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The MUSE Globular Cluster Survey

MUSE  

• Integral field spectrograph at the UT4 of the VLT 

• Wide Field Mode —> 1’x1’ field of view (0.2" sampling) 
Narrow Field Mode —> 7.5"x7.5" field of view (0.025" sampling) 

• 4650-9300 Å, R~3000 (Δλ~2.5 Å)  
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The MUSE Globular Cluster Survey

The Survey 

• GTO time (2014-2022) 

• 26 Galactic GCs 
8 Magellanic Cloud GCs 

• 1-10 WFM pointings / GC 
1-3 NFM pointings / GC 

• 3+ epochs / pointings 

• 10+ epochs in 4 GCs (47Tuc, 
ωCen, NGC3201, NGC1851) 

• Spectra for 10 000+ stars / GC 

Kamann et al. 2018
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The MUSE Globular Cluster Survey

Husser et al. 2016
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Data Analysis 

Spectral extraction (Pampelmuse, Kamann et al. 2013)
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The MUSE Globular Cluster Survey

Nitschai et al. 2023

Data Analysis 

Spectral fitting 

• Göttingen Spectral Library of Phoenix model 
atmospheres (Husser et al. 2013) 

• Full spectrum fit with SPEXXY (Husser et al. 2016) 

• Teff, metallicity [M/H], Vrad, telluric components 
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The MUSE Globular Cluster Survey

SCIENCE CASES

1. Radial velocities

2. Chemistry /  
     Stellar parameters

Kinematics (talk by R. Pechetti and poster by E. Balakina)

Binaries  (talks by S. Saracino, S. Dreizler) 

CaT - metallicity (Husser et al. 2020)

Metallicities in ω Cen (Latour et al. 2021, Nitschai et al. 2023)

Horizontal Branch Stars (Latour et al. 2023)

Multiple populations (Latour et al. 2019, Latour et al. in prep.)
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The MUSE Globular Cluster Survey

SCIENCE CASES

1. Radial velocities

2. Chemistry /  
     Stellar parameters

Kinematics (talk by R. Pechetti and poster by E. Balakina)

Binaries  (talks by S. Saracino, S. Dreizler) 

CaT - metallicity (Husser et al. 2020)

Metallicities in ω Cen (Latour et al. 2021, Nitschai et al. 2023)

Horizontal Branch Stars (Latour et al. 2023)

Multiple populations (Latour et al. 2019, Latour et al. in prep.)

Metallicity spread / dispersion among the P1 stars
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Metallicity spread among the P1 stars

Main Goals 

1) For the primordial population stars (P1): quantify the metallicity spread in 
connection with the pseudo-color F275W - F4814W (x-axis of the chromosome 
map). 

2) Determine intrinsic metallicity dispersions for the P1 and P2 stars.
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The chromosome maps

P1

P2

Milone et al. 2017
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Milone et al. 2017

The P1 stars should be a very homogeneous population. 

Iron (metallicity) variations (Lardo et al. 2022)

What causes the color spread among the P1 stars?
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What causes the color spread among the P1 stars?

Milone et al. 2017

The P1 stars should be a very homogeneous population. 

Iron (metallicity) variations (Lardo et al. 2022)

In the literature so far :  

• Spectroscopic iron variations in 3 GCs: 
—> NGC 2808, ~0.15 dex, 5 stars (Lardo et al. 2023) 
—> NGC 3201, ~0.10 dex, 12 stars (Marino et al. 2019) 
—> NGC 104 (47 Tuc), 0.14 dex, 21 stars (Marino et al. 2023) 

• Photometric metallicity variations: 
 —> Sample of 50 GCs, 0.05-0.30 dex (Legnardi et al. 2022)
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The metallicities of the P1 stars

Stars selection 

• Average metallicity per star (N>= 3) 
From individual spectra with SNR > 20 

• Membership from proper motions (Libralato et al. 2022)  

• Exclude the brightest RGBs (3-4 mag) 

• Exclude stars with Vrad variability (binaries) 

• Consistency between Teff spec and Teff isochrone  
 
 
Between 30 and 250 P1 stars in 21 GCs. 
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Metallicity spread of the P1 stars 

• Weighted least-square fit  

• ΔC from 5th - 95th percentile  —> Δ [M/H] 

• Intrinsic metallicity dispersion —> σ [M/H]

The metallicities of the P1 stars
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Results 

• Significant metallicity spreads in 18 
out of 21 GCs. 

• Spread between 0.02 - 0.2 dex

The metallicities of the P1 stars

NGC 6388
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Metallicity spread versus clusters mass

Some theoretical predictions 

• Increase in metallicity dispersion with the 
Globular cluster’s mass due to self-enrichment.  
(Bailin 2018, 2021, McKenzie & Bekki 2022)
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Metallicity spread versus clusters mass

Some theoretical predictions 

• Increase in metallicity dispersion with the 
Globular cluster’s mass due to self-enrichment. 
(Bailin 2018, 2021, McKenzie & Bekki 2022)

Bailin 2018
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Metallicity dispersion P1 vs P2

Results 

• The P2 stars have equal or smaller σ than the P1 stars  
(shown for NGC 6362, NGC 6838, Legnardi et al. 2022) 

• σ correlates well with GC mass

3x105 Msun
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Type II GCs

What about the Type II GCs and their "P3" ? 

• Type II GCs have an "extra" population (red-RGB, Milone et al. 2017) 

• NGC 1851, NGC 6656 (M22), NGC 5286, NGC 362, NGC 7089 
(M2), NGC 6388 

• P3 stars (in some GCs) have variations in s-elements (Ba), C+N+O, 
iron.  

• The status of some Type II GCs (NGC 6388) and the presence of 
iron-spread is still debated (Carretta & Bragaglia 2022, 2023, Vargas et 
al. 2022)

Milone+ 2017
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Type II GCs
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Conclusion

• We measured the correlation between the metallicity of the P1 stars and their 
F275W-F814W pseudo-color in 21 GCs.  

• We measured metallicity spreads Δ [M/H] between 0.02 - 0.20 dex in 18 GCs. 

• We find the P2 stars to have a metallicity dispersion smaller or equal to that of the 
P1 stars. 

• We see a correlation between metallicity spread, dispersion and the GC mass, 
similar to the theoretical expectations.  

What next ?  

• Investigate the metallicity/abundance differences in the Type II GCs. 
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Type II GCs
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