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Quantum Oscillations of a Novel Non-centrosymmetric Superconductor
Kikugawa, N. (NIMS Japan); Terashima, T. (NIMS, Japan); Graf, D. (NHMFL) and Choi, E.S. (NHMFL) 
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Quantum oscillation measurements are a powerful technique often used to determine the detailed topology of a Fermi surface. The oscillation signal provides us with precise and essential information of quasi-particle excitations that dominate the intrinsic physical properties. In this experiment (Fall 2016), we applied quantum oscillation measurements to a non-centrosymmetric superconductor without f electrons. The lack of inversion symmetry results in a novel superconducting state, namely a singlet-triplet (parity) mixed pairing state. The unusual superconducting phenomena such as the helical vortex state originating from the parity mixing or the anti-symmetric spin-orbit interaction have been proposed [1]. The recent achievement of single-crystal growth of the material enables us to study in detail, in particular, while focusing on the relation between the anti-symmetric spin-orbit interaction and the superconductivity without the contribution of magnetic f electron character. In this study, we examined the quantum oscillation measurements of the material up to 35 T. 
Experimental 

High quality single crystals were grown by a conventional flux method. After cutting the crystals along the principle axes, we measured the magnetic torque using AFM micro-cantilevers. The typical sample size was 0.2 mm x 0.15 mm x 0.05 mm in order to avoid “torque interaction” which originates from flexing the cantilever too far. The measurements were performed using the Cell 12 resistive magnet (35 T) combined with a 3He cryostat at the NHMFL. Since the probe used had a single-axis rotation, we were able to rotate the sample platform in the magnetic field in order to examine angular dependence of the quantum oscillations.
Results and Discussion
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In Fig. 1, we show typical quantum oscillations of the non-centrosymmetric superconductor along the field near a principle axis breaking inversion symmetry. Several oscillations, reflecting a multi-band system, were successfully observed. The FFT of the oscillation shown in Fig. 2 might suggest split frequencies. Our angular study strongly suggests the system is three-dimensional. The quasi-particle masses are deduced around 1 m0, where m0 represents the bare electron mass. 
Conclusions

We have succeeded in detecting the quantum oscillations of a non-centrosymmetric superconductor. In addition to the multi-band system, the splitting frequencies might reflect the anti-symmetric spin-orbit interaction. 
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Fig.1 Quantum oscillation of a novel non-centrosymmetric superconductor. 





Fig. 2 The FFT spectrum of the quantum oscillation of Fig. 1 









