Table of contents

List of figures XXix
List of tables xliii
Nomenclature xliii
1 Introduction of the Sun and Its Atmosphere 1
1.1 OverviewoftheSun . . ... ... ... ... ... .. ... ... 2
1.1.1 Interiorofthe Sun . . . ... ... ... .. ... ... ... 3

1.1.2  The Solar Magnetic Field . . . . ... ... ... ......... 7

1.1.3  ExterioroftheSun . . . ... ... ... ... L. 10

1.2 Solar Jets: A BriefOverview . . . . . . ... ... ... .. ....... 18

1.3 An Observational View of ChromosphericJets . . . . . .. ... .. ... 21
1.3.1 Spicule-likejets . . . . . . . . ... 22

1.3.2 Macrospicule . . . . . ... Lo 25

1.3.3 Dynamicfibrils . . . . ... ... o oL 26

1.34 Mottles . . . . . .. 26

1.3.5 Networkjets . . . . . . ... 27

1.3.6  Other cool jet-like structures . . . . . . . .. . ... ... .... 28

1.4 Solar Chromospheric Jets: Theoretical and Numerical Understanding . . 28

1.4.1 Magnetic reconnectionmodels . . . . . . ... .. ... .. ... 28



XXVi Table of contents

142 Alfvénwavemodels . . . . ... ... ... ... .. 30
1.43 Acousticwavemodels . . .. ... ... .. ... ... .. 32
144 Pressurepulsemodel . . . . . ... ... ... L. 34
1.4.5 Effect of the non-ideal processes . . . . . . . .. ... .. .... 35
1.5 Evolution of Dynamical ProcessesinJets . . . . ... ... ... .... 36
1.5.1 Oscillationsinthejets . . . ... ... ... ........... 36
1.5.2 Instabilityinthejets . . . .. ... ... ... . ...... .. 37
1.6 Outline of the Thesis . . . . . . . ... ... ... ... ... 38

2 Overview of the Observational Data, Analysis Techniques and Numerical

Methodology 41
2.1 Observational Perspectives of the Solar Atmosphere . . . . . . .. .. .. 42
2.2 Space-based Observatories . . . . . . . . . .. .. ..o 44
2.2.1 Interface Region Imaging Spectrograph (IRIS) . . .. ... ... 44
2.2.2  Solar Dynamics Observatory (SDO) . . . .. ... ... ..... 47
2.3 Data Analysis Techniques . . . . . .. .. ... ... .. .. ....... 51
2.3.1 Image calibration and data processing . . . . . . ... ... ... 51
2.3.2 Spectralanalysis . . . . ... ... Lo o 52
2.3.3 Differential emission measure (DEM) analysis . . . . . ... .. 53
24 Numerical Methods . . . . . ... ... L o 55
2.4.1 Magentohydrodynamic (MHD) system . . . . ... ... .... 55
24.2  Structure of PLUTOcode . .. ... ... ... ......... 58
243 Solenoidal constraint . . . . . ... ... 60
244 Notationsandgrids . . . . .. ... ... ... .......... 61
245 Reconstruction . . . . . ... 62
24.6 Riemannsolver . . . . . ... .. ... ... L. 63

247 Temporalevolution . . . . . . ... ... .. ... ... ..., 65



Table of contents XXvii

2.4.8 Source terms and non-hyperbolicity . . . . . ... ... ... .. 67

249 Unitsanddimensions . . . . . . . . ... ... ... 0., 69

2.5 Wavelet Analysis Technique . . . . . ... ... ... ... ....... 70

3 Spicule-like Cool Jets Driven by Alfvén Pulses in the Solar Atmosphere 73
3.1 Imtroduction . . . . . . .. . ... 74

3.2 Basic Model of the Solar Atmosphere . . . ... ... .......... 78

3.3 Numerical Methods . . . . . .. ... ... ... L 83

3.4 Perturbations . . . . . ... 85

3.5 Generation of Spicule-like Cool Jets Driven by Alfvén Pulses and Their
Properties . . . . . . . .. 88

3.6 Discussion and Conclusions . . . . . . . . . ... o o oo 98

4 Kinematics and Evolutionary Properties of Impulsive Jets Driven by Pressure

Pulse in the Solar Atmosphere 103
4.1 Introduction . . . . . . .. ... 104
4.2 Basic MHD Model of the Pressure Pulse DrivenJets . . . . ... .. .. 107
4.3 Perturbations . . . . . . . ... 113
4.4 Numerical Methods . . . . . . .. ... ... oL 116

4.5 Generation of Cool Jets Driven by the Pressure Pulses and Their Properties 116

4.6 Discussion and Conclusions . . . . . . . . . . ..o e 123
5 Impulsive Origin of Spicule-like Jets in the Solar Atmosphere 125
5.1 Introduction . . . . . . . . . . . ... 127
5.2 ODbServationsS . . . . . . v v e e e e e e e e e e e 132

5.3 Numerical Model of the Spicule-like Jet in Energy Imbalance Condition
in the Solar Atmosphere . . . . . . . . . .. .. ... ... ... 136
54  Perturbations . . ... ..o 140



xxviii Table of contents

5.5 Numerical Methods . . . . . ... .. ... ... 143
5.6 Evolution of Spicule-like Cool Jets and Their Properties . . . . . . . . .. 146
5.7 Discussion and Conclusions . . . . . ... .. ... oL 157
6 Decaying Kink Oscillations in the Fine-structured Cool Solar Jets 165
6.1 Introduction . . . . . . ... ... 166
6.2 Numerical Model of the Generation of Oscillating Spicule-like Cool Jets . 170
6.3 Numerical Methods . . . . . ... .. .. ... ... L L. 173
6.4 Perturbations . . ... ... L 175
6.5 Evolution of the Transverse Kink Waves in the Cool Jets . . . . . . . .. 180
6.6 Discussion and Conclusions . . . . . ... ... ... L. 183
7 Kelvin—Helmholtz Instability in the Cool Plasma Jet in the Solar Atmosphere185
7.1 Introduction . . . . . . .. .. ... 186
7.2 Observational Dataand Analyses . . . . .. ... ............. 190
7.3 Observations of K-H Instability and Its Theoretical Interpretation . . . . . 193
7.4 Discussion and Conclusions . . . . . ... ... 0oL 205
8 Conclusions and Future plan 209
8.1 Summary and Conclusions . . . . . . ... .. ... ... ... .. 209
82 FuturePlans . . . . . . .. . .. 212
Bibliography 215

Appendix List of Publications 247



