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Edges in graphene
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Ballistic quantum dots. Edge potentials
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Ballistic quantum dots. Localized states
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Effective gauge fields

A modulation of the hoppings leads to 
a term which modifies the momentum:  
an effective gauge field.
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The induced “magnetic” fields have 
opposite sign at the two corners of the 
Brillouin Zone.

These terms are forbidden by symmetry in 
clean graphene.
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Effective electric fields
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Suspended graphene. Graphene membranesSuspended graphene. Graphene membranes
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Ballistic transport in suspended graphene

z The graphene layer is 
deformed by the applied electric 
field, slack, …
z Stresses lead to effective 
gauge potentials

Maximum height as function
of carrier density for different
values of the slack
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Vector potential inside the
suspended region as function
of carrier density for different
values of the slack
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Ballistic transport in suspended graphene
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Transmission through a deformed graphene sheet as 
function of density for different values of the slack

Hall currents in a magnetic field
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Integer Quantum Hall steps in a 
graphene ribbon where part of it is under
a constant stress

G. León, E. Prada, P. San José, F. G., unpublished

Landau levels as function of the
momentum parallel to the boundary

Effects of a real magnetic field 18



Effective magnetic fields in strained graphene
A. K. Geim, M. I. Katsnelson, F. G., unpublished
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Strain superlattices

Height modulations

Effective magnetic field
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Wrinkles and mechanical instabilities in strained graphene
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Wrinkling instability:

E.Cerda and L. Mahadevan, Phys. Rev. Lett. 90, 074302 (2003)

Possible instabilities in graphene on a substrate
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zLocalized states at edges can lead to
observable consequences in graphene quantum 
dots

z Synthetic electric fields are induced in 
vibrating graphene. They give a simple physical
picture of dissipation mechanisms.

z Synthetic magnetic fields interfere with real 
magnetic fields in suspended samples, modifying
the properties in the Quantum Hall regime. 
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