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Young star clusters: the Galactic nursery

Stars are typically formed in
clustered environments

Cluster formation channels:
• Monolithic (centrally condensed 

burst-like) cluster formation

• Hierarchical cluster formation 
via subsequent merging

of 21 



Young star clusters: the Galactic nursery
Westerlund 2

30 Doradus

NGC 2246

NGC 346

47 TUC
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It is crucial to accurately determine their current state to develop sophisticated simulations
to trace their evolution over a significant fraction of their lifetime

Extra Galactic super star clusters and Globular
clusters: > 10$M⨀

Young Local Group star clusters:  10& − 10(M⨀

Young star clusters (≤ 5 Myr) have not had
time to evolve and are close to their initial
conditions
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Challenges for studying young star clusters
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R136
Image Credit: ESO/L.Calcada

ONC

WR 124

• On-going star formation with 
active mass accretion

• Remaining gas and dust: 
extinction 

• Massive stars: outflows and 
stellar winds

• Crowding and high dynamic 
range for stars (> 10mag)

• Many stars are in binary systems
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Multimission observations of young star clusters
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… create feedback and 
chemical enrichment

… may evolve to 
Globular Clusters

… populate galaxies 
with field stars

Young star clusters…

Credit: NASA/ESA/LEGUS team

… influence the 
evolution of galaxies
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Westerlund 2
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• Distance: 4.16 kpc

• Age: 1 − 2 Myr

• 𝐴7 = 6.12 mag (𝑅7 = 3.95)

• 𝑀⋆ = 3.6 ± 0.3 ×10CM⊙

• 𝑀gas = 1.7 ± 7.5 ×10(M⊙

• 44 known OB stars

• Eclipsing binary Wolf-Rayet star 
WR20a

Zeidler et al. (2015, 2016, 2017, 2018)
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Integral field spectroscopy: observing with MUSE
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• 24 Integral Field Units (IFUs)
• Field of View: 1 arcminI

• Spatial resolution: 0.2 ⁄arcsec px
• Wavelength: 4600 − 9350 Å
• 𝑅 = 1800 − 3600

The Multi Unit Spectroscopic Explorer 
(MUSE)

Survey resolved star clusters, similar 
to photometric surveys
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Westerlund 2 observed with MUSE – a pilot study
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21.5h of MUSE observations1 to mosaic 
the cluster region
• 11 short (220s) exposures
• 5 long (3600s) exposures
• 4/5 long exposures with AO

The MUSE dataset

red: Hα (6563 Å), green: NII (6583 Å), blue: OIII (5007Å)

1 P.I.: P. Zeidler (097.C-0044(A), 099.C-0248(A))
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Extracting stellar spectra from IFU data
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Young star clusters are crowded regions 
with a highly variable background 

• PampelMuse1 together with deep 
high-resolution stellar catalog (HST)

• Extract spectra based on a wave-
length dependent PSF fit to the data 
cubes

Local and wavelength-dependent 
background subtraction

Zeidler et al. (2018, 2019 submitted to AJ), 1 Kamann et al. 2016, 2018

~1500 spectra with a ⁄S N > 5
red: Hα (6563 Å), green: NII (6583 Å), blue: OIII (5007Å)
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Accurately measuring radial velocities with MUSE 
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Expected velocity dispersion of bound star 
clusters1: ~3 − 10 ⁄km s
BUT: MUSE provides  Δ𝑣 = 40 − 80 ⁄km s

Lack of PMS spectral libraries: We create 
our own template around strong stellar 
absorption lines.

1 e.g., Kiminki & Smith (2018), Rochau et al. (2010), Pang et al. (2013)

This method will be published as the 
python package MUSEpack.
(Zeidler et al. 2019a, submitted to AJ) 

Statistical uncertainty: 1.1 ⁄km s
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The Northern Bubble Region

In it’s center is a jet-like structure: 
“The Sock”

The Northern Bubble region
NB

MC

We looked at stars where we obtained
good spectra

cluster members
Field stars

Peter Zeidler
Zeidler et al. (2018)

A bubble in the vicinity of the Northern 
Clump, blown into the gas (probably) by 
the O5V star
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cluster members
Field stars
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• OB stars via EW ratios: HeIIλ5411, HeIλ5876, Hα
• Later type stars: Fit to spectral libraries1

The Northern Bubble Region

Zeidler et al. (2018), 1Cenarro et al. (2001), Munari & Tomasella (1999)
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The Northern Bubble Region
The gas structure

• The gas of the bubble appears 
to be rotating

• “The Sock” has a complicated, 
twisted velocity structure
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The gas structure: complicated 
but connected to the stars 
=> star – gas interactions

Zeidler et al. (2018)

Analyzing the velocity of 20
regions in the clump region,
using Hα+Hβ, NII , and SII
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The kinematics of the H II region

Zeidler et al. 2019b, in prep.
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The kinematics of the H II region

Zeidler et al. 2019b, in prep.
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• Massive O-stars (showing HeII) follow different RV 
distribution than lower mass stars

• Lower-mass stars show a red and a blue shifted RV 
distribution

Zeidler et al. 2019b, in prep.

Stellar radial velocities in Westerlund 2
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−𝟏𝟕. 𝟏𝟎 kms

−𝟕. 𝟗𝟒kms

−𝟒. 𝟖𝟑 kms

−𝟑. 𝟑𝟓 kms

𝟑. 𝟐𝟔 kms

𝟗. 𝟓𝟎 kms

𝟎. 𝟐𝟏 kms

Zeidler et al. 2019b, in prep.

𝟒. 𝟐𝟗 kms

Stellar radial velocities in Westerlund 2
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Stellar radial velocities in Westerlund 2

Zeidler et al. 2019b, in prep.
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Stellar radial velocities in Westerlund 2
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What has the Westerlund 2 study revealed to far?
Combining HST photometry and MUSE IFU data is a powerful tool to study the 3D structure 
and kinematics of young star clusters

• Stellar spectral types

• Building a PMS spectral library

• Accurate radial velocities: 1 − 3 ⁄km s
=> studying the radial velocity profiles of 
young star clusters

• Gas kinematics and interactions with the stars

• Stellar proper motions and binaries (see Elena 
Sabbi’s talk on Thursday !!!)
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Young star clusters: the Galactic nursery
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This new, unique combination of instruments is a leap forward to understand star cluster
formation and evolution through time and space and the connection to the distant Universe.
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THE LOCAL GROUP
Assembly and Evolution
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• How did the Milky Way system assemble and form? 

• How similar/different are the MW and M31? 

• What mechanisms are involved in the formation and 
evolution of the LG and its galaxies? 

• What are the differences between the LG and other groups 
in the local universe?

TOPICS


