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Timetable: 16hrs. First lectur on May 21, 2020, 14:00 (dates already fixed, see calendar), Torre
Archimede, Room 2BC/30.

Course requirements: linear algebra, group theory and very basic knowledge in differential
geometry. I do not assume any knowledge of physics: all relevant definitions will be given
along.

Examination and grading: written homework.

SSD: MAT/02-03, MAT/07

Aim: The purpose of the course is to give a gentle introduction to the geometric and Lie alge-
braic aspects of 11-dimensional supergravity and to motivate the study of its supersymmetric
backgrounds.

Course contents: We will start with the fundamental objects of Riemannian and Lorentzian ge-
ometry, leading to the classical Einstein’s and Maxwell’s equations. We will discuss the basics
of G-structures and Riemannian geometry, with a particular attention on the connection defin-
ing the so-called Killing transport and then consider special PDEs of geometric origin on spinor
fields on Riemannian manifolds. In the second part of the course, we introduce 11-dimensional
supergravity, the most important theory where Einstein’s General Relativity is combined with
supersymmetry. We will discuss the construction of a Lie superalgebra generated from spinor
fields satisfying a certain PDE and the homogeneity theorem, which states that supergravity
backgrounds preserving more than half of the supersymmetry are homogeneous. Considerable
emphasis will be placed on clarifying the relevant definitions, along with examples.

Course outline:
1. Differential calculus on manifolds

(Tensor fields, Lie derivative, linear connections, curvature, Riemannian and Lorentzian
metrics,Levi-Civita connection, Ricci and scalar curvatures, Einstein’s equations, Maxwell’s
equations)

2. G-structures
(Basic definitions and examples, symmetries of the integrable model, the automorphism
group of a G-structure and Sternberg’s Theorem, Poincaré algebra)

3. Riemannian geometry
(Killing vector fields and Killing transport, space forms, Killing algebras as filtered defor-
mations)

4. Spin geometry
(Clifford algebras, basics of spin geometry, spinor fields satisfying special PDEs, a toy
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model:extended Killing algebras)

5. Supersymmetry and Detour on Lie superalgebra theory
(physical motivation of supersymmetry, Kac’s classification of simple Lie superalgebras,
supertranslation algebra and Poincaré superalgebra)

6. Supergravity in 11-dimensions
(Basic definitions, supergravity Killing spinors, examples: maximally supersymmetric
backgrounds and brane solutions, homogeneity theorem, Killing superalgebras, Killing
supertransport, highly supersymmetric backgrounds).
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