Contents

1 Reconstructing Images in Astrophysics, an Inverse Problem

Point of View...... ... . 1
Céline Theys and Claude Aime
1.1 Introduction ..........ooouiiiiiiiiii i 2
1.2 Physical Basis of Optical Imaging ..............ccooooiiiiiiiiii... 2
1.2.1 Basic Relations for Image Formation.......................... 3
1.2.2  Image Detection in the Presence of Noises.................... 5
1.3 Inverse Imaging Problem ... 7
1.3.1 The Raw Inverse Filter and an Improved Version ............. 7
1.3.2 Matrix Formulation .................ooiiiiiiii 8
1.3.3 Minimum Variance Unbiased Solutions ....................... 10
1.4 Adding A Priori: Regularization ................ccooiiiiiiiiii. .. 11
1.5 TIterative Methods and Non-negativity Constraint ..................... 13
1.5.1 Poisson Process, Richardson Lucy Algorithm ................ 15
1.5.2  Gaussian Process, ISRA Algorithm....................oooa. 17
1.6 Illustration of RL Algorithm for Observations Made
with a Diluted Array of Telescopes .........coovviieiiiiiiiieeean. 18
1.7 Concluding Remarks..........oouiiiiiiiiiii e 22
References ......ooouuiiiii i 22
2 Reconstruction of Solar Subsurfaces by Local Helioseismology ........ 25
Alexander G. Kosovichev and Junwei Zhao
2.1 INtroduCtion ..........c.oiiiiiiiiiiii i 25
2.2 Time-Distance Helioseismology from SDO ........................... 29
2.3 Subsurface Flows and Effects of Solar Activity ....................... 30
2.4 ConclUuSION ...oouuiiii i 38
References ......oouuiiii i 38

vii



viii

3

Contents
Imaging Surface Spots from Space-Borne Photometry.................. 43
A.F. Lanza
3.1 INtroduction ........coouuiiiiiiiii 43
3.2 Spot Modelling with Discrete Spots ..........cccooviiiiiiiiiiiiiee... 45
32,1 Model GEOMELIY ...vveeeiiiie e 45
3.2.2  Flux Variation Produced by an Active Region ................ 46
3.2.3 Few-Spot Models .......oouuuiiiiiiiiiiiiiiiiiiiiic e 49
3.2.4 Multispot Models with Evolution ..................ccooiiiie. 52
3.3 Models with Continuous Spot Distributions ........................... 52
3.3.1 Flux Variation Produced by a Continuous
Distribution of Active Regions............c.oooviiiiiiiinnn. 53
3.3.2 The Light Curve Inversion Problem
and the Regularization................oooviiiiiiiiiiiiie... 54
3.3.3 Alternative Approaches..........c.oovvuiiiiiiiiiiiiieiiiinn. 59
3.4 Spot Occultations During Planetary Transits .......................... 60
3.5 Tests of SPOt ModelS....oovnnniiiiii i 61
3.6 ConClUSIONS ...uuuiiit i 63
References ......oouuiii 64
Reconstruction of Thermal and Magnetic Field Structure
of the Solar Subsurface Through Helioseismology ....................... 69
K.M. Hiremath
4.1 IntrodUCtion .........ooiuiiiiiii i 69
4.2 Solar Cycle and Activity Phenomena ... 70
421 SUNSPOLS ettt et 71
422 Sunspot 11 Year Cycle ......oooviiiiiiiiiiiiiiiiiiiiiie... 71
4.2.3  Sunspot 22 Year Magnetic Cycle .............ccovviiiee... 72
4.2.4  Spherical Harmonic Fourier Analysis of Sun’s
Magnetic ACHVILY ...oovunetiitt ettt 73
4.2.5 Polar Faculae and Coronal Holes ..........................o.. 74
4.3 Solar Thermal Structure as Understood
from the Evolutionary Calculations ................cccoviiiiiiieann. 75
4.4 HelioSeiSMOIOZY «..uuueeiite ettt e 77
4.4.1 Inference of Thermal Structure by Comparing
the Observed and Computed Frequencies ..................... 79
4.4.2 Inference of Thermal Structure: Primary Inversions........... 79
4.4.3 Inference of Thermal Structure: Secondary Inversions ....... 81
4.4.4 Inference of Magnetic Field Structure: Primary
INVErsions ........c.oiiiiiiiii i 85
4.4.5 Inversion of Poloidal Magnetic Field Structure:
Secondary Inversions ............oooeiiiiiiiiiiiiiiiiiie... 86
4.5 Concluding Remarks.........oooviiiiiiiiiiii i 88
4.5.1 Recent Estimation of Chemical Abundances
and Incompatible Seismic Models ...............ccoooiie... 89



Contents

4.5.2 Solar Cycle Changes of Frequencies

and the Sound Speed.........cooooiiiiiiiii
4.5.3 Steady Parts of Poloidal and Toroidal Magnetic

Field Structure ....... ...
4.5.4 Origin and Consequences of Near Surface

Rotation Profile and Toroidal Magnetic Field Structure ......

4.5.5 Origin of 22 yr Cycle and Future Helioseismic Inferences ...
References ......oouuiii i

5 Physical Processes Leading to Surface Inhomogeneities:
The Case of Rotation .................... i,
Michel Rieutord
5.1 INtroduCtion ......o.eeueeii i
5.2 The Energy Flux in Radiative Envelopes of Rotating Stars...........
5.2.1 vonZeipel 1924 ... ... o
5.2.2 Theldeaofthe w-Model .............oooiiiiiiiiiiiiiiiina.
5.2.3 The Derivation of f(7,0) ...oovvvviieeiiiii e,
5.2.4 Two Interesting Latitudes ............c.ooooeeiiiiiiiiiiannn.
5.2.5 The Final Solution of the w-Model ............................
5.2.6  Comparison with 2D Models: A Test
of the B-and w-Models ...........cccoeiiiiiiiiiiiiiiiinn...
5.3 The Case of Convective Envelopes............ccoovviiiiiiiiiiiio...
5.3.1 Lucy’sProblem ........ccooiiiiiiiiiiii
5.3.2 A New Derivation of Lucy’s Result...........................
5.3.3 Can Lucy’s Law Represent a Gravity Darkening Effect?.....
5.4 BInary STars ...ooouuiiiii it
5.5 ConcluSIONS ...o.uueeiiitt it
ReferenCes ... .nee e

6 Interferometry to Determine Stellar Shapes:

Application to Achernar. ...t
Pierre Kervella
6.1 INtroduction .............coiiiiiiiiiiiii
6.2 VLTI Observations of Achernar....................ooiiii..
6.3 Analysis Using LITPro ..........oooiiiiiiiiiiiiiiii e
6.3.1 VINCIDataSetOnly.......coovvviiiiiiiiiiiiiiiiiiiiiieean.
6.3.2 Full VINCI4PIONIER Data Set............coviiviiiiiiaan
6.3.3  DISCUSSION ...ttt ettt
6.3.4 Conclusion .........coouiiiiiiiiiii i
References ......ooouuiii i
7 Interferometry to Image Surface Spots.........................oo
Guy Perrin
7.1 Motivations for Interferometric Imaging of Stars .....................
7.2 Theory of Imaging with Telescopes and Interferometers .............
7.2.1 Imaging with Single Apertures..................oooiieeeen.n.

7.2.2  Imaging with Sparse Apertures ...............ccoovvuueeeennn.

ix

117



Contents

7.3 The Nature of Interferometric Data ..., 140
7.4 Aperture Synthesis and Supersynthesis ..............ocooeviiiiie... 144
7.5 Closure Phases .........coouiiiiiiiiiiiiii i 146
7.6 Image Reconstruction.............oovviiiiiiiiiiiiiiiiii e, 149
7.7 Examples of Results .........oooiiiiiiiiiiiiii i 152
7.8 ConClUSION ..ottt 156
ReferenCes . ounee et 157
Interferometric Surface Mapping of Rapidly Rotating
Stars: Application to the Be star Achernar ............................... 159
Armando Domiciano de Souza
8.1 INtroduction .........coouiiuiuiiiiiiiii e 159
8.2 Quick Overview of OLBI............cooiiiiii i 160
8.2.1 Visibility Amplitudes ...........ccooeiiiiiiiiiii 162
8.2.2 Differential and Closure Phases..................ooceiiiiin. 162
8.3 Roche-von Zeipel Model and the CHARRON Code .................. 164
8.4 Gravity Darkening of Achernar Measured
from OLBI at ESO-VLTT ..ot 167
8.5 Beyond the Diffraction Limit of OLBI........................oooa. 170
8.6 Combined Analysis of AMBER and PIONIER Data ................. 173
RefEIenCes ...t 175
Doppler and Zeeman Doppler Imaging of Stars ......................... 177
Oleg Kochukhov
0.1 TNtrodUCtON ...ouueetett et 177
9.2 Doppler Imaging with Intensity Spectra ................ccoviiie... 178
9.2.1 Main Principles of DI.............ccoiiiiiiiiiiii, 178
9.2.2  Spatial Resolution of DI.............coiiiiiiiiiiiiiiin, 180
9.2.3 DI as an IlI-Posed Inverse Problem ............................ 181
9.2.4 DI AppHCAtiONS ....vvveiiieii i 182
9.3 Zeeman Doppler Imaging with Polarisation Spectra.................. 187
9.3.1 Detection and Diagnostic of Stellar Magnetic Field .......... 187
9.3.2 Mapping of Stellar Magnetic Field Topologies ............... 189
9.3.3 ZDI Applications ........couviuiiiieieiiiiiiieeiiiiiieeann. 192
0.4 ConcClUSIONS ...uuntttt et 198
REfEIeNCeS ..ot 199



2 Springer
http://www.springer.com/978-3-319-24149-4

Cartography of the Sun and the Stars

Rozelot, |.-P.; Neiner, C, (Eds.)

2016, X, 206 p. 78 illus., 48 illus. in color., Softcover
ISBN: 978-3-319-24149-4



	Preface
	Contents
	Reconstructing Images in Astrophysics, an Inverse Problem Point of View
	Reconstruction of Solar Subsurfaces by Local Helioseismology
	Imaging Surface Spots from Space-Borne Photometry
	Reconstruction of Thermal and Magnetic Field Structure of the Solar Subsurface Through Helioseismology
	Physical Processes Leading to Surface Inhomogeneities: The Case of Rotation
	Interferometry to Determine Stellar Shapes:Application to Achernar
	Interferometry to Image Surface Spots
	Interferometric Surface Mapping of Rapidly Rotating Stars: Application to the Be star Achernar
	Doppler and Zeeman Doppler Imaging of Stars
	Index

