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Introduction 

Intense research focus has recently keyed in on the monopnictides – a class of candidate 3D Weyl semimetals.  Similar to graphene, Weyl semimetals support linear band crossings in momentum space.  Broken inversion symmetry and spin-orbit coupling in a Weyl system splits the otherwise-degenerate spin-up and spin-down Dirac nodes into two Weyl points that are characterized by a right- and left-handedness (chirality).  Slight perturbations to these materials do not lead to gapping at the Weyl points, offering a robust means for the study of Dirac fermions in three dimensions.  Weyl semimetals are expected to host exotic phenomena such as topological Fermi-arc surface states and an unconventional negative magnetoresistance1.  Here we measured the longitudinal and transverse resistivity in the quantum limit of NbP to search for an experimental signature that characterizes a Weyl state.

Experimental 

Experimental challenges have hindered evidence for Weyl physics in transport measurements.  In particular, the additional presence of trivial (non-Weyl) sections of Fermi surface can overwhelm any response that may be due to the Weyl pockets. Thus, we use high pulsed magnetic fields to 70 T to try to isolate the response from the linear zeroth Landau levels at the Weyl nodes.  Secondly, magnetic fields in high mobility systems such as NbP can lead to an inhomogeneous current distribution within the sample.  Such behavior has previously lead to false reports of an observed negative magnetoresistance as evidence for a Weyl state.  To overcome the possibility of inhomogeneous current effects, we micro-fabricated transport devices with well-defined geometries using the focused-ion beam (FIB).  This had the added benefit of precise alignment of voltage contacts for longitudinal and hall resistivity measurements (Figure 1a).  
Results and Discussion


The temperature dependence of the longitudinal and transverse magnetoresistance was measured up to 70 T with current parallel to the a-axis and magnetic field applied along the c-axis (Figure 1b).  Quantum oscillations reflecting multiple electron and hole pockets are observed up to approximately 32 T, in agreement with earlier reports2 as well as our previous measurements on a bulk NbP crystal.  Above 32 T, we observe a roughly constant longitudinal conductivity with increasing magnetic field, which may be a signature of electrons confined to the last Landau level of a Weyl pocket.  These results provide a successful demonstration of FIB microstructuring to precisely control the current path in 3D semimetals, inviting a closer look into the high-field behavior of Dirac fermions.    
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Fig.1 (a) FIB micro-structured NbP device for current parallel to the a-axis and field parallel to the c-axis to measure longitudinal and Hall resistivity. (b) ρxx and ρxy as a function of magnetic field for temperatures ranging from 0.6 to 100 K. 





10µmm









