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Fig. 1. Tllustration of the three nonrelativistic collinear magnetic phases®.
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(a) Longitudinal spin-current (b) Giant magnetoresistance
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(d) Spin-splitter torquee

(c) Transverse spin-current
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Fig. 2. Spin current and related devices in d-wave altermag-
nets: (a), (c) Spin currents under electric fields applied
along the principal and diagonal axes?; (b) giant mag-
netoresistance based on altermagnetism?; (d) manipulation
of spin splitting torque?.
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(b) Altermagnetic without SOC

Altermagnetic with SOC

3 CrSb WL T REMF 4514

(a) A LI X5 PR B8 42 95 (b) A7 /78 A BE-PLIBHES (SOC) W Hr P-Q-P %2 K fig iy 444 0

Fig. 3. Electronic band structure of CrSb: (a) The first Brillouin zone and the high-symmetry pathl®; (b) band structures along the

P-Q-P path with and without spin-orbit coupling (SOC).
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Fig. 4. Magnetic texture characterization of a-MnTe: (a) Representative crystal structurel'l; (b) principle of Néel vector mapping

1),

(c)—(e) direct observation of magnetic domains via XMCD-PEEM, XMLD-PEEM, and the reconstructed vector mapl'!; (f) en-
larged view of a vortex—antivortex pairll; (g) XAS and XMCD spectra at the Mn L-edgel'!l.
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Table 1. Altermagnet materials confirmed by ARPES.
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Fig. 5. Switching of the Néel vector under different current

configurations: (a) Longitudinall'¥; (b) transversel's.

4.2 MNTREE

o7 A R 45 S IF T dt AR X Ak B LSRR e 1Y)
AR T B, TR I A R .
HW], RAE YA ReOy AT BARIEEH TR B S8k
WETE, (AFEROE AT, W& 2 BE /), T8 P 46
I AR AT 75 B ) 21 S AR R S i AR iE
M WA 45 % . Chakraborty 45 21 7E 43 21 4 4
F1) ReO, WAL Th 47 T SARPES i, MHL ¥
SERR AT HAEUESE 13X — I AR5 R P i A2

I3 —J7 1, DIRekhE 7 DL Y =LA Sk
AR THRIE b, SR 50 IR Z A TR g S T
B, BTSRRI S | A R AR, FEFiZALE], Sim 45 2
RI, TEPOX BRI SSHEREA R, AR A] 75
A 23 8] 18 Hil ) Dzyaloshinskii-Moriya AH B4 H
(Dzyaloshinskii-Moriya interaction, DMI), MM
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A E R TR AR

Zhou 55 231 D] 38 15 8 45 CrSb Y & AR X FRPE
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Fig. 6. Modulation of spin splitting torque in RuO, by current along the y-direction (a) and the z-direction (b)2; (¢c) XMLD spec-

tra of RuO, (100) and (d) RuO, (110)20.
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Fig. 7. Spin precession excited in FeBOj by circularly polari-

zed pump pulses propagating along (a) zaxis and (b) y-axis?7.
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Fig. 8. Schematic illustration of the light-induced Hall
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SPECIAL TOPIC— Applied magnetism

Recent advances in altermagnetism research: Material
properties and cross applications”
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1) (School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
2) (School of Electronics and Information Engineering, Tiangong University, Tiangin 300387, China)

( Received 30 November 2025; revised manuscript received 31 December 2025 )

Abstract

As an emerging magnetic phase distinct from traditional ferromagnetism and antiferromagnetism,
altermagnetism has garnered significant attention due to its combining zero net magnetization with momentum-
dependent spin splitting. This paper provides a comprehensive analysis of the field based on spin-group
symmetry theory to elucidate the unique electronic structure in which time-reversal symmetry breaking and
crystal rotation operations occur, rather than translation or inverse, enhancing Kramer degeneracy without the
need for relativistic spin-orbit coupling. The experimental aspects are surveyed using representative systems
such as MnTe, CrSb, and RuQO,. The progress of growing high-quality films through molecular beam epitaxy
(MBE) and magnetron sputtering is described in detail, as well as the direct visualization of giant band splitting
and domain textures by using angle-resolved photoemission spectroscopy (ARPES) and photoemission electron
microscopy (PEEM). Furthermore, the mechanism for manipulating Néel vector is systematically examined,
with a focus on strategies involving current-induced spin-splitting torque (SST), lattice strain engineering, and
thermal modulation, enabling efficient readout and writing of magnetic states. In addition to the basic
properties, the discussion extends to the frontier of material exploration, including metal, two-dimensional and
superconducting altermagnets, and evaluation of their transformative potential in high-density magnetic
random-access memory (MRAM), topological spintronics, and ultrafast magnonics. The review ultimately
identifies the current challenges in material expansion and interface engineering, outlining a roadmap for
transitioning altermagnets from fundamental discoveries to practical applications in the next-generation

information technology.
Keywords: altermagnets, magnetic symmetry, Néel-vector control, antiferromagnetic spintronics
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