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Magnetothermal Conductivity Study of Co4Nb2O9

Benjamin, S.M.; Steven, E. (FSU, Physics/NHMFL); Hongwoo, B.; Choi, E.S. (NHMFL) and Zhou, H. (Univ. of Tennessee, Physics)

Introduction  Fig.1 Temperature dependent thermal conductivity of single crystal Co4Nb2O9. Black and red curve represent inplane and interplane thermal conductivity respectively. Grey boxes explain physics of separate and mutual interactions of phonons and magnons while blue boxes indicate their respective field correlations. The ballistic regime with k~T3 dependence is observed below 1.5 K. 

	Magnetoelectics such as Co4Nb2O9 are materials that posses high correlations between their intrinsic magnetic and electronic states. Although widely studied for their magneoelectric properties, other interactions are now being considered such as those involving lattice excitations (phonons) [1]. Prior independent studies have shown that Co4Nb2O9 is a magnetic insulator with ordering temperature TN ~ 27.5 K and magnetic anisotropies [2]. With this in mind, heat transport measurements of single crystal Co4Nb2O9 were carried out up to 18T at the NHMFL, where we observed clear correlations between magnetic (e.g. magnon) and lattice excitations.

Experimental 
	The two-sensor-one-heater method was used on single crystalline Co4Nb2O9 samples with typical dimensions of 4 X 1 X .25 mm3. An in-house superconducting magnet/He3 cold-finger probe and the SCM2 magnet/vacuum cell were used for low- and high-field measurements, respectively. Fig.2 Field dependent relative magnetothermal conductivity of single crystal Co4Nb2O9. Dashed line and black arrows traces and shows the observed saturation fields respectively.  Arrows (1) and (2) indicate slow variation in saturation field within the magnon-transport region (below 1.5 K) while arrows (3) and (4) show saturation fields in the phonon-magnon scattering region. 


Results and Discussion
	Three distinct forms of phonon scattering were observed at different temperatures (detailed in Fig. 1) along with zero field anisotropy and non-zero magnetothermal transport anisotropy (data not shown). At high temperatures above 150 K, Umklapp scattering dominates and the thermal conductivity (k) is independent of magnetic fields. Below 150 K, phonon-spin scattering is observed as small and negative magnetothermal conductivity.  Decreasing temperature further towards TN reveals the phonon-magnon scattering process occurring as a double-peak shape in zero field k and a gradual and large increase of k with fields. More remarkably, strong evidence of magnon heat transport appears at T<1.5 K, where k increases sharply above the spin-flop fields and reaches ~5 times in magnitude (Fig. 2) 
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