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Strong Enhancement of Heat Conduction and Anomaly in Magnetic Torque Response under Magnetic Field in Honeycomb lattice Magnet α-RuCl3
Leahy, I.A.; Pocs, C.A.; Siegfried, P.E.; Lee, M. (U. of Colorado Boulder, Physics); Do, S.-H.; Choi, K.-Y. (Chung-Ang U, South Korea); Graf, D. (NHMFL) and Normand, B. (Remin U. China)
Introduction
We investigate in-plane thermal conductivity (κ) and magnetic torque responses of a quasi-2D honeycomb lattice, α-RuCl3. α-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 combined with a zig-zag ordered magnetic ground state is expected to lead to interesting physical properties. We find unique field dependence of the in-plane heat transport and torque magnetization, some of which shares common characteristics. Especially, the rapid increase of κ above HC invokes additional heat transport by unconventional spin excitation arising from the high field phase. Such properties provide new perspectives to investigate heat transport by unknown spin excitations in frustrated magnets in the vicinity of quantum spin liquid (QSL) state.
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Experimental
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 Univ. of Colorado. Both temperature gradient and magnetic field lie within ab-plane either parallel or perpendicular. The magnetization measurements were performed in SCM 2 and Cell 9, NHMFL, Tallahassee FL. We used a few 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.
[image: image3.png]Results and Discussion The magnetic field (H) dependence κ(H) shown in  Fig.1 displays a pronounced minimum at H = Hmin~ 7 T  below Tc = 6.5 K, at which magnetic long range order sets in.  This minimum clearly remains even above TC but moves toward higher field as T increases and by 20 K, the minimum lies outside of the field range. On the other hand, we find Hmin (T) falls along the local minimum of the in-plane torque magnetization, Mτ defined as Mτ = τ(H)/H), shown in Fig.2.  Both lines indicating the minimum of Mτ and the Hmin, the location of the minima of κ(H) naturally divide the H-T phase diagram into three distinct regions, as marked: Region I corresponds to the magnetic ordering. In Region II, negative dκ/dH indicates phonon conduction is strongly impeded by scattering with spins. Region III and LT-Region III correspond to dκ/dH > 0, where the magnitude of κ is improved, especially in LT-Region III, where the long range order disappears via field induced phase transition. We consider two possible mechanisms responsible for enhanced κ in high field: One is via recovering original phonon heat conduction, which is hampered severely in the ordered phase. The other is through novel low-energy spin excitations as a possible heat transport channel, which arises from the new ground state of the high field phase [2]. κ(T, H) observed here allows us to list the characteristics of the low energy excitations, which implies the high field phase has strong connection to the possible field-induced Kitaev QSL state [3].
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Fig. 2 Phase diagram for α-RuCl3. Back ground color is mapped with the torque magnetization Mτ(T,H)=τ(T,H)/H. Overlaid lines indicates the Hmin(T) from κ(H) as well as the minimum position of Mτ.





Fig. 1  (a) κ (T,H) is plotted in color. Lines correspond to H-sweep at fixed temperatures (b) Δκ = κ(H)-κ(0) plotted with offset for clarity.









