Combinatorics and Hodge theory

Nordfjordeid Summer school

June 18-22, 2018

Arrival: Sunday evening or Monday morning
Departure: Friday evening or Saturday morning
Note that dinner is served on Sunday (arrival day) and breakfast is served on Saturday (departure day).
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Abstracts

Petter Brandén
Geometry and combinatorics of hyperbolic polynomials

Recently methods using hyperbolic and stable polynomials have seen several spectacular applications
in combinatorics, computer science, probability theory and other areas. Hyperbolic and stable polyno-
mials are generalizations of univariate real-rooted polynomials as well as multivariate determinantal
polynomials. I will give an introduction to the theory of stable and hyperbolic polynomials and
give/discuss applications such as the existence of infinite families of Ramanujan graphs of each degree,
the Kadison-Singer problem and the van der Waerden conjecture.

June Huh
Hodge theory in geometry, algebra, and combinatorics

I will give a broad overview of the Hard Lefschetz theorems and the Hodge-Riemann relations in
the theory of polytopes, complex manifolds, reflection groups, algebraic and tropical varieties, in a
down-to-earth way. Several applications to the elementary combinatorics of graphs and matroids will
be introduced.

Nicholas Proudfoot
The algebraic geometry of Kazhdan-Lusztig-Stanley polynomials

Kazhdan-Lusztig-Stanley polynomials are general combinatorial gadgets that include, as special cases,
classical Kazhdan-Lusztig polynomials, toric g-polynomials, and Kazhdan-Lusztig polynomials of
matroids. In each of these cases, many of the polynomials can be realized as intersection cohomology
Poincare polynomials of certain algebraic varieties. I will describe a general geometric framework for



providing this kind of cohomological interpretation of Kazhdan-Lusztig-Stanley polynomials, with an
emphasis on the examples coming from matroids. (No previous familiarity with intersection cohomology
will be assumed.)

I will also discuss the conjectural log concavity and real-rootedness of matroidal Kazhdan-Lusztig
polynomials and Z-polynomials. Almost nothing has been proved in general, so this will consist mostly
of working through some very concrete examples.
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