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Magnetic-Field-Induced Normal State in a Stripe-Ordered Cuprate La1.7Eu0.2Sr0.1CuO4 in the Zero-Temperature Limit
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Introduction 

In the study of the underdoped cuprate superconductors, magnetic field (H) is often used to suppress the superconductivity (SC) and reveal the normal state. However, the nature of the H-induced resistive state is still elusive. For example, in underdoped La2-xSrxCuO4 (LSCO), our recent study [1] has revealed a two-stage H-driven superconductor-insulator transition (SIT), with an intermediate phase that is a superconductor only at temperature T = 0. The situation becomes more complicated in the presence of competing orders, which have been established as ubiquitous phenomena in cuprates near the 1/8 hole doping [2]. To investigate the relevance of competing orders to the H-induced superconductor-normal quantum phase transition, we have studied the magnetotransport properties of a striped-ordered La1.8Eu0.2Sr0.1CuO4 (LESCO). 
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The in-plane resistivity of the LESCO single crystal with Tc ≈ 5.9 K was measured at 0.016 ≤ T (K) ≤ 40 and in perpendicular fields (H || c axis) up to 45 T in the SCM1, SCM2, Cell 8, and Hybrid magnets in the DC Field facility, using a standard four-probe ac technique in the Ohmic regime. Studies of the history-dependent magnetoresistance and nonlinear differential resistance were also performed. At low T and high H, we observed the emergence of a nonequilibrium state and a high-H normal state that have not been previously reported in cuprates. 
Results and Discussion


Figure 1 shows the phase diagram of LESCO extracted from these measurements. A nonequilibrium state (Region III) emerges between ~ 11 T and ~ 17 T at very low T ≤ 0.06 K. This state exhibits signatures of slow dynamics, such as hysteretic behavior and memory of magnetic history. Differential resistance studies reveal non-Ohmic behavior in this regime, suggesting the possible presence of a vortex glass and its coexistence with the high-H normal state. The high-H normal state (Region IV) is characterized by the negative magnetoresistance and a ln(1/T) dependence of the resistivity, which becomes weaker with increasing H and disappears for H > 55 T. Thus the results strongly suggest that the high-field ground (T = 0) state in stripe-ordered cuprates is a metal.
Conclusions

Our results reveal, for the first time in stripe-ordered cuprates, a full sequence of ground states as a function

of H: a vortex solid [TC(H) ≠ 0], a vortex glass (TC = 0), a possible coexistence region of the vortex glass and the high-H normal phase, and the high-H normal phase in which SC is suppressed. 
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Fig. 1. T-H phase diagram of LESCO. In the zero-T limit, a full sequence of ground states is revealed as a function of H: a vortex solid (I), a vortex glass (II), a possible coexistence region of the vortex glass and the high-H normal phase (III), and the high-H normal phase in which SC is suppressed (IV).












