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                             Quantum Criticality in a 1D Heisenberg Linear Chain 
Hoch, M.J.R.; van Tol, J.; Besara, T. (NHMFL) and Siegrist, T. (FSU, Chemical and Biochemical Engineering) 
Introduction 

It has been established that linear chain Heisenberg antiferromagnets (HAFs) undergo a crossover from a quantum critical (QC) phase to a Tomanaga-Luttinger-liquid (TLL) ground state at low temperatures. The properties of these 1D systems can be tuned using a magnetic field B with a quantum critical point (QCP),    corresponding to magnetization saturation, occurring at Bs = 2J/gμB where J is the exchange coupling between neighbor spins and μB is the Bohr magneton. 

The system K2PbCu(NO2)6 has a low  BS ~ 6.8 T  with J/kB ~ 5 K. Exploratory ESR experiments have been carried out on this spin S = 1 /2 HAF system in fields both above and below Bs     

Experimental 

The experiments involved the high-field ESR facilities at the NHMFL and were made over the temperature range 1.8 - 300 K, in fields both below and above BS.  (~ 4 T and 11.5 T). The small single crystal sample of K2PbCu(NO2)6 was grown at the NHMFL. 
Results and Discussion


Fig.1 gives the temperature dependence and the linewidth of the 120 GHz spectra in the temperature range 1.5 – 8 K. The resonance field passes through a maximum at 6 K while the linewidth steadily increases. These features suggest a crossover from para-magnetism above 6 K to correlated spin behavior in the QC region of the phase diagram as the TLL phase is entered. The increase in linewidth of the spectra with decreasing T reflects changes in the spin excitation spectrum of the linear chain. 
       Fig.2 shows a set of 336 GHz ESR spectra obtained over a wide temperature range. The spectral shift that occurs between 300 K and 150 K is attributed to the crystal structure change from bcc to tetragonal induced by Jahn-Teller distortion of the NO2 octahedra [1]. The structure change modifies the crystal field states. Spectral changes below 7 K are likely linked to changes in spin dynamics in the gapped phase for B > BS.  

Conclusions

The present exploratory results suggest that ESR can provide new information on the spin excitations in the QC phase, and possibly on spinon dynamics, in the TLL phase, of the 1D HAF system  K2PbCu(NO2)6.
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Fig.1 Resonance field and linewidth of 120GHz ESR spectra for K2PbCu(NO2)6                                                                                                                





Fig.2 336 GHz ESR spectra as a function of temperature in the range 4 – 300K









