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Motivation and strategy

 Flat band superconductivity in experimentally tunable systems, 
using superstructures of weakly correlated 2D materials

 Experimental tools
→ twist angle (Bistritzer & MacDonald, PNAS2011)

→ atomic defects (Lopez-Bezanilla PRM2019, Ramires PRB2019)

 Compare physics of superlattices: defects vs. moiré

 Enhance DOS in order to suppress the kinetic term
→ possibly high correlations → unconventional SC



01.11.2019Tudor Pahomi 3/21| |Institute for Theoretical Physics 

Graphene

Haldane, PRL 1998

Honeycomb, bipartite
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Graphene

Haldane, PRL 1998

Valley flavour

Honeycomb, bipartite

Haldane PRL1998
Ramires PRB2019

The “Anti-Haldane“ hopping term shifts the 
energy of the Dirac points at K and K‘ in 
opposite directions

→ purple:
→ red:

Use it as projection operator: color = 
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Graphene

Haldane, PRL 1998

Valley flavour

Honeycomb, bipartite

Haldane PRL1998
Ramires PRB2019

4x4, flatter bands



01.11.2019Tudor Pahomi 6/21| |Institute for Theoretical Physics 

Moiré pattern and van Hove singularities
small relative twist → moiré superlattice Certain angles: periodic

Neto PRB2012

r=1
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Moiré pattern and van Hove singularities
small relative twist → moiré superlattice Certain angles: periodic

BZ folding flattens the bands at low energy

DOS
Neto PRB2012

r=1
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Moiré pattern and van Hove singularities
small relative twist → moiré superlattice Certain angles: periodic

BZ folding flattens the bands at low energy
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Superconductivity in TBG 

Cao 2018
Peltonen PRB 2018

Inside van Hove
singularity:

BCS:
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Other mechanism which flattens the low-energy bands
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Other mechanism which flattens the low-energy bands

- Low-energy ~ graphene spectrum
- Renormalized t
- Weaker valley polarization

- Combined with a pristine layer ?

- The UC has 4x4x2-6=28 atoms
- The position of the removed 
hexagon in the UC is irrelevant
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Hybrid TBG

4x4, 60deg
No coupling
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Hybrid TBG

4x4, 60deg
No coupling

4x4, 7.3deg

Sboychakov PRB2015

(2x larger, angle 2x smaller)
Gonzalez-Arraga, PRL2017
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Hybrid TBG

4x4, 60deg
No coupling

4x4, 7.3deg

→ The En of the states in the upper layer is shifted down 
→ Their Fermi velocity is reduced
→ Intervalley scattering only in the upper layer

Sboychakov PRB2015

(2x larger, angle 2x smaller)
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Small-angle hybrid TBG

Decreasing angle

23k 27k 32k 37k19k16k13k10k

increasing moiré supercell

The Energy difference between the cones is almost constant
→ related to the coupling strength and the vacancy concentration
→ the degeneracy of the cones can be restored using an electric field
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                                                            Degenerate cones?
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- Apply electric field E to restore the 
degeneracy of the Dirac points

- The states tend to localize in the upper 
layer as the interlayer coupling becomes 
stronger

- At small angles the Electric field is 
innefective because of the weak layer 
polarization.
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Toy model

Intra-layer hoppings Electric fieldInter-layer hopping

Bottom layer:
pristine graphene

→ Displacement of the two pairs of 
Dirac cones using an electric field

→ Reduced Fermi velocity using a  
smaller t in the upper layer

2 honeycomb layers, no vacancies
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Toy model: spectra

DOS per layer & total Bands, valley flavour

E acts like a 
valley-dependent
anti-Haldane term. 

4.4 deg

2.0 deg Larger magic angle(s)
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Toy model: DOS vs angle
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Yet to understand: hybrid bilayer vs. toy model
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Thank you for 
your attention!
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