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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
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Our post-processing GC model 

Combining existing cosmological simulations (TNG50) and orbital integration (GALPY) to study the hierarchical assembly of 
in-situ GC populations in the MW, which tracks the GC populations across various galactic environments
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Future works
 Ex-situ GC population by taking into account FDM dynamical friction

 Predictions for Euclid

Constraining the nature of dark matter with Gaia and Euclid

Modeling fuzzy dark matter galactic dynamics Key results
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Figures from Saifollahi et al. 2025 (on Arxiv)

Globular clusters of dwarf galaxies in the galaxy clusters Environments

A&A proofs: manuscript no. main

In the third step, based on the initial RGC of the second fit,
we only consider GC candidates within three times the initial
RGC (which theoretically encompasses 96% of the GCs around
the host galaxy, Trujillo et al. 2001). To establish the median
RGC and its associated uncertainty, for the third fit, we perform
the fitting 1000 times using 95% of the initial number of the GC
candidates, randomly selected each time (with replacement), and
we adopt the median RGC and the 68% confidence interval as the
final RGC and its uncertainties. During this third (final) fit, we
randomly chose the number of radial bins (from 6 to 10) to take
into account biases that might arise from our choice for number
of radial bins. Note that not all the 1000 iterations would provide
a fit and the number of failed fits increases with decreasing the
number of the GC candidates used for fitting. For the analysis of
the stacked GC distribution, we consider fits with less than 100
failed iterations to be considered. For most cases, the number of
failed iterations is zero.

Furthermore, we explore the initial choice of Sérsic index
n = 1 for GCs of dwarf galaxies in this sample. Repeating the
fitting procedure described above with a free Sérsic index, we
find that the most likely n are in the range n = 0.7–1.3 for dwarf
galaxies in different stellar mass bins, and on average about 1.
This result is consistent with the Janssens et al. (2024) where
authors find an average n = 1.1 for six Perseus cluster dwarf
galaxies with NGC > 20. Therefore, n = 1 seems to be a reason-
able assumption for estimating RGC for our sample, consistent
with the previous literature.

Fig. 7. GC half-number radius (RGC, top panel), and ratio between the
GC half-number radius and the average of the host-galaxies effective
radius (RGC/→Re↑, bottom panel), as functions of the stellar mass of the
host galaxies (M↓) for all dwarf galaxies in the sample. The values are
estimated from stacked GC radial profiles that we fit with a Sérsic func-
tion, with a Sérsic index fixed to n = 1 (see text). The shaded region
around each line represent the 68% percentiles of the estimated average
value. The dashed lines show the trends one would expect from a sim-
ple extension of the equations in Lim et al. (2024), that were derived for
GCs in massive galaxies, to our lower mass regime (an extrapolation
beyond the range examined by these authors).

Fig. 8. Similar to Fig. 7 for different dwarf galaxy categories. The two
top panels represent the estimations for UDGs and non-UDGs (in purple
and grey), the two middle panels for LSB and HSB dwarf galaxies (in
red and blue), and the bottom two panels for DIFF and COMP dwarf
galaxies (in orange and green).

The estimated RGC for galaxies stacked in a mass bin and the
associated uncertainties, as well as the ratio between RGC and
the host-galaxy Re, are shown in Fig. 7 for all the adopted stellar
mass bins. The ratio presented in the lower panel is RGC/→Re↑,
where →Re↑ is the average effective radius of the dwarf sam-
ple for the given stellar mass bin. The value of RGC/→Re↑ dif-
fers from the average of the individual per galaxy ratios RGC/Re,
which we write as →RGC/Re↑. The latter, cannot be measured be-
cause the number of GCs per dwarf galaxy is too small. Ap-
pendix B gives our assessment of the difference of these two
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Globular clusters of dwarf galaxies in the galaxy clusters Environments

2 key metrics for Euclid:  GC number and GC half-number radius

 A difference in the density profile of DM halos (core instead of cusp)   
  —> Approximation of soliton + NFW profiles 

 A substantial modification of dynamical friction due to the wave-like 
nature of FDM and its intrinsic density fluctuations 

  —> Dynamical friction is inefficient over our timescale (11 Gyr) as the 
mass ratio between MW enclosed mass and in-situ GC masses is large. 

 A significantly reduced population of low-mass subhalos 
  —> Neglected as we assume the halo and stellar mass evolution 
predicted by TNG50 (CDM).

DM as an ultra-light scalar field with no self-interaction in the non-relativistic limit, 
is known as Fuzzy Dark Matter. This scalar field is assumed to be made up of very 
light particles with a mass of 0.1 − 30 × 10−22 eV

GC INITIAL CONDITIONS: globular cluster population distributed uniformly in terms of relative gravitational binding energy (E/Emin) and orbital 
circularity Lz/Lzcirc from a sample of the CDM phase-space distribution of stellar particles computed with AGAMA. 

Saifollahi+25

Szpilfidel, in prep. 

Boldrini+25a

FDM (m22=0.3) FDM (m22=7.0)CDM

The lower the value 
of m22, the more the 
galactic potential 
tends to confine 
globular clusters 
w i t h i n t h e F D M 
core, where tidal 
effects are stronger, 
thereby enhancing 
their mass loss over 
time.
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