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Tilted Magnetic Field Study of ZrTe5
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Introduction
ZrTe5, a topological semimetal, has recently attracted great attention due to its extraordinary electronic properties [1-4]. Extensive studies have been carried out in ZrTe5 on their charge transport properties. However, there are few studies on their spin properties. One well-developed technique to study spin degeneracy of a Landau level (LL) in a two-dimensional system is by tilting magnetic field. It is known that the Landau level energy is proportional to the magnetic field normal component while the Zeeman energy scales with the total magnetic field. Therefore, these two energy scales can be tuned relatively to each other in a tilted magnetic field. 
Experimental


The electrical transport measurements were performed in SCM1 dilution refrigerator at the base temperature of T ~ 20 mK. A standard low-frequency lock-in technique is used to measure the magneto-resistance. Angular-dependent measurements were carried out on a rotary stage. The tilt angle θ was varied from 0 to 90°.
Results and Discussion
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Shubnikov-de Haas (SdH) oscillations arising from Dirac fermions were observed in the longitudinal resistance Rxx of ZrTe5. In Fig. 1a, the oscillation extrema move to higher magnetic field systematically with increasing tilt angle θ due to the 2D nature of Dirac fermions. Moreover, the N=2 quantum oscillation was observed for the first time. However, the crossing events of spin-resolved LLs are absent in our experiment, as shown in Fig. 1b. It is not known to us at the present time whether this is due to a strongly anisotropic g-factor. Higher magnetic fields are needed for further studies.
Conclusions

We have studied the tilted magnetic field dependence of the Dirac electrons in ZrTe5 up to 18T and no LL crossing behavior was observed.
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Fig.1 (a) SdH oscillations in tilted magnetic field. Rxx is plotted versus magnetic field. The arrow labels Landau level N = 1. (b) Contour plot of dR2xx/d2B with respect to tilt angle θ and total magnetic field B. The dashed line guides the evolution of LL N = 2.








