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Introduction to Stellar Clusters
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Young Massive Clusters (YMCs)
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 forming in the local universe
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What do we know about YMCs?

Power-law mass function (index of -2 from ~100 to 108 Msun)

High pressure environments conducive to forming high mass
clusters Elmegreen & Efremov 1998, Kruijssen 2015

Single bursts of star-formation (no significant age spreads)
Bastian et al. 2013, Cabrera-Ziri et al. 2014,2016

Extremely efficient at removing gas/dust within them (<4 Myr)
Hollyhead et al. 2015, Longmore 2015, Cabrera-Ziri et al. 2015

In tension with all predictions from multiple populations scenarios
Bastian & Lardo 2018 ARA&A

Models for multiple populations do not agree
with observations of YMCs




Are multiple populations detected
in YMCs?

* Clusters younger than ~2 Gyr, none spectroscopically detected
Mucciarelli et al. 2008, 2012,2014

* YMCs show complex CMDs. However, not likely connected to

multiple populations (instead stellar rotation is the cause)

Milone et al. 2015,2017; D’Antona et al.
2015,2017; Bastian et al. 2015,2017

+ See upcoming Annual Review of Astronomy & Astrophysics
Bastian & Lardo 2018




Are Multiple Populations Restricted to Old GCs?

* HST study to search for multiple populations in massive
(>10° M,) clusters in the LMC/SMC, from 100 Myr - | |

Gyr
* VLT survey to search for N, C and O variations directly
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Are Multiple Populations Restricted to Old GCs?

=
>
hn
=
el 105
7))
(7))
]
=

lllllll




Are Multiple Populations Restricted to Old GCs?

1.e. are YMCs and GCs really the same thing?
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Are Multiple Populations Restricted to Old GCs?
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Are Multiple Populations Restricted to Old GCs?
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Are Multiple Populations Restricted to Old GCs?
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Role of cluster age
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—-MOSAICS: MOdelling Star cluster

system Assembly In Cosmological

Simulations with the EAGL

EAGLE: Largest run: 6.8 billion particles,
100 Mpc box, with >10,000 galaxies Milky
Way or larger

- simulations




E-MOSAICS: MOdelling Star cluster system Assembly In Cosmological Simulations
with the EAGLE simulations

Simulation by Joel Pfeffer, Diederik Kruijssen, Rob Crain, Nate Bastian, Joop Schaye
Gas density and star cluster age
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GC and YMC Formation in
Cosmological Simulations
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GC and YMC Formation in
Cosmological Simulations

Formation redshift
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Kruijssen et al. in prep.




Formation redshift
0.6 1.0

Metallicity [Z/H]

M > 10° M.
R/kpc < 8
8 < R/kpc < 100
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Kruijssen et al. in prep.

Age-metallicity
distribution gives
assembly history
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E-MOSAICS: MOdelling Star cluster system Assembly In Cosmological Simulations
with the EAGLE simulations

Simulation by Joel Pfeffer, Diederik Kruijssen, Rob Crain, Nate Bastian, Joop Schaye
Gas density and star cluster age
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