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Lecture 1. The geometrization of the Galois Theory (45min - 1h)
In this lecture, we'll give a general picture of how fundamental groups come up in algebraic geometry.

Lecture 2. Morphisms of Schemes | (45min -1h)
In this lecture, we will study/review finite/quasi-finite morphisms of schemes.

Lecture 3. Morphisms of Schemes 11 (45min - 1h)
In this lecture, we will study/review flat morphisms of schemes.

Lecture 4. Etale morphisms and Etale Covers (45min -1h)
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Fundamental Groups in Algebraic Geometry
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In this lecture, we'll study extensively a very special and very beautiful kind of morphisms of schemes, namely the

étale morphisms. Then we will introduce the category of finite étale covers.

Lecture 5. Galois Categories and the Etale Fundamental Group (45min-1h)




In this lecture, we'll follow Grothendieck's beautiful construction of the étale fundamental group using Galois
categories.

Lecture 6. First Properties of the Etale Fundamental Group (45min-1h)
In this lecture, we'll introduce some basic properties of the étale fundamental group, e.g. the choice of the base point,
the homotopy exact sequence, etc..

Lecture 7. A Brief Introduction to the Nori Fundamental Group (45min-1h)
In this lecture, we'll give a brief introduction to the Nori Fundamental Group which can be seen as an attempt of
adding "purely inseparable covers" to the category of étale covers.

Lecture 8. Other Fundamental Groups in Algebraic Geometry (45min-1h)
In this lecture, we'll give a very brief sketch of how to use a general machinery - Tannakian Duality, which is
developed by Grothendieck-Saavedra-Deligne, to produce many kinds of fundamental groups in algebraic geometry.
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(1) Goldring—Koskivirta [f] Hasse A EH B, PLAHEARNH (Invent. Math. 2019)
(2) F. Andreatta KT mod p FJHBL 45 R (arXiv:2103. 12361)
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Rational points on fibration with few non-split fibers
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Let f:X — P! be a dominant map whose generic fibre is rationally connected. Assume that the
Brauer-Manin obstruction controls Hasse principle and weak approximation for rational points on all (or
most) smooth fibers. A natural question is whether the same holds for the whole space X. With some
assumptions, we will try to answer this question and give some applications. This is a joint work with

Harpaz and Wittenberg.

Twist formulas for epsilon factors
X LLBE
RN
Epsilon factors are the constant terms in the functional equations of L-functions, which contain the
ramification information. In this talk, we will first review the classical epsilon factors in number theory,

then study some twist formulas of their generalizations in the theory of I-adic sheaves. This is joint work

with Enlin Yang.

Tensor product theorem for semistable parabolic A-connections
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Let X be a smooth complex projective variety and D € X a reduced effecitve normal crossing
divisor. Fix an ample line bundle L over X. We prove that the tensor product of p;-semistable
parabolic A -connections over (X,D) is again u; -semistable. For empty D and integrable A
-connections, the existed proof is transcendental. Our method is first establishing a tensor product
theorem in positive characteristic and then taking reduction at a good prime p. This is a joint work with

Jianping Wang.

A p-adic Simpson correspondence: semi-stable reduction case
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In the talk, | will give a p-adic Simpson correspondence for rigid analytic varieties over C, with

liftable semi-stable reductions. This is a joint work with Mao Sheng.



Diamonds and p-adic period domains
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In this talk, we will investigate the geometry of some diamonds, namely the BJ,-affine Schubert
varieties, via the Fargues-Fontaine curve and Harder-Narasimhan formalism. Along the way, the theory

of p-adic period domains arises naturally. We will discuss the structure of certain generalized p-adic

period domains.

Refined spectral halo for eigencurves
Hh R B SR e O
It was conjecture by Coleman-Mazur-Buzzard-Kilford that over the boundary annuli of the weight
space, the eigencurve decomposes into disjoint union of subspaces that are finite and flat over the
weight space. Most parts of this conjecture have been verified by previous work of Liu-Wan-Xiao and
Ren-Zhao. In this talk, | will explain a joint work in progress with Yongquan Hu and Liang Xiao towards a
refined version of Coleman-Mazur-Buzzard-Kilford conjecture. As an application, we are able to

determine the p-adic slopes of all the crystabelline lift of a (local) reducible mod p Galois

representation. If time allows, | will explain how to handle the irreducible representations.

The fundamental groups in geometry and arithmetic
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After recalling some basics in etale fundamental groups, we shall explain Grothendieck's anabelian
problems. The results in this direction include the theorems of Neukirch and Uchida from the 1970's and
the work of Tamagawa and Mochizuki in the 1990's. Roughly speaking, these results show that the etale
fundamental groups of global fields and hyperbolic curves determine the field/scheme structures. In fact,
Uchida's method provides an algorithm for the construction of the scheme structures, in many cases.
This kind of constructability is part of Grothendieck's original proposal. Moreover, we introduce the
motivic fundamental groups and their applications to arithmetic, such as Kim's proof of Siegel's theorem

and the results on the Deligne-lhara conjecture of Brown and Deligne.

Anabelian geometry of curves via moduli spaces of fundamental groups
FH f%
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In this talk, | would like to explain the theory of the anabelian geometry of curves over algebraically
closed fields of positive characteristics. Firstly, | will explain the previous form of this theory developed
by Prof. Akio Tamagawa and a new kind of anabelian phenomenon observed by the speaker that cannot
be explained by using Grothendieck's original anabelian philosophy. Secondly, | will explain a new form

of this theory via the so-called moduli spaces of admissible fundamental groups established by the



speaker.
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