A mini course on harmonic analysis and combinatorics
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WEER:
Title: Gowers norms and patterns in the integers

Abstract: A fundamental dichotomy in additive combinatorics asserts that a set of

integers either behaves randomly or has significant algebraic structure. We will trace
the evolution of this principle from classical Fourier analysis to the modern inverse
theorem for Gowers uniformity norms, and show how it resolves difficult combinatorial
problems on arithmetic progressions and beyond.

We begin with Roth's theorem for 3-term progressions, and then introduce Gowers'
higher-order uniformity norms and sketch how they lead to Szemeredi's theorem for
progressions of arbitrary given length. The heart of the proof is the inverse theorem for
the Gowers norms (by Green-Tao-Ziegler), and we will explain the role of nilsequences
in this theory. Finally, we discuss the polynomial Szemeredi theorem, demonstrating

the reach of higher-order Fourier analysis beyond linear patterns.



