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Collective Dynamics at the Structural and Charge-Density-Wave Transition in Stripe-Ordered La1.48Nd0.4Sr0.12CuO4
Baity, P.G.; Popović, D. (FSU, Physics and NHMFL) and Sasagawa, T. (Tokyo Inst. of Tech.)
Introduction

The role of various forms of charge and spin density wave orders (“stripes”) observed in underdoped cuprate high-Tc superconductors is one of the main open issues in the field [1]. In particular, the search for fluctuations of charge-density-wave (CDW) order has been the subject of intensive research with the goal to clarify their relationship to high-Tc superconductivity [2]. While the stability of the CDW order and its short-range nature are usually believed to be due to the pinning by disorder [3], in general the existence of nanodomains, resulting from the interplay of various degrees of freedom [4], may be expected to give rise to an exponentially large number of metastable states, perhaps even in the absence of disorder [5]. Thus the key questions that arise are whether the observed static domain structures correspond to a ground state or a long-lived metastable state, and the role of disorder.  We address these issues by studying La1.48Nd0.4Sr0.12CuO4 (LNSCO), which exhibits a CDW order only below a first-order structural phase transition from the low-temperature orthorhombic (LTO) to the low-temperature-tetragonal (LTT) phase. 
Experimental


Out-of-plane magnetoresistance (MR) has been measured on high quality LNSCO single crystals with x=0.12 near the LTO-LTT and CDW transitions (TLTT =70.8±0.5 K, TCDW ≲TLTT) with H || c up to 12 T [6,7]. A standard four-probe dc reversal technique was used to measure resistance, and field sweep rates were low enough to avoid sample heating. Before each MR measurement, the sample system was prepared by warming to 90 K, cooling to 40 K, then finally warming to the measurement temperature without overshoot.
Results and Discussion


We find evidence for the existence of metastable states and collective dynamics in the form of avalanches and return-point memory. Avalanches are only observed during the initial sweep to higher fields (Fig. 1), and were only observed if temperature overshoot was avoided before measuring MR. After the initial sweep, the H=0 resistance is decreased, indicating that the system acquires a memory of its magnetic history. A detailed analysis of the avalanche statistics provides information about the collective dynamics of domains, which are strongly pinned by disorder [7].
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Conclusions

We have measured MR in LNSCO single crystals and found evidence of long-lived metastable states in the CDW-ordered phase, but only when the transition is approached from the CDW-ordered side. By unveiling the asymmetry of the transition, these results also point a way to detecting fluctuating CDWs in other cuprates.
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Fig. � SEQ Figure \* ARABIC �1� Out-of-plane MR measurement up to 9 T with H || c. Sweep order and direction are denoted by numbers and arrows. The initial sweep shows begins at an elevated resistance with avalanches occurring with increased field. After the initial sweep, the MR no longer shows avalanches and the system has a lower H=0 resistance. Adapted from Ref. [6].








