Introductory workshop, January 22-25, 2008

The soul of Combinatorial Representation Theory (CRT) lies in the interplay
between combinatorics and various branches of mathematics. Combinatorial meth-
ods are applied to solve problems in representation theory, Lie theory, geometry,
and mathematical physics and, in symbiosis, deep combinatorial problems also arise
from these areas. The goal of the Introductory Workshop was to survey current and
recent developments in the field, and set the stage for the focus of the program.

Lecture series:
There were three lecture series:

e o Michel Broué, Complex reflection groups in representations of finite re-
flection groups,

e o Andrei Okounkov, Characters of symmetric groups

e o Arun Ram, Combinatorics of Lie type

The lecture series of M. Broué provided a bridge between the RTF program and
the CRT program. The lecture series of Broué, Okounkov and Ram were designed
to provide the basic fundamentals of the fields and explain the role of these topics
in current research. Broué introduced finite reflection groups, unipotent characters,
Deligne-Lusztig induction and restriction, and Harish-Chandra theory.

The lectures of Arun Ram set out the fundamentals of the combinatorics of root
systems and path models. In these lectures he gave definitions of Hecke algebras,
double affine Hecke algebras, Macdonald polynomials, crystals, Chevalley groups,
loop groups, flag varieties, loop Grassmanians and Mirkovic-Vilonen cycles. In total
this formed a comprehensive overview of the combinatorics of Lie types. These
lectures greatly inspired a project on Hecke group algebras completed at MSRI by
Anne Schilling and Nicolas Thiery (preprint arXiv:0804.3781v1 [math.RT]).

Andrei Okounkov (a Fields medallist) started with a survey of the character
theory of the symmetric group. He proceeded to relate this to the Fock space
realization, Gromov-Witten theory, the Hurwitz problem and finally the amazing
recent results by Okounkov and Pandharipande on the relationship between the
quantum cohomology of the Hilbert scheme and the Gromov-Witten/Donaldson-
Thomas correspondence for local curves.

Research talks:
To complement the lecture series the postdoctoral fellows of the program each
gave an hour long presentation introducing their research area. The topics were

e ¢ Kevin Purbhoo, The Horn Inequalities and Their Generalizations
e o Syu Kato, Geometric representation theory of affine Hecke algebras

e o Lauren Williams, Total positivity for flag varieties: combinatorics, topol-
ogqy, and toric geometry

e o Ghislain Fourier, Finite dimensional modules for current and loop algebras



e o Sami Assaf, Applications of dual equivalence graphs

These talks set the trend for the research activities pursued during the program.
Sami Assaf gave a beautiful account on her recent work on dual equivalence graphs,
which she used to give a combinatorial proof of the Macdonald-Kostka positvity,
and related these graphs to crystal graphs. Ghislain Fourier presented the analysis
of finite-dimensional modules for current and loop algebras. In particular he showed
how to treat the twisted cases. This ties in with work of David Hernandez, another
member of the program, on twisted g-characters for Kirillov-Reshetikhin modules
for all types.

5-minute presentations:

In addition, there were multiple sessions of 5-minute presentations where the
remaining participants were able to introduce themselves mathematically and gave
a feel for their current research. These sessions were a great success (there were
more volunteers than we could accommodate to speak)! The talks gave an overview
of what our community is working on and enabled the participants of the program
to make connections with each other. Arun Ram gave a sample 5 minute presen-
tation about p-compact groups to stimulate the participation. Other highlights in-
cluded Anne Schilling (affine Schubert calculus), David Hernandez (quantum affine
algebras), Nat Thiem (supercharacters), Jason Bandlow (Macdonald polynomials),
Brant Jones (Kazhdhan-Lustig polynomials), Monica Vazirani (crystals), Shona Yu
(Brauer algebras), Mansaoru Koyama (discrete Fourier transform).

Funding: Andrei Okounkov, who was one of the mini course speakers, was funded.
The other main speakers were in residence at the program. Our funding included
support for 12 postgraduate participants and 13 graduate students to attend the
workshop for a total budget of $30,000. The total number of registered participants
was 154, with participants from the USA, Portugal, UK, Korea, Brazil, Japan,
Ireland, Spain, Israel, Germany, France, Nigeria, China, Australia, Uruguay, Mexico.
Of these approximately 40 were women, 30 postdocs, and 50 graduate students.



A esss—
MSRI=
~ Mathematical Sciences Research Institute

Introductory Workshop on

Combinatorial Representation Theory
January 22-25, 2008

Tuesday January 22, 2008

9:00AM - 10:00AM  |Arun Ram Combinatorics of Lie type
10:00AM - 11:00AM  |Morning Break

Complex reflection groups in representations of finite
reductive groups

11:00AM - 12:00PM Michel Broué
12:00PM - 2:00PM Lunch at MSRI
2:00PM - 3:00PM Andrei Okounkov Characters of symmetric groups
3:00PM - 4:00PM Afternoon Tea
4:00PM - 5:00PM 5 Minute Presentations

5:00PM - 6:00PM Reception
Wednesday January 23, 2008

9:00AM - 10:00AM  |Arun Ram Combinatorics of Lie type
10:00AM - 11:00AM  |Morning Break
11:00AM - 12:00PM  |Andrei Okounkov Characters of symmetric groups
12:00PM - 2:00PM Lunch at MSRI
2:00PM - 3:00PM Kevin Purbhoo The Horn inequalities and their generalizations
3:00PM - 4:00PM Afternoon Tea
4:00PM - 5:00PM Syu Kato Geometric representation theory of affine Hecke algebras

Thursday January 24, 2008

Complex reflection groups in representations of finite
reflective groups

9:00AM - 10:00AM  Michel Broué

10:00AM - 11:00AM  |Morning Break

11:00AM - 12:00PM |5 Minute Presentations
12:00PM - 2:00PM Lunch at MSRI
2:00PM - 3:00PM Andrei Okounkov Characters of symmetric groups
3:00PM - 4:00PM Afternoon Tea

Total positivity for flag varieties: combinatorics, topology,
and toric geometry

Friday January 25, 2008

4:00PM - 5:00PM Lauren Williams

9:00AM - 10:00AM  |Arun Ram Combinatorics of Lie type
10:00AM - 11:00AM  |Morning Break
11:00AM - 12:00PM Ghislain Fourier Finite dimensional modules for current and loop algebras
12:00PM - 2:00PM Lunch at MSRI
2:00PM - 3:00PM Sami Assaf Applications of dual equivalence graphs

3:00PM - 4:00PM Afternoon Tea

Complex reflection groups in representations of finite

4:00PM - 5:00PM Michel Broué .
reflective groups



Currently Available Videos
« Arun Ram, Combinatorics of Lie type January 22,2008, 09:00 AM to 10:00 AM

« Michel Broué , Complex Reflection Groups in Representations of Finite Reductive Groups January
22,2008, 11:00 AM to 12:00 PM

« Andrei Okounkov , Characters of Symmetric Groups January 22,2008, 02:00 PM to 03:00 PM
« Arun Ram, Combinatorics of Lie Type January 23,2008, 09:00 AM to 10:00 AM
« Andrei Okounkov , Characters of Symmetric Groups January 23,2008, 11:00 AM to 12:00 PM

« Kevin Purbhoo , The Horn Inequalities and Their Generalizations January 23,2008, 02:00 PM to 03:00
PM

« Syu Kato , Geometric representation theory of affine Hecke algebras January 23,2008, 04:00 PM to
05:00 PM

« Michel Broué , Complex Reflection Groups in Representations of Finite Reductive Groups January
24,2008, 09:00 AM to 10:00 AM

« Andrei Okounkov , Characters of Symmetric Groups January 24,2008, 02:00 PM to 03:00 PM

. Lauren Williams , Total positivity for flag varieties: combinatorics, topology, and toric geometry
January 24,2008, 04:00 PM to 05:00 PM

« Arun Ram, Combinatorics of Lie Type January 25,2008, 09:00 AM to 10:00 AM

« Ghislain Fourier , Finite dimensional modules for current and loop algebras January 25,2008, 11:00
AM to 12:00 PM

. Sami Assaf , Applications of dual equivalence graphs January 25,2008, 02:00 PM to 03:00 PM
. Michel Broué , Complex Reflection Groups in Representations of Finite Reductive Groups January

25,2008, 04:00 PM to 05:00 PM
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