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Figure 1 (Color online) Comparison of ferromagnets, antiferromagnets, and altermagnets. (a) Magnetic moments alignment in real space and spin
Zeeman splitting in momentum space for ferromagnets; (b) magnetic moments alignment in real space and spin degeneracy in momentum space for
antiferromagnets; (c) magnetic moments alignment in real space and staggered spin splitting in momentum space for altermagnets.
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Figure 2 (Color online) Typical altermagnets: the horizontal axis is
the magnetic ordering temperature, and the vertical axis is the spin
splitting energy [2].
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Figure 3 (Color online) Transport behaviors related to spin splitting in altermagnets. (a) Schematic diagram of the anomalous Hall effect in
altermagnets and the AHE curve of a-MnTe [65]. Below the Néel temperature (175 K, red line), the anomalous Hall conductance is observed to vary
with the magnetic field, while above the Néel temperature (300 K, gray line), the anomalous Hall conductance is zero. Reprinted with permission from
ref. [65]. Copyright©2023, American Physical Society. (b) Schematic diagram of the magneto-optical Kerr effect in altermagnets and the curve of the
Kerr signal of altermagnet MnsSi; varying with the external magnetic field [31]. Reproduced under the terms of the CC-BY 4.0 license [31].
Copyright©2024, the Authors, Published by American Association for the Advancement of Science. (c¢) Schematic diagram of the anomalous Nernst
effect in altermagnets and the curve of the anomalous Nernst voltage of MnsSi; under the control of the external magnetic field [75]. (d) Schematic
diagram of the spin-splitting torque in altermagnets and the use of ST-FMR to characterize the spin Hall angle of RuO, with different orientations.
Reprinted with permission from ref. [89]. Copyright©2022, American Physical Society. (¢) Schematic diagram of spin-charge conversion in
altermagnets and experimental results of injecting spin into RuO, using Co/Pt. Here, the direction of the Co/Pt magnetic moment is manipulated by an
out-of-plane magnetic field, thereby changing the polarization direction of the out-of-plane injected spin and the longitudinal voltage in RuO,.
Reprinted with permission from ref. [92]. Copyright©2023, American Physical Society. (f) Schematic diagram of the tunnel junction constructed using
altermagnets and theoretically calculated TMR value of the RuO,(100)/TiO,(001)/RuO,(001) trilayers. Reproduced under the terms of the CC 4.0 BY-
SA license [7]. Copyright©2021, the Authors, Published by Springer Nature.
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Figure 4 (Color online) Electrical manipulation of spin splitting in altermagnets. (a) Schematic diagram of the construction of the asymmetric
energy barrier for MnsSi; switching using an assistant magnetic field, where n. and n_ represent the two states before and after the 180° switching of
the MnsSi; Néel vector. Reproduced under the terms of the CC 4.0 BY-SA license [31]. Copyright©2024, the Authors, Published by American
Association for the Advancement of Science. (b) Curves of the relationship between the Hall voltage and switching current of MnsSi; under different
assistant magnetic fields. Reproduced under the terms of the CC 4.0 BY-SA license [31]. Copyright©2024, the Authors, Published by American
Association for the Advancement of Science. (c) Schematic diagram of the coupling of thermal effects and SOT during the electrical manipulation of
Mn;Si;. For the case where the device temperature exceeds the Néel temperature during the switching process, a writing pulse with a long pulse falling
edge will bring a deterministic switching result, while a writing pulse with a short pulse falling edge will not cause deterministic switching. Reprinted
with permission from ref. [108]. Copyright©2023, American Physical Society.
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Research progress and future prospects of altermagnets
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As a novel magnetic phase, altermagnets exhibit staggered collinear compensated spin alignment in real space and
staggered spin-splitting energy bands in reciprocal space, combining the advantages of both ferromagnets and
antiferromagnets. These materials possess unique properties, such as the absence of stray fields, high intrinsic frequency,
and nontrivial magnetic responses originating from time-reversal symmetry breaking. Furthermore, altermagnets span a
wide range of material systems, including metals, semiconductors, insulators, and superconductors, offering profound
scientific implications and versatile opportunities for exploration. This review begins by elucidating the fundamental
distinctions between altermagnets and conventional ferromagnets or antiferromagnets through symmetry analysis and
presenting a catalog of representative altermagnets. It then provides a comprehensive overview of recent experimental
advances, with a focus on transport phenomena linked to spin splitting in altermagnets and strategies for their
modulation. Lastly, this review outlines promising future research directions, such as the development of high-
performance spintronic storage devices based on altermagnets, real-space imaging of spin splitting in altermagnets, the
interaction of altermagnets with quasiparticles and the combination of altermagnetism with multiferroicity. These
advancements and prospects highlight altermagnets as a transformative research frontier in spintronics, with immense
scientific value and vast potential for practical applications.

altermagnet, altermagnetism, spin-splitting, symmetry broken, spintronics
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