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Seebeck Coefficient of Underdoped La2−xSrxCuO4 in High Magnetic Fields: 
Fermi-Surface Reconstruction by Charge-Density-Wave Order
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Introduction


The recent observation of charge-density wave (CDW) order in underdoped YBa2Cu3Oy [1] was a pivotal development that opened up a new era of research on high-temperature cuprate superconductors. Now observed in essentially all cuprates, CDW order appears to be one of their universal properties. But in some cuprates, the CDW is also accompanied by spin-density-wave (SDW) modulations, which naturally begs the following question: is CDW order intertwined with SDW order, as in the well known “stripe state”, or is it independent? 

Experimental

[image: image2.emf]We examined this question via a series of high-magnetic field transport experiments at the NHMFL on the classic cuprate material La2-xSrxCuO4 (LSCO). Our high-field thermopower measurements reveal a clear signature of the CDW in LSCO, as a negative Seebeck coefficient at low temperature [2] (see Fig. 1a), just as found in our prior work on YBCO [3], Hg1201 [4], and Eu-LSCO [5]. Using this signature we closely tracked the CDW as a function of doping across the phase diagram of LSCO and reached the following conclusion: in the field-induced normal state of LSCO, the CDW phase terminates at the critical doping pCDW = 0.15 [2], as shown in Fig. 1b.

Results and Discussion


LSCO is of particular interest since it exhibits both SDW order and CDW modulations [6]. Furthermore, in LSCO the SDW order as observed by neutron scattering measurements is enhanced by a magnetic field [7] and terminates, in the absence of superconductivity, at a doping of approximately pSDW ~ 0.2. Prior electrical resistivity experiments have also revealed a quantum critical point at pSDW ~ 0.2 [8], consistent with it being the termination of the SDW phase. This is distinctly above the critical point for CDW at pCDW = 0.15 revealed by our work [2]. 

Conclusions

This clear separation of pCDW and pSDW is strong evidence that CDW and SDW in cuprates are separate phenomena, contrary to the long-held notion that CDW and SDW modulations are fundamentally intertwined in a single state of “stripe order”. It also sheds new light on the origin of the quantum critical linear-T resistivity in LSCO [8].
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Fig. � SEQ Figure \* ARABIC �1�: a) Seebeck coefficient S of LSCO with doping x = 0.07 and 0.125, plotted as S/T vs temperature T, in magnetic fields as shown. The drop in S/T at Tmax for x = 0.125 is caused by Fermi surface reconstruction, a signature of the CDW [2]. b) Temperature-doping phase diagram of LSCO, showing the onset temperature for CDW (TCDW) measured by       X-rays [6]. Our work shows that Tmax = 0 at pCDW = 0.15, where the CDW order ends [2].








