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1. Week 1: Introduction

Physical Origin and Historical Comments

Donaldson theory = top. twisted 4d N = 2 SYM [Wi88]

4d N = 2 SU(N) SYM in IR limit (strong coupling) S-duality←→ abelian gauge theory of
monopoles (weakly coupled) [SW94a, SW94b]

Supersymmetric localization in this dual theory at solutions to the Seiberg-Witten equa-
tions [Wi94]; physical arguments suggest that counting solutions gives "topological" in-
variants, aka Seiberg-Witten invariants.

⇒ Witten Conjecture: Donaldson invariants ' Seiberg-Witten invariants.

Review eg. in [Le97, Ma99]

2. Week 2-5: Definition of Seiberg-Witten Invariants
Main Reference for this block will be [Mo01]. We assume familiarity with differential
geometry, see [Mo01][Ch 1] for a summary of the most relevant notions.

2.1. Week 2

Spin geometry (on four-manifolds)
Assigned Reading:

• [Tau1][Ch.2.1-2.5] (for the first reading)

• [Mo01][Ch 2.1-2.4](for more details)

2.2. Week 3

Spin geometry (on four-manifolds)
Assigned Reading:

• For many Facts on SpinC structure have a look on [Ma99][Ch. 2.1-2.6]

• Spin connection:
1. [Tau1][Ch.2.6] (for the first reading)
2. [Spn10][Lecture 6] for more details.

• Dirac operator
1. [Tau1][Ch.2.7] (for the first reading)
2. [Mo01][2.6](for more details on the Dirac operator)
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• Bachelorthesis of Simon for a precise defition of a Dirac oparator.

Topics for discussion:

• Why is the operator defined in [Tau1][Ch.2.7 def. 2.13 ] a Dirac operator?

2.3. Week 4

Dirac operators, the Seiberg-Witten equations, moduli space of solutions.
Assigned Reading:

• [Tau1][3.1-3.4]

• [Mo01][Ch 3.3-3.4] More details on moduli space of solutions; proof ideas.

• [Ma99][Ch.4.1] for more Details of the moduli space of solutions

• [Ma99][Ch. 3.1-3.3] for a background on the Seiberg-Witten functional. Solutions
of the Seiberg-Witten equations are critical points of the functional. And the gauge
group of this "field theory".

2.4. Week 5

The definition of Seiberg-Witten invariants.
Assigned Reading:

• [Tau1][3.4]from the of the proof to the begin of 3.5.

• [Tau1][3.5-3.6] for the definition of the Seiberg-Witten invariants and properties of
the Seiber-Witten invariants.

• Discussion of [Mo01][Ch 3.7, Thm] and [Tau1][Ch.4.1]

3. Week 6-8: Applications in Symplectic Geometry

3.1. Week 6

canonical spinC structure, statement of Theorem 4.1, reexpressing the SW-eqns
Assigned Reading: [Tau1][Chapter 4.1-4.3]

3.2. Week 7

Weitzenböck Formulas, Estimates, Uniqueness
Assigned Reading: [Tau1][Chapter 4.3-4.6]

3.3. Week 8

Relation to Pseudoholomorphic Curves, Gromov-Invariants
Assigned Reading:[Tau1][Chapter 5]
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4. Week 9 (25 June): Donaldson theory and the Witten
conjecture

Donaldson Invariants, Gromov-Invariants, Witten’s Conjecture Assigned Reading: [Sal99][Chapter
7.5, page 262-264]

5. Week 10 - 12: Physical Origin of Witten’s Conjecture

5.1. Week 10 (16 July)

Overview, SUSY review, Low-energy effective action of N = 2 SUSY SU(2) Yang-Mills
theory, S-Duality
Assigned Reading: [Bilal96][sec. 1-4]

5.2. Week 11 (23 July)

Monodromies, Seiberg-Witten’s Solution of SYM
Assigned Reading: [Bilal96][sec. 5-6]

5.3. Week 12 (30 July)

From Instantons to Monopoles
Assigned Reading: ?

6. Other Directions and Further Reading

6.1. Generalizations of SW-invariants

6.1.1. Families and Wall-Crossing

6.1.2. Bauer-Furuta Invariants

these are strictly stronger invariants than Seiberg-Witten [Bau1]

6.2. Monopole Floer-Theory

Main reference: [KM07] (' 4 Weeks) Review: [Ma99]

6.3. SW/Monopole-Floer (HM) = Heegard-Floer (HF)

The main statement of the five papers are the isomorphism beetween Seiberg-Witten-
Floer-Theory and Heegard-Floer-Theory.See for reference [Kut1]. So first we have to
define both Floer-Theorys xD
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6.4. 4d N=2 SYM, Integrable Systems, Seiberg-Witten curve
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