Kohn-Sham
magnetic response function), and the second term describes interaction
effects via theTmatrix. TheTmatrix accounts for repeated scattering events
of particle-hole pairs with opposite spins, which ultimately leads to the

Table 1 | Lattice parameters (a and c), total energy difference
per formula unit between antiferromagnetic (AFM) and
ferromagnetic (FM) calculations, EAFM−FM, total energy
difference of AFM order between out-of-hexagonal plane and
in-plane orientation of Néel vector, EMAE, spin and orbital
magnetic moments, mT,morb,T, maximum spin splitting, ΔE↑↓,
andmaximummagnon band splitting, Δω↑↓, in metallic g-wave
altermagnets TPn (T = V, Cr; Pn = As, Sb, Bi)

TPn a c EAFM

−FM

EMAE mT morb,T ΔE↑↓ Δω↑↓

(Å) (Å) (meV) (meV) (μB) (μB) (eV) (meV)

VSb 4.10 5.79 −12 −0.008 1.77 0.000 0.55 40

CrAs 3.77 5.35 −95 −0.09 2.51 0.007 1.18 18

CrSb 4.11 5.44 −180 −0.42 2.79 0.015 1.25 52

CrBi 4.40 5.52 −280 −0.67 3.24 0.059 1.19 36

VSb 4.11 5.44 −5 −0.008 1.57 0.000 0.43 39

CrAs 4.11 5.44 −200 −0.20 3.03 0.010 1.10 25

CrSb 4.11 5.44 −180 −0.42 2.79 0.015 1.25 52

CrBi 4.11 5.44 −170 −1.15 2.85 0.072 1.35 43

The experimental lattice parameters are available for CrSb and VSb in refs. 45,46,49. Top block:
optimizedminimum energy lattice parameters. Bottom block: lattice parameters fixed to the values
of CrSb.
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formation of collective magnon excitations. It is schematically expressed as:
T#" ¼ ½1�WKþ���1W, where W is the screened Coulomb interaction.
The magnetic response function thus provides a framework for under-
standing both collective magnonmodes and single-particle spin-flip Stoner
excitations, along with their respective lifetimes.

In ferromagnets, magnons reduce the total magnetization by one
quantum of angular momentum, ℏ, and are associated with the spin-
lowering operator S−. This process corresponds to an electron transition
from the spin-up (↑) band to the spin-down (↓) band. The attractive
electron-hole interaction W leads to the formation of a bound state—the
magnon—whose energy depends on the wave vector q. This bound state
manifests as a well-defined peak in R+−(q, ω), representing the collective
magnonmode, while single-particle spin-flip Stoner excitations appear as a
higher-energy continuum. The distinction between magnons and Stoner
excitations is fundamental to understanding spin dynamics, as the former
corresponds to coherent magnons, whereas the latter leads to damping
effects that limit magnon lifetimes.

InAFMs,magnons exist in two forms: thosewith Sz=− 1,which lower
the spin in the spin-up (↑) sublattice, and thosewith Sz=+ 1,which raise the
spin in the spin-down (↓) sublattice9. Due to the symmetry between the two
sublattices, these magnon modes are degenerate across the Brillouin zone.
However, altermagnets exhibit a fundamentally different behavior: their
transverse magnetic response functions, R+−(q, ω) and R−+(q, ω), become
non-degenerate along specific crystallographic directions where electronic
spin splitting occurs. This non-degeneracy leads to chiral magnon

excitations, giving rise to two distinctmagnon branches, denoted asω− and
ω+ bands. The resulting anisotropic magnon transport differs from con-
ventional AFMs, where magnon propagation is symmetric. In directions
without spin splitting, the two response functions remain degenerate,
leading to a time-reversal symmetric magnon spectrum.

To establish a quantitative foundation for R+−(q,ω), we first start from
the AFM state and compute the matrix elements of the onsite screened
Coulomb potentialW for the 3d orbitals of the T atom and the p orbitals of
the Pn atom in TPn compounds (T = V, Cr; Pn = As, Sb, Bi). These values,
presented in Table 2, are calculated for both computationally optimized
lattice parameters and those fixed to CrSb. Given that the strength of
electron-electron interactions plays a crucial role in determining magnon
excitations, understanding the trends inW,W 0 and J provides key insights
into the interplay between Coulomb screening and spin dynamics in these
materials. The screenedCoulomb interactionW (andW 0) for the 3dorbitals
of V and Cr is comparable to their elementary bulk bccmetal counterparts,
indicating moderate electron correlation effects. For pnictogen p orbitals,
the screened Coulomb interaction decreases from As to Sb to Bi, following
the expected trend of increasing atomic size and polarizability. This varia-
tion influences the hybridization between the transition metal d states and
pnictogen p states, affecting the electronic and magnetic properties of the
compounds. When the lattice parameters are fixed to those of CrSb, theW
values show slight changes across all compounds. The exchange interaction
J remains relatively stable across compounds, with values ranging from 0.26
to 0.43 eV. CrBi exhibits the highest J among Cr-based compounds,
reflecting stronger localization of Cr-3d orbitals, while VSb displays lower J,
consistent with its smaller exchange splitting and enhanced screening
effects.

Stoner excitations, which play a key role in understanding magnon
damping, arise from electron transitions between bands of opposite spin.
When an electron is excited from an occupiedmajority-spin state at k to an
unoccupied minority-spin state at k+ q, it generates an electron-hole pair
with a triplet spin configuration, reducing themagnetization by unity. Since
these are single-particle spin-flip processes, they can be qualitatively studied
at the Kohn-Sham level via the imaginary part of the non-interacting
magnetic response function, ImK(q, ω). In Fig. 3(a), we present ImK(q, ω)
for CrSb at selected wave vectors along the Γ-L and Γ-M directions. Since
renormalization effects due to electron-electron interactions are absent at
this level, only single-particle spin-flip Stoner excitations are observed. The
spectral function, ImK+−(q, ω) [ImK−+(q, ω)], exhibits a broad peak due to
spin-flip transitions between occupied majority and unoccupied minority
states. The peak maximum, located around 2.5 eV, corresponds to the
exchange splitting of theCr sublattice inCrSb, as confirmedby the projected
density of states in the Supplementary Information. As illustrated in
Fig. 3(a), the non-interactingmagnetic response functions ImK+−(q,ω) and
ImK−+(q, ω) exhibit distinct behavior depending on the electronic spin

Table 2 | Average screened on-site directW/W 0 (diagonal/off-
diagonal) and exchange JCoulombmatrix elements between
the3dorbitals of theTatomand theporbitals of thePnatom in
TPn compounds (T = V, Cr; Pn = As, Sb, Bi)

[a,c]th [a, c]CrSb

TPn Orbital W/W 0 (eV) J (eV) W/W 0 (eV) J (eV)

VSb V-3d 0.80/0.19 0.31 0.82/0.20 0.31

Sb-4p 1.17/0.65 0.26 1.17/0.65 0.26

CrAs Cr-3d 1.36/0.59 0.38 1.54/0.69 0.43

As-3p 1.48/0.85 0.32 1.37/0.78 0.10

CrSb Cr-3d 1.51/0.69 0.41 1.51/0.69 0.41

Sb-4p 1.25/0.72 0.26 1.25/0.72 0.26

CrBi Cr-3d 1.51/0.66 0.43 1.45/0.59 0.43

Bi-5p 1.18/0.67 0.26 1.30/0.75 0.28

Values are provided for both their computationally optimized lattice parameters and for lattice
parameters fixed to those of CrSb.

Fig. 2 | Spin-resolved band structures of TPn altermagnets. a Spin-resolved band
structure of CrSb along the path L-Γ-K-M-Γ-A-M in the Brillouin zone. b Spin-
resolved band structures of VSb, CrAs, and CrBi along the Γ-L direction,

highlighting regions with significant spin splitting. Spin-split bands near the Fermi
level are emphasized for clarity. The dashed lines denote the Fermi level, which is set
to zero energy.
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splitting. Along the Γ-L direction, where significant spin splitting occurs in
the band structure, the two response functions are non-degenerate. How-
ever, along the Γ-M direction, where electronic spin splitting is absent, the
response functions remain degenerate. This highlights the intrinsic con-
nection between the spin-dependent electronic structure and single-particle
spin-flip excitations in altermagnets.

When dynamical correlations are included via the screened Coulomb
interactionW (see Table 2), additional low-energymagnon peaks emerge in
the spectral functions of the interacting system, ImR+−(q, ω) and ImR−+(q,
ω), as shown in Fig. 3(b) for CrSb. Similar to the non-interacting response
function, the interactingmagnetic response functions,R+−(q,ω) andR−+(q,
ω), are non-degenerate along the Γ-L direction due to the intrinsic spin
splitting in the electronic band structure. For small wave vectors q, the
magnon peaks are nearly degenerate and exhibit sharp spectral features. As
q increases, the peaks split and broaden, indicating variations in magnon
lifetimes. This broadening arises from magnon coupling to single-particle
Stoner excitations, which provide additional decay channels. In contrast,
along the Γ-M direction, where spin splitting is absent, both response
functions remain degenerate, reflecting the symmetry of the underlying
electronic structure.

Due to the metallic nature of CrSb, Stoner excitations exist at all
energies, leading to substantialmagnondamping forfinitewave vectors (q≠
0). Unlike in insulatingmagnets, wheremagnons are well-defined collective
modeswith long lifetimes, inmetallic systems, they candecay via coupling to
the continuum of single-particle spin-flip Stoner excitations. This decay
mechanism is particularly relevant in CrSb, where the overlap between the
magnon and Stoner excitation spectra results in a significant broadening of
the magnon peaks in both ImR+−(q, ω) and ImR−+(q, ω), as illustrated in
Fig. 3(b). The degree of magnon damping is directly linked to the density of
states (DOS) of Stoner excitations and the electronic DOS in the corre-
sponding energy range (see Supplementary Information). A higher DOS of
Stoner excitations at a given energy increases the probability of magnon
decay, as more decay channels become available. This effect is particularly
pronounced for large q, where themagnon dispersion enters energy regions
with a high Stoner DOS, resulting in stronger damping. Conversely, for
small q, where the magnon energy remains low, the overlap with Stoner
excitations is reduced, leading to sharper and more well-defined magnon
peaks. These trends highlight the strong correlation between the electronic

structure and magnon lifetimes in altermagnets, demonstrating how the
interplaybetweenspin excitations and electron-hole continuumgoverns the
stability of collective magnon modes in metallic systems.

Since the magnon energies are determined from the transverse mag-
netic response functions, ImR+−(q,ω) and ImR−+(q,ω), they correspond to
the positions of the spectral peaks in these functions. By plotting these peaks
as a function of the wave vector q, we obtain the magnon dispersion, as
shown in Fig. 4(a) along the L-Γ-K-M-Γ-A-M path in the Brillouin zone for
CrSb. As expected, a linearmagnon dispersion, E =Aq, is observed near the
Γ point, consistentwith the behavior of gaplessGoldstonemodes inmetallic
magnets. The slope of the dispersion E = Aq gives a spin stiffness A =
201meVÅ. Similar to the electronic band structure, we findmagnon band
splitting along the Γ-L and A-M directions, reflecting the intrinsic spin
splitting characteristic of altermagnetic materials. The two distinct magnon
branches, denoted asω− andω+, arise due to this splitting and correspond to
the energy positions of the spectral peaks in ImR+−(q, ω) and ImR−+(q, ω),
respectively. The maximum splitting reaches approximately 52 meV,
highlighting a substantial energy difference between the two magnon
branches in these directions. This splitting is a direct consequence of the
nontrivial spin-dependent interactions in CrSb and further demonstrates
the anisotropic nature of its magnon spectrum11. The maximum magnon
energy is foundat theKpoint, reachingup to285meV,which is significantly
higher than themaximum energies at L (200meV) andM (175meV). This
variation in magnon energies across the Brillouin zone reflects the
wavevector-dependent exchange interactions in CrSb. The lower energy at
M compared to K suggests that the effective spin-exchange interactions are
weaker along the corresponding crystallographic directions, leading to a
reduced magnon group velocity. These findings emphasize the intricate
connection between band structure andmagnon dispersion, demonstrating
how electronic spin splitting directly manifests in the magnon spectrum of
metallic altermagnets.

Figure 4 (b) illustrates the chiral nature of the magnon dispersion in
CrSbby comparing the electronicband structure (upperpanel) andmagnon
spectrum (lower panel) along the L-Γ-L0 directions. A striking feature of the
magnondispersion is the interchange of splitmagnonbranches between the
Γ-L and Γ-L0 paths, indicating a lack of inversion symmetry in magnon
propagation. This directional dependence ofmagnon energies is a hallmark
of chiral magnons, where the dispersion relation varies depending on the

Fig. 3 | Magnetic response functions and magnon excitation spectra of CrSb.
a Noninteracting Kohn-Sham magnetic response functions K+− (red line) and K−+

(blue line) for CrSb, plotted for selected wave vectors along the Γ-L and Γ-M
directions in the Brillouin zone. Since electron-electron interactions are absent at
this level, the spectral function exhibits only single-particle Stoner excitations, with
no collective magnon modes at lower energies. The broad continuum of excitations
corresponds to spin-flip transitions between occupied and unoccupied electronic
states of opposite spin. The non-degeneracy of K+−(q, ω) and K−+(q, ω) along Γ-L
reflects the underlying spin splitting in the electronic band structure, while their
degeneracy along Γ-M suggests a lack of intrinsic spin asymmetry in this direction.

bMagnon excitation spectra for CrSb, obtained from the response functions R+

−(q,ω) (red line) andR−+(q,ω) (blue line) for selectedwave vectors along the Γ-L and
Γ-M directions. Compared to the noninteracting case, additional well-defined
magnon peaks emerge at lower energies due to electron-electron interactions. The
response functions remain non-degenerate along Γ-L, giving rise to chiral magnon
excitations, while they remain degenerate along Γ-M. For clarity, peak amplitudes in
each panel are scaled to the same height for comparative visualization. The wave
vector q = (q1, q2, q3) = q1b1+ q2b2+ q3b3 is given in units of the reciprocal lattices
vectors b1, b2, b3. Γ: (0, 0, 0), L: (1/2, 0, 1/2), M: (1/2, 0, 0). For more details
Supplementary Information.
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propagation direction in momentum space. Unlike conventional anti-
ferromagnets, where magnon modes remain degenerate in opposite direc-
tions, CrSb exhibits a pronounced spin asymmetry in its magnon bands.
This asymmetry reflects the intrinsic chiral character of altermagnets,
arising from momentum-dependent spin splitting in the electronic struc-
ture. As a result, CrSb possesses anisotropicmagnon transport, which could
give rise to nonreciprocal spin-wave dynamics and unconventional mag-
nonic effects.

Togain insight intomagnon lifetimes,weanalyze thehalf-width athalf-
maximum (HWHM) of the interacting spectral function along the L-Γ-L0

direction forCrSb, as shown inFig. 4(c). Themagnon lifetimes along the full
high-symmetry path L-Γ-K-M-Γ-A-M in the Brillouin can be found in Fig.
S3 of the Supplementary Information. In our notation, the HWHM, which
corresponds to themagnon damping rate, is denoted by δ in the figure. The
magnon lifetime τ is then given by the relation τ = ℏ/δ, where ℏ = 6.582 ×
10−4 eV ⋅ ps is the reduced Planck’s constant. Our results show that among
the split magnon branches, the higher-energy mode consistently exhibits
larger HWHM values, indicating stronger damping for magnons with
higher excitation energies.This trend is expected, ashigher-energymagnons
have a larger phase space for decay into Stoner excitations, leading to shorter
lifetimes. Along the Γ-L and Γ-L0 directions, theHWHMfollows a quadratic
increase from the Γ point, reaching a peak value of 40 meV at an inter-
mediate wave vector before decreasing non-monotonically with oscillations
to about 10meVat the L (L0) point. These oscillations suggest an interaction
between magnons and the underlying electron-hole excitations in different
momentumregions. This damping canbe approximatedas δ=αq2, withα=
85 meV Å2 for q ∈ {Γ, L} and 55 meV Å2 for q ∈ {Γ, K}. This directional
dependence of α highlights the anisotropy in the damping behavior along
different directions in momentum space. The highest magnon damping
occurs along the Γ-M direction (see Fig. S3 in the Supplementary Infor-
mation), where the HWHM reaches 60 meV near the M point, corre-
sponding to the shortest magnon lifetime. In contrast, along the Γ-K path,
the damping remains relatively smooth, with a maximum HWHM of 20
meV, indicating longer-lived magnons in this direction. The magnon life-
time at the A point at the end of the Γ-A line along kz direction yields 40
meV. These findings demonstrate the strong wavevector dependence of
magnon lifetimes in CrSb and highlight how the interplay betweenmagnon
excitations and Stoner decay channels governs magnon stability in metallic
altermagnets. From the estimated values of HWHM, we find that magnon
lifetimes in CrSb vary from a few femtoseconds in strongly damped regions
(e.g., near the M point, see Supplementary Information) to over 60 fs in
regions of lower damping (e.g., at the L point). This variation highlights the
critical role of wavevector-dependent Stoner excitations in determining the
stability of magnons. The relatively smooth HWHM profile along the Γ-K

direction suggests that this path is more favorable for long-lived magnon
transport, whereas the pronounced damping near M indicates efficient
magnon decay into electron-hole pairs.

To extend our analysis beyond CrSb, we present the magnon disper-
sions along the Γ-L direction for VSb, CrAs, and CrBi in both their relaxed
lattice parameters and in theCrSb lattice constant, as summarized inTable 1
and shown in Fig. 5. These results reveal substantial variations in magnon
energies and band splitting across different compounds, reflecting the
interplay between lattice structure, magnetic moments, and electronic spin
splitting. Among the three compounds, VSb exhibits the most striking
behavior, featuring a strongmagnon band splitting of 40meV in its relaxed
structure, comparable to CrSb. However, its maximum magnon energy
remains relatively low, reaching only 75meValong the Γ-L direction.When
the lattice parameters are fixed to those of CrSb, the magnon bands change
substantially; while the maximum magnon band splitting remains nearly
the same, the magnon energies nearly double, highlighting a strong lattice-
dependent modification of magnon dynamics. For CrAs, the magnon dis-
persion follows an expected linear increase near the Γ point before reaching
120 meV in its relaxed structure and 170 meV in the CrSb lattice. This
increase suggests that CrAs possesses higher-energy magnons than VSb,
consistent with its larger magnetic moment (2.51 μB vs. 1.77 μB in VSb).
Despite this, themagnonband splitting remains relativelymodest at 18meV
in the relaxed lattice and 25meV in theCrSb lattice, indicating that its chiral
magnon effects are less pronounced compared toCrSb andVSb. In contrast,
CrBi exhibits high-energy magnons, reaching 210 meV in both lattice set-
tings, with a moderate magnon band splitting of 36 meV in the relaxed
lattice and 43 meV in the CrSb lattice. While CrBi has a strong exchange
interaction, as reflected in its high magnetic moment (3.24 μB), its chiral
magnon effects are weaker than in CrSb. However, at the L point, CrBi and
CrSb display similar magnon energies, indicating that both compounds
have comparable effective exchange couplings in this momentum region.
This suggests that despite differences in overall magnon band splitting and
anisotropy, CrSb and CrBi share fundamental similarities in their exchange
interactions at specific points in the Brillouin zone.

Discussion
Our DFT results are in good agreement with known experimental and
computation results. Concerning the experimental data,wemostly compare
with CrSb, as this system is well-studied theoretically and experimentally.
The relaxed lattice parameters of CrSb lie within the ball park of earlier
studies45,46. The lattice parameters of VSb deviate approximately by 4% and
6% from the experimental a and c values, respectively49. To the best of our
knowledge, there are no experimental studies reporting CrAs or CrBi in the
NiAs-type crystal structure. The calculated magnetic easy axis along the

Fig. 4 | Spin-resolved electronic bands, magnon dispersions, and lifetimes
in CrSb. a Magnon dispersion for CrSb along the L-Γ-K-M-Γ-A-M path in the
Brillouin zone, showing two distinct magnon branches, ω− (red) and ω+ (blue).
b Upper panel: Spin-resolved electronic band structure for CrSb along the L-Γ-L0

path, highlighting spin-up (red) and spin-down (blue) bands with significant spin

splitting. Lower panel: Magnon dispersion along the same path, displaying both ω−

and ω+ branches. cMagnon lifetimes along the L-Γ-L0 path, represented by the half-
width at half-maximum (HWHM) of the magnon peaks for both branches. These
results illustrate the connection between electronic spin splitting and magnon
properties, including dispersion and damping.
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z-direction for CrSb is in line with prior results50, and the spin splitting near
the Fermi level agrees well with experimental observations46. The energetics
of our calculations are in the right ball park of experimental results. For
example, we roughly estimated the Curie temperature of CrSb to 875 K
instead of the experimental value 700 K and the antiferromagnetic reso-
nance energy, discussed below, to 12 meV in excellent agreement with the
12.3meV measured at 11 K.

Key characteristic of the magnon dispersion of altermagnets is the
chiral magnon splitting. Our MBPT study demonstrates that metallic
g-wave altermagnets (TPn, where T = V, Cr; Pn = As, Sb, Bi) with A-type
Néel vector exhibit a typical antiferromagnetic magnon dispersion with an
additional chiral split magnon excitations, in the same reciprocal space
directions where electronic bands show spin splitting. Among the investi-
gated compounds, CrSb shows the strongest magnon band splitting of 52
meVat aboutq= (0.28, 0, 0.28) (inunits of the reciprocal lattice vectors), i.e.,
somewhat beyond middle of the Γ-L path. A similar large splitting we find
on thepathA-Maround (0, 0, 0.25), butwith rapidvariations along thepath.
However, we did not find a one-to-one correspondence between the size of
the magnetic moment, the electronic spin-splitting and the chiral magnon
splitting. For example, Cr in CrBi in the bulk lattice constant has the largest
Cr magnetic moment, but the largest spin-splitting and the largest chiral
magnon splitting is exhibited by CrSb. On the other hand, CrBi strained to
the lattice constant of CrSb has the largest spin-splitting but not the largest
chiral spitting of themagnon excitation.CrSb showsonly the secondhighest
magnon energy of about 200meValong the pathΓ-L although themagnon-
splitting is largest. The chiral splitting of CrSb has recently been determined
also by linear spin wave theory on top of Heisenberg exchange parameters
determinedbyDFTandamaximumvalueof 22meVwas foundon thepath
Γ-L47, which is significantly smaller than our MBPT data.

VSb, on the other hand, combines a moderate magnon band splitting
with relatively low-energy excitations. These low-energy magnons fall
within the typical detection range of inelastic neutron scattering (INS),
suggesting that VSb could be a viable candidate for future experimental
studies of chiral split magnons. Interestingly, VSb displays on an otherwise
smooth and monotonically increasing trend a sudden and pronounced dip
followed by a sharp recovery in the magnon dispersion at an intermediate
wavevector along the Γ-L direction indicative of amagnetic phase transition
toward a more complex spin-spiral ground state. Taking VSb in the lattice
constant of CrSb, the sudden drop off in the dispersion is absent, which
implies that this phase transition is susceptible to strain and alloying. This
warrants further investigation beyond the scope of this work.

An important topic is magnon damping, which can occur through the
decay of the magnon via the electron-electron interaction into the Stoner
continuum, through the spin-orbit interaction and through magnon-

magnon scattering. In this work, the focus is on the former. Since the
systems are metallic, this relaxation channel is expected to provide the
largest contribution to damping. Damping shows a very interesting beha-
vior across the BZ. It can be different for the two chiralmodes.Of course,we
expect that the damping increases with the magnon energy. In CrSb,
damping is particularly strong along the Γ-M direction (80meV, see Fig. S3
in Supplementary Materials), it is about 15meV at the L point, about 20
meV at the K point. It remains relatively weak around the Γ point
leading to long-livedmagnons in specific regionsof theBrillouin zone. From
the Γ point the damping grows quadratically with the wave vector
into the BZ.

Most interesting is the competition between magnon splitting and
magnon damping. Therefore, we inspect the two splitting active symmetry
lines Γ-L and A-M with particular attention. For CrSb, we find a maxiumx
attenuation of the magnon mode of 40 meV at about q = (0.21, 0, 0.21)
(moreprecisely,wefind twodifferentwavevectors ofmaximumattenuation
depending on the chirality, q+ = (0.22, 0, 0.22) and q− = (0.19, 0, 0.19),
which are close to the q point of largest spin splitting (see above). However,
themagnondamping varies rapidly inq space, and, byq= (0.28, 0, 0.28), the
magnon damping has strongly decreased to δ+ = 19 and δ− = 17 meV.
Furthermore, away from q = (0.28, 0, 0.28) towards the L point, the spin
splitting remains sizable, while the damping is weak. We conclude that the
magnon spin splitting is best observed experimentally around the center of
the Γ-L path, somewhat closer to the L point. The observability of the
splitting can also be read off from Fig. 3(b), where the experimentally
measurable response functions develop between ð15 ; 0; 15Þ and ð25 ; 0; 25Þ two
energy-split peaks of two different intensities for the two magnons of
opposite chirality. Themaximum peak splitting of 52meV and the two line
widths atHWHMof δ++ δ−=36meVset ameasure for the experimentally
required energy resolution of about 20–30meV at 180meV excitation
energy. Concerning the A-M direction, for the magnon damping we find
again a strongwave vector, but also a strong chirality dependence (for details
see Fig. 3 andSupplementary Information).At thewave vector ofmaximum
magnon splitting (49meV), the damping δ+=25meVand δ−=20meVare
about the same size as the splitting energy. Both findings show that the
experimental observability of the chiral magnon splitting can be very wave
vector sensitive. The damping ratios (δ/ω), or the inverse of the quality
factors of the magnon mode, respectively, vary along the path and reach
values of δ/ω = 0.07 at the long-life L point and 0.2 for the short-life mode
half-way on the high-symmetry path between Γ and L. The ratios are
comparable to typical values reported for other metallic magnets37. Since
single crystals for CrSb are grown as plates where the c-axis is perpendicular
to the plate, inevitably, this is always like a reference direction for the growth
of the crystal. Therefore, wewould like to encourage themeasurement of the

Fig. 5 | Magnon dispersions of TPn. Magnon dis-
persion along the Γ-L direction for a VSb, b CrAs,
and c CrBi, showing two distinct magnon branches,
ω− (red) and ω+ (blue). The upper row presents
dispersions calculated using the theoretical lattice
parameters of each material, while the lower row
displays results obtained with the lattice parameters
fixed to those of CrSb. Notice the specific energy
scale of each panel.
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magnon lifetime for the A point (see BZ in Fig. 1), for which we found a
value of 40meV (HWHM).

Tobenchmarkour results forCrSb,we compare the extracteddamping
parameters, αΓ-K ≈ 55 meV ⋅Å2, and αΓ-L ≈ 85meV ⋅Å2, and spin-stiffness
parameters, AΓ-K = 200meV ⋅ Å, and AΓ-L = 175meV ⋅ Å with inelastic
neutron scattering measurements reported by Radhakrishna and Cable51.
Their analysis revealed anisotropy in CrSb, with stiffness constant of A =
266meV ⋅Å, anddamping coefficientα=110meV ⋅Å2 alongΓ-Kdirection.
Thus, our values are in reasonable agreement with the experimental values
of α and A, but on the smaller side. Within the linear spin wave theory
approximation, as reported in ref.47, the spin stiffness is approximately 280
meVÅ. The discrepancies between ourMBPT results and experiment may
be attributed to the higher measurement temperature in the experiment
(295 K). Additionally, our model does not account for SOC effects and
magnon-magnon scattering, which is expected to contribute in the
experimental conditions.

A recent experimental study using resonant inelastic X-ray scattering
(RIXS) with circular polarization has provided the first direct evidence for
the existence of chiral magnon excitations in CrSb47. The observed circular
dichroism in the RIXS spectra supports the presence of two oppositely
polarized magnon branches, which is consistent with our theoretical find-
ings. However, the limited energy resolution of the experiment prevented a
direct observation of themagnon band splitting, and its effectswere inferred
only through polarization-dependent intensity variations. The study mea-
sures magnon energies along two distinct directions in the Brillouin zone:
along the Γ-A direction, where no altermagnetic magnon splitting is
expected, multiple q-points were probed, allowing for a more complete
mapping of the dispersion. In contrast, along the M-A direction, where
altermagnetic splitting of magnon bands is predicted, only a single q point
was measured, restricting a more detailed comparison with the theoretical
dispersion. This limited momentum-space coverage prevents a direct
experimental confirmation of the full altermagneticmagnon band structure
predicted by our MBPT calculations.

Despite the experimental constraints limiting a direct verification of
magnon splitting, they allow for a meaningful comparison of overall
magnon energies between RIXS measurements and theoretical models.
The RIXS measurements indicate that the magnon dispersion reaches
~140meV at the A point along the Γ-A direction and about 150meV at
the single measured q point along the A-M direction. Our MBPT calcu-
lations closely match the experimental energy at this q point, while pre-
dicting slightly higher energies (162meV) at the A point. It is interesting
to understand how good is actually the comparison between our MBPT
approach and an approach based onDFT-extracted exchange parameters
combined with a linear spin-wave model. The latter has been worked out
recently for CrSb in ref. 47. The latter significantly underestimates the
RIXS magnon energies along Γ-A, yielding only 100meV at the A point
unless an ad hoc downward shift of the Fermi level by 34 meV is intro-
duced.While ourMBPT dispersion is relatively flat along A-M, the linear
spin-wave calculations predict a significant variation from 100meV to
215meV along this path. This suggests that itinerant electron effects
captured inMBPT34, which are absent in linear spin-wave approach, may
play an essential role in shaping the magnon dispersion. Another key
difference lies in the predictedmagnon splitting along the A-M direction.
Our MBPT calculations yield a splitting of 52meV, whereas the linear
spin-wave model predicts only 22 meV. Additional experiments are at
need to shed more light computational description of magnon inmetallic
altermagnets.

The experimental validation of the predicted magnon splitting is a
challenging experimental objective as requirements to resolve it are at the
cutting edge of RIXS, INS and spin-polarized electron energy loss spectro-
scopy (SPEELS)52–57. All probes are excellent and probe either the response
function R+−(q, ω), which governs magnon excitations or allow direct
measurements of magnon dispersions and lifetimes by detecting the
dynamic structure factor S(q, ω), proportional to the imaginary part of R+

−(q,ω), butdifferent requirementson the sample size relative to the available

monodomain size and the required energy resolution relative to the probe
energy may favor one of the methods over the other or require specific
further developments. We encourage experimental science to address this
challenge in the near future.

The directional and momentum-selective damping in metallic
altermagnets may be advantageous for ultrafast magnetization
switching applications. In contrast to magnonic logic circuits that
require long magnon lifetimes, switching processes benefit from
enhanced damping, which suppresses precessional oscillations and
accelerates relaxation. Recent experimental studies have shown that
spin angular momentum carried by magnons can induce efficient
magnetization switching21, and that magnonic spin dissipation can
enhance spin–orbit torque–driven reversal in ferromagnetic
heterostructures22. In this context, the chiral magnon modes and ani-
sotropic damping inherent to altermagnets could be harnessed to
generate directional magnonic torques for fast and controllable spin
switching. These findings point to a broader functional scope for
metallic altermagnets in symmetry-enabled, field-free spintronic
memory technologies. For energy-efficient magnonic logic devices
based on coherent magnon transport, very low damping is required,
lower than that offered by altermagnetic metals. Here, altermagnetic
insulators are alternatives to be explored.

This directional variation in magnon propagation, combined with
wavevector-dependent damping, suggests that altermagnets offer a
versatile platform for engineering nonreciprocal magnon excitations.
At the end, we briefly comment on the role of the spin-orbit coupling
(SOC), that was mostly neglected in this work, but has multiple rami-
fications such as on the magnon damping, a further splitting on the
electronic bands and the chiral magnon energies, the formation of the
easy Nèel axis and together with the exchange interaction it determines
the antiferromagnetic resonance frequency. Since the magnetic
moments are in the order of 2 to 3 μB, corresponding to a spin 1 or 3/
2 system, combination of exchange and spin-orbit interaction maybe
lead to a higher-order biquadratic DMI, not considered sofar. Our
calculations with SOC show that for all systems the easyNéel vector axis
is along the z axis of the NiAs structure, consistent with experimental
data for CrSb50. The anisotropy energy between the easy and hard axis,
EMAE, (see Table 1) increases with the increase of the nuclear number of
the pnictogen atom. We find small associated orbital moments of Cr
whose values increase accordingly. Obviously, due to the d-p hybridi-
zation betweenT-Pn, Pn determines the size of theMAE.With SOC, the
band structure depends on the direction of theNéel vector relative to the
crystal lattice. The electronic band structure calculated with SOC and
the Néel vector oriented along the easy z axis of the NiAs lattice is
presented for CrSb in Fig. S1 of the Supplementary Information. We
find that the spin-splitting due to SOC is a few percent of the alter-
magnetic exchange splittingΔE↑↓ (in the order of 10-70meV depending
on k point and band). In comparison to the altermagnetic band struc-
ture without SOC shown in Fig. 2(a), the effect of SOC becomes evident
in two main aspects. First, SOC lifts band degeneracies along high-
symmetry lines that are not altermagnetically active and thus were not
previously split. Second, it causes the opening of previously crossing
bands within the already split bands along the Γ-L and M-A directions.
Changing the Néel vector axis from out-of-plane to in-plane (x-axis)
(not shown in Supplementary Information) does not change the overall
SOCpicture, butmodifies details of the SOC induced splitting. From the
changes of the band structure in the 10–70meV range, we conclude that
the effect on the chiral magnon splitting is negligible.

With inclusion of the SOC, an excitation gap ℏωAR emerges in the
magnon-spectrum of antiferromagnets at Γ, whose associated frequency,
known as antiferromagnetic resonance (AR), is related to the uniform
precession modes of the sublattice magnetizations. It is a result of the spin-
orbit coupling through the magnetic anisotropy energy, EMAE, combined
with the Heisenberg-type exchange energy, EX. For easy-axis antiferro-
magnets with magnetic moments of the two sublattices pointing in the
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direction ± z, in absence of an external magnetic field, the gap energy
ℏωAR ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

EMAEðEMAE þ 2EXÞ
p

8 of the twomodes of the two sublattices are
degenerate. Since the EMAE is orders of magnitudes smaller than EX, we can
approximate ℏωAR by ℏωAR ’ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2EMAEEX
p

. For antiferromagnets, the
magnetic anisotropy energy is simply themagnetocrystalline energy, i.e. the
energy difference between the easy and hard Néel vector axis. Focusing on
CrSb, the exchange energy per atoms can be read off as EX = EAFM−FM from
Table 1 to EX = 180meV and EMAE = 0.42meV, which results into a
resonance energy of 12.3meV in excellent agreement to themeasured value
of 12 meV at 11 K51.

Methods
Our study employs a combinationof twodifferentDFTmethods andMBPT
to describe the structural, electronic, magnetic, and spin excitations in the
consideredmetallic g-wave altermagnets (TPn, whereM=V,Cr;Z=As, Sb,
Bi). The computational workflow comprises three main steps: (i) structural
optimization using the QUANTUMATK code58,59, (ii) electronic and
magnetic structure calculations using the full-potential linearized
augmented-plane-wave (FLAPW) method implemented in the FLEUR
code60, and (iii) spin excitation calculations using the T-matrix approach,
which is implemented within the SPEX code34,36,61 and utilizes Wannier
functions generated by the WANNIER90 code62,63.

Crystal structure optimization
The equilibrium lattice parameters (a, c) of all studied compounds were
determined using the QUANTUMATK software package58,59. We used a
linear combination of atomic orbitals (LCAO) as a basis set, together with
norm-conserving PseudoDojo pseudopotentials64 and the Perdew-Burke-
Ernzerhof (PBE) parametrization of the GGA functional65. The Brillouin
zone was sampled using a 16 × 16 × 12 Monkhorst-Pack k-point grid66.
Structural relaxation was carried out until the forces on each atom were
reduced below 10−4 eV/Å, ensuring accurate determination of the lattice
constants.

Electronic and magnetic structure calculations
Following structural optimization, electronic and magnetic property
calculations were conducted using the full-potential linearized aug-
mented plane wave (FLAPW) method, as implemented in the FLEUR
code60. The GGA functional with PBE parameterization65 was used to
describe exchange-correlation effects. The basis set, augmented for V
and Cr atoms by local 3s and 3p orbitals, is included up to a reciprocal
cutoff radius of Kmax ¼ 4 bohr−1 and an angular momentum cutoff of
lmax ¼ 10 within the muffin-tin spheres. The muffin-tin sphere radii
were set to 2.51 a0 and 2.59 a0 for Cr and Sb in CrSb, respectively. In the
relaxed structures, CrAs had radii of 2.35 a0 for both Cr and As, while
CrBi had 2.54 a0 for Cr and 2.80 a0 for Bi. Similarly, in VSb, both V and
Sb were assigned a radius of 2.56 a0. Compounds adopting the lattice
parameters of CrSb retained the samemuffin-tin radii as Cr and Sb. The
Brillouin zone was sampled with a 16 × 16 × 12k-point mesh, ensuring
well-converged electronic structures. Two different magnetic structures
had been studied: the FM and the collinear layered c-axis AFM order.
The calculations where carried out in the same unit-cell to produce
reliable energy differences.

SOC effects are in principle neglected in this work and are therefore
also initially neglected in the electronic and magnetic structure calcu-
lations. To better understand the magnetic ground state and the energy
gap at the Γ-point relevent for the antiferromagnetic resonance, we
determined the easy magnetization axis and the crystalline magnetic
anisotropy energy EMAE. We carried out self-consistent total energy
calculations including SOC for two magnetization directions, along the
out-of-plane, z direction and along the in-plane, x axis. The energy
difference amounts to EMAE. Convergence was achieved with a 41 × 41 ×
30 k-point set in the full BZ. This allows us to determine the easy axis and
orbital moments of V and Cr for all compounds in their relaxed ground
state structures. The impact of SOC in the out-of-plane direction on the

band structure of CrSb is presented in Fig. S1 in the Supplementary
Information.

Spin excitation calculations
The spin-wave calculations are based on MBPT. We outline the main
theoretical framework in the following and refer the reader to refs. 34,35 for
details. The transverse magnetic response function is formally given by the
functional derivative R+−(1, 2) = δm+(1)/δB+(2) with the magnetization
densitym+(1) and a perturbing magnetic field B+(2) where 1 = (r, t), 2, etc.
are space-time coordinates. Here, the superscript ” + ” refers to a right-
handed (with respect to the majority spin direction) sense of circular
polarization, which identifies R+−(1, 2) as the transverse spin susceptibility;
δm+ and δB+ lie in the plane perpendicular to the spin polarization. The
connection to Green-function theory is established by m+(1) = − 2iG↓↑(1,
1+)with the time-ordered single-particleGreen functionGσσ 0 ð1; 2Þ and 1+=
(r, t+ 0+). Carrying out the functional differentiation and using the Dyson
equation Gσσ0 �1 ¼ Gσσ 0

0
�1 � Σσσ 0 (in matrix notation) with the non-

interacting Green function and the GW approximation for the electronic
self-energy Σσσ0 ð1; 2Þ ¼ iGσσ 0 ð1; 2ÞWð1; 2Þ leads to

Rþ�ð1; 2Þ ¼ iG#ð1; 2ÞG"ð2; 1Þ �
ZZZZ

G#ð1; 3ÞG"ð4; 1Þ

× T#"ð3; 4; 5; 6ÞG#ð5; 2ÞG"ð2; 6Þd3 d4 d5 d6;
ð1Þ

where the T↓↑ matrix fulfills the Bethe-Salpeter equation

T#"ð1; 2; 3; 4Þ ¼ Wð1; 2Þδð1; 3Þδð2; 4Þ þ i
Z Z

Wð1; 2Þ

× G#ð1; 5ÞG"ð6; 2ÞT#"ð5; 6; 3; 4Þd5 d6 :
ð2Þ

The T matrix and also the two-particle Green function iG↓(1, 2)G↑(3, 4)
depend on four points in space-time. In order to be able to perform
calculations,wehave to introducea few simplifications andapproximations.
First, the fact that theHamiltonian is time-independent reduces the number
of independent time variables to three. We then assume that W(1, 2) acts
instantaneously, i.e., the two time variables are identical. This leaves us with
a single time variable and, after Fourier transformation, with a single
frequencyω. As a function ofω,W(1, 2;ω) is constant, andwe setW(1, 2;ω)
= W(1, 2; ω = 0). This static approximation is justified by the fact that
magnon energies lie far below thematerial’s plasma frequency, whereW(ω)
varies slowly.

We then represent all quantities, including the two-particle Green
function K+− = iG↓G↑, in terms of a product basis fwRnðrÞwR0n0 ðr0Þg of
maximally localized Wannier functions (MLWFs) {wRn(r)} where R
denotes an atom position vector. This allows us to truncate the screened
interaction WRn;R0n0 ¼ WRn;Rn0δRR0 . Inserting the solution of the Bethe-
Salpeter equation, Eq. (2), into Eq. (1) and projecting from left and right
onto a plane wave expðikrÞ then finally yields the magnetic response
functionR(k,ω). The T-matrix approach sketched above is implemented in
the SPEX code. Themaximally localizedWannier functions (MLWFs)were
constructed from first-principles FLAPW calculations using the WAN-
NIER90 library.MLWFs provide an effective low-energy representation for
the T-matrix calculations. The correlated Hilbert space of the TPn com-
pounds includes the 3d orbitals of Cr (or V) and the p orbitals of the Pn
atom. Given that the unit cell contains four atoms, we constructed a total of
16Wannier orbitals, comprising 10 orbitals with 3d character and 6 orbitals
with p character. The screened Coulomb interaction W was computed
within the random-phase approximation (RPA) using a mixed product
basis set. For this calculation, we included 350 unoccupied states, and the
resulting screened interaction was subsequently projected onto the MLWF
basis. The screenedCoulomb interactionWwas computed using a coarsek-
point mesh of 12 × 12 × 8, as it converges rapidly with respect to k-point
sampling. In contrast, the evaluation ofR required a denser k-pointmesh of
40 × 40 × 40 to ensure numerical accuracy.
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In practical implementations, the magnetic response function K and
the screened Coulomb interaction W are computed using Kohn-Sham
Green’s functions, which can lead to a violation of the Goldstone
condition67. To correct for this and ensure gapless magnon excitations at
q→ 0, we apply a material-dependent scalingW→ ζW. This adjustment
restores the correct low-energy behavior of the magnon dispersion without
altering its overall features. The values of ζ used for each material are pro-
vided in the Supplementary Material.

Data availability
All data needed to evaluate the conclusions of this study are provided in the
manuscript and the supplementary information files.
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