A sheet of graphene — quantum field in a discrete curved space
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Offen im fenken

Graphene
2-dimensional “crystal”

Nobel Prize 2010 — Geim und Novoselov

Honeycomb lattice - 2x triangular lattices: (2 degrees of freedom)
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Curvature & Topology

Curvature & Defects Ripples
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PROJECT:

> spinor-like wave function y _|

Graphene can be bent and curved — non-trivial topology and geometry
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THE IDEA:

ANALOG MODELS

Crystalline structures (Quantum) Field Theory

Particles in periodic potentials Partial differential equations
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Effective description: Approximate description:
hopping on the lattice discretization on the lattice

Graphene with defects

Curved Space

Discrete Hubbard Model:
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Analog concepts

Curvature

Lattice Fundamental parameters
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Lattice Gauge field theory Non-closing parallelograms -> torsion
Hubbard Hamiltonian
AW 7 = Curved space
Lattice Differential Geometry Discretized derivative: (a¢),, s % (%4_%_1)
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A Simplest 1D Hubbard Hamiltonian: H=-/ -Z(ﬁ;ﬁﬁ:,l)&,,
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Hubbard-type Hamiltonian: (discr. Laplacian)
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Effective metric g !
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- bending of "straight” lines (forces)

Curved graphene

- Dirac equation p
in curved space:\'
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Phonons in
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- language from
differential geometry

> astrophysics in
laboratory

with spin connections T}
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Take into account:

-> extrinsic curvature (embedding)
- intrinsic curvature (defects)
- torsion

Curvature, Defects, Geometry in Graphene and Optical Lattices
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