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Goal: The goal of this seminar is to understand the equation

196884 = 196883 + 1 (1)

The left-hand side of (1) is the first non-trivial coefficient of the modular invariant
j function. On the right hand-side are the dimensions of the smallest irreducible
representations of the largest sporadic simple group, the Monster group M.

Content: The talks will give an overview over the topics necessary to understand
(1), namely modular forms, lattices, the classification of finite simple groups,
and the theory of Vertex Operator Algebras. The goal is not to give a complete
and detailed understanding of those topics, but to provide enough information
to understand what (1) means, why it is surprising, and to give a general idea of
how this mysterious relation can be explained.

Prerequisites: Algebra I and II. Some familiarity with modular forms and Lie alge-
bras is helpful, but not crucial: all necessary concepts will be introduced in the
early talks.

Literature: This seminar will be heavily based on Terry Gannon’s book [1]. For a
briefer overview see also [2] and part 2 of [3].

Organization: Try to get in touch with your mentor as early as possible to discuss
your talk. One week before your talk, meet your mentor after the regular seminar
session to present an outline of your talk. Attend at least 11 of the 13 sessions.

Schedule of Talks

Talks marked with * are somewhat more advanced.
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1 Modular Forms I

Speaker: Nina Aerni
Topics: Basic Definitions
References: Section 1 of [4].
Date: Week 2
Mentor: Christoph Keller

2 Modular Forms II

Speaker: Nicolas Kirchmayer
Topics: Eisenstein Series and the Klein j function.
References: Section 2 of [4].
Date: Week 3
Mentor: Christoph Keller

3 Lattices I

Speaker: Lukas Böke
Topics: Basic defintions: Integral lattices, even lattices, dual lattices, unimodular
lattices.
References: Chapters 1-2 in [5]
Date: Week 4
Mentor: Christoph Keller

4 Lattices II

Speaker: Dénes Heins
Topics: Theta functions. Poisson Resummation. Lattice theta functions. Hecke-
Schoenberg.
References: Section 3 of [4]
Date: Week 4
Mentor: Christoph Keller

5 Lattices III

Speaker: Christian Schneebeli
Topics: Gluing constructions. Niemeier Lattices in d = 24. Golay Code. Leech lattice.
References: Chapters 4,16,2,3 in [5],[6]
Date: Week 5
Mentor: Christoph Keller
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6 Group Theory I

Speaker: Laurin Köhler-Schindler
Topics: Normal subgroups. Simple Groups. Jordan-Hölder Theorem.
References: I.3 of [7]
Date: Week 6
Mentor: Claude Eicher

7 Group Theory II

Speaker: Manuel Akeret
Topics: Representations of finite groups. Character formulae.
References: XVIII.1 – XVIII.5 of [7]
Date: Week 6
Mentor: Claude Eicher

8 Lie Theory I

Speaker: Elyasa Erdogan
Topics: Lie algebras. Jacobi identity. Classification. Highest weight representations.
References: Sections 1.4 and 1.5 in [1]. Sections 13.1 and 13.2 in [8]. [9].
Date: Week 7
Mentor: Claude Eicher

9 Lie Theory II*

Speaker: Viktor Burghardt
Topics: Affine Lie Algebras. The Virasoro Algebra.
References: Section 3 in [1]. Section 14 in [8].
Date: Week 8
Mentor: Claude Eicher

10 Classification of simple groups I

Speaker: Michael Näf
Topics: Give an overview over the infinite families.
References: Sections 2–4 in [10]
Date: Week 9
Mentor: Claude Eicher

11 Classification of simple groups II

Speaker: Elena Asoni
Topics: Give an overview over the sporadic groups.
References: Section 5 in [10]
Date: Week 9
Mentor: Claude Eicher
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12 The Monster Group*

Speaker: Selim Bieri
Topics: Construction of the Monster. Representations.
References: Chapter 29 of [5]. Section 5.8 in [10]
Date: Week 10
Mentor: Christoph Keller

13 Vertex Operator Algebras I*

Speaker: Simon Päpcke
Topics: Basic definitions: Formal power series. The δ series. Binomial convention.
Axioms of VOA. Weak Commutativity. Correlation functions.
References: 5.1 and 5.3.1 in [1]. Section 2 in [11]. Chapters 1–3 in [12]
Date: Week 11
Mentor: Christoph Keller

14 Vertex Operator Algebras II*

Speaker: Llúıs Usó i Cubertorer
Topics: Examples: Free boson, Heisenberg algebra. Lattice algebras.
References: 5.2.2 in [1]. Section 3 in [11]. Sections 6.3–6.5 in [12]
Date: Week 12
Mentor: Christoph Keller

15 Vertex Operator Algebras III*

Speaker: Peter Zenz
Topics: Modules of VOAs. Rational CFTs. Self-dual CFTs. Zhu’s Algebra. Modular
invariance.
References: 5.3 in [1]. [13].
Date: Week 13
Mentor: Claude Eicher

16 The Monster VOA*

Speaker: Manuel Göggel
Topics: Z2 orbifolds. FLM construction.
References: 4.3.4, 5.3.6, 7.2 in [1].
Date: Week 14
Mentor: Christoph Keller
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