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Magnetic Octupole Dynamics in d-Wave Altermagnets
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Recent studies have revealed that d-wave altermagnets can be understood as systems in which magnetic octupoles constitute the

order parameter. This perspective opens a new route for electrically controlling the Néel vector through magnetic octupole currents. In
this review, we provide an intuitive picture of magnetic octupole ordering in d-wave altermagnets and systematically summarize recent
theoretical advances in Néel vector manipulation based on magnetic octupole currents. Finally, we discuss future prospects for
multipolar spintronics.
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Fig. 1. (Color online) Intuitive picture of magnetic octupole ordering in d-wave altermagnets (a) Schematic illustration of a d-wave altermagnet.
(b) Wavefunction characters of sublattices A and B. The two sublattices possess opposite spin polarization and orbital characters. The orbital
anisotropy is described by the quadrupolar operator {L,, L, }. (c) Multipole decomposition of the spin density. The spin density follows the orbital
character and exhibits opposite anisotropic distributions on sublattices A (blue) and B (red). While the magnetic dipole components cancel each
other, both sublattices generate magnetic octupoles with the same sign, resulting in ferroic magnetic octupole ordering. This figure was adopted

and modified from S. Han et al., PRL 135, 076705 (2025).
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Fig. 2. (Color online) Schematics of magnetic octupole torque. An
xySy-polarized magnetic octupole is injected into the d-wave
altermagnet. The injected magnetic octupole generates effective fields
with opposite signs on the two magnetic sublattices (yellow arrows),
resulting in a staggered torque acting on the Néel vector.
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Fig. 3. (Color online) (a) Concept of spin current. (b) Concept of magnetic octupole current. When p-orbital polarized electron is flowing, both

spin and magnetic octupole current are generated.
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Fig. 4. (Color online) Concept of pure magnetic octupole current. When oppositely polarized x-spin currents flow through different orbital
channels, the net spin current vanishes, whereas the magnetic octupole current (x)S,) remains finite.
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Fig. 5. (Color online) Néel-vector dynamics driven by magnetic octupole torque and spin-orbit torque. (a) Under magnetic octupole torque, a
staggered effective field is generated on the two magnetic sublattices, driving the Néel vector to align with the magnetic octupole polarization
(yellow arrows). (b) In contrast, spin-orbit torque generates a non-staggered effective field (green arrows), which primarily induces precessional
motion of the Néel vector, making deterministic alignment along the desired direction difficult.
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