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Extended Data Fig. 1 | Optical micrographs of HTG devices. a, Device 1 - a 
secondary device with θ = 1.77∘. b, Device 2 - our main device with θ = 1.79∘.  
c, Device 3. This device shares the van der Waals heterostructure with Device 2.  
Rxx and Ryx contacts are indicated by black dots for all devices. d, Contrast-enhanced 

optical micrograph of Device 2 after stacking. The crystallographic edges of the 
top hBN, bottom hBN, and top monolayer graphene are highlighted, showing  
no accidental alignment between hBN and HTG. All scale bars are 2 μm.
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Extended Data Fig. 2 | Twist angle determination. a, Rxx Landau fan from Device 
2, measured at D = 0 and T = 300 mK. Electron-side (right) and hole-side (left) are 
plotted with different color scales to improve contrast. Dashed lines correspond 

to the best-fit series shown in b. b, Map of the best-fit slopes from a emerging 
from a consistent set of integer fillings, ν. Red lines emerge from nν=±4 and ν = ± 4 
(off-scale due to measurement limitations) in a and b, respectively.
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Extended Data Fig. 3 | Device 1 characterization. a, Rxx versus n and D, showing 
resistance peaks at charge neutrality (ν = 0), at the moiré band gaps (ν = ± 4),  
and at the correlated states at ν=1,2,3. b, Field-trained ΔRyx measured at  
T = 300 mK and B = ± 60 mT versus ν and D. Hot spots near ν=1,3 indicate AHE.  

c,d, Field-antisymmetrized Ryx and field-symmetrized Rxx taken at ν=2.9 (cyan 
circle in b) and D/ϵ0 = − 0.15 V/nm while sweeping B up (solid) and down (dashed) 
at different temperatures as indicated. Temperature colorcode in d is identical  
to c. e,f, Same as c,d, taken at ν=0.8 and D/ϵ0 = 0.1 V/nm (pink triangle in b).
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Extended Data Fig. 4 | Device 3 characterization. a, Rxx versus n and D, showing 
resistance peaks at charge neutrality (ν=0), at the moiré band gaps (ν = ± 4), and  
at the correlated states at ν=1,2,3. The contact resistance becomes very large 
when ν ≳ 3.2, leading to artifacts in the data. b, Field-trained ΔRyx measured at  
T = 300 mK and B = ± 60 mT versus ν and D. Hot spots near ν=1,3 indicate AHE.  

c,d, Field-antisymmetrized Ryx and field-symmetrized Rxx taken at ν=3.1 (cyan circle 
in b) and D/ϵ0 = 0 while sweeping B up (solid) and down (dashed) at different 
temperatures as indicated. The temperature color code in d is identical to c.  
e,f, Same as c,d, taken at ν=0.8 and D/ϵ0 = − 0.09 V/nm (pink triangle in b).
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Extended Data Fig. 5 | Single-particle density of states and Van Hove 
singularity. (left) The single particle DOS with momentum-dependent tunneling 
as a function of filling factor and layer potential. The Van Hove singularity at 

which the Hall density switches sign is indicated by the dashed lines. (right) 
Extended Fermi surfaces at the Van Hove singularity are shown for the four points 
indicated by stars in the DOS plot.
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Extended Data Fig. 6 | Extraction of the Curie temperature using an Arrott plot. R2
yx  versus ∣B/Ryx∣. Positive (negative) extrapolated intercept of the linear part at high 

B indicates a ferromagnetic (paramagnetic) state. The curve taken at T = 10.5 K has approximately zero intercept, indicating a Curie temperature TC ≈ 10.5 K.
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Extended Data Fig. 7 | Temperature dependence and gap sizes estimation.  
a, Rxx (raw data, not field-symmetrized) versus ν and T of Device 2 at D = 0 and  
B = 0. The jumps in resistance near ν=3 reflect the AHE of different magnetic 
states combined with Ryx mixing. A pronounced electron-hole asymmetry is 
demonstrated. b, line cuts of a versus 1/T at different ν as indicated. Some curves 
show non-monotonic temperature dependence due to the parallel conduction  
of the insulating domains and the metallic network of domain walls. The total 
resistance can be modelled by Rtot = (R−1

M + R−1
I )−1

, where RM and RI are the 
resistance of the metallic walls and insulating domains, respectively. When one of 
the resistances is much smaller than the other, we have Rtot ≈ min(RM,RI). At low 

temperatures, 1/T ≳ 0.2 K−1, the insulating bulk is shunted by the metal, saturating 
the increased resistance of the insulating domains. As T is increased to 
intermediate values, 1/T ~ 0.1 K−1, the domains become less resistive and Rtot ≈ RI. 
We use this regime to estimate the gap sizes for ν=0,2,3 (indicated) by fitting the 
data to R = R0 exp{−Δν/2kBT}, where Δν is the gap at filling ν and kB is Boltzmann’s 
constant. At higher temperatures, 1/T ≲ 0.05 K−1 for ν=2,3, the correlated states 
give way to a metallic phase, accounting for the increasing resistance with T at 
those filling factors. At ν=1, evidence for thermal activation is absent, indicating a 
semimetallic state without a fully developed correlated gap.
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Extended Data Fig. 8 | Correlated state at ν=7/2. a, Rxx versus ν, measured on Device 2 at D = 0, B = 0, and T = 300 mK. At ν=7/2, we find a resistance peak distinct from 
the one at ν=3. b, Waterfall plot of antisymmetrized Ryx taken by sweeping B up (solid) and down (dashed) as the fast axis at D = 0 and different ν, as indicated on the 
right of every other curve. The AHE persists beyond ν=7/2.
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Extended Data Fig. 9 | Hartree-Fock calculations at ν=7/2 and 2/3. a, Charge 
density n(r) (measured relative to that at full flat band filling nν=+4(r)) of the 
tetrahedral antiferromagnet (TAF) at ν=7/2. Grey dots indicate ABA-stacking 
regions. b, Local spin orientation in the TAF. Arrows denote spin direction in  
sx − sy plane, while red (blue) coloring indicates out-of-plane polarization along 
+ ̂sz(− ̂sz). Grey parallelogram indicates the new quadrupled moiré unit cell.  
c,d Same as a except for the ̂C3z  charge density wave and stripe charge density 

wave respectively. e, ΔE of the different translation symmetry breaking solutions 
at ν=7/2 as a function of interlayer potential U. ΔE is measured relative to that  
of the best translation- symmetric solution. f, Charge gap of the translation 
symmetry breaking solutions at ν=7/2. g,h, Same as e,f except for the best 
translation symmetry breaking solution at ν=2/3. All calculations performed  
on a 18 × 18 system using θ = 1.80∘, wAA = 75 meV.
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