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Probing the Electronic State in the Strong Topological Metals Zr2Te2P, Hf2Te2P, Zr2Te2As and Their Structural Analogue Ti2Te2P
Chen, K.–W. (NHMFL); Aryal, N. (NHMFL); Das, S. (NHMFL); Graf, D. (NHMFL); Memaran, S. (NHMFL); Zhang, S. (NHMFL); Balicas, L. (NHMFL); Manousakis, E. (NHMFL) and Baumbach, R.E. (NHMFL)
Introduction 

Recent work shows that Zr2Te2P is a strong topological metal with time reversal symmetry protected surface Dirac cones at the Γ and Μ points, bulk hole pockets at the Γ point and conventional (quadratically dispersing) electronic bands surround the M points. We measured the quantum oscillations of the topological metals Zr2Te2P, Hf2Te2P, and Zr2Te2As to explore the Fermi surface electrons to unravel their possible topological behavior.
Experimental 

Single crystals were glued on the tip of a piezoresistive cantilever, where the torque was measured as a change in the resistance of the cantilever that is induced through stress when the sample is deflected by the magnetic field. Measurements were performed up to magnetic fields H = 35 Tesla in cell 12 in National Magnetic Field Laboratory, Tallahassee. Detailed measurements will be reported in Ref. 3.  
Results and Discussion


For Hf2Te2P, we measured three pockets based on the frequencies of the quantum oscillations. The α-orbit with frequency Fα=170 T can be fitted as an ellipsoid pocket with ka = kb = 0.22 nm-1, kc = 0.73 nm-1. The β-orbit frequency Fβ=149 T is a cylindrical pocket with a belly Fγ~149 T. The δ-orbit is from the large electronic Fermi surface sheets and F δ = 5000 - 6000 T which is also quasi two-dimensional. We also saw the quantum oscillations of Zr2Te2P and Zr2Te2As. We have analyzed the effective masses and Berry’s phase of the orbits. They shows light effective masses (the smallest mass is α-orbit in Zr2Te2P which is only 0.046 free electron mass.) and nontrivial Berry’s phases.[3] 
Conclusions

The small effective masses and the nontrivial Berry’s phases indicate that some of the the bands of M2Te2X (M=Hf, Zr and X=P, As) may have a topological character. This result is consistent with expectations from density functional theory band structure calculations.[3] Thus, we find that Zr2Te2P, Zr2Te2As, and Hf2Te2P are likely some of the first “topological metals.”
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Fig. 1. (a) Magnetic torque measured at the temperature T=350 mK for Hf2Te2P plotted as a function of magnetic fields B for various angles ɵ. (b) Fast Fourier transform of the dHvA signal as a function of the cyclotron frequency F for -40o < ɵ < 90o.












