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Ok, des projets...
2019 : HiQua – liste d’attente.
2020 : AcMe – rejeté.
2021 : ABCD – liste d’attente – accepté 2 semaines avant mon
départ.
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B1, le cœur scientifique

Around Braids, Categories and Distances

1. Excellence

1.1. Quality and pertinence of the project’s research and innovation objectives.

1.1.1. State of the art, objectives and overview. The mathematical fields of categorification and of geo-
metric group theory have undergone impressive developments since their formulations in the 80’s, but
have rarely (if not ever!) interacted. I want to create the mathematical framework to encompass
these two fields, with a special focus on braid groups. As a guiding horizon, I identified major
questions in each field that could be addressed by use of tools imported from the other one.

The modern categorification program, formalized in the 80’s by Crane and Frenkel, follows Poincaré’s
seminal idea that, in many situations, the objects we are used to are only the shadow of a higher-dimensional
world. Unveiling this world creates new mathematics, but also provides new structural (functorial) tools
to study the objects one started from. Major successes in this field include Khovanov and Heegaard-
Floer homologies in topology, and on the algebraic side Chuang-Rouquier’s work on Broué’s conjecture,
Elias-Williamson’s proof of the Kazhdan-Lusztig conjecture and Khovanov-Lauda-Rouquier’s categorified
quantum groups.

Geometric group theory, on the other hand, is based on Gromov’s seminal idea to consider a group as
a geometric object1. This often calls for a notion of metric, typically a word metric. It focuses on the
interplay between actions on metric spaces with special features (hyperbolic, CAT(0), cube complexes . . . )
and various properties of the group (amenability, orderability, property (T), Haagerup property...), and
entertains deep connections with geometric analysis (C∗ algebras, Baum-Connes and Novikov conjectures).

Introduced by Artin, braid groups (and later Artin-Tits groups of general Coxeter systems) enjoy a large
number of topological, algebraic, geometric or combinatorial descriptions. Deep connections with knot
theory and quantum physics make them ubiquitous objects in higher quantum algebra. Looked upon as
geometric object, understanding them is one of the major challenges in geometric group theory, and many
fundamental questions (Do they have a center? Are they linear? Do they have the Haagerup property? . . . )
are still open for the majority of Artin-Tits groups2!

The main tool at play in my project will be Khovanov-Seidel’s categorical representation of the braid
groups3. This gives a faithful 2-analog of the famous Burau representation. The main goal of this Global
Fellowship application is to learn and use for geometric purposes the techniques of stability
conditions. These techniques were developed by Licata with his collaborators Bappat and Deopurkar,
following Bridgeland, and they should, I am convinced, serve as a categorical analog of metric spaces.

The geometric landscape for Artin-Tits group can be summarized as in the diagram from Figure 1:
amenability, which doesn’t hold for Artin-Tits groups, implies that a group has the Haagerup property,
which in turn implies Baum-Connes and Novikov conjectures as well as the Kadison-Kaplanski property
on idempotents. This property is also a consequence of orderability. Dehornoy’s famous order in type A
extends to type D4, while the Haagerup property is known only in type A2, and the Baum-Connes property
is known in type A5. In this landscape, the blue ellipse highlights those questions that should be accessible
by categorical means.

My project aims at developing categorical tools to prove the Haagerup property of braid
groups of type A. This represents a major challenge, and the mathematical framework I intend to develop
to address them would create new, innovative mathematics.

I also identified classical tools in geometric group theory that can be adapted to categorical settings: I
am very hopeful that the faithfulness of the Burau representation of the 4-strand braid group
can be addressed by categorical ping-pong techniques.

1.1.2. Originality and innovative aspects of the research project. The most ambitious challenge I want to
address is as follows:

1M. Gromov. “Hyperbolic groups”. In: Essays in group theory. Springer, 1987, pp. 75–263.
2E. Godelle and L. Paris. “Basic questions on Artin-Tits groups”. In: Configuration Spaces. arXiv:1105.1048. Springer,

2012, pp. 299–311.
3M. Khovanov and P. Seidel. “Quivers, Floer cohomology, and braid group actions”. In: J. Am. Math. Soc. 15.1 (2002),

pp. 203–271. doi: 10.1090/S0894-0347-01-00374-5.
4R. Fenn et al. “Ordering the braid groups”. In: Pacific journal of mathematics 191.1 (1999), pp. 49–74.
5T. Schick. “Finite group extensions and the Baum–Connes conjecture”. In: Geometry & Topology 11.3 (2007).

arXiv:math/0209165, pp. 1767–1775.
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Figure 1. Geometric group theory and braid groups

Work package 1: Use the faithfulness of the Khovanov-Seidel categorical Burau representation to prove,
or disprove, the faithfulness of the n = 4 Burau representation.

This matrix representation of the braid group was originally defined in the 30’s, and its faithfulness for the
4-strand braid group is one of the most simple and famous (and hard!) questions in braid theory. Addressing
it by lifting it to the categorical level may sound somewhat counter-intuitive: by nature, one looses a lot
of information by going down in dimension. However, the 4-strand case is just at this point of complexity
where looking only at the Burau representation is about hopeless, but one can still handle the extra data
provided by the categorical aspects. This project, highly challenging and building upon the most
recent mathematical developments, would require a fine knowledge of algebraic-geometry-originating
tools in category theory of which Anthony Licata (MSI, ANU) and Cédric Bonnafé’s (IMAG, CNRS) are
world-leading experts.

In a more geometric context, recall that a group satisfies the Haagerup property6 if it admits a proper
action by affine isometries on a Hilbert space. Satisfying such a condition, which is designed as a strong
negation of Kazhdan’s property (T), turns out to have many consequences, perhaps the most surprising
one being that it implies the Novikov conjecture, relating algebraic and analytic features associated to the
group.

This definition can be rephrased in more combinatorial terms, and in particular Haglund and Paulin7

introduced the notion of a group acting properly on a space with walls. Such a group satisfies the Haagerup
property, with Hilbert space the l2 space associated to the set of walls.

The following prediction underlies my application.

Conjecture: The category K(A-pmod) can be turned into a space with walls on which B acts properly.

If true, this would provide a path for WP2.

Work package 2: Show that braid groups in type A satisfy the Haagerup property.

The originality of my approach lies in the use of new categorical tools to address this
question. As a proof of concept, one can look at the situation of the 3-strand braid group (type A2), which
is the most complicated example known to satisfy the Haagerup property. Then Stab(K(A-pmod))/C, the
moduli space of Bridgeland stability conditions8 built in the spirit of Bridgeland’s ideas9, can be tessellated.
The edges of the tessellation yield walls of a space with walls, which is the one classically used to prove that
the 3-strand braid group satisfies the Haagerup property.

This work calls for many extensions, the first of which being to extend Bappat-Deopurkar-Licata’s work
to other braid groups and study the associated tessellation. This work will be undergone with the precious
help of Licata, as well as Bappat and Deopurkar.

6P.-A. Cherix et al. Groups with the Haagerup property: Gromov’s aT-menability. Vol. 197. Birkhäuser, 2012.
7F. Haglund and F. Paulin. “Simplicité de groupes d’automorphismes d’espaces à courbure négative”. In: Geom. Topol.

(1998). arXiv:math/9812167, pp. 181–248.
8A. Bappat et al. “A Thurston compactification of the space of stability conditions”. In: (2020). arXiv:2011.07908.
9T. Bridgeland. “Stability conditions on triangulated categories”. In: Annals of Mathematics (2007). arXiv:math/0212237,

pp. 317–345.
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I am today in a position where my theoretical background will shed a new light on these ques-
tions, but I need help from experts to acquire new skills and develop the interdisciplinary tools I have
outlined. A Marie Sklodowska-Curie fellowship would give me the opportunity to fully devote to this project
with the best researchers.

1.2. Soundness of the proposed methodology.

1.2.1. Completeness and appropriateness of the research methodology and approach. I now give more detail
about the precise strategy to answer the questions explained above: faithfulness of the Burau representation
(WP1) and Haagerup property for braid groups (WP2).

Work Package 1: faithfulness of the Burau representation. The Burau representation is one of
the most classical tools in the study of braid groups. Since Bigelow’s proof that it is not faithful for the
5-strand braid group10, deciding whether or not it is faithful for the 4-strand braid group is probably one
of the most tantalizing problems in braid theory. Stating it is extremely simple, and Birman even turned
it into a 2-matrix statement11: it suffices to check that the Burau (3× 3)-matrices of the braids σ1σ

−1
3 and

σ2σ1σ
−1
3 σ−1

2 generate a free group. A positive answer to this question would be very impressive and complete
the classification in type A, and a negative answer would have more dramatic consequences, implying that
the Jones polynomial does not detect the unknot (a result due to Ito12).

A largely investigated approach, following Bigelow’s strategy for the 5-strand case, consists in studying
curves in the punctured disk. The zig-zag version of it can be stated as follows: does there exist a spherical
object C 6= P1 that has the same Euler characteristics as P1? If yes, then the spherical twist on it provides
a counterexample to faithfulness, if not, then the representation is faithful. Preliminary investigations
convinced me that this method can only be more powerful than Bigelow’s original approach if one brings
into it information that wasn’t available before, namely the Hom-spaces. This requires a description of the
morphisms not only in the category K(A-pmod) but between bimodules as well (a strategy I followed in13

to prove the Digne-Gobet conjecture14).

Milestone 1.1: Describe morphism spaces between bimodules by generators and relations.

I want to relate this description to Soergel bimodules and diagrammatic versions of their Hom-spaces,
and then get as much control as possible on the way morphisms are affected by tensor product. Again, the
best way to describe these morphisms may be under categorical skew-Howe duality, a strategy I used for
categorical knot invariants (with Lauda and Rose). These descriptions are also closely related to Webster’s
diagrammatic algebras, as the zig-zag algebras we use are subalgebras of the Koszul dual to some blocks of
Webster’s algebras.

In addition to the implications for the Burau representation, this work would also be key in upgrading
Khovanov-Seidel representation to a genuine 2-representation from the 2-braid-group (the category where
objects are braids, and morphisms are braid isotopies). Such a strategy would connect Khovanov-Seidel in-
variant to Khovanov-Rozansky homologies, and could be used in an attempt to derive a categorical Alexander
polynomial.

Milestone 1.2: With such a description in hand, I want to import ping-pong strategies from geometric
group theories to prove faithfulness of the 4-strand Burau representation.

To do so, a first step will consist in re-proving Gorin-Lin’s statement that the two braids σ3σ
−1
1 and

(σ2σ3σ
−1
2 )(σ2σ

−1
1 σ−1

2 ) generate a free group via (categorical) ping-pong. This fits into a more general
strategy of using the zig-zag category to produce ping-pong sets, and connects to the idea of walls from
WP2. As a warm-up, one can write a categorical ping-pong proof that σ21 and σ22 generate a free group.
This builds upon Licata’s use of ping-pong techniques in categorical context15.

10S. Bigelow. “The Burau representation is not faithful for n = 5”. In: Geometry & Topology 3.1 (1999).
arXiv:math/9904100, pp. 397–404.

11J. S Birman. Braids, Links, and Mapping Class Groups. Vol. 82. Princeton University Press, 2016, Th 3.19.
12T. Ito. “A kernel of a braid group representation yields a knot with trivial knot polynomials”. In: Mathematische Zeitschrift

280.1-2 (2015). arXiv:1402.2028, pp. 347–353.
13A. M Licata and H. Queffelec. “Braid groups of type ADE, Garside monoids, and the categorified root lattice”. In: Ann.

Sci. Éc. Norm. Supér. (to appear) (2017). arXiv:1703.06011.
14F. Digne and T. Gobet. “Dual braid monoids, Mikado braids and positivity in Hecke algebras”. In: Mathematische

Zeitschrift 285.1-2 (2017). arXiv:1508.06817, pp. 215–238.
15A. M Licata. “On the 2-linearity of the free group”. In: Categorification and higher representation theory 683 (2017).

arXiv:1606.06444, pp. 149–181.
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Having identified such ping-pong sets, one can hope to get a finer control on them by making them as
small as possible. The goal, typically, would be to require that complexes in these sets have indecomposable
objects appearing with multiplicity 1 in the top t-slice, as this would prevent cancellation in the Euler
characteristics. Being able to relate zig-zag 2-representations of free groups either by inclusion or directly
(as in Licata’s work) would also be instrumental.

Milestone 1.3: By controlling the dimensions of Hom-spaces, show that the categorical ping-pong proof
implies Birman’s statement.

C. Bonnafé’s help will be precious in controlling such Hom dimensions.

Deliverable 1.1: The results of this WP will be combined into a research paper.

Work Package 2: Haagerup property for braid groups. (WP2) aims at proving that braid groups
in type A enjoy the Haagerup property using a categorical analog of the concept of spaces with walls. As
a proof of concept, one can look at the situation of the 3-strand braid group (type A2), which is the most
complicated example known to satisfy the Haagerup property. Rather than looking directly at K(A-pmod),
one can consider Stab(K(A-pmod))/C the moduli space of Bridgeland stability conditions as in Bappat-
Deopurkar-Licata’s work. This moduli space, built in the spirit of Bridgeland’s ideas, has the advantage
that it brings more structure on K(A-pmod). In the Γ = A2 case, this space can be tessellated. The edges of
the tessellation yield walls of a space with walls, which is the one classically used to prove that the 3-strand
braid group satisfies the Haagerup property.

This work calls for many extensions, the first of which being to extend Bappat-Deopurkar-Licata’s work
to larger braid groups and study the associated tessellation. I intend to combine these notions with my
published work with Licata as well as the more recent paper of Bappat-Deopurkar-Licata16 to extract either
from collections of spherical objects or from the moduli space of stability conditions a space with walls on
which the braid group acts.

Milestone 2.1: Prove that the 4-strand braid group satisfies the Haagerup property. I will run a detailed
study in type A3, describing the tessellation of the moduli space of stability conditions.

Finding and describing a fundamental domain in this case is already rather difficult, as its combinatorial
description is not obvious. In that regard, the classification work on t-structures and baric structures
involved in (M1.1) will prove useful. It is likely that one does not need a full description to be able to
define walls based on conditions on Hom-spaces or on degeneracy of exact triangles, two properties that are
usually not accessible at the decategorified level. Explicit descriptions of Hom-spaces would be approached
via skew-Howe duality, in the spirit of my works with Lauda and Rose.

I expect that the 4-strand case already contains most of the features shared by larger braid groups, and
that solving M2.1 will be of great help in trying to prove the Haagerup property for braid groups in type A.

Milestone 2.2: Prove that larger classes of Artin-Tits groups satisfy the Haagerup property.

A fine understanding of the case of type A3 should help identifying the equations corresponding to walls,
and allow to prove at least in type A that a space with walls can be obtained from the moduli space of
stability conditions, even if a full description of it is not available.

Parallel to that study, I want to devote a special attention to the following more conceptual goal.

Milestone 2.3: Some of the features of the action of the braid group on K(A-pmod) are very much
reminiscent of the action by affine isometries on a Hilbert space that underlies the Haagerup property.
Indeed, the distance can be heuristically replaced by the size, or perhaps rather the maximal degree, of the
Hom space between two elements. Properness of the action could typically translate using the following
statement:

∀g ∈ B, ∀n ≥ 0, ∃m ∈ Z such that K(A-pmod)≥n(gm · K(A-pmod)0) 6= 0

(Superscripts correspond to truncation functors.) I want to formulate a general abstract property for a
group acting on a category that would imply that this group satisfies the Haagerup property.

Such a criterion would give a new, powerful tool to approach the Haagerup property, as well as shed new
lights on what interesting 2-actions can be, a topic under active research but from very different perspectives

16A. Bapat et al. “Spherical objects and stability conditions on 2-Calabi–Yau quiver categories”. In: (2021).
arXiv:2108.09155.
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(see Mazorchuk-Miemietz work). Finding the correct formulation and the best way to adapt the Haagerup
property to the formalism of triangulated categories will much rely on Bonnafé’s expertise in Montpellier,
as well as the help and geometric insight of T. Haettel and A. Genevois.

Deliverable 2.1: The results on the Haagerup property will be presented in a research paper.

1.2.2. Interdisciplinary and gender aspects. Although quantum topology has interactions with theoretical
physics, the specific objectives of WP1 and WP2 are not directly inter-disciplinary. No potential gender
issues were identified while preparing this application.

1.3. Quality of the supervision, training and of the two-way transfer of knowledge.

1.3.1. Quality and appropriateness of the training. My training goals will consist in learning new mathe-
matics, in particular related to category theory (stability conditions) and geometric group theory.

A large part of these training goals will be reached by learning new tools, concepts and skills from Anthony
Licata (MSI, ANU), Asilata Bappat (MSI, ANU), Anand Deopurkar (MSI, ANU), Cédric Bonnafé (IMAG,
CNRS) and Thomas Haettel (IMAG, U. Montpellier). We will have regular meetings and discussions, and
I will learn from them by concretely using new mathematical tools.

More specific details are given in the next paragraphs.

1.3.2. Transfer from host. Coming from low-dimensional topology, I started learning representation theory
during my PhD and established myself as an expert in topology and higher representation theory, but I feel
that I lack some knowledge of classical, algebraic tools to fully develop the research strategies I believe will
yield major results. I had a first very successful collaboration with Anthony Licata in 2014-2015, and he is
committed to guiding me through the literature and my first use of these new notions. We will have regular
meetings (about twice a week), and will together work on developing and obtaining concrete results on the
notion of t-structures, baric structures and stability conditions applied to the category of representations of
zig-zag algebras. Such a program can only be accomplished during a long-term visit, as it requires that we
meet often and extensively discuss, which is very uneasy through Skype meetings with such a time difference:
over the last few years, the distance has been a major obstacle to the start of the Burau project, to which we
both aspire. I will also much benefit from regular meetings and discussions with Asilata Bappat and Anand
Deopurkar, who have recently joined the MSI. Coming from algebraic geometry, they have a perspective on
the notion of stability conditions from which I could much benefit.

Once back in Montpellier, I will have weekly meetings with Cédric Bonnafé. His take on categorification
and its link to finite groups and Weyl groups is unique, and his expertise will be instrumental in finding the
right analog of the Haagerup property involving autoequivalences of a triangulated category. Simultaneously,
I will regularly meet and work with Thomas Haettel (IMAG): that way, I will learn classical questions and
tools in geometric group theory, and we will strive to adapt them to the categorical framework.

I will also take an active part in working groups, such as the Quantum Mathematics group meeting weekly
at the MSI. We ran at IMAG a working group on mapping class groups and curve complexes last year, that
will keep going this Fall semester.

1.3.3. Transfer to host. I have proven to be an enthusiastic mathematician, as illustrated by the number of
conferences I have been invited to, my advising of several Master or PhD students, some of which coming
from other universities or Grandes écoles, or yet again my dissemination work. This will be key in being able
to gather a group of interested colleagues and students around my project, at the MSI and in Montpellier.

While at the MSI, I will take a leading role in the Quantum Mathematics seminar. My unique
expertise in quantum topology and my desire to highlight interactions between several branches of algebra
and topology will yield very positive outcome for the MSI research and education community. I will first
deliver a lecture series (Milestone LS) there to explain the background of categorical approaches to the
study of braid groups, and survey important conjectures in braid theory. Using my topological background,
I would highlight classical questions where MSI colleagues (including Anthony Licata’s five PhD students)
could apply categorification techniques, allowing them to broaden their scope of applications.

I also plan to give a talk at the MSI algebra seminar, and take part to scientific events (workshops,
colloquium,...) by offering to deliver lectures on my past and current work.

More generally, I will involve local colleagues in my transfer strategy, by contacting colleagues and former
collaborators in other Australian universities, such as Oded Yacobi and Zsuzsanna Dancso in Sydney, or
Arun Ram and Peter McNamara in Melbourne. Several research visits will contribute to my strategy of
transfer of knowledge as well as to strengthen my international network.

Part B - Page 5 of 10

ABCD HORIZON-MSCA-2021-PF-01 : Marie Sklodowska-Curie PF-GF H. Queffelec

Once back in France, I intend to broadcast the idea of using stability conditions in geometric group theory,
in Montpellier both also towards other colleagues (E. Wagner in Paris, T. Gobet in Tours). This will be
accomplished through talks given in seminars, working groups and national conferences.

Other key events in the strategy of transfer will be the organization of a workshop in Australia
(Deliverable ReRe) and an international conference in Montpellier (Deliverable Conf). The algebra
and topology team at MSI runs an annual workshop at Kioloa coastal campus, a conference facility of
the ANU which offers on-site housing. I would organize the 2022 edition to consolidate my collaborations
and involve students and colleagues in my project. The schedule will contain both lectures delivered by
researchers and students and working sessions devoted to small-group collaborative research, allowing for
an efficient transfer of knowledge.

The international conference has a larger goal of dissemination towards the community of braid theorists,
including local colleagues in Montpellier and in neighboring cities. Indeed, international colleagues coming
from classical braid theory are not always aware of the methods from higher quantum algebra, and I am
very hopeful that bringing everyone together for a week will foster the creation of new bridges and help
promoting my field of research and my own ideas.

1.3.4. Qualifications and experience of the supervisors.
Supervisor at the partner organization. Anthony Licata is an Associate Professor at the MSI, ANU,
and a world-leading researcher in geometric representation theory and categorification. He has
been awarded several major American and Australian research grants. He has already supervised 3 post-
doctoral researchers and currently supervises several PhD students. He is regularly invited to deliver lecture
series in winter/summer schools and international conferences, and is one of the most active mathematicians
in Australia, as illustrated by the Australian Mathematical Society Medal he was awarded in 2017. Since
moving to Australia, he has played a structuring role in the Australian mathematics community, and his
experience will be key in the success of this fellowship. Anthony Licata and myself have already worked
together with great success, and this will much facilitate the concrete beginning of the project.

The Australian National University is the most famous university in Australia, carrying world-class re-
search with a large number of international students and visitors. The Mathematical Sciences Institute hosts
first-class researchers from all areas of mathematics, and has in particular a recognized unique expertise in
algebra, going from Amnon Neeman’s theoretical approach to triangulated categories to topological data
analysis. The MSI welcomes many international visitors and post-doctoral researchers, organizes regular
international conferences and is internationally recognized for its scientific leadership. It has strong ties with
several partners across the world, including CNRS through the International Associated Laboratory FuMa.

Supervisor at the host institution. Cédric Bonnafé is Directeur de Recherche at CNRS in Montpellier,
and one of the most famous experts in Lie theory. He has written two books, supervised the PhD thesis
of researchers who are now leading experts in their fields, and has published papers in the best journals,
including Annals of Mathematics17. His involvement in French research networks (GDR, ANR) and his
scientific and mentoring unique expertise make him the best of mentors, while his mathematical field of
research will be key in successfully pursuing my research program during year 2 of the fellowship.

The Institut Montpelliérain Alexander Grothendieck (hosting laboratory) is a Joint Research Unit (UMR)
between the CNRS (hosting institution) and the Université de Montpellier. With about 40 tenure researchers
including 4 CNRS researchers, the Algebra and Topology team combines first-class research with a strong
action on communication in mathematics. The presence of an IREM structures participation of members
of the math department to high school scientific summer camps, mathematical exhibitions, events such as
Fête de la science, etc. The IMAG recently recruited a large number of outstanding young researchers, and
is an excellent place where to carry out research at the interface between algebra, topology and physics.

1.4. Quality and appropriateness of the researcher’s professional experience, competences and
skills. After a first part of my career focusing mostly on quantum topology from a categorical perspective
that established me as an internationally recognized junior CNRS researcher, I took the opportunity of
the break brought by a long parental leave to identify new fields of application for the tools I am used
to. I am now looking forward to return to work full-time (starting October 2021), which I hope will much
accelerate my ongoing projects. This puts me in a position where I would greatly benefit from the incredible
new research and mentoring opportunities granted by a Marie Sklodowska-Curie fellowship: my scientific
background and the help I could receive from my international network will be key in the success of my
research project, and I am convinced that I am in the best position to start extending my area of expertise
along the axes outlined in this fellowship.

17C. Bonnafé et al. “Derived categories and Deligne-Lusztig varieties II”. in: Ann. Math. (2017).
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A Career Development Plan (Deliverable CDP) will be established at the beginning of the fellowship to
support and monitor the re-enforcement of my professional maturity. It will be revised during the 6-month,
12-month and 24-month meetings with my advisors, as indicated in Section 3.1.2.

2. Impact

2.1. Credibility of the measures to enhance the career perspectives and employability of the
researcher and contribution to his skills development. Being awarded this Marie Sklodowska-Curie
fellowship would be an amazing opportunity to further accelerate my career path and help me establish as
a top-class leading senior researcher in the next few years.

The new mathematical skills I will learn, while in Australia and during the re-integration phase, will deeply
broaden my area of expertise and allow me to start working on groups-and-geometry-oriented problems
with new collaborators, both young or established. For example, the question of the injectivity of the
map from braid groups to Hecke algebra would be a major problem I would like to consider in the years
following this fellowship, as well as the identity of using the category K(A-pmod) as a replacement for
missing geometric models (for example to prove orderability of braid groups in type E). By its relation with
several mathematical fields, quantum algebra is best practiced with a wide background, and the purpose
of my project is to reach such a state of knowledge and expertise. Furthermore, I deeply believe that the
techniques and methods developed in categorification have now reached a stage where they should be applied
to older problems coming from other fields, taking inspiration in emblematic work of Chuang-Rouquier18

and Elias-Williamson19. Acquiring the new algebraic techniques described previously will much fasten my
research strategy and establish me as a world-leading expert. I would thus be in an excellent position to
apply as a PI to the French Agence Nationale de la Recherche funding program, and in a few years for an
ERC Consolidator grant.

The new research perspectives opened by my Marie Curie project will also yield PhD or post-doctoral
offers in the next few years, giving me the opportunity to mentor students and younger researchers. These
post-doctoral researchers and PhD students could be co-supervised with colleagues from neighboring fields
(for example, Thomas Haettel, Thomas Gobet, Bert Wiest), strengthening my research network.

I am convinced that these new skills and my widened expertise would make my CV much more competitive,
and my intention would be to apply for a Directeur de Recherche position or for full professorship shortly
after the end of the fellowship.

2.2. Suitability and quality of the measures to maximise the expected outcomes and impacts.

2.2.1. Dissemination towards an academic audience. I will actively engage in disseminating the outcome
of this project through academic channels, either scientific papers or conferences. I expect that several
papers will come out of this project, either during the two years or as a consequence shortly thereafter.
All of them will be posted on public academic repositories such as arXiv, and submitted to first-class peer-
reviewed journals. As much as possible, I want to target journals with fair publication process, such as the
ones handled by the European Mathematical Society (Journal of the EMS, Annales Scientifiques de l’ENS,
Quantum Topology, etc). For example, the paper described in Deliverable 1.1 in case where we obtain
incomplete but substantial results could be submitted to the Annales Scientifiques de l’ENS, while a proof
of faithfulness of the Burau representation should probably be submitted to a top-journal (JAMS, JEMS).
The papers will also be announced on my webpage, as well as deposited in Montpellier on the dedicated
stand in the department communal room.

I will also regularly give conference talks, both on a local (Australian or French depending on the phase)
and international scale. My goal there will be two-fold: first attending conferences designed for my usual
community, for which I will want to emphasize the interactions with connected fields of research, but also
attend conferences on topics related to my work but not organized by the people I usually interact with
to promote the gain brought by the use of methods from higher quantum algebras. In particular, this
could include seminar talks given in the Bonn Darstellungstheorie seminar, in French universities, as well
as in Sydney or Melbourne during the outgoing phase. I also plan to give a talk at the annual meeting
of the Australian Mathematical Society in December 2021 (Deliverable AuMS), which will be an excellent
opportunity to disseminate my results.

I also intend to disseminate the tools and results of my work to a broader and younger audience. I have
recently given a lecture series at the Winterbraids IX winter school, and I will have similar opportunities in
the near future. I believe that such schools, gathering Master and PhD students and young post-docs, are

18J. Chuang and R. Rouquier. “Derived equivalences for symmetric groups and sl 2-categorification”. In: Ann. of Math.
167 (2008). arXiv:0407205, pp. 245–298.

19B. Elias and G. Williamson. “The Hodge theory of Soergel bimodules”. In: Ann. of Math. 180.3 (2014).
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perfect places where to promote new methods and highlight possible bridges, and I commit to use any such
given opportunity to do so.

Finally, the local workshop I will organize during year 1 and the international conference in year 2 will be
key events in disseminating my research strategy and results. In Australia, I will organize a 3-day workshop
at Kioloa coastal campus of the ANU, towards the middle of year 1, involving colleagues and students from
the ANU and other neighboring universities (Sydney, Melbourne), with talks and working sessions in an
informal atmosphere. The conference envisioned for year 2 will rather gather international leaders in the
different aspects of braid theory to compare methods and recent advances, my goal being to promote the
higher quantum methods towards experts, and learn more about the classical questions in braid theory. This
conference will be organized with Cédric Bonnafé and Thomas Haettel, from the University of Montpellier,
at the beginning of year 2.

2.2.2. Dissemination and communication to different target audiences. I have recently started engaging
into communication towards a wider audience by writing general audience articles (in the Gazette des
mathématiciens, a French journal published by the Société mathématique de France or on the CNRS website
Images des Mathématiques). I also took part in holiday-time activities for high school students, and gave
talks in high schools to promote mathematics. These ideas are to be repeated, or transported into other
countries. In particular, writing an article for the Gazette of the Australian Mathematical Society, would be
an excellent way to promote both the opportunities given by the Marie Sklodowska-Curie actions and the
interactions between fields of research. The ANU reporter would also be an excellent place where to com-
municate about my project and the kind of research I undertake, and the importance of exchanges between
Europe and Australia. Shortly before arriving in Australia, I plan to contact editors of the newspaper to
discuss with them the best way to bring such a project to life (Deliverable Gazette).

I will also keep engaging into organized events targeting a larger audience: Semaine des sciences in
Lunel’s public high school, national Fête de la science in October (co-organized in Montpellier by colleagues
of the IREM) (Deliverable FdS). I also contacted the organizers of the 5 minutes Lebesgue programs, who
broadcast 5-minute videos about mathematics, and we agreed that I would prepare a video.

In general, I do believe that the kind of mathematics I work on, although sometimes technical, easily
allows for communication with everyone thanks to its very concrete and easy objects of studies (knots and
surfaces). It would be a shame not to take advantage of it by popularizing mathematics, and especially my
field of research, to the largest audience.

2.3. The magnitude and importance of the project’s contribution to the expected scientific,
societal and economic impacts. In addition to the specific dissemination strategy outlined in the previous
paragraph, I expect that my project will have long-term consequences in higher representation theory,
group theory and geometric representation theory. In geometric group theory, I hope to be able to come,
either during the project or soon after, to a category-based version of Haagerup property. In other words,
considering a group acting on a triangulated category by autoequivalences, what conditions should one
require for the group to have the Haagerup property? Such a characterization would provide the community
in geometric group theory with new tools, and the question of adapting them to a larger class of problems
(Novikov property, Baum-Connes property,...) would be of great interest.

A proof of the injectivity of the Burau representation would also give a final answer to a very old question,
and be of major importance to a large community of researchers. The techniques I intend to employ, that
consist in getting a fine enough control at the categorical level to be able to prevent unfaithfulness in the
Grothendieck group, could then be adapted to related long-standing questions, including the faithfulness of
the map from braids to the Hecke algebra, closely related to the unknot-detection by the Jones polynomial.

To sum up, the challenges outlined in my proposal are questions that have raised considerable attention,
and I believe that any answer that would be given to them would be of great interest. Furthermore, I am
convinced that the proposed methodology would be of intrinsic interest and likely to be applied to other
related questions.

3. Quality and efficiency of the implementation

3.1. Quality and effectiveness of the work plan, assessment of risks and appropriateness of the
effort assigned to work packages.

3.1.1. Work plan, allocation of tasks and resources. The major part of the execution of the proposed project
will rely on interactions with local researchers in Canberra and in Montpellier. As a visiting member of
the MSI, I will take part in all scientific activities of the mathematics department, and attend the weekly
algebra and topology seminar, as I always do in Montpellier.
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Year 1 Year 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

WP1 Burau
M1.1 M1.2 M1.3 D1.1

WP2
Haagerup

M2.1 M2.2 M2.3 D2.1

Dissemination/
communication

CDP LS AuMSReRe Gazette ConfFdS

Management
MM MM MM MM MM MM MM FM

LS: Lecture series AuMS: AustMS annual meeting ReRe: research retreat

FdS: Fête de la Science MM: Management meeting FM: Final meeting

My plan is to start working right away on WP1 and WP2 in parallel. In both cases, preliminary studies
are already engaged, and I will be in a position to work efficiently from the very beginning.

For WP1, M1.1 should present no particular difficulty. Diagrammatic descriptions of related categories of
bimodules exist in the literature (in particular for Soergel bimodules), and my background makes me able
to start working right ahead on this problem. I expect that this will require about 4 months. Then M1.2
will be a more challenging goal. Finding the correct sets on which one should act will be technical, and I
will rely on A. Licata’s expertise, as he already developed similar arguments in the free group case. As a
proof-of-concept, I also wrote down a ping-pong proof that squares of the generators generate a free group
in B3. M1.3 on the other hand will require more theoretical and conceptual work, and I will need insight
from Cédric Bonnafé and Thomas Haettel. Based on the experience of my previous collaboration, I expect
that passing from the research phase to a ready-to-submit paper will require time, as the tools employed
are very subtle and require a long and careful writing time.

For WP2, M1.1 is already a challenging goal. I have already worked out a stability-condition-based proof
of the Haagerup property for B3, but upgrading it to B4 will require new ideas and most certainly raise new
questions about stability conditions in type A3. I wouldn’t be surprised that it takes up to a year to achieve.
I am hoping that M2.2 will be a generalization of M2.1 that should already contain most of the necessary
ideas. M2.3 is independent on the two previous milestones, and its realization relies on discussions with all
the experts cited in this application. This is why I expect it will take time to reach a sensible categorical
formulation of this geometric question. Again, the last months will be devoted to organizing the arguments
and writing the paper.

Implication I will devote 24 p.m to the project. A. Licata will devote 2p.m (WP1 and 2, management),
C. Bonnafé 1.5p.m (WP1 and 2, management), T. Haettel 0.5p.m (conference organization).

3.1.2. Management structures and procedures. Anthony Licata and myself will have meetings at least twice
a week, focusing on WP 1. These meetings will be opportunities for me to learn more about the algebraic
methods of t-structures and stability conditions and to concretely manipulate them right away. Indeed, we
will both be discussing theories that are not well known to me and work together towards completing WP
1, in a tight collaboration. During year 2, we will keep having regular videoconferences, and jointly edit the
files for the papers, using a shared folder like provided by PLMBox.

Once back to France, Cédric Bonnafé and myself will have regular meetings, to discuss WP2 and the best
way to control the hom-spaces from WP1.

At the beginning of my stay in Australia, Anthony Licata, Cédric Bonnafé and myself will jointly establish
a Career Development Plan (Deliverable CDP). During both years, I will have a management meeting
(Milestones MM) every 3 months with the local supervisor specifically devoted to monitoring the progress
of the project. To that end, I will have a notebook filled in on a regular basis with the progresses and
difficulties I will encounter. A final meeting at the end of the project will be devoted to analyzing the
outcome and the successes of this project (Deliverable FM). The 6-month, 1-year and 2-year meetings will
also be opportunities to update my CDP.

3.1.3. Risk assessment and mitigation procedures. Several concrete, intermediary milestones have been fore-
thought to monitor the correct progress of this project, and serve as warning in case some of them are not
reached on time. Regarding Work Package 1, I am very confident that Milestone 1.1 is upon reach : there
is a clear way leading to it, and there is no reason to fail. Once reached, it will pave the way to Milestones
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1.2 and 1.3. Should Milestone 1.3 yield positive results, the outcomes of WP1 would be tremendous and
publishing the results would be a top priority. However, these are very challenging goals, and there is a
risk that we cannot conclusively reach an answer to the faithfulness question. In that case, M1.1 would
already raise interest of the community, and I expect that the tools developed to address M1.2 will be of
own interest. In that case, we would, as much as possible, publicize (through the weaker form of Deliverable
1.1) the partial results obtained.

In WP2, M2.1 is also a rather challenging goal, and its generalization (M2.2) as well. I am convinced
that working toward proving the Haagerup property will motivate new results on stability conditions and
triangulated category even if I can’t reach a conclusive answer, but based on preliminary computations, I
am hoping that at least M2.1 can be solved. M2.3 will constitute a very different work, and I am confident
that the help of several experts will ensure that I can fulfill this milestone by the end of the project.

There is no foreseen administrative risks thanks to the experience of the host institution (CNRS) and the
partner institution (MSI, ANU) in project management.

3.2. Quality and capacity of the host institutions and participating organisations. While at
the ANU, I will benefit from all research facilities offered by the MSI (office, library access, computing
facilities and help of the IT team) and be an active member of the mathematics department. I will be
given opportunities to give a talk at the algebra seminar, and I will become a leading member of the
Quantum mathematics weekly working group. I will receive assistance from the administrative staff regarding
organizing this weekly meeting, and it will be advertised in the weekly bulletin of the MSI and on posters
exposed in the common room. I will be given chances to interact with Master and Honours students, and
jointly supervise their work. I will also benefit from the active larger geographic environment, including at
the University of Sydney where there is a world-leading research group in representation theory, and I will
be a full member of the Australian community by taking part to the actions of the Australian Mathematics
Society.

Before my arrival, I will receive assistance from the MSI regarding my visa applications. The ANU also
offers a range of services for international visitors, including temporary accommodation (Liversidge court)
and on-campus childcare, creating a peace-minding environment especially favorable to quality work.

It is also worth mentioning that the MSI hosts the International Associated Laboratory FuMa, a partner-
ship between the CNRS and the MSI. This will facilitate the concrete organization of my stay, but also serve
later on at keeping the collaboration active, through opportunities for future visits between the partners.

The Institut Montpelliérain Alexander Grothendieck together with the CNRS Délégation Régionale Occi-
tanie Est will assist me during both the outgoing and return phase with the administrative duties related to
the fellowship, including legal and financial management of the fellowship. The administrative staff at IMAG
in particular will help with the organization of the conference in year 2, visitor invitations and managing
travel organization for the conferences I will attend.

In case special training may be required during the return phase, both Nathalie Collain from the IMAG
(référente formation at IMAG) and the Service formation of the CNRS will assist me finding relevant offers,
and if not available might help organize special events. I will also have access to all tools developed by the
CNRS: Rendez-vous Renater for the regular video-conferences, the website sciencesconf.org for organizing
mathematical events, PLM box for file sharing and cloud working, as well as access to Portail maths and its
bibliographical and informatics resources.

Help from the local services of CNRS will be received for any Human resources related question. The
label HR Excellence in Research that was awarded in 2017 to the CNRS attests of the efficiency of the CNRS
HR services in assisting fellows of European grants.
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B1, le cœur scientifique

Around Braids, Categories and Distances

1. Excellence

1.1. Quality and pertinence of the project’s research and innovation objectives.

1.1.1. State of the art, objectives and overview. The mathematical fields of categorification and of geo-
metric group theory have undergone impressive developments since their formulations in the 80’s, but
have rarely (if not ever!) interacted. I want to create the mathematical framework to encompass
these two fields, with a special focus on braid groups. As a guiding horizon, I identified major
questions in each field that could be addressed by use of tools imported from the other one.

The modern categorification program, formalized in the 80’s by Crane and Frenkel, follows Poincaré’s
seminal idea that, in many situations, the objects we are used to are only the shadow of a higher-dimensional
world. Unveiling this world creates new mathematics, but also provides new structural (functorial) tools
to study the objects one started from. Major successes in this field include Khovanov and Heegaard-
Floer homologies in topology, and on the algebraic side Chuang-Rouquier’s work on Broué’s conjecture,
Elias-Williamson’s proof of the Kazhdan-Lusztig conjecture and Khovanov-Lauda-Rouquier’s categorified
quantum groups.

Geometric group theory, on the other hand, is based on Gromov’s seminal idea to consider a group as
a geometric object1. This often calls for a notion of metric, typically a word metric. It focuses on the
interplay between actions on metric spaces with special features (hyperbolic, CAT(0), cube complexes . . . )
and various properties of the group (amenability, orderability, property (T), Haagerup property...), and
entertains deep connections with geometric analysis (C∗ algebras, Baum-Connes and Novikov conjectures).

Introduced by Artin, braid groups (and later Artin-Tits groups of general Coxeter systems) enjoy a large
number of topological, algebraic, geometric or combinatorial descriptions. Deep connections with knot
theory and quantum physics make them ubiquitous objects in higher quantum algebra. Looked upon as
geometric object, understanding them is one of the major challenges in geometric group theory, and many
fundamental questions (Do they have a center? Are they linear? Do they have the Haagerup property? . . . )
are still open for the majority of Artin-Tits groups2!

The main tool at play in my project will be Khovanov-Seidel’s categorical representation of the braid
groups3. This gives a faithful 2-analog of the famous Burau representation. The main goal of this Global
Fellowship application is to learn and use for geometric purposes the techniques of stability
conditions. These techniques were developed by Licata with his collaborators Bappat and Deopurkar,
following Bridgeland, and they should, I am convinced, serve as a categorical analog of metric spaces.

The geometric landscape for Artin-Tits group can be summarized as in the diagram from Figure 1:
amenability, which doesn’t hold for Artin-Tits groups, implies that a group has the Haagerup property,
which in turn implies Baum-Connes and Novikov conjectures as well as the Kadison-Kaplanski property
on idempotents. This property is also a consequence of orderability. Dehornoy’s famous order in type A
extends to type D4, while the Haagerup property is known only in type A2, and the Baum-Connes property
is known in type A5. In this landscape, the blue ellipse highlights those questions that should be accessible
by categorical means.

My project aims at developing categorical tools to prove the Haagerup property of braid
groups of type A. This represents a major challenge, and the mathematical framework I intend to develop
to address them would create new, innovative mathematics.

I also identified classical tools in geometric group theory that can be adapted to categorical settings: I
am very hopeful that the faithfulness of the Burau representation of the 4-strand braid group
can be addressed by categorical ping-pong techniques.

1.1.2. Originality and innovative aspects of the research project. The most ambitious challenge I want to
address is as follows:

1M. Gromov. “Hyperbolic groups”. In: Essays in group theory. Springer, 1987, pp. 75–263.
2E. Godelle and L. Paris. “Basic questions on Artin-Tits groups”. In: Configuration Spaces. arXiv:1105.1048. Springer,

2012, pp. 299–311.
3M. Khovanov and P. Seidel. “Quivers, Floer cohomology, and braid group actions”. In: J. Am. Math. Soc. 15.1 (2002),

pp. 203–271. doi: 10.1090/S0894-0347-01-00374-5.
4R. Fenn et al. “Ordering the braid groups”. In: Pacific journal of mathematics 191.1 (1999), pp. 49–74.
5T. Schick. “Finite group extensions and the Baum–Connes conjecture”. In: Geometry & Topology 11.3 (2007).

arXiv:math/0209165, pp. 1767–1775.
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Figure 1. Geometric group theory and braid groups

Work package 1: Use the faithfulness of the Khovanov-Seidel categorical Burau representation to prove,
or disprove, the faithfulness of the n = 4 Burau representation.

This matrix representation of the braid group was originally defined in the 30’s, and its faithfulness for the
4-strand braid group is one of the most simple and famous (and hard!) questions in braid theory. Addressing
it by lifting it to the categorical level may sound somewhat counter-intuitive: by nature, one looses a lot
of information by going down in dimension. However, the 4-strand case is just at this point of complexity
where looking only at the Burau representation is about hopeless, but one can still handle the extra data
provided by the categorical aspects. This project, highly challenging and building upon the most
recent mathematical developments, would require a fine knowledge of algebraic-geometry-originating
tools in category theory of which Anthony Licata (MSI, ANU) and Cédric Bonnafé’s (IMAG, CNRS) are
world-leading experts.

In a more geometric context, recall that a group satisfies the Haagerup property6 if it admits a proper
action by affine isometries on a Hilbert space. Satisfying such a condition, which is designed as a strong
negation of Kazhdan’s property (T), turns out to have many consequences, perhaps the most surprising
one being that it implies the Novikov conjecture, relating algebraic and analytic features associated to the
group.

This definition can be rephrased in more combinatorial terms, and in particular Haglund and Paulin7

introduced the notion of a group acting properly on a space with walls. Such a group satisfies the Haagerup
property, with Hilbert space the l2 space associated to the set of walls.

The following prediction underlies my application.

Conjecture: The category K(A-pmod) can be turned into a space with walls on which B acts properly.

If true, this would provide a path for WP2.

Work package 2: Show that braid groups in type A satisfy the Haagerup property.

The originality of my approach lies in the use of new categorical tools to address this
question. As a proof of concept, one can look at the situation of the 3-strand braid group (type A2), which
is the most complicated example known to satisfy the Haagerup property. Then Stab(K(A-pmod))/C, the
moduli space of Bridgeland stability conditions8 built in the spirit of Bridgeland’s ideas9, can be tessellated.
The edges of the tessellation yield walls of a space with walls, which is the one classically used to prove that
the 3-strand braid group satisfies the Haagerup property.

This work calls for many extensions, the first of which being to extend Bappat-Deopurkar-Licata’s work
to other braid groups and study the associated tessellation. This work will be undergone with the precious
help of Licata, as well as Bappat and Deopurkar.

6P.-A. Cherix et al. Groups with the Haagerup property: Gromov’s aT-menability. Vol. 197. Birkhäuser, 2012.
7F. Haglund and F. Paulin. “Simplicité de groupes d’automorphismes d’espaces à courbure négative”. In: Geom. Topol.

(1998). arXiv:math/9812167, pp. 181–248.
8A. Bappat et al. “A Thurston compactification of the space of stability conditions”. In: (2020). arXiv:2011.07908.
9T. Bridgeland. “Stability conditions on triangulated categories”. In: Annals of Mathematics (2007). arXiv:math/0212237,

pp. 317–345.
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I am today in a position where my theoretical background will shed a new light on these ques-
tions, but I need help from experts to acquire new skills and develop the interdisciplinary tools I have
outlined. A Marie Sklodowska-Curie fellowship would give me the opportunity to fully devote to this project
with the best researchers.

1.2. Soundness of the proposed methodology.

1.2.1. Completeness and appropriateness of the research methodology and approach. I now give more detail
about the precise strategy to answer the questions explained above: faithfulness of the Burau representation
(WP1) and Haagerup property for braid groups (WP2).

Work Package 1: faithfulness of the Burau representation. The Burau representation is one of
the most classical tools in the study of braid groups. Since Bigelow’s proof that it is not faithful for the
5-strand braid group10, deciding whether or not it is faithful for the 4-strand braid group is probably one
of the most tantalizing problems in braid theory. Stating it is extremely simple, and Birman even turned
it into a 2-matrix statement11: it suffices to check that the Burau (3× 3)-matrices of the braids σ1σ

−1
3 and

σ2σ1σ
−1
3 σ−1

2 generate a free group. A positive answer to this question would be very impressive and complete
the classification in type A, and a negative answer would have more dramatic consequences, implying that
the Jones polynomial does not detect the unknot (a result due to Ito12).

A largely investigated approach, following Bigelow’s strategy for the 5-strand case, consists in studying
curves in the punctured disk. The zig-zag version of it can be stated as follows: does there exist a spherical
object C 6= P1 that has the same Euler characteristics as P1? If yes, then the spherical twist on it provides
a counterexample to faithfulness, if not, then the representation is faithful. Preliminary investigations
convinced me that this method can only be more powerful than Bigelow’s original approach if one brings
into it information that wasn’t available before, namely the Hom-spaces. This requires a description of the
morphisms not only in the category K(A-pmod) but between bimodules as well (a strategy I followed in13

to prove the Digne-Gobet conjecture14).

Milestone 1.1: Describe morphism spaces between bimodules by generators and relations.

I want to relate this description to Soergel bimodules and diagrammatic versions of their Hom-spaces,
and then get as much control as possible on the way morphisms are affected by tensor product. Again, the
best way to describe these morphisms may be under categorical skew-Howe duality, a strategy I used for
categorical knot invariants (with Lauda and Rose). These descriptions are also closely related to Webster’s
diagrammatic algebras, as the zig-zag algebras we use are subalgebras of the Koszul dual to some blocks of
Webster’s algebras.

In addition to the implications for the Burau representation, this work would also be key in upgrading
Khovanov-Seidel representation to a genuine 2-representation from the 2-braid-group (the category where
objects are braids, and morphisms are braid isotopies). Such a strategy would connect Khovanov-Seidel in-
variant to Khovanov-Rozansky homologies, and could be used in an attempt to derive a categorical Alexander
polynomial.

Milestone 1.2: With such a description in hand, I want to import ping-pong strategies from geometric
group theories to prove faithfulness of the 4-strand Burau representation.

To do so, a first step will consist in re-proving Gorin-Lin’s statement that the two braids σ3σ
−1
1 and

(σ2σ3σ
−1
2 )(σ2σ

−1
1 σ−1

2 ) generate a free group via (categorical) ping-pong. This fits into a more general
strategy of using the zig-zag category to produce ping-pong sets, and connects to the idea of walls from
WP2. As a warm-up, one can write a categorical ping-pong proof that σ21 and σ22 generate a free group.
This builds upon Licata’s use of ping-pong techniques in categorical context15.

10S. Bigelow. “The Burau representation is not faithful for n = 5”. In: Geometry & Topology 3.1 (1999).
arXiv:math/9904100, pp. 397–404.

11J. S Birman. Braids, Links, and Mapping Class Groups. Vol. 82. Princeton University Press, 2016, Th 3.19.
12T. Ito. “A kernel of a braid group representation yields a knot with trivial knot polynomials”. In: Mathematische Zeitschrift

280.1-2 (2015). arXiv:1402.2028, pp. 347–353.
13A. M Licata and H. Queffelec. “Braid groups of type ADE, Garside monoids, and the categorified root lattice”. In: Ann.

Sci. Éc. Norm. Supér. (to appear) (2017). arXiv:1703.06011.
14F. Digne and T. Gobet. “Dual braid monoids, Mikado braids and positivity in Hecke algebras”. In: Mathematische

Zeitschrift 285.1-2 (2017). arXiv:1508.06817, pp. 215–238.
15A. M Licata. “On the 2-linearity of the free group”. In: Categorification and higher representation theory 683 (2017).

arXiv:1606.06444, pp. 149–181.

Part B - Page 3 of 10

ABCD HORIZON-MSCA-2021-PF-01 : Marie Sklodowska-Curie PF-GF H. Queffelec

Having identified such ping-pong sets, one can hope to get a finer control on them by making them as
small as possible. The goal, typically, would be to require that complexes in these sets have indecomposable
objects appearing with multiplicity 1 in the top t-slice, as this would prevent cancellation in the Euler
characteristics. Being able to relate zig-zag 2-representations of free groups either by inclusion or directly
(as in Licata’s work) would also be instrumental.

Milestone 1.3: By controlling the dimensions of Hom-spaces, show that the categorical ping-pong proof
implies Birman’s statement.

C. Bonnafé’s help will be precious in controlling such Hom dimensions.

Deliverable 1.1: The results of this WP will be combined into a research paper.

Work Package 2: Haagerup property for braid groups. (WP2) aims at proving that braid groups
in type A enjoy the Haagerup property using a categorical analog of the concept of spaces with walls. As
a proof of concept, one can look at the situation of the 3-strand braid group (type A2), which is the most
complicated example known to satisfy the Haagerup property. Rather than looking directly at K(A-pmod),
one can consider Stab(K(A-pmod))/C the moduli space of Bridgeland stability conditions as in Bappat-
Deopurkar-Licata’s work. This moduli space, built in the spirit of Bridgeland’s ideas, has the advantage
that it brings more structure on K(A-pmod). In the Γ = A2 case, this space can be tessellated. The edges of
the tessellation yield walls of a space with walls, which is the one classically used to prove that the 3-strand
braid group satisfies the Haagerup property.

This work calls for many extensions, the first of which being to extend Bappat-Deopurkar-Licata’s work
to larger braid groups and study the associated tessellation. I intend to combine these notions with my
published work with Licata as well as the more recent paper of Bappat-Deopurkar-Licata16 to extract either
from collections of spherical objects or from the moduli space of stability conditions a space with walls on
which the braid group acts.

Milestone 2.1: Prove that the 4-strand braid group satisfies the Haagerup property. I will run a detailed
study in type A3, describing the tessellation of the moduli space of stability conditions.

Finding and describing a fundamental domain in this case is already rather difficult, as its combinatorial
description is not obvious. In that regard, the classification work on t-structures and baric structures
involved in (M1.1) will prove useful. It is likely that one does not need a full description to be able to
define walls based on conditions on Hom-spaces or on degeneracy of exact triangles, two properties that are
usually not accessible at the decategorified level. Explicit descriptions of Hom-spaces would be approached
via skew-Howe duality, in the spirit of my works with Lauda and Rose.

I expect that the 4-strand case already contains most of the features shared by larger braid groups, and
that solving M2.1 will be of great help in trying to prove the Haagerup property for braid groups in type A.

Milestone 2.2: Prove that larger classes of Artin-Tits groups satisfy the Haagerup property.

A fine understanding of the case of type A3 should help identifying the equations corresponding to walls,
and allow to prove at least in type A that a space with walls can be obtained from the moduli space of
stability conditions, even if a full description of it is not available.

Parallel to that study, I want to devote a special attention to the following more conceptual goal.

Milestone 2.3: Some of the features of the action of the braid group on K(A-pmod) are very much
reminiscent of the action by affine isometries on a Hilbert space that underlies the Haagerup property.
Indeed, the distance can be heuristically replaced by the size, or perhaps rather the maximal degree, of the
Hom space between two elements. Properness of the action could typically translate using the following
statement:

∀g ∈ B, ∀n ≥ 0, ∃m ∈ Z such that K(A-pmod)≥n(gm · K(A-pmod)0) 6= 0

(Superscripts correspond to truncation functors.) I want to formulate a general abstract property for a
group acting on a category that would imply that this group satisfies the Haagerup property.

Such a criterion would give a new, powerful tool to approach the Haagerup property, as well as shed new
lights on what interesting 2-actions can be, a topic under active research but from very different perspectives

16A. Bapat et al. “Spherical objects and stability conditions on 2-Calabi–Yau quiver categories”. In: (2021).
arXiv:2108.09155.
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(see Mazorchuk-Miemietz work). Finding the correct formulation and the best way to adapt the Haagerup
property to the formalism of triangulated categories will much rely on Bonnafé’s expertise in Montpellier,
as well as the help and geometric insight of T. Haettel and A. Genevois.

Deliverable 2.1: The results on the Haagerup property will be presented in a research paper.

1.2.2. Interdisciplinary and gender aspects. Although quantum topology has interactions with theoretical
physics, the specific objectives of WP1 and WP2 are not directly inter-disciplinary. No potential gender
issues were identified while preparing this application.

1.3. Quality of the supervision, training and of the two-way transfer of knowledge.

1.3.1. Quality and appropriateness of the training. My training goals will consist in learning new mathe-
matics, in particular related to category theory (stability conditions) and geometric group theory.

A large part of these training goals will be reached by learning new tools, concepts and skills from Anthony
Licata (MSI, ANU), Asilata Bappat (MSI, ANU), Anand Deopurkar (MSI, ANU), Cédric Bonnafé (IMAG,
CNRS) and Thomas Haettel (IMAG, U. Montpellier). We will have regular meetings and discussions, and
I will learn from them by concretely using new mathematical tools.

More specific details are given in the next paragraphs.

1.3.2. Transfer from host. Coming from low-dimensional topology, I started learning representation theory
during my PhD and established myself as an expert in topology and higher representation theory, but I feel
that I lack some knowledge of classical, algebraic tools to fully develop the research strategies I believe will
yield major results. I had a first very successful collaboration with Anthony Licata in 2014-2015, and he is
committed to guiding me through the literature and my first use of these new notions. We will have regular
meetings (about twice a week), and will together work on developing and obtaining concrete results on the
notion of t-structures, baric structures and stability conditions applied to the category of representations of
zig-zag algebras. Such a program can only be accomplished during a long-term visit, as it requires that we
meet often and extensively discuss, which is very uneasy through Skype meetings with such a time difference:
over the last few years, the distance has been a major obstacle to the start of the Burau project, to which we
both aspire. I will also much benefit from regular meetings and discussions with Asilata Bappat and Anand
Deopurkar, who have recently joined the MSI. Coming from algebraic geometry, they have a perspective on
the notion of stability conditions from which I could much benefit.

Once back in Montpellier, I will have weekly meetings with Cédric Bonnafé. His take on categorification
and its link to finite groups and Weyl groups is unique, and his expertise will be instrumental in finding the
right analog of the Haagerup property involving autoequivalences of a triangulated category. Simultaneously,
I will regularly meet and work with Thomas Haettel (IMAG): that way, I will learn classical questions and
tools in geometric group theory, and we will strive to adapt them to the categorical framework.

I will also take an active part in working groups, such as the Quantum Mathematics group meeting weekly
at the MSI. We ran at IMAG a working group on mapping class groups and curve complexes last year, that
will keep going this Fall semester.

1.3.3. Transfer to host. I have proven to be an enthusiastic mathematician, as illustrated by the number of
conferences I have been invited to, my advising of several Master or PhD students, some of which coming
from other universities or Grandes écoles, or yet again my dissemination work. This will be key in being able
to gather a group of interested colleagues and students around my project, at the MSI and in Montpellier.

While at the MSI, I will take a leading role in the Quantum Mathematics seminar. My unique
expertise in quantum topology and my desire to highlight interactions between several branches of algebra
and topology will yield very positive outcome for the MSI research and education community. I will first
deliver a lecture series (Milestone LS) there to explain the background of categorical approaches to the
study of braid groups, and survey important conjectures in braid theory. Using my topological background,
I would highlight classical questions where MSI colleagues (including Anthony Licata’s five PhD students)
could apply categorification techniques, allowing them to broaden their scope of applications.

I also plan to give a talk at the MSI algebra seminar, and take part to scientific events (workshops,
colloquium,...) by offering to deliver lectures on my past and current work.

More generally, I will involve local colleagues in my transfer strategy, by contacting colleagues and former
collaborators in other Australian universities, such as Oded Yacobi and Zsuzsanna Dancso in Sydney, or
Arun Ram and Peter McNamara in Melbourne. Several research visits will contribute to my strategy of
transfer of knowledge as well as to strengthen my international network.
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Once back in France, I intend to broadcast the idea of using stability conditions in geometric group theory,
in Montpellier both also towards other colleagues (E. Wagner in Paris, T. Gobet in Tours). This will be
accomplished through talks given in seminars, working groups and national conferences.

Other key events in the strategy of transfer will be the organization of a workshop in Australia
(Deliverable ReRe) and an international conference in Montpellier (Deliverable Conf). The algebra
and topology team at MSI runs an annual workshop at Kioloa coastal campus, a conference facility of
the ANU which offers on-site housing. I would organize the 2022 edition to consolidate my collaborations
and involve students and colleagues in my project. The schedule will contain both lectures delivered by
researchers and students and working sessions devoted to small-group collaborative research, allowing for
an efficient transfer of knowledge.

The international conference has a larger goal of dissemination towards the community of braid theorists,
including local colleagues in Montpellier and in neighboring cities. Indeed, international colleagues coming
from classical braid theory are not always aware of the methods from higher quantum algebra, and I am
very hopeful that bringing everyone together for a week will foster the creation of new bridges and help
promoting my field of research and my own ideas.

1.3.4. Qualifications and experience of the supervisors.
Supervisor at the partner organization. Anthony Licata is an Associate Professor at the MSI, ANU,
and a world-leading researcher in geometric representation theory and categorification. He has
been awarded several major American and Australian research grants. He has already supervised 3 post-
doctoral researchers and currently supervises several PhD students. He is regularly invited to deliver lecture
series in winter/summer schools and international conferences, and is one of the most active mathematicians
in Australia, as illustrated by the Australian Mathematical Society Medal he was awarded in 2017. Since
moving to Australia, he has played a structuring role in the Australian mathematics community, and his
experience will be key in the success of this fellowship. Anthony Licata and myself have already worked
together with great success, and this will much facilitate the concrete beginning of the project.

The Australian National University is the most famous university in Australia, carrying world-class re-
search with a large number of international students and visitors. The Mathematical Sciences Institute hosts
first-class researchers from all areas of mathematics, and has in particular a recognized unique expertise in
algebra, going from Amnon Neeman’s theoretical approach to triangulated categories to topological data
analysis. The MSI welcomes many international visitors and post-doctoral researchers, organizes regular
international conferences and is internationally recognized for its scientific leadership. It has strong ties with
several partners across the world, including CNRS through the International Associated Laboratory FuMa.

Supervisor at the host institution. Cédric Bonnafé is Directeur de Recherche at CNRS in Montpellier,
and one of the most famous experts in Lie theory. He has written two books, supervised the PhD thesis
of researchers who are now leading experts in their fields, and has published papers in the best journals,
including Annals of Mathematics17. His involvement in French research networks (GDR, ANR) and his
scientific and mentoring unique expertise make him the best of mentors, while his mathematical field of
research will be key in successfully pursuing my research program during year 2 of the fellowship.

The Institut Montpelliérain Alexander Grothendieck (hosting laboratory) is a Joint Research Unit (UMR)
between the CNRS (hosting institution) and the Université de Montpellier. With about 40 tenure researchers
including 4 CNRS researchers, the Algebra and Topology team combines first-class research with a strong
action on communication in mathematics. The presence of an IREM structures participation of members
of the math department to high school scientific summer camps, mathematical exhibitions, events such as
Fête de la science, etc. The IMAG recently recruited a large number of outstanding young researchers, and
is an excellent place where to carry out research at the interface between algebra, topology and physics.

1.4. Quality and appropriateness of the researcher’s professional experience, competences and
skills. After a first part of my career focusing mostly on quantum topology from a categorical perspective
that established me as an internationally recognized junior CNRS researcher, I took the opportunity of
the break brought by a long parental leave to identify new fields of application for the tools I am used
to. I am now looking forward to return to work full-time (starting October 2021), which I hope will much
accelerate my ongoing projects. This puts me in a position where I would greatly benefit from the incredible
new research and mentoring opportunities granted by a Marie Sklodowska-Curie fellowship: my scientific
background and the help I could receive from my international network will be key in the success of my
research project, and I am convinced that I am in the best position to start extending my area of expertise
along the axes outlined in this fellowship.

17C. Bonnafé et al. “Derived categories and Deligne-Lusztig varieties II”. in: Ann. Math. (2017).
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A Career Development Plan (Deliverable CDP) will be established at the beginning of the fellowship to
support and monitor the re-enforcement of my professional maturity. It will be revised during the 6-month,
12-month and 24-month meetings with my advisors, as indicated in Section 3.1.2.

2. Impact

2.1. Credibility of the measures to enhance the career perspectives and employability of the
researcher and contribution to his skills development. Being awarded this Marie Sklodowska-Curie
fellowship would be an amazing opportunity to further accelerate my career path and help me establish as
a top-class leading senior researcher in the next few years.

The new mathematical skills I will learn, while in Australia and during the re-integration phase, will deeply
broaden my area of expertise and allow me to start working on groups-and-geometry-oriented problems
with new collaborators, both young or established. For example, the question of the injectivity of the
map from braid groups to Hecke algebra would be a major problem I would like to consider in the years
following this fellowship, as well as the identity of using the category K(A-pmod) as a replacement for
missing geometric models (for example to prove orderability of braid groups in type E). By its relation with
several mathematical fields, quantum algebra is best practiced with a wide background, and the purpose
of my project is to reach such a state of knowledge and expertise. Furthermore, I deeply believe that the
techniques and methods developed in categorification have now reached a stage where they should be applied
to older problems coming from other fields, taking inspiration in emblematic work of Chuang-Rouquier18

and Elias-Williamson19. Acquiring the new algebraic techniques described previously will much fasten my
research strategy and establish me as a world-leading expert. I would thus be in an excellent position to
apply as a PI to the French Agence Nationale de la Recherche funding program, and in a few years for an
ERC Consolidator grant.

The new research perspectives opened by my Marie Curie project will also yield PhD or post-doctoral
offers in the next few years, giving me the opportunity to mentor students and younger researchers. These
post-doctoral researchers and PhD students could be co-supervised with colleagues from neighboring fields
(for example, Thomas Haettel, Thomas Gobet, Bert Wiest), strengthening my research network.

I am convinced that these new skills and my widened expertise would make my CV much more competitive,
and my intention would be to apply for a Directeur de Recherche position or for full professorship shortly
after the end of the fellowship.

2.2. Suitability and quality of the measures to maximise the expected outcomes and impacts.

2.2.1. Dissemination towards an academic audience. I will actively engage in disseminating the outcome
of this project through academic channels, either scientific papers or conferences. I expect that several
papers will come out of this project, either during the two years or as a consequence shortly thereafter.
All of them will be posted on public academic repositories such as arXiv, and submitted to first-class peer-
reviewed journals. As much as possible, I want to target journals with fair publication process, such as the
ones handled by the European Mathematical Society (Journal of the EMS, Annales Scientifiques de l’ENS,
Quantum Topology, etc). For example, the paper described in Deliverable 1.1 in case where we obtain
incomplete but substantial results could be submitted to the Annales Scientifiques de l’ENS, while a proof
of faithfulness of the Burau representation should probably be submitted to a top-journal (JAMS, JEMS).
The papers will also be announced on my webpage, as well as deposited in Montpellier on the dedicated
stand in the department communal room.

I will also regularly give conference talks, both on a local (Australian or French depending on the phase)
and international scale. My goal there will be two-fold: first attending conferences designed for my usual
community, for which I will want to emphasize the interactions with connected fields of research, but also
attend conferences on topics related to my work but not organized by the people I usually interact with
to promote the gain brought by the use of methods from higher quantum algebras. In particular, this
could include seminar talks given in the Bonn Darstellungstheorie seminar, in French universities, as well
as in Sydney or Melbourne during the outgoing phase. I also plan to give a talk at the annual meeting
of the Australian Mathematical Society in December 2021 (Deliverable AuMS), which will be an excellent
opportunity to disseminate my results.

I also intend to disseminate the tools and results of my work to a broader and younger audience. I have
recently given a lecture series at the Winterbraids IX winter school, and I will have similar opportunities in
the near future. I believe that such schools, gathering Master and PhD students and young post-docs, are

18J. Chuang and R. Rouquier. “Derived equivalences for symmetric groups and sl 2-categorification”. In: Ann. of Math.
167 (2008). arXiv:0407205, pp. 245–298.

19B. Elias and G. Williamson. “The Hodge theory of Soergel bimodules”. In: Ann. of Math. 180.3 (2014).
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perfect places where to promote new methods and highlight possible bridges, and I commit to use any such
given opportunity to do so.

Finally, the local workshop I will organize during year 1 and the international conference in year 2 will be
key events in disseminating my research strategy and results. In Australia, I will organize a 3-day workshop
at Kioloa coastal campus of the ANU, towards the middle of year 1, involving colleagues and students from
the ANU and other neighboring universities (Sydney, Melbourne), with talks and working sessions in an
informal atmosphere. The conference envisioned for year 2 will rather gather international leaders in the
different aspects of braid theory to compare methods and recent advances, my goal being to promote the
higher quantum methods towards experts, and learn more about the classical questions in braid theory. This
conference will be organized with Cédric Bonnafé and Thomas Haettel, from the University of Montpellier,
at the beginning of year 2.

2.2.2. Dissemination and communication to different target audiences. I have recently started engaging
into communication towards a wider audience by writing general audience articles (in the Gazette des
mathématiciens, a French journal published by the Société mathématique de France or on the CNRS website
Images des Mathématiques). I also took part in holiday-time activities for high school students, and gave
talks in high schools to promote mathematics. These ideas are to be repeated, or transported into other
countries. In particular, writing an article for the Gazette of the Australian Mathematical Society, would be
an excellent way to promote both the opportunities given by the Marie Sklodowska-Curie actions and the
interactions between fields of research. The ANU reporter would also be an excellent place where to com-
municate about my project and the kind of research I undertake, and the importance of exchanges between
Europe and Australia. Shortly before arriving in Australia, I plan to contact editors of the newspaper to
discuss with them the best way to bring such a project to life (Deliverable Gazette).

I will also keep engaging into organized events targeting a larger audience: Semaine des sciences in
Lunel’s public high school, national Fête de la science in October (co-organized in Montpellier by colleagues
of the IREM) (Deliverable FdS). I also contacted the organizers of the 5 minutes Lebesgue programs, who
broadcast 5-minute videos about mathematics, and we agreed that I would prepare a video.

In general, I do believe that the kind of mathematics I work on, although sometimes technical, easily
allows for communication with everyone thanks to its very concrete and easy objects of studies (knots and
surfaces). It would be a shame not to take advantage of it by popularizing mathematics, and especially my
field of research, to the largest audience.

2.3. The magnitude and importance of the project’s contribution to the expected scientific,
societal and economic impacts. In addition to the specific dissemination strategy outlined in the previous
paragraph, I expect that my project will have long-term consequences in higher representation theory,
group theory and geometric representation theory. In geometric group theory, I hope to be able to come,
either during the project or soon after, to a category-based version of Haagerup property. In other words,
considering a group acting on a triangulated category by autoequivalences, what conditions should one
require for the group to have the Haagerup property? Such a characterization would provide the community
in geometric group theory with new tools, and the question of adapting them to a larger class of problems
(Novikov property, Baum-Connes property,...) would be of great interest.

A proof of the injectivity of the Burau representation would also give a final answer to a very old question,
and be of major importance to a large community of researchers. The techniques I intend to employ, that
consist in getting a fine enough control at the categorical level to be able to prevent unfaithfulness in the
Grothendieck group, could then be adapted to related long-standing questions, including the faithfulness of
the map from braids to the Hecke algebra, closely related to the unknot-detection by the Jones polynomial.

To sum up, the challenges outlined in my proposal are questions that have raised considerable attention,
and I believe that any answer that would be given to them would be of great interest. Furthermore, I am
convinced that the proposed methodology would be of intrinsic interest and likely to be applied to other
related questions.

3. Quality and efficiency of the implementation

3.1. Quality and effectiveness of the work plan, assessment of risks and appropriateness of the
effort assigned to work packages.

3.1.1. Work plan, allocation of tasks and resources. The major part of the execution of the proposed project
will rely on interactions with local researchers in Canberra and in Montpellier. As a visiting member of
the MSI, I will take part in all scientific activities of the mathematics department, and attend the weekly
algebra and topology seminar, as I always do in Montpellier.
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Year 1 Year 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

WP1 Burau
M1.1 M1.2 M1.3 D1.1

WP2
Haagerup

M2.1 M2.2 M2.3 D2.1

Dissemination/
communication

CDP LS AuMSReRe Gazette ConfFdS

Management
MM MM MM MM MM MM MM FM

LS: Lecture series AuMS: AustMS annual meeting ReRe: research retreat

FdS: Fête de la Science MM: Management meeting FM: Final meeting

My plan is to start working right away on WP1 and WP2 in parallel. In both cases, preliminary studies
are already engaged, and I will be in a position to work efficiently from the very beginning.

For WP1, M1.1 should present no particular difficulty. Diagrammatic descriptions of related categories of
bimodules exist in the literature (in particular for Soergel bimodules), and my background makes me able
to start working right ahead on this problem. I expect that this will require about 4 months. Then M1.2
will be a more challenging goal. Finding the correct sets on which one should act will be technical, and I
will rely on A. Licata’s expertise, as he already developed similar arguments in the free group case. As a
proof-of-concept, I also wrote down a ping-pong proof that squares of the generators generate a free group
in B3. M1.3 on the other hand will require more theoretical and conceptual work, and I will need insight
from Cédric Bonnafé and Thomas Haettel. Based on the experience of my previous collaboration, I expect
that passing from the research phase to a ready-to-submit paper will require time, as the tools employed
are very subtle and require a long and careful writing time.

For WP2, M1.1 is already a challenging goal. I have already worked out a stability-condition-based proof
of the Haagerup property for B3, but upgrading it to B4 will require new ideas and most certainly raise new
questions about stability conditions in type A3. I wouldn’t be surprised that it takes up to a year to achieve.
I am hoping that M2.2 will be a generalization of M2.1 that should already contain most of the necessary
ideas. M2.3 is independent on the two previous milestones, and its realization relies on discussions with all
the experts cited in this application. This is why I expect it will take time to reach a sensible categorical
formulation of this geometric question. Again, the last months will be devoted to organizing the arguments
and writing the paper.

Implication I will devote 24 p.m to the project. A. Licata will devote 2p.m (WP1 and 2, management),
C. Bonnafé 1.5p.m (WP1 and 2, management), T. Haettel 0.5p.m (conference organization).

3.1.2. Management structures and procedures. Anthony Licata and myself will have meetings at least twice
a week, focusing on WP 1. These meetings will be opportunities for me to learn more about the algebraic
methods of t-structures and stability conditions and to concretely manipulate them right away. Indeed, we
will both be discussing theories that are not well known to me and work together towards completing WP
1, in a tight collaboration. During year 2, we will keep having regular videoconferences, and jointly edit the
files for the papers, using a shared folder like provided by PLMBox.

Once back to France, Cédric Bonnafé and myself will have regular meetings, to discuss WP2 and the best
way to control the hom-spaces from WP1.

At the beginning of my stay in Australia, Anthony Licata, Cédric Bonnafé and myself will jointly establish
a Career Development Plan (Deliverable CDP). During both years, I will have a management meeting
(Milestones MM) every 3 months with the local supervisor specifically devoted to monitoring the progress
of the project. To that end, I will have a notebook filled in on a regular basis with the progresses and
difficulties I will encounter. A final meeting at the end of the project will be devoted to analyzing the
outcome and the successes of this project (Deliverable FM). The 6-month, 1-year and 2-year meetings will
also be opportunities to update my CDP.

3.1.3. Risk assessment and mitigation procedures. Several concrete, intermediary milestones have been fore-
thought to monitor the correct progress of this project, and serve as warning in case some of them are not
reached on time. Regarding Work Package 1, I am very confident that Milestone 1.1 is upon reach : there
is a clear way leading to it, and there is no reason to fail. Once reached, it will pave the way to Milestones

Part B - Page 9 of 10

ABCD HORIZON-MSCA-2021-PF-01 : Marie Sklodowska-Curie PF-GF H. Queffelec

1.2 and 1.3. Should Milestone 1.3 yield positive results, the outcomes of WP1 would be tremendous and
publishing the results would be a top priority. However, these are very challenging goals, and there is a
risk that we cannot conclusively reach an answer to the faithfulness question. In that case, M1.1 would
already raise interest of the community, and I expect that the tools developed to address M1.2 will be of
own interest. In that case, we would, as much as possible, publicize (through the weaker form of Deliverable
1.1) the partial results obtained.

In WP2, M2.1 is also a rather challenging goal, and its generalization (M2.2) as well. I am convinced
that working toward proving the Haagerup property will motivate new results on stability conditions and
triangulated category even if I can’t reach a conclusive answer, but based on preliminary computations, I
am hoping that at least M2.1 can be solved. M2.3 will constitute a very different work, and I am confident
that the help of several experts will ensure that I can fulfill this milestone by the end of the project.

There is no foreseen administrative risks thanks to the experience of the host institution (CNRS) and the
partner institution (MSI, ANU) in project management.

3.2. Quality and capacity of the host institutions and participating organisations. While at
the ANU, I will benefit from all research facilities offered by the MSI (office, library access, computing
facilities and help of the IT team) and be an active member of the mathematics department. I will be
given opportunities to give a talk at the algebra seminar, and I will become a leading member of the
Quantum mathematics weekly working group. I will receive assistance from the administrative staff regarding
organizing this weekly meeting, and it will be advertised in the weekly bulletin of the MSI and on posters
exposed in the common room. I will be given chances to interact with Master and Honours students, and
jointly supervise their work. I will also benefit from the active larger geographic environment, including at
the University of Sydney where there is a world-leading research group in representation theory, and I will
be a full member of the Australian community by taking part to the actions of the Australian Mathematics
Society.

Before my arrival, I will receive assistance from the MSI regarding my visa applications. The ANU also
offers a range of services for international visitors, including temporary accommodation (Liversidge court)
and on-campus childcare, creating a peace-minding environment especially favorable to quality work.

It is also worth mentioning that the MSI hosts the International Associated Laboratory FuMa, a partner-
ship between the CNRS and the MSI. This will facilitate the concrete organization of my stay, but also serve
later on at keeping the collaboration active, through opportunities for future visits between the partners.

The Institut Montpelliérain Alexander Grothendieck together with the CNRS Délégation Régionale Occi-
tanie Est will assist me during both the outgoing and return phase with the administrative duties related to
the fellowship, including legal and financial management of the fellowship. The administrative staff at IMAG
in particular will help with the organization of the conference in year 2, visitor invitations and managing
travel organization for the conferences I will attend.

In case special training may be required during the return phase, both Nathalie Collain from the IMAG
(référente formation at IMAG) and the Service formation of the CNRS will assist me finding relevant offers,
and if not available might help organize special events. I will also have access to all tools developed by the
CNRS: Rendez-vous Renater for the regular video-conferences, the website sciencesconf.org for organizing
mathematical events, PLM box for file sharing and cloud working, as well as access to Portail maths and its
bibliographical and informatics resources.

Help from the local services of CNRS will be received for any Human resources related question. The
label HR Excellence in Research that was awarded in 2017 to the CNRS attests of the efficiency of the CNRS
HR services in assisting fellows of European grants.
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MATHS Transfer to and from
host.

Credibility of the
measures to en-
hance the career
perspectives and
employability of
the researcher and
contribution to his
skills development.

Gantt chart, avec
milestones et delive-
rables.

Lisez, faites relire (SPV, collègues,...), prévoyez du temps.
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Mise en place

négociations CNRS/Commission européenne.
établissement d’une convention CNRS/institution hors Europe.
avis du FSD, transfert du dossier à la DR16.
budget géré par le labo de la phase retour mais partiellement transféré
à l’institution partenaire.
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Bon courage !
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