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Abstract

This thesis develops the theory of bundle gerbes and examines a number of useful
constructions in this theory. These allow us to gain a greater insight into the struc-
ture of bundle gerbes and related objects. Furthermore they naturally lead to some
interesting applications in physics.



Contents

1 Introduction

2 Bundle Gerbes and Deligne Cohomology
2.1 A Review of Sheaf Cohomology . . . ... ... ... ..........
22 U(l)-Functions .. .......weees esmssssesess osw s
23 U(1)-Bundles wiso scvmvi svms ses eamenenmem s &a% 0a
2.4 Bundle 0-Gerbes & &« s s o5 ¥ e e 0 e e v e bein e e w G 8 E e oS
25 BundleGerbes . : ii o samis st iaw s assns@ni ise

3 Examples of Bundle Gerbes
3.1 Tautological Bundle Gerbes . ... ... ... ..............
3.2 Trivial Bundle Gerbes . s s e s oo arosos o o omns o0 e & o0 5 0 06 8 e @
3.3 Lifting Bundle Gerbes . . . . . . .. ... ... .o
3.4 Torsion Bundle Gerbes . . . . . . . . . . ... o e
3.5 Cup Product Bundle Gerbes . . . . . .. . ... ... ... ... ...

4 Other Geometric Realisations of Deligne Cohomology
4.1 The Bundle Gerbe Hierarchy . . . . . . . . ... . ... ... ......
4.2 Gerbes . . . . . . e e e e e e e e e e e e e e e e
4.3 Bundle 2-Gerbes . . . . . . ... e e
44 Z-Bundle0-Gerbes . . . . . . . .. . . e
45 BPSL-Bundles . . . . .ot e e e e e e
4.6 Comparing the Various Realisations . . . . . ... ... .. .......

5 Holonomy and Transgression
5.1 Holonomy of U(1)-Bundles . . . . . . .. ... ... ...........
5.2 Holonomy of Bundle Gerbes . . . . . .. ... ... .. .........
5.3 Holonomy of Bundle 2-Gerbes . . . . .. ... ... ... ... .....
5.4 A General Holonomy Formula . . . ... ... ..............
5.5 Transgression for Closed Manifolds . . . .. ... ... ... ......

6 Parallel Transport and Transgression with Boundary
6.1 Parallel Transport for Bundles . . . . . . ... ... ... ... .....
6.2 Loop Transgression of Bundle Gerbes . . . . . . .. ... ... .....
6.3 A General Formula for Parallel Transport . . . . . . ... ... .....
6.4 Loop Transgression of Bundle 2-Gerbes . . . . . . . ... ... ... ..

vii

© 3 ot ;

21
21
24
28
28
30

37
37
38
39
52
23
56

59
99
64
67
69
73



7 Further Results on Holonomy and Transgression

7.1 Some General Results . .

..........................

7.2 The Holonomy of the Tautological Bundle Gerbe . . . ... ... ...

7.3 Holonomy Reconstruction

.........................

7.4 Reconstruction via Transgression . . .. .. .. ... ... .......

7.5 Reconstruction of Bundle
7.6 Geometric Transgression
7.7 Gauge Transformations .

8 Applications
8.1 The Wess-Zumino-Witten
8.2 The Chern-Simons Action

2-Gerbes . i v ii i e i e s e e s s

Action % sis % cawiss G B s is 54 0 b a

8.3 D-Branes and Anomaly Cancellation . ... ... ............
8.4 Axiomatic Topological Quantum Field Theory . . .. ... ... . ...

Bibliography

viil

91
91
94
95
99
102
105
109

115
115
117
123
129

134





