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Nuclear star clusters

• Masses: 105 – 108 M⊙

• Sizes: 3 – 50 pc

→Densest stellar systems in the local 
Universe

• Common: Found in at least 70% of 
all galaxies

adapted from Walcher et. al. 2005, see also Neumayer et al. 2020
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→ Low metallicity
→ Simpler star formation history
→ Reflect globular cluster population

→ Depends on dynamical friction & GCs

Formation of Nuclear Star Clusters
Globular cluster accretion

GC

3

e.g. Tremaine 1975, Capuzzo-Dolcetta 1993, Capuzzo-Dolcetta and 
Miocchi (2008a, b), Miocchi et al. 2006, Hartmann et al. 2011,  Antonini 
2013,  Arca-Sedda & Capuzzo-Dolcetta 2014, Gnedin et al. 2014, Arca-
Sedda et al. 2018, Tsatsi et al. 2017 



→ Low metallicity
→ Simpler star formation history
→ Reflect globular cluster population

→ Depends on dynamical friction & GCs

→ High metallicity
→ Complex star formation history
→ Sometimes young ages

→ Depends on gas availability

e.g. Mihos & Hernquist 1994; Maciejewski 2004, 
Milosavljević 2004, Bekki et al. 2006, 2007; Hopkins and 
Quataert 2010a, b; Antonini 2015; Brown et al. 2018
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Globular cluster accretion

GC

Central star formation
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→ Low metallicity
→ Simpler star formation history
→ Reflect globular cluster population

→ Depends on dynamical friction & GCs

→ High metallicity
→ Complex star formation history
→ Sometimes young ages

→ Depends on gas availability

e.g. Mihos & Hernquist 1994; Maciejewski 2004, 
Milosavljević 2004, Bekki et al. 2006, 2007; Hopkins and 
Quataert 2010a, b; Antonini 2015; Brown et al. 2018

Formation of Nuclear Star Clusters
Globular cluster accretion

GC

Infall of young clusters

e.g. Agarwal & Milosavljević 2004, 
Guillard et al. 2016, Arca-Sedda & 
Capuzzo-Dolcetta 2016

→ Similar ages & 
metallicities as pure 
in-situ formation

Central star formation

3

e.g. Tremaine 1975, Capuzzo-Dolcetta 1993, Capuzzo-Dolcetta and 
Miocchi (2008a, b), Miocchi et al. 2006, Hartmann et al. 2011,  Antonini 
2013,  Arca-Sedda & Capuzzo-Dolcetta 2014, Gnedin et al. 2014, Arca-
Sedda et al. 2018, Tsatsi et al. 2017 



NSC formation with integral-field spectroscopy

IFS: separate spectra of NSC and host (e.g. MUSE)

→

→

IC1959

Fahrion et al. 2022, A&A, 667, 137
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NSC formation with integral-field spectroscopy

IFS: separate spectra of NSC and host (e.g. MUSE)

→full spectrum fitting of NSC + GCs + host             

→Ages, metallicites & their distributions 

IC1959

Fahrion et al. 2022, A&A, 667, 137
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Radial metallicity profiles

NSC

Fahrion et al. 2021, A&A, 650, 137

NSC most metal-rich 
component, old
→ Central star formation
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Radial metallicity profiles

NSC

NSC more metal-poor 
→ GC inspiral

Fahrion et al. 2021, A&A, 650, 137

NSC most metal-rich 
component, old
→ Central star formation

21. May 2026Katja Fahrion – IAU 405: Traversing the Galactic Center in Space and Time 5



NSC formation in different galaxies

Central star 
formation

GC accretion

Fahrion et al. 2020, A&A, 634, 53

Fahrion et al. 2021, A&A, 650, 137
Fahrion et al. 2022, A&A, 667, 101

~• Sample of 27 ETGs

+ 9 LTG dwarfs 
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NSC formation in different galaxies

Central star 
formation

GC accretion

Fahrion et al. 2020, A&A, 634, 53

Fahrion et al. 2021, A&A, 650, 137
Fahrion et al. 2022, A&A, 667, 101

• Sample of 27 ETGs

+ 9 LTG dwarfs 

→Trend with NSC and galaxy mass
→Low mass galaxies: globular cluster accretion 

→Massive galaxies: central star formation
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NGC4654: closer view on NSC formation in a Milky Way-like galaxy

NGC4654

HST, NASA, ESA, and J. Lee; Processing: Gladys Kober Fahrion et al. 2024, A&A, 687, 83
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NGC4654: closer view on NSC formation in a Milky Way-like galaxy
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HST, NASA, ESA, and J. Lee; Processing: Gladys Kober Fahrion et al. 2024, A&A, 687, 83
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Similar to MW centre: 
NSC + 2 younger clusters

50 pc



NGC4654: Not one cluster, but three

• Two young (3 - 5 Myr), low-mass clusters (4 x 104 
M☉, 105 M ☉)

•
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Fahrion et al. 2024, A&A, 687, 83
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NGC4654: Not one cluster, but three

• Two young (3 - 5 Myr), low-mass clusters (4 x 104 
M☉, 105 M ☉)

• Old, massive cluster (> 8 Gyr, 3 x 107 M☉) with 
minor young population (~1 Myr)

→ Complex NSC formation in detail

JWST NIRSpec
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Fahrion et al. 2024, A&A, 687, 83
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Take home messages

• Nuclear star clusters are dense, common and 
complicated

• Dominant formation channel depends on 
galaxy and NSC mass

• Detailed studies of individual systems reveal 
complexity (e.g. NGC4654, Milky Way)
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BACK UP SLIDES
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Star formation histories

NSC more metal-poor,
But some young stars as well!
→ Composite formation!

NSC old, metal-rich
Extended SFH with young ages
→ Ongoing NSC formation

Fahrion et al. 2021, A&A, 650, 137
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JWST NIRSpec: wealth of spectral features

Fahrion et al. 2024, A&A, 687, 83 21. May 2026Katja Fahrion – IAU 405: Traversing the Galactic Center in Space and Time 12



NIRSpec emission line maps
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