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ABSTRACT

Final Report: Extraoridinary Spin-Wave Thermal Conductivity in Low-Dimensional Copper Oxides

Report Title

We applied frequency-dependent measurements of thermal transport properties using time-domain thermoreflectance (TDTR) to advance 
understanding of thermal transport in low dimensional copper-oxides that display extraordinary thermal transport by thermal excitations of 
spin degrees of freedom. We measured for the first time the magnon-phonon coupling parameter of a spin-ladder compound over a wide 
temperature range. We developed advances in the analysis of TDTR that enable measurements of materials such as low dimensional copper 
oxides with more than one significant type of heat carrier; and measurements of the anisotropic thermal conductivity of materials that lack 
in-plane symmetry.
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Scientific Progress

We have quantitatively analyzed the thermal conductivity of (Ca,La)14Cu24O41 over a wide range of temperature and 
measurement frequency. We developed a rigorous analytical model to incorporate two-channels of heat conduction (in this 
case, magnons and phonons) into the analysis of data measured by time-domain thermoreflectance. This new capability 
enables us to accurately extract the strength of the phonon-magnon coupling that thermalizes magnons with the phonon heat 
bath. Near the peak of the thermal conductivity, the volumetric thermal conductance that connects phonons and magnons is 
10^{15} W m^{-3} K^{-1}, more than an order of magnitude smaller than the conductance of the weakest electron-phonon 
coupling observed in Au. A comparison of the thermalization rate for magnons and the scattering rate for magnons derived from 
the magnitude of the magnon thermal conductivity shows that approximately magnon-phonon scattering is quasi-elastic. The 
similar temperature dependence, however, suggests that magnon-phonon coupling is the dominate scattering mechanism that 
limits the thermal conductivity. A full description of the experiments and analysis of a spin-ladder thermal conductivity has been 
published as a full-length article in Physical Review B. A completely description of the two-channel solution of the heat diffusion 
equation in layered materials has also been published in Physical Review B. 

We extended our 2004 model of thermal transport in layered systems to the case of an arbitrary tensor thermal conductivity. 
This extension allows w us to
quantitatively analyze data acquired by time-domain thermoreflectance on an arbitrarily oriented anisotropic material. This 
capability is particularly important for the study of 2D magnon systems where the high thermal conductivity directions are 
normal to the plane of the surface and one in-plane direction. We validated the model on samples with known anisotropic 
thermal conductivity such as  crystalline quartz. A full length paper has been published in Review of Scientific Instruments.

Technology Transfer


