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Nearly Massless Dirac Fermions Hosted by Sb Square Net in BaMnSb2
Liu, J. (Tulane, Physics); Hu, J. (Tulane, Physics); Cao, H. (ORNL, QCMD); Zhu, Y. (Tulane, Physics); Chuang, A. (Tulane, Physics); Graf, D. (NHFML); Adams, J. (UNO, Physics); Radmanesh, S.M.A. (UNO, Physics); Spinu, L. (UNO, Physics); Chiorescu, I. (NHMFL&FSU, Physics) and Mao, Z. (Tulane, Physics)
Introduction – Topological semimetals in AMnBi2 layered materials

Layered compounds AMnBi2 (A=Ca, Sr, Ba, Eu, and Yb) have been established as Dirac materials with antiferromagnetic orders that possess fascinating properties1-5, such as bulk quantum Hall effect in EuMnBi2 and time reversal symmetry breaking Weyl state in YbMnBi2. Dirac electrons generated by the two-dimensional (2D) Bi square net in AMnBi2 are normally massive due to the presence of a gap at Dirac nodes, induced by strong spin-orbital coupling (SOC) of Bi 6p electrons. In our previous study, we have demonstrated that Sr1-yMn1-zSb2 (y, z < 0.1)6, isostructural to AMnBi2, not only hosts relativistic fermions of much lighter mass, but also exhibits ferromagnetic properties, with the ferromagnetism being coupled to the relativistic fermions’ transport. In our recent high field experiments, we studied the Dirac fermion behavior of an isostructural compound BaMnSb2, which was predicted to be a Dirac semimetal7.
Experimental – Neutron scattering and high field magnetotransport experiments on BaMnSb2

Single crystals of BaMnSb2 were synthesized at Tulane. The neutron scattering experiments were performed using HB-3A at ORNL to resolve the crystal and magnetic structure. Detailed magnetotransport measurements were performed at Cell 9 in NHMFL.
Results and Discussion


Neutron scattering experiments confirmed BaMnSb2 crystalizes in a tetragonal structure with the space group of I4/mmm and showed the MnSb4 tetrahedral layers develop a G-type AFM order below 283 K. The typical Dirac fermion behavior was revealed from the analyses of the strong Shubnikov-de Haas (SdH) oscillations. Signatures of Dirac fermions, including light effective mass (~0.052 m0; m0, mass of free electron), high quantum mobility (1280 cm2V−1S−1) and a nontrivial π Berry phase in cyclotron motion all have been demonstrated. The oscillation frequency (22T) as well as the effective mass are the smallest among the AMnX2(X=Bi or Sb) material family.  Compared with AMnBi2, BaMnSb2 exhibits much more significant quasi 2D electrical transport properties, which offers an interesting platform for seeking exotic phenomena in a 2D quantum limit.
Conclusions

 The Sb square net layers with coincident stacking of Ba atoms in BaMnSb2 can host nearly massless Dirac fermions due to the weaker spin-orbital coupling effect of Sb, in contrast with massive Dirac fermions hosted by the Bi square net planes in AMnBi2.This work has been published in Scientific Reports 6, 30525 (2016) [8]. 
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