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Fig7  , Parmentier 2024a
Fig1a, Parmentier 2024b
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I. A fixed stellar mass threshold for 2P-star formation: mth

II. An instantaneous and complete cluster pollution
Once 2P-star formation starts

1P-star formation stops

𝑚&' = 𝑚()
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I. A fixed stellar mass threshold for 2P-star formation: mth

II. An instantaneous and complete cluster pollution
Once 2P-star formation starts

1P-star formation stops

𝐹&' =
𝑚()

𝑚*+,

𝑚&' = 𝑚()

with mecl the stellar mass
of newly formed clusters
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I. A fixed stellar mass threshold for 2P-star formation: mth

II. An instantaneous and complete cluster pollution
Once 2P-star formation starts

1P-star formation stops

III. Clusters evolve at constant F1P
1P and 2P stars form spatially well-mixed;
they are lost equally likely
Leitinger+2023, Fig15
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v Younger 
v Milder tidal field
than most Galactic GCs 
⇒ expected among 
    the large Req tracks
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Take-Home Messages

Ø The observed (mass, F1P) distribution of Galactic globular clusters

could stem from → instantaneous cluster pollution

Ø Generalisation as → non-instantaneous cluster poll.            
(drop Hyp.II) 
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12Gyr ago, 
with primordial mass segregation
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v 𝑭𝒃𝒐𝒖𝒏𝒅𝑽𝑹 	more robust to 
environmental variations 
than thought in the past 
(e.g. external tidal field) 

v Could violent relaxation be a 
non-event for newly formed 
compact massive clusters? 

If SFE    → 1 (Polak+2023), 
𝑭𝒃𝒐𝒖𝒏𝒅𝑽𝑹  → 1

Fig4, Shukirgalyiev, Parmentier + 2019
SFEgl = 0.25 

SFEgl = 0.20 

SFEgl = 0.15 

SFEgl = 0.17 

rhm / rJ at gas expulsion onset

Evolution with 𝑭𝒃𝒐𝒖𝒏𝒅𝑽𝑹 	= 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕	 during Violent Relaxation 
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Evolution with F1P = constant (Hyp. III)
Insights from Dynamically Young Globular Clusters

Dynamically old globular clusters

Age / Relaxation TimeFig15, Leitinger+2023

Outer 2P stars:
F1P ↗ with time 

Outer 1P stars:
F1P ↘ with time 

Well-mixed 
1P and 2P stars
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2 stellar mass thresholds
v mth: threshold to form 2P stars

v 𝑭𝒃𝒐𝒖𝒏𝒅
𝑽𝑹 	mth : threshold to host 2P 

stars at secular evolution onset

𝑭𝒃𝒐𝒖𝒏𝒅
𝑽𝑹

Constancy of 𝑭𝒃𝒐𝒖𝒏𝒅𝑽𝑹 :
Appendices A+B in 
Parmentier 2024a

VR: 
Violent 

Relaxation
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mth

𝑭𝒃𝒐𝒖𝒏𝒅
𝑽𝑹

v mth?, 𝑭𝒃𝒐𝒖𝒏𝒅𝑽𝑹 	?
v NGC2419: 

remote and massive,
→ little evaporated cluster

v NGC2419 helps define
𝑭𝑺𝒕𝑬𝒗𝑭𝒃𝒐𝒖𝒏𝒅

𝑽𝑹 	mth

𝑭𝒃𝒐𝒖𝒏𝒅
𝑽𝑹 	mth

After stellar 
evolutionary 
mass losses
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Geneviève Parmentier      -      Zentrum für Astronomie Heidelberg                                          42

Cluster evaporation 
in the Galactic tidal field, 

aka secular evolution

𝑡4566 ∝	 𝑡4566789:   𝑓;*4 … with fred = 0.3 
(primordial mass
segregation and/or
top heavy IMF; 
Haghi+2014, 2020)

Calibration of fred: 
Sec. 3 in 
Parmentier 2024a

Cluster dissolution
time-scale of
Baumgardt & 
Makino (2003)
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The fraction of 2P stars in the Galactic halo field is low: 
3%-10%

Carretta+ 2010 - Martell+ 2011 – Horta+21

That multiple-populations clusters are assumed
to lose equally-likely their 1P and 2P stars
may therefore be perceived as a problem.
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The fraction of 2P stars in the Galactic halo field is low: 
3%-10%

Carretta+ 2010 - Martell+ 2011 – Horta+21

That multiple-populations clusters are assumed
to lose equally-likely their 1P and 2P stars
may therefore be perceived as a problem.

Yet, it is not

2P stars escape from multiple-populations clusters only, 
and multiple-populations clusters are the most massive 

clusters, hence the most resilient to evaporation


