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Quantum Oscillations in the Type-II Dirac Semimetal: NbAl3
Chen, K. –W., Lian, X., Chiu, Y. –C., Aryal, N., Lan, W., Lai, Y., Graf, D. (NHMFL); Manousakis, E. (FSU); Balicas, L. and Baumbach, R.E. (NHMFL)


Introduction 
	Recent work shows that MAl3 (M = V, Nb and Ta) are type-II topological Dirac semimetals with a pair of strong Lorentz-violating Dirac nodes [1]. Quantum oscillations play an important role in the studies of topological materials. We report on a de Haas-van Alphen oscillation study of NbAl3. From the angular-dependence of the quantum oscillations of NbAl3, the geometry of the Fermi surface is identified and found to be consistent with first-principle calculations. The Dirac point is located above the Fermi level by about 230meV.  

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 applied magnetic field. Four point electrical resistivity measurements were measured by using a SR830 lock-in amplifier with a Keithley 6221 as the current source. Measurements were performed up to magnetic fields of H = 18 and 31 Tesla in SCM2 and Cell 9, respectively at the National High Magnetic Field Laboratory, Tallahassee. 

Results and Discussion
	There are two tilted Dirac cones along the Z-Γ-Z line in the first Brillouin zone and the Dirac point is at the touching point between the electron and hole cone at a constant Fermi energy plane. For the hole pocket, the minimum orbit T and the effective mass  the maximum orbit T and , where  is the free electron mass. For the electron pocket, the frequency T and the effective mass is about 1.59 .

Conclusions
	The experimental result is consistent with expectations from density functional theory band structure calculations. All of the pockets are found in the dHvA and SdH oscillations and the geometries of the Fermi surfaces agree well with the calculation. The location of the type-II Dirac point is identified as 230meV above the Fermi level.
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[bookmark: _GoBack]Fig. 1. (a) Fast Fourier transforms of the dHvA signals at the angle  Inset: Oscillatory torque as a function of 1/B (b) Cyclotron frequency F as a function of angle . Open and closed symbols refer to SdH and dHvA data. Solid lines are calculations from the extremal orbits. 
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