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Abstract. In this contribution I describe recent efforts to determine the initial density of star
forming regions by comparing the observed spatial and kinematic distributions to simulations.

1. Introduction

One of the outstanding problems in star for-
mation is constraining the initial, or maximum
stellar density that an individual star expe-
riences before it becomes a member of the
Galactic field, like our Sun. If all stars ex-
perience a dense (>100 stars pc−3) birth envi-
ronment, then planet formation may be hin-
dered/disrupted (Adams et al. 2004), or plan-
ets may be scattered out of stable orbits around
their parent star (Parker & Quanz 2012).
However, observations of other galaxies sug-
gest that the star formation rate is lower than
one would naı̈vely expect, with the most likely
culprit being feedback from the most massive
stars (Kereš et al 2009). However, for feedback
to be most effective, high stellar densities are
required. There is therefore a tension between
the low densities required for stable planet for-
mation, and the high densities required for un-
derstanding extragalactic star formation.

Determining the initial stellar density is
problematic because star-forming regions dy-
namically evolve at different rates, depending
on the inital density. A dense region will try
to relax through violent and/or two-body re-
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laxation and expand quickly, whereas a low-

density region does not expand as quickly. The
upshot is that two regions with very differ-
ent initial densities may have very similar ob-
served densities at ages 1 – 10 Myr (Parker
2014).

2. Recent results

2.1. Spatial distributions

We have combined information on the spatial
distributions of the most massive stars in a star-
forming region relative to the distribution of
lower-mass stars, with a measure of the over-
all spatial distribution of the star-forming re-
gion to infer the amount of dynamical evolu-
tion that has taken place at a given age. We do
this by comparing the observed values to those
from tailored N-body simulations.

This spatial analysis requires the assump-
tion that the most massive stars do not al-
ways form with a different spatial distribu-
tion to low mass stars, and that star formation
in general produces a spatially and kinemati-
cally substructured distribution. Observations
of pre/protostellar cores appear to verify these
assumptions, although further observations
and hydrodynamical simulations of star forma-
tion would help address this issue.
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So far, we have analysed the ONC, Cyg
OB2, IC 348, NGC 1333, Chamaeleon I, ρOph
and Taurus (Parker et al 2014, Wright et al
2014, Parker & Alves de Oliveira 2017). Of
these regions, only the ONC is consistent with
having had a significantly high initial stel-
lar density that would affect planet formation
and evolution (∼1000 stars pc−3). Interestingly,
Cyg OB2 appears to have never been more
dense in the past, making it a viable site for
massive star formation in low-density regions.
This result also rules out the popping clus-
ter scenario, which postulates that OB associa-
tions are the expanded remnants of dense star
clusters. If this were the case, we would would
expect the massive stars to be in areas of higher
than average surface density due to the effects
of previous dynamical relaxation.

Several of the remaining regions (e.g.
IC 348, NGC 1333) straddle the boundary be-
tween low and high density initial conditions
and further information is required to assess
the impact of these star-forming environments
on planet formation.

2.2. Radial velocities

Recent high precision radial velocity surveys
have enabled the one-dimensional velocity dis-
persions to be measured in many star-forming
regions. The velocity dispersion can then be
compared to the expected velocity dispersion if
the star-forming region were in virial equilib-
rium. Unfortunately, two issues exist with this
method.

First, the orbital motion of binary stars in-
flates the velocity dispersion, making the re-
gion appear supervirial when it may be in virial
equilibrium (or even subvirial). The effects of
this orbital motion must first be subtracted
from the velocity dispersion, and this requires
assumptions about the fraction of binary stars,
and their orbital distributions (both of which
are highly uncertain).

Secondly, a region undergoing violent re-
laxation will often attain a high (supervirial)

velocity dispersion during its collapse, which
is frozen in for the remainder of the region’s
evolution. However, the cluster has relaxed to
virial equilibrium and the velocity dispersion
measurement is therefore an erroneous indica-
tion of the cluster’s dynamical state (Parker &
Wright 2016).

Given the effort required to accurately de-
termine the velocity dispersion, and the un-
certainty surrounding the treatment of binary
stars, it would seem more useful to use other
measures of the dynamical state of a star-
forming region, such as proper motion veloci-
ties. Whilst these will be available from Gaia, a
near infrared equivalent would probably be re-
quired to probe the most obscured star-forming
regions.
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