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Fig.1. (a) Magnon-polariton oscillator circuit consisted of a dynamical inductor involving a magnetic insulator (MI). The element
“S” denotes an active device with gain and capasiter is charged (Qo). (b) Time-evolution of the x-compoment of the magnetization
m for different coupling rate g/wc with wc/27 = 4.5 GHz. We use material parameters of Y3FesO12 for MI with dm = 2,100 nm.
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Predicted multiple Walker breakdowns for current-driven
domain-wall motion in antiferromagnets
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Spintronics based on antiferromagnets has attracted significant attention in recent decades due to their advantages
over ferromagnets including, e.g., the absence of stray fields and high-speed operation in terahertz range. Meanwhile, it
is well-known that a ferromagnetic domain wall (DW) suffers from Walker breakdown under a large current or
magnetic field, which causes the DW to lose its rigid texture and decrease its velocity. The antiferromagnetic DW has
been proposed to be immune to Walker breakdown such that its speed is limited by the magnon maximal velocity which
is much higher than the breakdown threshold velocity in ferromagnets. In this work [Ref. 1], we challenge this common
belief by theoretically discovering possible emergence of reentrant Walker breakdowns for current-driven domain walls
in layered antiferromagnets, in drastic contrast to the unique Walker breakdown in ferromagnets.

Based on analytical calculation and micromagnetic simulation, we first unambiguously demonstrate the dominant
efficiency of current-induced staggered spin-orbit torque (SOT) in layered antiferromagnets [e.g., Mn2Au, CuMnAs,
see Fig. 1(a)] over spin-transfer torque (STT) to drive DW motion as shown in Fig. 1(b). Intriguingly, we find the DW
velocity driven simultaneously by both STT and SOT is not a simple addition of those driven by STT and SOT
separately, and there is a nonlinear dependence of velocity on applied current. We resolve these mysteries by
considering the relativistic Lorentz contraction of DW width uniquely existent in antiferromagnets, and our analytical
calculation of DW speed agrees with the simulated result with high precision [Fig. 1(b)].

The Lorentz contraction of DW width not only gives rise to the nonlinear velocity, but also induces novel nonlinear
dependence of the hard-axis tilt angle of the DW texture on current, from which we derive and predict the possibility of
reentrant Walker breakdown and Walker regimes for DWs in layered antiferromagnets, as shown in Fig. 1(c). The
physical mechanism of this exotic behavior stems from the competition between STT plus SOT which depend on the
nonlinearly contracted DW width and the torques exerted by antiferromagnetic exchange interaction and anisotropy
energy. The DW speeds in each regimes are calculated either analytically or numerically. Our findings are proposed to
be observable experimentally in synthetic antiferromagnets, and the similar idea can be extended to other topological
magnetic textures such as antiferromagnetic skyrmions. We expect our work will provide important information for the
development of spintronics based on antiferromagnetic textures.
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Fig.1 (a) Schematics of the layered antiferromagnetic system, with M; being the magnetization vector at site i and Bso
the staggered spin-orbit field. (b) Numerical and analytical results of the DW velocities. (c) Predicted multiple Walker
regimes, with curves being analytical DW velocities in Walker regimes, and dots representing terminal (time-averaged)
velocities in Walker (breakdown) regimes numerically calculated by Runge-Kutta (RK) method.
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