Minicourse on Non-toric brane webs, Calabi-Yau
3-folds, and 5d SCFTs

Pierrick Bousseau, Oxford University

Abstract: One of the most remarkable predictions of string/M-theory is the
existence of 5-dimensional superconformal field theories (5d SCFTs). There are
two main approaches for constructing these 5d SCFTs, using either M-theory on
canonical 3-fold singularities, or intersecting branes in Type IIB string theory.
A natural question is to compare these two approaches. The answer is well-
known for webs of 5-branes in Type IIB string theory, where the M-theory dual
canonical 3-fold singularity is a toric CalabiYau 3-fold. In this talk, building on
recent advances in mirror symmetry and enumerative geometry, I will provide an
answer for the more general case of webs of 5-branes with 7-branes and explain
how to construct the M-theory dual non-toric Calabi-Yau 3-fold. This is joint
work with Valery Alexeev and Hulya Arguz.

Minicourse on Calabi-Yau structures and local systems

Chris Brav, Shanghai Institute for Mathematics and
Interdisciplinary Sciences

Abstract: We give an introduction to Calabi-Yau structures on differential
graded categories, emphasizing the case of categories of local systems on nice
topological spaces. The mini-course will consist of three parts and will cover the
following topics. Smoothness and properness of differential graded categories.
The category of local systems on a nice space. Functoriality and base-change of
local systems. The Goodwillie-Jones theorem identifying Hochschild homology
of local systems with free loop space homology. Calabi-Yau structures on smooth
and proper categories. Examples of Calabi-Yau structures on categories of local
systems.

Categorical and combinatorial approaches to the
determination of exchange matrices

Alessandro Contu, Kyoto University

Abstract: In 2021, Kashiwara—Kim—Oh—Park constructed cluster algebra struc-
tures on the Grothendieck rings of certain monoidal subcategories of the cate-
gory of finite-dimensional representations of a quantum loop algebra, generaliz-
ing Hernandez—Leclerc’s pioneering work from 2010. They stated the problem
of finding explicit exchange matrices for the seeds they used. In the first part of
the talk, we provide a solution by using Palus generalized mutation rule applied
to the cluster categories associated with certain algebras of global dimension
at most 2, for example tensor products of path algebras of representation-finite



quivers. Our method is based on (and contributes to) the bridge, provided by
cluster combinatorics, between the representation theory of quantum groups
and that of quivers with relations. In the second part of the talk, based on joint
work with Qin and Wei, we describe how the combinatorics of signed words
translate into the language of i-boxes. Through this correspondence, we provide
explicit formulas for the aforementioned exchange matrices.

On the Orthogonal Projections

Jiarui Fei, Shanghai Jiaotong University

Abstract: For any E-rigid presentation e, we construct an orthogonal projec-
tion functor to rep(et) left adjoint to the natural embedding. We establish a
bijection between presentations in rep(eL) and presentations compatible with e.
For quivers with potentials, we show that rep(el) forms a module category of
another quiver with potential. We derive mutation formulas for the d-vectors of
positive and negative complements and the dimension vectors of simple modules
in rep(et), enabling an algorithm to find the projected quiver with potential.
Additionally, we introduce a modified projection for quivers with potentials
that preserves general presentations. For applications to cluster algebras, we
establish a connection to the stabilization functors.

Minicourse: Geometric representation theory and
categorified link invariants

Quoc Ho, The Hong Kong University of Science and
Technology

Abstract: I will discuss several intersections between categorical geometric
representation theory and categorified link invariants, demonstrating the efficacy
of higher categorical tools in the subject. Rather than going into the technical
details, I will aim to describe how the general ideas, methods, and philosophy
from the former can be transported to the study of the latter. In particular, I
will aim to cover the following topics:

1. Graded sheaves and categorification (joint with Penghui Li): T will discuss
the construction of a sheaf theory with a constructible/Betti (as opposed
to coherent) flavor that is naturally graded, designed to provide a mecha-
nism to categorify the "quantum ¢” geometrically.

2. HOMFLY-PT link homology and Hilbert scheme of points on C? (joint
with Penghui Li): T will discuss an application of the theory above to
a conjecture of Gorsky, Negut, and Rasmussen, which predicts a relation
between HOMFLY-PT link homology and Hilbert scheme of points on C2.



3. From finite Hecke category to affine Hecke category (and back?) (joint
work in progress with Walker Stern, Yang Hu, and Jonte Goedicke): I
will describe an ongoing research program whose goal is to produce higher
categorified Hall algebras, motivated by the desire to extract categorified
link invariants from the general cobordism/tangle hypothesis machinery.
To keep the discussion concrete, I will focus on the simplest case of the
one-point quiver (with no loop), where the general geometric framework al-
lows one to recover a recent theorem of Liu—Mazel-Gee-Reutter—Stroppel—
Wedrich.

Skein and quantum cluster algebras for SL,

Min Huang, Sun Yat-sen University

Abstract: This is a joint work with Zhihao Wang. We introduce a quantum

cluster algebra structure «7,(6) inside the skew-field fractions Frac(.7,(&)) of

the projected stated SL,skein algebra .7, (&) (the quotient of the reduced stated
SL,skein algebra by the kernel of the quantum trace map) for any triangulable
pb surface & without interior punctures. To study the relationships among the
projected SL,,-skein algebra .7, (&), the quantum cluster algebra 7, (&), and its
quantum upper cluster algebra %, (&), we construct a splitting homomorphism
for %,,(6) and show that it is compatible with the splitting homomorphism for
. (6). When every connected component of & contains at least two punctures,
this compatibility allows us to prove that .7, (&) embeds into 27, (&) by showing
that the stated arcs joining two distinct boundary components of & (which
generate 5’:(6)) are, up to multiplication by a Laurent monomial in the frozen
variables, exchangeable cluster variables.

We further conjecture that these exchangeable cluster variables generate the
quantum upper cluster algebra %,(6), which, if true, would imply the equality

Minicourse: Cohen-Macaulay representations of
Gorenstein rings via Tilting theory

Osamu Iyama, University of Tokyo

Abstract: Cohen-Macaulay modules over a (commutative or non-commutative)
Gorenstein ring provide a canonical enhancement of the singularity category.
Tilting theory offers a modern framework for studying Cohen-Macaulay repre-
sentation theory, and a large body of results has been developed in this area.
In this series of lectures, I will focus on the following two topics.

The first topic concerns the tilting theory of graded Cohen-Macaulay mod-
ules over graded Gorenstein rings A of dimension one, based on joint works with
Buchweitz, Yamaura, Kimura, and Ueyama. We show that the generically pro-
jective graded singularity category of A admits a silting object if and only if the



degree zero part Ag has finite global dimension. Moreover, it admits a tilting
object if and only if either A is regular or the average Gorenstein parameter g of
A is non-positive. We also give explicit constructions of silting objects, and il-
lustrate the results with examples including noncommutative quadrics and tiled
orders.

The second topic is a Morita-type theorem that realizes the singularity cate-
gories of graded Gorenstein rings A as the cluster categories, based on joint work
with Hanihara. A special case of our result shows that each tilting object U in
the graded singularity category of A gives rise to a quasi-equivalence between
the singularity category of A and the cluster category of the endomorphism al-
gebra of U. Our result is based on a Morita-type theorem that reconstructs a
certain class of Z-graded dg categories B as dg orbit categories determined by By
and By, together with the enhanced Auslander-Reiten duality on dg singularity
categories.

Minicourse: On Poisson Ore extensions

Stephane Launois, University of Caen

Abstract: In these talks, I will study Poisson algebras over (commutative)
polynomial algebras, and in particular the so-called Poisson CGL extensions
(aka Poisson Nilpotent Algebras). We will focus on their birational classification,
their representation theory and their Poisson derivations. In particular, we will
show how they can be used to produce interesting examples/counter-examples.

Mordell-Schinzel (hyper)surfaces and generalised cluster
algebras

Antoine J G Lefebvre De Saint-Germain, University of
Hong Kong

Abstract: In this talk, we introduce a class of varieties we call Mordell-Schinzel
hypersurfaces (these were first studied by Mordell in 1952, then by Schinzel and
recently by Kollr and Li). We pose the question of enumerating their positive
integer points, and explain how generalised cluster algebras allow to settle this
question for the curve and surface case. If time permits, we discuss the case of
3-folds. This is partially based on joint work with Robin Zhang.

Some ring-theoretic characterization of Laurent
phenomenon algebras

Fang Li, Zhejiang University



Abstract:In this talk, we discuss on the ring theoretic characterization of Lau-
rent phenomenon algebras (briefly, LPA), especially the unique factorization
through the Laurent phenomenon of LPAs and their algebraic independence
in seeds. First, we obtain the unit group of LPAs and prove that all cluster
variables are irreducible about initial clusters when all exchange polynomials
are nontrivial. Then we give a criterion for a LPA to be a unique factorization
domain. In addition, under the condition that the LPA is equal to its lower
bound, we give a sufficient condition for the LPA to be a unique factorization
domain. Finally, we show the unique factorization of upper LPAs when the
exchange polynomials are consistent with the corresponding exchange Laurent
polynomials. This is a joint work with Wanwan Jia.

Cluster structures and symplectic groupoids

Yanpeng Li, Sichuan University

Abstract: If a Poisson-cluster variety integrates into a symplectic groupoid,
it is a natural question to ask whether a compatible cluster structure exists on
the total space. We give a positive answer to such a question when the base
varieties are the standard Poisson Lie groups and Schubert varieties. This is
joint work with Yu Li.

Finite group and braided Lie algebras
Shahn Majid, Queen Mary University

Abstract:We revisit the notion of braided-Lie algebras introduced 30 years
ago as an abstract Lie object generating quantum groups such as Uy(g). The
notion makes sense in any braided category and consists of a coalgebra L in the
category and a Lie bracket [,] fron the tensor square of L to L obeying certain
axioms such as a pentagonal Jacobi identity. Every braided-Lie algebra gives
rise to a solution of the braided-relations on L called its fundamental braiding.
In the category of sets with trivial braiding, a braided-lie algebra reduces to a
rack and the fundamental braiding is the rack braiding. This includes the case
of a generating conjugacy class as a ‘Lie algebra of a finite group and we update
on some conjectures about the braided Killing form in this case. Among new
results with McCormack, we address a long-standing issue that the braided-
enveloping bialgebra U(L) is never a braided-Hopf algebra and we provide a
notion of antisymmetry for the bracket. Braided-Lie algebras are also known
to arise as the duals of the invariant 1-forms for a bicovariant calculus on a
coquasitriangular Hopf algebra and we describe ‘braided racks that arise in this
way from the Drinfeld codouble of a finite group.

Deformations of T-log-symplectic log-canonical Poisson
brackets



Mykola Matviichuk, The Chinese University of Hong
Kong

Abstract: A Poisson bracket is called log-canonical if it is of the form {z;,z;} =
Aijzizj. This talk presents a method for deforming such a bracket under an
additional assumption of T-log-symplecticity, which will be defined. An appli-
cation to Lie theory, in particular Bott-Samelson varieties, will be presented.
This is joint work with J.-H. Lu.

Quantum cluster structures on simple algebraic groups
and the Berenstein-Zelevinsky conjecture

Fan Qin, Beijing Normal University

Abstract: We present a general method to construct (partially compactified)
quantum cluster structures on quantized coordinate rings from those defined on
localizations, in a setting where the standard codimension-two arguments used
in the classical case are no longer available.

As an application, we obtain natural quantum cluster structures on the
quantized coordinate rings of all simple algebraic groups. Along the way, we
settle in full the BerensteinZelevinsky conjecture: every quantum double Bruhat
cell has a cluster structure indexed by arbitrary signed words, and these seeds
are mutation-connected.

This is a joint work with Milen Yakimov.

(Anticanonical) perspectives on Schubert varieties

Konstanze Rietsch, King’s college

Abstract: In a recent work with L. Williams we construct a mirror superpoten-
tial for Grassmannian Schubert varieties, which relates to a particular choice of
anticanonical divisor whose complement is a cluster variety. This superpotential
recovers Newton-Okounkov convex bodies of the Grassmannian and associated
toric degenerations, and it has particularly good properties when the Schubert
variety is Gorenstein. On this background I will report on joint work with
Changzheng Li and Mingzhi Yang in which we show how to detect whether a
general Schubert variety in G/P is Gorenstein, answering a question of Woo and
Yong. We also characterise factoriality, showing in the simply-laced case that it
can be read off from the Betti numbers, in analogy to the well-known smooth-
ness criterion of Dale Peterson and Carrell-Kuttler. Moreover, in a forthcoming
work we generalise the superpotential from Grassmannian Schubert varieties to
general Schubert varieties via a Lie theoretic reformulation.

Plabic tangles and quasi-cluster homomorphisms



Melissa Sherman-Bennett, UC Davis

Abstract: I will give a construction for maps between Grassmannians from pla-
nar bipartite graphs in a disk. These maps are inspired by recent interactions
between particle physics (specifically the amplituhedron) and the cluster struc-
ture on the Grassmannian. We conjecture that these maps are quasi-cluster
homomorphisms, meaning that they respect cluster structure "up to frozens.”
This is joint work with C. Even-Zohar, M. Parisi, R. Tessler, and L. Williams.

Total Positivity in Twisted Flag Varieties
Kaitao Xie, The University of Hong Kong

Abstract: The totally nonnegative flag variety of a Kac-Moody group was
shown to be a regular CW complex by Bao and He. In a Kac-Moody group,
the notion of twisted flag variety generalizes the flag variety. In this talk, I will
discuss some results on the totally nonnegative twisted flag varieties as well as
some applications. This is based on a joint work in progress with Xuhua He.

Kapranov L-infinity algebras

Ping Xu, Penn. State University

Abstract: In his study of RozanskyWitten invariants, Kapranov discovered
a natural L[1]-algebra structure on the Dolbeault complex Q%*(T5%) of an
arbitrary Khler manifold X, where all multibrackets are Q°®(X)-multilinear
except for the unary bracket. Motivated by this example, we introduce an
abstract notion of Kapranov L-infinity algebras, and prove that associated to
any dg Lie algebroid, there is a natural Kapranov L-infinity algebra. We also
discuss the linearization problem. This is a joint work with Ruggero Bandiera,
Seokbong Seol, and Mathieu Stinon.

The quantum Riemann-Hilbert-Birkhoff maps
Xiaomeng Xu, Peking University

Abstract: This talk gives an introduction to the Stokes phenomenon and the
Riemann-Hilbert-Birkhoff (RHB) map of meromorphic connections at a k-th
order pole. The RHB map is a local analytic Poisson/symplectic isomorphism
between the de Rham and Betti moduli spaces. It then introduces the quan-
tum Stokes matrices at a k-th order pole, and explains how they give rise to
a quantization of the RHB map. In the case of second order pole, the WKB
approximation of the quantum Stokes matrices are described by the crystal
structures of quantum groups.

Superpotentials for Schubert varieties



Mingzhi Yang, University of Hong Kong

Abstract: Given a smooth Fano variety X, mirror symmetry predicts that there
exists a family of holomorphic functions(called superpotential) on its dual space
XV such that the quantum cohomology of X is isomorphic to the Jacobi ring of
the superpotential. In 2008, Rietsch constructed a Lie-theorectic superpotential
for flag varieties and proved this mirror statement via Peterson isomorphism.
We generalise Rietch’s construction to all Schubert varieties(possibly singular).
I will explain how we obtain such generelisations, with an emphasis on type A.
This is joint work with Changzheng Li and Konstanze Rietsch.

All the talks are in Room 210 of Run Run Shaw Building.



