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Introduction

The overarching theme of my research is to try to understand the topology of different kinds of mod-
uli spaces, through their homology and their fundamental groups. The kinds of moduli spaces that I have
studied include configuration spaces, often with additional non-local structure (an alternating structure;
configuration-section spaces; asymptotic monopole moduli spaces), moduli spaces of disconnected sub-
manifolds and mapping class groups of surfaces, including surfaces of infinite type.

On the homological side, I have proven homological stability results for many of these moduli spaces,
as well as more subtle periodicity results in settings where homological stability fails. On the group-
theoretic side, I have studied the lower central series of surface, virtual and welded braid groups, and
constructed new (functorial) homological representations of motion groups and mapping class groups.

Moduli spaces

The concept of a moduli space is of central importance in many areas of mathematics, parametrising
collections of all mathematical (or physical) objects of a given kind. The broad goal of my research so far
has been to understand the topology of different kinds of moduli spaces, principally via their homology (§1)
and via their fundamental groups (§2). The kinds of moduli spaces that I have studied include:

1. Configuration spaces of points in manifolds, especially non-local configuration spaces, in which the
configurations are equipped with some kind of additional “non-local” structure, such as:
(a) An ordering modulo even permutations (alternating structure) [Pal13; MP15a; MP15b].
(b) A “field” defined on the complement of the configuration [PT21; PT22]. These moduli spaces
generalise Hurwitz spaces, which correspond to the setting where the underlying manifold is C
and the fields take values in BG for a discrete group G.
(c) Non-local data encoding the interactions of asymptotic magnetic monopoles [PT23].
2. The homology of configuration spaces with respect to polynomial twisted coefficient systems [Pal18].
3. The motivic cohomology of configuration schemes on a given smooth scheme [HP23].
4. Moduli spaces of higher-dimensional disconnected submanifolds [Pal21]. These are related to moduli
spaces of manifolds with Baas-Sullivan singularities.
5. Mapping class groups of surfaces, including surfaces of infinite type [PW24a; PW24b; PW25a].
6. Families of “Thompson-like” groups (labelled Thompson groups and twisted Brin-Thompson groups)
[PW25b].

1. Homology of moduli spaces

An important tool to understand the homology of moduli spaces is the phenomenon of homological
stability. For a family of moduli spaces indexed by a parameter n, it means that their homology is indepen-
dent of n in an unbounded range of degrees as n — co. An important example of this is for the mapping
class groups of compact, connected, orientable surfaces: in this setting, homological stability was proven
by Harer [Har85] and the limiting homology was computed by Madsen and Weiss [MWO07]; these results
together settled the Mumford conjecture [Mum83]. Homological stability also has applications to analytic
number theory. For example, Ellenberg, Venkatesh and Westerland [EVW 16] proved an asymptotic version
of the Cohen-Lenstra conjecture for function fields, the core of their proof being a homological stability
result for Hurwitz spaces. More recently, Bergstrom, Diaconu, Petersen and Westerland [BDPW23] re-
duced the proof of another conjecture in analytic number theory — asymptotic formulas for the moments
of the central values of families of quadratic L-functions conjectured by [CFKRS05] — to a certain twisted
homological stability statement for the braid groups, a proof of which was subsequently found by Miller,
Patzt, Petersen and Randal-Williams [MPPR24].

A significant part of my research has been concerned with (or closely related to) establishing homolog-
ical stability for different kinds of moduli spaces, including each of the kinds of moduli spaces from points
1.—4. in the list above. There are also settings where homological stability is false and instead there exist
more complicated periodic patterns in the homology in a stable range of degrees. This holds for example
for configuration spaces on closed manifolds [CP15].

In the context of mapping class groups of infinite-type surfaces (also known as “big mapping class
groups”; point 5. above), I have used homological stability techniques to prove that certain families of big
mapping class groups have trivial homology in all degrees (i.e. they are acyclic) [PW24b]. In contrast with
this, another result [PW24a] shows that many other families of big mapping class groups have uncountable

page 1 of 3



Research report MARTIN PALMER-ANGHEL May 2026

(integral) homology in all degrees. In a similar vein, I have also worked on proving acyclicity for differ-
ent families of Thompson-like groups (namely for labelled Thompson groups and twisted Brin-Thompson
groups; point 6. above) [PW25b]. These families of groups are key examples in geometric group theory
and the acyclicity of these groups has important group-theoretical corollaries.

2. Fundamental groups of moduli spaces

The key examples of fundamental groups of moduli spaces that I am interested in are motion groups
(including surface braid groups and loop braid groups) and mapping class groups of surfaces, which have
far-reaching connections to knot theory and physics (among many other areas). Two lenses through which
one can study these groups are through their lower central series and through their representation theory.

Understanding the lower central series of a group (and its associated Lie algebra) is typically a difficult
task, but it can lead to a deep understanding of the underlying structure of the group. A fundamental
problem when studying the representation theory of a group is to determine whether it admits any faithful
representation on a finite-dimensional vector space — in other words, whether it is linear. This is known to
be true for the classical braid groups [Big01; Kra02] but is wide open for almost all other motion groups
and mapping class groups.

Motivated by these problems, my previous work in this direction has been concerned with:

e Studying the lower central series of surface braid groups, loop braid groups and virtual braid groups,
as well as partitioned versions of all of these groups, interpolating between the ordered and unordered
versions [DPS25]. In particular, we answered the question of whether the lower central series stops
(i.e. stabilises after finitely many steps) for every one of these groups (with a single family of ex-
ceptions involving partitioned braid groups on the projective plane). The answer turns out to depend
subtly on the number of strands, how they are partitioned and the topology of the underlying surface.

e New topological constructions of representations of (surface) braid groups, loop braid groups and
mapping class groups, involving:

e non-abelian (Heisenberg) local systems for representations of mapping class groups [BPS25],
functorial representations of categories of manifolds and embeddings [PS24],
polynomiality results for the above functorial representations [PS25a],
pro-nilpotent towers of homological representations [PS25b], including a pro-nilpotent tower
that extends the Lawrence-Krammer-Bigelow representations.
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