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Fermi-arc Quantum Oscillations in the Dirac Semi-Metal Cd3As2
Nair, N.; Hayes, I. (UC Berkeley, Physics); Moll, P. (Max Planck Institute for Chemical Physics of Solids) and Analytis, J. (UC Berkeley, Physics)
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Three dimensional Weyl and Dirac semimetals are a recently discovered class of materials that have generated a great deal of interest in the condensed matter community due to their unique electronic properties. These topological materials contain protected bulk band crossings known as Weyl or Dirac nodes. As a result, charges in these systems mimic massless relativistic particles, giving rise to new and exotic transport phenomena. In addition, topologically protected Fermi arc surface states are predicted to exist on the surfaces of Weyl and Dirac semimetals connecting the projections of Weyl/Dirac nodes of opposite chirality. These states are unique in that electrons in them are protected from backscattering and they are paired with the corresponding Fermi arc surface states on the opposite side of the material. This pairing between opposite Fermi arcs allows for a unique quantum orbit to occur, which leads to field-induced oscillations of the electronic density of states and dependent material properties such as the resistivity, akin to the Shubnikov de Haas effect. In the presence of a magnetic field, electrons experience a Lorentz force that drives them along the Fermi arc on one side of the sample, then through the bulk of the sample to the corresponding Fermi arc on the other side. The process then repeats itself, forming a closed loop [1]. The resulting oscillations in device resistivity were recently measured in microstructured samples of Cd3As2 [2]. The goal of our NHMFL experiment was to measure the quantum oscillations from this Fermi arc surface state orbit in the high field limit. 
Experimental


In order to measure the surface states, high quality single crystals of Cd3As2 were microstructured using a focused ion beam (FIB) into thin hall bar geometries. These samples were measured in a 65T pulsed magnet at the Pulsed Field Facility at Los Alamos National Laboratory. Although a bulk and (likely) surface frequency were observed in the quantum oscillation spectrum, the surface frequency did not exhibit the characteristic 1/cos(() angle dependence that has been observed in low-field experiments. 
Results and Discussion


We did not observe the 1/cos(() angle dependence that is characteristic of surface states. We did, however, observe a second frequency that is consistent in magnitude with what has been observed in low field measurements and does not appear in measurements of bulk crystals. We are searching for physical mechanisms that might cause the angular dependence to deviate from the expected behavior. We are also fabricating new FIB microstructured Cd3As2 samples, in case a sample quality issue is causing this behavior.  
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Fig.� SEQ Figure \* ARABIC �1�: (a) The angle dependence of the quantum oscillation spectrum showing a surface and bulk frequency. (b) The surface state frequency shows a characteristic 1/cos(() dependence.









