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Phase Transitions Induced by Pressure and High Magnetic Field in SrCu2(BO3)2
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Introduction 

We investigated the phase diagram of SrCu2(BO3)2 (SCBO) as a function of magnetic field, pressure, and temperature.  SCBO is an experimental realization of the Shastry-Sutherland model, where spin ½ particles couple to form orthogonal dimers on a square lattice.  Competing exchange interactions between nearest neighbors and next nearest neighbors can be tuned with pressure, while magnetic field tunes the filling factor of the crystalline spin triplet superlattice.  At particular values of magnetic field the spin lattice is commensurate with the atomic lattice, leading to magnetization plateaus corresponding to bosonic crystallization of triplets at specific fractions of the saturation magnetization (1-3).
Experimental


We used the Tunnel Diode Oscillator (TDO) technique, exploiting the fact that the derivative with respect to field of the TDO resonant frequency is proportional to dynamic susceptibility of the sample inside the coil.  Our experiment was conducted using the 45 T, 32mm bore, Hybrid magnet at Cell 15 and a He3 cryostat.  Additionally, we studied dynamic susceptibility at ambient pressure using cantilever torque measurements.  The cantilever measurements allowed investigation of the dependence of susceptibility on temperature, doping (where 2.5% Cu is replaced with Mg), and magnetic anisotropy with respect to applied magnetic field.
Results

In our TDO measurement, we confirmed features expected below 35 T (see Hc1 and Hc2 in Fig. 1) (3). Further we identified the theoretically predicted features (4,5) at fields near 40 T (see Hc3 in Fig. 1), and tracked them as pressure tuned the underlying interactions in the system. We also observed an anisotropy in response with respect to sample orientation in our cantilever data Fig.2., as well as a slight difference in field dependence for the Mg-doped system (not pictured).
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	Fig.1 Tunnel diode oscillator measurements of magnetic susceptibility dF/dH ∝ dM/dH as a function of applied field at 0.45 K for a series of pressures.  Curve shifted vertically for clarity.  At 2.2 GPa the ground state has transitioned from the singlet to the plaquette state.
	Fig.2 Cantilever torque measurements of magnetic susceptibility in SCBO versus field at various temperatures. (a) sample c axis perpendicular to field. (b) sample c axis parallel to field.


	



