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In my research, I try to understand groups, countable, locally compact or Polish, through
the study of their actions on measure spaces, unitary representations on Hilbert spaces and
the associated von Neumann algebras. This approach is often called measured group theory.
Measured group theory is extremely rich and it has applications in several different areas
of mathematics. My main interest is to study phenomenons at the boundary of different
areas and especially to understand how the dynamical properties can be reflected in various
different aspects of the groups themselves.

In two joint works with R. Boutonnet, we were able to show that some information on the
topological dynamics of a countable group can lead to an understanding of an analytic object
associated to the group, the von Neumann algebra.

Theorem ([BC15]). Let Λ < Γ be an amenable subgroup. Suppose that Γ acts continuously on a
compact space X and such that for any Λ-invariant measure µ on X and 1 < Λ, we have that 1 · µ is
singular with respect to µ. Then LΛ < LΓ is maximally amenable.

A subgroup Λ satisfying the above condition is called singular. We then show that many
groups admit singular subgroups, generalizing many different works in the above direction.

I am very interested in the theory of Polish groups. The realm of Polish group is vast and
still largely unknown and in order to understand it better, the community always appreciates
new sources of Polish groups. In a joint work with A. Thom, we were able to use asymptotic
properties of finite simple groups to produce an exotic Polish group with unusual properties
[CT18].

My largest contribution in the realm of Polish groups consists in a past and still ongoing
collaboration with F. Le Maître. Dye defined a Polish group attached to any probability
measure preserving action of a countable group, called the full group, which fully capture the
orbit equivalence properties of the action. In our work with F. Le Maître we generalized this
notion to the case of actions of Polish groups [CLM16], [CLM18]. Some of the properties of
these full groups can be proven exactly as in the case of countable groups, however some
other behave completely differently.

Theorem ([CLM18]). Any full group of a free action of a non-discrete and non-compact locally
compact group admits a dense free subgroup generated by 2 elements.

I also worked around the concept of asymptotic invariants of groups [CGdlS21], [Car18a],
[Car18b]. More specifically, in [CGdlS21], we study the asymptotics of Betti numbers and
rank for finite index subgroups of a fixed countable group, generalizing a series of results
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starting with Lück’s approximation theorem and a theorem of Abért and Nikolov. The main
new idea in our work is the use of actions on ultraproducts of probability measure spaces. In
[Car18a] I develop the theory of ultraproduct of actions of locally compact groups in order
to extend the work [CGdlS21].

Theorem ([Car18a]). Let G be a locally compact, second countable and compactly generated group.
Let G0 < G be the connected component of the identity and assume that the totally disconnected group
G/G0 acts cocompactly and properly on a contractible simplicial complex. Let {Γn}n be a Farber and
nowhere thin sequence of torsion free lattices of G. Then

βi(G) = lim
n

bi(Γn)
covol(Γn)

.

In particular I am able to generalize and obtain a unified proof of two previous works by
different authors. Our technics also cover the case of lattices in S-adic Lie groups for which
the result was unknown before. Moreover in [Car18a], we were also able to provide a similar
theorem for the rank and cost. I exploited again the notion of ultraproduct in [Car18b] to
show that information about the IRSs of a locally compact, Property (T) group can be directly
used to obtain information about the asymptotic geometry of the quotients by its lattices.

In a joint work with D. Gaboriau and F. Le Maître, we studied totipotent p.m.p. actions of
free groups. These are the actions such that the set of stabilizers is dense in the infinite index
subgroups of the free group. In particular we proved the following.

Theorem ([CGLM21]). Let R be an ergodic p.m.p. equivalence relation whose cost is less than some
r ≥ 2. Then there exists a homomorphism τ : Fr → [R] whose image is dense and whose associated
p.m.p. action is totipotent.

Recently, in a joint project with M. Joseph, F. Le Maître and R. Tessera, we study the notion
of Lp-orbit equivalence and the associated full groups for p < 1. We are able to derive many
properties of these full groups. Moreover we are able to show that in many cases Lp-orbit
equivalence is strictly weaker than (flip) conjugacy.

Theorem ([CJLMT22]). For every p < 1 and ergodic transformation T such that Tn is ergodic for
some n ≥ 2. Then there is an ergodic trasformation T′ such that T and T′ are Lp-orbit equivalent but
T and T′ are not flip-conjugated.

The above theorem should be compared with a result by Belinskaya which states that
L1-orbit equivalence is equivalent to flip-conjugacy.
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