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Ising-Like In-Plane Magnetic Anisotropy in a 2D Honeycomb Lattice Magnet 
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Introduction 
Low dimensional insulating quantum magnets are a playground to identify new phases of matter and to explore quantum critical behavior. While many intriguing quantum critical points have been studied theoretically in model quantum spin systems, there are few examples of real insulating quantum magnets with well-characterized quantum critical phenomena. Even less information is available about quantum critical transport phenomena in these systems, especially combined with the characterization of magnetic properties. Particularly insulating quantum magnets with significant SOC are promising systems in which to study quantum critical thermal transport, and, crucially, to find interesting, accessible quantum critical points in the first place. In magnets with strong SOC, usually only discrete symmetries are present. This means we can expect interesting field-tuned quantum critical points, for example from a low-field magnetically ordered phase, to a high field phase where the spins are polarized along the magnetic field. Here, we investigate a quasi-2D honeycomb lattice, -RuCl3’s thermal conductivity and the corresponding magnetization and magnetic anisotropy using torque magnetometry. RuCl3 is known as an excellent candidate for the Heisenberg-Kitaev spin-model [1], in which a highly anisotropic bond-dependent exchange interaction is present. Such an interaction combining with a zigzag ordering magnetic ground state is expected to lead to unique magnetic characteristics 
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[image: image3.png]In-plane thermal conductivity measurement was performed using steady state methods in the range of temperature 0.3 K to 60 K under magnetic field up to 14 T at the home lab. Both temperature gradient and magnetic field lie within ab-plane either parallel or perpendicular. The magnetization measurements were performed at the SCM 2, NHMFL, Tallahassee FL. We used a couple of different sample mount geometries on the cantilevers and the VTI insert with a rotation stage, which allowed us to investigate both in-plane and out-of-plane magnetization and in-plane magnetic anisotropy.
Results and Discussion

Thermal conductivity () measurement of RuCl3 revealed that the magnetic field (H) dependence has a pronounced minimum below the long range ordering at Tc = 6.5 K [2].  Above Tc, such feature gradually disappears and is completely gone by 15 K. The magnetic field value of the minimum  is found Hmin ~ 6.8 T, which is T-independent below 6.5K. Comparing this with the in-plane magnetization measurement, Hmin falls on a narrow region of magnetic torque anomaly shown in Fig. 1. The dips curves shows little change below the ordering temperature, which is very similar to what was seen in the  vs H data. This indicates the system undergoes strong spin fluctuation induced by in-plane applied field. A highly anisotropic bond-dependent exchange interaction present in RuCl3 is unique in the sense that the magnetic frustration arises on a single site in the 2D honeycomb lattice. Particularly the zero-field ground state is believed to possess zigzag magnetic order [3]. We found that 18T is sufficient to reach a phase smoothly connected to full polarization at large fields. Thus, this system is an excellent candidate for a quantum critical point roughly analogous to the transverse-field Ising model. It is supported by our observation in Fig.2, demonstrating the in-plane magnetic anisotropy, marking clearly magnetic hard (left) and easy (right), which are 90° apart. 
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Fig.1  Field dependence of torque by in-plane magnetization at different  Ts.





Fig.2 Angular dependence of the magnetization. 









