General Mathematics Seminar
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University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
January, 2012

Tuesday, January 15, 2013, at 17:00

Campus Kirchberg, Room B02

Oliver Johnson
(Bristol university )

Entropy and properties of the Poisson distribution.
Abstract:
I will introduce some ideas relating to uncertainty and probabilistic limit theorems.
I will explain a maximum entropy property of the Poisson distribution, and relate
it to log-concavity. I will show how these results can be seen as analogues of
better-known results regarding continuous random variables

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
April, 2013

Thursday, April 25, 2013 at 14:15

Campus Kirchberg, Room A16

Xiang-Dong Li
(AMSS, Chinese Academy of Sciences, Beijing)

Optimal transport, Fokker-Planck diffusion processes and Perelman’s
Ricci flow.
Abstract: We study the optimal transport problem between the Fokker-Planck diffusion processes on compact Riemannian manifolds equipped with Perelman’s Ricci
flow and potential. More precisely, we prove that, when the Riemannian metric
evolves along Perelman’s Ricci flow and the potential function evolves along the
conjugate heat equation, then the Wasserstein distance between the probability
distributions of the backward Fokker-Planck diffusion processes is nonincreasing
in time. Moreover, we prove the convexity of some Boltzmann-Shannon entropy
type free energy functionals along the geodesic on the Wasserstein space on manifolds equipped with Perelman’s Ricci flow and potential. Our results extend some
previous ones due to McCann-Topping, Topping and Lott.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
June, 2013

Tuesday, June 11, 2013 at 17:00

Campus Kirchberg, Room B02

Gilles Pagès
(Paris 6)

Convex order for path-dependent American options using the Euler
scheme of a martingale jump diffusion process.
Abstract: We explore the functional convex order of martingale diffusions and
stochastic integrals with respect to their diffusion coefficient in both a Brownian
and a jump framework. We finally extend this result to the Snell envelope of functionals of these process, i.e. to American options written on pathwise payoffs.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
July, 2013

Tuesday, July 2, 2013 at 17:00

Campus Kirchberg, Room B02

Olivier Raimond
(Université Paris 10)

Strongly reinforced Vertex-Reinforced-Random-Walk on the complete
graph.
Abstract: We study Vertex-Reinforced-Random-Walks on the complete graph with
weights of the form w(n) = nα , with α > 1. Unlike for the Edge-ReinforcedRandom- Walk, which in this case localizes a.s. on 2 sites, here we observe various
phase transitions, and in particular localization on arbitrary large sets is possible,
provided α is close enough to 1. This is joint work with Michel Benaim and Bruno
Schapira.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
July, 2013

Tuesday, July 23, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Günter Last
(Karlsruhe University)

Unbiased shifts of Brownian motion and balancing random measures.
Abstract: In this talk we consider a two-sided standard Brownian motion B =
(Bt )t∈R . A random time T is an unbiased shift of B, if T is a measurable function
of B, such that the time and space shifted process (BT +t − BT )t∈R is a Brownian
motion independent of BT . We characterise unbiased shifts in terms of allocation
rules balancing additive functionals of the Brownian motion. Moreover, for any
probability distribution ν on R we construct an unbiased shift T ≥ 0 that is
a stopping time and such that BT has distribution ν. A key ingredient of our
approach is the transport and allocation theory for stationary random measures
and a new theorem on the existence of allocation rules balancing jointly stationary
diffuse random measures on R. We also discuss moment and minimality properties
of unbiased shifts.
The talk is based on joint work with Peter Mörters (Bath) and Hermann Thorisson
(Reykjavik).

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
September, 2013

Tuesday, September 17, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Kirill Krasnov
(university of nottingham)

Perturbative Quantum Gravity.
Abstract: The subject of perturbative quantum gravity is currently undergoing a
renaissance period. Partly this has to do with new tools being used, partly with
new mathematical structures that are being explored. This talk is an overview of
some of these developments, prepared for a mathematical audience. No knowledge
of physics is assumed.
I will start by introducing the main characters: Einstein-Hilbert action and its perturbative expansion; perturbative quantization and Feynman diagrams; correlation
functions and the graviton scattering amplitudes. I will then review some modern
developments such as: (i) analytic continuation to complex momenta and recursion relations for amplitudes; (ii) "scattering equations" on an n-punctured sphere
and a new explicit formula for the tree-level graviton scattering amplitudes; (iii)
gauge-theoretic formulation of gravity and new gravitational perturbation theory.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
September, 2013

Monday, September 23, 2013 at 17.00

Campus Kirchberg, Room A02

Prof. Kirill Mackenzie
(Sheffield, UK)
Duality for n-fold vector bundles.
Abstract: Double vector bundles have been implicit in differential geometry for
many years: for a vector bundle A → M the tangent T A with its two structures
(over A and over T M ) gives the formulation of connections in A which was used by
Dieudonné, and T (T M ), T (T ∗ M ) and T ∗ (T ∗ M ) are basic in geometric mechanics.
In general a double vector bundle is a manifold D with two compatible vector
bundle structures over bases A and B which are themselves vector bundles over a
common manifold M . Such a D can be dualized in two ways and these duals are
themselves dual over a base which emerges from the double structure. The two
dualizations generate the symmetric group of order 6.
For triple vector bundles, Gracia-Saz and the speaker proved that the corresponding group is of order 96 and is a non-split extension of S4 by the Klein 4-group. For
n-fold vector bundles the corresponding group is an extension of Sn+1 by a direct
product of cyclic groups of order 2. It is a subgroup of O(k, Z) where k depends
on n, but is not a Coxeter group.
I will describe the pairing of the two duals of a double vector bundle which is the
basis of this work, and the results for n = 3, 4. If time permits I will describe the
interpretation – on which further developments rest – of the kernel elements as
certain Euler graphs.
This work arose in the study of bracket structures associated to Poisson manifolds
and Lie algebroids, but the talk requires no knowledge of these. An acquaintance
with the concept of vector bundle is sufficient.

References
[1] A. Gracia-Saz and K. C. H. Mackenzie. Duality functors for triple vector bundles. Lett. Math. Phys., 90(1-3):175–200, 2009.
[2] A. Gracia-Saz and K. C. H. Mackenzie. Duality functors for n-fold vector
bundles. arXiv:1209.0027, .
[3] Kirill C. H. Mackenzie. Ehresmann doubles and Drinfel’d doubles for Lie algebroids and Lie bialgebroids. J. Reine Angew. Math., 658:193–245, 2011.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
September, 2013

Monday, September 2, 2013 at 17:00

Campus Kirchberg, Room B02

Prof. Dr. Jens Schwaiger
(Karl-Franzens-Universität Graz, Austria)

Generalized polynomials and functional equations.
Abstract:Solutions f of a certain type of functional equations have the property
that ∆h1 ◦ ∆h2 ◦ . . . ◦ ∆hn+1 f = 0 for all h1 , h2 , . . . , hn+1 , where ∆h f is defined by
(∆h f )(x) := f (x + h) − f (x). One possibility to define generalized polynomials (of
degree at most n) is by saying that f has to satisfy the equation above.
Here other possible definitions and relation between them are presented.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
September, 2013

Tuesday, September 3, 2013 at 17:00

Campus Kirchberg, Room B02

Dr. Harald Fripertinger
(Karl-Franzens-Universität Graz, Austria)

Tone rows and tropes.
Abstract: Complete classification of tone rows in the twelve tone scale is described.
We analyze the notion of “equivalent” or “similar” tone rows and, therefore, we
introduce the notion of “group actions”. Equivalent tone rows are collected to an
orbit of tone-rows. Moreover, we deduce that different degrees of similarity can be
described by different groups G acting on the set of all tone rows. In the sequel
we explain which groups G are musically reasonable to be taken into account. The
main objects of the present talk are the orbits of tone rows under the action of the
direct product of two dihedral groups, i.e. G = D12 × D12 . This means that tone
rows are equivalent if and only if they can be constructed by transposing, inversion,
retrograde, and/or time shift from a single row. Consequently, tone rows which
are equivalent according to the notion of Arnold Schönberg are equivalent in our
sense. However, since we also consider the time shift, there exist tone rows which
are not equivalent according to Schönberg but equivalent according to our notion.
For some tone rows f it is possible that certain operations leave f invariant. This
leads to the notion of “stabilizers” and “stabilizer types” of tone rows. In our main
setting of D12 ×D12 - orbits of tone rows we distinguish 17 different stabilizer types.
Computing the list of intervals between consecutive tones of a tone row, we determine the interval structure of D12 × D12 -tone rows, we discuss all-interval rows
and all-distances-twice rows.

The notion of “tropes” introduced by Josef Matthias Hauer suits very well for the
classification of D12 × D12 -tone rows. We describe tropes as unordered pairs of
hexachords and determine G-orbits of tropes for certain groups G. The trope
structure is an interesting property of the D12 × D12 -orbits of tone rows. It can be
used to describe the different stabilizer types in our main setting.
Finally, a database containing the complete list of D12 × D12 -orbits of tone rows is
presented. Next to many different “properties” of tone rows we were collecting tone
rows appearing in works of various composers. Hence it is also possible to search
for musical information on a given tone row. This opens the door for new research:
Since we have normal forms of tone rows, it is easy to check, whether similar
tone rows appeared in different compositions. Or knowing certain properties of
tone rows it is interesting to study whether we can deduce from the composition
that the composer was aware of these properties. (Joint work with Peter Lackner,
University of Music and Performing Arts Graz.)

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
September, 2013

Thrusday, September 5, 2013 at 16:30

Campus Kirchberg, Room C02

Prof. Ivan Nourdin
(University of Nancy)

Stochastic calculus for fractional Brownian motion in Brownian time.
Abstract:Fractional Brownian motion has been widely used to model a number of
phenomena in diverse fields such as biology, climatology, or finance to name a few.
In this talk, I will introduce a related and new process, the so-called fractional
Brownian motion in Brownian time (FBMBT). In a first part, I will explain why
I have been interested in studying such a process. One of my motivations comes
from the desire to find a stochastic model for a crack filled with a gas. FBMBT also
satisfies an universal principle: it appears naturally in the large limit of a discrete
model. In a second part of my talk, I will quickly explain how one can develop a
stochastic calculus for FBMBT. This is a difficult question since the trajectories
of FBMBT are more irregular than Brownian motion. The talk will be accessible
to a non-specialist audience.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
October, 2013

Tuesday, October 1, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Hermann Thorisson
(University of Iceland)

Coupling Methods in Probability Theory.
Abstract: Coupling means the joint construction of two or more random variables,
processes, or any random objects. The aim of the construction is usually to deduce
properties of the individual objects or to gain insight into distributional relations
between them.
In this talk we shall first consider some elementary examples, moving from Poisson
approximation and stochastic domination to Markov chains and Brownian motion. We then outline a general coupling theory for stochastic processes and finally
extend the view to random fields and to random elements under a topological
transformation group.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
October, 2013

Tuesday, October 8, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Daniel Matei
(IMAR, Bucarest)

Topology of Arrangements of Hypersurfaces.
Abstract: An arrangement of hypersurfaces in an algebraic variety X is a finite
collection A of irreducible hypersurfaces. Let V be the union of the hypersurfaces
in A, and let M be the complement of V in X. We will discuss the topology of the
complement M, with an eye for the combinatorics of the arrangement A. Special
attention will be given to the following two cases: 1) X is smooth, all hypersurfaces
in A are smooth, and moreover they locally intersect like hyperplanes; 2) X is a
surface.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
October, 2013

Tuesday, October 22, 2013 at 15.30

Campus Kirchberg, Room B02

Professor Hidekazu Furusho
(Nagoya University, Japan)

Four groups related to associators.
Abstract: I will review Drinfeld’s definition of associators and also my results
concerning the definition. Then I will talk about the four pro-unipotent algebraic groups related to associators; the motivic Galois group, the GrothendieckTeichmuller group, the double shuffle group and the Kashiwara-Vergne group. In
the end of my talk I will explain relationships, actually inclusions, between them.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
October, 2013

Wednesday, October 30, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Bruno Vallette
(Université Nice Sophia-Antipolis)

Givental action is homotopy gauge symmetry.
Abstract: The aim of this talk will be to explain the following equivalence: the
Givental action on genus zero cohomological field theories, i.e. algebras over the
moduli space of genus 0 stable curves with marked points, is equal to the gauge
symmetry action on Maurer-Cartan elements of the homotopy Lie algebra encoding
homotopy Batalin-Vilkovisky algebras. This equivalent description allows us to
extend, in a non-trivial way, the Givental action to homotopy CohFT, i.e. from
the homology to the chain level. [joint work with Vladimir Dotsenko and Sergei
Shadrin. Reference arxiv.org/1304.3343]

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
November, 2013

Tuesday, November 5, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Louis H. Y. Chen
(National University of Singapore)

Approximating dependent rare events.
Abstract: The Poisson limit theorem for the binomial distribution was implicitly
proved by Abraham de Moivre (1712) in his solution to the problem of finding the
number of trials that gives an even chance of getting k successes. However, it was
Siméon-Denis Poisson (1837) who first gave an explicit form of the Poisson distribution and proved the limit theorem. The Poisson limit theorem suggests that the
binomial distribution can be approximated by the Poisson distribution with the
same mean if the success probability p is small and the number of trials n is large.
It took more than 100 years before Prohorov (1953) proved that the total variation distance between the binomial distribution and the Poisson distribution with
the same mean is of the order of p regardless of the values of n (or equivalently,
regardless of the value of the mean np). Le Cam (1960) generalized Prohorov’s
result to sums of independent Bernoulli random variables with unequal success
probabilities. Using Stein’s method, Chen (1975) generalized and improved Le
Cam’s result to sums of dependent Bernoulli random variables. Since then Poisson
approximation has been extensively studied, developed further and generalized. It
has also been applied to a large number of problems in many different fields, which
include computational biology, random graphs and large-scale networks, computer
science, statistical physics, epidemiology, reliability theory, game theory, and financial mathematics. In this talk, we will give a historical account of the development
of Poisson approximation using Stein’s method, present two recent applications,

one on maximal arithmetic progressions and the other on bootstrap percolation,
and discuss generalizations to compound Poisson approximation, Poisson process
approximation and multivariate Poisson approximation. We will also touch on approximation by polynomial birth-death distributions and Poisson approximation
for functionals of general Poisson random measures. This talk is based on a joint
paper with Adrian Roellin.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
November, 2013

Tuesday, November 12, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Lassina Dembélé
(Warwick Mathematics Institute)

Hilbert modular forms and applications.
Abstract: Hilbert modular forms were introduced in the 19th century as a natural
generalisation of classical modular forms to totally real number fields. Today, they
find applications in a wide range of areas, including number theory and robust
communication networks. In this talk, we will review their definition starting with
the classical setting, and discuss some of their applications.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
November, 2013

Tuesday, November 19, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Francesco Bonsante
(University of Pavia)

Globally hyperbolic flat space-times in dimension 3
Abstract: The notion of globally hyperbolic space-time plays a crucial role in
relativity. By a celebrated theorem of Choquet-Bruhat and Geroch, assuming
that the space-time is Einstein, the first and the second fundamental forms of any
Cauchy surface determine the geometry of the whole space. In the talk we will
revise this notion focussing on the 3D case. In particular we will describe the
Mess parameterization of the moduli space of globally hyperbolic flat structures
on the manifold S × R, where S is a closed surface of genus at least 2. This
parameterization is given in terms of global invariants of the space, so it is not
directly related to the embedding data of a Cauchy surface. In the final part of
the talk, I will describe a recent work with Andrea Seppi where we pointed out the
relation between the embedding data of any convex Cauchy surface and the Mess
parameterization.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
November, 2013

Tuesday, November 26, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Xavier Caruso
(University of Rennes)

Skew polynomials and factorization.
Abstract: If K is a field equipped with an endomorphism σ, one defines the noncommutative ring K[X, σ] as the usual ring of polynomials over K except that one
twists the multiplication according to the rule Xa = σ(a)X when a in a scalar
in K. Skew polynomials appear naturally in several contexts (e.g. semi-linear
algebra, theory of differential equations) as an important tool to approach difficult
problems. In this talk, after having introduced skew polynomials and presented
many examples showing their connections to different questions, I will focus on
the problem of factoring them over various fields. Theoretical and practical results
will be both discussed.

General Mathematics Seminar
of the
University of Luxembourg
in cooperation with the
Luxembourg Mathematical Society
December, 2013

Tuesday, December 17, 2013 at 17.00

Campus Kirchberg, Room B02

Prof. Martin Bordemann
Laboratoire de Mathematiques, Informatique et Application (LMIA)
Université de Haute-Alsace
An unabelian version of the L-infinity structure construction by T. Voronov.
Abstract: In 2005 T. Voronov gave a rather useful explicit construction of an Linfinity structure on a graded vector space V which can be seen as an abelian
subalgebra complementing a subalgebra H in a graded Lie algebra G which he extendend to the ambient Lie algebra G. His technique gave rise to some L-infinity
constructions attached to coisotropic submanifolds and the deformation of morphisms of an associative or Lie algebra (work of Y. Frégier et al.). We generalize
his construction to an L-infinity structure on the quotient G/H (and the extension) without assuming that there is an abelian subalgebra complement to H in
G. The construction simplifies a bit to some “graded dressing transformation” if
there is a (non)abelian subalgebra complement. The main idea is the observation
that the quotient U (G)/(U (G)H) of the universal envelopping algebra U (G) of G
is a cofree coalgebra on which G acts from the left by coderivations. This quotient
had recently been studied in the trivially graded case by Calaque, Caldararu and
Tu: using their result we can show that the generalized Voronov L-infinity structure is isomorphic just to a differential (no higher brackets) iff the (graded) Atiyah
(or Nguyen-van Hai) class of the Lie algebra pair (G, H) vanishes. We shall indicate how the generalization may help to the quantization problem of coisotropic
submanifolds as modules.

