Abstracts:

Vjekoslav Kovač: Finite Euclidean configurations in sets of positive density

Euclidean density theorems ask which finite point configurations must occur in measurable subsets of Euclidean space that are large in the sense of positive measure or positive upper density. Motivated by the Ramsey-theoretic principle that large structures contain patterns, the central problems are to prove either that all sufficiently large scales of a configuration appear or, in compact settings, that the set of realized scales contains an interval whose length can be bounded quantitatively in terms of the density. Beginning with Székely’s distance problem and Bourgain’s simplex theorem, the area has developed into a meeting point of geometric measure theory, arithmetic combinatorics, and real multilinear harmonic analysis. The basic analytic strategy is to encode configurations using counting forms and decompose them into structured, error, and uniform components, with the latter two controlled through Fourier decay, oscillatory integrals, Littlewood-Paley theory, and multilinear singular or Brascamp-Lieb-type inequalities. Conversely, negative results are often proved by constructing funny colorings. The lectures will cover the core techniques assuming only a basic knowledge of analysis and measure theory, while the discussions will practice those techniques on numerous possible variations of the main studied problems.
Malabika Pramanik: Patterns, Distances, and Structure in Sparse Sets

A central theme in modern harmonic analysis, with strong connections to Ramsey theory, is the tension between randomness and structure: to what extent can a "large" set avoid prescribed configurations, and when must such patterns inevitably appear? The answer depends delicately on how size is measured, with notions such as Hausdorff dimension, Fourier dimension, and density leading to strikingly different phenomena.

In this mini-course, we explore this theme through two complementary perspectives. On one hand, we study translation-invariant linear patterns, a natural class of Euclidean Ramsey-type configurations. We show that sets of full Hausdorff dimension, and even sets of large Fourier dimension, can be constructed to avoid many such patterns, highlighting a surprising
degree of flexibility. However, this flexibility breaks down under
Fourier-analytic constraints: sets of sufficiently large Fourier dimension are forced to contain nontrivial linear patterns, revealing a rigidity phenomenon tied to Fourier decay.

On the other hand, we investigate distance sets of sparse subsets of
Euclidean space, which encode metric configurations of pairs of points. Classical results show that sufficiently large sets generate rich families of distances. We present recent progress demonstrating that even Lebesgue-null sets with large Hausdorff content must contain intervals of distances, along with results describing the structure and distribution of these intervals, and conditions under which sparse unbounded sets realize all sufficiently large distances.

Together, these results illustrate a unifying principle: while sparse sets may avoid individual configurations, sufficiently strong analytic or geometric conditions enforce the emergence of Ramsey-type structure. The course will emphasize key ideas, methods, and examples, aiming to provide an accessible entry point to current developments at the interface of harmonic analysis, geometric measure theory, and Euclidean Ramsey theory.

Alex Iosevich: Signal complexity in discrete, continuous, and geometric settings

TBA


Bruno Predojević: Finite Euclidean configurations in sets of positive density

Euclidean density theorems ask which finite point configurations must occur in measurable subsets of Euclidean space that are large in the sense of positive measure or positive upper density. Motivated by the Ramsey-theoretic principle that large structures contain patterns, the central problems are to prove either that all sufficiently large scales of a configuration appear or, in compact settings, that the set of realized scales contains an interval whose length can be bounded quantitatively in terms of the density. Beginning with Székely’s distance problem and Bourgain’s simplex theorem, the area has developed into a meeting point of geometric measure theory, arithmetic combinatorics, and real multilinear harmonic analysis. The basic analytic strategy is to encode configurations using counting forms and decompose them into structured, error, and uniform components, with the latter two controlled through Fourier decay, oscillatory integrals, Littlewood-Paley theory, and multilinear singular or Brascamp-Lieb-type inequalities. Conversely, negative results are often proved by constructing funny colorings. The lectures will cover the core techniques assuming only a basic knowledge of analysis and measure theory, while the discussions will practice those techniques on numerous possible variations of the main studied problems.


Juyoung Lee: Patterns, Distances, and Structure in Sparse Sets

A central theme in modern harmonic analysis, with strong connections to Ramsey theory, is the tension between randomness and structure: to what extent can a "large" set avoid prescribed configurations, and when must such patterns inevitably appear? The answer depends delicately on how size is measured, with notions such as Hausdorff dimension, Fourier dimension, and density leading to strikingly different phenomena.

In this mini-course, we explore this theme through two complementary perspectives. On one hand, we study translation-invariant linear patterns, a natural class of Euclidean Ramsey-type configurations. We show that sets of full Hausdorff dimension, and even sets of large Fourier dimension, can be constructed to avoid many such patterns, highlighting a surprising
degree of flexibility. However, this flexibility breaks down under
Fourier-analytic constraints: sets of sufficiently large Fourier dimension are forced to contain nontrivial linear patterns, revealing a rigidity phenomenon tied to Fourier decay.



On the other hand, we investigate distance sets of sparse subsets of Euclidean space, which encode metric configurations of pairs of points. Classical results show that sufficiently large sets generate rich families of distances. We present recent progress demonstrating that even Lebesgue-null sets with large Hausdorff content must contain intervals of distances, along with results describing the structure and distribution of these intervals, and conditions under which sparse unbounded sets realize all sufficiently large distances.

Together, these results illustrate a unifying principle: while sparse sets may avoid individual configurations, sufficiently strong analytic or geometric conditions enforce the emergence of Ramsey-type structure. The course will emphasize key ideas, methods, and examples, aiming to provide an accessible entry point to current developments at the interface of harmonic analysis, geometric measure theory, and Euclidean Ramsey theory.

Shantanu Deodhar: Signal Complexity 

TBA



Alex Cohen: Lower bounds for incidences

This minicourse will describe joint work with Cosmin Pohoata and Dmitrii Zakharov. We prove that if one chooses n points in the unit square and a line through each point, there exists a nontrivial point-line pair at distance ≤ n^{-2/3+o(1)}. As a consequence, among any n points in the unit square, some three form a triangle of area ≤ n^{-7/6+o(1)}, giving a new bound for Heilbronn's triangle problem.

The proof centers on the scale-w incidence count: the number of point-line pairs at distance ≤ w. Our main technical result shows that if the points and lines satisfy a Frostman-type spacing condition down to scale delta, then the scale-delta incidence count is close to its expected value; the distance bound above follows from this.

To study how the incidence count varies with w, we apply the high-low method from incidence geometry, which asserts that under a multi-scale spacing condition, the scale-w incidence count changes predictably as w varies. The strategy is then to (1) establish many incidences at a large initial scale w, and (2) verify the multi-scale spacing hypothesis. To execute this strategy we develop new tools for analyzing the multi-scale geometry of the point-line configuration, and then carefully extract a subconfiguration to which the argument applies.
Ben Goldman: Lower bounds for incidences

[bookmark: _GoBack]This minicourse will describe joint work with Cosmin Pohoata and Dmitrii Zakharov. We prove that if one chooses n points in the unit square and a line through each point, there exists a nontrivial point-line pair at distance ≤ n^{-2/3+o(1)}. As a consequence, among any n points in the unit square, some three form a triangle of area ≤ n^{-7/6+o(1)}, giving a new bound for Heilbronn's triangle problem.

The proof centers on the scale-w incidence count: the number of point-line pairs at distance ≤ w. Our main technical result shows that if the points and lines satisfy a Frostman-type spacing condition down to scale delta, then the scale-delta incidence count is close to its expected value; the distance bound above follows from this.

To study how the incidence count varies with w, we apply the high-low method from incidence geometry, which asserts that under a multi-scale spacing condition, the scale-w incidence count changes predictably as w varies. The strategy is then to (1) establish many incidences at a large initial scale w, and (2) verify the multi-scale spacing hypothesis. To execute this strategy we develop new tools for analyzing the multi-scale geometry of the point-line configuration, and then carefully extract a subconfiguration to which the argument applies.
