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Classical vs quantum criticality
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Fermionic quantum criticality
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Fermi velocity renormalization i
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Free-standing graphene remains a Dirac semime

[Elias et al., Nat. Phys. O11]



Twisted bilayer graphene
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Twisted bilayer graphene
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Quantum twisting microscope
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[Inbar et al., Nature O23]



Quantum twisting microscope
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Tight-binding model

Hamiltonian:




Tight-binding model

Hamiltonian: A .

Slater-Koster hopping [Mc;agiiﬁgserlizﬁ: PR 812}
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Electronic band structure
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Electronic band structure
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Electronic band structure
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Interactions
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Interactions

Toy lattice model: 7
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Quantum phase diagram: Mean- ! eld theory
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Quantum phase diagram: Mean- ! eld theory
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Twist-tuned transition
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Band structure: polarization

E agrees with Hartree-Fock study at # = 1.1
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Twist-tuned gquantum criticality

KIVC order parametert vs "#

.. for bxedV; = V) =1:45¢eV

[Biedermann, LJ, in preparation]
13



Twist-tuned gquantum criticality

KIVC order parametert vs i Quantum universality class
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Twist-tuned gquantum criticality

KIVC order parametert vs "#

.. for bxedV; = V) =1:45¢eV

Quantum universality class

L=4a"@ +9g (83 )°+(85 )
E Gross-Neveu-XY

Critical exponents: Gracey, PRD 021
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E with N = 2 four-component spinors (spinless fermions)
or N = 4 four-component spinors (spin-1/2 fermions)

[Biedermann, LJ, in preparation]
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Candidate ground states

State of Matter

CoT

Uy (1)

Semimetallic (SM)
Valley-Hall (VH)
Quantum Anomalous Hall (QAH)
Valley-Polarized (VP)
Kramers Intervalley-Coherent (KIVC)
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Valley polarization
Dirac semimetal

Valley polarization operator:

— T Al
Lij™4 O

E with $; = + 1 for clockwise (counterclockwise) hopping KIVC nsulator
[Ramires & Lado, PRB O19]
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Overlapping Dirac cones
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Overlapping Dirac cones
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