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Strong Correlations

Twisted layer graphene and hBN provide unprecedented
control of correlations in 2D electron systems
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Strong Correlations: Twisted bilayer near magic angle
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Alignment with hBN matters?

Device 1: aligned hBN Device 2: misaligned hBN

Graphene twist 1.05+/-0.01°

Graphene twist 1.20+/-0.01°
Twist to hBN large

Twist to one hBN 0.81°+/-0.02°
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Visual hBN Alignment




Alignment with hBN matters?
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Measuring Hall Slope Density Dependence
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Measuring Hall Slope Density Dependence
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Measuring Hall Slope Density Dependence
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Measuring Hall Slope Density Dependence
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Emergent Ferromagnetism at % Filling

Ryx (kQ)
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Emergent Ferromagnetism at % Filling
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Magnetism is Stable with No Applied Field
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Anomalous Hall Signal Can Be Really Large!
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Ryx (kQ)

Temperature Dependence of Emergent
Ferromagnetism at % Filling
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Temperature Dependence of Emergent

Ferromagnetism at % Filling

200

150

100

Ryx (kQ)

——————— —

50 oo ———

oF - __ 0.046 K ]
______ :_______:_3?1

~0.05

0.05

Coercive Field (mT)

80

60

40 ==

20

O- 1 1 1 1
1 2 3 4

Temperature (K)

XA
Hy o

(O)

11



Resistivity: no strong feature at 3/4
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Nature of Emergent Ferromagnetism at % Filling?

Simplistic band diagram: What might be happening...
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Nature of Emergent Ferromagnetism

Intrinsic vs. extrinsic anomalous Hall mechanisms
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Nature of Emergent Ferromagnetism

Intrinsic vs. extrinsic anomalous Hall mechanisms

35F
; T=2.1K
3.0F 8
< <
= S 6
Nﬂ’, 2.5 <:19’
= 20 < 4t
) g
15} 2
1.0F ning=0.746 § ok
1 | | 1 1 1 1
0 1 2 3 -2 -1 0
0,(T) (€%/h) Oiy(n) (€%/h)

Oxx (€%/h) (log)




Nature of Emergent Ferromagnetism

Intrinsic vs. extrinsic anomalous Hall mechanisms
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3- and 4-Terminal Nonlocal Transport at % Filling
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3- and 4-Terminal Nonlocal Transport at % Filling
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3- and 4-Terminal Nonlocal Transport at % Filling
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Repeatable Hysteresis Fine Structure in Field
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Repeatable Hysteresis Fine Structure in Field
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dV,x/dl (kQ)

Repeatable Hysteresis in Current

Dynamics of transition appear memoryless
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Comparison: Quantum Anomalous Hall in (Cr,Bi,Sb), Te,
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