
The Formation of the
Milky Way

Proceedings of the IAA-IAC-University of Pisa Workshop,
held in Granada, Spain

September 4-9, 1994

Edited by
E. J. ALFARO AND A. J. DELGADO

Institute* de Astrofisica de Andalucia (CSIC), Granada, Spain

CAMBRIDGE
UNIVERSITY PRESS



Contents

Participants xiii
Preface xv
Acknowledgements xvii

Gravitational and Magnetic Instabilities in Disks
T. Hanawa 1

Galactic Disk Dynamics and Magnetic Field Evolution
H. Lesch 9

The Parker-Shearing Instability in Azimuthally Magnetised Disks
T. Foglizzo and M. Tagger 19

Angular Momentum Transport in Galaxies
S. von Linden, H. Lesch, and F. Combes 23

Density Waves and Star Formation: Is There Triggering?
B. G. Elmegreen 28

Spiral Modes in Galaxies
S. del Rio and J. Cepa 39

Coherent Star Formation in Spiral Galaxies
S. del Rio and J. Cepa 42

Stellar Complexes in the Galactic Spiral Arms
Yu. N. Efremov 46

The Spiral Arms of the Milky Way from the Distribution of Open Clusters
A. Feinstein 56

Violent Gas Dynamics in Galactic Cosmogony: Spiral Shocks and Rotation
of Star Complexes
A. D. Chernin 60

Star Formation in M31
E. A. Magnier, J. Van Paradijs, W. H. G. Lewin, P. Battinelli,
and Yu. N. Efremov 64

The Fine-Scale Structure and Properties of Interstellar Gas towards
Globular Clusters
B. Bates 68

Excitation Conditions and Fragmentation of the Southern Orion B Molecular Cloud
C. Kramer, J. Stutzki, and G. Winnewisser 72

High-Resolution L-Band Imaging of the Starburst Galaxy M82
T. W. B. Muxlow, A. Pedlar, and E. M. Sanders 74

Galactic Warps
E. Battaner 77

Vertical Deviations of the Midplane of the Galaxy
S. Malhotra and J. E. Rhoads 87

vii



viii Contents

Near-Infrared Star Counts as a Probe of Asymmetries in the Galaxy's Disk
J. E. Rhoads 91

Possible Warp Tendency in the Magellanic Stream
N. V. Bystrova 95

Feedback and Regulation of the Gaseous Disk
J. Franco, A. Santilldn, and M. Marios 97

The Gaseous Halo-Disk Interaction
L. Danly 108

Superbubbles in the Milky Way
J. Palous, S. Ehlerova, and M. Jechumtal 117

A Survey of Giant Molecular Clouds in the Perseus Arm near Cas A
H. Ungerechts, P. Umbanhowar, and P. Thaddeus 122

Towards a Complete Description of the Galactic Fountain
M. A. Avillez, D. L. Berry, and F. D. Kahn 126

Star Formation and High-Velocity Clouds
F. Comeron and J. Torra 130

PANEL SESSION:

Large-Scale Structure of Galaxies: Who Ordered That?
S. N. Shore 134

Metallicity Distributions in the Galactic Disk
K. A. Janes 144

Chemical Evolution of the Galaxy
M. Tost 153

Chemical Abundances in the Outer Milky Way
J. M. Vilchez and C. Esteban 163

Non-Standard Abundance Patterns in Disk Stars
J. Andersen and B. Nordstrom 167

The Evolution of Radial Abundance Gradients in the Galaxy
C. Chiappini and W. J. Maciel 171

Oxygen Abundance in the Milky Way
J. Rodriguez Quintero and M. Lozano 173

Age Distribution of Old Open Clusters
G. Carraro and C. Chiosi 175

New Results on the White-Dwarf Luminosity Function
J. Isern, M. Hernanz, R. Mochkovitch, A. Burkert, and E. Garcia-Berro . . 179

The Very Young Cluster Westerlund 2: Optical and Near-IR Photometry
M. D. Guarnieri, M. G. Lattanzi, G. Massone, U. Munari, and A. Moneti . 183

Open Clusters as Tracers of the Evolution of the Galaxy
J. Kaluzny, W. Krzeminski, and B. Mazur 185



Contents ix

Berkeley 17: The Oldest Open Cluster?
R. L. Phelps, K. A. Janes, E. D. Friel, and K. A. Montgomery 187

New Results for the Oldest Open Clusters: Kinematics and Metallicities
of the Old DislP
E. D. Friel, K. A. Janes, L. Hong, J. Lotz, and M. Tavarez 189

PANEL SESSION:

Element Abundances: Pollution in an Ecosystem
F. Ferrini 191

The Intermediate Population II— Extended, High-Velocity, Metal-Weak,
Thick Disk—Inner, Flattened Spheroid—Lower, Contracted Halo
S. R. Majewski 199

UVW Components, Proper Motions, Age and Chemical Composition
of Disk Stars at the South Galactic Pole
R. J. Agostinho, S. Anton, D. Maia, J. A. Rose, and J. Stock 211

Kinematical Properties of the Thick Disk of the Galaxy
D. Ojha 215

The TMGS: a Powerful Tool for Sounding the Structure of the Milky Way
F. Garzon, P. L. Hammersley, T. Mahoney, and X. Calbet 219

The Centre of the Milky Way
A. Alberdi 224

SiO Maser Survey of the IRAS Bulge Sources
H. Izumiura, I. Yamamura, S. Deguchi, N. Ukita, 0. Hashimoto,
T. Onaka, and Y. Nakada 231

The Formation of Disk Galaxies
G. Hensler and M. Samland 233

3D N-body Simulations of the Milky Way
R. Fux, L. Martinet, and D. Pfenniger 243

Galactic Bars and Stable Perfect Elliptic Disks
S. Levme 247

The Age of the Galactic Inner Halo and Bulge
L. K. Fullton and B. W. Carney 251

The Formation of the Galactic Bulge: Clues from Metal-Rich Globular Clusters
D. Minniti 255

The Helium Abundance of the Galactic Bulge
D. Minniti 260

Kinematics and Metallicity of the Galactic Globular Cluster System
E. J. Alfaro, J. Cabrera Carlo, A. J. Delgado, and K. A. Janes 261

The Milky Way and the Local Group: Playing with Great Circles
F. Fusi Pecci, M. Bellazzini, and F. R. Ferraro 267

Dynamical Families in the Galactic Globular Cluster System
M. Bellazzini, F. Fusi Pecci, and F. R. Ferraro 269



x Contents

Blue Straggler Stars in Galactic Globular Clusters as Tracers of Dynamical
Effects on Stellar Evolution
F. R. Ferraro 271

Effects of Chaos in the Galactic Halo
W. J. Schuster and C. Allen 275

Disk-Shocking on Globular Clusters Simulated by the Perturbation Particles Method
5. Leon, F. Combes, and F. Leeuwin 277

The Horizontal-Branch Morphology
R. Buonanno and G. Iannicola 279

Ages of Galactic Globular Clusters from the New Yale Isochrones
B. Chaboyer, P. Demarque, D. B. Guenther, M. H. Pinsonneault,
and L. L. Pinsonneault 289

AGB and RGB Stars as Tracers of the Early and Intermediate
Star-Formation History
A. Aparicio and C. Gallart 293

Radial Velocities of Nearby RR Lyrae Stars
D. Martinez, E. J. Alfaro, and A. Herrero 295

Dust in Globular Clusters: 10 ^m Imaging of u> Centauri
L. Onglia, F. R. Ferraro, and F. Fusi Pecci 297

Optical and Near-IR Photometry of the Bulge Globular Cluster NGC 6553
M. D. Guarnieri, P. Montegriffo, S. Ortolani, A. Moneti, A. Barbuy,
and E. Bica •' . 299

New VI CCD Photometry of NGC 1851
/. Saviane, G. Piotto, F. Fagotto, S. Zaggia, M. Capaccioli, and A. Aparicio 301

An Atlas of Synthetic Spectra for Metallicity Calibration of SMR Stars
M. L. Malagnini, M. Chavez, and C. Morossi 303

Halo Field Stars and Globular Clusters: Clues to the Origin of the Milky Way
B. W. Carney 305

Wide Binaries Among Halo Subdwarfs
E. Martin, R. Rebolo, and M. R. Zapatero Osorio 316

Oxygen Abundances of Metal-Rich Halo Stars
/. B. Laird and Z. Xiao 319

The Globular Cluster System and the Formation of the Galactic Halo
V. Surdm 321

On the Origin of Halo Globular Clusters and Spheroid Stars
E. Pesce and M. Vietri 325

The Formation of Galaxies in Clusters
C. Jones 329

Halo Model of the Spiral Galaxy NGC 3198
M. Taga and M. lye 339



Contents xi

The Formation of cD Galaxies
C. Garcia Gomez, E. Athanassoula, and A. Garijo 343

Dynamical Collapse ©f Isothermal and Adiabatic Triaxial Protogalaxies
P. Berczik and I. G. Kolesnik 345

PANEL SESSION:

The Formation of the Milky Way
B. W. Carney 347


