Contents

List of Figures xxiii
List of Tables xxvii
1 Introduction 1
1.1 What are Neutrinos . . . . . . . ... .. ... ... .. ... 1
1.1.1  Where Do Neutrinos Come From . . . ... ... ... ... 2

1.1.2 Discovery of Neutrinos . . . . . .. . ... ... ... .... 2

1.1.3 Known and Unknown of Neutrinos . . .. .. .. ... ... 4

1.1.4 Neutrino Oscillation . . . . . . .. ... ... ... .. ... 6

1.2 Neutrinos in the Standard Model . . . . . . . . ... .. ... ... 7
1.2.1 The Gauge Theory and Interactions . . . . . . . . ... ... 9

1.3

1.4

1.5

1.2.2  Spontaneous Symmetry Breaking and the Higgs Mechanism 10

Neutrinos Beyond the Standard Model . . . . . .. ... ... ... 10
1.3.1 Motivations for BSM . . . . ... .. ... ... ... ... 11
1.3.2 BSM Theories . . . . . . . .. ... 11
Neutrino Experiments . . . . . . . . ... ... ... ... .. .. 12
1.4.1 Solar Neutrino Experiments . . . . . . . ... .. ... ... 12
1.4.2  Atmospheric Neutrino Experiments . . . . . . . . ... ... 14
1.4.3 Reactor Neutrino Experiments . . . . . . .. . ... ... .. 15
Inverse Seesaw Mechanism . . . . . . . ... ... ... ... ... 16
1.5.1 Canonical Majorana inverse seesaw . . . . . . . . ... ... 17
1.5.2  Simplest Dirac inverse seesaw . . . . . . . .. ... ... .. 17

Xix



XX

CONTENTS

1.5.3 Majorana double inverse seesaw . . . . . . . . ... ... .. 18

1.5.4 Dirac double inverse seesaw . . . . . . . ... ... 18

1.6 Outline of the Thesis . . . . . . ... .. ... ... ... ... ... 19

Bibliography . . . . . . . 21

Baryon Asymmetry of the Universe and Dark Matter 25

2.1 WhatisaBaryon . . . ... ... oo 25

2.2 Baryon Asymmetry Observations . . . .. ... ... ... ..... 26

2.2.1 Evidence of BAU . . . . . ... ... ... ... .. ... .. 26

2.2.2  Sakharov’s Condition . . . . . . .. .. ... ... ... .. 27

2.2.3 Leptogenesis . . . . . . . ... oL 28

2.3 Dark Matter . . . . . . . ... 30

2.3.1 Evidence of Dark Matter . . . . . . .. .. ... .. ... .. 31

2.3.2 Sterile Dark matter . . . . . .. ..o 31

Bibliography . . . . . . . .. 33
Neutrino mass model in the context of A(54) flavor symmetries

with Inverse Seesaw mechanism 37
3.1 Introduction . . . . . . . ... 38
3.2 Model Framework . . . . . . .. ... ..o 41

3.2.1 Effective neutrino mass matrix . . . . . . . . . .. ... ... 43
3.3 Numerical Analysis . . . . . .. .. ... 45
3.4 Conclusion . . . . . . .. 51
Bibliography . . . . . . . o1

Majorana neutrinos in Double Inverse Seesaw and A(54) flavor

models 59
4.1 Introduction . . . . . . . ... 60
4.2 Framework of the Model . . . . . . . ... ... ... ... 62

4.2.1 Effective neutrino mass matrix . . . . . . .. . .. ... ... 64
4.3 Numerical Analysis and results . . . . . .. ... ... ... .... 65

4.4 Conclusion . . . . . . . 70



CONTENTS xxi

Bibliography . . . . . .. .o 71

5 Neutrino Mixing and Resonant Leptogenesis in Inverse Seesaw

and A(54) Flavor Symmetry 75
5.1 Imtroduction . . . . . . . . ... 76
5.2 Framework of the Model . . . . . . . ... ... oL 78

5.2.1 Effective neutrino mass matrix . . . . . . .. .. .. ... .. 79
5.3 Numerical Analysis . . . . . . ... ... L 81
5.4 Resonant Leptogenesis . . . . . . . . . ... ... ... 84
5.5 Conclusion . . . . . .. .. 87
Bibliography . . . . . . . .. 88

6 Relic Abundance of Dark Matter with A(54) Flavor Symmetry 93

6.1 Introduction . . . . . . . . ... 93
6.2 Stucture of the Model . . . . . . . . ... ... 95
6.2.1 Effective neutrino mass matrix . . . . . . . ... .. ... .. 97

6.3 Numerical Analysis . . . . . .. .. ... 99
6.4 Sterile Dark Matter . . . . . . . ... oo 102
6.5 Conclusion . . . . . . . ... 105
Bibliography . . . . . . . 106

7 Conclusions and Future Outlook 111
7.1 Conclusions . . . . . . . .. 111
7.1.1 Chapter 3 . . . . . . . .. 111

7.1.2 Chapter4d . . . . . .. .. 112

7.1.3 Chapterb . . . . . . ... 112

7.1.4 Chapter 6 . . . . . . . . .. 113

7.2 Future Outlook . . . . . . . . . ... ... 114

A A(54) group 117

B The Scalar Sector of the Model 121



xxii CONTENTS



	03_content

