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Solving the Ground State Phase Diagram of an Anisotropic Spin-1/2 Triangular AFM
Steinhardt, W., Shi, Z., Popovic, B. (Duke); Graf, D. (FSU/NHMFL); Haravifard, S. (Duke)
Introduction 

YbMgGaO4 (YMGO) has been proposed to be the first candidate system for Quantum Spin Liquid (QSL) state with strong spin-orbit coupling and odd number of electrons per unit cell, where the effective spin is described by a Kramers doublet and a large crystal electric field gap. A multitude of experimental techniques and theoretical studies have sought to probe the phase diagram of YMGO and elucidate the nature of its ground state. Notably no magnetic ordering has been reported at temperatures as low as 50 mK [1-3]. Understanding of YMGO has been further refined by focus on the effects of site-mixing between non-magnetic Mg2+ and Ga3+, which amounts to a frozen disorder on the lattice [4]. Further explorations of the phase diagrams of YMGO are an essential means of probing the true nature of the ground state, which we identify as disordered due to the combination of thermal fluctuations and disorder of exchange interactions and g-factors.  
Experimental 

High-sensitivity measurements were achieved with the complimentary tunnel diode oscillator (TDO) technique and cantilever torque magnetometry at fields as high as 18 T and temperatures as low as 350 mK. The experiments were performed at DC Field facility. 
Results and Discussion
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We plot in Fig. 1 the results obtain from ultra-sensitive TDO technique, where we see an anomaly emerging as function of field at low temperature. Comparison to cantilever torque magnetometry data confirms the observation of a plateau-like feature as function of field. The plateau gradually softens with increasing temperature until it vanishes near 4 K, corresponding to the destruction of magnetic structure by thermal fluctuations.  We rotated the sample through a series of angles between applied field parallel and perpendicular to the sample c axis in both TDO and cantilever measurements, corresponding to the applied field perpendicular and parallel to the planes of magnetic ions, respectively.  The greater prominence of the feature in both the TDO and cantilever measurements with applied field perpendicular to the c axis when compared to the for field parallel to the c axis is consistent with easy-plane anisotropy.
Conclusions

The TDO and cantilever magnetometry results exhibit a field-driven characteristic plateau, potentially attributed to the 1/3 of the saturation value, which is more pronounced for field perpendicular to sample’s c axis configuration due to the easy-plane anisotropy. This plateau phase is a true quantum mechanical signature as quantum fluctuations favor collinear configurations.
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Fig.1 Dynamic susceptibility versus applied field plots - df/dH α dM/dH - show the dependence of the anomaly on the angle the applied field and the sample c axis.  Plots offset for clarity. (inset) Cantilever torque measurements confirm the field and angle dependence of the anomaly.














