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1. OVERVIEW

My research interests mainly concerns combinatorial objects and associated
combinatorially defined polynomials (or symmetric functions). For example,
permutations, lattice paths, Young tableaux, set partitions, rook placements,
graphs, graph colorings, posets, polytopes and matroids. The properties of
polynomials I am interested in are real-rootedness (see [Bral5]), unimodality,
recursions, enumerative properties, values at roots of unity (cyclic sieving,
see [RSW04]). For polynomials in several variables, one can ask questions
about stability, the Lorentzian property or M-convexity.

For symmetric functions, the main question is usually Schur positivity,
where combinatorial methods such as RSK or crystal graphs are used. See
www.symmetricfunctions.com| for a survey of topics.

The projects listed below heavily involves computer experimentation
(Mathematica, Sage, Python or Rust), so the applicant should expect to do
lot of programming.

2. SUGGESTED PROJECTS

e Study the recently introduced class of rook matroids, [AJ24]. There
are several open questions left in this area, in particular in connection
with polytopes. Perhaps one can leverage matroid theory to resolve
more cases of the log-concavity part of the Negger—Stanley conjecture.

e Prove that certain generalizations of Schur functions (arising from
certain Young tableaux) are Schur-positive. This generalization is mo-
tivated by its connection to an old conjecture of King—Tollu-Toumazet
[KTTO04]. Most likely, there is also a representation-theoretical as-
pect explaining the Schur-positivity. We already have a conjectured
combinatorial interpretation of the coefficients in the Schur expansion.

e Prove real-rootedness of the sink-counting polynomial associated with
acyclic orientations of claw-free graphs. The class of claw-free graphs
show up in several theorems and conjectures regarding polynomials
with real roots. I conjecture that if one considers such a graph, and
sum over all its acyclic orientations # and count the number of sinks
(vertices with only in-directed edges) then the polynomial >, gsinks(0)
has only real roots.

e Explore cyclic unit-interval graphs and its associated chromatic sym-
metric functions and its associated LLT polynomials. Many conjec-
tures are still open about these (Schur positivity in particular).
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