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Sommersemester 2006
1. Graded linear algebra
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)

Superspaces, graded vector spaces, filtered vector spaces
Suspensions
Morphisms and graded morphisms
Supertrace and superdeterminant
Super, graded and filtered algebras
Graded Lie algebras [GLAs], graded Poisson algebras [GPAs],
n-Poisson algebras, Gerstenhaber algebras; examples
The graded symmetric algebra
The associated graded algebra of a filtered algebra
Left and right derivations
The Moyal product on a graded vector space with constant
Poisson structure
Differential GLAs [DGLAs] and GPAs [DGPAs]
Graded coalgebras; graded coderivations
L∞ -algebras (Stasheff’s and Voronov’s sign conventions)

2. The BRS method (after Kostant and Sternberg)
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)

Marsden–Weinstein reduction
Koszul resolution
Lie algebra cohomology
The BRS differential and its cohomology
Strategies for quantization
The Clifford algebra as quantization of the exterior algebra of
a vector space with scalar product
The action of the orthogonal group
Creation and annihilation operators
Quantization of a finite-dimensional quadratic Lie algebra and
the anomaly
Anomaly-free quantization of a finite-dimensional Lie algebra
plus its dual
Modules of the Clifford algebra
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(12) The infinite-dimensional case and the anomaly
(13) Deformation quantization description
3. The BVF method (after Stasheff)
(1) Coisotropic submanifolds of a Poisson manifold and their associated Lie algebroids
(2) Coisotropes in a Poisson algebra and their associated Lie–Rinehart
algebras
(3) Lie algebroid (Lie–Rinehart) cohomology and reduction
(4) Koszul resolution
(5) The BVF existence and uniqueness theorem of a DGPA structure up to canonical transformations on the the BVF complex
(using homological perturbation theory); the infinite-dimensional
case
(6) BVF cohomology and reduction
(7) Strategies for quantization
(8) “Gauge fixing;” application to topological quantum mechanics,
heat kernels and index theorems
4. Graded manifolds
(1)
(2)
(3)
(4)

(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)

Definitions
Graded vector fields
The graded Euler vector field
Cohomological vector fields, differential graded manifolds, reinterpretation of BRS and BVF methods; geometrical interpretation of L∞ -algebras
Grassmann integration
The Berezinian bundle
The divergence operator
Change of variables and the Berezinian of a transformation
Graded differential forms; the de Rham differential
Integral forms (see next Section)
The GLA of multivector fields
Graded manifolds of maps
5. The BRST method

(1) Integration of invariant functions on principal bundles and the
Faddeev–Popov determinant
(2) Reinterpretation as integrals on graded manifolds (ghosts, antighosts,
Lagrange multipliers)
(3) BRST cohomology and gauge-fixing-independent integration
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(4) Infinite dimensions
6. Graded symplectic geometry
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

Graded symplectic linear algebra; structure theorems
Graded symplectic manifolds; Darboux coordinates
Main facts on symplectic forms and Hamiltonian vector fields
Normal form of odd symplectic manifolds
Symplectic manifolds of degree −1 and their induced cohomology
Reinterpretation of the Berezinian
Integral forms (after Manin); integration on submanifolds
The Legendre mapping
The global version of the BVF method
The L∞ -algebra of a coisotropic submanifold
7. The BV method

(1) Symplectic manifolds of degree −1 and the canonical BV operator
(2) BV cohomology and integration on Lagrangian submanifolds
(3) Berezinians and BV operators
(4) BV algebras
(5) The quantum master equation (QME)
(6) The classical master equation (CME)
(7) From the CME to the QME: anomalies
(8) The CME and symmetries
(9) Quantum, BRST, and classical observables
(10) Generating functions, nondegenerate Morse families, and the
gauge fixing fermion; the extended action
(11) Reinterpretation of the BRST method
(12) The effective action and Zinn-Justin’s theorem
(13) Application to functional integrals: renormalization of quantum
field theories with symmetry
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