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Galactic Globular clusters

• ~150 globular clusters in the 
Galaxy 

• Mass up to a few ~106 M⊙ 
• -0.5 < [Fe/H] < -2.5
• 9-13 Gyr
• rh ~ 5 pc; rt ~ 50 pc
• Up to 106 stars /pc3 in the 

center 

Figure 5: A summary of results from the literature on whether MPs are present within

clusters. Circles denote clusters where MPs have been unambiguously detected, triangles

show where they have not been detected (with large enough samples to suggest a true

absence) and squares show ambiguous cases (mainly due to small samples or potentially

large observational uncertainties). Some particularly interesting cases are labelled. An age

of 15 Gy has been assigned to clusters for which no age determination has been found in

literature. Whether or not a cluster hosts MPs or not depends on its mass (or density) as

well as its age. The data come from the compilation of Krause et al. (2016) with additional

points added from more recent works discussed in this review.

of a strong correlation between cluster mass and the fraction of enriched stars (f
enriched

)

within the cluster (Milone et al. 2017b). Here, f
enriched

is found in the �
F275W,F814W

vs.

�
CF275W,F336W,F438W

colour-colour plot (see Fig. 3). The authors note that in some cases

the 1P population appears to be made up of multiple groups, hence f
enriched

may be a lower

limit. In Fig. 4 we show some of the main results from Milone et al. (2017b), namely how N-

spread (�
CF275W,F336W,F438W

), He-spread (�
F275W,F814W

), and f
enriched

vary as a function

of mass (after removing the trends with metallicity).

High mass clusters (e.g., NGC 2808, 47 Tuc with M
cluster

⇠ 106 M�) have f
enriched

⇡ 0.8,

while clusters with masses near 105 M� have f
enriched

⇠ 0.4 � 0.5. Note that the enriched

population still makes up a substantial fraction of the stars even in low mass clusters. It

is not just the fraction of enriched stars that varies with cluster mass, it is also the extent

of the enrichment as well (i.e. larger abundance spreads in higher mass clusters. This is in

agreement with earlier work based on spectroscopic samples (Carretta et al. 2010b). The

implications of these results will be discussed in § 5.5.
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Bastian & Lardo (2017)

Help to constrain:
• Star formation/assembly histories of the host galaxy
• Early chemical evolution of galaxies 
•  Distribution of dark-matter in present-day galaxies
• Stellar evolution models

The single stellar population paradigm is no more valid!



Galactic Globular clusters

MTO = 0.93 M⊙

11 Gyr0.93 M⊙

[Fe/H] = -0.72
Z = 0.005

NGC 104 (47 Tuc)
~12.5 Gyr 
7.8 x 105 M⊙, [Fe/H] = -0.72

Prediction
• ~ 930 HB stars
• ~ 50-100 AGB stars
• Mlost = ~260 M⊙/100 Myr
• RGB vwind ~ 5-30 km.s-1 
• 47 Tuc vesc ~ 50 km.s-1

• Accumulation of gas in 
the stellar cluster

Observation
• ~ 0.1 M⊙ of plasma within 

the central 2.5 pc (Freire et 
al., 2001)

∆MRGB = -0.28 M⊙

12.3-12.4 Gyr

MWD ~ 0.55 M⊙

12.5 Gyr



Galactic Globular clusters ICM observations

Observations in a large number of globular clusters

Dust
• ~ 5 x 10-4 M⊙ of dust in the core of M15/NGC7078 (Evans et al., 2003)

• ~ 9 x 10-4 M⊙ of dust in the core of M15 (Boyer et al., 2006)

Neutral gas
• ~ 0.3 M⦿ of neutral hydrogen in the core of M15 (van Loon et al., 2006)

Ionised gas
• ~ 0.1 M⊙ of plasma within 2.5 pc of 47 Tuc (Freire et al., 2001)

• ~ 0.023 M⊙ of plasma within 1 pc of 47 Tuc (Abbate et al., 2018)



• Ram pressure stripping by the Galactic disc crossing. Only every 108-109 yr.

• Flare stars mass loss heating the intracluster gas (Coleman & Worden,1977). Flaring properties, 
numbers and distribution of M-dwarfs within GCs are highly uncertain. 

• Hot horizontal branch stars (Vandenberg and Faulkner, 1977). 1D hydrodynamical simulations, however 
these stars are not present in all GCs.

• Classical novae explosions (Scott and Durisen, 1978; Moore and Bildsten, 2011). Novae much less 
common than previously thought, axisymmetric outflows, thus less efficient at removing gas from the cluster 
potential, especially in the most massive ones.

• Pulsar winds (Spergel,1991). Model briefly investigating the energy requirement for lifting gas from a GC 
potential well (e.g. no study on the transmission of the energy to the ICM). 

• X-ray bursters (Yokoo & Fukue,1992). Model briefly investigating the energy requirement for lifting gas from 
a GC potential well. 

• Stellar wind heating the intracluster gas (Smith,1999; Naiman et al. 2018). 1D hydrodynamical 
simulations including only mass and energy input from stellar winds.

• Accretion onto stars (Thoul et al., 2002). 

• Stellar collisions (Umbreit et al., 2008). Collisions too infrequent to clear ICM in time-scales of the order of  
~Myr (required for some GCs).   

• Fast winds (Smith et al., 2004: Dupree et al., 2009). Only 40% of the outflows have sufficient speed as to 
allow escape of material from the globular cluster. 

• Ram pressure stripping by Galactic halo medium (Frank & Gisler, 1976: Priestley et al., 2011). 
Cannot effectively strip material from the most massive clusters. 

• Accretion onto compact stellar remnant (Leigh et al., 2013). 

• UV radiation from WDs (McDonald & Ziljstra, 2015). 



GCs motion through the Halo 
(Priestley et al. 2011)

Discrete multi-mass stellar population 
mandatory
Needs an additional mechanism to strip the ICM 
of massive GCs

3D hydrodynamical simulations: discrete multi-mass stellar population 
• Neglect N-body calculations 
• vGC = 200 km s−1, ρH = 10−27 g.cm−3, TH = 105.5 K, α = 1 × 10−19

 s−1 

• Can strip the ICM of a 105 M⊙ GC
• Predict a detectable medium for a 106 M⊙ GC        

Gas evolution in Galactic globular clusters 17

Figure 17. The ICM content over time for seven 10

5
M� GCs moving

through a Galactic halo medium. Five are represented by a discrete multi-
mass model with different initial stellar positions and velocities (simula-
tions Q through U; solid coloured lines), one is represented by a King model
and another is represented by a continuous multi-mass model. The represen-
tative stellar populations in each GC model have the same total mass-loss
rate (equivalent to a specific mass-loss value of ↵ = 1⇥ 10

�19
s

�1). The
black dotted line is the injected gas mass against time.

GCs.
Our initial findings from using a discrete GC model, are pre-

sented here as a proof-of-concept result. Breaking up the injection
of stellar winds into localised sources, enables gas to escape the
cluster potential more easily, as well as encourage the growth and
development of instabilities that lead to the fragmentation and dis-
sipation of a replenished intra-cluster medium.

6 SUMMARY AND DISCUSSION

6.1 Discussion

Our work highlights the importance of carefully modelling the
amount and distribution of mass loss, when simulating the evo-
lution of ICM gas in GCs. Defining the nature of mass loss from
population II giants is therefore essential for understanding the evo-
lution of gas within GCs. In this work, we employed the Reimers
formula, which is often applied in many fields to describe mass
loss from GC RGB stars. However, the Reimers law is calibrated
on population I stars and isn’t successful at explaining all the ob-
servations of GC stellar populations. There are currently only a
handful of alternative formulae available that have been calibrated
against globular cluster RGB and AGB stars. They give quite differ-
ent mass-loss rates, some suggesting that these winds are episodic
in nature, highlighting the fact that the mechanisms governing
mass loss are poorly understood (Origlia et al. 2007; Mészáros
et al. 2009; McDonald et al. 2009). Although on average the same
amount of gas must be injected into the ICM, episodic mass-loss
may have an encouraging role in removing gas from the cluster po-

tential. Episodic mass-loss will cause variations in the local stellar
mass-loss rate due to some stars turning off their mass loss whilst
others begin their duty cycle. In those regions where more stars are
in an “off” phase, a larger portion of ICM gas could be removed
by ram pressure per unit time. However, simulation is the only way
to determine the influence this sort of mass loss will have on the
evolution of the GC ICM.

For “typical” (i.e. 105 M�) GCs, we used the higher value
for the Reimers stellar mass-loss rate (i.e. ⌘ = 0.4) as described
in Section 4.2. Even with this higher rate, our predicted ICM con-
tent is less than the majority of observational upper limits. There-
fore, if we adopt a lower Reimers mass-loss rate (⌘ = 0.2) for
stars on the RGB, we would obtain an even lower predicted ICM
mass. In contrast, the massive (106 M�) GC models used the lower
Reimers mass-loss rate and yet still show a disparity between the
predicted and observed ICM mass for the massive GC models. We
propose that discretising the distribution of mass loss in simula-
tions will improve the gap between theory and observation. How-
ever, for 106 M� clusters employing higher stellar mass-loss rates,
it is likely that other mechanisms, such as those discussed in Sec-
tion 1, will need to be included in order to prevent the build-up of
ICM gas within massive GCs.

We note that the radial distribution of our stellar population
is fixed and does not change with time. Real GCs, however, are
dynamical systems in quasi-equilibrium states, where stellar distri-
butions change with time. Events such as the hardening of binary
systems and stellar mass loss, result in an expansion of the core;
this would make ram-pressure stripping more effective. Since we
model mass loss, we must determine whether our adopted static
(King and multi-mass) models are justified. To do this, we look
at the stellar evolutionary and GC central relaxation timescales, as
well as the fraction of stellar mass lost via winds between Disk
crossing events. The timescales over which our RGB and AGB stars
evolve are of the order 108 years. Similarly, the central relaxation
timescales of Galactic GCs show a median of 3.4⇥ 108 yr (Harris
1996). The central relaxation timescale of our adopted King mod-
els is roughly 9.0 ⇥ 107 yr (with a half-mass relaxation timescale
of 2.6 ⇥ 108 yr). These numbers indicate that there may be small
changes in the stellar distribution over the course of the simulations,
implying that static models provide an upper limit on the predicted
ICM content. In 108 yr, however, the total change in mass of the
RGB and AGB populations due to stellar winds is only 2%, which
is negligible. In our simulations, the effect of dynamical heating of
the stellar distribution due to mass loss can therefore be ignored
and the use of static models is appropriate.

6.2 Summary

We validate a 3D hydrodynamics simulation and undertake numer-
ical investigations on the effect of the ICM interaction with the
Galactic halo medium. We find that the GC’s motion through the
Halo, is sufficient in limiting the build-up of gas within “typical”
mass globular clusters (i.e. 105 M�), to levels that are below most
observational limits. For massive GCs (106 M�), however, we pre-
dict the steady build-up of a cool reservoir of ICM that should be
readily observable. We present simulations that employ a multi-
mass GC model and incorporates empirical mass-loss formulae to
model the RGB and AGB stellar winds. The use of these mass-
loss formulae provides a way to consistently model the rate of gas
injection into our GC ICM. The rates obtained from these formu-
lae, show that previously assumed mass-loss rates were very high
and result in blue HB stars. The implementation of a multi-mass

c� 0000 RAS, MNRAS 000, 000–000



Ionisation by post-AGB stars and WDs 
(McDonald et al. 2015)

Analytical study of the ionising flux produced by post-AGB stars and WDs in 47 
Tuc:
• Recombination rate of hydrogen in the cluster + Mloss by the GC
• 1.6 x 1044 ionising photons s−1 for ionisation of the ICM 
High energy sources
• γ-ray pulsars: ~9 x 1031 ionising photons s−1

• Brightest X-ray sources: ~9 x 1031 ionising photons s−1

2230 I. McDonald and A. A. Zijlstra

In terms of photon counting, the thermal component dominates
over the Compton component, even though most of the energy can
be in the Comptonized component (Guainazzi et al. 2001). The
mass absorption coefficient at higher energies (above a few keV) is
considerably less than that experienced by the thermal blackbody,
and it plateaus at around 0.45 cm2 g−1 over the 7–70 keV region ap-
propriate for Compton scattering (Hubbell 1971). We can therefore
express the X-ray flux as a blackbody of which a certain fraction of
photons (≈15–80 per cent) will be upscattered and experience the
lower (0.45 cm2 g−1) mass absorption coefficient.

We estimate the X-ray emission from sources within the cluster
using the unabsorbed X-ray fluxes and kT values listed by Heinke
et al. (2005, their table 7). Heinke et al. (2005) model the hydro-
gen column density to be substantially higher than the intervening
Galactic column for several sources. To be conservative, we use
their unabsorbed values, negating any intrinsic absorption in the
source.

Summing the brightest X-ray sources detected by Chandra, we
find a total ionizing flux (integrated across 0 ≤ λ ≤ 912 Å) of ≈4 ×
1041 photons s−1, of which ∼9 × 1031 photons s−1 will be absorbed:
11 orders of magnitude too few. Hence, we do not consider X-rays
to be a likely ionization source for intercluster hydrogen.

2.3 Thermal UV sources

2.3.1 Modelling the data

Attenuation in the range ∼50–912 Å is sufficient that a neutral hy-
drogen medium in the core of 47 Tuc should absorb any photons
emitted at these wavelengths. For a stellar source, the number of
ionizing photons is simply the fraction of the stellar flux (F) pro-
duced shortward of the ionization wavelength (λi = 912 Å for H I),
divided by the energy per photon (hc/λ) and normalized by the total
number of photons (γ total):

γionizing = γtotal

∫ λi
0 Fλλ/(hc) dλ

∫ ∞
0 Fλλ/(hc) dλ

. (11)

The total number of photons from a blackbody is given by (e.g.
Marr & Wilkin 2012)

γtotal = 1.5205 × 1015 × 4πR2T 3
eff (12)

for radius R and effective temperature Teff, which can rewritten in
luminosity terms using L = 4πR2σT 4:

γtotal = 1.5205 × 1015 × L

σTeff
. (13)

We calculate the fraction of ionizing photons in equation (11) using
a grid of BT-SETTL model atmospheres,5 to identify which sources are
able to produce the ∼1044 photons required to ionize the ICM. The
results are shown in Fig. 2. We find that the effective temperature
of the source is critical: an increase of a few 10s of per cent in
temperature (at constant luminosity) can lead to a factor of 10
increase in ionizing flux. Any post-AGB star above Teff ! 14 000 K
and any white dwarf above L ! 1 L⊙ can generate enough radiation
to ionize the entire cluster’s intracluster hydrogen.

5 We use BT-SETTL atmospheres as they closely reproduce the observed flux
in the ≈1000 Å region (see Dixon & Chayer 2013).

Figure 2. Number of ionizing photons (λ < 912 Å) produced by a star of
given temperature and luminosity, computed using BT-SETTL model atmo-
spheres. A flux of ∼1044 photons is required to ionize the ICM of 47 Tuc:
any objects in the white region can fully ionize the entire ICM on their own.
Individual objects in the black region will not contribute significantly to the
ionization. Known objects within 47 Tuc are shown, as is the MESA stellar
evolution track we model in this work (red line). KDM 5 has a predicted
white dwarf age of ∼3 Myr.

Figure 3. Location of important sources within the cluster. Pulsars are
labelled by their letter, in blue. Bright UV sources are denoted by green
asterisks and labelled. The red cross marks the cluster centre, and the outer
circle marks the Plummer scale radius of a = 5.98 pc.

2.3.2 Individual sources

Observationally, the far-UV (≈1500 Å) flux from 47 Tuc is strongly
dominated by one post-AGB star [O’Connell et al. 1997; Schiavon
et al. 2012; the ‘bright star’ in their Galaxy Evolution Explorer
(GALEX) and Ultraviolet Imaging Telescope (UIT) data]. Spatially
incomplete samples of sources found in Hubble Space Telescope
(HST) data show that the majority of the remaining UV flux comes
from probable post-AGB stars, white dwarfs and the CV AKO 9
(Knigge et al. 2008; Woodley et al. 2012). However, the F912 − F1500

colours of these stars are significant: most sources observed to be
bright at 1500 Å will have very red F912 − F1500 colours, hence pro-
duce negligible ionizing radiation. We list several important sources
below and show them in Figs 2 and 3.

Bright (post-AGB) star. Dixon, Davidsen & Ferguson (1995)
quote atmospheric parameters for this B8 giant star of
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UV sources
• B8, bright post-AGB star: 4 × 1041

  ionising 
photons.s-1 

• UIT-14: 1 × 1044
 - 5 × 1045 ionising 

photons.s-1 

• AKO9, WD: 3 × 1044
  ionising photons.s-1 

• KDM5, WD: 8 × 1043
  ionising photons.s-1 



Ionisation by post-AGB stars and WDs 
(McDonald et al. 2015)

Summary:
• Each WD can ionise all the material injected into the cluster by stellar 

winds for ~3 Myr 
• ~40 such WDs exist at any point
• WDs can continually ionise the observed ICM of 47 Tuc (between 2 × 1046

 

and 8 × 1047 ionising photons.s-1)
• Pressure-supported ICM -> expansion over the cluster’s tidal radius

Observations:
• ~ 9 x 10-4 M⊙ of dust in the core of M15/NGC7078 (Boyer et al., 2006)

• ~ 0.3 M⦿ of neutral hydrogen in the core of M15 (van Loon et al., 2006)

• Neutral cloud in M15? Temporary overdensity?
•  -> Uncertainties on the recombination rate of hydrogen in the cluster
• -> Evolutionary rates of post-AGB stars and early WDs



Ionisation by post-AGB stars and WDs 
Project in collaboration with Pawel Biernacki

Parameters for the RAMSES simulation:
• SED from post-AGB stars / WDs 
• 106 M⊙ cluster with Chabrier IMF from 0.08 to ~0.9 M⊙ 

• Ambient density of 1x10-3 H.cm−3, T/mu = 1x106 K and Z = 0.005
• vwind = 20 km.s−1, α = 2.55 × 10−12

  M⊙ .yr−1 M⊙
−1

• 120 pc box, resolution of ~0.12 pc
• -> 1.44 x 1047 ionising photon.s−1

SED
• 0.93 M⊙ (12.5 Gyr)
• [Fe/H] = -0.72 / Z = 0.005
• L ~ 3700 L⊙

• Teff ~ 95000 K
• Black-body approximation



Ionisation by post-AGB stars and WDs 
Project in collaboration with Pawel Biernacki

Early results:
• ICM ionised in less than 0.1 Myr
• Slight diffusion of the ICM after a few Myrs

Next steps:
• More appropriate discret multi-mass stellar population for globular clusters as 

initial conditions (LIMEPY, Gieles & Zocchi 2015 )

• SED from atmosphere models
• Changing SED as a function of time and stars
• Motion of the cluster through the Galactic halo (Priestley et al. 2011)



The multiple stellar 
populations paradigm



The multiple stellar populations paradigm

[Fe/H]

[N
a
/H
]

[Fe/H]

[N
a
/H
]

Carretta (2015)

Field stars 
Stars of globular clusters

~70%

~30%Stars of globular clusters 
with sodium variations not due to 

Galactic chemical evolution 

Milky-Way halo stars 

Non standard chemical evolution in globular clusters compared to the 
Galactic chemical evolution 



~70%

~30%

~70%
~30%

RGB stars, UVES and GIRAFFE (VLT)
Carretta et al. (2009)

~70%

~30%

MS stars, compilation from literature 
Briley et al. (2004)

The multiple stellar populations paradigm



The multiple stellar populations paradigm

Multiple stellar populations needed, main hypothetical sources:
Intermediate-mass asymptotic giant branch stars (6.5-8 M⊙)
D’Antona et al. (1983); Ventura et al. (2001); Ventura et al. (2013) 
Super-massive stars (M > 10000 M⊙)
Denissenkov  and Hartwick (2014); Denissenkov et al. (2015); Gieles et al. (2018) 
Fast rotating massive stars (25 M⊙< M < 120 M⊙)
Maeder and Meynet (2006), Prantzos and Charbonnel (2006), Decressin et al. (2007a,b)  

CNO cycle
CN cycle above ~15 MK  
NO cycle above ~20 MK  
C+N+O mass fraction constant 
H, 16O,12C,12C/13C
4He,13C,14N

NeNa and MgAl chains
NeNa chain above ~25 MK 
23Na  
20Ne
MgAl chain above ~50 MK
27Al
 24Mg 

General abundance patterns are the result of hydrogen burning at high temperature



The fast rotating massive stars scenario

Matter ejected via slow mechanical/equatorial wind and mixed with ICM to form a disc/
bubble around the star wherein the second population of low-mass stars will form
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The multiple populations paradigm 

2 Zaritsky, Gil de Paz, & Bouquin

Figure 1. Correlation between Υ∗ and colours as function of the quality, q, of theΥ∗ determination (higher q denotes a more reliable determination as judged
by Cappellari et al. (2013b)). Galaxies denoted with red circles are removed from further consideration on the basis of the NUV−K cut (sources with colour
> 7.5 retained) discussed in the text. Colour axes are flipped from standard convention, in our case having blue on the right, so that the Υ∗ vs. FUV−NUV
relation has a slope of the same sign as theΥ∗ vs. σV relation to facilitate comparison.

(2007), binary stellar evolution plays a role in the origin of EHB
stars.

There are alternate hypotheses for the origin of EHB stars
that do not involve binaries. These break down into two categories,
“metal-poor” (Lee 1994; Park & Lee 1997) and “metal-rich”
(Bressan, Chiosi & Fagotto 1994; Dorman, O’Connell & Rood
1995; Yi et al. 2005), and attribute the EHB properties to differ-
ences in stellar evolution, driven by metallicity. The motivation for
such models comes from the strong correlation between UV upturn
strength and metallicity (Burstein et al. 1988). In such models, the
correlation of UV properties with Υ∗ would be due to a shared
dependence of EHB evolution and the IMF on metallicity. A better
understanding of the relationships between Mg2, Υ∗, σV , and UV
flux and colour among ETGs may help us distinguish among these
two broad alternatives and, by doing so, aid in the identification of
the origin of both the EHB stars and the IMF variations.

In Paper I we uncovered the correlation between the UV
colours and Υ∗ using a sample of 32 galaxies, where Υ∗ was de-
rived from an analysis of population-sensitive features in the inte-

grated optical spectra (Conroy & van Dokkum 2012). In that small
sample, we were unable to demonstrated the supremacy of Mg2
or Υ∗ in driving FUV−NUV. Furthermore, because the measure-
ments of Υ∗ came from spectral synthesis, there was a linger-
ing uncertainty as to whether there exists an internal dependence
of Υ∗ estimates and Mg2. We now examine the relevant proper-
ties of 192 galaxies from the ATLAS3D sample (Cappellari et al.
2013b,a). Beside the significant increase in sample size, the other
principal difference between the two studies is that the values ofΥ∗

for this sample come from a dynamical analysis. In §2 we present
measurements from a reanalysis of the FUV and NUV images from
GALEX data for this set of galaxies and in §3 we describe our
findings.

2 THE DATA AND MEASUREMENTS

The parent sample for this study is the set of ATLAS3D galaxies
with published Υ∗ (Cappellari et al. 2013b,a). To be specific, we

c⃝ 2014 RAS, MNRAS 000, 1–??
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2013b,a). Beside the significant increase in sample size, the other
principal difference between the two studies is that the values ofΥ∗

for this sample come from a dynamical analysis. In §2 we present
measurements from a reanalysis of the FUV and NUV images from
GALEX data for this set of galaxies and in §3 we describe our
findings.

2 THE DATA AND MEASUREMENTS

The parent sample for this study is the set of ATLAS3D galaxies
with published Υ∗ (Cappellari et al. 2013b,a). To be specific, we

c⃝ 2014 RAS, MNRAS 000, 1–??

Zaritsky et al. (2015)

Very high far UV-luminosities, 
’UV-upturn’ phenomenon 
present in ETGs

9 Gyr

Multiple stellar populations are hotter 
and brighter

Chantereau et al. (2016)



The multiple populations paradigm 

Present in all most clusters regardless of the environment, questioning the formation of 
stellar populations in stellar clusters

A dozen of proto-GC in action associated with a few high-z galaxies can produce 
~ 20% of the total Lyα luminosity observed (Vanzella et al. 2017, 2018) 

6 Hollyhead et al.

Figure 6. CH and CN plotted against V band magnitude for all member stars. N-enriched stars identified from the CN/CH plot are
shown in purple. The data is fit in each case with a straight line (black line) and the inner plots show the residuals of each point from
the fit.

Figure 7. Age vs mass for all clusters studied so far looking
for the presence of multiple populations. Filled circles indicate
clusters where MPs are found and empty circles are those without
MPs. The plot indicates that age plays a clear role in whether a
cluster has MPs or not, with the transition from MPs to none
occurring at the age at which the eMSTO phenomenon is no
longer observed.
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• GCs’ ICM ionised and diffused by extreme UV 
sources + ram pressure Halo stripping to get 
rid of the ICM 

• Need to investigate overdensities in GCs

• Hydrodynamical simulations mandatory to 
understand the multiple populations paradigm 
and the formation of stellar populations in 
stellar clusters


