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COVER ILLUSTRATION: ORION AND THE TRAPEZIUM CLUSTER.

This composite Spitzer and Hubble Space Telescope image exemplifies the chaotic
environment in the Orion Nebula, created by having caught the Galactic star-
formation process in the act.
Swirls of green in Hubble’s ultraviolet and visible-light view reveal hydrogen and
sulfur gas that have been heated and ionized by intense ultraviolet radiation from
the massive stars in the Trapezium cluster, seen as the yellow stars in the centre
of the image. Meanwhile, Spitzer’s infrared view exposes carbon-rich molecules
(polycyclic aromatic hydrocarbons) in the cloud. These organic molecules have
been illuminated by the Trapezium cluster’s stars, and are shown in the composite
as wisps of red and orange.
Stellar winds from clusters of newborn stars scattered throughout the cloud
etched all of the well-defined ridges and cavities in Orion. The large cavity near
the right of the image was most likely carved by winds from the Trapezium’s
stars.

This image is a false-colour composite where blue corresponds to light detected
at wavelengths of 0.43, 0.50 and 0.53 μm and green to wavelengths of 0.6, 0.65,
and 0.91 μm. Light emitted at 3.6 μm is orange and at 8.0 μm is red.

Image and paraphrased text courtesy of the Spitzer Science Center (NASA/JPL-
Caltech/T. Megeath & M. Robberto).
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J. Máız Apellániz

Observational properties of the open cluster system of the Milky Way and what
they tell us about our Galaxy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
A. Moitinho

A new era for the globular cluster system in M31. . . . . . . . . . . . . . . . . . . . . . . . . . 117
M. G. Lee, S. C. Kim, H. S. Hwang, H. S. Park, D. Geisler, A. Sarajedini &
W. E. Harris

Proper-motion studies of Milky Way starburst clusters – a new definition of star-
burst cluster templates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
A. Stolte & W. Brandner

Session IV. Globular cluster chemical evolution
Chair: Giampaolo Piotto

Globular cluster abundances: the imprint of first-generation massive stars . . . . . 131
C. Charbonnel

The lithium history of NGC 6397 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
F. Primas, K. Lind, C. Charbonnel, F. Grundahl & M. Asplund

Globular cluster abundances and what they can tell us about galaxy formation . 149
J. G. Cohen

Chemical abundances in tidally disrupted globular clusters . . . . . . . . . . . . . . . . . . 157
D. Yong, J. Meléndez, K. Cunha, A. I. Karakas, J. E. Norris & V. V. Smith

Globular cluster abundances: the role of asymptotic giant branch stars . . . . . . . . 161
A. I. Karakas

Massive binaries and the enrichment of the interstellar medium in globular clusters 169
S. E. de Mink, O. R. Pols, N. Langer & R. G. Izzard

Session V. Multiwavelength observations
Chair: Duilia de Mello

Insights into star cluster formation from λ � 1μm . . . . . . . . . . . . . . . . . . . . . . . . . 177
R. Indebetouw, R. Chen, C. Brogan, B. Whitney, T. Robitaille, L. Looney &
the sage team

An optical/near-infrared survey of GCs in early-type galaxies. . . . . . . . . . . . . . . . 184
A. L. Chies–Santos, S. S. Larsen, E. M. Wehner, H. Kuntschner,
J. Strader, J. P. Brodie & J. F. C. Santos Jr.

https://doi.org/10.1017/S1743921309990755 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921309990755


Contents vii

X-rays from young star clusters: a complement to optical and infrared views . . . 190
F. Damiani

Infrared surveys of Galactic star clusters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
V. D. Ivanov, M. Messineo, Q. Zhu, D. Figer, J. Borissova, R. Kurtev &
G. R. Ivanov

Session VI. Cluster dynamics
Chair: Simon Goodwin

Stellar-mass black holes in star clusters: implications for gravitational-wave
radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
S. Banerjee, H. Baumgardt & P. Kroupa

Star cluster dynamics in galaxies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
K. Bekki

HST’s hunt for intermediate-mass black holes in star clusters . . . . . . . . . . . . . . . . 231
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A. Kučinskas, V. Dobrovolskas, A. Černiauskas, R. Lazauskaitė & T. Tanabé

Super star clusters in Hii galaxies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447
P. Lagos, E. Telles & E. R. Carrasco

https://doi.org/10.1017/S1743921309990755 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921309990755


Contents xi

W UMa-type systems in globular clusters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451
L. Li, F. Zhang & Z. Han

Star clusters in the starburst galaxy M82 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 454
S. Lim, N. Hwang & M. G. Lee

Open cluster characterization via cross-correlation with a spectral library. . . . . . 458
F. F. S. Maia, J. F. C. Santos Jr., W. J. B. Corradi & A. E. Piatti

Analysis of the B and Be-star populations of the double cluster h and χ Persei . 462
A. N. Marsh, M. V. McSwain & T. Currie

Young open clusters in the Milky Way and Small Magellanic Cloud. . . . . . . . . . . 466
C. Martayan

Evolution and appearance of Be stars in SMC clusters . . . . . . . . . . . . . . . . . . . . . 470
C. Martayan, D. Baade, Y. Frémat & J. Zorec
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Preface: Star clusters as basic galactic building blocks

It is widely accepted that stars do not form in isolation, but result from the fragmentation
of molecular clouds, which in turn leads to star cluster formation. Over time, clusters
dissolve or are destroyed by interactions with molecular clouds or tidal striping, and their
members become part of the general field population. Star clusters are thus among the
basic building blocks of galaxies.

In turn, star cluster populations, from young associations and open clusters to old glob-
ulars, are powerful tracers of the formation, assembly and evolutionary history of their
parent galaxies. Although their importance (e.g., in mapping out the Milky Way) had
been recognised for decades, major progress in this area has only become possible in re-
cent years, both for Galactic and extragalactic cluster populations. This area has seen a
major recent investment in time and effort, largely thanks to significant new resources in
theory, simulations and observations, including breakthroughs in computational power,
the advent of Hubble Space Telescope-driven science, deep and more precise data for
large numbers of Galactic clusters, and an explosion of astrometric data (e.g., Hipparcos,
ucac2).

In the summer of 2009, several years had passed since a number of very successful IAU
symposia were held on aspects related to the build-up of galaxies and their basic building
blocks. IAU Symposium 254 on ‘The Galactic Disk in Cosmological Context’ (June 2008),
IAU Symposium 241 on ‘Stellar populations as basic building blocks of galaxies’ (De-
cember 2006) and IAU Symposium 235 on ‘Galaxy Evolution across the Hubble Time’
(August 2006) addressed galaxy formation and evolution in a wider sense, while IAU
Symposium 246 on ‘Dynamical Evolution of Dense Stellar Systems’ (September 2007)
and IAU Symposium 207 on ‘Extragalactic Star Clusters’ (March 2001) focussed on star
clusters in their own right.

While most of these past Symposia addressed individual aspects of galaxy formation and
evolution, we felt the need for a new Symposium encompassing many of the individual
aspects in a more general approach, and in particular focussing on star clusters (including
the full range from very young associations and open clusters to young massive star
clusters and old globulars), and star cluster populations in the wider context of their
parent galaxies. Putting these results and new developments related to star clusters as
individual entities into the broader context of galaxy evolution is the next logical step,
which requires the combined efforts of theorists, observers and modellers working on
a large variety of spatial scales, and spanning a very wide range of expertise. We are
now reaching the stage that we are within reach of answering a number of fundamental
questions that will have a significant impact on our understanding of numerous related
issues as well, ranging from the formation, assembly and evolution of galaxies, to the
details of the process of star formation itself. These two issues are the backbone of research
in modern astrophysics. Thus, we proposed to focus on the role of star clusters, of any size
and age, and their stellar populations in the overall context of galaxy evolution, across
space (from local to high redshift) and time (from currently forming to fossil remnants).

Star clusters are the observational foundation for stellar astrophysics and evolution,
provide essential tracers of galactic structure, and are unique stellar dynamical
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environments. Star formation, stellar structure and stellar evolution continue to benefit
and improve tremendously from the study of these systems. Additionally, fundamental
quantities such as the initial mass function can be successfully derived from modelling
either the Hertzsprung–Russell diagrams or the integrated velocity structures (i.e., for
massive clusters, the velocity dispersions, leading to dynamical mass estimates, and com-
bined with integrated luminosities and independent age estimates) of, respectively, re-
solved and unresolved clusters and cluster populations. Star cluster studies thus span
the fields of Galactic and extragalactic astrophysics, while heavily affecting our detailed
understanding of the process of star formation in dense environments.

Globular clusters are regarded as fossil records of the earliest epochs of galaxy formation,
including that of our own Milky Way. At the same time, the young massive star clusters
currently being formed in the most violent starburst environments may be viable proto-
globular clusters. Thus, star clusters form an ideal testbed for stellar evolution theories
and are in fact among the best tools to study extreme stellar populations, such as X-ray
binaries or ‘blue stragglers’, both of which are likely products of dynamical interactions
within clusters. However, dynamical modelling of clusters and entire cluster systems, at
any age, still poses a considerable challenge for both theory and computational require-
ments.

Recent advances in instrumentation are driving a renaissance in the study of Galactic
clusters, while extragalactic cluster studies are significantly aided by the development of
new instrumentation supporting ever wider fields of view. New wide-field imaging cameras
on several 4–8m telescopes offer the unique opportunity to study entire cluster popula-
tions to very faint magnitudes in a single pointing, both in the optical and near-infrared
(e.g., VISTA). Complementing these photometric capabilities are a new generation of
multi-object spectrographs and multiplexed integral-field units on 8–10m telescopes. In
addition, from Chandra/XMM and GALEX at short wavelengths to the Spitzer Space
Telescope in the mid- and far-infrared, our observational window in which to study both
the star clusters and their stellar populations are unsurpassed in terms of wavelength
coverage and spatial resolution at the present time. With major efforts being expended
on the planning for possible 30–42m ‘extremely large telescopes’, now is the opportune
time to look forward to future progress in mapping a representative slice of the local
Universe at the highest possible resolution and thus in the greatest detail ever achieved.
Combining the emerging, unprecedented understanding of local stellar populations with
observations of galaxies (‘composite’ stellar populations) at ever higher redshifts, we now
have a fighting chance to constrain the evolution of the basic galactic building blocks
throughout space and time.

With all of these exciting efforts ongoing at the present time, we believed that it was an
opportune time to organise a Symposium on ‘Star Clusters as Basic Galactic Building
Bocks Throughout Time and Space’ at the XXVIIth General Assembly of the IAU in
the summer of 2009. Looking back at a very successful meeting, we are strengthened in
our resolve to make this meeting happen and would like to thank all participants for a
hugely rewarding and thought-provoking week in Rio de Janeiro.

Richard de Grijs and Jacques Lépine
November 2009
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