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Kondo Insulators under High Hydrostatic Pressure
Goddard, P.; Blackmore, W.; Ciomaga Hatnean, M.; Balakrishnan, G. (University of Warwick, UK); Singleton, J. (NHMFL LANL); Tozer, S.; Coniglio, W.A. and Grockowiak, A. (NHMFL Tallahassee)
Introduction 
Kondo insulators remain the focus of research interest because of the competition between itinerant and localized quasiparticles, as well as the developing understanding of topology in quantum states of matter and the potentially exotic surface states that could form as a consequence [1]. SmB6 has been extensively studied [2], but remains intriguing. While it is known to be a bulk insulator, recent experiments have found de Haas-van Alphen (dHvA) oscillations in torque magnetometry measurements, implying the presence of a Fermi surface that is very similar to that observed previously in similar, but conducting hexaborides [3]. It is not yet fully understood how quantum oscillations can be observed in the bulk magnetization of SmB6, while resistivity simultaneously indicates that the material is insulating, although the presence of a residual density of states at the Fermi surface has been suggested.
Experimental Details

The contactless radio frequency technique is a well-known method for measuring Shubnikov-de Haas oscillations in metallic systems; while in insulating systems it has been shown to be sensitive to changes in magnetic susceptibility [4] and hence could be used to measure dHvA oscillations. We recently measured small, oriented single crystals [5] of SmB6 using this technique in the short pulse magnets at NHMFL-LANL at pressures above and below the critical point at which the Kondo gap is expected to close and bulk metallic behavior restored.

A plastic turnbuckle diamond anvil cell, 8.75 mm in diameter x 11 mm in length, was used to generate pressures to 11.5 GPa for this study.  A 3-turn, 100 µm ID coil, part of an LC RF resonant tank circuit driven by a tunnel diode oscillator (TDO), was placed into the hole of a nonmetallic gasket to detect the signal from the SmB6 crystal, 60 x 60 x 17 µm3.  Custom TDO electronics, data acquisition equipment, and plastic 3He refrigerators developed at NHMFL/TLH were used to achieve ppm signal to noise levels.
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Conclusions
While no strong evidence for quantum oscillations were found in these measurements, an in-depth comparison of the datasets is underway in order to determine the critical pressure for the closing of the gap, which will feed into forthcoming DC field experiments. We note that data was successfully taken at 11.5 GPa, which was hitherto an unattainable pressure for pulsed magnetic field experiments.
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Fig. � SEQ Fig. \* ARABIC �1� Tunnel diode oscillator frequency of SmB6 at 11.5 GPa and 408 mK. Inset: Residual after subtracting MHz scale background. TDO noise is ~1 ppm of oscillator frequency; Vibration noise is ~10 ppm.









