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            Abstract
A variety of ‘strange metals’ exhibit resistivity that decreases linearly with temperature as the temperature decreases to zero1,2,3, in contrast to conventional metals where resistivity decreases quadratically with temperature. This linear-in-temperature resistivity has been attributed to charge carriers scattering at a rate given by ħ/τ = αkBT, where α is a constant of order unity, ħ is the Planck constant and kB is the Boltzmann constant. This simple relationship between the scattering rate and temperature is observed across a wide variety of materials, suggesting a fundamental upper limit on scattering—the ‘Planckian limit’4,5—but little is known about the underlying origins of this limit. Here we report a measurement of the angle-dependent magnetoresistance of La1.6−xNd0.4SrxCuO4—a hole-doped cuprate that shows linear-in-temperature resistivity down to the lowest measured temperatures6. The angle-dependent magnetoresistance shows a well defined Fermi surface that agrees quantitatively with angle-resolved photoemission spectroscopy measurements7 and reveals a linear-in-temperature scattering rate that saturates at the Planckian limit, namely α = 1.2 ± 0.4. Remarkably, we find that this Planckian scattering rate is isotropic, that is, it is independent of direction, in contrast to expectations from ‘hotspot’ models8,9. Our findings suggest that linear-in-temperature resistivity in strange metals emerges from a momentum-independent inelastic scattering rate that reaches the Planckian limit.
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                    Fig. 1: T-linear resistivity and the angle-dependent magnetoresistance technique.[image: ]


Fig. 2: ADMR and quasiparticle scattering rate of Nd-LSCO at p = 0.24.[image: ]


Fig. 3: Transport coefficients of Nd-LSCO at p = 0.24.[image: ]


Fig. 4: Comparison of two overdoped cuprates: Nd-LSCO and Tl2201.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 ADMR experimental set up.
a, A photograph of the sample on the rotator. The two samples here are mounted on a G-10 wedge to provide an azimuthal angle ϕ of 30°. Additional wedges provided angles of ϕ = 15° and ϕ = 45°. b, ADMR as a function of θ angle from −15° to 110° and ϕ = 0 at T = 20 K for Nd-LSCO p = 0.24, showing the symmetry of the data about these two angles.


Extended Data Fig. 2 Calculated and measured Sommerfeld coefficients of Nd-LSCO.
a, The Sommerfeld coefficient γ for Nd-LSCO as a function of doping. The measured values (red circles) are obtained from measurements of the electronic specific heat Cel/T at T = 10 K (ref. 25). For the calculated γ (black dashed, dotted and solid lines), we use the tight-binding parameters from our ADMR analysis for three different values of t, as indicated. The grey band represents the region of consistency between the calculations and the data. b, Electronic specific heat Cel/T as a function of temperature for Nd-LSCO p = 0.24, 0.27, 0.36 and 0.40 (ref. 25). The data are the solid lines and the dashed lines represent extrapolations.


Extended Data Fig. 3 Fit of the Nd-LSCO p = 0.24 data with different scattering-rate models.
a, ADMR data on Nd-LSCO p = 0.24 at T = 25 K and B = 45 T. b, c, e, f, Best fits for the ADMR data in a using the Fermi surface in Fig. 1d and an isotropic scattering-rate model (b), and three different anisotropic scattering-rate models: cosine (c), tanh (e) and polynomial (f). d, The three different anisotropic scattering rates as a function of the azimuthal angle ϕ at T = 25 K.


Extended Data Fig. 4 ADMR and quasiparticle scattering rate of Nd-LSCO at p = 0.24 for the tanh model.
This figure is the same as Figs. 2a, 3a, b, except that the ADMR has been fitted using the tanh model instead of the cosine model (Extended Data Fig. 3).


Extended Data Fig. 5 ADMR and quasiparticle scattering rate of Nd-LSCO at p = 0.24 for B = 35 T.
a, b, This figure is the same as Fig. 2a, c except that the ADMR data are taken at B = 35 T (a). The fit has been carried out using the cosine model. b shows that scattering-rate values are identical to within a percent of those obtained from the fit to the data at B = 45 T, shown in Fig. 2c.


Extended Data Table 1 Tight-binding parameters from the fit to the ADMR data at p = 0.24Full size table


Extended Data Table 2 Results of the fit of the Nd-LSCO p = 0.24 data with the cosine scattering-rate modelFull size table
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