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Lattice structure of modular vertex algebras

µD�

North Carolina State University

Abstract: The integral lattice of VOA was constructed by Dong and Griess for finite automor-

phism group of the VOA. We will show that the general divided powers of vertex operators preserve

the integral form spanned by Schur functions indexed by partition-valued functions, which gener-

ate an analog of the Kostant-Lusztig Z-form for the lattice VOA. In particular, we show that the

Garland operators, counterparts of divided powers of Heisenberg elements in affine Lie algebras,

also preserve the integral form. We also study the irreducible modules for the modular lattice

vertex algebra.

Some related work on the classification of finite fusion categories and

finite-dimensional Hopf algebras

�Dù

uÀ���Æ

Abstract: In the past two decades, finite tensor category has developed into a new research

subject. I will give a brief introduction to the aspects of this subject which are related to the

studies of finite-dimensional Hopf algebras including some results of ours, as well as my former Ph.

D. student Dr. Zhiqiang Yu.

Rota-Baxter operators on weak Hopf algebras

Üû�

H®à��Æ

Abstract: In this report, we introduce the conception of a Rota-Baxter operator on a weak Hopf

Algebra, and give some basic properties about it. Moreover, we construct Rota-Baxter operators

on a weak Hopf algebra from its antipode, source map and normalized integral. In the end, we

construct a kind of new weak Hopf algebra from a Rota-Baxter operator on a weak Hopf algebra.

6



Integration and Geometrization of Rota-Baxter Lie algebras

JùZ

¥Ià��Æ

Abstract: Rota-Baxter operators on Lie algebras were first studied by Belavin, Drinfeld and

Semenov-Tian-Shansky as operator forms of the classical Yang-Baxter equation. Integrating the

Rota-Baxter operators on Lie algebras, we introduce the notion of Rota-Baxter operators on Lie

groups and more generally on groups. The factorization theorem for Lie groups is obtained. For

geometrization, the notions of Rota-Baxter Lie algebroids and Lie groupoids are introduced. A

Rota-Baxter Lie algebroid naturally gives rise to a post-Lie algebroid. Examples and applications

are provided for these new notions. This is a joint work with Li Guo and Yunhe Sheng.

Rota-Baxter Type Operators, Rewriting Systems and Gröbner-Shirshov bases

xþu

ôÜ���Æ

Abstract: In this talk, we apply the methods of rewriting systems and Gröbner-Shirshov bases to

give a unified approach to study a class of linear operators on associative algebras. These operators

resemble the classic Rota-Baxter operator, and we call them Rota-Baxter type operators. For any

given Rota-Baxter type operator P , we consider the category CP of associative algebras R on which

such an operator is defined and study its free objects. We characterize P by the simultaneous

convergency of certain rewriting systems on all free objects in CP . By relating the operator to

Gröbner-Shirshov bases of the free objects, we also obtain uniformly canonical bases for these free

operated algebras. We prove there are exactly 14 Rota-Baxter type operators, and these include

as special cases several known ones, such as the Rota-Baxter and the Nijenhuis operators.

Deformations and homotopy theory of Rota-Baxter algebras

±IÅ

uÀ���Æ

Abstract: We study the formal deformations and homotopy of Rota-Baxter algebras of any given

weight. We define an L∞-algebra that controls simultaneous the deformations of the associative

product and the Rota-Baxter operator of a Rota-Baxter algebra. As a consequence, we develop

a cohomology theory of Rota-Baxter algebras of any given weight and justify it by interpreting

the lower degree cohomology groups as formal deformations and abelian extensions. The notion of

homotopy Rota-Baxter algebras is introduced and it is shown that the operad governing homotopy

Rota-Baxter algebras is a minimal model of the operad of Rota-Baxter algebras.
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Matching (multiple) Rota-Baxter algebras

Ü À

H®&Eó§�Æ

Abstract: We introduce the notion of a matching Rota-Baxter algebra motivated by the recent

work on multiple pre-Lie algebras arising from the study of algebraic renormalization of regularity

structures. This notion is also related to iterated integrals with multiple kernels and solutions

of the associative polarized Yang-Baxter equation. Generalizing the natural connection of Rota-

Baxter algebras with dendriform algebras to matching Rota-Baxter algebras, we obtain the notion

of matching dendriform algebras. As in the classical case of one operation, matching Rota-Baxter

algebras and matching dendriform algebras are related to matching pre-Lie algebras which coincide

with the aforementioned multiple pre-Lie algebras. More general notions and results on matching

tridendriform algebras and matching PostLie algebras are also obtained. This is a joint work with

Xing Gao and Li Guo.

Sheaves of modules on atomic sites and discrete representations of topological groups

o|²

�H���Æ

Abstract: It is well known that the category of discrete G-sets of a topological group G is equiva-

lent to the category of sheaves of sets over certain atomic sites, establishing a close relation between

representation theory of topological groups and topos theory. In this talk we interpret notions in

sheaf theory in the language of representation theory of categories, and obtain equivalences be-

tween sheaf categories and Serre quotients of representation categories. Furthermore, via applying

the Nakayama functor, we classify simple discrete representations of a few important topologi-

cal groups such as infinite symmetric groups, infinite general linear groups over a finite field, the

automorphism group of the poset of rational numbers.

This work is joint with Zhenxing Di (Northwest Normal Univ.), Li Liang (Lanzhou Jiaotong

Univ.), and Fei Xu (Shantou Univ.).
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Deformations and cohomologies of relative Rota-Baxter operators on Lie algebroids

and Koszul-Vinberg structures

4#¹

À����Æ

Abstract: Given a Lie algebroid with a representation, we construct a graded Lie algebra whose

Maurer-Cartan elements characterize relative Rota-Baxter operators on Lie algebroids. We give

the cohomology of relative Rota-Baxter operators and study infinitesimal deformations and ex-

tendability of order n deformations to order n+1 deformations of relative Rota-Baxter operators

in terms of this cohomology theory. We also construct a graded Lie algebra on the space of

multi-derivations of a vector bundle whose Maurer-Cartan elements characterize left-symmetric al-

gebroids. We show that there is a homomorphism from the controlling graded Lie algebra of relative

Rota-Baxter operators on Lie algebroids to the controlling graded Lie algebra of left-symmetric

algebroids. Consequently, there is a natural homomorphism from the cohomology groups of a rela-

tive Rota-Baxter operator to the deformation cohomology groups of the associated left-symmetric

algebroid. As applications, we give the controlling graded Lie algebra and the cohomology theory

of Koszul-Vinberg structures on left-symmetric algebroids.

Renormalization of quasisymmetric functions

�þÂ

ÜH�Æ

Abstract: In this talk, we will adapt the method of renormalization in quantum field theory to

deal with the divergency of weak quasisymmetric functions. The algebra of renormalized qua-

sisymmetric functions thus obtained turns out to be isomorphic to the Hopf algebra of weak

compositions. This isomorphism gives the free commutative Rota-Baxter algebra a power series

realization, in support of a suggestion of Rota that Rota-Baxter algebra should provide a broad

context for generalizations of symmetric functions. This is joint work with Li Guo and Bin Zhang.

Renormalization of Feynman amplitudes on Riemannian manifolds

Ü R

oA�Æ

Abstract: In this talk, we study a spectral regularization for Feynman amplitudes on Riemannian

manifolds. The aim is to build mathematical foundations for the renormalization of perturbative

interacting quantum fi eld theories. Our main result shows that spectrally regularized Feynman

amplitudes admit an analytic continuation as meromorphic germs with linear poles. We also give
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position of possible poles. Our proof relies on suitable resolution of singularities of products of

heat kernels. As an application of the analytic continuation result, we build renormalization maps

which satisfy the consistency conditions introduced in the work of Nikolov-Todorov-Stora. This is

joint work with V. Dang.

Hopf algebra actions on Artin-Schelter regular algebras

�ºI

H���Æ

Abstract: In this talk, we review some recent results of Hopf actions on algebras. Then we

classify all inner-faithful of a non-semisimple Hopf algebra actions on noetherian Koszul Artin-

Schelter regular algebras of global dimension up to three. This is based on a joint work with

Hui-Xiang Chen and James J. Zhang.

Gelfand-Kirillov dimension of operads

ëwB

¨²Æ�

Abstract: We study the Gelfand-Kirillov dimension of operads. An analogue of Bergman’s gap

theorem is proved, namely, no finitely generated locally finite nonsymmetric (resp., symmetric)

operad has GK-dimension strictly between 1 and 2. For every r ∈ {0} ∪ {1} ∪ [2,∞) or r = ∞,

we construct a single-element generated nonsymmetric operad with Gelfand-Kirillov dimension r.

We also provide counterexamples to two expectations of Khoroshkin and Piontkovski about the

generating series of operads.

Some new applications of Groebner-Shirshov bases theory

ÜLb

uH���Æ

Abstract: We shall introduce some new applications of Groebner-Shirshov bases theory in various

kind of algebras. More precisely, by applying Groebner-Shirshov bases theory, we construct a

shuffle operad of Gelfand-Kirillov dimension strictly between 1 and 2; we offer fast algorithms for

calculating the Gelfand-Kirillov dimension of finitely presented bicommutative algebras; we show

that the varieties of Lie-admissible algebras and Lie algebras form a PBW pair;and we construct

free dibands (i.e. free idempotent dimonoids) and free tribands (i.e. free idempotent trioids)

generated by an arbitrary set.

10



An algebraic study of Volterra integral equations and their operator linearity

i#�

2²�Æ

Abstract: The algebraic study of special integral operators led to the notions of Rota Baxter

operators and shuffle products which have found broad applications such as iterated integrals. In

this talk we point out that there are rich algebraic structures underlying Volterra integral operators

and the corresponding equations.

First Volterra integral operators with separable kernels can produce a matching twisted Rota-

Baxter algebra satisfying twisted integration-by-parts operator identities. To provide a universal

space to express general integral equations, we construct free (relative) operated algebras in terms

of bracketed words or rooted trees with decorations on the vertices and edges.

Utilizing the free construction of matching Rota-Baxter algebras by Gao Guo-Zhang, further

explicit constructions of the free objects in the category of matching twisted Rota-Baxter algebras

are given, providing a universal space for separable Volterra equations. As an application, we

show that any separable Volterra integral equation is operator linear in the sense that it can be

simplified to a linear combination of iterated integrals.

This is joint work with Li Guo and Richard Gustavson.

Incidence algebras and Kazhdan-Lusztig polynomials

áÅ

Hm�Æ

Abstract: The Kazhdan-Lusztig polynomial of a matroid was introduced by Elias, Proudfoot

and Wakefield, analogous to the classical Kazhdan-Lusztig polynomial of the symmetric group.

Proudfoot pointed out that the Kazhdan-Lusztig polynomials of matroids can also be considered

as a special case of the Kazhdan-Lusztig-Stanley polynomials with respect to the incidence algebra

of the lattice of flats. This point of view is very helpful for studying the matroid Kazhdan-Lusztig

polynomials. In this talk we will show how to use this to compute the Kazhdan-Lusztig polynomials

for uniform matroids.

On differential lattices

[O±

ôÜ���Æ

Abstract: This paper studies the differential lattice, defined to be a lattice L equipped with a

map d : L → L that satisfies a lattice analog of the Leibniz rule for a derivation. Isomorphic
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differential lattices are studied and classifications of differential lattices are obtained for some basic

lattices. Several families of derivations on a lattice are explicitly constructed, giving realizations of

the lattice as lattices of derivations. Derivations on a finite distributive lattice are shown to have

a natural structure of lattice. Moreover, derivations on a complete infinitely distributive lattice

form a complete lattice. For a general lattice, it is conjectured that its poset of derivations is a

lattice that uniquely determines the given lattice. This is joint work with Li Guo.

Deformations and homotopy theory of relative Rota-Baxter Lie algebras

/ J

3��Æ

Abstract: We determine the L-infty-algebra that controls deformations of a relative Rota-Baxter

Lie algebra and show that it is an extension of the dg Lie algebra controlling deformations of the

underlying LR pair by the dg Lie algebra controlling deformations of the relative Rota-Baxter

operator. Consequently, we define the cohomology of relative Rota-Baxter Lie algebras and relate

it to their infinitesimal deformations. A large class of relative Rota-Baxter Lie algebras is obtained

from triangular Lie bialgebras and we construct a map between the corresponding deformation

complexes. Next, the notion of a homotopy relative Rota-Baxter Lie algebra is introduced. We

show that a class of homotopy relative Rota-Baxter Lie algebras is intimately related to pre-Lie-

infty-algebras.

The deformation theory and homotopy theory for differential algebras of any weight

�p

uÀ���Æ

Abstract: In this talk, we will recall the cohomology theory for differential algebras of any weight

defined by Guo, Li, Sheng and Zhou, which controls the formal deformations of differential algebras

of any weight. Then we will introduce an L-infinity algebra such that the cohomology theory for

differential algebras can be realized as twisting procedure in this L-infinity algebras. Precisely,

a differential algebra structure of any weight is equivalent to a Maurer-Cartan element in this

L-infinity algebra and the twisting L-infinity algebra by a Maurer-Cartan element is exactly the

cochain complex of the corresponding differential algebra. Then we will introduce the notion of

homotopy differential algebras of any weight and we will see the differential graded operad governing

homotopy differential algebras is the minimal model for the operad governing differential algebras.

This talk is based on joint work with Li Guo and Guodong Zhou.

12



Compatible structures of homogeneous operads

Ümm

=²�Æ

Abstract: Various compatibility conditions among replicated copies of operations in a given al-

gebraic structure have appeared in broad contexts in recent years. Taking an uniform approach,

we give an operadic study of compatibility conditions for homogenous operads. This generalizes

the previous studies for binary quadratic symmetric operads and unary binary quadratic\cubic

nonsymmetric operads. We consider three compatibility conditions, namely the linear compatibil-

ity, matching compatibility and total compatibility, with increasingly strict restraints among the

replicated copies. This is a joint work with Xing Gao and Li Guo.
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