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Discovery of a Magnetic Topological Semimetal Sr1-yMn1-zSb2
Liu, J.Y.; Hu, J.; Mao, Z.Q. (Tulane U. Physics); Radmanesh, S.M.A.; Spinu, L. (UNO, Physics); Graf, D. (NHMFL) and Chiorescu, I. (NHMFL & FSU, Physics)

Introduction

Weyl semimetals evolve from Dirac semimetals in the presence of breaking spatial inversion symmetry (IS) or time reversal symmetry (TRS). Recent discoveries of IS-breaking Weyl semimetals in monopnictides [1-2] and photonic crystals [3] have generated immense interests. We have recently discovered a new type of magnetic topological semimetal phase arising from 2D Sb layers in Sr1-yMn1-zSb2. The combination of relativistic fermion behavior and ferromagnetism make it a promising candidate for exploring the long-sought TRS -breaking Weyl semimetals [4].  
Experimental


The Sr1-yMn1-zSb2 (y, z < 0.1) single crystals were synthesized using the self-flux method with the stoichiometric mixture of Sr, Mn and Sb elements. The high field magnetoresistance and Hall effect measurements were performed using the 31T resistive magnet in the DC field facility at NHMFL.
Results and Discussion


We have measured the quantum transport properties of Sr1-yMn1-zSb2 single crystals with ferromagnetic properties [4]. Very strong Shubnikov-de Hass (SdH) oscillations in both Magneto- and Hall resistivity measurements have been observed (Fig. 1b), with an oscillation frequency ~ 67T which corresponds to a small  Fermi surface. The oscillation frequency follows a 1/cosθ dependence with field orientation, suggesting a quasi-2D Fermi surface that is consistent with the 2D crystal structure (Fig.1a). The effective mass extracted from the temperature damping of oscillation amplitude is as small as 0.14m0. From the Landau level index fan diagram (Fig. 1c) constructed from the conductivity oscillation (Fig. 1c, inset), a Berry phase close to π can be extracted. These characteristics are consistent with 2D relativistic fermion systems. 

Conclusions

We have demonstrated that Sr1-yMn1-zSb2 hosts relativistic fermions from quantum transport property measurements. Given that Sr1-yMn1-zSb2 exhibits ferromagnetism up to 400K, it provides the first example of magnetic topological semimetal and offers a wonderful opportunity to seek the long-sought magnetic Weyl state and investigate the coupling of Dirac/Weyl fermions with magnetism.
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Fig.1 a, Crystal structure of Sr1-yMn1-zSb2. b, SdH oscillations in Magneto- and Hall resistivity at various temperatures. c, the Landau Level index fan diagram derived from the conductivity oscillations shown in inset. The linear fit yields an intercept value of 0.46, consistent with a π Berry phase expected for a relativistic system.









