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Phase 1: Gas Expulsion and Violent RelaxationPhase 1: Gas Expulsion and Violent RelaxationPhase 1: Gas Expulsion and Violent RelaxationPhase 1: Gas Expulsion and Violent Relaxation
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removes left-over star forming gas

terminates star formation

weakens protocluster gravitational potential

escape of stars or 
complete disruption of the protocluster
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Geyer & Burkert (2001)

Phase 1: Gas Expulsion and Violent RelaxationPhase 1: Gas Expulsion and Violent RelaxationPhase 1: Gas Expulsion and Violent RelaxationPhase 1: Gas Expulsion and Violent Relaxation
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Baumgardt & Kroupa 2007: 
Weak tidal field, instantaneous 
gas expulsion ττττGR <<ττττcross
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End of violent relaxation:
Initial conditions of secular evolution
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Cautionary note: the 50 Myr time-scale for the end of 
cluster  violent relaxation indicated on several of my 

slides is intended to be an indicative one only.  
The actual time-scale required by a protocluster to 

reach the end of its violent relaxation depends on its 
crossing-time when still embedded and on the tidal 

field impact on the protocluster.

See Fig.4 in Parmentier (2009, Astro-ph:0901/3140) 
and slide 22. 
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Phase 1: Notion of Initial  Cluster MassPhase 1: Notion of Initial  Cluster MassPhase 1: Notion of Initial  Cluster MassPhase 1: Notion of Initial  Cluster Mass
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Observationally derived  Observationally derived  Observationally derived  Observationally derived  
Cluster Mass Functions (CMF)  of Young ClustersCluster Mass Functions (CMF)  of Young ClustersCluster Mass Functions (CMF)  of Young ClustersCluster Mass Functions (CMF)  of Young Clusters

12

log
−− ∝≡∝ m

md

dN
m

dm

dN
    

:CMFs law-Power ����	�����	!�������	
� "����"��������	�������	����	�������	

#���	����	���	�����������	#���	����	���	�����������	~ old GCs~ old GCs
��	������	����	
������	������������

The Antennae: NGC4038/39
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Is it really true ?

TheTheTheThe Initial Cluster Mass FunctionInitial Cluster Mass FunctionInitial Cluster Mass FunctionInitial Cluster Mass Function (ICMF) (ICMF) (ICMF) (ICMF) 
and theand theand theand the cluster gaseouscluster gaseouscluster gaseouscluster gaseous progenitorprogenitorprogenitorprogenitor MFMFMFMF
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Fig.1 in Parmentier et al.2008 (based on the N-body 
model grid of Baumgardt & Kroupa 2007):

Case of SCs subjected to weak tidal fields (ie rh/rt <= 0.01)
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Baumgardt & Kroupa 2007
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If the core gravitational pull increases, gas is removed on 
a slower time-scale and ττττGR/ττττcross may increase …

Substantial observations (see Kroupa & Boily 2002) show 
that rcore ≅ 1pc regardless of the mass

relation between mcore and Fbound

Fig.1 in Parmentier et al.2008
Case of SCs subjected to weak tidal fields (ie rh/rt <= 0.01)
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Removal of intracluster gas via the expansion of a
supernova-driven supershell

compute temporal evolution of supershell radius: rs(t)
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How to quantify the relation between  How to quantify the relation between  How to quantify the relation between  How to quantify the relation between  ττττGRGRGRGR//// ττττcrosscrosscrosscross and and and and mmmmcorecorecorecore ????

Castor, McCray & Weaver 1975
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Zepf & Ashman: 
SFE variations ?

while rcluster ≅ const
is observed
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Mostly infant weight-loss
Infant mortality: definition of a cluster ??

What about the present-day 
GC mass-function ?

CMF in intermediate-age 
mergers required !
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PowerPower--law CMF with law CMF with ≅≅ --22::

• NGC4038/39:
Zhang & Fall 1999

• M51: 
Bik et al. 2003

• LMC: 
de Grijs & Anders 2006

• Milky Way disc:
Battinelli, Brandimarti & 
Capuzzo-Dolcetta 1994

BellBell--shaped (turnover) CMF:shaped (turnover) CMF:

• NGC5253:
Cresci, Vanzi & Sauvage 2005

• He 2-10:
Johnson (Granada Conference)

BellBell--shaped (turnover) CLF:shaped (turnover) CLF:

• 36 dIrr:
Sharina, Puzia, & Makarov 2005

• NGC4038/39: Anders et al. 2007 

Young CMF = PL (universally): some caveats

A. Beware of CMF integrated over time
B. Be open-minded
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log r [pc] log r [pc]

The core mass-radius relation is 
central to our understanding of 
whether infant-mortality/weight-
loss is mass dependent or not

� Cluster sizes to be simulated:
� Observational biases: 

1. Magnitude
2. SB
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Tan, IAU2006

Const density

Const radius
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Fig.4 in Parmentier (2009, Astro-ph:0901/3140)
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The final Fbound does not depend 
on the cluster mass, but the rate 

of infant weight-loss does !
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Based on the N-body model grid of Baumgardt & Kroupa (2007)
Figure analogous to Fig.1 in Parmentier et al. (2008)

Case of SCs subjected to tidal fields scaling as rh/rt = 0.1
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