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Shubnikov-de Haas Oscillations of 4d Transition Metal Pentatellurides
Kim, J.H. (Kyungpook N.U.); Ok, J.M.; Kim, J.S. (POSTECH) and Jo, Y. (Kyungpook N.U)
Introduction 

Recently, unconventional Dirac electronic states characterized by intrinsic chirality of (psuedo) spins have attracted a lot of interest. Among various Dirac materials, ZrTe5 was recently proposed as a Dirac semimetal, which has a small and anisotropic Fermi surface at low temperatures. When time reversal symmetry is broken by applied magnetic fields, spin-degenerate Dirac point splits into two Weyl nodes, which causes unusual transport properties such as negative longitudinal resistivity due to chiral anomaly. Furthermore, in such a low-electron-density material, it is possible to force all electrons to occupy the lowest Landau levels at experimentally accessible high magnetic field. Thus ZrTe5 can be a model system to investigate how the chiral fermions behave at the extreme quantum limit. 

Experimental 
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Single crystals of ZrTe5 were grown by chemical vapor transport methods. X-ray diffraction and energy dispersive spectroscopy confirm the high crystallinity and also the right stoichiometry. The in-plane and out-of-plane transport properties were measured in magnetic fields up to 31 T in Cell 9 and also in SCM 2 at NHMFL.
Results and Discussion


In our last electrical transport measurements on ZrTe5, we observed clear quantum oscillations and extremely large magnetoresistance beyond the quantum limit. In addition, we observed signatures of phase transition related to Landau level depletion. As shown in Fig. 1, clear Shubnikov-de Haas oscillations with frequency of 3.8(1) T. Quantum limit is easily reached with pulse magnetic field. At temperatures lower than T = 8.6 K we also see Zeeman splitting of 1st Landau level and additional splitting 2nd Landau level at the base temperature T = 0.5 K. The corresponding Fermi surface extremal cross section along the b-axis crystal is extremely small, only ~ 0.05 % of the ac-plane Brillouin zone. The tiny Fermi surface gives rise to unusually large magnetoresistance reaches up to 3000 % at H = 31 T due to large cyclotron frequency. Besides the Shubnikov-de Haas oscillations, we also see a sudden decrease in the longitudinal resistance. This feature is a clear indication that the system enters the quantum limit. 

Conclusions

When magnetic field is precisely aligned along the current direction, the negative longitudinal magnetoresistance (MR) appears as shown in Fig. 1(d). The negative longitudinal MR has been considered as a signature of chiral anomaly in Weyl metals. In the preliminary angle dependence in our previous measurements up to 18 T, we found that the negative magnetoresistance is extremely sensitive to tilted angle between magnetic and electric fields. Only in the small window of tilted angle ~ 2o, we detected the negative longitudinal MR, which is consistent with the fact that the main origin for the negative MR is the chiral anomaly effect. However, due to the highly anisotropic FS, it was not able to drive the system close to the quantum limit in this field direction. Further experiments at higher magnetic fields are highly desirable.  
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Fig. 1 (a) Magnetic field dependence of resistivity for ZrTe5 at various temperatures. (b) Subnikov-de Hass oscillations extracted from (a). (c) FFT analysis results for the SdH results in (b). (d) Longitudinal magnetoresistance of ZrTe5at 0.4 K near H//I//a. 








