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What is the origin of the MW 
globular clusters?

EX-SITU IN-SITU

Satellites of MW/M31-like galaxies in TNG50 4221

Figure 4. Stellar column density on 600 kpc per side of the ten TNG50
galaxies at z = 0 (edge-on projection) whose satellite stellar mass function
is the most similar to that of the Galaxy. The circles denote the virial radius
(R200c) of the underlying DM host.

Figure 5. As in Fig. 4 but for the ten TNG50 galaxies at z = 0 whose satellite
stellar mass function is the most similar to that of Andromeda. In TNG50,
the latter are usually more massive and reside in more massive haloes (larger
R200c) than the satellite systems that are more similar to the Galaxy’s.
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Figure 9. Classification results for the Galactic GCs in the [Fe/H]–�A space (left column) and IoM space (right column). The results are combined from various
classifiers using a Bayesian approach, as detailed in the text. All panels show the in-situ population as red squares. This population is the same for all rows
because our classification of in-situ vs. ex-situ GCs is robust. The top row shows the #g = 2 classification of all ex-situ GCs without prior knowledge, i.e., purely
unsupervised clustering. We mark the group associated with GS/E as blue triangles. For comparison, we also show the GCs unambiguously assigned to the
Sagittarius dwarf (cyan), Helmi streams (green), and Sequoia galaxy (magenta) by Massari et al. (2019, M19) as open circles. In the middle row, we incorporate
prior knowledge by excluding the classifiers that put more than 1 unambiguous GC from any of the three progenitors to GS/E. Based on this classification, we
again split the remaining GCs into two groups (bottom row). We highlight the group corresponding to the Sagittarius dwarf as cyan triangles. For reference,
we plot the circular angular momentum !circ in the IoM space as the dashed curves. We also show the classification boundary by Belokurov & Kravtsov (2024,
BK23) in the IoM space as the solid curve for comparison.

 New classification: 79 in-situ versus 82 ex-situ GCs — 
more ex-situ than previously thought. 
 Kinematics alone are insufficient to trace GC origins.   
 Full cosmological modeling is essential to understand the 
globular cluster population’s assembly history.

Teymoor Saifollahi, Observatory of Strasbourg                                                                                Teymoor.saifollahi@astro.unistra.fr

Identified GCs 
(candidates)

Euclid vs. DES view of a Fornax cluster dwarf galaxy (SAIFOLLAHI et al. 2024) 

State-of-the-art

Previous studies found a clear separation 
between the two GC populations

Formed in satellite  
galaxies

Formed within  
the Milky Way

Futur works with Euclid

Extended our method to include all galaxies with stellar masses 
between 10⁹ and 10¹² M☉ in TNG50, beyond the Pillepich+24 
sample, to predict the number and spatial distribution of GCs as a 
function of redshift and host galaxy mass

Half a million extragalactic GCs within 100 Mpc in 10 000 
nearby galaxies with Euclid

MW GCs have diverse origins: while some are thought to have formed in-situ within the 
progenitor of the MW, others were accreted through the mergers of satellite galaxies

Boldrini, Di Matteo, Laporte et al.+25, submitted to A&A

Chen+24

New 
ex-situ 

 frontier

New 
in-situ 

 frontier

Boldrini+25

Saifollahi+24

Map of nearby galaxies within 100 Mpc in the Euclid 
Wide Survey (EC: Voggel, Lançon, Saifollahi, Larsen+25) 

One of the main science themes for the Local 
Universe galaxies by Euclid’s capabilities:

Superb spatial resolution that enables measuring 
physical properties on pc scales, and characterization 
of extragalactic globular clusters (GCs)

Examples of star cluster candidates in Holmberg II 
(Larsen, Ferguson, Howell+2025)

A dwarf galaxy and its GCs in the Fornax cluster 
(Saifollahi, Voggel, Lançon, Cantiello+25)

Teymoor Saifollahi, Observatory of Strasbourg                                                                                Teymoor.saifollahi@astro.unistra.fr

Voggel+25

Voggel+24

Gaia Collaboration+18,+21, Vasiliev & Baumgardt+21

Mixing 
zone

Mixture of the two GC 
populations —> Challenges 
previous separation 
methods

Credits: Gaia collaboration

Journées SF2A 2025, Toulouse ATCG 2025: Coevolution of globular clusters and dwarf 
galaxies, from the Milky Way to the Nearby Universe

Key results

GC MULTI-PARAMETIC MODEL 
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Large statistic : 200 galaxies, 40 000 globular clusters, z=3 à z=0, 5 physical parameters

The E-MOSAICS project 4317

Figure 1. Visualization of the E-MOSAICS simulations. The main panel shows the dark matter distribution at z = 0 from the EAGLE Recal-L025N0752
simulation. Yellow circles highlight the positions of the 10 L⋆ galaxies that we have resimulated, where solid lines show the two haloes in the inset on the
right. Radii of the circles show the virial radii of the galaxies. The three panels on the right show successive zoom-ins of Gal004: the top panel shows gas
density coloured by temperature in the zoom simulation; the lower two panels show mock optical images of face-on and edge-on views of the galaxy (blue
for young stars (<300 Myr), brown for dense star-forming gas). The bottom panel also shows the locations of massive star clusters (>5 × 104 M⊙) coloured
by their formation location (in situ or accreted). The five panels in the bottom row show the formation history of the galaxy and its star cluster population,
where grey-scale shows the gas surface density and the points show positions of star clusters (with masses >5 × 104 M⊙) coloured by metallicity (yellow for
[Z/H] = 0.5, blue for [Z/H] = −2.5) and with point area scaling with cluster mass.

many of these are also uncontaminated by boundary particles. The
bonus galaxies are mostly sub-L⋆ with M∗ ∼ 108–109 M⊙, although
the Gal000 simulation also contains an uncontaminated elliptical
galaxy with M200 = 1012.7 M⊙ and M∗ = 1010.6 M⊙, located at a
distance of 3 Mpc from the targeted galaxy at z = 0. Each L⋆ galaxy
is the most massive galaxy within a distance of 1 Mpc.

The star formation histories of the 10 targeted galaxies are shown
in Fig. 2. The histories are similar and typically reach a peak SFR
at redshifts 2 ! z ! 3. Gal006 and Gal007, however, peak much
later at z < 1. The maximum SFRs achieved are between 2 and

10 M⊙ yr−1, and the galaxies that peak earlier achieve higher peak
SFRs. For reference, the MW SFR determined from a chemical
evolution model by Snaith et al. (2014, 2015), normalized such that
the total MW mass at z = 0 is 5 × 1010 M⊙ (Bland-Hawthorn &
Gerhard 2016) and accounting for stellar evolution mass-loss, is
shown by a solid black line. The grey shaded region shows the stan-
dard deviation of the model. We do not show data from >13 Gyr
as the SFR is poorly constrained due to a lack of stars. The simu-
lations are in good agreement with the MW SFR and sSFR. With
the exception of the brief dip at z ≈ 1, which is required to fit

MNRAS 475, 4309–4346 (2018)
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Cosmological simulation
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Mission 

Gaia 

170 GCs 
3D positions + 
3D velocities 
Mass, 
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Our new approach 

A novel method combining existing cosmological simulations (TNG50) and orbital integration to study the hierarchical 
assembly of GC populations in the MW, which models the growth and evolution of GC populations across various galactic 
environments as well as the dynamical friction and mass-loss experienced by these objects

Tagging  
method

Massari+19 
Callingham+22 

Belkurov+24 
Chen+24
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