ISLAND UNIVERSES






ISLAND UNIVERSES
Structure and Evolution of Disk Galaxies

Edited by
ROELOF S. DE JONG

Space Telescope Science Institute

Kluwer Academic Publishers
Boston/Dordrecht/London






Contents

Foreword Xiii
Piet van der Kruit

Preface XVii
Acknowledgments Xviii
List of Participants Xix

Part| Properties of Stellar Disks

Stellar Disks 3
K.C. Freeman

Disentangling Star Formation, Environment, and Morphology in Galaxy Evolution 17
Daniel Christlein and Ann Zabludoff

Measuring Structural Properties of Galaxiesin the Local Universe 23
Paul D. Allen, Smon P. Driver, Jochen Liske and Alister W. Graham

Extragalactic Thick Disks 29
Julianne J. Dalcanton, (with Anil C. Seth and Peter Yoachim)

The Opacity of Spiral Galaxy Disks 41
Benne W. Holwerda, R.A. Gonzalez, Ronald J. Allen and P.C. van der Kruit

Stellar Populationsin Bulges of Spiral Galaxies 47
Bhasker K. Moorthy and Jon A. Holtzman

Posters:
The Thin and Thick Disks of the Galaxy: Differencesin Evolution 53
Tetyana V. Nykytyuk and Tamara V. Mishenina

The Milky Way and the Tully—Fisher Relation 57
L. Portinari, J. Holmberg and C. Flynn

The Contribution of LSB Galaxiesto the Local Galaxy Number Density 61
Clemens Trachternach, Dominik J. Bomans, Lutz Haber zettl and Ralf-Juergen Dettmar



Vi ISLAND UNIVERSES

Part Il Kinematics and Dynamics of Disk Galaxies

Dynamics of Disks 67
James Binney

The V.~ ¢ Relation for Low Surface Brightness Galaxies 77
E.M. Corsini, A. Pizzella, E. Dalla Bonta, F. Bertola, L. Cocato and M. Sarz
Counterrotating core in the LMC: Accretion and/or Merger? 83
Annapurni Subramaniamand Tushar P. Prabhu

Halo Mass Pro lesof Low Surface Brightness Galaxies 89
W.J.G. de Blok

The Disk Mass Project 95

Marc A.W. Verheijen, Matthew A. Bershady, Rob A. Swaters, David R. Andersen and
Kyle B. Westfall

A Dark Galaxy in the Virgo Cluster Imaged at 21-cm 101

R. F. Minchin, M. J. Disney, J. |. Davies, A. R. Marble, C. D. Impey, P. J. Boyce, D. A.
Garcia, M. Grossi, C. A. Jordan, R. H. Lang, S. Roberts, S. Sabatini and W, van Driel

Comparing Dynamical and Stellar Population Mass-to-Light Ratio Estimates 107
Roelof S. de Jong and Eric F. Bell

Posters:
Feeding the Nuclear Starburst in NGC 6946 117
T. Boker, E. Schinnerer, E. Emsellem and U. Lisenfeld

Integral Field Spectroscopy of NGC 2855 and NGC 7049 121
L. Coccato, E. M. Corsini, A. Pizzella and F. Bertola

Two-dimensional Kinematics of aBar and Central Disk in NGC 5448 125

Kambiz Fathi, Glenn van de Ven, Reynier Peletier, Eric Emsellem, Jests Falcon—
Barroso, Michele Cappellari and Tim de Zeeuw

Galactic Rotation Using Open Star Clusters 129
Peter M. Frinchaboy and Steven R. Majewski

Two-Dimensional Spectroscopy of Late-Type Spirals 133
Katia Ganda and Reynier Peletier

Vertical Distribution of Stars and Gas in a Galactic Disk 137
Chanda J. Jog

Two Dimensional Velocity Fields of Low Surface Brightness Galaxies 141
Rachel Kuzio de Naray, Sacy S. McGaugh, W.J.G. de Blok and Albert Bosma



Contents Vii

Pattern Speeds of Spiral Galaxies using the Tremaine-Weinberg Method 145
S E. Meidt and R. J. Rand

A New Scenario for the Origin of Galactic Warps 149
Yves Revaz and Daniel Pfenniger

The 3-Dimensional Dynamics of the Galactic Bulge 153
M. Soto, K.H. Kuijken and J.Lub

Asymmetric Drift and the Stellar Velocity Ellipsoid 157

Kyle B. Westfall, Matthew A. Bershady, Marc A. W. Verheijen, David R. Andersen and
Rob A. Swaters

Partill Bars, Spiral Structure, and Secular Evolution in Disk Galaxies

Bars, Spiral Structure, and Secular Evolution in Disk Galaxies 163
Bruce G. EImegreen

Barred Galaxies and Galaxy Evolution 175
Johan H. Knapen

Three-Dimensional Bar Structure 181
M. Bureau, G. Aronica and E. Athanassoula

Anomalously Weak Dynamical Frictionin Halos 187
J. A. Sellwood and Victor P. Debattista

Halo Properties and Secular Evolutionin Barred Galaxies 195
E. Athanassoula

A SALRON Study of Stars and Gasin SaBulges 201
J. Falcon-Barroso, R. Bacon, M. Bureau, M. Caﬂpellari, R. L. Davies, P. T. de Zeeuw,
E. Emsellem, K. Fathi, D. Krajnovic, H. Kuntschner, R. M. McDermid, R. F. Peletier
and M. Sarz

Posters:

A Cool Gas Ring in M100 207

Emma L. Allard, Reynier F. Peletier and Johan H. Knapen

Boxy Edge-On Pro les 211
P.A. Patsisand E.M. Xilouris

Resonances and Extent of Spiral Armsin Disk Galaxies 215
Preben Grosbgl and Philippe Héraudeau

Dynamics of Localized Packets of Spiral Density Waves in Gaseous Disks 219
George R. Mamatsashvili and George D. Chagelishvili



viii ISLAND UNIVERSES

Part IV TheOutskirts and Environment of Disk Galaxies

Dynamical Evolution of Accreted Dwarf Galaxies 227
James S. Bullock and Kathryn V. Johnston

Resolving the Stellar Outskirts of M31 and M33 239

énneﬁte Ferguson, Mike Irwin, Scott Chapman, Rodrigo |bata, Geraint Lewisand Nial
anvir

Chemical Abundance Constraints on Galaxy Formation 245
K.A. Venn

The Outer Disks of Galaxies: “To be or not to be truncated?’ 253
Michael Pohlen and Ignacio Trujillo

Radial Pro lesof Stellar Disksin Galaxiesatz 1 259
Isabel Pérez

The Outer Banks of Galaxy Disks 265

Dennis Zaritsky and Daniel Christlein

The Gaseous Haloes of Disc Galaxies 271
F. Fraternali, T. Oosterloo, J.J. Binney and R. Sancisi

Gaseous Halos and the Interstellar Disk-Halo Connection 277
Ralf-Jurgen Dettmar

Geometrodynamical Distancesto Cloud Streams 283
Donald Lynden-Bell and Shoko Jin

Posters.

Morphology of Galactic Globular Clusters 287
C. W Chen and W. P. Chen

Observations of Stripped Edge-on Virgo Cluster Galaxies 291
Hugh H. Crowl, Jeffrey D.P. Kenney, J.H. van Gorkom and Bernd Vollmer

SparsePak Observations of Diffuse lonized Gas Halo Kinematicsin NGC891 295
George H. Heald, Richard J. Rand, Robert A. Benjamin and Matthew A. Bershady

Stellar Populationsin the Outer Regions of M31 299
Rachel Johnson, Daniel Faria and Annette Ferguson

A Study of Extra-Planar Hi Gas 303
P. Kamphuis, R.F. Peletier, P.C. van der Kruit, T.A. Oosterloo and R. Sancisi

Unexpected Young Star Clustersin the Tidal Debris of NGC 2782 307
Karen Knierman



Contents iX

Infall of Substructuresonto aMilky Way-like Dark Halo 311
Yang-Shyang Li and Amina Helmi

The Far-Infrared Properties of the Most Isolated Galaxies 315
U. Lisenfeld, L. Verdes-Montenegro, S. Leon and J. Sulentic

Studying Galaxy Formation in Loose Galaxy Groups 319

EIJb Pisano, D.G. Barnes, B.K. Gibson, L. Saveley-Smith, K.C. Freeman and V.A.
ilborn

The Environment of Low Surface Brightness Galaxies from SDSS 323
Sefan Dominik Rosenbaum and Dominik J. Bomans

PartV Interstellar Matter

Star Formation, Interstellar Physics & the SED of Gas-Rich Galaxies 329
Michael A. Dopita

SINGS Observations of Spiral Galaxies 341

Michadl Regan, Michele D. Thornley, Stuart N. Vogel, Kartik Sheth, Bruce T. Draine,
David J. Hollenbach, Martin Meyer, Daniel A. Dale, Charles W. Engelbracht, Robert
C. Kennicutt, Jr., Lee Armus, Daniela Cal zetti, Karl D. Gordon, George Helou, Claus
Leitherer, Sangeeta Malhotra, George H. Rieke and Marcia J. Rieke

The Molecular ISM of Low Surface Brightness Spiral Galaxies 347
L. D. Matthews

The Kinematics and Physical Conditions of Warm lonized Gasin Spiral Disks 353
Matthew A. Bershady and David R. Andersen

Posters.

Global Line Pro le Asymmetriesin Disk Galaxies 359
David R. Andersen and Matthew A. Bershady

Extragalactic Molecular Clouds 363
Yuri Beletsky and Jodo Alves

The Formation of Molecular Cloudsin Spiral Galaxies 367
Clare Dobbs and lan Bonnell

Cloud Mass Function in a Disk Galaxy 371
Asao Habe and Takayuki Saitoh

Tracing Molecular Hydrogen with Atomic Hydrogen in M81 and Other Nearby
Galaxies 375

Jonathan S. Heiner, Ronald J. Allen and Pieter C. van der Kruit

Central Structure of Molecular Gasin Maffei 2 379
Nario Kuno, Koichiro Nakanishi, Kazuo Sorai and Toshihito Shibatsuka



X ISLAND UNIVERSES

The Dusty Disk of the Early-Type Galaxy NGC 3656 383

Lerothodi L. Leeuw, Jacqueline Davidson, C. Darren Dowell, Roger H. Hildebrand
and Henry E. Matthews

Supermassive Black Hole Binary and Nuclear Star Burst 387
Hidenori Matsui, Asao Habe and Takayuki R. Saitoh

Galaxies

T. Wong, A. Hughes, R. Ekers, R. Paladino, M. Murgia, L. Blitz, T. T. Helfer, L.
Moscadelli, L. Gregorini,, L. Staveley-Smith, M. Filipovic, Y. Fukui and N. Mizuno

Radio Continuum, CO, and Thermal Infrared Emission in Nearby Star—Forming391

Part VI  (Evolution of) Star Formation in Galactic Disks

The Multiwavelength View of Star-Forming Disks 397
Robert C. Kennicutt, Jr.

Van der Kruit to Spitzer: A New Look at the Far-I1nfrared—Radio Correlation 409
E.J. Murphy, R. Braun, G. Helou, L. Armus, J.D.P. Kenney and the SINGSteam

The Origin of the Initial Mass Function isin the Cloud Structure 415
Jodo Alves, Marco Lombardi and Charles Lada

Modes of Star Formation along the Hubble Sequence and Beyond 421
Richard de Grijs

Spira Shock Triggering of Star Formation 427
lan A. Bonnell and Clare L. Dobbs

The Metallicity History of Disk Galaxies 433
Lisa Kewley and Henry A. Kobulnicky

Posters:

The11MpcH and Ultraviolet Galaxy Survey 439

José G. Funes, SJ., Robert C. Kennicutt, Jr., Janice C. Lee, Shoko Sakai, Christy
Tremonti and Liese van Zee

Continuous Star Cluster Formation in the Spiral NGC 45 443
Marcelo Mora, Saren S. Larsen and Markus Kissler-Patig

HST / STIS Results on Nuclear Star Clustersin Spiral Galaxies 447

Joern Rossa, Roeland P. van der Marel, Torsten Boker, Joris Gerssen, Luis C. Ho,
Hans-Walter Rix, Joseph C. Shields and Carl-Jakob Wal cher

Island Universes Colliding 451
L. Snijders and P.P. van der Werf

Environmental Dependence of Star Formation in Cluster and Field Galaxies 455
Claire Thomas, Phil James and Chris Moss



Contents Xi

Part VII Disk Galaxiesthrough Cosmic Time

Disks at High Redshifts 461
Roberto G. Abraham

Eight Billion Years of Disk Galaxy Evolution 473

Eric F. Bell, Marco Barden, Xianzhong Zheng, C Papovich, Emeric Le Floc'h,
George Rieke, Christian Wolf and the GEMS, MIPS Instrument, and COMBO-17
teams

Size Evolution of GalaxiesSincez  3: Combining SDSS, GEMSand FIRES 479
:\cn;na_(_:io Trujillo, Natascha M. Forster Schreiber, Gregor?:‘ Rudnick, Marco Barden,

arijn Franx, Hans-\Walter Rix, J. A. R. Caldwell, Daniel H. MclIntosh, Andrew Zirm,
Boris Hauller, Pieter G. van Dokkum, Ivo Labbé, Alan Moorwood, Huub Rottgering,
Arjen van der Wel, Paul van der Werf and Lottie van Starkenburg

Speci ¢ Star Formation Rates 485
A. E. Bauer, N. Drory and G. J. Hill

Disk Galaxies at High Redshift? 491
Max Pettini

Local Galaxiesas Damped Ly- Anaogs 499

\I\A/Iét,)é\. Zwaan, J. M. van der Hulst, F. H. Briggs, M. A. W. Verheijen and E. V. Ryan-
er

The Growth of Disk Galaxies 505
Nicole P. Vogt and the DEEP Team

Rotation Curves of Spiral Galaxies 511
Susan A. Kassin and Roelof S. de Jong

Posters:

Evolution of Disk Galaxies 517

Seven P. Bamford, Alfonso Aragon-Salamanca and Bo Milvang-Jensen

Investigation of Age and Metallicity Gradientsand Dust Extinction in Disc Galax-
iesin the Hubble Deep Field 521

Barbara Cunow

Photometric Properties of Clumpy Galaxiesin the Hubble Ultra Deep Field 525
Debra Meloy Elmegreen

The Bivariate Brightness Distribution of Galaxy Disks 529
J. Liske, SP. Driver and P.D. Allen

Part VIII  Formation Models of Disk Galaxies

An Analytical Perspective on Galaxy Formation 535
Joseph Sk



Xii ISLAND UNIVERSES

X-raysfrom Disk Galaxy Halos, Ly from Forming Galaxies, andthez 1 Tully-

isher Relation
Jesper Sommer-Larsen

Gas Rich Mergersin Disk Formation
C. B. Brook, V. \eilleux, D. Kawata, H. Martel and B. K. Gibson

Cosmological Simulations of Galaxy Formation
Fabio Governato, Beth WilIman and Lucio Mayer

Posters:

Collapse of the Primordial Gas Cloudsin the Presence of UV Radiation Field
Jaroslaw Stasielak, Sawomir Stachniewicz and Marek Kutschera

Part IX Conference Summary

Island Universes
Tim de Zeeuw

Index

Terschelling, The Netherlands 3-8 July. 2005

e

/\_/
/\/

/sland Universes

Structure and Evolution of Disk Galaxies

549

555

563

569

577



Foreword

Piet van der Kruit

Kapteyn Astronomical Institute, University of Groningen, The Netherlands
vdkruit@astro.rug.nl

In the rst place | would like to say that | am extremely grateful that this
conference took place. It was a very stimulating and exciting meeting. The
speakers and contributors to the discussion were all very inspiring and the Sci-
enti ¢ Organising Committee put together a most interesting program. It was
also helpful that the meeting was held in the same place where we were stay-
ing and had our meals, the Schylge Hotel on the beautiful Frisian island of
Terschelling. 1 am very pleased that so many young astronomers took part and
made use of the many opportunities at meals and in the evenings to talk to older
astronomers. For me personally it was great to see many colleagues that have
worked in the same €ld as| and whom | often have known and respected for
many years.

| rst of al would like to thank those former students of mine that took
the initiative to hold this symposium and subsequently did most of the hard
work of organising it: Erwin de Blok (although really and truly a student of
Thijs van der Hulst), Richard de Grijs, Roelof de Jong, Johan Knapen and
Eline Tolstoy (whose real supervisor was Abi Saha). In particular | am very
grateful to Roelof de Jong, who chaired the Scienti ¢ Organising Committee,
designed the poster and the logo and edited these proceedings. And also to
Eline Tolstoy, who chaired the Local Organising Committee. | know it took
both of them valuable time that they would have devoted to research, but what
they did here was certainly also an important contribution to astronomy.

| thank all members of the SOC for al their input; with a few exceptions
they are colleagues that | had collaborations with over the years. | have been
very impressed by the way in which the LOC organized the meeting, took
care of all arrangements and gave the participants al support they required.
Greta, Peter, Isabel, Hans, Eline, Thijs, Hennie and Jackie: it was wonderful.
And | thank all participants for this stimulating week. | would like to thank
three more persons in particular. | thank Mike Disney for the very nice portret
reproduced in this book and his afterdinner speech at the conference barbecue,
which was followed by avery moving applause for me by al attending. And |
thank Ken Freeman for giving the opening review (as | had the honor to do at
his conference on Dunk Island) and Tim de Zeeuw for doing me the honor of
giving the conference summary.
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Tim de Zeeuw and Ken Freeman mentioned in their contributions the “van
der Kruit guilder”. 1 would like to take this opportunity to tell the background
of this, since most of the credit for it should go to Leonard Searle.

We were writing paper 111 and IV in our series in September 1981 during
avisit that Leonard made to Groningen. | said to him that | felt he should be

rst author on paper IV. He immediately refused, arguing that | had initiated
the project, produced most of the ideas and had done most the work. My reply
was that it had been very much a collaboration and that therefere | felt it would
be very appropriate. Leonard thought about it overnight (he woke up early
because he still suffered from jetlag) but stayed rmly with his opinion, even
to the extent that he felt we should make ajoke about it. He therefore had made
up the text of a possible footnote to the title of paper 1V and he showed it to
me. | gave in, to alarge extent because | so much liked the footnote. It was
included precisely as Leonard suggested and for completeness | cite it: “ The
order of the authors' names in this series of papers has been decided in each
case by tossing a coin. The coin used for this purpose is fully described in
a forthcoming monograph “ The van der Kruitguilder” to be published in the
Series “ Curiosités Numismatiques’ , Monte Carlo”

In those days we had no Internet or preprint servers and preprints were dis-
tributed on paper. Also there was no ADS and most institutes had especially
printed postcards to |l out and sent to authors requesting reprints after publi-
cation. After the preprints of papers |1l and IV went out, | started getting such
postcards requesting preprints of the monograph in the footnote. So after afew
of these | made up the page that Tim has included in his contribution to this
book and sent that in return. However, it was Leonard who rst suggested the
footnote and composed it.

For the record | note that the coin has been “ used” also by Rosie Wyse (after
asking me for permission) for a paper she wrote with Gerry Gilmore (Wyse &
Gilmore, 1986, A.J. 91, 855). Onthe rst page afootnote appears: “ The order
of the authors' names was decided by tossing a coin. This coin, the van der
Kruit guilder (van der Kruit and Searle 1986), was kindly made available to
the rst author by P.C. van der Kruit." The year was now 1986. Indeed the list
of references at the end of the Wise & Gilmore paper contains “van der Kruit,
P.C. and Searle, L. (1986), In Curiosités Numismatiques (to be published)”.

PIET VAN DER KRUIT



Piet van der Kruit as drawn by Mike Disney.
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Former and current students of Prof. Piet van der Kruit. Fltr: Benne Holwerda,
Richard de Grijs, Erwin de Blok, Piet van der Kruit, Roelof de Jong, Jonathan
Heiner, Eline Tolstoy, Johan Knapen.



Preface

The Idand Universe: Structure and Evolution of Disk Galaxies conference
was held on the island of Terschelling from 3-8 July, 2005. It was attended
by 125 registered participants coming from 23 different countries. A total of
54 ora papers were delivered including a conference summary. Furthermore,
more than 50 posters were presented, which were summarized in two short
presentations.

The idea for the meeting originated when Prof. Piet van der Kruit met with
some former students and indicated that he was interested in organizing a con-
ference. When Piet subseguently was appointed on a new honorary chair —
the Jacobus C. Kapteyn Professorship in Astronomy — areason to organize the
meeting had been found. We would organize the meeting to celebrate Piet's
achievements in astronomy and thank him for his generous contributions to
astro-politics and administration.

The topic of the conference had to be a tribute to Piet's life long science
interest: the properties of disk galaxies. The goa of the meeting was to take
inventory of our current knowledge of the structure and content of disk galax-
ies, to present models of formation and evolution leading to disk galaxies, and
to bring together observers and theorists to investigate paths for future research.

The band of former students was expanded to a full SOC (see xviii), an
LOC was formed at the Kapteyn Astronomical Ingtitute, and the organization
of the meeting started in earnest. While Piet had indicated that he would like
the meeting to take place on Svalbard/Spitsbergen, it was quickly determined
that this was not practical for logistical and nancial reasons. We were lucky
to ndasavery good aternative conference center and hotel “ Schylge” on the
island of Terschelling, which allowed us to board all participants at the same
place where the oral and poster presentations were delivered, without even to
have to share the hotel with any other guests. This remote location, away from
the daily bustle, signi cantly contributed to the success of the meeting.

The meeting was organized along eight broad topics. Each topic wasintro-
duced by areview speaker, followed by invited and contributed presentations.
The same structure as used during the meeting is used in these proceedings,
with the contributions ordered within each topic as they were presented during
the meeting, followed by the poster contributions that t best in that session.
| hope these proceedings will portrait the atmosphere of an fruitful and enjoy-
able meeting, and carry the invitation for the next (at Spitsbergen?).
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