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The origin of stars 

Most stars (70-90%?) form in clusters (of 10-106 M). 

How important is environment?  Is SF in Taurus and USco 
A, and Orion, and NGC3603, and R136, and Wd 1 the 
same?  Is star formation* universal? 

The IMFs always look similar.  Might binary properties 
(separation and mass ratios in particular) be a more 
sensitive probe of star formation? 

*the outcome at the end of the class I phase  



All clusters are equally important 

Cluster MF:   N(M) α M-2 

(Lada & Lada 2003; Lada 2009; de Grijs & Goodwin 2007 for SMC) 



All clusters are equally important 
N(M) α M-2 

‘Isolated’ SF: about 25% of stars 
Clusters 102 - 103 M : about 25% of stars 
Clusters 103 - 104 M : about 25% of stars 
Clusters 104 - 105 M : about 25% of stars 

Each mass is equally important and there is no such 
thing as a ‘typical’ cluster.  

(is isolated SF just N=a few end of the cluster MF?) 



Is star formation universal? 
We observe very different binary populations in different 
regions: Taurus has lots, Orion looks a bit like the field 
even though their IMFs are similar(ish). 

Is this primordial – (binary) star formation is fundamentally 
              different in different regions? 

Is this due to dynamical processing – (binary) star  
              formation is universal and then altered? 

(Parker et al. 2009; Goodwin & Kouwenhoven 2009; Goodwin 2009) 



Dynamical processing 
The primordial binary population is modified by dynamical 
interactions: the extent of which is mainly set by the 
densest phase of the cluster’s evolution. 

(lots of papers by Kroupa; Parker et al. 2009a,b) 

Do binaries in clusters form in the same way as in the field? 5

(a) 0.1 pc half-mass radius. (b) 0.2 pc half-mass radius.

Figure 2. The evolution of the separation distribution for a cluster with an initially field binary fraction and half-mass radius of (a)
0.1 pc; and (b) 0.2 pc. The separation distribution observed for field G-dwarfs by Duquennoy & Mayor (1991) is shown by the solid (red)
log-normal; the distribution observed for field M-dwarfs by Fischer & Marcy (1992) is shown by the dashed (blue) log-normal. The open
circles in (a) show the initial distribution generated by our initial conditions generator, whereas in both panels the open histograms show
the initial binaries and the hatched histogram shows the binaries remaining after 1Myr, as found by our algorithm.

(a) 0.1 pc half-mass radius. (b) 0.2 pc half-mass radius.

Figure 3. The evolution of the separation distributions for clusters containing ∼ 1500 stars created with a 100 per cent binary fraction.
The open histograms are the initial distribution and the hatched histograms are the distributions after 1Myr. We show the separation
distributions for such clusters with initial half-mass radii of (a) 0.1 pc; and (b) 0.2 pc. The log-normal fits obtained from observations of
field G-dwarfs (Duquennoy & Mayor 1991, the solid (red) line) and field M-dwarfs (Fischer & Marcy 1992, the dashed (blue) line) are
also plotted.

3.1.3 An initially 100 per cent binary fraction

Fig. 1(b) appears to show that if the initial binary fraction
is unity in dense clusters, then the effect of dynamical evolu-
tion is to lower the binary fraction to close to the field values
(actually slightly too high for M-dwarfs). This might suggest

that in dense clusters stars form with a field-like separation
distribution, but with a higher binary fraction (e.g. unity).

However, as we show in Fig. 3 (c.f. Fig. 2), exactly the
same effects occur with a binary fraction of unity as with
a field binary fraction. Firstly, many of our generated bina-
ries are unphysically wide, given the cluster’s size, and are
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Early dense phases 
What is important for binary processing is  

a) The maximum density the cluster reached (not the 
current density).  This sets the hard-soft boundary. 

b) The dynamical age of the cluster – if it was denser in the 
past it might be dynamically very old, irrespective of 
current crossing time. 

Note than many characteristics of a cluster might be 
instantaneous and varying very rapidly. 

(Goodwin & Bastian 2006; Bastian et al. 2008; Parker et al. 2009) 



Early dense phases 
Cold and clumpy = collapse and bounce. 

Expansion of cluster cores 5

Figure 3. The observed spectra and best fitting template spectra
for cluster 3cl-a around the Hγ (top) and Hβ (bottom) absorption
lines. The (blue) dashed boxes represent the spectral wavelength
region used in the fits, where the centre of each line was not used
due to a clear emission component. The lower plot in each panel
shows the χ2

ν result for each model fit, along with the best fitting
model (marked as a vertical dashed line).

not have had a significant amount of mass loss due to stellar
evolution. Additionally, in a sample of young extra-galactic
clusters, Máız-Apellániz (2001) found a relation between the
size of a cluster and its age, which he attributed mainly to
stellar evolutionary mass-loss. Comparison of detailed N-
body models with observations of the Orion Nebular cluster
also led Scally, Clarke, & McCaughrean (2005) to suggest
that, despite its young age (∼ 1.5 Myr), this cluster was
substantially more dense in the past. Figer (2008) has esti-
mated the density of young massive clusters in the Galaxy,
and using his data (excluding the Galactic Centre cluster)
it is clear that there is a strong trend of decreasing den-
sity with increasing age, consistent with the findings of the
current study. Brandner (2008) also has noted that young
clusters in the Galaxy have larger sizes at higher ages. Fi-
nally, we note that Scheepmaker et al. (2007) found larger
sizes for red (presumably older) clusters in the disk of M51

Figure 4. The relation between core radius and age of M51 clus-
ters (filled blue circles) and other clusters taken from the liter-
ature. The large symbols represent median values of cluster sur-
veys, see text for details. The dashed (red) line is a logarithmic fit
to the data, done by eye (Rcore[pc] = 0.6× ln (age[Myr])− 0.25).

than blue clusters, however precise age dating of the clusters
was not available.

5 POSSIBLE CAUSES

As mentioned in § 1, there are a number of possible causes
for the expansion of cluster cores with age. We limit our
discussion here to causes that operate on the early evolution
of clusters (! 100 Myr).

5.1 Expansion by dynamical heating due to
stellar mass black holes

Merritt et al. (2004) and Mackey et al. (2007, 2008) have sug-
gested that the presence of stellar mass black holes in star
clusters can lead to the expansion of the core radius. The
stellar mass black holes form a dynamically distinct (invis-
ible) ‘core’ and transfer energy into a stellar ‘halo’ causing
the halo to expand, thus increasing the observed (i.e. stel-
lar) core radius. Merritt et al. (2004) explain the spread in
the observed core radii with age in the LMC/SMC data of
Mackey & Gilmore (2003) by effectively changing the ini-
tial size scale of the cluster (through changing the scaling to
N-body units). Mackey at al. (2007, 2008) can explain the
same spread by introducing different degrees of initial mass
segregation into their clusters and by changing the fraction
of black holes that are retained by the cluster (ie. not lost
due to large natal kick velocities).

5.2 Stellar evolution

When a star cluster loses mass, it will expand in an attempt
to regain virial equilibrium. The mass loss due to stellar
evolution will therefore result in an expansion of the core
during the first ! 100 Myr when a large fraction (∼ 20%)
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(Bastian et al. 2008; Allison et al. 2009) 



Dynamical processing 
So if you see a wide binary it must never have been in a 
dense environment… 

(Wheelwright et al. 2009) 

>60% of ‘isolated’ Herbig Ae/
Be stars are in fairly wide 
binaries (>100 au, probably a 
few hundred au). 

Did these form in isolation? Or 
are they the remnants of 
destroyed clusters? 



Different star formation? 
So different properties in different regions might reflect 
different initial populations or different processing.   

(Köhler et al. 2000; Bouy et al. 2006; Kraus & Hillenbrand 2007+) 

330-1650 au 
   q > 0.25 



Massive binaries 
2 of 3 very massive systems in NGC 3603 are few day 
binaries.  (Including a 116-89 M system). 

But R136 has maybe only 1 of 6. 

Is this significant?  Is it different formation (how do you 
form them?), or the result of dynamical evolution (core 
collapse hardening?). 

(Schnurr et al. 2008, 2009) 



Is SF universal? 

Different regions have different binary properties. 

 In some regions this can be explained by dynamical 
processing: Taurus to Orion works perfectly well (on the 
other hand, different initial populations can also work). 

 In some regions it might not: USco A and USco B, and 
Taurus/ChamI are dynamically young, and have different 
wide binary populations.  What about massive close 
binaries in NGC 3603 and R136? 



A rant about M-dwarfs 

The most common mode (90%!) of star formation is M-
dwarfs: star formation is M-dwarf formation. 

M-dwarf binary properties contain most of the information 
about star formation.  And there are so many of them the 
statistics are as good as we can get. 

Massive stars, brown dwarfs, and G-dwarfs contain far 
less information so why are we so obsessed by them but 
not M-dwarfs?  



A rant about the field 

The field is the sum of star formation in all clusters (and isolated 
SF).  All of this star formation will have been dynamically 
processed to some degree depending on density, mass, initial 
binary properties etc. 

Comparing cluster simulations to the field is pointless.   

If it looks like the field it might not be right, if it doesn’t look like 
the field it might be right. 

What must be right is that if star formation is universal, it is NOT 
like the field. 



Summary 

✪  All masses of clusters are equal contributors to SF, 
       there isn’t a ‘typical’ cluster. 
✪  Young clusters can be very out-of-equilibrium so  
       their properties are instantaneous. 
✪  Binary properties are probably the key to star 
       formation but they get processed in clusters.  
✪  Do binary properties vary with environment? Is it a 
       signature of fundamentally different SF?  Or nothing 
       important? 
✪  M-dwarfs contain most of the information about star 
       formation. 




