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Quantum Criticality in a Frustrated Quantum Magnet
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Introduction

Spin liquid in the geometrically frustrated triangular lattice has attracted great interest both theoretically and experimentally. In 2003, we reported the discovery of quantum spin liquid behavior in the organic Mott insulator -(ET)2Cu2(CN)3 having nearly regular triangular lattice [1]. The change in the anisotropy of the triangular lattice would strongly affect the ground state of antiferromagnetically interacted spins. When the lattice is distorted toward the one-dimensional lattice, the geometrical frustration would be suppressed while the quantum fluctuation would be enhanced owing to reduced dimensionality. Recently, we have reported that a new Mott insulator κ-(ET)2B(CN)4 has a highly anisotropic triangular lattice geometry having one-dimensional character and shows anomalous magnetic properties [2]. The magnetic susceptibility is well described by the spin-1/2 Heisenberg model on a distorted triangular lattice with J’/J ~ 2 (J ~ 120 K). The spin disordered Mott insulating state persists down to low temperature with enhanced quantum fluctuations over a wide temperature range. At the low temperature below 5 K, it undergoes a transition to a gapped nonmagnetic ground state [2].

In order to explore the quantum phase transition and quantum critical behavior, we have explored the thermodynamic properties of κ-(ET)2B(CN)4 at high magnetic fields and very low temperatures.
Experimental


We have tried to measure any heat gained or lost by κ-(ET)2B(CN)4 during the field sweeps using a superconducting magnet equipped with a dilution refrigerator in SCM1.
Results and Discussion


Prior to the measurements of the sample, the calorimeters for the sample and block (i.e. platform) were calibrated without a vacuum seal. After the calibration, we tried two more times to cool the calorimeter with a vacuum seal in place, but saw evidence it was leaking with both attempts. We observed that the sample response to applied heat was delayed by having liquid inside the calorimeter, rather than a good vacuum.
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Fig. 1 shows the response from the sample to a magnetic field at about 120 mK. There is a subtle but reproducible change in slope near 12 T in all sweeps which seems unaffected by the temperature change of the platform. Since the measurement was not done in ideal conditions (vacuum), it is difficult to say anything conclusive.
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Fig.1 The response of thermometers for sample and block during the magnetic field weep.








