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Kohler’s Rule in Nearly Optimal-Doped Cuprate Superconductor HgBa2Cu4+δ
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Introduction

In-plane transverse magnetoresistance (MR) is measured in nearly optimal-doped HgBa2CuO4+δ (Hg1201, Tc=87K, hole doping p~0.115; sample labeled HgUD87). Together with previous results at lower doping [1], we find that Kohler’s rule is satisfied in the pseudogap phase of Hg1201 in a wide doping range. The fact that the Kohler’s rule seems to be satisfied even upon crossing the pseudogap temperature is consistent with extended hidden Fermi-liquid behavior [1-4]. 
Experimental


Measurements were carried out at Cell 9 in DC magnetic fields up to 31.4 T at various temperatures.
Results and Discussion
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Fig. 1 Magnetoresistance of HgUD87 (Left) Kohler plot for HgUD87 measured in the maximum static field of 31.4 T. ρ0 is extrapolated by fitting the resistivity (ρ) versus field (H) data using ρ= ρ0+bH2. (Right) Modified Kohler plot for the same set of data. ρ0 of the conventional plot in (left) is replaced by (ρ0 - ρres), where ρres is determined by extrapolating ρ0 to 0 K (inset).


Figure 1 (left panel) shows the conventional Kohler plot for HgUD87, namely δρ versus (H/ρ0)2 in its standard form. It appears that Kohler’s rule is violated, especially at the low temperatures. However, the zero-field temperature dependence of the resistivity exhibits a large residual resistivity (inset of right panel). As discussed for YBCO and LSCO [1], the residual term can affect the data analysis and should be treated with care. The right panel shows that all data collapse to a single curve when we account for this effect by replacing ρ0 with (ρ0 - ρres), which means that the modified Kohler rule is in fact satisfied.

Conclusions

In combination with our prior work [1, 4], we reach the conclusion for Hg1201 that Kohler’s rule is satisfied all the way from the underdoped to the nearly-optimally-doped part of the phase diagram once the residual resistivity is taken into account. Additional measurements of samples with very small residual resistivity would be desirable to unambiguously confirm this important finding.
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