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Fig. 1. (a) 2D hexagonal lattice, representing graphene, monolayer transition metal dichalcogenides (TMDs), etc; (b) In monolayer

graphene, inversion symmetry is broken when monolayer graphene interacts with h-BN substrate. The monolayer TMDs have struc-

tures that lack inversion symmetry. Inversion symmetry in bilayer graphene and TMDs can be switched on/off by an electric field

applied in the z-direction; (¢) An energy gap is opened in Dirac systems with broken inversion symmetry. The arrows indicate inter-

band transitions at different valleys, and the circular arrows represent different circularly polarized light!2s],
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Fig. 2. (a) Schematic representation of a shear domain wall in bilayer graphene and the band structure of BA, Saddle point (SP),

and AB stacking. Red and magenta wavy arrows represent chiral topological modes bound to the domain wall; (b), (¢) Band struc-

ture of the wall under a positive (negative) interlayer bias V; for the K valleyl®'l.
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Fig. 3. (a) The Moiré superlattice as seen in twisted bilayer graphenel!’; (b) schematic representation of the mini Brillouin zone. Kj,

K! and Iy denote points in the mini Brillouin zonel'”; (c) band structure for valley + of the twisted bilayer graphene aligned with

h-BN in the mini Brillouin zone 6y = 1.20° I,
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Fig. 4. (a) Schematic of ABC TLG/h-BN Moiré superlattice. Only atoms of the top h-BN layer and the bottom graphene layer are
shown for clarity[’®; (b) illustration of the ABC stacked trilayer graphene/h-BN system. A vertical electric field introduces an en-
ergy difference AV for electrons between the top and the bottom graphene layerl'?; (c), (d) energy dispersion of the two electron
and hole minibands without and with a vertical electrical field, respectively. The vertical electrical field in (d) generates a potential
difference of 20 meV between the top and bottom graphene layers, leading to an isolated hole minibands with strongly suppressed
bandwidth. The reduced electronic bandwidth relative to the Coulomb interaction enhances the electron correlation, and leads to

the tunable Mott insulator statesl!3.
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Fig. 5. ABC TLG/h-BN, color plot of the longitudinal resistivity and Magnetic field dependent pyq : (a) Longitudinal resistivity as
a function of Vi and WV, at T = 1.5 K. The arrows show the direction of changing doping (n) and displacement field (D), respect-
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p‘lj‘g = 8 k2 and the coercive field is H. = 30 mT . Inset: Extracted coercive field H. and AH signal p’;‘g as a function of temperaturel'!l.
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sample; (c), (d) IR s-SNOM images obtained for A, = 135 nm and 282 nm, respectively/s.
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SPECIAL TOPIC—The frontiers and applications of topological physics

Topological properties of graphene moiré superlattice
systems and recent optical studies”
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Abstract

When 2D materials with different lattice constants or lattice rotation angles are stacked together, a
periodic moiré pattern will appear. Such moiré superlattice introduces a new two dimensional periodic potential,
which can greatly change the physical properties of the original systems. Recent experimental studies of moiré
superlattices formed by graphene on graphene and graphene on hexagonal boron nitride have revealed very rich
strong correlation effects and topological effects due to novel states in superlattice minibands. It has been shown
that flat bands in graphene-based moiré superlattice systems can host both topological states and strongly
correlated states, which can be controlled by an external electric field. In bilayer graphene, ABC stacked
trilayer graphene and twisted bilayer-bilayer graphene, the number of valence and conduction bands near the
Dirac point and even the band topology and bandwidth can be changed by varying the stacking angle between
graphene layers or the applied bias voltage. Moreover, the competition between kinetic energy and coulomb
interaction depends on the bandwidth and the external electric field, and at the so-called magic angle mott
insulator states and superconductivity were observed. Twisted bilayer-bilayer graphene has also been predicted
to show similar intriguing properties, including electrically tunable strongly correlated insulators,
superconductivity and many rich topological states. In graphene-based moiré systems, the combination of
topological states and strong correlations is expected to lead to a broad range of novel phenomena that are not
achievable in other material systems. Therefore, graphene moiré systems is likely to bring substantial progress
to the study of topological materials. In this paper, we review theoretical and experimental investigations of the
topological properties of graphene moiré superlattices, including topological domain wall states in bilayer
graphene and topological effects in twisted bilayer graphene, ABC trilayer graphene and twisted double bilayer
graphene. The origins of topological properties of these systems are discussed as well as topological phenomena
observed in various experiments. Finally, recent near-field optical studies of the band structure and novel

topological properties of graphene moiré superlattices are discussed.
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