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Magnetic Anisotropy of RuCl3 from Gyrokinetic Magnetometry
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Introduction

RuCl3 has been identified in recent neutron scattering1 and NMR2 measurements to host a Kitaev-like spin-liquid state. The correlated spin state in RuCl3 is unstable at low temperatures and low magnetic fields, similar to other strongly correlated systems (it reconstructs into an antiferromagnetic state). It is therefore of great interest to study the magnetic behavior of this system at high magnetic fields where the antiferromagnetic order is suppressed. Of immediate interest to the community is to map out the anisotropic boundary of the antiferromagnetic phase in field-orientation – field strength – and temperature phase space. The existing studies mostly explore behavior near the crystallographic directions alone. We have recently developed a resonant probe of the gyrokinetic coefficient (gyrokinetic magnetometry). The gyrokinetic coefficient is a thermodynamic coefficient (second derivative of the free energy with respect to the rotation angle, k=∂2F/∂2θ) associated with the magnetic anisotropy. Similar to specific heat and elastic moduli,it experiences a discontinuous jump across the boundary of a continuous (second-order) phase transition (Figure 1) that is related to the magnitude of the discontinuity in the specific heat and the magnetic susceptibility through the Ehrenfest relations6.
Experimental
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In this work we use a newly developed gyrokinetic magnetometry probe to map out the antiferromagnetic phase boundary in field-temperature-angle phase space. We mount a small (~0.05μg) sample at the tip of a commercial AFM microcantilever. The shift of the resonant frequency of the microcantilever in a magnetic field is a direct measure of the gyrokinetic coefficient of the magnetically anisotropic sample, ∆ω∝ k. (see Ref. 6 for details)
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Results and Discussion


Our measurements on a ~0.0.5μg RuCl3 sample reveal a sharp thermodynamic anomaly at the antiferromagnetic phase boundary, with no sign of multiple magnetic transitions (see, e.g., [3]). The magnitude of the jump in the gyrokinetic coefficient across the antiferromagnetic boundary is consistent with the magnitude of the jump in the specific heat transition in the region of the phase boundary where heat capacity measurements exist [6]. Our measurements provide a first look at the anisotropic antiferromagnetic phase boundary in RuCl3 and lay the groundwork for future exploration of the magnetic behavior in the spin liquid state at very high magnetic fields. 
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Fig.1 A Magnetic field dependence of the resonant frequency of the lever. The frequency shift is proportional to the gyrokinetic coefficient of the RuCl3 sample. 90o corresponds to a magnetic field orientation close to the honeycomb planes of RuCl3. A discontinuous jump in the gyrokinetic coefficient H*(θ) indicates a strong thermodynamic anomaly across the antiferromagnetic boundary. A strong angle-dependence of H*(θ) highlights large anisotropy in the shape of the antiferromagnetic boundary in the field-angle phase space. B The angle dependence of the gyrokinetic coefficient of RuCl3 at (B) high temperature and low magnetic field and (C) low temperature and high magnetic field. For magnetic fields greater than 10 T, two points of entry into the antiferromagnetic phase are revealed as a sharp anomaly at approximately 15 and 145 degrees.
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