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GCs and YMCs

• There are no obvious age/mass/metallicity cuts that 
separate these populations

“A gravitationally-bound, stellar cluster that in terms of its position and 
velocity vectors does not coincide with the presently star-forming 

component of its host galaxy”  (Kruijssen 2015)

• If true, YMCs and GCs are only separated by their 
evolution in their host galaxy

• GCs don’t need special conditions (early Universe) to 
form

GCs = YMCs + evolution
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Forbes & Bridges 2010
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Leaman+2013
Kruijssen+ 2019a,b,2020
Pfeffer+2020

In-situ

-2.5

-0.5

galaxy
accretion

MW GCs are old
(but with variations)

At fixed 
metallicity, 

accreted GCs 
are younger

Kruijssen+ 2019b



Age Distributions:
Expectations

[Z
/H

]

Age [Gyr]

massive
galaxies

dwarf
galaxies

If GCs trace 
star-formation, 

we expect 
different age 
distributions

courtesy of Joel Pfeffer (from the EAGLE simulations)



all ~few * 105 Mo

R136 
~2 Myr

NGC 1850 
~100 Myr

NGC 1856 
~300 Myr

NGC 419 
~1.5 Gyr

NGC 416 
~6 Gyr

NGC 121 
~11 Gyr
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• all	are	‘metal	poor’	

• red	HBs	>2-4	Gyr	younger	than	blue	HBs	(at	fixed	[Fe/H])	

• Direct	evidence	of	substanIal	age	spread	in	GC	populaIon	of	M31

Mackey et al. 2019; in prep.; courtesy of Annette Ferguson

Age Distributions:
M31

off streams - in-situon streams - accreted
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age indicators
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NGC 7252

~500 million years old
1e8 Msun

~500 million years old
1e7 Msun

Schweizer & Seitzer 1998
Cabrera-Ziri+2014
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~15 Myr
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NGC 1705
Larsen+2011 NGC 7252

3 Gyr
1e7 Msun

Goudfrooij+2001



Age Distributions:
Simulations

El-Badry+2019
Reina-Campos+2019 (E-MOSAICS)
Choksi & Gnedin 2019; Lahen+19
Muratov & Gnedin2013

Li & Gnedin 2019
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low
metallicty

high
metallicty

Early UniverseToday
Observations:
Forbes+2015

Stars All clusters Globular clusters

Early GC formation models
 (e.g., Trenti+2015)Reina-Campos+2019 (EMOSAICS)

Age Distributions:
Simulations
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Age Distributions:
The role of major mergers

Keller+20 (E-MOSAICS)
Choksi & Gnedin 2019

• For many, YMCs have become 
synonymous of major mergers

• In the local Universe, major 
mergers are places where the 
physical conditions necessary to 
make YMCs exist

• At higher redshift, those 
conditions can be met within 
normal (turbulent) galaxies

• Major mergers play a minor role 
in the formation of GCs (<25%)
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Age Distributions:
Questions and Outlook

• If GCs are fundamentally different than YMCs,  at what age/
redshift did the transition happen?

• What happened to all the “regular” clusters that formed 
between z=1 and 5 (i.e., the direct YMC analouges)?

• JWST surveys should find loads of proto-GCs at z=1-5, with 
a decreasing number beyond z=6 (opposite if GCs only form 
in the early Universe)

• Can we do better in extragalactic age determinations?
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Definition of a Globular Cluster
“Multiple Populations”

Carretta+2010 suggest that:  GCs are clusters that host 
multiple populations

The ancient GCs are not simple stellar populations, instead they host light 
element abundance spreads (e.g., He, C, N, O, Na, Al)

Gratton+2012
Bastian & Lardo 2018

[O/Fe]

[N
a/

Fe
]

F275W - F336W

F2
75

W

Carretta+2009 Milone+2013



Stellar Populations

Martocchia+19b

Niederhofer+17a,b
Hollyhead+17,18,19
Martocchia+18a,19a,b
Saracino+19,20

Resolved



Stellar Populations

Martocchia+19b

Niederhofer+17a,b
Hollyhead+17,18,19
Martocchia+18a,19a,b
Saracino+19,20

Resolved

𝛥t < 20 Myr
Martocchia+2018
Saracino+2020



Stellar Populations

Martocchia+19b

Niederhofer+17a,b
Hollyhead+17,18,19
Martocchia+18a,19a,b
Saracino+19,20

Resolved

𝛥t < 20 Myr
Martocchia+2018
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Harris 2010
Schiavon+2017

Bi-modal metallicity distribution

Peaks at [Fe/H] ~ -1.5 & -0.7

Metallicities
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Harris 2010
Schiavon+2017

Bi-modal metallicity distribution

Peaks at [Fe/H] ~ -1.5 & -0.7

Metallicities
Bi-modality as the driver of globular cluster 

population models
e.g. Beasley+2002

Bekki+2008
Tonini 2013

Leaman+2013
Renaud+2017

Metallicity Distributions:
The Milky Way



Caldwell+2011

Broad Uni-modal 
metallicity distribution

Bi-modal
metallicity distribution

Metallicity Distributions:
M31



Brodie+2012 
(from SLUGGS)

NGC 3115
clear bi-modality

Metallicity Distributions:
Extragalactic GC systems
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MI

MI

(g-i) (g-i)[Z/H] [Z/H]

About 50/50 in 
massive galaxies

Metallicity Distributions:
Extragalactic GC systems

Beware of non-linear colour-
metallicity relations (e.g., Fahrion+20)



Using YMCs to Understand GC Formation

Adamo+2020

𝚪 
[%

]

Fraction of stars forming in clusters

Truncation mass



Reconstructing Galaxy Assembly From GCs

Kruijssen, Pfeffer+2020



Open Questions

• What is the age distribution of massive (i.e., globular) clusters?

• Are mass/luminosity distributions Universal?  Is this worth a second 
look?

• Are most GC metallicity distributions bimodal?  Is this worth a second 
look?

• Evidence points towards the Universality of massive cluster formation 
(GCs = YMCs+evolution).  Can we prove/disprove this?

• For those who believe GCs are different, why?  How can we test this?

• Further study of the YMC properties as a function of environment 
(truncation mass/cluster formation efficiency)

• Can we use GCs to trace the assembly of galaxies outside our own?


