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            Abstract
Correlated electron systems are highly susceptible to various forms of electronic order. By tuning the transition temperature towards absolute zero, striking deviations from conventional metallic (Fermi-liquid) behaviour can be realized. Evidence for electronic nematicity, a correlated electronic state with broken rotational symmetry, has been reported in a host of metallic systems1,2,3,4,5 that exhibit this so-called quantum critical behaviour. In all cases, however, the nematicity is found to be intertwined with other forms of order, such as antiferromagnetism5,6,7 or charge-density-wave order8, that might themselves be responsible for the observed behaviour. The iron chalcogenide FeSe1âˆ’xSx is unique in this respect because its nematic order appears to exist in isolation9,10,11, although until now, the impact of nematicity on the electronic ground state has been obscured by superconductivity. Here we use high magnetic fields to destroy the superconducting state in FeSe1âˆ’xSx and follow the evolution of the electrical resistivity across the nematic quantum critical point. Classic signatures of quantum criticality are revealed: an enhancement in the coefficient of the T2 resistivity (due to electronâ€“electron scattering) on approaching the critical point and, at the critical point itself, a strictly T-linear resistivity that extends over a decade in temperature T. In addition to revealing the phenomenon of nematic quantum criticality, the observation of T-linear resistivity at a nematic critical point also raises the question of whether strong nematic fluctuations play a part in the transport properties of other â€˜strange metalsâ€™, in which T-linear resistivity is observed over an extended regime in their respective phase diagrams.
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                    Fig. 1: Crystal structure and phase diagram of FeSe1âˆ’xSx.[image: ]


Fig. 2: Longitudinal magnetoresistance in FeSe1âˆ’xSx.[image: ]


Fig. 3: T2-resistivity in FeSe1âˆ’xSx below the superconducting dome.[image: ]


Fig. 4: Quantum critical behaviour in the charge transport of FeSe1âˆ’xSx.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Calibration of the Cernox temperature sensor in a magnetic field of 35 T between 0.3 K and 30 K.
The coloured symbols in the graph are the data points taken at different constant temperatures as explained in the text. The points were then divided into four temperature intervals to calculate phenomenological fits, plotted here as lines. The inset shows a detail of the lowest temperature range.

                          Source Data
                        


Extended Data Fig. 2 Low-temperature magnetoresistance of FeSe1âˆ’xSx.
a, Field sweeps obtained for a sample with xÂ =Â 0.2 at several fixed temperatures. The magnetoresistance itself has a negligible temperature dependence over the entire temperature range studied. b, Comparison of a selection of field sweeps for xÂ =Â 0. Note that the extent of the y scale is different for the 1 K curve because Ï�ab is much smaller than at higher temperatures.

                          Source Data
                        


Extended Data Fig. 3 Field derivative of the magnetoresistance between 34 T and 35 T at different temperatures for xÂ =Â 0.13.
The blue symbols represent the slope of linear fits to the magnetoresistance (dÏ�ab/dB) curves, while the pink symbols are the difference between the 35 T resistivity and its extrapolated value at zero field. Down to about 1.5 K, the magnitude of the magnetoresistance (MR) is essentially constant. Below 1.5 K, the effect of superconducting (SC) fluctuations on the magnetoresistance can be clearly seen. Vertical error bars represent a compound error of the difference in slope maxima and mimina associated with the scatter in the data and uncertainty in the geometrical factors.

                          Source Data
                        


Extended Data Fig. 4 Temperature dependence of the in-plane resistivity Ï�ab of FeSe1âˆ’xSx.
The plots show Ï�ab(T) curves in zero field and in a 35 T magnetic field B//ab, for all x.

                          Source Data
                        


Extended Data Fig. 5 Definition of the temperature scales T1 and T2.
For each x value, the temperature derivative of the resistivity curve was obtained after binning and smoothing the 35 T data of Extended Data Fig.Â 4. The extent of the T-linear behaviour of dÏ�ab/dT defines T2, whereas the onset temperature of the constant regime is T1.

                          Source Data
                        


Extended Data Fig. 6 Determination of the A coefficients from the resistivity curves.
Raw data plotted against T2.

                          Source Data
                        


Extended Data Fig. 7 Determination of the A coefficients from the resistivity curves.
Binned and smoothed data plotted against T2.

                          Source Data
                        


Extended Data Fig. 8 Determination of Ts.
The structural phase-transition temperature Ts is determined from the temperature derivatives of the resistivity curves in a broad temperature range of up to about 150 K. The kink in the resistivity curves that can be seen in Fig.Â 1c corresponds to a dip in the derivatives.

                          Source Data
                        


Extended Data Fig. 9 The x-dependence of the quantum oscillation frequencies F in FeSe1âˆ’xSx.
The black circles and terracotta diamonds represent respectively the evolution, as a function of S substitution x, of the sums Î±+Î´ and Î²+Î³ of the quantum oscillation frequencies reported in ref. 21. The two dashed lines are linear fits that were used in the determination of kF (at each x) for the renormalization of the A coefficient (to A*) and in the estimate of Î±, the prefactor in the strength of the T-linear scattering rate. SeeÂ Methods for more details.

                          Source Data
                        


Extended Data Fig. 10 Determination of Hc2.
a, Definition of Hc2 at TÂ =Â 1.35 K for xÂ =Â 0.25. b, Plotted values of Hc2(TÂ =Â 1.35 K) as a function of varying x. The black dashed lines are exponential fits. Hc2(TÂ =Â 1.35 K, xÂ =Â 0) is much smaller than at higher S concentrations, presumably owing to the lower level of disorder in FeSe. Vertical error bars originate from uncertainties in the determination of Hc2 (as defined in Methods) due to scatter in the raw field sweeps. The larger error bar for xÂ =Â 0.16 is due to the additional uncertainty caused by having to extrapolate the Hc2 curve below 4.2 K.

                          Source Data
                        


Extended Data Fig. 11 T-linear resistivity at xÂ â‰ˆÂ xc.
Estimation of lower limit of A for xÂ =Â 0.16 from the temperature derivative of the 35 T resistivity curve. The slope of the blue dashed line is 2AÂ =Â 0.66 Î¼Î© cm Kâˆ’2. The arrow indicates the temperature at which Ï�ab(T) ceases to be strictly linear. As shown in Fig.Â 4b, T2 (the temperature below which the T2 resistivity first appears) is approximately half that of T1 (the temperature down to which the resistivity remains T-linear) for all x < 0.16. Thus, it is not unreasonable to assume that the maximum value of T2 for xcÂ =Â 0.16, if indeed the resistivity does cross over to T2, is a factor of two smaller than the base temperature of our experiment, making our estimate for the minimum value of A twice the absolute minimum plotted in Fig.Â 3b.

                          Source Data
                        


Extended Data Table 1 Summary of quantum oscillation measurements on FeSeFull size table
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