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Magnetic Field Induced Vortex Lattice Reconstruction from17O NMR of an Under-doped Single Crystal of the High Temperature Superconducting Compound Hg1201
Halperin, W.P.; Lee, J.A.; Xin, Y. (Northwestern University, Physics); Reyes, A.P.; Kuhns, P.L.(NHMFL); Chan, M.K.; Dorow, C.; Ji, L.; Xia, D.; Zhao, X. and Greven, M. (University of Minnesota, Physics)
Introduction

There has been considerable interest in charge ordering and magnetism and their interplay with superconductivity and possible relevance to pseudogap phenomena in cuprates. Spin density wave order and charge ordering has been investigated with particular attention to field induced charge order in YBa2Cu3O7-y probed by NMR and X-ray methods.[1,2]  We have performed high field 17O NMR measurements on the apical oxygen site in isotope exchanged underdoped single crystals of HgBa2CuO4+δ (Hg1201), a compound with known tetragonal symmetry.  Preliminary measurements have suggested that there is no evidence as yet for field induced charge ordering in this compound.[3]  However, we have discovered that the vortex lattice symmetry undergoes a field induced vortex lattice transition at high magnetic field from square to triangular from analysis of the NMR lineshape using London theory. 
Experimental

NMR 17O spectra were taken with a goniometer to precisely orient crystals relative to the magnetic field.  Measurements up to 30 T were performed at the NHMFL in a superconducting magnet at 16 T and up to 30 T in the resistive magnet, cell 2. Spectra were taken for c || H for the <1/23/2> transition, i.e. the first high frequency satellite, at the apical site which has negligible hyperfine coupling.[4]  Crystals of Hg1201 were grown at the University of Minnesota and processed at Northwestern University for 17O exchange, doping, and annealing.
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Results and Discussion

Our 17O data for an underdoped sample (Tc = 79 K) have systematic broadening compared to the normal state linewidth, shown here in Fig.1, that we can attribute to the inhomogeneous vortex field distribution with a characteristic asymmetry.  Fitting to the London theory gives a penetration depth  = 158 ± 17 nm, smooth black line in insets to Fig. 1, consistent with frequency shift measurements for the apical site from a similar crystal (Tc = 74 K) attributed [4] to the superconducting diamagnetic moment giving a penetration depth of  = 192.5 ± 6 nm. The vortex lattice is then specified by the angle , a fit parameter for the unit cell, showing a distinct transition from square to triangular with increasing field in the low temperature limit below 20 K.

Conclusions

There is a field induced vortex lattice transition between 16 and 21 T with decreasing temperature.   
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Fig.1 Vortex lattice opening angle  from London analysis, smooth black curve, of NMR spectra shown in the insets as a function of magnetic field and temperature.








