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Evolution of Weyl-orbit and quantum Hall effect in Dirac semimetal Cd3As2
Zhang, C., Yuan, X., Liu, Y.W. and Xiu, F.X. (Fudan Univ., Physics)

Introduction

In Weyl semimetals, a new type of cyclotron orbits will emerge due to the open Fermi arc surface states. This novel Weyl orbit, containing Fermi arcs that are separated at different surfaces and a tunneling process in real space, is significantly different from the traditional understanding of cyclotron orbits. Near quantum limit, many interesting phenomena will arise due to the interplay between Fermi arcs and bulk chiral mode. 
Experimental


In our recent experiments in MagLab (SCM2 and Cell 9), we measured the magnetoresistance and Hall effect of Cd3As2 nanoplates. We are able to detect quantum oscillations in almost every sample measured, suggesting the high sample quality. And more interestingly, the quantum Hall effect from surface states is observed in low Fermi level samples.
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Results and Discussion


In this study, we detected the evolution of two-dimensional surface transport and quantum Hall effect of Dirac semimetals when approaching the quantum limit based on a series of Cd3As2 nanoplates. By decreasing the Fermi level, we observed a transition from the coexistence of bulk and surface quantum oscillations to surface-dominant transport under out-of-plane magnetic field. Further increasing the field drives the system into the quantum Hall state. Figure 1 shows the magnetotransport data of one of the measured Cd3As2 nanoplates. Clear quantum oscillations with multiple frequencies were observed, which was dramatically different from that of the bulk Cd3As2 crystals due to the additional quantum oscillations from surface states. Importantly, apart from the mixed quantum oscillations, we further observed the quantum Hall effect from surface states as shown in Fig. 1a. We also extracted the Landau fan diagram based on the oscillation peak position in the inset of Fig. 1b to determine the Landau level index. 
Conclusions

When lowering the carrier density, the surface state gradually dominates the transport under perpendicular magnetic field, which further develops into an unconventional quantum Hall state. Our work reveals a potentially new quantum Hall state in three-dimensional topological semimetals.
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Fig.1 Quantum Hall effect in Cd3As2 nanoplate. (a) Magnetic field dependence of Rxx (blue) and Rxy (red). (b) Rxx (blue) and Rxy (red) as a function of 1/B. The red dash lines give the original LL positions assuming no splitting. The inset is the Landau fan diagram, which provides the Landau level index N for each oscillation peak.








