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Introduction

Access to pulsed magnetic fields has meant that quantum oscillation measurements could be realized in the high-temperature copper oxide superconductors. This has allowed, among other important results, the complete description of the Fermi surface of underdoped YBCO [1].

One of the biggest obstacles for quantum oscillation measurements is sample quality. We identified high-quality single crystals of YBa2Cu3O6+x, which revealed significantly improved quantum oscillations compared to previous measurements.
Experimental


Single crystals were grown by the flux method, followed by an optimised crystal preparation process. Resistivity (R) and magnetization were measured as a function of magnetic field B in the 65 Tesla multi shot magnet at the NHMFL-LANL. Resistivity of single crystals was determined using the established proximity detector oscillator method, while magnetization was measured by piezoresistive torque magnetometry on extremely small cleaved samples.
Results and Discussion


Screening of multiple crystals in high magnetic fields, and improvements in measurement sensitivity, showed a significant improvement in quantum oscillations compared to previous measurements [1]. We compared the derivative of the resistance for the current and previous samples scaled to have the same oscillation amplitude at infinite magnetic field. The comparison reveals the significantly higher quantum oscillation amplitude from the new generation of samples from low magnetic fields, and a clear sawtooth-like waveform at high magnetic fields. Fourier transform of the quantum oscillations in the new samples reveals a very high harmonic content, representing a significant improvement over the previous samples – also indicated by the lower Dingle temperature, which is given by the slope fitted to the harmonic peaks.

Saw-tooth like quantum oscillations are a trademark signature of 2D Fermi gases. The waveform of the observed quantum oscillations reveals unprecedented detail, paramount for accessing 2D physics in the copper oxides.
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