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Electronic structure of electronic bands in twisted bilayers.
Effects of interactions.
Other narrow bands: bilayers on a substrate.
More narrow bands: graphene trilayers, and bilayes on bilayers.
Interactions. Classification of bands.
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Twisted graphene layers: theory
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Local orbitals and Wannier functions






The underlying structure of the superlattice is a honeycomb lattice.
The lattice nodes are at the centers of the regions where the stacking is AB aor BA.
The Wannier functions have maxima at three lobes around the nodes, and non trivial phases.
This description differs significantly from an array of mesoscopic quantum dots in a triangular lattice.
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More about interactions



Moiré lattice unit:  nm
Radius of the charge distribution:  nm
Coulomb energy:  eV
On site repulsion:  eV


Coulomb potential,
 Vmax=0.029 eV , Vmin=-0.014eV
AA
AA
AA
AA
AB
BA


Coulomb interactions and screening in twisted graphene bilayers
arXiv:1806.05990

Bands, wavefunctions
Angle: 
G  point
Sketch of the electrostatic potential
The charge distribution within the    Moiré unit cell depends on the state.

Away from the neutrality point, the charge is concentrated at the center of the unit cell. 

A non uniform electrostatic potential is induced.
Moiré unit cell: nm

K  point
Proc. Nat. Acad. Sci. (USA) 115, 13174 (2019)



Hartree bands, different fillings.
Twisted bilayers, Hartree Fock approximation
The band structure is dependent on filling → new interactions
The bandwidth increases away from the neutrality point


meV
meV
meV

More conventional narrow bands in strongly correlated systems: 
Hubbard model rigid bands










The bands are significantly distorted if 
The edges of the Brillouin Zone, K and M, are shifted, while the center, G, is not.
The bandwidth is increased, although the density of states at the Fermi energy remains high (pinning of van Hove singularities).
Shapes and widths of the bands:  theory





No AA hopping, non Abelian gauge field.
 Bands totally flat at magic angles.






 



A simple model: band dispersion solely due to interactions.
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Shapes and widths of the bands:  theory
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Shapes and widths of the bands: STM experiments
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Shapes and widths of the bands: compressibility experiments
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Flat bands and interactions in a graphene bilayer on a substrate
















Graphene superlattices in graphene monolayers








Superlattices for graphene on BN


Effect of a nearly commensurate hBN substrate on a graphene monolayer






constant mass
scalar potential
periodic mass
periodic gauge field












Flat bands and interactions in an AB bilayer on hBN
Non interacting bands as function of electrostatic bias


Bandwidth of the two central bands 
Chern number of the two central bands


Lower band
Upper band
Band dispersion as function of filling. Self consistent results.

Charge densities









Nature Phys. 15, 237 (2019)


Nature 572, 215 (2019)



arXiv:1905.06535
Flat bands and interactions in a graphene trilayer on a substrate
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Flat bands and interactions in an ABC trilayer on hBN
Non interacting bands as function of electrostatic bias
Bandwidth of the two central bands 
Chern number of the two central bands
Band dispersion as function of filling. Self consistent results.
Lower band
Upper band

Charge densities
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Flat bands and interactions in two graphene bilayers with a twist


Flat bands and interactions in a AB-AB twisted double bilayer graphene
Band dispersion as function of filling. Self consistent results.
Non interacting bands as function of electrostatic bias






Charge densities


Charge densities
Bandwidth of the two central bands 
Chern number of the two central bands




Lower band


Upper band




Hartree-Fock approximation. Broken symmetry phases
Half filling

Half filling. No Hartree term.
Broken symmetry due to exchange interactions.
Four filled valence bands, and four empty conduction bands. 
Valley and spin species partially filled.
Gap at the K and K’ points.
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l Half filling. Spin polarized state.


arXiv:1905.07409
Intervalley coherent state


Hartree-Fock approximation. Broken symmetry phases
n=2

Spin or valley polarization.
Bandwidth due to Hartree potential.
Small density of states at the Fermi level.




Self consistent polarized states. Density dependence.
Spin or valley polarization.
Bandwidth due to Hartree potential.
Large, or negative charge compressibility at some fillings, phase separation.



arXiv:1912.06150


Electrostatic interactions and flat bands in graphene stacks 
	l	The largest interaction in twisted graphene bilayers near magical angles is the long range Coulomb interaction.  Away from the neutrality point, the inhomogeneous distribution of carriers leads to an electrostatic potential.
	l	The electrostatic potential modifies the shape and width of the bands. These effects can be described in terms of an emergent interaction, electron assisted hopping.
	l
	Other flat bands in graphene stacks are possible, ABC graphene+hBN, bilayer gaphene+ hBN, twisted bilayers, …
The effect of the electrostatic interactions on the shape of the bands depends strongly on the setup.
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Narrow bands lead to correlated behavior, but not necessarily to assisted hopping
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Discovery of ‘magic-angle graphene’ that behaves like a high-temperature superconductor is Physics
World 2018 Breakthrough of the Year
13 Dec 2018 Hamish Johnston


The Physics World 2018 Breakthrough of the Year goes to Pablo Jarillo-Herrero of the Massachusetts Institute of Technology (MIT) in the US and
colleagues for making the discovery that led to the development of “twistronics”, which is a new and very promising technique for adjusting the
electronic properties of graphene by rotating adjacent layers of the material. The technique was first used by the team to create “magic-angle
graphene”, which behaves like a high-temperature superconductor. Nine other achievements are highly commended in the Top Ten Breakthroughs
of 2018 and cover topics ranging from the first full body PET/CT scan to a zero-carbon aeroplane propelled by a jet of ions.


MATERIALS NEWS



https://physicsworld.com/

https://physicsworld.com/author/hamish-johnston/

http://web.mit.edu/physics/people/faculty/jarillo-herrero_pablo.html

https://physicsworld.com/c/materials/

https://physicsworld.com/l/news/
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Graphene is a layer of carbon just one atom thick that has a honeycomb lattice. Bilayer graphene is


You’ve reached the limit of what you can view on Physics World without registering
If you already have an account on Physics World, then please sign in to continue reading 


If you do not yet have an account, please register so you can 


New twist: magic-angle bilayer graphene is the 2018 Breakthrough of the Year. (Courtesy: Pablo Jarillo-Herrero)
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