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de Haas-van Alphen Effect in Weyl Semimetal TaP 
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Introduction

Weyl fermion, a fundamental particle, are theoretically predicted in four compounds TaAs, NbAs, TaP and NbP recently [1,2]. This long-term searching particle was finally ‘seen’ by angle-resolved photoemission spectroscopies (ARPES) in a small crystal TaAs [3,4] soon after the theoretical prediction. The four compounds host Weyl fermions near the band contacting points (Weyl nodes) belong to a non-centrosymmetric crystal type. In light of their semimetal properties, all the four compounds have relatively small Fermi surface and subsequent low carrier concentrations, making this system extremely suitable for quantum oscillation measurements.
       We have measured many transport properties of the four compounds in low magnetic fields and many exotic features are observed and subsequently explained by theories. The extension to high fields is very natural based on the exciting results in low field regime. The high-field measurements on TaP show an unexpected anomaly beyond the quantum limit on the Hall resistivity curve. These unexpected findings cannot be simply explained by all existing theory, calling for more fine experimental probes to testify and shed insightful light on the origin of that anomaly beyond quantum limit.  De Haas-van Alphen effect as another famous type of quantum oscillation, probing the magnetization information of the electrons on varied band structures, shows the free energy change of electrons under the Landau quantization in external magnetic field. More properties of Weyl fermions will be revealed by the probe adopt de Haas-van Alphen effect.
Experimental 


The magnetization measurement was performed on two single crystals of TaP with sizes about 0.7mm*0.48mm*0.11mm. By a pickup-coil method, the magnetic susceptibility of TaP was measured up to 25T in a short pulse magnet for two samples along a and c axis respectively. 
Results and Discussion


Fig.1 shows our main results of our last experiment in NHMFL.  The magnetization shows strong quantum oscillations and Fermi surface is around 18T. We have observed single, double and even up-to fourth order of dHvA oscillations for this frequency. The first-step measurement confirmed our analysis on the SdH oscillations of TaP. But the magnetization signal beyond the quantum limit was not resolved due to a large noise.
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Conclusions

The TaP is suitable for magnetization measurements. Because of the large noise in higher field, we did not pushed the field beyond the quantum limit and acquired high-quality data simultaneously. The analysis of the oscillations below 20 T is consistent with the transport measurements while the further study on the high-order frequencies are going now.
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Fig.1 (A) M.verus B in TaP; (B) Magnetic susceptibility versus inversed field shows periodic oscillations.
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