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New High-field Phase in the Non-Collinear Antiferromagnet Mn3Sn 
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Introduction 
Mn3Sn and Mn3Ge are the first system exhibiting a large anomalous Hall effect (AHE) in an antiferromagnetic state at room temperature [1, 2]. The Hall-effect is comparable to or exceeds those of ferromagnets in spite of the antiferromagnetic state where the magnetization is negligibly small in comparison with ferromagnets. This large size of the AHE in near absence of magnetization is striking, and calls for a new mechanism that provides a large Berry curvature in the momentum space. A finite Berry curvature exists in the recently-developed topological materials like Weyl semimetal with Dirac type linear dispersion. This Berry curvature is considered to arise from the non-collinear antiferromagnetic spin structure below TN = 430 K. In Mn3Sn, the AHE is increasing with decreasing temperature down to 50 K. Below 50 K, an emergence of another low-temperature phase suppresses the AHE [3]. We expect that a strong magnetic field breaks the low-temperature phase and clarifies the whole picture of the non-collinear antiferromagnetic spin structure.
Experimental


The single crystal samples of Mn3Sn were grown by the Czochralski method. The magnetic torque using a small samples (size ~ 503 m3) was measured by micro cantilever (Seiko-Instruments) down to 0.6 K. The pulse magnetic field is applied for B // [100] direction up to 80 T.
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Figure 1 shows the field dependence of the magnetic torque below 50 K for in-plane field direction [100].  At low field of 10 – 20 T, a peak structure was observed. This anomaly is probably due to a transition between a high field phase and the low-field and low-temperature phase below ~ 50 K. This high-field phase above ~ 20 T may be connected with the non-collinear antiferromagnetic phase at room temperature. In addition, we found another transition with a large hysteresis at 40 - 60 T, suggesting a spin-flip transition at around 50 T. Given such a high Neel temperature of 430 K, it must be hard to break the non-collinear magnetic ordered state and fully polarize all the moments only by the magnetic field of 60 T. Thus, the new high-field phase above 60 T should be a partially-polarized antiferromagnetic ordered phase. 
Conclusions

We measured the magnetic torque in Mn3Sn under pulse field up to 80 T. We found two consecutive transitions, a low field one with a peak at around 10-20 T and a high field one with large hysteresis between 40 - 60 T. The new phase above 60 T should be a partially-polarized antiferro-magnetic ordered phase, different from the non-collinear phase available under zero field below TN = 430 K.
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Fig.1 Magnetic torque in Mn3Sn 









