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An introduction to the study of finite point configurations

Alex Tosevich

University of Rochester

fiJ f: The basic question we are going to ask is, how large does the Hausdorff
dimension of a compact subset of R? need to be to ensure that it contains vertices
of a given point configuration, like a chain, a tree, or an equilateral simplex. These
problems are related to the celebrated Falconer distance conjecture, where
tremendous progress has been achieved in recent years using decoupling theory,
and also to the study of point configurations in subsets of Euclidean space of
positive upper Lebesgue density using ergodic methods initiated by Furstenberg,
Katznelson and Weiss. In these lectures, we are going to develop a solid foundation
for the study of these problems. Discrete example in vector spaces over finite fields
will be used to provide the audience with the means of testing their hypotheses in a

less technical setting quickly and efficiently.
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From Fourier expansions to rough singular integrals
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JHE: In this talk, I'll introduce the classical theory of Fourier analysis as well as
the related results for singular integrals with rough kernels, including certain recent

works and several interesting open problems.

L?-estimates of projections, analytic interpolation, and applications
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#E. We obtain new L? —estimates as well as geometric results on
projections. In the proof we introduce a new quantity called s-amplitude, and
interpolate analytically not only on p, but also on dimensions of measures. This

mechanism provides new perspectives on operators with measures, thus has its

own interest.




Some progress of maximal functions associated with manifolds
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FHE: I will talk about the boundedness of some maximal functions associated
with manifolds, such as curves, hypersurfaces etc. The ingredients impact on the
bounded index include: type of dilation family (single parameter or not, isotropic
dilation or not), dilation set (positive axis, compact interval or fractal set),
submanifold (homogeneity or not, through the origin or not, non-vanishing
Gaussian curvature or not, codimension 1 or more), measure (weighted measure

or not, fractal measure or not).

Harmonic analysis on 2-step nilpotent Lie groups
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FE . I will present some basic analysis results on 2-step nilpotent Lie groups G.
In particular, based on explicit knowledge of the irreducible unitary
representation of G, I will perform a Fourier analysis of the sub-Laplacian and
give a closed formula for the heat kernel of the sub-Laplacian on G.
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Can you hear your location on a manifold?
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#E: We introduce a variation on Kac's question, "Can one hear the shape of a
drum?" Instead of trying to identify a compact manifold and its metric via its
Laplace-Beltrami spectrum, we ask if it is possible to uniquely identify a point x
on the manifold, up to symmetry, from its pointwise Weyl counting function. This
problem has a physical interpretation. You are placed at an arbitrary location in a
familiar room with your eyes closed. Can you identify your location in the room
by clapping your hands once and listening to the resulting echos and
reverberations?

Our main result provides an affirmative answer to this question for a generic

class of metrics.

Local smoothing estimate for the half-wave operator
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# E: Local smoothing estimate is an important tool in PDEs which also has
close relations with other problems in harmonic analysis, geometric measure

theory. In this talk, we will report the local smoothing estimate for the half-wave

operator both in the Euclidean and Riemannian settings.




Multilinear multiparameter Hormander multipliers
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M E: The multilinear Hérmander multipliers, a natural generalization of the
famous Coifman-Meyer multipliers, have been studied extensively recently. In this
talk, we present a sharp new result on multilinear multiparameter Hérmander
multipliers, which is even new in the one-parameter setting. This is joint work
with J.Chen, G.Lu, B.Park, and L.Zhang.

The multilinear theory and applications
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$E: Inrecent years, dyadic analysis has attracted a lot of attention due to the
A, conjecture. It has been well understood that in the Euclidean setting, Calderén-
Zygmund operators can be pointwise controlled by a finite number of dyadic
operators with a very simple structure, which leads to some significant weak and
strong type inequalities. Similar results hold for Hardy-Littlewood maximal
operators and Littlewood-Paley square operators. These owe to good dyadic
structure of Euclidean spaces. Therefore, it is natural to wonder whether we could
work in general measure spaces and find a universal framework to include these

operators. In this talk, we develop a comprehensive weighted theory for a class of

Banach-valued multilinear bounded oscillation operators on measure spaces, ..

which merges multilinear Calderén-Zygmund operators with a quant?% of | .

operators beyond the multilinear Calderon-Zygmund theory.
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A local smoothing estimate on quantum Euclidean space
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fi] /1 : In this talk, we will review some developments on the local smoothing
conjecture in Euclidean space. Then we will introduce a local smoothing estimate

on quantum Euclidean space based on an operator-valued local smoothing

estimate. This is a joint work with G.Hong and X.Lai.
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