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  Quantum Critical Behavior of a Spin 1/2 Heisenberg Chain 
Hoch, M.J.R. (NHMFL); Kweon, J.J. (NHMFL); Besara, T. (NHMFL); Siegrist, T. (FSU, Chemical and Biochemical Engineering) and Reyes, A.P. (NHMFL) 
Introduction 
Spin 1/2 1D Heisenberg antiferromagnets (HAFs) are predicted to have a Tomanaga-Luttinger-liquid (TLL) ground state with a crossover to a quantum critical (QC) region as the temperature T is raised. The properties of a 1D HAF at low temperatures can be tuned using a magnetic field B with the appearance of a quantum critical point (QCP), at T = 0 K, corresponding to a saturation field given by Bs = 2J/gμB where J is the exchange coupling between neighbor spins and μB is the Bohr magneton. QC scaling can be used to collapse data in the quantum critical region of the T – B phase diagram.

Magnetization measurements have shown that for Rb2PbCu(NO2)6 BS ~ 7 T corresponding to J/kB ~ 5 K. NMR experiments have been carried out in the TLL and QC phases using 87Rb as a probe of the spin dynamics.    

Experimental 

The experiments involved the condensed matter NMR facilities at the NHMFL and were made over the temperature range 0.3 - 5 K, in fields up to 9 T. The polycrystalline sample of Rb2PbCu(NO2)6 was prepared at the NHMFL. 
Results and Discussion


Figure 1 shows a representative 87Rb (I = 3/2) 4.2 K spectrum with classic quadrupolar perturbed powder pattern form. Spin-lattice relaxation times were measured as a function of T and B using the saturation recovery technique with irradiation of the central transition. The spin-lattice relaxation rates 1 / T1 vs. T are shown for selected B values in Fig.2(a) while Fig.2(b) gives the scaled values 1/(T1 T - 0.5) vs. kBT / J  which, according to theory [1], should be constant in the QC regime for B close to BS. While it is clear that further data points are needed, the results shown are in agreement with QC scaling predictions. The NMR findings will be published together with magnetization results and the phase diagram.  

Conclusions

The results obtained provide information on the spin dynamics in the QC and TLL regions in the 1D HAF  Rb2PbCu(NO2  for T > 1K. The region below 1 K is currently being explored using NMR and torque magnetometry.
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        Fig.1 87Rb NMR spectrum for Rb2PbCu(NO2)6                            
                                                                                                          Fig.2 (a) 87Rb1/T1 vs. T  (b) Scaled 1/T1T- 0.5 plot                                                                                                       
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