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Superconducting Topological Insulator Bi2Se3Cux: 

s-dHvA Oscillations, Weak Anti-localization, and Spin-orbit coupling 
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Introduction 

Topological Insulators (TI) host bulk insulating states together with surface and edge states that are gapless, conducting, protected by time-reversal symmetry, and closely related to the 2D integer Quantum Hall state. Spin orbit coupling provides an effective field which helps the creation of spin currents. This is the so-called quantum spin Hall Effect which does not require high fields; this could help 2D surface superconductivity survive. [1-3] Bi2Se3 is a TI which becomes superconducting at T~3.5K upon intercalation with Cu. We report magneto-conductivity experiments on superconducting and non-superconducting single crystals of Bi2Se3Cux.
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Superconducting and non-superconducting single crystals of a variety of TI systems have been grown by us at UWM. [4] We initially characterized these crystals up to 9T and down 0.35 K in a He-3 PPMS cryostat at UWM. Higher field measurements up to 18T were performed at NHMFL using a He-3 cryostat installed with the SCM2 magnet. Magneto-conductivity and Hall conductivity were measured using silver-paste contacts on freshly cleaved surfaces. 
Results and Discussion


We used the observation of an HC and a TC to confirm that superconducting properties had remained stable before and after measurements (in contrast with other reports). Magneto-conductivity measurements varying with temperature and angle of magnetic field. Fits with existing theoretical models have provided a number of analytical insights. The slope of magneto-conductivity in non-superconducting Bi2Se3Cux fits well with Weak Anti-localization (WAL) theory. We find differences in these fits between superconducting versus non-superconducting Bi2Se3Cux samples. As shown in Fig. 1, Shubnikov de Haas van Alphen (S-dHvA) oscillations are different between our superconducting and the non-superconducting samples. Additionally, our calculations of the Berry Phase yield a value of 2 in both our superconducting and non-superconducting crystals.
Conclusions
Superconducting and non-superconducting single crystals of Bi2Se3Cux are found to exhibit significant differences in high field magneto-conductivity. S-dHvA oscillations are observed above the critical field in superconducting crystals but are of a different nature. 
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Fig. 1: S-dHvA quantum oscillation frequency in Tesla for superconducting Bi2Se3Cux (blue) versus non-superconducting Bi2Se3Cux (red)





Fig. 2: Magneto-resistance in a non-superconducting single crystal of Bi2Se3Cux measured up to 18T in SCM2. Note persistence of quantum oscillations up to high temperature.












