


CONTENTS

PREFACE

CHAPTER 1. SOLAR MAGNETISM — AN OVERVIEW

1.1.
1.2.
1.3.
1.4.
1.5.
1.6.

Introduction

Emission Patterns and Field Topology

Zeeman Effect on the Sun

Global Evolution of the Magnetic Field

Small-scale Magnetic Fields on the Quiet Sun

Summary of Observed Properties and Theoretical Concepts

CHAPTER 2. THEORY OF POLARIZED RADIATION

2.1.
2.2.
2.3.
2.4.
2.5.
2.6.

Introduction

Maxwell’s Equations

The Poynting Flux

The Electromagnetic Wave Equation
Dipole Moment and Refractive Index
Representations of Polarized Light
2.6.1. Jones Calculus

2.6.2. Coherency Matrix Formalism
2.6.3. Stokes Parameters

CHAPTER 3. INTERACTION OF MATTER WITH RADIATION

3.1.
3.2.
3.3.
3.4.

3.5.
3.6.
3.7.
3.8.
3.9.

Introduction

Dipole Radiation

Radiative Reaction Force

Classical Description of the Electromagnetic Interaction
of an Electron in a Central Potential

Quantum Reinterpretation of the Oscillator Frequency

Spherical Vectors and the Decoupling of the Component Equations

Oscillatory Solutions
Solutions in Terms of a Complex Refractive Index
Absorption and Dispersion of the Electromagnetic Wave

3.10. Evaluation of the Spherical Vector Components

vii

xiil

10
15
21
27

31

31
32
33
33
35
36
37
39
40

42

42
42
44

46
47
48
49
50
52
53



viil

3.11.

3.12.
3.13.

CONTENTS

Expansion of the Absorption-Dispersion Matrix

in Terms of the Pauli Matrices

Jones Matrix for Radiative Scattering in a Magnetic Field
Modifications due to Quantum Mechanics

CHAPTER 4. RADIATIVE TRANSFER WITHOUT SCATTERING

4.1.
4.2.
4.3.
4.4.
4.5.
4.6.
4.7.
4.8.

Introduction

Coherent and Incoherent Superposition

Radiative Transfer of the Coherency Matrix

Broadening of the Complex Refractive Index

Stokes Formulation of the Transfer Equation

Addition of a Continuum and an Optical Depth Scale

Coherency Matrix Transfer Equation without Coherent Scattering
Stokes Transfer Equation without Coherent Scattering

CHAPTER 5. CLASSICAL SCATTERING AND THE HANLE EFFECT

5.1.
9.2.
5.3.
5.4.
5.5.
5.6.
3.7.

5.8.
9.9.

5.10.
5.11.
5.12.
5.13.
5.14.
5.15.
5.16.
. Stokes Transfer Equation, Including the Zeeman and Hanle Effects

5.17

Coherent Scattering in the Rest Frame
Frequency Redistribution of Polarized Radiation
The Absorption and Emission Matrices
The Scattering Coefficient
The Incoherent Scattering Matrix
Doppler Redistribution by Incoherent Scattering
Doppler Redistribution by Coherent Scattering
5.7.1. Line Wings
5.7.2. Line Core
Polarization Effects in the Dispersion Wings
Introduction of a Polarization Phase Matrix
Weak Field Redistribution in the Line Core
Frequency Averaging of the Scattering Matrix
Origin and Nature of the Hanle Effect
The Hanle Effect Phase Matrix
Inclusion of Atomic and Collisional Depolarization
Explicit Examples of Hanle-Effect Scattering
Polarization of the Continuous Spectrum

CHAPTER 6. NON-LTE RADIATIVE TRANSFER:

6.1.
6.2.
6.3.

PHENOMENOLOGICAL TREATMENT

Introduction
The Hamiltonian of the System
Multi-electron Atomic Systems

%)
56
59

61

61
61
62
63
66
68
69
70

73

73
74
76
77
78
79
81
81
82
83
83
84
85
87
88
90
91
95
97

101

101
102
104



CONTENTS

6.4. Zeeman Effect
6.5. Anomalous Splitting

6.6. Non-LTE Populations of the Sublevels and the Equation

of Radiative Transfer
6.7. Relations between the Rate Coefficients

6.8. Semi-Classical Derivation of the Factor 2hv3/c?

6.9. Phenomenological Treatment of Emission
6.10. Polarized Transfer Equation with Scattering
6.11. Non-LTE Transfer of the Coherency Matrix

CHAPTER 7. INTRODUCTION TO QUANTUM FIELD THEORY

OF POLARIZED RADIATIVE TRANSFER

7.1. Introduction

7.2. The Density Matrix and the Liouville Equation

7.3. The Schrodinger and Interaction Pictures
7.4. Quantization of the Radiation Field

7.5. Mode Counting

7.6. Radiation Coherency Matrix

7.7. The Interaction Hamiltonian

7.8. Evolution of the Expectation Values

7.9. First-order Solution of the Liouville Equation

7.10. Second-order Equation for the Expectation Values

CHAPTER 8. MULTI-LEVEL RADIATIVE TRANSFER
WITH COHERENCE EFFECTS

8.1. Introduction

8.2. Radiative Transfer Equation

8.3. Statistical Equilibrium Equation

8.4. Derivation of the Einstein Transition Rates
8.5. Collisional Rates and the Damping Parameter
8.6. Radiatively Induced Transitions

8.7. Solution for the Off-diagonal Terms

8.8. System of Equations for the Diagonal Terms
8.9. The Radiative Transfer Matrices

8.10. Scattering Amplitudes and the Phase Matrix

CHAPTER 9. RAYLEIGH AND RAMAN SCATTERING

9.1. Introduction

9.2. Transition Rates in Time-dependent Perturbation Theory

9.3. Explicit Expressions for the Transition Rates
9.4. Symmetry Properties of the Phase Matrix

X

105
107

111
115
116
120
123
126

127

127
127
129
131
134
135
136
140
142
144

149

149
150
153
157
160
162
165
168
169
172

178

178
179
180
183



X CONTENTS

9.5. Expressions for W,

9.6. Example of Negative Polarizability

9.7. Upper J-state Interference

9.8. J-state Interference in the Rayleigh Scattering Case

9.9. J-state Interference in the Raman Scattering Case

9.10. Expressions for the Relative Oscillator Strengths

9.11. Sign of the Interference Terms

9.12. W, for Complete Multiplets

9.13. Principle of Spectroscopic Stability

9.14. Role of a Background Continuum

9.15. Clarifying Remarks Concerning the Dependence
of the Polarizability on Oscillator Strength

9.16. Origin of Partial Polarization in the Scattered Radiation

CHAPTER 10. COLLISIONS, PARTIAL REDISTRIBUTION,
AND TURBULENT MAGNETIC FIELDS

10.1. Introduction
10.2. Classical Collision Theory
10.3. Scalar Frequency Redistribution Function
10.4. Branching Ratios for the Polarized Case
10.5. Frequency Redistribution Matrix in the Rest Frame
10.6. Frequency Redistribution Matrix in the Observer’s Frame
10.7. Expressions for Ry and Ryyp
10.8. Core and Wing Redistribution Matrices

10.8.1. Line Core

10.8.2. Line Wings
10.9. Continuum Polarization and Depolarizing Blend Lines
10.10. Hanle Effect in Solar Prominences
10.11. Hanle Effect in the Upper Solar Atmosphere
10.12. Hanle Depolarization for Microturbulent Magnetic Fields
10.13. Properties of the Turbulent Magnetic Field

According to the Hanle Effect
10.14. Magneto-turbulent Line Broadening
10.15. Constraints on the Turbulent Magnetic Field
from the Transverse Zeeman Effect

10.16. Concluding Remarks on the Turbulent Field

CHAPTER 11. SOLUTIONS OF THE POLARIZED TRANSFER EQUATION

11.1. Formulations of the Transfer Equation

11.2. Formal Solution of the Stokes Transfer Equation

11.3. Formal Solution of the Coherency Matrix Transfer Equation
11.4. Contribution Functions

187
190
192
194
196
197
199
200
201
202

207
208

210

210
211
213
215
216
217
218
219
219
220
220
223
225
226

229
232

234
237

239

239
240
242
243



CONTENTS xi

11.5. Response Functions 245
11.6. Analytical Solutions 247
11.7. Diagonalization of the Transfer Equation 250
11.8. Special Cases: Longitudinal and Transverse Fields 256
11.9. Weak Field Approximation 258
11.10. Approximate Determination of Vector Fields 263
11.10.1. Weak Field Case 263
11.10.2. General Case: Calibration Curves 263
11.11. Numerical Solutions 265
11.12. Model Atmospheres and Multi-Dimensional Radiative Transfer 268
11.13. Stokes Inversion 271
CHAPTER 12. DIAGNOSTICS OF SMALL-SCALE MAGNETIC FIELDS 273
12.1. Introduction 273
12.2. Diagnostic Contents of Stokes V' Spectra: An Overview 275
12.3. Evidence for the Validity of a Two-component Model 279
12.4. Line Ratios 280
12.5. Fraction of Magnetic Flux in kG Form 286
12.6. Integrated Stokes V Profiles 289
12.7. Regression Analysis of the Stokes V' Profiles 290
12.8. Diagnostics of Flux Tube Dynamics 294
12.9. Infrared Diagnostics 298
12.9.1. Weak and Strong Field Regimes 298
12.9.2. Zeeman Broadening 299
12.9.3. Multi-component Modelling 300
12.9.4. Field-strength Distributions 301
12.9.5. The 12 um Region 304
12.10. Model Building 304
CHAPTER 13. INSTRUMENTATION FOR SOLAR POLARIMETRY 312
13.1. Overview of System Components 312
13.2. General Treatment of an Optical Train 314
13.3. Mueller Matrices for Different Types of Optics 316
13.3.1. Partial Linear Polarizers 316
13.3.2. Polarizing Beam Splitter 316
13.3.3. Retarder 316
13.3.4. Modulator 317
13.3.5. Reflection and Transmission at a Dielectric Surface 318
13.3.6. Reflection by a Mirror 320
13.4. Weakly Polarizing Optical Train 321
13.5. Instrumental Polarization 323

13.5.1. Measurement of the Instrumental Polarization 323



xii CONTENTS

13.5.2. Compensation of the Instrumental Polarization 325
13.5.3. Off-line Correction for the Instrumental Polarization 326

13.6. Removal of Atmospheric Disturbances 328
13.6.1. Elimination of Seeing-induced Polarization Signals 328
13.6.2. Speckle Polarimetry 329
13.6.3. Adaptive Optics 331

13.7. Modulation Schemes 333
13.7.1. Rotating Retarder 333
13.7.2. Uncoupled Electrooptical Modulators 334
13.7.3. Coupled Modulators 337
13.7.4. Spatial Modulation 341

13.8. Demodulation Schemes 342
13.8.1. Synchronized Read-out 342
13.8.2. Optical Demodulation 343
13.8.3. Hidden Fast Buffers with Synchronized Charge Shifting 344

13.9. Imaging FTS Polarimeter 347
13.10. LEST 349
REFERENCES 351
SYMBOL INDEX 358

SUBJECT INDEX 375






	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

