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Introduction

We present new high field 17O NMR on apical oxygen, O(2), in isotope exchanged underdoped and overdoped single crystals of HgBa2CuO4+δ (Hg1201). We investigated samples across the doping range (Tc = UD79 and OD78) finding a vortex structural transition at high field from oblique to triangular.
Experimental

In order to investigate the field dependence of the shape of the vortex lattice, NMR spectra for the apical satellite transition, O(2) (1/2,3/2),  were measured at fields ranging from H0 = 16.5 T to 30 T in the DC facility cell 2.  The non-vortex contribution to the spectra was de-convolved from the normal state spectrum. The results, Fig.1, were subsequently fit to the field distribution of an ideal vortex lattice (VL) that minimizes the Ginzburg-Landau (GL) free energy [1,2]. Spatial information: lattice constant (A0),  anisotropy (η), opening angle (), penetration depth (), and coherence length () of the VL were determined from this numerical fitting process.

Results and Discussion


We found evidence of a high field structural transition for UD79 (OD78) samples, an oblique VL with  = 73° (88°) becoming triangular with  = 60° (60°), in both samples.  The field onset for the structural crossover is around 10 T and seems to take place gradually from 10 to 20 T. At very low fields, < 0.4 T, neutron scattering (SANS) indicate a triangular VL [3].
Conclusions

Structural transitions in cuprates such as Y123 and Bi2212 from triangular to oblique lattices have been reported at relatively low fields. However, little is known at high field due to the current instrumental limitations of μSR, STM and SANS. The present NMR investigation pushes the limit of vortex structure determination to a new regime previously unexplored, where we have found evidence for a second structural transition in HgBa2CuO4+δ.
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Fig.1 Deconvolved vortex spectrum (red) of O(2) (1/2,3/2) satellite in UD79, T = 35 K, H0 = 16.5 T shown with optimal GL vortex spectrum (blue) of the corresponding VL determined by numerical fitting. The inset shows the VL obtained with five fit parameters.
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Fig. 2 Field dependence of vortex lattice parameters in UD79.
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