
Contents

0. Introduction and Summary of Results ........................... 1

0. 1 Atiyah's TQFT Axioms via Categories ......................... 1

0.2 Double Categories ..........................................
3

0.3 Extended TQFT's ..........................................
6

0.4 Statement of Main Result on the Class of Extended TQFT's .......
8

1. The Double Category of Framed, Relative 3-Cobordisms ..........
15

1.1 The 0- 1-Arrow Category of Surfaces with Boundaries ............
18

1.2 2-Arrows from Cobordisms with Comers ......................
23

1.3 Basic Consequences of the Double Category Picture .............
27

1.4 Mapping Class Groups, Framed Braid Groups, and Balancing .....
35

1.5 Some Facts about Handle Decompositions ...................... 51

1.6 The Central Extension 04 -+  b -4 Obb .....................
68

2. Tangle-Categories and Presentation of Cobordisms ...............
97

2.1 Local Ingredients of Tangle-Diagrams and Horizontal 1-Arrows
...

99

2.2 Admissible Tangles and Vertical 1-Arrows .....................
104

2.3 Equivalence Moves of Tangles, and the 2-Arrows in Tg1 ..........
109

2.4 Tangles in Three-Space ...................................... 116

2.5 Alternative Calculi and Further Equivalences ...................
143

2.6 Compositions and 7'gl as a Double Category ...................
153

2.7 Special Cases and Applications ...............................
166

3. Isomorphism between Tangle and Cobordism. Categories ..........
173

3.1 Trading and Eliminating Handles .............................
175

3.2 Stratified Function Spaces and External Strands on W ............
187

3.3 From Tangle Classes to Cobordism Classes .....................
199

3.4 Verification of Compositions .................................
207

4. Monoidal categories and monoidal 2-categories ..................
217

4.1 Ribbon monoidal. categories .................................. 217

4.2 Hopf algebras in braided categories ...........................
226

4.3 Abelian categories form a monoidal 2-category .................. 242



V1 Contents

5. Coends and construction of Hopf algebras ....................... 261

5.1 The coend
.................................................

261

5.2 Braided function algebra ....................................
270

6. Construction of TQFT-Double Functors
........................

283

6.1 Main result
................................................

283

6.2 Colorations, Natural Transformations, and Liftings ..............
284

6.3 Topological Invariance
......................................

290

6.4 Compositions over Colored Surfaces
..........................

292

6.5 Lifting V(M) to Color-Independent Natural Transformation
.......

294

6.6 Horizontal Compositions ....................................
299

6.7 Topological moves imply the modularity .......................
304

7. Generalization of a modular functor
............................

313

7.1 Enhanced cobordism. categories ............................... 313

7.2 Formulation of TQFT as a double functor in the extended case .....
315

7.3 Sketch of the construction of enhanced TQFT ...................
315

7.4 Examples .................................................
320

A. From Quantum Field Theory to Axiomatics
.....................

335

A. 1 Witten-Chern-Simons Theory and Conformal Field Theory .......
335

A.2 Developing the Axiomatics for Extended TQFT's ................
338

A.3 Generalized TQFT's in Gauge Theory .........................
341

B. Double Categories and Double Functors
........................

343

B. 1 Double Categories ..........................................
343

B.2 Double pseudofunctors ......................................
345

C. Thick tangles ...............................................
353

C. 1 Monoidal bicategory of thick tangles ..........................
353

C.2 Representation of thick tangles by abelian categories .............
365

Index
..........................................................

377



http://www.springer.com/978-3-540-42416-1


