Seminar: l-adic cohomology and Deligne’s proof of Weil conjecture

The aim of this seminar is to prepare some basic materials to follow the lecture of Prof.
Deninger. These include: I-adic cohomology, Picard-Lefschetz theory for algebraic varieties and
application to Deligne’s proof of Weil’s conjecture.

Schedule: February 29 — March 2, 2024

Talk 1: Introduction to étale cohomology 1. This talk should serve as a quick
introduction to étale cohomology, covering basic notions such as:
- étale topology, étale site and sheaves, locally constant sheaves and constructible
sheaves and their relationship with the fundamental group,
- direct and inverse image, the existence of injective,
- definition and basic properties of étale cohomology such as the proper and smooth
base change theorem for étale cohomology.
Ref: These materials can be found in Milne’s lecture [Mi], chapters 4-10, 17, 20. Another
source is Freitag-Kiehl’s book [FK88, Chapter I], see also [Stacks, Chap. 59] and SGA 4.5
Speaker: Nguyén Khdnh Hung (Univ. Of Paris Saclay)

Talk 2: Introduction to étale cohomology 2. This is a continuation of Talk 1 and should address
the following topics:

- the comparison theorem for complex varieties

- the finiteness theorem and /-adic cohomology

- cohomology with compact support

- Poincaré duality

- the Lefschetz trace formula for constructible Q; sheaves
Ref: These materials can be found in Milne’s lecture [Mi], chapters 18, 21, 23, 24. Another
source is Freitag-Kiehl’s book [FK88, Chapter |,11], see also SGA 4.5.
Speaker: V3 Quéc Bdo (Institute of Math, Ha Néi)

Talk 3: Picard-Lefschetz theory after Deligne-Katz. This talk and the next talk aim to introduce
the basic notions of the theory and and to understand the results presented in Sections 4,5 of
[Del74]. The topics include

- Lefschetz’s pencils, vanishing cycles,

- The monodromy formalism, the Picard-Lefschetz formula
Ref: [SGA7, Chapters XIV, XV] and Freitag-Kiehl’s book [FK88, Chapter Ill, Sections 1-4].
Speaker: Tran Phan Quéc Bdo (Univ. Of Bern)

Talk 4: The global Picard-Lefschetz formula for étale cohomology. This talk is the continuation
of the previous talk, and includes the following topics:

- The monodromy mapping and base change

- The global monodromy theory for Lefschetz pencils.
Ref: [SGA7, Chapters XVII, XVIII] and Freitag-Kiehl’s book [FK88, Chapter lll, Sections 5-7].
Speaker: Nguyén Thé Hoang (Thang Long Univ., Ha NGi)



Talk 5: Introduction to Weil conjecture:
- Cohomological interpretation of L-functions, state Weil conjecture (go quickly since
we discussed this part already).
- Prove the fundamental inequality
- Poincaré duality in I-adic cohomology and functional equation of L-function.
Ref: [Del74, Sections 2,3] and note of Hindry [Hin10].
Speaker: Bdng Quéc Huy (National Univ. Of Taiwan)

Talk 6: Proof of the Weil conjecture [Del74, Section 6 and 7] and [FR88, Chapter IV].
Speaker: Phting H6 Hdi (Institute of Math, Ha Néi)

Talk 7: Introduction to the weight theory of I-adic sheaves (Section 1 in [Del80]):
- l-adic sheaves
- weight, pure, mixed weight sheaves.
- filtration of local monodromy (section 1.7-1.8)

Speaker: Nguyén Pédng Khai Hoan (Univ. Of Padova)

Talk 8: Proof of the main theorem (Theorem 1 in [Del80]):
- Calculation weight of vanishing cycles.
- Dimension 1 case: Theorem 3.2.3
- General case: Theorem 3.3.1
- Application: structure of mixed sheaves (Section 3.4), and equidistribution theorem

(Section 3.5)
Speaker: Bao Vdn Thinh (Institute of Math, Ha Néi)
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