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ABSTRACT

Investigating the physical mechanisms driving the dynamical evolution of young star clusters is fundamental to our understanding of the star
formation process and the properties of the Galactic �eld stars. The young (� 2 Myr) and partially embedded cluster Chamaeleon I is one of the
closest laboratories for the study of the early stages of star cluster dynamics in a low-density environment. The aim of this work is to study the
structural and kinematical properties of this cluster combining parameters from the high-resolution spectroscopic observations of theGaia-ESO
Survey with data from the literature. Our main result is the evidence of a large discrepancy between the velocity dispersion (� stars = 1:14 �
0:35 km s� 1) of the stellar population and the dispersion of the pre-stellar cores (� 0:3 km s� 1) derived from submillimeter observations. The origin
of this discrepancy, which has been observed in other young star clusters, is not clear. It has been suggested that it may be due to either the e� ect
of the magnetic �eld on the protostars and the �laments or to the dynamical evolution of stars driven by two-body interactions. Furthermore, the
analysis of the kinematic properties of the stellar population puts in evidence a signi�cant velocity shift (� 1 km s� 1) between the two subclusters
located around the north and south main clouds of the cluster. This result further supports a scenario where clusters form from the evolution
of multiple substructures rather than from a monolithic collapse. Using three independent spectroscopic indicators (the gravity indicator , the
equivalent width of the Li line at 6708 Å, and the H� 10% width), we performed a new membership selection. We found six new cluster members
all located in the outer region of the cluster, proving that Chamaeleon I is probably more extended than previously thought. Starting from the
positions and masses of the cluster members, we derived the level of substructureQ, the surface density� , and the level of mass segregation
� MSR of the cluster. The comparison between these structural properties and the results ofN-body simulations suggests that the cluster formed in
a low-density environment, in virial equilibrium or a supervirial state, and highly substructured.
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1. Introduction

The majority of stars do not form in isolation, but in clusters fol-
lowing the fragmentation and collapse of giant molecular clouds
(Lada & Lada 2003; McKee & Ostriker 2007). Studying the for-
mation and evolution of young clusters is fundamental to under-
standing the star formation process and the properties of stars
and planetary systems observed in the Galactic �eld, since they
may depend on the formation environment (e.g., Johnstone et al.
1998; Parker & Goodwin 2009; Rosotti et al. 2014).

? This work is one of the last ones carried out with the help and sup-
port of our friend and colleague Francesco Palla, who passed away on
26 January 2016.
?? Full Tables 1 and 2 are only available at the CDS via anonymous
ftp to cdsarc.u-strasbg.fr (130.79.128.5 ) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/601/A97

??? Based on observations made with the ESO/VLT, at Paranal Ob-
servatory, under program 188.B-3002 (TheGaia-ESO Public Spectro-
scopic Survey).

???? Royal Society Dorothy Hodgkin Fellow.

Despite the large number of multiwavelength observations
of nearby star-forming regions carried out during the last two
decades (e.g., Carpenter 2000; Getman et al. 2005; Güdel et al.
2007; Gutermuth et al. 2009; Feigelson et al. 2013), the scien-
ti�c debate on the initial conditions of star clusters (i.e., stellar
density, level of substructure, level of mass segregation) and on
the mechanisms driving the dissolution of most of them within
10 Myr is still open. In particular, it is not clear whether the
majority of stars form in very dense (>� 104 stars pc� 3) and mass
segregated clusters (e.g., Kroupa et al. 2001; Banerjee & Kroupa
2014) or in a hierarchically structured environment spanning
a wide density range (e.g., Elmegreen 2008; Bressert et al.
2010). Furthermore, the cluster dispersion may be triggered
by gas expulsion due to the feedback of high-mass stars (e.g.,
Goodwin & Bastian 2006; Baumgardt & Kroupa 2007), or the
dynamical evolution of star clusters could be driven by two-body
interactions and the e� ect of the feedback may not be relevant
(e.g., Parker & Dale 2013; Wright et al. 2014).

From the observational point of view, the main requirements
to solve this debate are a) an unbiased census of young stellar
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