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NMR Search for Hidden Order in the Paseudogap Phase of the Cuprate 
High-Tc Superconductors
Kawasaki, S.; Zheng, G.-Q. (Okayama University, Physics); Lin, C.T. (Max-Planck-Institute, Chemistry); Kuhns, P.L. and Reyes, A.P. (NHMFL)
Introduction 

Since the discovery of high transition temperature (Tc) superconductivity in copper oxide (cuprate), it has been an important issue to elucidate the relationship between the pseudogap phenomenon and superconductivity. Our previous high-field nuclear magnetic resonance (NMR) studies on single CuO2 layer compound Bi2Sr2-xLaxCuO6+δ (Bi2201) revealed that the superconductivity and pusedogap are coexistent states of matter. The residual density of states at T = 0 is finite when superconductivity is suppressed.[1-3] On the other hand, a magnetic field-induced charge order (FICO) has recently been found in under doped YBa2Cu3Oy (YBCO).[4] However, since Hc2 of YBCO is extremely high, the normal state above Hc2 is hard to access. Furthermore, YBCO has CuO chains in its crystal structure in addition to the CuO2 plane. These prevent us far from understanding the origin of FICO and its relationship to superconductivity. Here, we report high-field NMR measurements on under-doped Bi2201 (x=0.75, Tc = 12 K) to explore whether a FICO occurs or not in the pseudogap phase of the cuprate. The results of magnetic-field dependence of the Cu-NMR line width measurements conducted under high magnetic fields up to 45 T are presented. 

Experimental 

Single crystalline Bi2201 is grown by the traveling solvent floating zone (TSFZ) method. 63Cu-NMR measurements are carried out with the external field in the ab plane. High magnetic fields up to 45 T are applied by using the Hybrid magnet in the National High Magnetic Field Laboratory, Tallahassee, Florida.

Results and Discussion


Figure 1 shows the typical data sets of the temperature dependence of 63Cu-NMR satellite line due to the quadrupole interaction at the Cu site. The gradual increase of the peak position with decreasing temperature is due to the reduction of the Knight shift in the pseudogap state.[2] Unexpectedly, we found that the full width at the half maximum (FWHM) of the satellite line becomes broad below Tco ~ 60 K at H ~ 28 T above Hc2.[2] This indicates that the electric field gradient at the Cu site becomes spatially distributed, i.e., charge density wave order occurs below Tco ~ 60 K. The FICO in Bi2201 is continuously observed far above Hc2 up to 45 T (not shown).[image: image2.png]Our results strongly suggest that FICO is a common phenomenon in the pseudogap phase of cuprate. 
Conclusions

We performed high field NMR measurements on under doped BI2201. Very high magnetic field revealed that the charge order occurred above Hc2 in the pseudogap ground state in the single CuO2 layer cuprate Bi2201 for the first time.
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Fig.1 Temperature dependence of the high field 63Cu-NMR satellite line for Bi2201 (x=0.75) measured at H ~ 28 T. Solid lines are the results of Lorentzian fittings.    









