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Moiré Materials
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Moiré + Semiconductors or Semimetals = Moiré Materials
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Moiré Materials: Momentum Space
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Il Fermi Liquids & Metals

Il Insulator/Semiconductors

V. Mott Insulators/Spin
Models

V Itinerant Magnetism
VI Heavy Fermions
VIII'Superconductors
IX (Fractional) QHE

X Anomalous (F)QHE
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Strong Coupling Stoner Instability
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Topology and Physics




Experimental
Manifestations of
Non-Trivial
Topology

Z X Shen Group Science (2009)




Edwin Hall

Quantum Hall Effect
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On-Line Lecture
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Topology and Band Physics

Fubini-Study
Metric

Qij(k) = (Ok, ur |1 — ur)(url||Ok,; uk)

Yu et al. arXiv:2501.00098



Bloch Spheres and Berry Phases
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Hall Effect Ty Honeycomb Lattice I
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Molre Material Magnetism



N=2

SU(4) vs. SU(2)

a=T1

3 order parameters
1 eigenvalue (spin)
2 for 2 eigenvectors

a=KTKI|,KT,Kl

15 order parameters
3 eigenvalues (valley, spinK,spinK’)
12 for 3 eigenvectors (6+4+2+0)




Fermi Surface Reconstructions

Saito et al.
Nature (2021)
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Nat. Physics (2021)
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Badoux et al.
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Putzke et al.
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Non-Analytic Corrections
Magnetic Metal Case
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T (K)

Lonzarich Taillefer JPC (1985)
Chitov and Millis PRL ,PRB (2001)
Kirkpatrick Belitz PRB (2003)
Chubukov Maslov PRB (2003,4)
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MAtBG Phase Diagram - Expt
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Rozen et al. arXiv:2009.01836
Saito et al. Nature (2021)




NAC to FLT - Why?




NAC to FLT - Why?
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NAC to FLT - Why?
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NAC to FLT - Why?




MAtBG Phase Diagram
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Zhu et al. PRB (2024)
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Layer Pseudospins in TMD Homo/Heterobilayers

Surprisel

A Skyrmion Lattice
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TMD AA Homobilayer Theory — Wu et al. - PRL

(2019)




Bloch Spheres and Berry Phases
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On the Problem of the Molecular Theory of Superconductivity*

F. LonpoN

Duke University, Durham, North Carolina

(Received April 25, 1948)

Werner Heisenberg

Fritz London
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Ii=4rh%?/V|p.—pi|®
/ We assembled indications which sugge}

that it is most probably the exchange interaction
associated with the Coulomb field of the electrons
which i1s responsible for this |‘‘condensation in
mementum space.|" Ferromagnetism and super-
conductivity would then be considered as two
opposite limiting cases of the same effect, depend-
ing on whether the exchange interaction compet-
ing with the zero-point energy promotes parallel
orientation of the electronic spins or a coordina-
tion of the translational momentum in a state of

vanishing total spin.
\ F. London Phys. Rev. 74 (1948) /




Spin Magnetism Orbital Magnetism

| Masive Dirac | Magnetic topological insulator | Graphene/hBN | Moiré material

Chiral’edge state

Top surface Bottom surface
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Orbital vs. Spin Magnetization
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Cousins of Orbital Magnetization

Orbital Magnetization
Anomalous Hall Effect
Kerr/Faraday Effect
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Time Reversal




Edge States, Orbital Magnetization, and QHE
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Purely Orbital Ferromagnetism
occurs in MATBG
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MATBG/hBN Magne’nza’rlon
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Zhu et al. - PRL (2020)




05

B[T]

-0.5

Electrical Magnetization Reversal

0.5 0 0.5

27 2.8
n [10%cm~]

R, [e] I

Polshyn et al. Nature (2020)




The Meissner Effect
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From: https://vajiramias.com/current-affairs/superconductivity/5cea6a021d5def3dd9b17c7b/
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