Contents

1 Imtroduction............ ... . ... . . . ...
1.1 BigBang Universe. . ... ......... ...,

1.2 Paradigm in the Early Universe . . ... ..................

1.3 Concept of this Thesis . ......... ... ... .. ... ........
References . ......... ... .. . . ... . . ..

2 Fluctuations in Inflation . . . . . .......... ... . ... . .....
2.1 Dynamics of the Scalar Field. . .. .....................

2.2 Slow-Roll Inflation. . . . ... ... . ... . ... . ... ..

23 Reheating . ... ... ...

24 Inflation Models. . .. ... ... ... ..
2.4.1 Single-Field Slow-Roll Inflation . ................

2.4.2 Beyond the Single-Field Slow-Roll Inflation. . .......

2.5 Scalar Perturbations . .. .......... . ... . .. L
2.5.1 Quadratic Action . . . ............ .. ...

2.5.2 Quantization and Initial Condition. ... ............

2.5.3 Solution in de Sitter Space-Time. . . ..............

2.5.4 Power Spectrum of Curvature Perturbations . ........

2.6 Tensor Perturbations. . ... ............. ... ... .......

2.7 Consistency Relations in the Slow Roll Limit . . ... ........
References . ......... . .. .. . . ... . . ..

3 Fluctuations in Cosmic Microwave Background Radiation. . . . . .
3.1 Einstein Equations . . .. ... ... ... ... ... .. .. ...
3.1.1 Homogeneous Contribution. . ... ................

3.1.2 Perturbed Contribution . . . ... ....... ... ........

3.2 Boltzmann Equations . .. ........ .. .. .. .. .. ... .. ....

33 Stokes Parameters . ... ........ ... ... ... ... ...

3.4 Boltzmann Equations for Photons. . . .. .................

3.5 Thomson Scattering . . ... ... ... .. vtr oo,

DN B W= =

11
12
12
14
15
16
17
18
19
19
21
23

25
26
28
29
31
34
35
36

xi


http://dx.doi.org/10.1007/978-4-431-54180-6_1
http://dx.doi.org/10.1007/978-4-431-54180-6_1
http://dx.doi.org/10.1007/978-4-431-54180-6_1#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_1#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_1#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_1#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_1#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_1#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_1#Bib1
http://dx.doi.org/10.1007/978-4-431-54180-6_2
http://dx.doi.org/10.1007/978-4-431-54180-6_2
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec7
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec7
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec8
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec8
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec9
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec9
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec10
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec10
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec11
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec11
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec12
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec12
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec13
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Sec13
http://dx.doi.org/10.1007/978-4-431-54180-6_2#Bib1
http://dx.doi.org/10.1007/978-4-431-54180-6_3
http://dx.doi.org/10.1007/978-4-431-54180-6_3
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec7
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec7

Xii

Contents

3.6 Transfer Functions . . . ....... ... ... ... .. .. ... ... 39
3.7 All-Sky Formulae for the CMB Scalar-, Vector-

and Tensor-Mode Anisotropies . ... ... ................ 48
3.8 Flat-Sky Formulae for the CMB Scalar-, Vector-

and Tensor-Mode Anisotropies . ... ... ................ 53
3.9 CMB Power Spectrum . . ...........0 ..., 57
References .. ... ... .. . 61
Primordial Non-Gaussianities . . . . .. ..................... 63
4.1 Bispectrum of the Primordial Fluctuations. . . ............. 63
4.2 Shape of the Non-Gaussianities . . .. ................... 64

421 Local Type . ... .ot 65

4.2.2 Equilateral Type ... ....... ... ... ... ... ..... 66

423 Orthogonal Type . . ......... ... .. ..., 67
4.3 Observational ASPects. . . . .. ...ttt 68
4.4 Beyond the Standard Scalar-Mode Non-Gaussianities. . . . . . . . 69
References ... ... ... .. . 69

General Formalism for the CMB Bispectrum from
Primordial Scalar, Vector and Tensor Non-Gaussianities. . . . . . . 73
References . . ... i 77

CMB Bispectrum Induced by the Two Scalars

and a Graviton Correlator . . . . ...................... ... 79
6.1 Two Scalars and a Graviton Interaction During Inflation . . . .. 79
6.2 Calculation of the Initial Bispectrum . .................. 80
6.3 Formulation of the CMB Bispectrum . .................. 82
6.4 Estimation of the Signal-to-Noise Ratio . ................ 86
6.5 Summary and Discussion . .......... ... ... ... ... ..., 87
References ... ... ... ... .. . 88

Violation of the Rotational Invariance

in the CMB Bispectrum . ... ........................... 89
7.1 Statistically-Anisotropic Non-Gaussianity in Curvature

Perturbations . . . . ... . ... 90

7.2 CMB Statistically-Anisotropic Bispectrum ............... 94

7.2.1 Formulation. . ............... . ... .. ........ 94
7.2.2  Behavior of the CMB Statistically-Anisotropic

Bispectrum . .. ... .. .. .. 97

7.3 Summary and Discussion . .......... ... ... ... ... ..., 99

References ... ... ... . .. . . 100

Parity Violation of Gravitons in the CMB Bispectrum. . . . ... .. 103

8.1 Parity-Even and -Odd Non-Gaussianity of Gravitons . ....... 104


http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec8
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec8
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec9
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec9
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec9
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec10
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec10
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec10
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec11
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Sec11
http://dx.doi.org/10.1007/978-4-431-54180-6_3#Bib1
http://dx.doi.org/10.1007/978-4-431-54180-6_4
http://dx.doi.org/10.1007/978-4-431-54180-6_4
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec7
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Sec7
http://dx.doi.org/10.1007/978-4-431-54180-6_4#Bib1
http://dx.doi.org/10.1007/978-4-431-54180-6_5
http://dx.doi.org/10.1007/978-4-431-54180-6_5
http://dx.doi.org/10.1007/978-4-431-54180-6_5
http://dx.doi.org/10.1007/978-4-431-54180-6_5#Bib1
http://dx.doi.org/10.1007/978-4-431-54180-6_6
http://dx.doi.org/10.1007/978-4-431-54180-6_6
http://dx.doi.org/10.1007/978-4-431-54180-6_6
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_6#Bib1
http://dx.doi.org/10.1007/978-4-431-54180-6_7
http://dx.doi.org/10.1007/978-4-431-54180-6_7
http://dx.doi.org/10.1007/978-4-431-54180-6_7
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_7#Bib1
http://dx.doi.org/10.1007/978-4-431-54180-6_8
http://dx.doi.org/10.1007/978-4-431-54180-6_8
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec1

Contents xiii

8.1.1 Calculation of the Primordial Bispectrum........... 105
8.1.2 Running Coupling Constant . . .................. 109
8.2 CMB Parity-Even and -Odd Bispectrum . . . . ............. 110
8.2.1 Formulation. . ....... ... ... ... ... ... ... .. ... 110
8.2.2 Evaluation of £} and f%)wz ..................... 116
823 Results........ ... 118
8.3 Summary and Discussion . ............. .. .. ... .. .. .. 121
References . ... ... .. 122

9 CMB Bispectrum Generated from Primordial

Magnetic Fields . .. ... ..... .. .. .. .. ... ... . . . . . . .. ... 125

9.1 CMB Fluctuation Induced from PMFs . ... ... ... ... .... 126
9.1.1 Setting forthe PMFs . ... ... ... ... ... ... ..... 127

9.1.2 Scalar and Tensor Modes . . .. .................. 128

9.13 VectorMode. . ......... .. ... .. .. 131

9.1.4 Expression of dg,’s - oo oo 134

9.1.5 CMB Power Spectrum from PMFs. . ... ........... 134

9.2 Formulation for the CMB Bispectrum Induced from PMFs. ... 141
9.2.1 Bispectrum of the Anisotropic Stress Fluctuations . . . . . 141

9.2.2 CMB All-Mode Bispectrum . . .................. 142

9.3 Treatment for Numerical Computation . .. ............... 148
9.3.1 Thin LSS Approximation . ..................... 151

9.3.2 Selection Rules of the Wigner-3j Symbol . . . ... ..... 153

9.4 Shape of the Non-Gaussianity . .. ..................... 154

9.5 Analysis . ... ... 157

9.6 Summary and Discussion . . ............. ... 163
References ... .. ... .. . 164

10 Conclusion. . . ... ... ... ... ... 167
Appendix A: Spin-Weighted Spherical Harmonic Function. . . ... ... 169
Appendix B: Wigner D-Matrix . .......... ... ... ... ......... 173
Appendix C: Wigner Symbols . . ... ......................... 175
Appendix D: Polarization Vector and Tensor. . ... ........ ... ... 183

R : (a) (@)

Appendix E: Calculation of f,,; and f G e 187

Appendix F: Graviton Non-Gaussianity from
the Weyl Cubic Terms. . . ....................... 191


http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec7
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec7
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec8
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Sec8
http://dx.doi.org/10.1007/978-4-431-54180-6_8#Bib1
http://dx.doi.org/10.1007/978-4-431-54180-6_9
http://dx.doi.org/10.1007/978-4-431-54180-6_9
http://dx.doi.org/10.1007/978-4-431-54180-6_9
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec1
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec2
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec3
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec4
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec5
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec6
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec7
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec7
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec8
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec8
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec9
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec9
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec10
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec10
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec11
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec11
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec12
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec12
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec12
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec13
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec13
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec14
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec14
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec15
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Sec15
http://dx.doi.org/10.1007/978-4-431-54180-6_9#Bib1
http://dx.doi.org/10.1007/978-4-431-54180-6_10
http://dx.doi.org/10.1007/978-4-431-54180-6_10

2 Springer
http://www.springer.com/978-4-431-54179-0

Probing the Early Universe with the CMB Scalar, Wector
and Tensor Bispectrum

Shiraishi, M.

2013, X, 180 p., Hardcover

ISBEMN: 978-4-431-54179-0



	Contents



