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Programme
NB! This programme is very preliminary.
Discussions will be given priority, therefore we may decide to amend the
program during the course of the weekend. Come in good time in order to
ensure that you do not miss your favorite lecture!

Friday, December 7

14:00-14:15 Information about the network

14:15-15:00 Leszek Sirko

15:05-15:50 Jean-Claude Cuenin

Coffee break

16:20-17:05 Milos Tater

17:10-17:55 Andrew Watson

Dinner

Saturday, December 8

9:00-12:15 Nobel lectures
Aula Magna, Stockholm university

Lunch

13:00-13:45 Mats-Erik Pistol

13:50-14:35 Mikkel Haggren Brynildsen

14:40-15:25 Matej Tusek

Coffee break

16.00-16.45 Amru Hussein

16:50-17:35 Pavel Kurasov

All lectures are in rum 306 on the third floor of house 6, Kräftriket.
Coffee and lunch are served in the lunch rum on the third floor.
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Abstracts

On the Verdet constant and Faraday rotation for
graphene-like materials

Mikkel Haggren Brynildsen (Aalborg)

We present a rigorous and rather self-contained analysis of the Verdet con-
stant in graphene-like materials. We apply the magnetic perturbation theory
to a tight-binding model and obtain a relatively simple and exactly com-
putable formula for the Verdet constant, at all temperatures and frequen-
cies. Moreover, for our nearest-neighbor model of graphene we show that the
transverse component of the conductivity tensor has an asymptotic Taylor
expansion in the external magnetic field where all the coefficients of even
powers are zero. Joint work with H.D. Cornean.

Eigenvalue estimates
for non-selfadjoint Dirac operators

Jean-Claude Cuenin (Imperial College London)

We present eigenvalue bounds for the one-dimensional Dirac operator with a
non-hermitian potential in terms of its L1-norm. Operators of this type arise
for example as Lax operators in the focusing nonlinear Schrödinger equation
or in the problem of resonances via the method of complex scaling. Joint
work with Ari Laptev and Christiane Tretter.
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Estimates on the negative eigenvalues of
Laplacians on finite metric graphs

Amru Hussein (Mainz)

For a self-adjoint Laplace operator on a finite, not necessarily compact, metric
graph lower and upper bounds on each of the negative eigenvalues are derived.

On spectral gap for quantum graphs
Pavel Kurasov

The spectral gap, i.e. the distance between the two lowest eigenvalues for
Laplace operators on metric graphs is studied. A universal lower estimate for
the spectral gap is proven and it is shown that it is attained if the graph is
formed by just one interval. Uniqueness of the minimizer allows to prove a ge-
ometric version of Ambartsumian theorem derived originally for Schrödinger
operators. This is a joint work with Gabriela Malenova (Prague) and Sergei
Naboko (S:t Petersburg).

Mapping a continuous band-structure model
to a lattice model: solving the remaining problems

Mats-Erik Pistol (Lund, Sweden)

There are two very different models to calculate the electronic properties of
semiconductors. These are the k.p-model which ignores the atoms and the
tight-binding model which includes the atoms explicitly. The k.p-model is a
continuum model. We have found a mapping between the continuum model
and the tight-binding model where the continuum model is discretized on
a lattice. The initial mapping, described last year at the conference, had a
problem with "spurious" solutions which has now been solved. We have also
found the inverse map for the two most used tight-binding models. This is
joint work with Craig Pryor, University of Iowa.
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Experiments with microwave networks
Leszek Sirko, Oleh Hul, Michal Lawniczak, Agata Borkowska,

Szymon Bauch, Adam Sawicki*,**, Marek Kus*
Institute of Physics, Polish Academy of Sciences, Aleja Lotników 32/46,

02-668 Warszawa, Poland
*Center for Theoretical Physics, Polish Academy of Sciences, Aleja

Lotników 32/46, 02-668 Warszawa, Poland
**School of Mathematics, University of Bristol, University Walk, Bristol

BS8 1TW, UK

Quantum graphs are excellent paradigms of quantum chaos therefore they
are widely investigated theoretically and numerically. Experimentally, quan-
tum graphs are simulated by microwave networks consisting of joints and mi-
crowave cables. This is possible due to an equivalency of the one-dimensional
Schrödinger equation describing a quantum system and the telegraph equa-
tion describing an ideal microwave network.

We show that microwave networks can be used to answer an important
question: Are scattering properties of networks uniquely connected to their
shapes? To demonstrate this we consider scattering from a pair of isospectral
microwave networks consisting of vertices connected by microwave coaxial
cables and extended to scattering systems by connecting leads to infinity to
form isoscattering networks. We show that the amplitudes and phases of the
determinants of the scattering matrices of such networks are the same within
the experimental uncertainties [1]. Furthermore, using microwave networks
the parameter-dependent correlation function of level velocities c(ω, x) is
studied experimentally and numerically.

Acknowledgments. This work was partially supported by the Ministry
of Science and Higher Education grant No. N N202 130239 and the Euro-
pean Union within European Regional Development Fund, through the grant
Innovative Economy POIG.01.01.02.00-008/08.
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On the spectrum of a bent chain graph
Milos Tater

We study Schrödinger operators on a finite quantum graph made of a chain
of an odd number of identical rings connected at the touching points by δ-
couplings with a parameter iα, α ∈ R. Motivated by PT -symmetric QM we
consider a “bending” deformation of the chain consisting of changing one po-
sition of touching point at the central ring and the parameter of δ-couplings
to −iα on the left half of the graph. We analyze dependence of these eigen-
values on the coupling α and the “bending angle”.

On thin quantum layers
Matej Tusek (Prague)

Let Σ be a surface in R3 and −∆g the corresponding Laplace-Beltrami opera-
tor. Furthermore, define Ωε as the layer of the width ε constructed around Σ.
Then it is well known for some time that the Laplace operator on Ωε converges
(after subtracting the divergent transverse energy term) to −∆g+K−M2 in
the weak sense. Here K and M denote the Gauss and the mean curvature of
Σ, respectively. In my talk the norm resolvent convergence, that implies also
convergence of the respective eigenvalues and eigenfunctions, will be proved.
Moreover we will consider more general configuration including a magnetic
field. The talk is based on a joint work with David Krej?i?ík and Nicolas
Raymond.

6



An engineering perspective of quantum graphs
Andrew Watson

The subject of Quantum Graphs, is a growing area of research marked by
an increase in the number of people in the field. The structural engineering
equivalent of a quantum graph is free vibration of structure e.g. the vibration
of a multi-storey framework of bars and beams. Academic research on the
free vibration of bars and beams can be traced back over several decades.
Recently this research has been applied to quantum graphs and the talk will
look at the mathematics of beam vibration and how structural elements are
combined to form systems for which the natural frequencies or eigenvalues
can be found. Knowledge of the frequency spectrum leads to further un-
derstanding in quantum graph problems. The 2nd order Sturm Liouville
problem on trees has been examined in great detail but no published work
for the 4th order problem and its spectrum has been presented. More general
shaped graphs are of interest to mathematicians and this talk will also show
how these structural engineering ideas can be applied generally.
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