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XMnBi2 under Pressure where X = Ca, Sr and Ba
Graf, D. (NHMFL); Wang, L.; Wang, K. (U. Maryland); Li, L.; Wang, A. and Petrovic, C. (Brookhaven Nat. Lab.)
Introduction

In recent years, a number of Dirac materials with linear band dispersion have been discovered and studied. These compounds are often defined by small quantum oscillation orbits accompanied by light effective masses and high carrier mobilities. The XMnBi2 family (where X = Ca, Sr and Ba) of compounds all display the characteristics of Dirac Fermion materials and have been studied under applied hydrostatic pressure.
Experimental


For these transport measurements, the variable temperature insert He-4 system available in Cell 12 was used in the range ~ 1.7 – 70K. The sample space within this system is large enough for the 16.6mm diameter piston cylinder cell provided by the NHMFL user program, which can easily be regulated from ambient pressure up to 2.0GPa. Contacts were attached to single crystals in a 4 wire arrangement and the sample magnetoresistance (MR) was measured with positive and negative field sweeps to separate the longitudinal MR from the Hall component.
Results and Discussion

Measurements of the quantum oscillations show that BaMnBi2 has an orbit frequency of ~ 30T at ambient pressure. The Ca (180 T) [1] and Sr (138 T) [2] analogues both have larger orbits. With a small increase in pressure to 2.5 kbar (Fig. 1) a minimum in frequency of 23 T is observed for BaMnBi2 but the frequency increases with further added pressure. In previous measurements, the pressure dependence of the SrMnBi2 orbit frequency was found to increase at a rate of ~ 3.6 T/kbar. Our current measurements suggest similar behavior in BaMnBi2 above ~ 2.5 kbar where the frequency grows at a comparable rate. 
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A fan diagram of the peak locations was constructed from a plot of d2Rxx/dB2 (not shown) to more easily observe the oscillations. Bn values were selected from the resistance maxima [3] and non-zero Berry phase of -0.48 is found, as expected for a Dirac material. With such a small frequency under pressure, it is likely that the quantum limit of BaMnBi2 could be reached with measurements in the hybrid magnet (i.e. Landau level indices approach zero).
Conclusions
Substituting different alkali earth metals (X) in a compound can play the role of providing “chemical pressure” where increasing size (i.e. larger Z) acts as a manner of “squeezing” the lattice. This appears to be true for XMnBi2 (upper-right inset) but the role of applied pressure remains to be fully clarified. 
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Fig. 1. The Hall resistance is shown as a function of magnetic at a pressure of 2.5 kbar and T ~ 1.8K.  Lower inset: An orbit frequency of ~ 18T is found from the fast Fourier transform. Upper inset (left): Fan diagram of Rxx SdH peak locations revealing a non-zero Berry phase (blue arrow). Upper inset (right): Orbit frequencies found in XMnBi2 as a function of atomic number.









