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Report 

Visit by David Neilson to the Condensed Matter Theory group, Department of Physics, University of Antwerp, Belgium from 13 to 25 November 2012
Title of project: Multiband exciton condensate in a novel graphene nanostructure

I worked with Francois Peeters, Milorad Milosevic and Arkady Shanenko and their graduate students at the University of Antwerp to develop a joint Camerino-Antwerp project to thoroughly investigate all aspects of the multiband superfluid system in a novel graphene nanostructure that was recently proposed by my group in Camerino (arXiv:1211.6562 [cond-mat.supr-con].
I discussed extensions of the proposed system from bilayers to trilayers with Francois Peeters and his graduate student Mohammed Zarenia.  Trilayers result in energy bands with a cubic momentum dependence thus leading to even stronger correlations than in the bilayer system.  We mapped out a new project to calculate the resulting characteristics of the Wigner crystal, which should be much more experimentally accessible than in conventional quadratic dispersion systems.  As a result of the visit, we are jointly submitting an application for a Flanders Research Council fellowship for Mohammed Zarenia proposing to do this work. 
I discussed with Milorad Milosevic aspects of the proposed system as  an example of a multiband system with just the one condensate and with pairing only between bands.  I initiated organization with Milorad Milosevic of a European conference on multiband superconductors in Camerino in 2013.

I initiated with Arkady Shanenko and his graduate student Natalia Orlova the generalization of Landau-Ginzberg formalism to the proposed system.  This is a non-trivial extension because the electron-hole pairing interaction is no longer confined to the Fermi surface as it is for conventional superconductor pairing. Natalia Orlova has started these calculations which will now constitute a major part of her doctoral thesis. I discussed with Arkady Shanenko and Alexei Vagov of Bayreuth University their systematic small-parameter expansion in a multiband system around the superconducting transition and I demonstrated by means of a simple example that the expansion is in fact consistent with the Landau-Ginzberg formalism when it is correctly generalized to the multiband system, thus clarifying a current controversial point of disagreement.

David Neilson

18 December 2012
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