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Introduction

For both electron- and hole-doped cuprate materials, superconductivity appears in the vicinity of suppressed broken symmetry order, suggesting that quantum criticality plays a vital role in the physics of these systems. A confounding factor in identifying the role of quantum criticality in the electron-doped systems is the competing influence of chemical doping and oxygen stoichiometry. Using high quality thin films of Pr2CuO4+-, we tune superconductivity and uncover the influence of quantum criticality without Ce substitution for Pr. We are able to observe magnetic quantum oscillations that are consistent with the presence of small hole-like Fermi surface pockets.
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Films studied in this work are 100~nm thick, grown via molecular beam epitaxy and patterned into Hall bar geometries for in-plane longitudinal and Hall resistivity measurements using four-point low-frequency techniques at temperatures to 0.3 K, using both the 65T and 100T pulsed magnets at the Los Alamos NHMFL Pulsed Field Facility.

Results and Discussion


The magnetoresistance is shown in Fig. 1 plotted versus inverse magnetic field, showing periodic oscillations with a frequency of 0.0032 1/T. Agreement with the Lifshitz-Kosevich description of the oscillating component of the magnetoresistance of a quasi-2D Fermi surface is excellent; fits are shown as gray curves in Fig. 1. From the temperature dependence of the quantum oscillation amplitudes, shown in Fig. 2, we extract quasiparticle effective masses m*=1.3 me and 0.55 me for two differently annealed samples. The sensitivity of the effect mass to sample annealing conditions suggests tunable proximity to a quantum critical point.
Conclusions

The frequency we observe is similar to that found in bulk samples of Nd2-xCexCuO4 near optimal doping concentration x, suggesting a similar ground state. Our work [1] demonstrates that MBE grown films are a new platform for studying the Fermi surface of cuprates and provide a unique method by which to cleanly tune these materials across a phase diagram without Ce doping and study the effects of nearby quantum critical points.
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Fig.1 Magnetic quantum oscillations in Pr2CuO4+- films are visible in high field magnetoresistance traces measured up 100 Tesla.





Fig.2 Suppression of the quantum oscillation amplitude with temperature in Pr2CuO4+- films.









