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"Don’t believe what your eyes are telling you.
All they show is limitation. Look with your understanding.
Find out what you already know and you will see the way to fly."

— Jonathan Livingston Seagull, Richard Bach






CONTENTS

1 Introduction 1
1.1 Star formation and protoplanetary disks . . . . . .. ... .. 2
1.1.1 Classification of young stellar objects . . . . . . . . .. 3
1.2 Circumstellar disk evolution and dispersal . . . . . . ... .. 6
1.3 Magnetized outflows in YSOs . . . . . . ... ... ... ... 7
1.3.1 Empirical evolution of outflows . . . . ... ... ... 8

1.3.2  Free-free emission in thermal radio jets and photoe-
vaporating winds . . . . . .. .. ..o 10
1.4 Disk observations . . . . .. .. ... oL 12
1.4.1 Disk substructures . . . . .. .. .. ... .. ... 13
1.4.2 Inner cavities and inner dust disks . . . .. ... ... 15
1.4.3 Centimeter emission in disks . . . . . .. .. ... .. 17
1.5 Thisthesis. . . . . . . . ... ... . ... .. 18

2 Correlation between accretion rate and free-free emission in
protoplanetary disks — A multiwavelength analysis of cen-

tral mm/cm emission in transition disks 21
2.1 Imtroduction. . . . . . .. ... ... o 22
2.2 Sample and data reduction . . . ... ... ... L. 24
2.2.1 Target selection . . . . .. ... ... L. 24
2.2.2 Datareduction . . .. ... ... ... .. ..., . 26

23 Analysis . . . . ... 26
2.3.1 Central emission modeling and outer disk flux density 26
2.3.2 Millimeter spectral index . . . .. ... ........ 33

24 Results. . . . ... L 37
2.5 Discussion . . . . ... Lo 37
2.5.1 Inner-disk dust masses . . . . . .. ... .. ... ... 37
2.5.2 Photoevaporative wind or jet-and-MHD wind . . . . . 38
2.5.3 Properties of the jet emission . . . .. ... ... ... 39

2.6 Conclusions . . . . . .. . o 44

3 A correlation between accretion and outflow rates for class

IT young stellar objects with full and transition disks 53
3.1 Imtroduction . . . . . ... .. ... ... ... 54
3.2 Sample. . . . .. L 56
3.3 Results. . . . ..o 57
3.3.1 Photoevaporative wind or jet and/or MHD wind? . . 58
3.3.1.1 Accretion luminosity and X-ray luminosity . 60

3.3.1.2  Optical forbidden lines . ... ... ... .. 60

3.3.1.3 Ionized mass-loss rate of the jet emission . . 62

3.4 Discussion . . . . ... e 65

3.4.1 Origin of free-free emission in YSOs with full disks . . 65



ii

CONTENTS

3.4.2 Comparison between transition disks and full disks . . 66
3.4.3 Implications for angular momentum transport in disks 69
3.5 Conclusions . . . . . . .. ... 71

4 Offset free-free emission in the cavity of AB Aur: evidence
for a precessing jet? 77
4.1 Imtroduction . . . . . . . . . . ... 78
4.2  Observations and data reduction . . . .. ... ... ..... 79
4.3 Results. . . . .. .o 82
4.3.1 Continuum maps . . . . . . . . ... 82
4.3.2 Spectral index of the emission . . . . . ... ... ... 85
4.3.3 Orbital fitting of the offset in the ALMA datasets . . 87
4.4 Discussion . . . . . . .. 89
4.4.1 Origin of the offset jet emission . . . . .. ... .. .. 89
4.4.1.1 TImplication of jet precession . .. .. .. .. 89

4.4.1.2 TImplication of a jet launched from a sec-

ondary companion . . . . . . ... ... ... 93
4.4.2 VLA observations time delay . . . . . ... ... ... 95
4.4.3 On the southwest blob-like emission . . . . .. .. .. 98
4.4.4 Other transition disks . . . . . . ... ... ... ... 98
4.5 Conclusions . . . . . . . . ..o 102
5 CO gaps in cold transition disks around low-mass stars 107
5.1 Introduction. . . . .. . .. .. ... ... . 108
5.2 Sample and data reduction . . . ... ... ... ... 110
5.2.1 Sample properties . . . .. ... ... 110
5.2.2 Observations and data reduction . . . ... ... ... 110
53 Results. . . . .. . . . 111
5.3.1 Dust and gas structure . . . . ... ..o 111
5.3.2 Brightness temperature of the CO isotopologues . . . 115
5.3.3 Imnerdustdisks ... ... ... ... .. ... ... 116
5.4 Discussion . . . . . ... 118
5.4.1 13CO brightness temperature in transition disks . . . 118
5.4.2 Gas to dust ratio in the inner disk . . . . .. ... .. 120
5.4.3 Companion masses . . . . . . . . . v et v e 122
5.5 Conclusions . . . . . . . .. e 125
English summary 141
Nederlandse samenvatting 145
Riassunto in italiano 151

Publications 157



CONTENTS iii

Curriculum Vitae 159

Acknowledgements 161



