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Is star formation universal? 



IMF R.I.P? 

IMFs are always the same… 

But, almost all young stars >0.5M are in multiples. 

    Different binary properties = different star formation 

Different binary properties by mass would also suggest  
some differences in how stars of different masses form.    

(Bastian et al. 2010; Goodwin 2010) 



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. 

(Patience et al. 2002; lots of papers by Kroupa; Parker et al. 2009,2010) 

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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Dynamical processing 
The best way to explain the binary population in the ONC 
is that it was a lot denser in the past with rh = 0.1-0.2 pc 
(now 0.8pc) with many more binaries. 

(Reipurth et al. 2007; Parker et al. 2009,2010; 
also Scalley et al. 2005; Moraux et al. 2007) 

Do binaries in clusters form in the same way as in the field? 5
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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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Dynamical processing 
Dense environments process binaries. 

The (universal) primordial population cannot 
be the same as the field.  

More binaries must form than we see later, 
especially wide binaries. 



Very low-mass binaries 
They look very different to higher-mass binaries in the field 

(Burgasser et al. 2007; Basri & Reiners 2006; Theis & Kroupa 2007;  
Duquennoy & Mayor 1991; Fischer & Marcey 1992) 

The dynamical evolution of very low-mass binaries in open clusters 3

Figure 1. Data from the Very Low Mass Binary Archive
(VLMBA – Burgasser et al. 2007). The hashed histogram rep-
resents binaries observed in the Galactic field; whereas the open
histogram represents the few VLMBs observed in various star
clusters. The total area of the histogram corresponds to the ob-
served binary fraction of VLMBs, 0.15. The log10-normal fits
to the data by Thies & Kroupa (2007, the (solid) brown line)
and Basri & Reiners (2006, the (dot-dashed) magenta line) are
shown. For comparison, the log10-normal fits for field M-dwarfs
(Fischer & Marcy 1992, the (dashed) blue line) and field G-dwarfs
(Duquennoy & Mayor 1991, the (dotted) red line) are also shown.

Figure 2. The mass ratio distribution of systems from the Very
Low Mass Binary Archive (VLMBA – Burgasser et al. 2007). The
bins are of width 0.1, and are normalised to the total number of
systems used (94) to allow direct comparison with the simula-
tions.

2.3 Mass ratio distribution

It is also interesting to trace the possible evolution of the
mass ratio distribution. For each system, the mass ratio, q,
is defined as

q =
ms

mp
, (2)

where mp and ms are the masses of the primary and sec-
ondary components, respectively.

In Fig. 2 we show the observed mass ratio distribution
of the VLMBA data, normalised to the total number of sys-
tems (94). Almost half the VLMBs in the sample have a
mass ratio approaching unity, and the majority of the other
systems have high (> 0.7) values of q.

2.4 Other properties

Data on other dynamical properties of the VLMBs are not
yet available. Therefore, we do not include a study on e.g.
the possible effects of cluster evolution on the VLMB eccen-
tricity distribution.

3 METHOD

3.1 Cluster set-up

We follow a similar method to the one described in
Parker et al. (2009) to set up the clusters and stellar bi-
nary3 systems in our simulations. The clusters are designed
to mimic a ‘typical’ star cluster, similar to Orion with
N = 2000 members and mass ∼ 103 M!.

For each set of initial conditions, we create a suite of
10 simulations, corresponding to 10 clusters, identical apart
from the random number seed used to initialise the simula-
tions.

We set our clusters up as initially virialised
Plummer spheres (Plummer 1911) as described by
Aarseth, Hénon & Wielen (1974). The prescription in
Aarseth et al. (1974) provides the positions and velocities of
the centres of mass of the systems in the Plummer sphere.

The current half-mass radius of Orion is 0.8 pc
(McCaughrean & Stauffer 1994; Hillenbrand & Hartmann
1998; Köhler et al. 2006). However, Parker et al.
(2009) argue that Orion was originally much denser
than it is now and that the effects of gas expul-
sion (Tutukov 1978; Hills 1980; Goodwin 1997;
Kroupa, Aarseth & Hurley 2001; Goodwin & Bastian
2006) and dynamical interactions (Kroupa et al.
1999, van den Berk, Portegies Zwart & McMillan 2007;
Parker et al. 2009, and references therein) have caused it
to expand to its current size. We therefore adopt initial
half-mass radii of 0.1 pc and 0.8 pc for the clusters in
our simulations, thereby covering a wide range of cluster
densities.

3 From this point in the paper, we adopt the phrase “stellar bi-
nary” when describing systems with component masses both ex-
ceeding 0.106M!; and “very low-mass binary (VLMB)” when de-
scribing systems with both component masses less than 0.106M!.
0.105M! is the mass of the most massive VLMB primary com-
ponent in the archive.
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Very low-mass binaries 
Compare with M-dwarfs… 

Is there a smooth transition through the M-dwarfs or not? 
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(VLMBA – Burgasser et al. 2007). The hashed histogram rep-
resents binaries observed in the Galactic field; whereas the open
histogram represents the few VLMBs observed in various star
clusters. The total area of the histogram corresponds to the ob-
served binary fraction of VLMBs, 0.15. The log10-normal fits
to the data by Thies & Kroupa (2007, the (solid) brown line)
and Basri & Reiners (2006, the (dot-dashed) magenta line) are
shown. For comparison, the log10-normal fits for field M-dwarfs
(Fischer & Marcy 1992, the (dashed) blue line) and field G-dwarfs
(Duquennoy & Mayor 1991, the (dotted) red line) are also shown.

Figure 2. The mass ratio distribution of systems from the Very
Low Mass Binary Archive (VLMBA – Burgasser et al. 2007). The
bins are of width 0.1, and are normalised to the total number of
systems used (94) to allow direct comparison with the simula-
tions.

2.3 Mass ratio distribution

It is also interesting to trace the possible evolution of the
mass ratio distribution. For each system, the mass ratio, q,
is defined as

q =
ms

mp
, (2)

where mp and ms are the masses of the primary and sec-
ondary components, respectively.

In Fig. 2 we show the observed mass ratio distribution
of the VLMBA data, normalised to the total number of sys-
tems (94). Almost half the VLMBs in the sample have a
mass ratio approaching unity, and the majority of the other
systems have high (> 0.7) values of q.

2.4 Other properties

Data on other dynamical properties of the VLMBs are not
yet available. Therefore, we do not include a study on e.g.
the possible effects of cluster evolution on the VLMB eccen-
tricity distribution.

3 METHOD

3.1 Cluster set-up

We follow a similar method to the one described in
Parker et al. (2009) to set up the clusters and stellar bi-
nary3 systems in our simulations. The clusters are designed
to mimic a ‘typical’ star cluster, similar to Orion with
N = 2000 members and mass ∼ 103 M!.

For each set of initial conditions, we create a suite of
10 simulations, corresponding to 10 clusters, identical apart
from the random number seed used to initialise the simula-
tions.

We set our clusters up as initially virialised
Plummer spheres (Plummer 1911) as described by
Aarseth, Hénon & Wielen (1974). The prescription in
Aarseth et al. (1974) provides the positions and velocities of
the centres of mass of the systems in the Plummer sphere.

The current half-mass radius of Orion is 0.8 pc
(McCaughrean & Stauffer 1994; Hillenbrand & Hartmann
1998; Köhler et al. 2006). However, Parker et al.
(2009) argue that Orion was originally much denser
than it is now and that the effects of gas expul-
sion (Tutukov 1978; Hills 1980; Goodwin 1997;
Kroupa, Aarseth & Hurley 2001; Goodwin & Bastian
2006) and dynamical interactions (Kroupa et al.
1999, van den Berk, Portegies Zwart & McMillan 2007;
Parker et al. 2009, and references therein) have caused it
to expand to its current size. We therefore adopt initial
half-mass radii of 0.1 pc and 0.8 pc for the clusters in
our simulations, thereby covering a wide range of cluster
densities.

3 From this point in the paper, we adopt the phrase “stellar bi-
nary” when describing systems with component masses both ex-
ceeding 0.106M!; and “very low-mass binary (VLMB)” when de-
scribing systems with both component masses less than 0.106M!.
0.105M! is the mass of the most massive VLMB primary com-
ponent in the archive.
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Very low-mass binaries 

Brown dwarf binaries must be different from stars because 
M-dwarf binaries are modified in exactly the same way.          
                      Different now = different at birth 

But far more wide systems must have formed than are now 
seen as they are easy to destroy in almost any 
environment.   

Maybe these could be made later??? 

(Parker & Goodwin 2010; Kouwenhoven et al. 2010; Moekel & Bate 2010) 



Why are they different? 

An obvious possibility is that they form in some different 
way (ejection, liberation, discs, filaments????).  But this 
involves introducing another mode of star formation…  

Or is it a smooth transition???? 

How do binaries form anyway???? 

(Theis & Kroupa 2007; Reipurth & Clarke 2001; Bate 2009;  Stamatellos & 
Whitworth 2007; Goodwin & Whitworth 2007) 



Why are they different? 
Or binary properties could change fairly suddenly even if they 
form in the same way… 

Brown dwarfs probably can’t form binaries in the same way as 
stars. 

For a disc to fragment it must have >> mass than the fragment 
(>>5 Mjup) a BOE calculation suggests >0.2-0.3M this disc 
material will then be accreted onto one/both objects. 

Minimum system mass for disc fragmentation ~0.2-0.3M. 



We     M-dwarfs 

Plea to observers – please tell us about M-dwarf binaries 
as well… they are crucial – 90% of stars are M-dwarfs 

                  Star formation = M-dwarf formation  

(Goodwin 2010) 



Summary 

✪  Brown dwarfs form with different binary properties to 
higher-mass stars. 

✪  They must also form with a higher binary fraction than is 
currently observed (as do most stars). 

✪  Disc fragmentation can’t work at system masses below 
0.2-0.3 M could it give us a sharp change? 

✪  M-dwarf binary properties are a crucial test of star 
formation models, please tell us what they are… 




