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Quantum Oscillations in the High Pressure Metallised Mott Insulator NiS2
Grosche, F.M.; Chang, H.; Baglo, J.; Semeniuk, K. (U. Cambridge UK, Cavendish Laboratory); Friedemann, S. (U. Bristol UK, HH Wills Laboratory); Grockowiack, A.; Coniglio, W. and Tozer, S. (NHMFL Tallahassee)

Introduction
The cubic system NiS2 can be tuned through a Mott metal-insulator transition at applied pressures of about 3 GPa. We have grown single crystals of NiS2, which display residual resistivities of less than 1 cm in the metallic state above 3GPa. In order to optimise signal to noise performance in anvil cell high pressure measurements, we have combined a microcoil in the sample space with a tank circuit oscillator circuit. Using this setup, Shubnikov-de Haas oscillations can be observed indirectly by tracking the tank circuit resonance frequency. With this technique, we have been able to observe quantum oscillations in high pressure NiS2 on a 31 T magnet system at Tallahassee in 2014, with a frequency of about 6kT [1]. DFT calculations attribute this frequency to a large, cubic hole pocket in the center of the Brillouin zone. The main objective of the May 2016 experiment was to collect angle dependent data, in order to resolve key features of this Fermi surface sheet. Figure 1: High pressure anvil cell mounted for rotation studies
Figure 2: Quantum oscillations observed in NiS2 at 55 kbar at base temperature over a range of rotation angles.


Experimental 
The microcoil with a diameter of <0.3 mm is located in the gasket hole of a miniature plastic turnbuckle diamond anvil pressure cell, which is mounted on a rotator (Fig. 1). This, together with a tunnel diode oscillator circuit, was attached to the low temperature stage of a helium-3 insert. Wiring the microcoil as the tank circuit inductance, we have obtained stable oscillations near 416 MHz at NHMFL Tallahassee. Measurements were performed in a 3He cryostat in the 35T magnet of cell 12. 

Results and Discussion
Quantum oscillations near 6 kT frequency, corresponding to a large orbit of the main (cubic) Fermi surface sheet [1] were observed clearly at a pressure of 55 kbar. This has enabled a detailed rotation study (Fig. 2), which suggests that the shape of the main Fermi surface sheet is roughly consistent with expectation from DFT calculations but more isotropic. 

Conclusions
	A rotation study in pressure metallised NiS2 has been carried out successfully, demonstrating that detailed electronic structure measurements at pressures above 50 kbar are possible with this technique. The data is qualitatively consistent with DFT calculations, which attribute these oscillations to a nearly cubic hole sheet in the center of the Brillouin zone. This represents a big step towards resolving fully the Fermi surface structure of high pressure NiS2, and it motivates similar studies in other materials in which the electronic excitation spectrum under high pressure is of interest.
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