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The background image is the Hubble ultra deep field, an image of an estimated 10,000
galaxies in the constellation Fornax. These galaxies were formed from the density
perturbations that were created during inflation and are best studied from the cosmic
microwave background radiation. The image of this radiation is used as a background
for the letters on the cover. Finally, a curved inflaton trajectory is depicted, which will
make features in the power spectrum that might be possible to study using late time
cosmology.

‘Lieve hart mijn boek is af, mijn boek is af!” - Multatuli






Contents

1 Introduction

1.1 The standard model of cosmology . . . . ... ... ... ......
1.2 The inflationary paradigm . . . . . . . ... ... ... ... ... ..
1.2.1 Slow-rollinflation . . . ... ... ... ... ... .....
1.2.2  The power spectrum . . . . . . . . . . .. ...
1.2.3 Nongaussianities . . . . . . . . . . . ...
1.3 Heavy physics and inflation . . . . . . . ... ... ... ... ..
1.3.1  String theory and inflation . . . . . ... ... ... . ....
1.3.2  Supergravity and effective field theory . . . . . . ... .. ..

Consistent decoupling of heavy scalars and N =1 supergravity

2.1 Consistent decoupling of scalar fields in N'=1 supergravity . . . . . .

2.2 Analysis of the consistency conditions . . . . . .. ... ... ....

2.3 Consistent decoupling compared to gravitational coupling in rigid su-
PEISYMMELIY . . . . o v vttt e e e e e e e e

24 Discussion . . . . . . ..ol e e

F-term uplifting and the supersymmetric integration of heavy scalars
3.1 Introduction . . . . . . ... .. . ...
3.2 F-term uplifting and integrating out heavy scalars . . . . . . ... ..
3.3 Stability of supersymmetric critical points . . . . . . ... ... ...
3.3.1 Analysis of the Kéhler function . . .. ... ... ......
3.3.2  Analysis of the scalar potential with vanishing D-terms . . . .
3.3.3  Analysis of the scalar potential with non-vanishing D-terms .
3.4 Stability of uplifted vacua . . . . . .. ... ... L.
3.4.1 Stability of uplifted vacua with zero D-term potential . . . . .

23
24
26

28
29



CONTENTS

vi

3.4.2 Stability of uplifted vacua with a non-zero D-term potential
3.5 More general couplings . . . . . .. ...
3.6 Summary and Conclusions . . . . . .. ... ... ... ... ...

Heavy physics in the Cosmic Microwave Background

4.1 Introduction . . . . . . . . . ...

4.2 Basicconsiderations . . . . . ... ...
4.2.1 Background solution . . . . . ... ... ... ... ...

4.3 Perturbationtheory . . . . ... ... ... ...
4.3.1 Canonical frame . . ... ... ... ... .. .......
4.3.2 Quantisation and initial conditions . . . . . . ... ... ...
4.3.3 Two-point correlation function . . . . . . ... ... ... ..

4.4 Applications in Minkowskispace . . . . . .. ... ... ... ...
4.4.1 Dynamics in the presence of mass hierarchies . . . . . . . . .
442 Two-fieldmodels . . . . .. ... ... ... ... ...,
443 Constant radius of curvature . . . . . . ... ... ... ...
444 Low energy effectivetheory . . . . ... ... ... .....

45 Discussion. . . . ...
45.1 Inflation. . . . . ... ... L
4.5.2 Decoupling of light and heavy modes in supergravity . . . . .
4.5.3 Consistent decoupling and autoparallel trajectories . . . . . .

Two-field models of inflation

5.1 Introduction . . . . . . . . ... ...

5.2 Inflationary models with two scalar fields . . . . ... ... ... ..
5.2.1 Powerspectrum . . . . . . ... ... ...
5.2.2 Effective Theory . . ... ... ... .. ... ... .....

5.3 Slow-roll inflation in two-field models . . . . . . ... ... .. ...
5.3.1 Slow-roll parameters . . . . . . . . . ... ... ... ..
5.3.2 Perpendicular dynamics . . . .. ... ... ... ... ...
5.3.3 Equations of motion in the slow-roll regime . . . . . . .. ..
5.3.4 Effective theory for the adiabaticmode . . . . ... ... ..

5.4 Features in the power spectrum . . . . . . . . ... .. ... ... ..
5.4.1 Constant radius of curvature . . . . . .. ... ... .....
5.4.2 Single turnin the trajectory . . . . . . .. ... ... L.
543 Aspecificexample . . . ... ... oL
5.4.4 Enhancement of nongaussianity . . . .. ... ... .. ...

55 Conclusions . . . . . . ...

50
51
54

57
57
61
62
67
70
71
74
75
75
77
79
81
82
83
84
86



CONTENTS

6 Conclusions 111
A Commutation relations for quantum multi-fields 115
B Zeroth-order theory of the background fields 119
Samenvatting 141
Summary 151
Dankwoord 161
List of publications 163
Curriculum Vitae 165

vii








