Contents

Part I Theory of Star Formation and Dynamical Evolution
of Stellar Systems

1 The Raw Material of Cluster Formation: Observational
Constraints. . . .. ............ . ... .. . ..
Cathie J. Clarke
1.1  Overview of Molecular Cloud Observations. . . ...........
1.2 Observational Techniques Applied to GMCs . ............

1.2.1  Molecular Line Emission. . .. .................

1.22 DustEmission .. ..........................

1.2.3  Dust Absorption. . .. ...,
1.3 Magnetic Support and the Star Formation Efficiency

1.4  Scaling Relations . . ........... ... .. .. ..
1.5 GMGCs and the Large-Scale ISM. . .. ..... ... ... ... ....
1.6 Summary: Key Observational Constraints for Simulations . . . .
References. . . ... ... ... .. .

2 The Numerical Tools for Star Cluster Formation Simulations. . . .
Cathie J. Clarke
2.1  The Pure Gravitational Problem . ... ..................
2.2 Hydrodynamical Problems: A Quick Guide to SPH. ... ... ..
2.3 Adding ‘More Physics’ to Hydrodynamical Codes . ........
24 SUMMATY . . . .ot e
References. . . . ... ... .. . e

AN N W


http://dx.doi.org/10.1007/978-3-662-47290-3_1
http://dx.doi.org/10.1007/978-3-662-47290-3_1
http://dx.doi.org/10.1007/978-3-662-47290-3_1
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_1#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_2
http://dx.doi.org/10.1007/978-3-662-47290-3_2
http://dx.doi.org/10.1007/978-3-662-47290-3_2#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_2#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_2#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_2#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_2#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_2#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_2#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_2#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_2#Bib1

Contents

The Comparison of Observational and Simulation Data . . . . .. .. 31
Cathie J. Clarke
3.1  The Characterisation of Observational and Simulated Data. ... 31
3.1.1  Characterising Gaseous Structures. . .. ........... 31
3.1.2  Characterising Stellar Distributions . . ... ......... 33
3.1.3  Characterisingthe IMF . . .. .................. 36
3.2 Simulation Results: Bonnell et al. (2008) as a Case Study . . . . 37
3.3 The Relationship Between Gas, Cores and Stars
in Simulations . . ...... ... .. 40
3.4  The Origin of the Stellar IMF in ‘Vanilla’ Calculations . . . . .. 40
3.5 Summary. . ... 44
References. . .. .. ... . 44
The Role of Feedback and Magnetic Fields . .. .............. 47
Cathie J. Clarke
4.1 Varying the Parameters . . . .. ....... ... ... ... ... .... 47
4.2 Putting in More Physics. . . . ........ ... .. .. . . ... 50
42.1 Thermal Feedback. .. ....................... 50
422 Outflows . . ... 54
423 MagneticFields . ........... ... ... ... ..... 54
424  Jonising Radiation. . . ......... ... ... ... ..... 56
4.3 DISCUSSION . « . vttt et e e e 58
4.4 SUMMATY . . o ottt e e e 59
References. . . . .. ... 60
The Formation of Multiple Systems in Clusters . ............. 61
Cathie J. Clarke
5.1  The Formation of Multiple Stars in ‘Vanilla’ Simulations . ... 63
5.1.1  Binary Star Statistics. . . .. ................... 63
5.1.2  Disc Orientation in Protobinaries . .............. 65
5.1.3  Predictions for Higher-Order Multiples . .......... 68
5.2 The Effect of ‘Additional Physics’ on Multiple
Star Formation . . . . ... ... . .. 69
53  Summary. .. ... 70
References. . .. ... ... 70
The Role of N-body Dynamics in Early Cluster Evolution . . . . .. 73
Cathie J. Clarke
6.1  Mass Segregation . . . ... ... 73
6.2  The Destruction of Binaries in Clusters . . .. ............. 75
6.3 Stellar Dynamics Plus Gas: Stellar Collisions . . ... ........ 79
6.4  Stellar Dynamics with Gas Removal: Infant Mortality . . . . . . . 80
6.5  Summary. .. ... 85

References. . . . ... ... . . e 85


http://dx.doi.org/10.1007/978-3-662-47290-3_3
http://dx.doi.org/10.1007/978-3-662-47290-3_3
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_3#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_4
http://dx.doi.org/10.1007/978-3-662-47290-3_4
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_4#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_5
http://dx.doi.org/10.1007/978-3-662-47290-3_5
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_5#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_6
http://dx.doi.org/10.1007/978-3-662-47290-3_6
http://dx.doi.org/10.1007/978-3-662-47290-3_6
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_6#Bib1

Contents

7

Concluding Issues. . . .......... .. .. .. .. .. .. ...
Cathie J. Clarke
7.1  Modelling Individual Clusters. . . .. ...................
7.1.1  Gas-Free Studies. . . ....... ... ... ... ... .....
7.1.2  Embedded Star-Forming Regions . . .............
7.2 Imprint of Cluster Origin on Field Star Populations. . . ... ...
7.3 Imprint of Cluster Birthplace on Discs. . .. ..............
7.4  The Birth Environment of the Sun . . ..................
TS5 Summary. .. ...
References. . .. .. ...

Part II Kinematics of Star Clusters and Associations

8

10

Introduction to Open Clusters. . . . .......................
Robert D. Mathieu
8.1 Introduction............ .. ... ... . .. .. .
8.2 Classical Open Clusters. . .. ............ ... .........
82.1 Definition . ......... ...
8.2.2  Global Properties . . ........................
8.2.3 Internal Properties. . .. ............ .. .. ......
824 OB Associations. . . ............c...iii...
83 Closing Thought. . .. ... ... ... ... ... ... ... ... ...
References. . . . ... ...
Overview of Multiple Star Systems . ... ...................
Robert D. Mathieu
9.1 Introduction. .......... ... ...
9.2  Field Solar-Type Binary Population. . ... ...............
9.3  Field OB Binary Population. . .. .....................
9.4  Open Cluster Solar-Type Binary Population. . ............
9.5 Closing Thoughts . . . ... .. .. .. .. .. ..
References. . .. .. ... .
Overview of Collisional Stellar Dynamics. . . ................
Robert D. Mathieu
10.1 Introduction . ............ ... ...
10.2 Timescales. . .. ...t
10.3  Violent Relaxation . . .......... .. .. .. .. .. ... .. ....
10.4 Energy Equipartition and Mass Segregation . . ... .........
10.5 Evolution of Dynamical Systems: Some Fundamental

Physics . ... o

xi


http://dx.doi.org/10.1007/978-3-662-47290-3_7
http://dx.doi.org/10.1007/978-3-662-47290-3_7
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_7#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_8
http://dx.doi.org/10.1007/978-3-662-47290-3_8
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_8#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_9
http://dx.doi.org/10.1007/978-3-662-47290-3_9
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_9#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_10
http://dx.doi.org/10.1007/978-3-662-47290-3_10
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec5

xii

11

12

13

Contents

10.6  Evolution of Dynamical Systems: Two-Body Processes. . . . . . 142

10.7 Evolution of Dynamical Systems: Cluster Dissolution . . . . . .. 145

References. . . . ... ... 146

A Ori: A Case Study in Star Formation. . ... ............... 147
Robert D. Mathieu

11.1 Introduction............. ... .. ... 147

112 OVEIVIEW. . . .ttt e e e 147

11.3 Dust and Molecular Gas . . ............ .. ... ...... 149

11.4 Massive Stars. . . ..o vttt e 150

11.5 Low-Mass Stars . . ... ..ot 151

11.5.1 Ha Emission and Objective Prism Surveys. .. ... ... 151

11.5.2 Lithium Absorption and Multi-Object Spectroscopic

SUIVEYS . . o e 152

11.5.3 Photometric Surveys . . ... ................... 154

11.6  Analysis of a Star-Forming Region. . . ................. 156

11.6.1 Distance . .......... ..., 157

11.6.2 Spatial Distribution of Star Formation . . . ... ... ... 157

11.6.3 Initial Mass Function. . . .. ................... 157

11.6.4 Total Stellar Population. . . ................... 159

11.6.5 Accretion Disc Evolution. . ... ................ 159

11.6.6 Age Distribution. . . ........................ 159

11.7 The Star Formation History of A Ori................... 161

11.8 Final Thought. . .. ... ... ... ... ... ... .. ... ... . ... 162

References. . . . ... ... . 162

Overview of Star-Forming Regions . . . .. .................. 165
Robert D. Mathieu

12,1 Introduction . . ... .. ... ... ... 165

122 Taurus-Auriga . . ... ... ...t 165

12.3 Orion Molecular Cloud . . .. ..... ... ... ... ... ... .... 169

12.4 Young Embedded Clusters. . ... ........... ... ....... 172

References. . . ... ... 177

Kinematics of Star-Forming Regions . . . . . ... .............. 179
Robert D. Mathieu

13.1 Introduction. ............ ..., 179

13.2 OB Associations After Hipparcos. . .. ................. 181

13.3 Kinematics in Star-Forming Associations. . .............. 182

13.4  Stellar Kinematics in Young Star Clusters . . . ............ 187

References. . . . ... o e 189


http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_10#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_11
http://dx.doi.org/10.1007/978-3-662-47290-3_11
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec10
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec10
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec11
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec11
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec12
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec12
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec13
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec13
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec14
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec14
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec15
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec15
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec16
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec16
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec16
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec17
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Sec17
http://dx.doi.org/10.1007/978-3-662-47290-3_11#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_12
http://dx.doi.org/10.1007/978-3-662-47290-3_12
http://dx.doi.org/10.1007/978-3-662-47290-3_12#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_12#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_12#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_12#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_12#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_12#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_12#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_12#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_12#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_13
http://dx.doi.org/10.1007/978-3-662-47290-3_13
http://dx.doi.org/10.1007/978-3-662-47290-3_13#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_13#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_13#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_13#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_13#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_13#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_13#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_13#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_13#Bib1

Contents

14 Pre-main-sequence Binaries. . . ... ......... .. .. .. .. ... ...
Robert D. Mathieu

14.1 Introduction . ............ ... ...,

14.2  Pre-main-sequence Binary Frequency ..................

142.1 Definition . ........... ...

14.2.2  Frequency as a Function of Star-Forming Region . . . .

14.2.3 Frequency as a Function of Orbital Period. . .......

14.2.4 Higher-Order Multiplicity . ...................

14.2.5 Protobinaries . .............. ... ... ...,

14.3 Pre-main-sequence Binaries and Disc Evolution . . .........

144 Concluding Thought . . .. ...... ... .. .. .. .. ... ......

References. . . ... ... . .

Part III' From Whence the Field?

15 Galactic Demographics: Setting the Scene . . . . ... ...........
I. Neill Reid
15.1 Introduction . ............ ...,
15.2 The Nature of the Milky Way . ......................
15.3 The Milky Way as a Galaxy: Large-Scale Properties. . . ... ..
15.4 Star Formation in the Milky Way . . . . ....... ... ... ....
15.5 Stellar Abundances . . .. ........ ... .. .. . ...
15.6 The Sun’s Place in the Milky Way . . . .................
References. . ... ... .

16 The Solar Neighbourhood . . . . ... ... ... ... ... ..........
I. Neill Reid
16.1 Introduction: Act Locally, Think Globally . ..............
16.2 The Local Volume and Local Samples . ................
16.3 The Stellar Luminosity Function. . ... .................
16.4 Stellar Multiplicity . .. ........ .. i
16.5 The Stellar Mass Function: Present Day and Initial . . . ... ...
16.6 Is There a Universal IMF?. ... ... ... .. .. ... .. ......
16.7 Summary. . . ... ..ot

17 Stellar Kinematics and the Dynamical Evolution of the Disc. . . . .
I. Neill Reid
17.1 Introduction . ............ ...t
17.2 Building Stellar Kinematics as a Discipline .. ............
17.3 Kinematics of Local Stars . . ........................


http://dx.doi.org/10.1007/978-3-662-47290-3_14
http://dx.doi.org/10.1007/978-3-662-47290-3_14
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_14#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_15
http://dx.doi.org/10.1007/978-3-662-47290-3_15
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_15#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_16
http://dx.doi.org/10.1007/978-3-662-47290-3_16
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_16#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_17
http://dx.doi.org/10.1007/978-3-662-47290-3_17
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec3

Xiv

18

19

20

Contents
17.4  Star Streams and Moving Groups . . . . ... ... ... .. 269
17.5 Stellar Migration, Radial Mixing and the Galactic Bar. . . . . .. 273
17.6 Summary. . . ... ..ot 276
References. . . ... ... e 276
Clusters and the GalacticHalo . ... ... ... ... ... ... ... ... 279
I. Neill Reid
18.1 Introduction. ............ ... ... 279
18.2 Globular Clusters and the Galactic Halo . ............... 279
18.3 Setting the ConteXt. .. ...t nnen... 283
184 The ELSModel . .. ... ... .. .. .. . . 286
18.5 Searle and Zinn and Galaxy Mergers. . . .. .............. 289
18.6 Globular Clusters Revisited . . ....................... 292
187 Endword . ....... ... .. . ... 297
References. . . ... ... . e 298
Star Formation over Time. . . . ... ... ... ... ... ... ... .... 301
I. Neill Reid
19.1 Introduction . ............. ..., 301
19.2 The Structure of the Disc. . .. ........ ... ... ....... 301
19.3 Measuring Stellar Ages . . .. ... .. 305
19.3.1 Ages for Stars in Clusters . ................... 305
19.3.2 Ages for Individual Stars. . .. ................. 306
19.4 The Age-Metallicity Relation and the Age Distribution
of Local Stars. . . ....... ... .. 310
19.4.1 Stellar Metallicities . . . ... ........ ... ........ 311
19.42 The Age-Metallicity Relation . . ... ............. 312
19.4.3 The Age Distribution in the Disc .. ............. 314
195 Summary. ... ... ... 315
References. . . . ... . . e 316
Where Do Stars Form?. . . ....... ... ... ... .. ... ... ... 317
I. Neill Reid
20.1 Introduction . ... ....... ... ...t 317
20.2 OB ASSOCIAtIONS. . . v vt e e e e e e 318
20.3 The Taurus-Auriga Cloud . ......... ... ... ... ....... 319
20.4 Young Stars Nearthe Sun . .. ....... ... ... ... ... .... 321
20.5 Clustered Star Formation: Open and Embedded Clusters . . . . . 323
20.5.1 Open CIUSters. . . .. ..o v vttt e 323
20.5.2 Infrared Astronomy and the Detection
of Embedded Clusters . . .. ................... 325
20.5.3 Statistics of Embedded Clusters . ............... 326
20.6 Summary and Future Prospects. . .. ................... 328

References. . . . ... ... . . e 333


http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_17#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_18
http://dx.doi.org/10.1007/978-3-662-47290-3_18
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_18#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_19
http://dx.doi.org/10.1007/978-3-662-47290-3_19
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec10
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Sec10
http://dx.doi.org/10.1007/978-3-662-47290-3_19#Bib1
http://dx.doi.org/10.1007/978-3-662-47290-3_20
http://dx.doi.org/10.1007/978-3-662-47290-3_20
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec8
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Sec9
http://dx.doi.org/10.1007/978-3-662-47290-3_20#Bib1

Contents

21

XV
Where Was the Sun Born? . .. ....... ... ... ... ... ... .... 335
I. Neill Reid
21.1 Introduction . ......... ... ... ..t 335
212 The Ageofthe Sun ........ ... ... ... ... ... ... .... 336
21.3 The Sun’s Chemical Composition. . .. ................. 338
21.4 The Characteristics of the Solar System. . ............... 340
21.5 The Sun’s Natal Environment. . . . .......... ... ... .... 342
21.6 Can We Find the Sun’s Companions? . .. ............... 345
21.7 Summary and Conclusions. . ... ........ ... .. .. ..... 346

References. . . . ... .. . e 347


http://dx.doi.org/10.1007/978-3-662-47290-3_21
http://dx.doi.org/10.1007/978-3-662-47290-3_21
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec1
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec2
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec3
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec4
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec5
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec6
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Sec7
http://dx.doi.org/10.1007/978-3-662-47290-3_21#Bib1

2 Springer
http://www.springer.com/978-3-662-47289-7

Dynamics of Young Star Clusters and Associations
Saas-Fee Advanced Course 42, Swiss Society for
Astrophysics and Astronomy

|. Clarke, C.; Mathieu, R.D.; Reid, L.LM. - Bell, C.P.M.; Eyer,
L.: Meyer, M.R. (Eds.)

2015, XX, 348 p., Hardcowver

ISBM: 978-3-662-472808-7



	Contents



