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Ancient interest to interactions

in narrow energy bands
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Renewed interest due to twisted bilayer graphene

from Y.Cai et al. Nature 556, 43 (2018)

Narrow band structure at low energies; indications on importance of electron

-electron interactions (e.g. triplet pairs Y.Cao et al Nature 595, 526 (2021))
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Tight-binding model for La-based cuprate

superconductors

Ann. Phys. (Berlin) 2019, 1900177 (2019)
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Tight-binding model with nearby hoppings

When interaction is much larger than a noninteracting energy band there are

pairs of two electrons propagating together due to pair energy conservation;

but this case is not realistic (hopping t = 1, U ≫ Bd ≈ 8d).

(LPT Quantware group, CNRS, Toulouse) Landau Inst 4 Aug 2021 5 / 15



Classical chaotic dynamics of electron pair

Classical Hamiltonian and chaos
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Pairing mechanism at moderate

Coulomb repulsion

Energy and momentum of pair (p+x,y = p1x,y + p2x,y ) are conserved

and there is an effective narrow energy band of width:

∆E ≈ 2d |δ| < U ≪ Bd for p+ = py+ = π + δ.
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Time evolution of 2 electrons on 2D-NxN lattice

interaction U = 2 ≪ Bd = 16 + U, Trotter integration time scheme

small size of pairs (a few lattice sites, like in La-based cuprates with a pair

size of about 15angstroms (e.g. Dagotto Rev. Mod. Phys. (1994)
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Eigenstates of 2 electrons on 2D-NxN lattice

interaction U = 2 ≪ Bd = 16 + U;N = 128
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Time evolution on NxN and HTC lattices

interaction U = 2 ≪ Bd = 16 + U;N = 128; NxN/HTC lattice left/right
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Pair size on NxN and HTC lattices

interaction U = 2 ≪ Bd = 16 + U;N = 128; NxN/HTC lattice left/right;

same parameters as on a previous slide
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Probability of pair formation

on NxN and HTC lattices

color gives probability w10 of 2 electrons in a band distance 10

for NxN (left) and HTC (right) lattice
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Probability of pair formation on HTC lattice
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Optimal probability of pair formation

optimal v2D ≈ 0.2(0.8) for NxN and v2D ≈ 0.2(0.75) depending on U for HTC

lattice
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Discussion

* Formation of two-electron pairs by moderate Coulomb repulsion

in band structures

* Relatively small size of pairs being of about 3-10 lattice spacings

* Maximal probability of pair formation at filing factor v2D ≈ 0.2(0.8)
* Problem remaining: finite electron density case;

ihomogeneous electron density at low energys

and pairs near Fermi energy?
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