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New Plateaus in the Doped Spin Dimer System SrCu(2-x)Mgx(BO3)2 at High Fields
Shi, Z., Steinhardt, W., Marjerrison, C. (Duke Univ.); Weickert, F., Harrison, N., Zapf, V., Jaime, M. (NHMFL); Haravifard, S. (Duke Univ.)
Introduction 

The orthogonal-dimer antiferromagnet SrCu2(BO3)2 (SCBO) is an experimental realization of the two-dimensional Shastry-Sutherland (SSL) model. At zero external magnetic field, the ground state of SCBO is a product of dimer singlets with excited S = 1 (Sz = +1, 0, -1) triplets separate by an energy gap of ~ 3 meV. Application of external magnetic fields induces Zeeman splitting of the triplets. Above a critical magnetic field, the spin gap is closed and a finite number of bosons is created.  Further increase of the field leads to a striking sequence of magnetization plateaus at 1/8, 1/4, and 1/3 of the saturation magnetization [1], as a result of the strong suppression of the triplet kinetic energy in this frustrated system. While pure SCBO has been well studied, there is little information on this quantum magnet in the presence of dopants [2]. This is a particularly interesting problem, as theory has suggested the possibility of several different superconducting phases in doped SCBO, in analogy with the high-TC superconductivity in cuprates. To investigate the role of doping, we have conducted systematic magnetostriction and magnetization measurements on Mg-doped SCBO in pulsed magnetic fields.
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We have grown high quality single crystals of SrCu(2-x)Mgx(BO3)2 for x = 0.02, 0.03, and 0.05. The magnetostriction of the pure (x=0) and Mg-doped SCBO single crystals was measured at temperature (T) down to 0.457 K and in fields (H ||ΔL|| a axis) up to 60 T in the Pulsed Field facility. Magnetization measurements have also been performed on the same Mg-doped SCBO single crystals at T down to 0.457 K and in fields (H || a axis) up to 60 T. 
Results and Discussion


Figure 1 shows the ΔL∕L of pure and Mg-doped SCBO at 0.457 K. The onset of the lattice shrinking along a-axis moves to lower fields with increasing doping, suggesting smaller spin gaps in the doped system. Nevertheless, the 1/8, 1/4, and 1/3 plateaus that have previously been reported in the pure system [1] have also been observed in the doped system. The plateaus become increasingly broadened as the system is doped. Consistent results have been obtained from our magnetization measurements. They also agree with our Tunnel Diode Oscillator (TDO) measurements and cantilever torque magnetometry measurements that were performed in the DC Field facility in Tallahassee, FL.
Conclusions

 These measurements show the importance of the impurities induced by doping of the magnetic Cu2+ site with nonmagnetic, isoelectronic Mg2+ and breaking of the dimers, understanding of which is critical to reveal the role of doping.
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Fig. 1. (a) Magnetostriction (ΔL∕L) and (b) its first derivative versus magnetic field for pure and Mg-doped SCBO, measured for ΔL ‖ H ‖ a-axis during the field down-sweep. Dashed lines guide the eye, and mark the onset of the 1/8, 1/4, and 1/3 plateaus. Traces are shifted for clarity.











