Imprint of Pre-inflation Universe from Signatures in the
Cosmic Microwave Background Anisotropy Spectrum

‘A THESIS

submitted for the Award of Ph.D. degree of

MOHANLAL SUKHADIA UNIVERSITY

in the

Faculty of Science

le by

Akhilesh

Under the Supervision of

Prof. Subhendra Mohanty,
Theoretical Physics Division

Physical Research Laboratory, Ahmedabad

DEPARTMENT OF PHYSICS
FACULTY OF SCIENCE

MOHANLAL SUKHADIA UNIVERSITY

UDAIPUR

Year of submission: 2009



Contehts

Certificate

Declaration

Dedication

Acknowledgment

Abstract

1 Introduction

2 Standard theory of density perturbations and CMB anisotropy

2.1

2.2

2.3

2.4

Standard model of cosmology . . . . . . ... o
2.1.1 Flatnessproblem: . . . . . . . ... . ... oo
2.1.2 Horizonproblem . . . .. .. ... ...
Introduction to inflation . . . . . . ... ... ... P
221 Inflaton . . . . .. . e
222 Slow-roll . .. ...
Perturbations during inflation . . . . . . . . ..o oo
2.3.1 GaugeinvarianCe . . . . . . . . ...
2.3.2 Comoving curvature perturbation . . . .. ... ... .. ...
2.3.3 Powerspectrum . . . . . .. ...
2.3.4 Tensor perturbations . . . . .. ...
CMB anisotropy and polarization . ...................

2.4.1 Boltzmannequation . . . . . . . . ...

ix

ii

iii

iv

vii



 CONTENTS

\ 2_4,2 Calculation of angular power spectra. . . . .. . ... ... ..

243 Large scale CMB anisotropy . . . ... ... .. ........

95 Warminflation . .. ... oo o

3 Effect of pre-inflation thermal era on CMB polarization
3.1 Introduction . . . . . . . . .
3.2 Tensor perturbations during inflation with a prior radiationera . . . . .
3.3 Effect of pre-inflationary radiation era on CMB polarization . . . . . .
3.4 Implications for warm inflationmodels . . . . . . ... ... ... ...

35 Conclusions . ... ... e e e e e

4 Natural inflation at the GUT scale
4.1 Introduction . . . .. .. . ... . L
42 Thepotentialfor PNGB . . . . ... ... ... ... .. ... .....
4.3  Warm natural inflation . . . . .. ... ... o 0oL
4.3.1 Microphysical model for large dissipation . . . . ... ... ..
4.3.2  Predictions for non-Gaussianity . . . . . ... . ... ... ..
433 Leptogenesis . . . . . . .. ...

4.4 Conclusions . . . . . . . o o

5 Effect of spatial curvature on CMB anisotropy
5.1 Imtroduction . . . . . . . . . . . ..
5.2  Scalar powerspectrum . . . . ... oL
53 Closed universeinflation . . . . . ... ... ... ... ... .. ...
54 Openuniverse inflation . . . . .. ... ... ..... e e
5.5 Effect of curvature on temperature anisotropy spectrum . . . . . . . . .

5.6 Conclusion . . . . . . . . . .
6 Conclusion and discussions
List of publications

Bibliography

30
34
36

39
39
40
42
46
47

49
49
51
52
54
55

- 57

59

61
61
64
68
70
72
77

79

82

83



