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Observation of Quasi-Two-Dimensional Dirac Fermions in ZrTe5
Yuan, X.; Zhang, C.; Liu, Y.; Yan, H. and Xiu, F. (Fudan Uiveristy, Physics)

Introduction

Since the discovery of graphene, layered materials have attracted extensive interest owing to their unique electronic and optical characteristics. Among them, Dirac semimetals, one of the most appealing categories, has been a long-sought objective in layered systems beyond graphene. Recently, layered pentatelluride ZrTe5 was found to host signatures of Dirac semimetal. However, the low Fermi level in ZrTe5 strongly hinders a comprehensive understanding of the whole picture of electronic states through photoemission measurements, especially in the conduction band. Here, we report the observation of Dirac fermions in ZrTe5. 
Experimental


High-quality ZrTe5 single crystals were synthesized by iodine vapor transport method in a two-zone tube furnace. Magneto-optics measurements were measured using Faraday geometry at SCM-3 in national high magnetic field lab.
Results and Discussion


External magnetic field leads to the Landau quantization of Bloch electrons, which enables us to probe the band structure and carrier dynamics in ZrTe5. A sqrtB-dependence of inter-Landau-level resonance is observed, indicating a linear band dispersion. Owing to the high electron mobility and low Fermi level, we are able to detect the Shubnikov-de Haas (SdH) oscillations close to the quantum limit, from which a non-trivial Berry phase is obtained. Both of them are well-established signatures for ultra-relativistic quasi-particles in crystals. Furthermore, the angular-dependent magneto-transport reveals a quasi-two-dimensional Fermi surface. A striking anisotropy is witnessed in the band dispersion characteristics along different crystal orientations, and along the b-axis (the layer-stacking direction), a carrier mass heavier than that of the free electron suggests a non-linear dispersion. 
Conclusions

We confirm the existence of Dirac fermions in bulk ZrTe5 by magneto-optics and SdH oscillations. Angular-dependent quantum oscillations reveal a quasi-2D nature of the Dirac fermions, which is further supported by the bulk quantum hall effect and the angle-dependent Berry phase at low fields. Theoretical analysis implies that the system is at the critical point between the Dirac semimetal phase and the topological insulator phase. The unusual interlayer dispersion characteristics, low Fermi level, and van der Waals structure demonstrate ZrTe5 as an intriguing system for both the fundamental studies and device applications.
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Fig.1 Dirac fermions in ZrTe5. a, sqrt-B relation of cyclotron resonance. b, highly-anisotropy cyclotron mass.








