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Low-Temperature Specific Heat of Yb2Ti2O7
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Introduction

Pyrochlores occupy a unique place in magnetism research owing to strong geometric frustration despite the three-dimensionality of the lattice structure. Among them, Yb2Ti2O7 is of particular interest because the Yb2+ ions in this material are in an effective spin-1/2 state at low temperatures. Yb2Ti2O7 is hence one of the few quantum magnets among pyrochlores. The nature of the magnetic ground state of this material had been a matter of strong debate [1], in part due to sample dependence, until very recently when a consensus was finally reached that spins in Yb2Ti2O7 order ferromagnetically [2]. But most of the studies to date have been done at zero magnetic field. 
Experimental 

Specific heat of Yb2Ti2O7 was measured for two magnetic-field directions, H||[110] and H||[111]. The two samples, one for each field direction, were sliced from a single crystal grown with the optical floating-zone technique [3]. The measurements were made in a home-made relaxation calorimeter at temperatures between 0.1 K and 0.55 K.
Results and Discussion


In this temperature range, the specific heat was found to be featureless at magnetic fields above about 0.7 T. Figure 1 shows the data at zero field and fields up to 0.4 T. A round peak appears in the specific heat at zero field at about 0.18 K. When a magnetic field is applied, the peak immediately moves to higher temperatures. For H||[110], the peak temperature reaches about 0.37 K at 0.2 T, above which the peak height decreases rapidly with increasing field. This suggests that the peak disappears at the crossover or phase transition, inferred from a neutron-scattering experiment [4], at about 0.5 T for this field direction. For H||[111], the field dependence of the peak position and height is similar except that the highest peak temperature is only about 0.29 K. Interestingly, the peak height drops at about 0.05 T and recovers at about 0.1 T for both field directions. The origin of this non-monotonic behavior is not presently understood.

Conclusions

Shifting of the specific-heat peak in weak magnetic fields to higher temperatures is typical of a ferromagnet. The shift is smaller for H||[111] than for H||[110], consistent with [100] being the primary direction of ordered spins as found by elastic neutron-scattering experiments [2]. 
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Fig.1 Specific heat of Yb2Ti2O7 at zero magnetic field and low fields applied along the [110] and [111] directions.









