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Professor Eva Gallardo Gutiérrez

A few more universal operators

Abstract: The Invariant Subspace Problem for Hilbert spaces is a long-standing question and the use of
universal operators in the sense of Rota has been an important tool for studying such important problem.
In this talk, we will focus on Rota’s universal operators, pointing out their main properties and showing
some examples. In particular, we will exhibit an analytic Toeplitz operator whose adjoint is universal in
the sense of Rota and commutes with a quasinilpotent, injective, compact operator with dense range, but
unlike other examples, it acts on the Bergman space and it is associated with a ‘hyperbolic’ composition
operator.
(Joint work with Carl C. Cowen.)

Quasinilpotent operators, translation-invariant subspaces in weighted L2 of R+ and a question
of Domar

Abstract: In this talk, we will begin by discussing a continuous version of the model due to Foias and
Pearcy for quasinilpotent operators defined on a separable, infinite-dimensional complex Hilbert space
which will allow us to provide an approach for studying their invariant subspaces connected to translation
invariant subspaces in weighted L2 of R+. After that, we will show the existence of non-standard trans-
lation invariant subspaces in L2(R+, w(t)dt), where w is a positive continuous decreasing function such
that

(1) logw is non-concave in [c,∞) for any c ≥ 0,

(2) lim
t→∞
− logw(t)

t
=∞, and lim

t→∞

log | logw(t)| − log t√
log t

=∞.

This construction addresses a question posed by Domar by transferring a classical result of non-unicellular
weighted shifts in `2(Z+) due to Nikolskii to the context of L2(R+, w(t)dt).

Professor Stefanie Petermichl

Higher order Journé commutators

Abstract: We consider questions that stem from operator theory via Hankel and Toeplitz forms and target
(weak) factorisation of Hardy spaces. In more basic terms, let us consider a function on the unit circle in its
Fourier representation. Let P+ denote the projection onto non-negative and P− onto negative frequencies.
Let b denote multiplication by the symbol function b. It is a classical theorem by Nehari that the composed
operator P+bP− is bounded on L2 if and only if b is in an appropriate space of functions of bounded mean
oscillation. The necessity makes use of a classical factorisation theorem of complex function theory on
the disk. This type of question can be reformulated in terms of commutators [b,H] = bH −Hb with the
Hilbert transform H = P+ − P−. Whenever factorisation is absent, such as in the real variable setting, in
the multi-parameter setting or others, these classifications can be very difficult.
Such lines were begun by Coifman, Rochberg, Weiss (real variables) and by Cotlar, Ferguson, Sadosky
(multi-parameter) of characterisation of spaces of bounded mean oscillation via Lp boundedness of com-
mutators. We present here an endpoint to this theory, bringing all such characterisation results under one
roof.
The tools used go deep into modern advances in dyadic harmonic analysis, while preserving the Ansatz
from classical operator theory.



On the matrix A2 conjecture

Abstract: The condition on the matrix weight W that is necessary and sufficient for the boundedness of
the Hilbert transform acting on vector functions in the matrix weighted L2 space, the matrix A2 condition,
is known since 1997 (Treil–Volberg). One motivation for this question stems from the understanding of
past and future in multi-variate stationary stochastic processes. Good or sharp quantitative norm control
depending on the A2 characteristic of the weight in the ‘scalar’ case dates to 2007 (P.). Despite notable
improvement since then and many new techniques that apply in the scalar setting, the matrix A2 question
for the Hilbert transform remains unsolved. We present the best to date estimate (Nazarov–P.–Treil–
Volberg), via the use of certain convex bodies and a domination principle in the area. We also present the
first sharp estimate of a singular operator in this setting, the matrix weighted square function (Hytonen–
P.–Volberg).


