


Extended Data Fig. 7 | Superconductivities in device T1. a, Optical micrograph 
and device configuration, in which electrons are polarized to the bottom layer 
of tetralayer graphene with WSe2 at proximity. Scale bar, 3 μm. b,c, The ne–D 
maps of R xx at B⊥ = 0 T and base temperature, corresponding to opposite 
sweeping directions of ne, respectively. Three superconducting regions labelled 
as SC1–SC3 similar to in devices T2 and T3 can be seen. Some fluctuations can 
be seen in SC1, SC2 and the neighbouring metallic region. d, The ne–D map of 
R xx at B⊥ = 1.5 T and base temperature, featuring the quantum oscillations of a 

QM to the right of the SC1 region. e,f, The ne–D map of R xx and R xy at B⊥ = 0.1 T 
and base temperature. The fluctuations and SC3 are both suppressed, similar 
to those observed in device T2. g–j, Magnetic hysteresis scans of R xy taken at 
the dot, triangle, diamond and star positions in f, showing jumps/loops that are 
consistent with the anomalous Hall signals in f. k,l, Representative magnetic 
hysteresis of R xx taken in SC1 (at ne = 0.54 × 1012 cm−2 and D/ε0 = 1.03 V nm−1) and 
SC2 (at ne = 0.72 × 1012 cm−2 and D/ε0 = 1.17 V nm−1).
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Extended Data Fig. 8 | Temperature and magnetic field dependence of 
superconductivity in device T1. a–c, Temperature dependence of R xx, the 
difference resistance dVxx/dI versus I and the BKT fitting of SC1, respectively.  
d, Temperature-dependent antisymmetrized R xy hysteresis at a state in SC1.  
e–g, Temperature dependence of R xx, the difference resistance dV/dI versus I 
and the BKT fitting of SC2, respectively. h, Temperature-dependent 
antisymmetrized R xy hysteresis at a state in SC2. i,j, R xx and R xy as a function of 
ne and B⊥ at D/ε0 = 1.075 V nm−1 (corresponding to SC1), respectively. The phase 
boundary between the QM and SC1 remains at the same ne, indicating that the 

orbital magnetism is continuous across the boundary and SC1 is orbital magnetic. 
k,l, R xx and R xy as a function of ne and B⊥ at D/ε0 = 1.03 V nm−1 (corresponding to 
SC1), respectively. The phase boundary between the QM and SC1 remains at the 
same ne, whereas the left boundary of SC1 even moves against the neighbouring 
state in magnetic field, confirming the orbital magnetic nature of SC1. m,n, R xx 
and R xy as a function of ne and B⊥ at D/ε0 = 1.17 V nm−1 (corresponding to SC2), 
respectively. The phase boundaries between SC2 and neighbouring states 
move towards SC2 under magnetic field.



Extended Data Fig. 9 | Superconductivities in device P1. a, Optical micrograph 
of the device. Scale bar, 3 μm. b, The ne–D map of R xx at B⊥ = 1.5 T and base 
temperature, featuring the quantum oscillations corresponding to the QM 
state neighbouring SC1. c,d, The ne–D map of R xx and R xy at B⊥ = 0.1 T and base 
temperature, respectively. e,f, Magnetic hysteresis of R xy at the green triangle 
and square positions in d. g,h, Temperature dependence of antisymmetrized 
R xy in SC1 (corresponding to the red dot position in d) and SC2 (corresponding 
to the blue dot position in d), respectively. Curves are shifted vertically for 
clarity. h,i, Rxx and Rxy as a function of ne and B⊥ at D/ε0 = 0.955 V nm−1, respectively. 
The phase boundary between the QM and SC1 shifts to slightly higher density, 
suggesting the orbital magnetic nature of SC1. j, The ne–B map of R xx at D/ε0 =  
1.05 V nm−1, cutting through SC2. k, Magnetic field dependence of R xx in two 
representative states inside SC1. We use 10% (indicated by the blue dots) of the 

normal state resistance to extract the Tc and 5% (red dots) and 15% (green dots) 
of the normal state resistance to extract the uncertainty of Tc in Fig. 5. l, dVxx/dI 
versus I in SC1 and SC2 at (0.61 × 1012 cm−2, 0.94 V nm−1) and (0.85 × 1012 cm−2, 
1.05 V nm−1), respectively, featuring zero resistance at small current and the 
resistance spikes at critical current. m, The ne–D map of R xx, highlighting  
(by the orange dashed curve) the phase boundary between the spin-polarized 
and valley-polarized QM and an UM. n, Temperature-dependent R xx linecut at 
D/ε0 = 0.92 V nm−1, in which the QM–UM phase boundary (indicated by the 
orange dashed arrow) gradually shifts as T is lowered. The SC1 state develops  
to the right of the boundary, indicating the QM as the parent state of SC1.  
o, Linecuts from n, showing the QM–UM phase boundary as a kink (orange arrow) 
in R xx, which shifts to lower ne as T is lowered.
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Extended Data Fig. 10 | Superconductivities in device P2. a, Optical micrograph 
and illustration of the device configuration. Scale bar, 3 μm. b, Magnetic 
hysteresis in SC1 (at ne = 0.61 × 1012 cm−2 and D/ε0 = 0.95 V nm−1) and SC2  
(at ne = 0.87 × 1012 cm−2 and D/ε0 = 1.07 V nm−1) at base temperature, respectively. 
c, The ne–D map of R xx at zero magnetic field, featuring SC1–SC3. d, The ne–D 
map of R xx at B⊥ = 1.5 T, featuring the QM state to the higher density side of SC1. 

e,f, The ne–D map of Rxx and Rxy at B⊥ = 0.1 T and base temperature. g, Temperature- 
dependent magnetic hysteresis of R xy at the star position in e. Curves are 
shifted vertically for clarity. h,i, R xx and R xy as a function of ne and B⊥ along the 
dashed line in e, respectively. The phase boundary between the QM and SC1 
shifts to slightly higher density, suggesting the orbital magnetic nature of SC1.



Extended Data Fig. 11 | Comparison between the highest superconducting 
transition temperatures of SC1 in devices T1–T3 and P1. a–d, Upper panels, 
R xx as a function of temperature and charge density at a constant D that 
corresponds to the highest Tc, in the four devices, respectively. Lower panels, 

the same plots as in the upper panels with a small unified colour scale for a fair 
comparison. The BKT fitting reveals an increase of TBKT from device T1 to T3, 
corresponding to a weakening of spin–orbit-coupling effect.
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Extended Data Fig. 12 | Calculation of the effective mass and Fermi energy 
in tetralayer and pentalayer rhombohedral graphene. a, Calculation at a 
fixed potential difference between the top-most and bottom-most layers 
Δ = 90 meV in tetralayer graphene. b, Calculation at a fixed charge density 

ne = 0.5 × 1012 cm−2 in tetralayer graphene. c, Calculation at a fixed potential 
difference Δ = 110 meV in pentalayer graphene. d, Calculation at a fixed charge 
density ne = 0.6 × 1012 cm−2 in pentalayer graphene.




