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An introduction to McKay correspondence
BRAR R (P A IREF S R RAFALR)

XA RGN A McKay Xfhy, B, SL2(C) AMRFH#E G (AR
1 ADE BRIy 2 (F) C2/G LA AT 1) B/ INBRH e B B TN Ze O X RO R o % IR TR
W A28 McKay o b A3 K BB UATAIN . KB REUE. IR 7 UFIaT sifi
H, HHEAEACEL, AR IR ARVFIYGE, B2/ 48U McKay X0, B G 3R
PR ZZIR Y C2/G IR MG B SN Z A —— X R R o

225k :

1) I Dolgachev, McKay Correspondence, 2009

2) I Shafarevich, Basic Algebraic Geometry

Symmetries of characters of finite reductive groups (online)
Olivier Dudas(Aiz-Marseille University)

The space of class functions on a reductive group over a finite field (such as GL(n,q),
Sp(2n,q), etc.) admits two particularly interesting bases:

- an algebraic basis, given by the characters of irreducible representations,

- a geometric basis, given by the characteristic functions of character sheaves.

In this series of lectures, we will explain how these two bases are related. It involves
a transformation that generalizes the classical Fourier transform on finite abelian groups,
which was discovered by Lusztig when classifying the irreducible characters.

We will provide a new approach to understand this transformation, using traces
of braid group operators acting on Deligne—Lusztig varieties. This viewpoint leads to
a natural SL2(Z)-action on the space of class functions, bringing together the Fourier
transform, the Frobenius eigenvalues on the cohomology of Deligne-Lusztig varieties, and

Shintani’s twisting operator, which exchanges the Frobenius morphism with its inverse.



= EHREWE

If time permits, we will also discuss applications to the theory of Spetses —con-
jectural generalizations of finite reductive groups whose combinatorics are governed by
complex reflection groups rather than Weyl groups. In this setting, we propose natural
candidates for Fourier matrices and unipotent character sheaves.

(This is a work in progress with Bonnafé-Broué-Malle-Michel-Rouquier.)

A
AT (B x3)
Spectral Sequences (37 41) 2 AR5 LRI — P FE TR, AN A
WP I AR RIR AN —2E 3 . FES AR
1. K. Brown, Cohomology of Groups, Graduate Texts in Mathematics 87, Springer-

Verlag, New York, 1982. (Z5-5%%)
2. J. Rotman, An Introduction to Homological Algebra, Universitext, 2009. (55-1%)

Finite order automorphisms of Lie algbras and algebraic
groups
& B (kwxF)

We present the theory of Kac coordinates of finite automorphisms of complex sem-
simple Lie algebras. As an application, we classify small order automorphisms of complex

simple Lie groups and finite reductive Lie groups.
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Schur rings over infinite groups

B W (B KF)

In this talk, Schur rings over several classes of infinite groups will be classified.

Schur-Weyl duality between GL(n,Q,) and GL(m,C)

BRENE (&8 KR%)

In a recent joint work with Daniel Wong (CUHK (Shenzhen)), we construct a Schur-
Weyl duality between representations of GL(n,(),) and GL(m,C). This functor has
several nice properties such as preserving irreducibility and parabolic induction, and
relating Bernstein-Zelevinsky derivatives and tensor product problems. This talk will
discuss some applications and some further properties of such duality and compare with

recent geometric study of Deng-Huang-Xu-Zhao.

On Deligne—Lusztig theory over cdvr: algebraisation,

dimension, and sign

BB bk xF)

In this talk we discuss an algebraisation of generic Deligne—Lusztig representations
of connected reductive groups over a cdvr, proved in two joint works with Stasinski. This
is an explicit character formula and provides an affirmative answer to a question raised
by Lusztig. We will start with the special case of GL,, illustrating the situation using
orbits, and then explain how to pass from GL,, to arbitrary reductive groups. In the end,

we present a conjectural sign formula, which is unconditional on all parameters.
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The blockwise Galois Alperin weight conjecture for
symmetric and alternating groups and their double covering

groups

HTFHE (ZAXF)

The Galois Alperin Weight Conjecture is one of the most important global-local con-
jectures in modular representation theory of finite groups. It implies a relation between
irreducible representations of a finite group and irreducible projective representations of
quotient groups of its local subgroups. This conjecture has been reduced to inductive
conditions of finite simple groups, that is, to prove this conjecture, it suffices to prove
the inductive Galois Alperin Weight Conditions for finite simple groups. In this lecture,
we prove the blockwise Galois Alperin Weight Conjecture for symmetric and alternating
groups and their double covering groups. This is a joint work with Xin Huang and Jiping

Zhang.

Regular dessins with underlying graph K,
WX (Z@ it K%F)

A complete dessin is an orientable map with underlying graph being a complete bi-
partite graph, which is said to be regular if all edges are equivalent under the group of
color- and orientation- preserving automorphisms, and circular if the boundary cycle of
each face is a circuit (a simple cycle). As one of a series papers towards a classification
of complete regular dessins, this paper we classify and enumerate regular dessins and

circular regular dessins of K, , with p a prime and n > 2 being an integer.

Hyperfocal subalgebras of blocks with Frobenius hyperfocal

inertial quotients

BAZEEE (4 I e XS

In this talk, we first introduce the definition of a hyperfocal inertial quotient which is
an analogue of an inertial quotient at the hyperfocal level. By describing the structure of
this quotient group, we can define the blocks with Frobenius hyperfocal inertial quotients.

These types of blocks include blocks with cyclic hyperfocal subgroups and blocks with

12
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Klein four hyperfocal subgroups these two classical types. Then we will investigate the
structure of hyperfocal subalgebras of these blocks in terms of the stable category. As
applications, we can get the structures of the derived categories of hyperfocal subalge-
bras with cyclic hyperfocal subgroups and Klein four hyperfocal subgroups and then we
can verify Broué’s abelian defect group conjecture for blocks with Klein four hyperfocal

subgroups. This is a joint work with Yuanyang Zhou.

A BRI PR K B VG

BAERK (S0 K5

AN B AR A ey iz A B B9 3R 7R 1 AN L [ 55 T BRI 5T AL A IR 5K 3T
WK 3 S ERIE o FRAT PRI AR T ac it b R A IRSK EVERG BT ST bR, R % U
HI T I B9 2P i WA BT NS XU MlsE S AR S A ERI T ST R -

On Broué’s abelian defect group conjecture and Brauer

character bijections

b

B8 (PR Rs)

For blocks of finite groups with abelian defect groups, it is well-known that Broué’s
abelian defect group conjecture implies the Alperin-McKay conjecture and the Alperin
weight conjecture. In 2004, Navarro proposed refined versions of the Alperin-McKay con-
jecture and the Alperin weight conjecture by taking certain Galois automorphisms into
consideration. In 2018, Kessar and Linckelmann proposed a refined version of Broué’s
conjecture, and they showed that the refined Broué conjecture implies the Galois-Alperin-
McKay conjecture (for blocks with abelian defect groups). In this talk we show that the
refined Broué conjecture implies the Galois Alperin weight conjecture (of course, for
blocks with abelian defect groups). By the way, we report some progress on the refined

abelian defect group conjecture and the Galois Alperin weight conjecture.

13
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On fusion systems of blocks of finite groups and stable

equivalences of Morita type

EWHE (8 d B K F)

Fusion systems is a method to organize local data of blocks. Stable equivalences of
Morita type is a useful tool in the study of blocks of finite groups. In this talk, we share an
observation that stable equivalences of Morita type between blocks induce isomorphisms

of some quotient fusion systems.

Continuous representations of infinite permutation groups

and applications

e G RACITEER D

Let © be an infinite set and G an infinite group acting on it. In this talk I will
describe continuous representations of G and the following applications in commutative
algebra, geometric group theory, and representation theory of categories: linear stable
range of homology groups of congruence subgroups of general linear groups, symmetric
notherianity of polynomial rings, a classification of Grothendieck topologies on the orbit

category, and etc.

Automorphism groups of vertex operator algebras

MXE (R K F)

In the theory of vertex operator algebras, it is an important problem to determine
automorphism groups of vertex operator algebras. For instance, the automorphism group
of the moonshine vertex operator algebra is isomorphic to the Moster group. We will dis-
cuss automorphism groups of parafermion vertex operator algebras. We will also discuss

fusion rules about twisted modules, which are closely related to automorphism groups.

Finite groups with few character codegrees

X (REFEKRE)

14
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Let G be a finite group and x be an irreducible complex character of G. We call
cod(x) = |G : ker(x)|/x(1) the codegree of x. In this talk, I will introduce some results

on finite groups with few character codegrees.

Hexavalent edge-transitive Cayley graphs on nonabelian

simple groups
KAy (= KF)

Let ' be a 2p-valent edge-transitive Cayley graph on a nonabelian simple group G,
where p is a prime. For p = 2, Fang et al. [Europ. J. Combin. 25 (2004), 1107-1116]
characterized such nonnormal graphs I' and developed construction methods for Cayley
graphs with specific symmetric properties. For p = 3, Pan et al.[Comm. Algebra 50(2022),
4891-4905] classified all nonnormal 2-arc-transitive Cayley graphs in this setting. Build-
ing on these foundational results, this talk focuses on hexavalent edge-transitive but not
2-arc-transitive Cayley graphs. We determine all candidate nonabelian simple groups G
admitting such nonnormal edge-transitive but not 2-arc-transitive Cayley graphs. This

is the joint work with Yulong Ma.

Study on the Clifford group

FIKE (LA KF)

Given an orthonormal basis {ej, es, ..., e,} of R". A Clifford group I',, is a finite
group which is generated by {ej, es, ..., e,}. It can be presented by the abstract ele-
ments {ey, €, ..., €,, —1} subject to the relations that —1 is central and that (—1)? = 1,

e? =—1,Vj=1,2,...,n, and eje;, = —exe;, V1 < j # k < n. We study the automor-

phism group and some generalizations of T',,.

An identity basis for the minimal non-finitely based

involution semigroup (A},*)

PEH (2MKP)

15
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Recently, we proved that the five-element monoid A = (e,f | ¢* = e, = f,ef =
0) U {1} with the unique involution operation * that interchanges e and f and fixes all
other elements is the unique minimal non-finitely based involution semigroup. In this
talk, we give an infinite identity basis for (Ag, *) and show that it generates a variety

whose finite membership problem admits a polynomial algorithm.

REAERR B AR I
BREE (R0 TE )
AT R THRAE R R BT TR T TAE.

From green mutation to X-evolution on cluster complexes
B (FEXF)

We introduce flows and foliations on cluster complexes, generalizing green mutation
on cluster exchange graphs, with application to the topology of cluster complexes.This is
based on arXiv: 2501.15756 with Tang Liheng.

McKay graphs and Euclidean diagrams

hgER (b KF)

This talk investigates the representation theory of a finite group G over a field &
(whose characteristic does not divide |G]), with a focus on the McKay quiver and its
generalizations associated with a 2-dimensional kG-module V. Let {Vi,...,V,,} be denote
complete set of representatives of isomorphism classes of simple (left) kG-modules. By
decomposing V ®; V; and V* ®; V; into direct sums of simple modules, we can define a
valued quiver M(V, V*).

When £ is algebraically closed, Auslander and Reiten showed that the underlying
graph of the separated quiver is a disjoint union of extended Dynkin diagrams An, Dn,
EG, E7, Eg. We generalize this result to arbitrary fields k, proving that the underlying

valued graph of the separated quiver remains a union of Euclidean diagrams. Based on

16
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this, we further classify the possible decompositions of V' ®; V; into 11 distinct cases.

Odd power word maps
F* & (=wXF)

With two exceptions, we prove surjectivity of odd power word maps on finite non-
abelian simple groups. More precisely, we prove the following: if N is any odd integer,

then the word map (z,y) — 2Vy" is surjective on every finite non-abelian simple group
except PSLy(g) and 2Gs(q).

Numerical Homological Regularities

RIK (LX)

Inspired by the studies in algebraic geometry and commutative algebra, Jorgensen de-
fined Castelunovo-Mumford regularities for graded modules over noncommutative noethe-
rian connected graded algebras. I will survey new developments in recent years and our

recent work on the numerical homological regularities with Bojuan Yi.

Non-solvable covers of 2-arc-transitive graphs
REE (=2 KF)

In this talk, we will report on the second step of Praeger’s program on 2-arc-
transitive graphs. We present constructions of connected 2-arc-transitive covers of the
2-arc-transitive Petersen graph and 2-arc-transitive complete graphs with non-solvable
automorphism groups. To the best of our knowledge, these are the first known examples

of such covers. This is joint work with Jiyong Chen, Cai Heng Li and Yan Zhou Zhu.

Some problems in representations of algebras

HEH (FA)FEKRF)
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In this talk I will survey several major conjectures in representation theory and
homological algebras of Artin algebras. Especially we talk about the Nakayama and fini-

tistic dimension conjectures and some advances on them.

Equidistributed statistics on integer partitions with fixed

perimeter
BB W (eREIEKF)

Compared to permutation statistics, the equidistribution phenomenon for statistics
on integer partitions turns out to be very rare. In this talk, I will introduce our results
on the equidistributed statistics of integer partitions with fixed perimeter. We proved
that the number of even parts and the count of repeated parts have the same distribution
over integer partitions with a fixed perimeter. This refines Straub’s analog of Euler’s
odd-distinct partition theorem. We generalize the two concerned statistics to those of the
part-difference less than d and the parts not congruent to 1 modulo d + 1, and prove a
distribution inequality over partitions with a prescribed perimeter. Both of our results
are proven analytically and combinatorially. This is a joint work with Zhicong Lin and
Sherry H.F. Yan.

RTHEG W 2-37R
& 3 (k RF)

HF 2-YEmEHE, Ganter f1 Kapranov 5| A T /AR 2-~HH1E, 1 Balmer
FINTHFRRNBIOM G UL TAERIE S 1-VEms2 2-75m5 A Oh e T AT FATIR]
B E AT SSSR BE A % R R 2. B BT 27
NS SREEETRIE. BT R

On the number of prime divisors counting multiplicities of

character codegrees

Bl (b RF)

18



g AL E

In this presentation, we introduce a further contribution to the topic of character
codegrees of finite groups. We denote the number of prime divisors (counting multi-
plicities) of n by w(n). Let Cod(G) be the set of irreducible character codegrees of a
finite group GG. We introduce a new arithmetical concept concerning character codegrees:
w.(G) = maxgecoa() w(d). First, we study the structure of groups G for which w.(G) is
small. On the other hand, we investigate the relationship between w.(G) and |7(G)|, the
number of distinct prime divisors of the order of G, and we show that |7(G)| < 6w.(G).
In particular, we obtain a sharp bound in the cases where w.(G) = 2,3 or 4, as well as

in the case when G is supersolvable.

The homomorphism-homogeneity of algebraic structures

WPk (382 o FHH K )

A countable structure A is said to be homomorphism-homogeneous if every homomor-
phism between its finitely generated substructures extends to an endomorphism of A. In
this talk, I will give a complete and explicit classification of homomorphism-homogeneous
finite semilattices, addressing an open problem posed by Dolinka and Masulovi¢ in 2011.
This is joint work with W. Yang.

Representation and tensor category of affine slo Lie algebra
Bt (b 28 X 5)

In this talk, I will give a summary on representations and tensor categories of affine
sly Lie algebras, mainly focus on three different categories from small to large: Kazhdan-
Lusztig category, category O, and the category of weight modules. I will also discuss

their relations to the representations of quantum SL(2) groups.

Zhu Algebras of Permutation Orbifold Vertex Operator
Algebras

KPP (BT K%F)

19
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In this talk, we will discuss the Zhu algebras of permutation orbifold vertex operator

algebras and related topics.

ENEES €S Bitkay A

TR ZEANAE R R 22 AT T 2 TR ZI B Y H o FEIX DA T IRATIS 3, &%
FPEIHZER. (#58F, W, “F3H, Gorenstein #5f, Gorenstein &}, Gorenstein “FJH,
PGF ) AR, 7S H— RV Z5 .

i, % Artin AR%¢ R, A. Beligiannis {1 I. Reiten i8] | (GP, GP*) & R-Mod
H e B L 4 ext, Hif GP J& Gorenstein #2251 R-F4/E AT 2020 4F J. Saroch
fil J. Stovicek 5|\ PGF #i. i EM T (PGF, PGF') & R-Mod FHf{sE &l
BN, Hrf PGF 2 PGF R-BUERMIZE.

AR SMERER RATEANEEE n, (PGF,, PLNPGF') #j2 R-Mod F1
SR 4vEent, Hrh PGF, j2 PGF 4E%0 < n [UEERIISE . XES ik iim
ZE4y (Hovey =JC4l) (PGF,, Pr, PGFT). BAIHEAMEM E1E L PGF/P.

25 [E PR AR R S AT S5 R 5% A A0 T 18 s

Table 1: Complete and hereditary cotorsion pairs

and the induced Hovey triples in R-Mod
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n =0 n < oo
(Pn, ”Pf;) If Fpd < oo, then
P
(P, R-Mod)
Enochs, Jenda (P<‘X’, (73<°°)i)
FL (FL, £C) (Fn, FiH) If Fpd < oo, then
= Fo
Enochs, Jenda Mao, Ding (]—'<°°1 (}'<°°)J~)
(PGF, PQFL) If Fpd < oo, then
(PGFn, PrnPgrt)
PGF n ' 1 i
(PGF, R-Mod, PGFL) (PGF<>®, (P<>®)L npgrl)
(PGFn, P, PGFL)
Saroch, Stovicek (PGF<>®, (p<)L pgrl)
For Artin algebras For Artin algebras
For Artin algebras
(6P, gPL) If Fpd < oo, then
gP n n
(GPn, Py NGP—)
(6P, R-Mod, gP+) (gP<o, (P<o®)L ngpl)
(SPn, P;-, ¢PhH)
Beligiannis, Reiten (gP<°°, (‘P<°°)J~, g‘pl)
(GF, EcnPgFL) (GFn, Fi- nPgrt) If Fpd < oo, then
97 £ L L £ €
(6F, £c, PGFL) (GFn, FL, Port) (GF<, (F<)L A pgrl)
Saroch, Stovicek Maaouy (GF<e, (F<=)Lt, pgFt)

H—JTIE, IEETENGE Abel YEREHIE o Abel Jl A9 SRAN BRI AT T

TG, HRSSRE SR IEAVERE, HIRLME Abel Vg,

IMEEIA R AUEEERE n > 0, FAE 6 FREgmEF58 & 1IES LM PGF,,
GFn, PGF=>, GP=* NI GF=>, #FF R Y AR BRI IE S S5 4 o JX BT U0 T
2 BJE Abel YWk A FIRHT SRR S BORZE A B 225 Yug, U A thog s R bRt
(X, V), Hrh X C B, FFHIEEEN B fsEs R (X, YNB): & (X, V) #f%,

(&, ¥ynB) dgts.

i, ¥gx—MEER T R-Mod HINSE&EREEXT (PGF, Py NPGF), FiAll
B3] PGF=> tPISE B L RGER: (PGFm, PP <), HIBEAILEEAY (PGF m, il

PGF=>*, P<). IXH#] "7 G. Dalezios f1 I. Emmanouil £ m = 0 B4k

AW, XMEFBE 0 <m <n, (GPn, Py NPy & GP, HISEEIEERET
(GPm, P N GPy, Pr) 52 GPn HEEHEHIZER (Hovey —JT4]). IXH R SR,
A2 Artin AEL

6 it F ) SRR 50 S 1) 55 =5 56 A LE B VWG TR BB 25 A 0 s

Table 2: Complete and hereditary cotorsion pairs and

the induced Hovey triples in exact categories
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n =0 " < o0
0<m<n m
In P In Py, In P<>®
P (P, P) (Pm, PE N Pr) (Pm, PENP<o)
In Fp, In F<>®
Fo— 7y In FL (Pm, PE N0 Fn) (Pm, PE N F<o)
(FL, ECn FL)
(Fm, F& 0 Fn) (Fm, FiknF<eo)
In PGFp In PGF<>®
In PGF
(Pm, P NPGF,) (Pm, PE N PGF<®)
PGF (PGF, P)
(PGFm, PENPn) (PGFm, PEnpP<ee)
(PGF, PGF, P)
(PGFm, PHENPGFn, Pn) (PGFm, PhNPGF<®, p<x)
In GPy In gPp<>®
In GP
(Pm, PENGPn) (Pm, PENGgP<>)
(PGF, PGFLngP)
(PGFm, PLENPGFLNGP,) (PGFm, PrNPGFLNgP<™)
gP (9P, P)
(GPm, Pk NPyn) (GPm, Pk NnP<®)
(PGF, GP, PGFL NngP)
(PGFm, PENGPn, PGFLNGPL) | (PGFm, P ngP<®, PGFL ngp<x)
(GP, GP, P)
(GPm, Pk NGPn, Pn) (GPm, Pk ngp<®, p<x)
In GFyp In GF<>®
- (Pm, PENGFn) (Pm, P NGF<™)
E:; icﬁ:g;; (Fm, FEngFy) (Fm, Ftngr<e)
(GF, ECNGF, FL)
GF (PGFm, FnNPE) (PGFm, F<® N PL)
(pgjfg’ffﬂ;m (GFmy Fn 0 FL) (GFm, F<® N FL)
Dalezios, Emmanouil
(PGFm, Pih N GFn, Fn) (PGFm, PhNgF<®, F<x®)
(GFm, Fis N GFn, Fn) (CFm, Fis NnGF<>, F<xo)

Reduction for flag-transitive symmetric 2-designs with

ged(k,A) =p

FARERR (4032 T K %)

Let D = (P,B) be a 2-(v, k,A) design. Each point of D is contained in exactly

r blocks.

In this talk, we study flag-transitive symmetric 2-(v,k, \) designs D with

ged(r, A) = p, where p is a prime. It is proved that if G < Aut(D) is flag-transitive

and point-primitive, then Soc(G) is an elementary abelian group or a non-abelian simple
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group. This is a joint work with Dr. Ziwei Lu.
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