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Dirac semimetalCorrelated insulator
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Quantum twisting microscope
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Quantum twisting microscope
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Lattice model
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Hamiltonian:

Vppπ

Vppσ

…

…

a0

d0
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Lattice model

25

Hamiltonian:

Vppπ

Vppσ

…

…

a0

d0

Slater-Koster hopping:
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z
2
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−
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r0 for a0 ≤ r ≤ 6a0

0 for r > 6a0
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... with Vppı ≈ −2:7 eV, Vppff ≈ 0:48 eV, and decay length r0 ≈ 0:319a0

[Moon & Koshino, PRB ’13] 

[Koshino et al., PRX ’18]
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Electronic band structure

26

ℓ �

K Γ M K
0

−0.2

−0.1

0.0

0.1

0.2
ε
−
ε
F
[e
V
]

θ = 1.08
�



Electronic band structure

26

ℓ �

K Γ M K
0

−0.2

−0.1

0.0

0.1

0.2
ε
−
ε
F
[e
V
]

θ = 1.08
�

Fermi velocity:

1.0 1.5 2.0 2.5 3.0

θ [deg]

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

v F
/
v
0 F

Microscopic Model

Continuum Model



Electronic band structure

26

ℓ �

K Γ M K
0

−0.2

−0.1

0.0

0.1

0.2
ε
−
ε
F
[e
V
]

θ = 1.08
�

Fermi velocity:

1.0 1.5 2.0 2.5 3.0

θ [deg]

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

v F
/
v
0 F

Microscopic Model

Continuum Model
(a) (b)

0 5 10 15 20 25 30

0.2

0.4

0.6

0.8

1.0

v
F
/v

0 F

twist angle (
o
)

?

K

[Luican et al., PRL ’11]

Experiment:



Interactions

27

Toy lattice model:

V1

V1

<latexit sha1_base64="1hSRDtVs/XA6hrd0yBBVGHkQMvc="></latexit>

H =
X

i 6=j

t(Ri − Rj) c
†
i cj + V1

X

hi ji

ninj



Interactions

27

Toy lattice model:

Simplifications: 

• Spinless fermions 

• Nearest-neighbor intralayer interactions only 

• Neglect corrugation effects  

• Increased interlayer hopping Vppσ
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(1)
magic ' 3:5°

����
<latexit sha1_base64="DMepmmJ6RVwuXLrJXDXcF30N4KE="></latexit>

θ
(1)
magic [deg]

V1

V1

<latexit sha1_base64="1hSRDtVs/XA6hrd0yBBVGHkQMvc="></latexit>

H =
X

i 6=j

t(Ri − Rj) c
†
i cj + V1

X

hi ji

ninj



Quantum phase diagram: Mean-field theory
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Twist-tuned transition
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Kramers intervalley 
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Twist-tuned quantum criticality
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Δ (�1, �2) = (1.45eV,0) T = 0K �1, �2) = (1.45eV,0)

KIVC order parameter Δ vs θ̃ :
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Twist-tuned quantum criticality

30

Δ (�1, �2) = (1.45eV,0) T = 0K �1, �2) = (1.45eV,0)

KIVC order parameter Δ vs θ̃ : Effective field theory:
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Δ (�1, �2) = (1.45eV,0) T = 0K �1, �2) = (1.45eV,0)

KIVC order parameter Δ vs θ̃ : Effective field theory:
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Candidate ground states
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State of Matter C2 T C2T UV (1)
Semimetallic (SM) 3 3 3 3

Valley-Hall (VH) 7 3 7 3

Quantum Anomalous Hall (QAH) 3 7 7 3

Valley-Polarized (VP) 7 7 3 3

Kramers Intervalley-Coherent (KIVC) 7 7 3 7



Valley polarization
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… with ηij = ± 1 for clockwise (counterclockwise) hopping

Valley polarization operator:

ℓ 

…with ��� = ±1
[Ramires & Lado, PRB ’19]
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