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π Berry phase and Zeeman Splitting of Weyl Semimetal TaP
Hu, J.; Liu, J.Y.; Mao, Z.Q. (Tulane U. Physics); Graf, D. (NHMFL); Chiorescu, I. (NHMFL & FSU, Physics); Radmanesh, S.M.A. and Spinu, L. (UNO, Physics)
Introduction

The chiral anomaly-induced negative magnetoresistance (MR) and π Berry phase are fundamental properties of Weyl semimetals. Since monopnictide Weyl semimetals are multiple-band systems [1-2], resolving clear Berry phase for each Fermi pocket remains a challenge. Through magnetotransport studies under high magnetic fields, we determined Berry phases for multiple Fermi pockets for TaP. In addition, we also probed signatures of Zeeman splitting, from which the Landé g-factor is extracted [3].
Experimental


The TaP single crystals were synthesized by chemical vapor transport method. The high field magnetoresistance and Hall effect measurements were performed using the 31T resistive magnet in the DC field facility at NHMFL.
Results and Discussion


In our high field transport measurements on TaP single crystals, we observed extremely large transverse MR ~106% at 31T and 1.6K (Fig. 1a) as well as Shubnikov-de Hass (SdH) oscillations. With field applied parallel to current (B//I), TaP exhibits negative MR up to high temperatures (Fig. 1b), consistent with the chiral anomaly effects expected for a Weyl state. Given that multiple Fermi pockets involved in quantum transport in TaP as indicated by the FFT analysis of SdH oscillations, it is difficult to extract Berry phase for electrons in each Fermi pocket using the conventional Landau Level index diagram method. We employed an alternative approach, i.e., the generalized Lifshitz-Kosevich (LK) formula for a multiband system to fit the SdH oscillations (Fig. 1c). From the fitting we have obtained π Berry phase for multiple Fermi pockets. In addition, we have observed clear Zeeman splitting in the high field measurements (Fig. 1c), from which we have obtained the g-factor of 2-2.9 for for α and/or β Fermi pockets, and 5.5 - 6.7 for η and/or γ Fermi pockets. 

Conclusions

We show our TaP single crystal has the signatures of a Weyl state, including light effective quasiparticle masses, ultrahigh carrier mobility, and chiral anomaly effect. For the first time we have obtained π Berry phases accumulated along their cyclotron orbits for multiple Fermi pockets, and determined the g-factor for TaP [3]. 
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Fig.1 a) Transverse (B(I) and b) Longitudinal (B//I) MR of TaP. c, Fitting of SdH oscillations at 1.6K and 10K to the generalized LK model. d, Zeeman splitting of longitudinal (Δ(xx) and Hall resistivity (Δ(xy). Δ(xy at each temperatures has been shifted for clarity.









