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Weyl Semimetals TaAs, NbAs, TaP and NbP: Fermi Surface, Anomalous Hall Effect and Magnetotransport 
Zhang, Q.R. (NHMFL); Rhodes, D. (NHMFL); Zeng, B. (NHMFL); Chen K.W. (NHMFL); Baumbach R.E. (NHMFL), Besara, T. (NHMFL); Siegrist, T. (NHMFL and FSU Engineering), Alidoust, N. (Princeton); Hasan, M.Z. (Princeton) and Balicas, L. (NHMFL)
Introduction 

Weyl semimetals are expected to open up new horizons in physics and materials science because they provide the first realization of Weyl fermions and exhibit protected Fermi arc surface states. However, they had been found to be extremely rare in nature. A series of photoemission experiments have claimed the existence of linearly dispersing bands in the bulk, and the existence of surface states in agreement with the prediction of Weyl Fermions in these systems [1].
Experimental  

We performed both torque magnetometry and magnetotransport measurements in NbP, TaP, NbAs and TaAs grown both at the NHMFL and by the collaborators of M. Z. Hasan at Princeton U. Measurements were performed both in cell 12 and in the hybrid magnet.

Results and Discussion

Fig. 1 displays an example of the collected, in this case for TaP, and for only one field orientation.
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Fig. 1. Left panel: (a) Resistance R as a function of the field H applied along the c-axis for a TaP single-crystal. At higher fields one observes sharp dips (vertical red dashed lines) in the resistance which, as seen in panel (b), coincides with abrupt changes in the Hall signal. (c) Anomalies are also observed in the magnetic torque. (d) Oscillatory or the de Haas van Alphen signal superimposed onto the magnetic torque for fields below 10 T. (e) Fast Fourier transform of the oscillatory signal indicating very small frequencies, or Fermi surface cross sectional areas, with a main peak at ~16 T. (f) Amplitude of the FFT peak observed at 16 T as a function of the temperature. Red line is Lifshitz-Kosevich fit, yielding an effective mass of (0.15 0.01) m0, where m0 is the free electron mass. (g) Dingle plot of the oscillatory component, yielding a Dingle temperature of TD ~0.12 K which would correspond a to a carrier mobility approaching 1.5 cm2/Vs. Hence, the samples are of extreme high quality albeit not being stoichiometric.
Conclusions

These materials seem to crystallize in an off stoichiometry composition, hence in some compounds such as NbP we observe large Fermi surfaces which contrast with band structure calculations. We also find evidence for phase transition(s) upon approaching the quantum limit of these systems.
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