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Figure 1 (Color online) (a) Schematic of left-handed and right-handed magnon configurations in an easy-axis antiferromagnet'”’. (b) Representative
crystal and spin structures of collinear antiferromagnets, including the easy-axis antiferromagnet MnF, and the easy-plane antiferromagnet NiO!'®., (c)
Schematic of the crystal structure and spin arrangement of the non-collinear antiferromagnet Mn;Sn*>*3. (d) Schematic of the layered crystal structure

of the van der Waals antiferromagnet CrSBr*®!
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Figure 2 (Color online) (a) Device configuration and physical mechanism of spin pumping in ferromagnetic materials®>>"), (b) Spin pumping signals
contributed by magnons with different chiralities observed in an easy-axis antiferromagnet!'”). (c) Spin pumping signal in an easy-plane antiferromagnet

driven by the resonance of the net magnetic moment!'”!
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Figure 3 (Color online) (a) Device geometry and experimental results for incoherent magnon transport in an easy-axis antiferromagnet!'?, (b) A series

of representative magnon transport experiments in easy-axis and easy-plane a-Fe,0;, including magnon birefringence!

long-distance coherent magnon transport™®”), and magnon interference!**!
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Magnonics, as a major branch of spintronics, has recently experienced rapid development in antiferromagnetic material
systems. Compared with magnons in conventional ferromagnets, antiferromagnetic magnons possess several distinctive
advantages, including broadband frequency response extending from the gigahertz to terahertz range, strong robustness
against stray magnetic fields, ultrafast spin dynamics, and additional polarization and chirality degrees of freedom. These
unique features make antiferromagnetic materials highly attractive for next-generation low-power, high-speed, and high-
frequency information technologies. In recent years, substantial progress has been made in the excitation, detection,
manipulation, and transport of antiferromagnetic magnons, establishing antiferromagnetic magnonics as an increasingly
active research frontier.

In this review, we summarize recent representative advances in antiferromagnetic magnonics from the perspectives of
material platforms, experimental methods, physical mechanisms, and emerging directions. We first introduce the basic
magnon configurations and crystal-structure characteristics of several important classes of antiferromagnets, including
easy-axis and easy-plane collinear antiferromagnets, as well as non-collinear and van der Waals antiferromagnets that have
recently attracted growing interest. These material systems provide diverse platforms for studying antiferromagnetic
magnon modes, polarization properties, and transport behaviors under different symmetry and anisotropy conditions.

We then review the main experimental approaches used to investigate antiferromagnetic magnons, including electrical,
optical, and thermal techniques. Electrical methods are particularly useful for probing incoherent magnon transport, spin-
current generation, and microwave-frequency dynamics. Optical techniques offer non-contact access to magnon spectra,
coherent dynamics, and ultrafast spin responses with high temporal and spatial resolution. Thermal methods, such as spin
Seebeck and thermal Hall measurements, provide complementary routes to studying incoherent magnon transport and heat-
driven spin phenomena. Together, these methods have greatly expanded the accessible regimes of antiferromagnetic
magnon research.

Particular attention is paid to spin pumping and magnon transport in representative antiferromagnetic systems. We
discuss recent progress in chirality-dependent spin pumping in easy-axis antiferromagnets and characteristic spin pumping
responses in easy-plane systems. For magnon transport, a-Fe,O; has emerged as an especially important model material
because of its ultralow damping and rich coherent magnon phenomena. Recent experiments in this system have revealed
long-distance transport, birefringence-like propagation, magnon pseudospin dynamics, Hanle-type effects, high-velocity
coherent transport, and magnon interference, highlighting the great potential of antiferromagnetic magnons for coherent
information transmission and processing.

We also briefly discuss altermagnets, an emerging class of magnetic materials that combine compensated magnetic order
in real space with momentum-dependent spin splitting in reciprocal space. Their unusual magnon spectra and transport
properties open promising opportunities for extending magnonics beyond conventional ferromagnetic and
antiferromagnetic frameworks. Finally, we outline several outstanding challenges and future opportunities in the field,
including the growth of high-quality low-damping films, device integration, efficient excitation and detection of short-
wavelength magnons, and further development of theoretical descriptions for complex antiferromagnetic and altermagnetic
magnon systems.

antiferromagnet, spintronics, magnon, altermagnet
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