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            Abstract
Superconductivity can occur under conditions approaching broken-symmetry parent states1. In bilayer graphene, the twisting of one layer with respect to the other at â€˜magicâ€™ twist angles of around 1 degree leads to the emergence of ultra-flatÂ moirÃ© superlattice minibands. Such bands are a rich and highly tunable source of strong-correlation physics2,3,4,5, notably superconductivity, which emerges close to interaction-induced insulating states6,7. Here we report the fabrication of magic-angle twisted bilayer graphene devices with highly uniform twist angles. The reduction in twist-angle disorder reveals the presence of insulating states at all integer occupancies of the fourfold spinâ€“valley degenerate flat conduction and valence bandsâ€”that is, at moirÃ© band filling factors Î½Â =Â 0,Â Â±1,Â Â±2,Â Â±3. At Î½Â â‰ˆÂ âˆ’2, superconductivity is observed below critical temperatures of up to 3 kelvin. We also observe three new superconducting domes at much lower temperatures, close to the Î½Â =Â 0 and Î½Â =Â Â±1 insulating states. Notably, at Î½Â =Â Â±Â 1 we find states with non-zero Chern numbers. For Î½Â =Â âˆ’1 the insulating state exhibits a sharp hysteretic resistance enhancement when a perpendicular magnetic field greater than 3.6 tesla is applied, which is consistent with a field-driven phase transition. Our study shows that broken-symmetry states, interaction-driven insulators, orbital magnets, states with non-zero Chern numbers and superconducting domes occur frequently across a wide range of moirÃ© flat band fillings, including close to charge neutrality. This study provides a more detailed view of the phenomenology of magic-angle twisted bilayer graphene, adding to our evolving understanding of its emergent properties.
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                    Fig. 1: Integer-filling correlated states and new superconducting domes.[image: ]


Fig. 2: The superconducting dome at fillings between Î½Â =Â 0 and Î½Â =Â 1.[image: ]


Fig. 3: Shubnikovâ€“de Haas oscillations in the MAG flat bands.[image: ]


Fig. 4: Field-driven phase transition near the Î½ = âˆ’1 state.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Schematic of the stacking process for the fabrication of twisted bilayer graphene with graphite bottom gate.
aâ€“h, Sequential device fabrication method, describing the tear-and-stack co-lamination process used to create the hBN/tBLG/hBN/graphite stacks.


Extended Data Fig. 2 Mechanical cleaning of twisted bilayer graphene.
aâ€“d, Optical images of the final stacks before mechanical cleaning (a, c) and after mechanical cleaning (b, d).


Extended Data Fig. 3 Hall measurements of device D1.
Coloured vertical bars correspond to filling factors Î½ = âˆ’4, âˆ’2, 2 and 4. Hall charge carrier density (nH = âˆ’B/(eRxy)) closely follows the gate-induced carrier density n. Near charge neutrality, nH = n. Beyond the band insulator regions (Î½ = Â±4), the Hall density strictly follows nH = n Â± 4n0.


Extended Data Fig. 4 Measuring the homogeneity of the twist angle.
aâ€“d, Atomic force microscopy images of a set of twisted bilayer graphene samples. Scale bar, 2 Î¼m. Dashed-line arrows correspond to the height profiles shown below the topographies. e, f, Two-terminal conductance measurements taken between contacts shown in a and b. Colours correspond to the bars shown in a and b, respectively. The difference in carrier density between the CNP and the Î½ = 2 state is used to extract the local twist angle.


Extended Data Fig. 5 Four-terminal longitudinal resistance as a function of carrier density at different temperatures.
The four-terminal longitudinal resistance is plotted against carrier density n for different temperatures, from 69Â K (black trace) to 16Â mK (red trace). Coloured vertical bars correspond to the filling factors Î½ as shown.


Extended Data Fig. 6 Additional measurements of other possible superconducting domes.
aâ€“d, Differential resistance measurements for additional domes between â€“4n0 and âˆ’3n0 (a), âˆ’2n0 and âˆ’n0 (b) 2n0 and 3n0 (c) and 3n0 and 4n0 (d). eâ€“h, Corresponding thermal activation measurements of resistance against temperature for the same carrier densities as in aâ€“d, respectively.


Extended Data Fig. 7 Full characterization of all four superconducting pockets in sample D1.
aâ€“d, Thermal activation measurements of resistance against carrier density. The inset shows magnified images, demonstrating that in three superconducting states the resistance drops completely to zero (a, b, d) and in one superconducting state the resistance saturates at about 80 Î© (c). eâ€“h, Differential resistance is plotted against d.c. bias current at various temperatures in order to establish BKT transition temperatures. iâ€“l, Two-dimensional colour plots of the differential resistance as a function of magnetic field and excitation current at 16Â mK.


Extended Data Fig. 8 Additional magnetic hysteresis data.
a, Four-terminal longitudinal resistance as a function of carrier density at different temperatures from 50 mK (black trace) to 5.2 K (red trace). b, c, Plots of longitudinal resistance Rxx and transverse resistance Rxy against magnetic field at different charge carrier densities and 100 mK. Arrows indicate the sweep direction of the magnetic field. Data from b is used to extract data for Fig. 4e. d, Transverse resistance plotted against magnetic field at different temperatures (the same dataset as in Fig. 4c). Dashed and solid lines correspond to ascending and descending magnetic fields, respectively.


Extended Data Table 1 Full dataset for all observed superconducting states in device D1Full size table
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