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Outline

❖ Size of sample effects

❖ Does cluster formation accurately reflect star formation?

❖ Do all stars form in “clusters”? 

❖ Does star/cluster formation depend on environment?

❖ Constrain cluster disruption models?
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different modes of 
star/cluster formation?



Size-of-Sample Effects



Size-of-Sample Effects



Size-of-Sample Effects



Building a Cluster Population
Cluster Population Synthesis

❖ Mass Function:  NdM ~ M-2dM or Schechter function



Building a Cluster Population
Cluster Population Synthesis

❖ Mass Function:  NdM ~ M-2dM or Schechter function

pure power-law

power-law up to a given mass (M*)
exponential cutoff above this

M* = 1e4
M* = 1e5
M* = 1e6

Schechter

N
um

be
r

Mass [Msun]



Building a Cluster Population
Cluster Population Synthesis

❖ Constant Cluster Formation History (~100 Myr)

❖ Combine ages and masses to get MV (e.g. Bruzual+Charlot)

❖ Find brightest cluster (and age of that cluster)

❖ Cluster formation rate (CFR) = 
total mass in clusters / duration of experiment (100 Myr) 

❖ Mass Function:  NdM ~ M-2dM or Schechter function
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❖ Now build hundreds of cluster populations 
(stochastically)

❖ Vary average CFR

❖ Vary mass function

❖ Compare to observations (SFR vs. MVbrightest)

Cluster Populations
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Cluster Populations Continued

observations
slope = -1.87+-0.06

❖ for Pure Power-Law mass function: α = 2.3

❖ α = 2.0 is ruled out at the >8σ level

❖ But when mass function is measured 
directly (through histograms): α = 2.0 ?!?!

❖ Schechter function (M* =1-5 * 106) fits well
(although probably not universal value)



mass functions

Schechter function
Pure power-law

see also Gieles et al. 2006



mass functions: GMCs in M33

Rosolowsky et al. 2007

GMCs mass function
is truncated at 

M* ~ 1e6 in M33



High mass end of the mass function of Globular 
Clusters in Virgo & Coma are best fit by a Schechter 

function with M* ~ few * 106 Msun
Jordan et al. 2007; Harris et al. 2008

Preferred in direct fit to mass function of clusters in 
spiral galaxies - also age distribution of brightest cluster

Larsen 2009

Can explain observed bend in luminosity function of 
young clusters

Gieles et al. 2006a,b

Other Evidence for Schechter Function



M51

M101

Gieles, Bastian & Larsen 2009
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Star Formation Efficiencies

Correct shape but
models always on
the left of the obs.

CFR ≠ SFR

Γ = CFR/SFR Γ = 0.08

8% of all star-formation happens 
in “bound” clusters - 92% goes to the field

Elmegreen & Efremov 1997
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if  α=2.0:  starbursts have lower cluster-formation 
efficiencies than dwarf or spiral galaxies!

Bastian & Gieles 2009
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❖ Lada & Lada (2003): 4-7% for the solar neighborhood

❖ Lamers & Gieles (2007): 5-11% for solar neighborhood

❖ Gieles & Bastian (2008): 2-4% for the SMC

❖ Scheepmaker et al. (2009): 5-20% for star forming regions 
in M51

❖ Larsen (2008): 4-12% for the Antennae merging galaxies 

Star-formation Efficiency Cont...
8 +- 3% of all star-formation occurs in clusters which 
will survive long enough to become optically selected



❖ Lada & Lada (2003): 4-7% for the solar neighborhood

❖ Lamers & Gieles (2007): 5-11% for solar neighborhood

❖ Gieles & Bastian (2008): 2-4% for the SMC

❖ Scheepmaker et al. (2009): 5-20% for star forming regions 
in M51

❖ Larsen (2008): 4-12% for the Antennae merging galaxies 

Star-formation Efficiency Cont...
8 +- 3% of all star-formation occurs in clusters which 
will survive long enough to become optically selected

constant fraction: cluster formation accurately 
reflects star formation



Constraining Cluster 
Disruption

see my poster....

 Theoretically well understood, mass and tidal field 
dependence.

 Important in order to use clusters to trace SFH of 
galaxies

 Observational selection effects can influence results

1) Mass dependent disruption (e.g. Lamers et al. 2005)

2) Mass independent disruption (MID: Fall et al. 2005)
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Konstantopoulos, Bastian, Gieles 2009
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M33

Gieles 2007

SMC



Age Distributions: t-1 disruption law
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Conclusions

❖ The mass function of clusters is best described by a 
Schechter function (not a pure power-law)

❖ 8+-3% of all star-formation happens in “bound clusters”             
----    cluster formation traces star formation 

❖ Star/cluster formation is independent of environment and 
metallicity ([Fe/H] > -1.6) 

❖ One mode of star/cluster formation over 6 orders of 
magnitude in the SFR

❖ incompleteness gives t-1 age distribution.  need to check 
mass and luminosity limited sample for consistency


