
The impact of a SFE profile on 
the evolution of Open Clusters

ABSTRACT

We study the effect of the instantaneous expulsion of the residual star-forming gas on star clusters wherein the residual gas has a density 
profile shallower than that of the embedded cluster. This configuration is as expected if star formation proceeds with a given star-
formation efficiency per free-fall time in a centrally-concentrated molecular gas clump.
Our model clusters initially have a Plummer profile and are in virial equilibrium with the gravitational potential of the cluster-forming 
clump. We perform direct N-body simulations whose initial conditions are generated by the program "mkhalo" from the package "falcON" 
(by W. Dehnen, University of Leicester)
We find that a star cluster with a global SFE less than 15 per cent cannot survive instantaneous gas expulsion and dissolves within a few 
Myr independently of its stellar mass. If more than 15 per cent of the initial gas mass has been converted into stars at the onset of gas 
expulsion, the cluster is able to survive more than 100 Myr with its subsequent lifetime in the gravitational field of the Galaxy depending 
on its initial stellar mass. We therefore conclude that the critical SFE needed to produce a bound cluster is more than 10 per cent smaller 
than earlier estimates of 33 per cent. This is the consequence of the star cluster having a density profile steeper than that of the residual 
gas.
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Density profiles of:  Newly formed star cluster (black dashed line) 
  corresponds to a Plummer model
  Residual gas clump (solid lines)
  Initial gas clump (dash-dotted lines)

The global SFE is 

measured inside r<10a★, 

we need to adopt an 
outer limit because the 
Plummer model goes to 
infinity.

Initial data for N-BODY simulations
Density profile of Star Cluster:

Bound mass fraction 
defined as the 
fraction of stellar 
mass inside the 
instantaneous tidal 
radius of the star 
cluster

The Tidal radius is 
calculated using
Eq.13 from
Just et al. (2009)

Star cluster evolution inside the Galaxy

Density profile of the residual gas according to 
Parmentier & Pfalzner (2013):

Star cluster rotates on a circular orbit at a 
distance R=8kpc from the Galactic center and 
with orbital speed V=234.24 km s-1

Stellar evolution is taken into account (SSE)

IMF: Mlow=0.08 M⊙, Mup=100 M  ⊙ Kroupa(2001)
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Conclusion
Owing to the star-cluster density profile being steeper than that of the residual star-
forming gas, we have improved the Star Cluster Survival Likelihood after Instantaneous 
gas expulsion compared to most earlier estimates. Our result is reminiscent of that of 
Adams (2000). However, our work builds on a physical justification for the difference in 
density profiles between the embedded cluster on the one hand, and the initial and the 
residual gas on the other hand. This is a consequence of star-formation taking place with 
a constant star-formation efficiency per free-fall time in a centrally-concentrated gas 
clump, as described by Parmentier & Pfalzner (2013).
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