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Introduction

A neutral Tannakian category over a field k is a rigid k-linear abelian tensor category
C' whose unit 1 satisfies End(1) = k, and is moreover equipped with a fibre functor.
The central result about Tannakian duality is that every Tannakian category is
equivalent to the category of finite dimensional representations of group scheme
over k, which is unique up to isomorphism. In this workshop, by starting from basic
notions in category theory, we will study Tannakian duality. Besides, we will study
the relationship between Tannakian theory, Hodge theory and Differential Galois
theory.

Keyword. Neutral Tannakian category, Representations of group scheme over k;
Tannankian Duality, Galois category, Differential Galois theory, Nori’s fundamental
group, Hodge theory
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Program of the Workshop

Mon 23/08 (Chair: Phung Ho Hai)

8:45 — 9:00 Registration

9:00 — 10:30 Nguyén Trung Nghia (online)
Coffee break

10:45 — 12:15 Pham Khoa Bing

Pause for lunch

14:00 — 15:30 Nguyén bang Hop

Coffee break

15: 45 — 17:15 Nguyén Manh Linh (online)

Tue 24/08 (Chair: Phung Ho Hai)
9:00 — 10:30 Pham Thanh Tam
Coffee break

10:45 — 12:15 Nguyén Dai Duong
Pause for lunch

14:00 — 15:30 Nguyén Quang Khéi
Coffee break

15: 45 — 17:15 Phung Ho Hai

Web 25/08 (Chair: Phung Ho Héi)

9:00 — 10:30 Vo Qubc Bao

Coffee break

10:45 — 12:15 Dang Tuan Thuong (online)
Pause for lunch

14:00 — 15:30 Nghiém Tran Trung (online)
Coffee break

15: 45 — 17:15 Nguyén Kiéu Hiéu (online)
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Thu 26/08 (Chair: Phung Ho Hai)

9:00 — 10:30 Dang Qubc Huy

Coffee break

10:45 — 12:15 Nguyén Khanh Hung

Pause for lunch

14:00 — 15:30 Pham Ngo6 Thanh Dat (online)
Coffee break

15: 45 — 17:15 Nguyén Manh Toan (online)



Workshop’s Talks

Tensor Categories

Nguyén Trung Nghia, Ho Chi Minh
HCM VNU University of Science

In this talk, we will introduce the notions of tensor categories, and subsequently of
tensor functors. Then, we aim to show that every morphism of tensor functors of
rigid tensor categories is an isomorphism.

Abelian tensor categories

Pham Khoa Bang, Hanoi
HUS VNU University of Science

The objective of this talk is to define the notion of abelian tensor categories. Af-
terwards, we will prove a criterion for a category to be rigid tensor. A number of
examples will be provided in comparison with our main study, namely, the category
of finite-dimensional representations of an affine group scheme over a field, which is
well-known to be a rigid abelian tensor one.

Affine schemes and affine group schemes

Nguyén Dang Hgp, Hanoi

Institute of Mathematics

Let k be a commutative ring, not necessarily a field. There are (at least) three ways
to answer the question: What is a group scheme over k7 First, a group scheme over k
is a functor from k-algebras to groups given by a k-algebra A (such a functor is called
representable). Second, a group scheme over k is a group object in the category of
schemes over k. Third, a group scheme can be seen as a k-algebra A with a certain
structure called commutative Hopf algebra. For example, there is a group scheme
called the additive group. It is given by three possible ways:

1) The functor mapping a k-algebra R to the abelian group R itself, this functor
is given by the ring A = k[X]| (polynomial ring in one variable X), since
Homy (k[X], R) = R.
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2) Spec(k[X]), a scheme over k, with certain "group structure over k"

3) The ring k[X] with certain operations called comultiplication, counit, and coin-
verse (opposite to the usual notions without "co" in the definition of groups).

Affine group schemes are group schemes over k, such that, from the first point of
view, the corresponding ring A is finitely generated as a k-algebra. In this talk, I
will explain the answer to the question: What is a group scheme over k7, reviewing
the above three approaches, and their relationship.

Representations and Comodules
Nguyén Manh Linh, Paris

Ecole normale supérieure

In this talk, representations of a k-group functor, where k is a field, are defined. We
also investigate modules over k-coalgebras. We then show that for an affine k-group
G, the category of its representations is isomorphic to that of right modules over its
coordinate Hopf algebra k[G].

Neutral Tannakian categories

Pham Thanh Tam, Hanoi
Hanoi Pedagogical University 2

Mot pham trit Tannaka trung tinh (neutral) trén truong & la pham tri1 tensor abelian
ran (rigid) C trang bi cing mot k—ham tit tensor w : C :—> Vecty, tit pham tru C
dén pham trit ciia cdc —kkhong gian véc to hitu han chiéu Vect,. Muc tiéu ctia bai
no6i la dinh 1y chinh ctia pham tru Tannaka trung tinh:

1. Ham tit Aut®(w) ciia cac k—dai s6 biéu dién bdi mot luge dd nhom affine G.

2. Pham tri1 C v pham trit Repi(G) clia cac bicu dién ctia G trén k la tuong
duong.

Recovering affine group scheme from its representation

Nguyén Dai Duong, Danang

The University of Danang — University of Science and Education

In this talk, I will present the structure of the affine group scheme over a field in
which every affine group scheme is the inverse limit of algebraic groups and detail
how to reconstruct an affine group scheme from its representations. For the rest,
we will discuss Hai’s paper with the title: “On an injective lemma in the proof of
Tannaka duality”.




Grothendieck-Deligne-Saavedra Theorem 24 Aug
14:00pm
Nguyén Quang Khai, Hanoi

Institute of Mathematics

In this talk, we present the Main theorem for Tannakian categories. It turns out
that every Tannakian category is equivalent to the category of finite-dimensional
representations of an affine group scheme.

Examples of Tannakian categories 24 Aug

R 15:45pm
Phung Ho Hai, Hanoi
Institute of Mathmatics

1. Some remarks on (neutral) tannakian categories
- tensor structure, categorical dimension
- fiber functor

- reconstruction theorem

2. Examples
- representations of groups, tannakian envelopes
- Hodge’s structure
- connections
- Picard-Vessiot

- essentially finite bundles (Nori)

3. Fiber functors
- sufficient conditions for the existence of fiber functors (Deligne, Roberts)
- tangential fiber functors (Deligne-Katz)

- Grothendieck section conjecture

Galois category 25 Aug

p 9:00am
Vo6 Quoc Bao, Hanoi

Institute of Mathematics

Muc tiéu ctia bai néi la pham trit Galois (C, F') va dinh 1y co ban ciia ly thuyét
pham trit Galois: Moi pham trit Galois C déu tuong duong pham tri1 v6i pham trit
m-finitesets, trong d6 m = Aut(F) 1a nhém hau httu han.
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Etale fundamental groups

Diang Tuan Thuong, Diisseldorf

Diisseldorf University

Trong bai néi nay, ching ta sé dinh nghia nhém co ban etale ctia luge do thong qua
ham tit thé cling mot vai vi du. Cu thé, ching ta sé khao sat cach xay dung nhém
cd ban cua khong gian t6-p6 va sy tuong tu trong cach xay dung nhém co ban etale
ctia luge do theo Grothendieck.

Differential Galois Theory 1
Nghiém Tran Trung, Paris

Ecole normale supérieure

Tuong ty nhu ly thuyét Galois cho phuong trinh da thitc, 1y thuyét Galois vi phan
bt nguon ti viéc nghién citu sy ton tai nghiém ctia phuong trinh vi phan tuyén tinh
trén cac md rong trudng clia trudng co sé. Ching ta sé di tim hiéu cac khai niem
co ban cha ly thuyét Galois vi phan, bat dau tit truong vi phan, mé rong truong
vi phan, cho t6i mé rong Picard-Vessiot (hay “truong phan ra vi phan”) va nhém
Galois vi phan. Giéng v6i nhom Galois ¢6 dién, nhom Galois vi phan la cac tu dang
cau clia truong Picard-Vessiot, ¢6 dinh trudng co sd va giao hoan v6i phép vi phan.
Cac khai niem nay la nén tang cho dinh 1y Galois vi phan, phat biéu mot cach ngin
ngon nhu sau : ton tai mot song anh gitta cic trudng vi phan con véi nhém con dai
s6 tuyén tinh ctia nhém Galois.

Differential Galois Theory 11

Nguyén Kieu Hiéu, Munich
TU Munich

Trong bai giang nay, ching ta sé tap trung khéo sat mot vai dang phuong trinh vi
phan tuyén tinh trén truong cac chudi Laurent hinh thic k((z)), 6 day k 1a mot
truong c6 dac sb6 0. Ching ta sé ching minh sy ton tai cia nhém Galois phd quat
va trinh bay mot goc nhin ciia n6é thong qua 1y thuyét pham trii Tannaka. Mot muc
tieu nita 1a sy mo ta ctia nhém Galois pho quat cho bai toan ma ta dang quan tam,
dé lam dugce diéu d6 ching ta can mot vai két qua vé dang chuan tic cung véi cac
monodromy ciia phuong trinh vi phan tuyén tinh.




Nori’s fundamental group I

Ding Qudc Huy, Hanoi

Institute of Mathematics

This talk gives a brief introduction to Nori’s fundamental group. When X is a
scheme, its Nori fundamental group, denoted by 7V (X), classifies isomorphism
classes of X’s torsors under finite group schemes (while the classical étale funda-
mental group 7°(X) categorizes X’s Galois covers). Along the way, we recall the
notion of torsor and finite vector bundles. The following lecture will further discuss
the relations between 7V (X) and 7°*(X).

Nori’s fundamental group II

Nguyén Khanh Hung, Hanoi

Institute of Mathematics

As the second part of the previous talk, this talk will propose two main results
of fundamental group schemes. As the first result, the fundamental group scheme
is represented as the inverse limit of finite k-group schemes. We will then show
the comparison between the fundamental group scheme and the étale fundamental

group.

Mumford-Tate group I
Pham Ngo Thanh Dat, Paris

Sorbonne University

A Hodge structure is an algebraic structure at the level of linear algebra. Fundamen-
tal examples of Hodge structures include the Betti cohomology groups of a smooth
projective variety X /C. In the first part of this talk, I will recall the notion of Hodge
structures and show in details the fundamental observation of Deligne that, to give a
real Hodge structure is the same as giving an algebraic representation of the Deligne
torus S on a real vector space. In fancier terms, this means that the group S is the
Tannakian group for the category of Hodge structures on real vector spaces. I then
define the Mumford-Tate group associated to a rational Hodge structure and look
at some of its basic properties.
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Mumford-Tate group 11
Nguyén Manh Toan, Osnabriick

Osnabriick University

In this talk, we will first describe real Hodge structures in terms of representa-
tions of the Deligne torus. This approach provides us a more group-theoretic view
than the classical definition. After that, we will discuss Mumford-Tate groups from
a Tannakian perspective. In the end, we will focus on polarizable rational Hodge
structures of CM-type, which are closely related to abelian varieties. We will show
that these structures form a Tannakian category whose associated group scheme is
the Serre group.
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