
Proceedings of the 
International  

Astronomical Union

IAU  
Symposium

351

B
rag

ag
lia, D

avies,  
Sills an

d
 Vesp

erin
i

Star Clusters: From
 the M

ilky  
W

ay to the Early Universe

Star Clusters:  
From the Milky Way 
to the Early Universe

Stellar cluster research is in a dynamic state. IAU 
Symposium 351 (also chosen as MODEST-19, within the 
‘Modelling and Observing DEnse STellar systems’ 
meeting series) is a compilation of the research 
presented at the symposium. It contains highlights of 
the latest research taking place in many areas, including 
the formation of stellar clusters at high redshift, multiple 
stellar populations within stellar clusters, the dynamical 
evolution of stellar clusters, and the production of exotic 
objects such as black holes within stellar clusters. This 
volume also includes articles on the build up of larger 
galaxies from smaller galaxies and stellar clusters, and 
discussions of the latest data from large surveys and 
from the Gaia satellite. Looking at both the local and the 
high-redshift universe allows links to be established 
between the clusters we see today and their 
progenitors. IAU S351 is an ideal entry point for 
astronomers new to this research field.

Proceedings of the International Astronomical Union

27–31 May 2019
Bologna, Italy

International Astronomical Union

Cambridge Core 
For further information about this journal please  
go to the journal website at:
cambridge.org/iau

ISBN 978-1-108-48250-9

Proceedings of the International Astronomical Union
Editor in Chief: Dr Piero Benvenuti
This series contains the proceedings of major scientific 
meetings held by the International Astronomical 
Union. Each volume contains a series of articles on a 
topic of current interest in astronomy, giving a timely 
overview of research in the field. With contributions by 
leading scientists, these books are at a level suitable for 
research astronomers and graduate students.

Angela Bragaglia 
Melvyn Davies 
Alison Sills  
Enrico Vesperini

Edited by

IAU Symposium Proceedings of the International Astronomical Union

351
27–31 May 2019
Bologna, Italy

International Astronomical Union

ISSN 1743-9213

Star Clusters:  
From the Milky Way  
to the Early Universe

9  781108 482509

351
IAU Symposium

https://doi.org/10.1017/S1743921319009529 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921319009529


STAR CLUSTERS: FROM THE MILKY WAY TO THE EARLY UNIVERSE

IAU SYMPOSIUM 351

COVER ILLUSTRATION:

The Milky Way as reconstructed from Gaia DR2 data, highlighting the location
of nearly 90 satellites of the Milky Way: globular clusters (in blue) and dwarf
galaxies (in red). The arcs show the path these objects will take in the next 10
million years for the globular clusters and in the next 100 million years for the
dwarf galaxies. Image created by Maarten Breddels. Credits: ESA/Gaia/DPAC,
Amina Helmi, Maarten Breddels and co-authors of the paper “The kinematics
of globular clusters and dwarf galaxies around the Milky Way”.

Source: Group photo kindly taken by Dr. Anton Seleznev, who also made other
pictures available from the Symposium website (http://iausymp351.oas.inaf.it/).
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Globular clusters and their link with stellar populations in the Milky Way . . . . . . . 19

David Yong

Chemical abundances of field halo stars - Implications for the building blocks
of the Milky Way . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

Miho N. Ishigaki

Formation and evolution of globular clusters in cosmological simulations . . . . . . . . . 34

Hui Li and Oleg Gnedin

3 things they don’t tell you about star clusters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

Florent Renaud

A deep view into the nucleus of the Sagittarius dwarf spheroidal galaxy: M54 . . . . 47
M. Alfaro-Cuello, N. Kacharov, N. Neumayer, A. Mastrobuono-Battisti,
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Chemical abundances of four red supergiants star clusters (RSGCs)
in Scutum-Crux arm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

Sang-Hyun Chun

The tidal tails of open star clusters produced by early gas expulsion . . . . . . . . . . . . 192
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Preface

IAU Symposium 351 “Star Clusters: from the Milky Way to the early universe” was
held at the Consiglio Nazionale delle Ricerche conference centre in Bologna, Italy on May
27–31, 2019. The IAU Symposium 351 was also chosen as MODEST-19 (Modelling and
Observing DEnse STellar systems, a meeting series started in 2002). The Symposium
was followed on Twitter (#iaus351, #MODEST19) thanks to many participants. It was
attended by about 200 participants from 33 countries. We had 73 talks and about 100
posters presented during the meeting. This volume contains 119 contributions which
provide an important snapshot of the state of the field. The topics in the volume follow
the order in which they were presented during the conference.

• Formation and evolution of clusters at present time and at high redshift
• Globular clusters and satellite systems and extragalactic clusters in general
• Multiple stellar populations in stellar clusters, in the Milky Way and in the local

Universe
• Dynamics and evolution of stellar content in clusters
• Black holes and other exotic populations in clusters
• Links between globular, open, young massive, nuclear star clusters
• Dwarf/ultra-compact/ultra-faint galaxies and clusters as building blocks of large

galaxies
• The Gaia revolution for star clusters
• Galactic archaeology with present and future large surveys

The Symposium clearly showed the complexity of stellar clusters, either at low redshift
(e.g. multiple stellar populations, internal dynamics, binary interactions, etc) or at high
redshift (formation and early evolution). The formation mechanisms and sites of stellar
clusters of any age and mass were debated, also in the light of multiple populations. The
presence of sessions both on the local and the high-z universe was very useful to establish
links between the clusters we see today and their progenitors, using properties both well
known or still only partly explored. Researchers were then able to get a broader and more
informed vision of the important constraints coming from confronting low- and high-z
conditions. Star clusters were not only considered as interesting objects per se, but as
probes of larger systems such as galaxies and as contributors to the halo/disc popula-
tions of the Milky Way. The internal dynamics of stellar clusters and their dynamical
evolution were debated, considering particularly the populations of ”exotic” objects such
as compact binaries, black holes, and millisecond pulsars.
The increasing importance of large scale studies and massive datasets and simulations

was discussed. Particular mention should be made of the increasing number of theoretical
and observational investigations devoted to the study of the internal kinematics of star
clusters. Various contributions based on large radial velocity surveys and proper motion
studies based on HST and Gaia data were presented. Gaia data and results were widely
exploited.
We were very happy to see many young researchers presenting very interesting, clear

and informed talks and posters. This shows that the new generation of scientists promises
to bring new highlights in the field of stellar clusters research.
We would like to extend our thanks to everyone who helped to make this symposium

a success. First, Maurizio Salaris took on the task of giving an outreach presentation for
the general public on the subject of Globular Clusters and the possibility of alien life.
We acknowledge the immense amount of work done by the Local Organizing Committee
and we thank Emanuele Dalessandro (LOC chair), Caterina Caravita, Cristiano Fanelli,
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Preface xv

Alice Minelli and Antonio Sollima for their dedication; without their help the Symposium
351 would not have been so successful. We also thank the technical assistence of the
C.N.R. area. We gratefully acknowledge support from INAF (Istituto Nazionale di
Astrofisica) and the INAF-OAS Bologna. Our many thanks go to the Scientific Organizing
Committee. They managed the difficult job of selecting the speakers for the scientific
program among the many interesting abstracts which were submitted. In addition, many
of the SOC members took part in the Symposium and had an active role, chairing
sessions and fostering discussion. Finally, we thank the IAU, particularly Division H
(Interstellar Matter and Local Universe) and our other supporting divisions and commis-
sions (Divisions G-Stars and Stellar Physics and J-Galaxies and Cosmology; Commissions
A1-Astrometry; H1-The Local Universe; H4-Stellar Clusters throughout Cosmic Space
and Time) for their support of this symposium.

Angela Bragaglia, Melvyn Davies, Alison Sills, Enrico Vesperini
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Dupree Andrea Center for Astrophysics — Harvard &

Smithsonian - Cambridge

United States

Ennis Ana Instituto de Astrof́ısica de La Plata Argentina

Fahrion Katja European Southern Observatory, Garching Germany

Fall Michael STScI, Baltimore United States

Fan Zhou National Astronomical Observatories,

Chinese Academy of Sciences (NAOC)

China

Fanelli Cristiano DIFA Bologna & INAF-OAS Bologna Italy

Fellhauer Michael Departamento de Astronomia,

Universidad de Concepcion - Chile

Chile

Ferraro Francesco Dipartimento di Fisica e Astronomia -

Universita di Bologna

Italy

Fiorentino Giuliana INAF-OAS Bologna Italy

Forbes Duncan Swinburne University, Melbourne Australia

Fragione Giacomo Hebrew University of Jerusalem Israel

Fujii Michiko Department of Astronomy, The University of Tokyo Japan

Funato Yoko University of Tokyo Japan

Garofalo Alessia INAF-OAS Bologna Italy

Gieles Mark Institute of Cosmic Sciences, University of Barcelona Spain

Giersz Mirek Nicolaus Copernicus Astronomical Center,

Polish Academy of Sciences

Poland

Goettgens Fabian Institute for Astrophysics, Goettingen Germany

Goudfrooij Paul Space Telescope Science Institute, Baltimore United States

Gratton Raffaele INAF & Osservatorio Astronomico diPadova Italy

Grudic Michael Caltech United States

Guerra César Pontificia Universidad Católica del Perù - Lima Peru
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