Loop groups and their representations

1. Lie groups and Lie algebras: the classical theory.
Lie groups, Lie algebras, Cartan matrix, root decomposition, exam-
ple: A; and B,, Dynkin diagrams, classification
References: [1], [3],[4],[6], and many more

2. Central extensions of loop groups and loop algebras.
loop group, loop algebra, central extensions of loop algebra, central
extension of loop group, universal extension of classical loop groups
References: [4], [7],[8], [9, Chapter 4]

3. Affine Lie algebras and Kac-Moody algebras
generalized Cartan matrix, affine Lie algebra, Kac-Moody algebra,
extended Weyl group, affine Dynkin diagrams and their classifica-
tion, affine algebras as central extensions of loop algebras
References: [4], [7],[8]

4. Representation theory: the classical theory.

finite dimensional representations of finite dimensional simple Lie
algebras and their classification, highest weights, weight polytope,
example: representations of sl,, tensor product of representations,
tensor product for representations of A, and B, respectively
References: [1], [3],[5], [6], and many more

5. Representation theory for the loop group.
Verma modules, construction of the highest weight representations,
Weil modules, positive energy representations: construction and clas-
sification, decomposition series, Verlinde algebra
References: [7],[8], [9]

6. Kac character formula and applications.
Weyl character formula, generalized Casimir operator, Kac character

formula, a proof thereof, applications, especially the example of si,
References: [7], [9]

7. Fusion product via sheaves of coinvariants.
References: [2]

8. Fusion product via von Neumann algebras.
References: [10]
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