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Possible New Quantum States Near the Quantum Limit in AMnSb2 (A=Sr or Ba)
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Introduction – Topological semimetal states in AMnBi2 

Layered compounds AMnBi2 (A=Ca, Sr, Ba, Eu, and Yb) have been established as topological materials with fascinating properties1-4, such as bulk quantum Hall effect in EuMnBi21 and time reversal symmetry breaking Weyl state in YbMnBi22. Dirac electrons generated by the two-dimensional (2D) Bi square net in AMnBi2 are normally massive due to spin-orbital coupling induced gaps at Dirac nodes. We have previously studied isostructural compounds (Sr/Ba)1-yMn1-zSb2 (y, z < 0.1) via quantum oscillation experiments5,6 and found the 2D Sb layers can generate nearly massless Dirac fermions. Moreover, (Sr/Ba)1-yMn1-zSb2 also exhibits magnetic orders.  Sr1-yMn1-zSb2 is ferromagnetic (FM) above ~300K, but transits to a C-type canted antiferromagnetic state with a FM component below 300K, whereas Ba1-yMn1-zSb2 shows a G-type AFM order. Therefore these materials offer an interesting platform for the study the interplay between Dirac fermions and magnetism. Another distinct advantage of these materials is that their quantum oscillation frequencies are relatively low, which makes their quantum limits accessible, thus providing an opportunity to seek novel quantum states near the quantum limit of Dirac materials.  

Experimental – Pulsed field magnetotransport, magnetization and magnetoresistriction experiments on Sr/BaMnSb2

We performed magnetotransport, magnetization and magnetorestriction measurements up to 65T for SrMnSb2, as well as magnetotransport measurements on a 10% Eu doped BaMnSb2 sample. These experiments, conducted in the pulsed field facility of NHMFL at LANL, aims to find novel quantum states near the quantum limit.
Results and Discussion


We observed strong quantum oscillations in both magnetization and magnetotransport measurements on Sr1-yMn1-zSb2 below 40T and Zeeman splitting near 45 T. The Lande-g factor extracted from the Zeeman splitting is 6.725. Although the quantum limit was not reached below 65T for this material, we found that the quantum oscillations disappear above 45T; both resistivity and magnetization increase steeply near 45T (Fig. 1a) and the magnetorestriction also exhibit striking enhancement above 45T (Fig. 1b), suggesting a possible Lifshitz transition or a new quantum state induced by enhanced electron correlation. For Eu-doped Ba1-yMn1-zSb2, the n =1 Landau level appear near the Fermi level at ~ 60T, suggesting the quantum limit is reached. As shown in Fig. 1c, the resistivity increases significantly and tend to saturate when the limit is reached. Recent theoretical studies predicted Dirac electrons can form charge/spin density wave, or nematic state near the quantum limit due to enhanced electronic correlation7,8. The electronic phases with enhanced resistivity in (Sr/Ba)1-yMn1-zSb2 offer a promising platform for the tests of these theoretical predictions. 
Conclusions

 (Sr/Ba)1-yMn1-zSb2 exhibit signatures possibly related to a Lifshitz transition, or exotic quantum phases due to enhanced electronic correlation in the quantum limit. Further pulse field measurements on Hall resistivity and magnetization are needed to reveal the nature of the novel quantum phases observed in our current experiments.  
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