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Research profile

My research revolves around basic inequalities in harmonic analysis, in particular inequalities
which either possess a large amount of symmetries or have some semblance of such sym-
metries. Singular integrals and many maximal operators relate to translation and dilation sym-
metries. Many objects appearing in my work have in addition modulation symmetries, which
necessitates to study them with a tool called time frequency analysis. Early examples of this



theory are Carleson’s theorem on almost everywhere convergence of Fourier series and Lp
bounds on the bilinear Hilbert transform. More recently, time frequency analysis was recogni-
zed as closely connected with an Lp theory of outer measures.

In recent years | have developed with collaborators twisted technology, a new tool to estimate
multi parameter singular integrals with generalized modulation symmetries. A recent highlight
of this theory was a result on quantitative norm convergence of ergodic averages relative to two
commuting transformations.

Another focus in recent years was on directional operators such as the directional Hilbert trans-
form and directional maximal operators. Major conjectures in the field are named after Stein
and Zygmund. With my research group we have studied a multi-parameter approach to these
problems, which relates them with time frequency anaylsis.

A beautifully symmetric and very difficult object in higher dimensions is the simplex Hilbert
transform, the smallest non-trivial example being the triangular Hilbert transform. Lp bounds for
these transforms are a major open problem, such bounds would unify many results in harmonic
analysis. It appears that one needs to develop a multi-scale analysis for arbitrary frames, | ex-
pect that the recent breakthrough on the circle of ideas of the Kadison Singer and Feichtinger
conjectures might help with that.

Further topics of my interest include nonlinear Fourier analysis and Fourier restriction theorems.

Editorships

e lllinois Journal of Mathematics (Editor, 2003 - 2009)
e Mathematical Research Letters (Editor, 2004 - 2006)
e Collectanea Mathematica (Editor, since 2006)

e Mathematische Zeitschrift (Editor, since 2014)

Research Area A Analysis means understanding objects as built up from elementary building

blocks. In Harmonic Analysis, these building blocks are elementary wave forms. Most of my
work is on scaling critical problems in harmonic analysis, where blocks at all possible length
scales are present and equally strong. In time frequency analysis, waves at all frequencies are
of equal strength as well. My research in time frequency analysis has applications in abstract
questions in harmonic analysis as well as in the related areas of differential equations, scat-
tering theory, and ergodic theory, and - since harmonic analysis is very foundational science -
more vague connections to a host of other areas in mathematics.
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Stephanie Molnar (2005): “Sharp Growth Estimates for T(b) Theorems”,

now Associate Professor and Chair, University of Portland, OR, USA

Silvius Klein (2005): “Spectral Theory for Discrete One-Dimensional Quasi-Periodic Schrddin-
ger Operators”,

now Assistant Professor, PUC, Rio de Janeiro, Brasil

Victor Lie (2009): “Relational Time-frequency Analysis”,

now Assistant Professor, Purdue University, IN, USA

Yen Do (2010): “A nonlinear stationary phase method for oscillatory Riemann-Hilbert problems”,
now Assistant Professor, University of Virginia, VA, USA

Vjekoslav Kovac (2011): “Applications of the Bellman Function Technique in Multilinear and
Nonlinear Harmonic Analysis”,

now Assistant Professor, University of Zagreb, Croatia

Shaoming Guo (2015): “Hilbert transforms and maximal operators along planar vector fields”,
now Postdoc, Indiana University, Bloomington, IN, USA

Polona Durcik (2017): “The continuous analysis of entangled multilinear forms and applicati-

ons”,



now Postdoc, California Institute of Technology, CA, USA

Gennady Uraltsev (2017): “Time-Frequency Analysis of the Variational Carleson Operator using
outer-measure Lp spaces”,

now Postdoc, Cornell University, NY, USA

Joris Roos (2017): “Singular integrals and maximal operators related to Carleson’s theorem
and curves in the plane”,

now Postdoc, UW Madison, WI, USA
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