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Alexander Bufetov: Determinantal point processes.



Abstract: Determinantal point processes are a remarkable class of random fields that are given by a simple formula and have diverse and far-reaching applications. For instance, columns in a Young diagram as well as
eigenvalues of a random matrix are governed by determinantal processes. The lectures will provide an elementary introduction to determinantal point processes, with a special emphasis on applications to representation theory.



Sergey Gorchinskiy: Mordell conjecture
(4 lectures)

Abstract: Mordell conjecture predicts that a curve of genus greater than one has finitely many points over a number field. 
We will give an overview of Falting's proof of this conjecture and discuss a series of related conjectures and proves. 


Shyu Kato: Symplectic nature of representation theory. 
(4 lectures)


Abstract:  Starting from the very definition of Lie algebras, we exhibit how representation theory of Lie algebras are connected to symplectic structures and integrable systems, mainly via examples. Topics might not include all of them.


1) Rise of a symplectic structure from a Lie algebra --- Kostant-Kirillov form and moment map;

2) Representations and symplectic leaves --- Poisson structures and associated varieties;
3) The McKay correspondence and its generalizations --- singularities arising from simple Lie algebras;
4) The McKay correspondence and representation theory (of simple Lie algebras);
5) Integrable systems and simple Lie algebras --- Kostant's construction of Toda lattice.

Takuro Mochizuki: Harmonic bundle and pure twistor D-module

Abstract: The classical theorem of Corlette says that there is a correspondence between semisimple flat bundles and harmonic bundles on a smooth projective variety. Rather recently, it has been generalized to
the correspondence between polarizable pure twistor D-modules and semisimple holonomic D-modules.
It enables us to use techniques in global analysis for the study on D-modules. As a remarkable application,
as conjectured by Kashiwara, we obtain that a projective push-forward preserves semisimplicity of holonomic D-modules, and that a decomposition theorem holds for semisimple holonomic D-modules.

The plan of my lecture is as follows:
1. Introduction of harmonic bundle
2. Asymptotic behaviour around singularity
3. Kobayashi-Hitchin correspondence
4. Good formal structure and Stokes structure of meromorphic  flat bundles
5. Twistor structure and Simpson's meta-theorem
6. Introduction to polarizable pure twistor D-module 

Petr Pushkar: Lagrangian tori in a symplectic vector space.
(2 lectures).


Abstract: I am planning to discuss the paper "Lagrangian tori in a symplectic vector space and global symplectomorphisms" by Yu. Chekanov and corresponding techniques in Symplectic topology.


Leonid Rybnikov (joint work with Boris Feigin and Michael Finkelberg):: Laumon spaces and Representation Theory. 

(4 lectures)

Abstract: I plan to give an introduction to geometric Representation Theory with the focus on Laumon spaces. The preliminary plan is the following:


1. Flag varieties. Equivariant and quantum cohomology.
2. Monopole space and its compactifications (Drinfeld's Zastava and Laumon's Quasiflags).
3. Equivariant cohomology and localization. U(gl_n) action on equivariant cohomology of Laumon's uasiflags by geometric correspondences.
4. Toda system: from Kostant to Givental. 


Nikolay Tyurin: Algebraic lagrangian geometry: from geometric quantization to mirror symmetry 

(format: 2 hours + break for tea + 2 hours).

Abstract. Geometric formulation of Quantum Mechanics is a translation to the language of projective spaces: the Hilbert space is replaced by its projectivization which is real quantum phase space; selfadjoint operators are replaced by certain smooth functions whose Hamiltonian vector fields preserve the Kahler structure; the Schrodinger equation in this setup turns to be just the Hamilton equation and the probabilistic aspects of QM are governed by the Riemannian mmetric. Therefore one can extend standard QM to certain approapriate algebraic varieties not only projective spaces.
Concerning the quantization problem one can thus reformulate it, and we call this reformulation "algebro geometric quantization". As a solution of the algebro geometric quantization problem we can take ALAG - programme, proposed by A. Tyurin and A. Gorodentsev in 1999. It is a programme indeed - starting with a simply connected compact symplectic manifolod with integer symplectic form one gets an infinite dimensional algebraic manifold which is called the moduli space of half weighted Bohr - Sommerfeld cycles of fixed topological type and volume. On the other hand, this moduli space could be exploited in mirror symmetry, f.e. based on the Floer cohomology  one can construct a family of vector bundles on the moduli spaces.

Nikolai Tyurin: Pseudotoric structures and Chekanov tori 

(format: 2 hours + tea break + 2 hours).

Abstract: It is a very important problem in symplectic geometry to classify all lagrangian tori in a given symplectic manifold up to Hamiltonian isotopy. Not too much is known till now even in the simplest and basic cases: only recently Yu. Chekanov constructed a family of exotic lagrangian tori in the symplectic vector spaces and certain compact symplectic manifolds - but still nowbody knows does the set of types for say the projective plane is exhausted by the Clifford torus and the Chekanov torus.
The Clifford torus comes from the toric geometry setup, so if we have a toric variety then there is a standard lagrangian firbation and the smooth fiber of such a fibration gives the standard lagrangian torus. But the notion of toric structure has a generalization: the notion of pseudotoric structure. It is a structure which gives a family of lagrangian fibrations of different topological types including the standard one. F.e. for the projective plane both the Clifford and the Chekanov types can be derived from the same pseudotoric structure. On the other hand, not only toric varieties admit pseudotoric structures: we show that certain non toric varieties admit the structure so they can be endowed by lagrangian fibrations. As an illustration we constract a special lagrangian fibration a la Auroux on the flag variety F3.
