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Introduction


Unexplained to this day, the mysterious pseudogap phase of cuprate high-temperature superconductors is one of their defining universal features. In the cuprate YBa2Cu3Oy (YBCO), recent measurements revealed a sudden and pronounced loss of carrier density when crossing the pseudogap critical point at p*, with the carrier density n going from n = 1 + p to n = p inside the pseudogap phase [1]. This new signature of the pseudogap phase provides a unique window into its nature and naturally begs the following question: is this loss of carrier density inside the pseudogap phase a universal property of cuprates?
Experimental


We recently examined this question via a series of high-magnetic field transport experiments at the NHMFL on the cuprate material La1.8-xSrxEu0.2CuO4 (Eu-LSCO). Being inversely proportional to the Fermi energy, the thermopower is a particularly sensitive probe of the carrier density and was successfully used in the past to study the charge-density wave state of several cuprates [2,3,4]. In the present study we used the thermopower to probe the pseudogap phase of Eu-LSCO in the high-field normal state at low temperature in the vicinity of p*.
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Results and Discussion


In Fig. 1 we show the Seebeck coefficient S as a function of temperature for a sample of Eu-LSCO with a doping of p = 0.21, inside the pseudogap phase. The suppression of superconductivity with a field of 33 T allowed an extension of our zero-field data to low temperature, revealing a rapid rise of S/T and a saturation at the lowest temperature. Eu-LSCO is of particular interest since it is closely related to Nd-LSCO, a material in which the pseudogap critical point p* was recently investigated and shown to cause a drop in carrier density from   n = 1 + p to n = p [5], as in YBCO. Our previous thermopower measurements on Nd-LSCO [6] had revealed the same rapid enhancement of S/T in the pseudogap phase as seen here for Eu-LSCO, with a similar value at T = 0, showing that the same mechanism is at play in both materials.
Conclusions

Our thermopower data in the high-field normal state of Eu-LSCO exhibit a rapid rise at low temperature, signalling a loss of carrier density inside the pseudogap phase. This is further evidence that a loss of carrier density is a universal and fundamental property of the pseudogap phase of cuprates, independent of material. 
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Fig. � SEQ Figure \* ARABIC �1�: Seebeck coefficient S of Eu-LSCO with doping p = 0.21, plotted as S/T vs temperature T, in zero field and 33 T, as shown (the 33 T data have been cleared of magnetoresistance). The rapid rise of S/T with decreasing temperature is a clear signature of a loss of carrier density, a fundamental property of the pseudogap phase.








