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Origin of the cluster mass to star mass ratioOrigin of the cluster mass to star mass ratioOrigin of the cluster mass to star mass ratioOrigin of the cluster mass to star mass ratio
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Gas-embedded 
clusters

Field stars dominated 
galaxies

Bound clusters
(survive infant mortality)

Violent relaxation:
Infant mortality/

weight-loss
(first 50 Myr)

Secular evolution
(2-body relaxation 

+ tidal field)
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Bound clusterBound clusterBound clusterBound cluster----totototo----star mass ratio and gas expulsionstar mass ratio and gas expulsionstar mass ratio and gas expulsionstar mass ratio and gas expulsion
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Explosive gas expulsion, weak tidal field
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  :cluster embedded-Gas   

   SFE  withFormation Star

coreecl mSFEm ×=
→

coreboundclbound mSFEFm ××=
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     :cluster bound free-Gas   

relax.  Violent expulsion Gas

Age ≅≅≅≅ 50Myr
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Bound cluster Bound cluster Bound cluster Bound cluster ----totototo----star mass ratio and local SFEstar mass ratio and local SFEstar mass ratio and local SFEstar mass ratio and local SFE
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Age ≅≅≅≅ 50Myr
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Building a model of the first 100MyrBuilding a model of the first 100MyrBuilding a model of the first 100MyrBuilding a model of the first 100Myr
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Bound fraction and gasBound fraction and gasBound fraction and gasBound fraction and gas----expulsion timeexpulsion timeexpulsion timeexpulsion time----scalescalescalescale
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< >=0.40

log (age/year)

- ≅ 10 Mo/yr gas available to SF

- ≅ SFR = 4 Mo/yr

- Age distribution of mass in 
clusters at various stages of 
violent relaxation: 

mcl = Fb(age) × �45�× ��
��

P( )=G(0.40, 0.04)
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Early evolution of mass in SCsEarly evolution of mass in SCsEarly evolution of mass in SCsEarly evolution of mass in SCs
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Hypotheses:
Uniform age distribution
Weak tidal field 
PL( =-2) core mass function
1E6 gas cores/gas-embedded 

clusters 
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log (age/year)
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Early evolution of mass in SCs: SFE impactEarly evolution of mass in SCs: SFE impactEarly evolution of mass in SCs: SFE impactEarly evolution of mass in SCs: SFE impact
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==
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==

0.430.430.420.420.420.420.100.100.060.060.060.06MMclcl/M/Mstst

==
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BUT …

‘‘‘‘Cluster’ mass to total stellar mass ratios Cluster’ mass to total stellar mass ratios Cluster’ mass to total stellar mass ratios Cluster’ mass to total stellar mass ratios 
integrated over [1integrated over [1integrated over [1integrated over [1----100]Myr100]Myr100]Myr100]Myr
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Caveats and degeneraciesCaveats and degeneraciesCaveats and degeneraciesCaveats and degeneracies
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Bastian ‘08

Uniform age distribution [1-100]Myr
Schechter ( =-2, mbr=5e6Mo) mass function
Pick-up the brightest cluster 

8%

Optically selected ‘bound’ 
clusters represent only 8% 

of the total 
star-formation of a galaxy

(Bastian 2008) 
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Parmentier& Fritze (2009)
Is the mean local SFE 

universal among galaxies ?

MMMMvvvv
brightestbrightestbrightestbrightest vsvsvsvs SFR relation: another probe to cluster formationSFR relation: another probe to cluster formationSFR relation: another probe to cluster formationSFR relation: another probe to cluster formation
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MMMMvvvv
brightestbrightestbrightestbrightest vsvsvsvs SFR relation: simulation set descriptionSFR relation: simulation set descriptionSFR relation: simulation set descriptionSFR relation: simulation set description
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Larsen 2009
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A Universal mean local SFE in galaxies … ?A Universal mean local SFE in galaxies … ?A Universal mean local SFE in galaxies … ?A Universal mean local SFE in galaxies … ?
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A Universal mean local SFE in spiral galaxies … ?A Universal mean local SFE in spiral galaxies … ?A Universal mean local SFE in spiral galaxies … ?A Universal mean local SFE in spiral galaxies … ?
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