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A sheet of graphene – quantum field in a discrete curved space

Curvature, Defects, Geometry in Graphene and Optical Lattices

Graphene

Nobel Prize 2010 – Geim und Novoselov

E. Cockayne et al, Phys. Rev. B 83, 195425 (2011)

Crystalline structures

Differential Geometry

Distances and angles Curvature and TorsionAnalogy

N. S. and R. Schützhold, Phys. Rev. A 84, 050101(R) (2011)
N. S. and R. Schützhold, New J. Phys. 14 (2012) 035001

Graphene General Relativity
Defects Curvature

Phonons in graphene Gravitational Waves !

SimulatorDescription

language from
differential geometry

astrophysics in
laboratory   

Profits

Curvature & Topology

Ripples

2-dimensional “crystal”
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THE IDEA:

ANALOG MODELS

Discrete Hubbard Model:

(Quantum) Field Theory

Partial differential equationsParticles in periodic potentials

Effective description:
hopping on the lattice

Approximate description:
discretization on the lattice

Graphene can be bent and curved → non-trivial topology and geometry

Nikodem Szpak

Analog concepts

D.J. Appelhans, L.D. Carr and M.T. Lusk, 
New Journal of Physics 12 (2010) 125006

J.C. Meyer et al, Nature 446, 60-63 (2007)

Curvature & Defects

→ bending of ”straight” lines (forces)

Appearance of mass

Honeycomb lattice → 2x triangular lattices:

C.-Y. Hou, C. Chamon and C. Mudry, 
PRL 98, 186809 (2007)

E. Cockayne et al, Phys. Rev. B 83, 195425 (2011)
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Periodic super-structure formation of supercells (A-B-C)

Kekule periodic perturbations of lattice links

Band
splitting

Dispersion relation:

spinor-like wave function
(2 degrees of freedom)
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(metric and connection)

Lattice

Gauge field theory

Hopping  coefficients,
internal degrees of freedom Gauge fields

Lattice

Analogy

Fundamental parameters

Internal lattice symmetries Mass and spinAnalogy

Lattice

(complex phases)

(supercells)

Graphene with defects Curved Space

(intrinsic curvature) „Forces”
E. Cockayne et al, Phys. Rev. B 83, 195425 (2011)

bending of „straight” lines

(extrinsic curvature)

+ „Parallel” transport curvature

ALSO

Non-closing parallelograms torsion
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Hubbard-type Hamiltonian:

⇔= ),( mnmn, HT ϕϕwith
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Effective metric g !

same as that of the sheet?
NO
take frames...

Simplest 1D Hubbard Hamiltonian:
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Hubbard Hamiltonian
Curved space

Existing analogies: deformations and defects / curvature and torsion  
(e.g. Vozmediano et al --- stil quite naive... )

Correspondence still incomplete, 
language allowing for effective calculations still lacking

Curved graphene

Dirac equation

in curved space:
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iΓwith spin connections

Take into account: 

extrinsic curvature (embedding)
intrinsic curvature (defects)
torsion

PROJECT:
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