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            Abstract
The electronâ€“hole plasma in charge-neutral graphene is predicted to realize a quantum critical system in which electrical transport features a universal hydrodynamic description, even at room temperature1,2. This quantum critical â€˜Dirac fluidâ€™ is expected to have a shear viscosity close to a minimum bound3,4, with an interparticle scattering rate saturating1 at the Planckian time,Â the shortest possible timescale for particles to relax. Although electrical transport measurements at finite carrier density are consistent with hydrodynamic electron flow in graphene5,6,7,8, a clear demonstration of viscous flow at the charge-neutrality point remains elusive. Here we directly image viscous Dirac fluid flow in graphene at room temperature by measuring the associated stray magnetic field. Nanoscale magnetic imaging is performed using quantum spin magnetometers realized with nitrogen vacancy centres in diamond. Scanning single-spin and wide-field magnetometry reveal a parabolic Poiseuille profile for electron flow in a high-mobility graphene channel near the charge-neutrality point, establishing the viscous transport of the Dirac fluid. This measurement is in contrast to the conventional uniform flow profile imaged in a metallic conductor and also in a low-mobility graphene channel. Via combined imaging and transport measurements, we obtain viscosity and scattering rates, and observe that these quantities are comparable to the universal values expected at quantum criticality. This finding establishes a nearly ideal electron fluid in charge-neutral, high-mobility graphene at room temperature4. Our results will enable the study of hydrodynamic transport in quantum critical fluids relevant to strongly correlated electrons in high-temperature superconductors9. This work also highlights the capability of quantum spin magnetometers to probe correlated electronic phenomena at the nanoscale.
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                    Fig. 1: Probing viscous electronic transport via magnetic field imaging.


Fig. 2: One-dimensional scanning NV microscopy of ohmic flow in a metallic channel and low-mobility graphene and viscous flow in hBN-encapsulated graphene at the CNP.


Fig. 3: Wide-field magnetic imaging of viscous electron flow in graphene.


Fig. 4: Electron hydrodynamics in graphene near the CNP.



                


                
                    
                
            

            
                Data availability


The data that support the plots and other analysis in this work are available upon request.
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Extended data figures and tables

Extended Data Fig. 1 Low-mobility graphene devices.
a, b, Optical image of the two bare monolayer graphene devicesÂ (a and b), with experimental results reported in panels c and d. The width of each device is WÂ =Â 1Â Î¼m. c, Conductivity Ïƒ as a function of the gate voltage Vg of the device shown in a. Data are shown in red. The blue line is a linear fit, which allows for extraction of the mobility. d, Current profiles of two bare monolayer graphene devices. Grey is for the device shown in a. Pink is for the device shown in b. The data are shown in comparison to the parabolic current profile measured for the encapsulated graphene device shown in Fig. 2e. Error bars correspond to the relative deviation of Jy that generates 2Ï‡2, where Ï‡2 is the cost function.


Extended Data Fig. 2 Scanning NV measurement of current profiles in a WÂ =Â 1.5Â Î¼m channel.
a, Measurement at the CNP. b, Data from a compared with data from Fig. 2e. In this panel, the horizontal axis is x in micrometres, where for all the other panels the horizontal axis is x/W. c, d, Measurement in the estimated carrier density range nÂ =Â 0.08Â Ã—Â 1012â€“0.30Â Ã—Â 1012Â cmâˆ’2 (c) and nÂ =Â 0.30Â Ã—Â 1012â€“0.53Â Ã—Â 1012Â cmâˆ’2 (d). In a, c and d, the black dashed line is the ideal uniform profile, the blue dashed curve is the ideal Poiseuille profile and the green curve is a fit to the data with equation (1).
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