
 

Service d'Astrophysique 2001-2003 DSM - DAPNIA   31 
 

2001-2003 Activity Report  

 
The competencies and focus of interest of SAp’s “Star 
and planet formation” laboratory are based on three main 
lines: 

1) the earliest phases of stellar formation at the 
level of our Galaxy’s molecular clouds (i.e. the study 
of the formation and evolution of proto-stars and 
proto-star-clusters); 
2) star formation at the general level in the 
galaxies;   
3) proto-planetary and post-planetary discs and the 
process of planet formation in their midst. 

 

The early phases of star formation 

Pre-stellar condensations and low mass 
proto-stars 

According to our current understanding of the 
phenomenon, the formation of solar-type stars (M* < 2 
Mo), or even an intermediate stars mass (2 Mo < M* < 8 
Mo) unfolds in three main stages:  
1) the pre-stellar phase, in the course of which a self-

gravitating fragment gradually condenses inside a 
molecular cloud and then collapses gravitationally,  

2) the proto-stellar phase during which a stellar embryo 
appears inside the condensation and increases in 
mass by accreting a large fraction of the 
condensation matter enveloping it (the remainder 
being ejected in the form of a bipolar flow) and, 
finally,  

3) the pre-main sequence phase, during which the 
newly formed star is surrounded with a circumstellar 
disk and contracts in a quasi-static manner to the 
point of triggering the nuclear reactions of  hydrogen 
fusion into helium. 

Ph. André and his colleagues have for several years now 
specialised in the study of the first two phases, in 
particular based on (sub-)millimetric observations of cold 
“pre-stellar condensations” with no accretion/ejection sign 
and of “Class 0” proto-stars that have only accreted a 
small amount of their ultimate mass (see review by André 
et al. [1]). These first phases are crucial for they must, at 
least in part, control the origin of the “stellar initial mass 
function”. Indeed, on the one hand stars’ mass seems to a 
large extent to be determined at the pre-stellar phase (cf. 
Motte et al. [2] – see below) and, on the other hand, this 
mass is acquired during the proto-stellar accretion/ejection 
phase. 
 
Density structure of low-mass proto-
stars 

Thanks to a detailed study of the radial density 
distribution of the circumstellar envelopes of 43 proto-
stars carried out in the dust continuum at 1.3 mm with the 
MAMBO bolometer camera of the IRAM 30m radio-
telescope, Motte & André [3] have been able to show that 
the initial conditions of protostellar collapse can vary 
significantly depending on whether the stellar formation 
mode is “isolated” or “clustered”. 

Motte & André [3] have mapped all 27 proto-star 
candidates in the Taurus cloud that had previously been 
identified in the infrared, as well as the 9 isolated globules 
detected by the infrared satellite IRAS and 9 proto-stars 
from the Perseus molecular complex. In the first two 
groups, those where the objects are relatively isolated, the 
authors found that the density structure of the protostellar 
envelopes (such as L1527 on figure 1) is satisfactorily 
described by the “standard” model of Shu et al. (1987, 
ARA&A, 25, 23) based on the singular isothermal sphere 
(“SIS”). 
 

 
On the other hand, in the third group, where the young 
stellar objects are grouped in clusters, the protostellar 
envelopes (such as L1448-N in figure 1) are denser and 
more compact. Motte & André [3] have suggested that 
this density structure is the result of a more dynamic 
protostellar collapse (cf. Larson 1969, MNRAS, 145, 271) 
induced in finite size cloud fragments such as the so-
called “Bonnor-Ebert” self-gravitating isothermal spheres. 
The validity of this suggestion has been confirmed thanks 
to SPH hydrodynamic simulations of gravitational 
collapse undertaken in collaboration with P. Hennebelle 
and A. Whitworth (Hennebelle et al. [4]). The simulations 
undertaken by Hennebelle et al. [4] follow the evolution 
of a Bonnor-Ebert sphere whose collapse has been 
induced by an increase of the external pressure. The 
results show that high over-density factors (with respect to 
a SIS), such as those observed on the proto-stars of the 
Perseus cluster (figure 1), may be explained only by a 
strong and very rapid increase of the external pressure, 
which generates a violent compression wave inside the 
initial pre-stellar condensation.  
In conclusion, it appears that protostellar collapse is 
distinctly more violent than the standard model of Shu et 
al. in regions characterised by “cluster” stellar formation, 
something which should, in principle, favour the 
formation of massive stars (see below). 
 
 
 

 
VI. Star and Planet Formation  

Figure 1: Average intensity profiles at 1.3mm  of the Class0 
proto-star L1527 in the Taurus cloud (a) and of Class0 proto-
stars HH211-MM and L1448-N in the Perseus cloud (b). The 
simulated profile of a singular isothermal sphere (SIS) at T=10 
K and a section of the 30m telescope beam are also shown for 
purposes of comparison. An approximated scale of 
corresponding column densities is given in the centre 
(After Motte & André [3]). 
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Velocity structure of the youngest proto-
star in Taurus 

The work undertaken by Arnaud Belloche for his doctoral 
thesis, presented at SA p at the end of 2002, consisted of a 
detailed study of the kinematics of Class 0 proto-stars, in 
an effect to discriminate between different models of 
protostellar collapse. The major point of interest of Class 
0 proto-stars lies in the fact that they are indeed so young 
(less than ~30000 years since the formation of the central 
stellar embryo) that they still retain the memory of the 
initial conditions of the collapse. 
Arnaud Belloche, in particular, has undertaken an in-
depth study of IRAM0>4191, the youngest currently 
known proto-star in the Taurus cloud (André, Motte, 
Bacman 1999, ApJ, 513, L57), based on molecular line 
maps of several transitions of the CS molecule and its 
isotope C34S obtained with the to IRAM 30m radio-
telescope in the millimeter band (figure 2). 
 

 
He modelled the observed spectra using  a Monte-Carlo 
radiative transfer code (MAPYSO), devised by S. Blinder 
and D. Despois at the Bordeaux Observatory. Thanks to 
an exhaustive study of the influence of the various 
parameters on the spectra simulated by the MAPYSO 
code, Belloche et al. [5] have been able, for the first time, 
to quantify the amplitude of the collapse and rotation 
velocity fields of the proto-star IRAM04191 (figure 3). 
An accretion rate of 3 x 10-6 M/year has thus been 
measured directly.  Additionally, these results clearly 
highlight the presence of differential and collapse rotation 
motions that extend to the whole protostellar envelope 
(Renv > 10000 UA). They show that the internal part of the 
envelope (r < 2000-4000 UA) is undergoing rapid 
collapse and rotation while conserving angular 
momentum, whereas the external part rotates and 
contracts more slowly, probably being subjected to 
magnetic braking effects. The presence of extended 
collapse motions for such a young proto-star is 
incompatible with the “standard” model of Shu et al. 
(1987, ARA&A, 25, 23) according to which the collapse 
develops from the centre to the outside (the “inside-out 
collapse”). On the other hand, a qualitative agreement has 
been obtained with the magnetic model of Mouschovias 
and collaborators (e.g. Basu & Mouschovias 1994, ApJ, 
432, 720), according to which the collapse is initiated at a 

large radius by the ambipolar diffusion mechanism. 
Within the framework of this model, the internal envelope 
– in fast rotation – of IRAM04191 is interpreted as being 
a partially ionised core that is in the process of 
magnetically decoupling from the ambient molecular 
cloud and corresponds to the effective mass reservoir 
(here ~0.5 Mo) feeding the formation of the central star. 
Belloche et al. [5] conclude from this that the magnetic 
field probably plays a major role – during the pre-stellar 
phase – in limiting the mass of the stars that are forming 
inside clouds such as Taurus.  
The distribution of angular momentum observed in the 
envelope of solar-type proto-star such as IRAM04191 
also provides valuable information on the initial 
conditions for the growth of proto-planetary accretion 
disks. 
 

 
Initial conditions in stellar clusters in 
formation 

More generally, existing bolometer arrays in the 
(sub)millimeter area, such as MAMBO on the IRAM 30m 
telescope or SCUBA on JCMT, make it possible to obtain 
large mosaics covering the full extent of individual star-
forming cloud complexes.  Very promising results have 
thus been obtained on the “demography” of pre-stellar 
condensations in the nearest regions that are forming stars 
in clusters. In particular, our group has carried out almost 
complete surveys of the pre-stellar condensations 
contained in the “proto-clusters” of  ρ Ophiuchi, Orion B 
and Serpens (Motte, André, Neri 1998, A&A, 336, 150; 
Motte et al. [2]; Kaas et al. [6]). These surveys show that 
the mass distribution of pre-stellar condensations strongly 
resembles the initial mass function (IMF) of stars (figure 
4 after Motte et al. [2]). This result is remarkable because, 
on the contrary, the mass distribution of molecular clouds 
themselves, as well as that of the low density fragments 
observed in CO inside molecular clouds, differs 
significantly from the IMF of stars (e.g. Kramer et al. 
1998, A&A, 329, 249). This reinforces the idea that the 
pre-stellar condensations identified in the (sub)millimeter 
(figure 4) are indeed the direct precursors of proto-stars 
inside molecular clouds. This also suggest that the masses 
of stars are fixed very early, by some fragmentation of the 
parent molecular cloud, in agreement with certain models 
recently proposed for the origin of the IMF (e.g. Padoan 
& Nordlund 2002, ApJ, 576, 870). 

 
Figure 2: Spectra observed with the IRAM 30m telescope 

pointed to the Class 0 proto-star IRAM04191 (along an axis 
perpendicular to the bipolar flow) in the optically thick 

transition (CS(2-1) and the optically thin transition  C34S(2-1). 
Synthetic spectra calculated with a Monte-Carlo type radiative 

transfer code for a spherical infall  envelope model with rotation 
are superimposed (in red) for comparison purposes. 

(After Belloche et al. [5]). 

 
Figure 3: Cinematic properties of the envelope of IRAM04191: 
radial profile of the rotation at velocity (on the left) and infall 
velocity  (on the right). On each panel, the blue zone corresponds 
to the area compatible with the observations and the black curve 
corresponds to the best envelope model. 
 (After Belloche et al. [5]). 
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Such systematic sub-millimeter surveys of proto-stars and  
pre-stellar condensations in Galactic molecular cloud 
complexes will become increasingly common in the near 
future and constitute one of the priority scientific 
programmes of the SPIRE and PACS bolometer arrays 
that will be operating around 200  µm on the European 
Space Agency’s future Herschel satellite.  
 

 
One of the objectives of Herschel will be to extend the 
results obtained from the ground, both in the direction of 
the smallest masses (M < 0.1 Mo) in the domain of proto-
brown dwarfs, and in the direction of the largest masses 
(M > 10 Mo), in relation to the problem of the formation 
of massive stars (see below.). 
 
Early phases of massive star formation 

The mechanisms that lead to the formation of massive 
stars (with masses of M > 8-10 Mo) are even less 
understood than those leading to solar-type stars. In 
particular, we do not know today if massive stars are 
formed mainly by collapse and accretion, as is the case for 
low mass stars (e.g.  McKee & Tan 2002, Nature, 416, 
59), or rather by the collision and coalescence of 
intermediate mass protostars (e.g. Bonnell et al. 1998, 
MNRAS, 298, 93). Because massive stars play a crucial 
role in the energy balance and the physical-chemical 

evolution of galaxies, understanding their formation is a 
fundamental issue in astrophysics. 
 
Contrary to solar-type stars, massive stars do not have a 
pre-main sequence phase: they arrive on to the main 
sequence while they are still accreting matter from their 
surrounding protostellar. The intense ultraviolet radiation 
emitted at that moment by the central object first heats 
then ionises the gas in the protostellar envelope, leading to 
the formation of an “ultra-compact” HII region. This then 
raises a major theoretical problem because the radiation 
pressure generated during the process should stop the 
collapse of the protostellar envelope and prevent the 
formation of a massive star, unless the accretion rate is 2 
to 3 times higher that the typical accretion ratesof low 
mass proto-stars (e.g. Norberg & L-Maeder 2000, A&A, 
359, 1025). 
  
To solve this problem from an observational point of view 
and discriminate between the two main scenarios put 
forward for the formation of massive stars (“accretion” vs. 
“coalescence”), it is necessary to identify and then study 
in detail the phases preceding the appearance of an HII 
region. In particular, we are expecting to see that a pre-
stellar phase – similar to the one in solar-type stars (see 
above) only exists in the context of a formation process by 
“accretion”. It is therefore essential to search for massive 
pre-stellar condensations. If they exist, the observation of 
their internal characteristics (e.g. temperature, level of 
turbulence…) and of the dynamic properties of their 
environment (e.g. presence or not of large-scale motions 
and small-scale interactions…) should inform us as to the 
initial conditions required for the formation of massive 
stars.  
On the other hand, the search for massive proto-stars has 
until now been limited to the systematic study of samples 
of luminous and buried infrared sources detected by the 
IRAS satellite (e.g. Molinari et al. 1998, A&A, 336, 339; 
Beuther et al. [8]). The majority of objects identified in 
this way are evolved proto-stars, that have already formed 
an HII region.  The majority of the youngest massive 
proto-stars, which like the solar-type Class 0 proto-stars 
(André et al. 1993, ApJ, 406, 122) do not emit a strong 
infrared flux, remain to be discovered through complete 
surveys of the molecular complexes of our Galaxy in the 
sub-millimeter band. Such surveys, which will be possible 
with the future Herschel satellite, are an essential step for 
establishing precise estimates of the different time-scales 
involved. In a second stage,they should also allow 
detailed studies at a higher resolution level (e.g. with the 
future ALMA millimeter large interferometer) on samples 
that are both representative and statistically significant. 
For the moment, F. Motte and her collaborators have 
undertaken (sub)millimeter studies of several massive 
molecular complexes such as W43 or Cygnus X with the 
Caltech 10m radio-telescope (CSO) and the IRAM 30m 
radio-telescope. 
 
Detailed study of the W43 molecular 
complex 

F. Motte started by looking at W43, a massive molecular 
complex situated at 5.5 kpc from the Sun, which seems to 

 
Figure 4: (a) 850 µm image of the proto-cluster NGC2068 

obtained with the SCUBA bolometer camera on the JCMT. This 
image reveals about thirty pre-stellar condensations. 

 
 Figure 4 (b) Cumulative mass distribution of the 70 pre-stellar 

condensations identified at 850 µm in the NGC2068/2701 region 
(Orion B). Remarkably and contrary to the mass spectrum of CO 
cloud fragments, thismass distribution follows Salpeter’s power 
law that characterises the initial mass (“IMF”) of stars. (After 

Motte et al. [2]). 
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form a mini template to the "embedded super star 
clusters” observed in starburst galaxies (see below). 
 

 
The dust continuum maps done at 1.3 mm and 350 µm 
(figure 5) have revealed a filamentary complex containing 
~50 cloud fragments or massive “proto-clusters” (40-4000 
Mo in ~0.25 pc diameter each).  The large size, great 
dispersion of velocity (∆v ~ 5 km/s) and high density (nH2 
~ 106 cm-3) of these proto-clusters suggest that they are 
excellent sites for the formation of massive stars (Motte et 
al. [9]). 
Three of the proto-clusters identified at 1.3 mm in the 
W43 complex are particularly good candidates for 
containing very young massive “Class 0” proto-stars. 
Indeed they have not yet developed an HII region as can 
be seen by the fact that they have not been detected in the 
infrared and in centimetric radio. On the other hand, they 
clearly show at least one signpost of the massive star 
formation  such as methanol maser emission or the 
presence of a “hot core” (temperature ~ 100 K measured 
with a CH3CN tracer).  As these proto-clusters are 
essentially made up of gas and cold dust (~ 20 K) that do 
not emit in the near and mid-infrared, they may represent 
the  earliest phases of the formation process of massive 
stars (Motte et al. [9]). 
F. Motte and collaborators have recently obtained maps of 
these three proto-clusters in several spectra lines of the 
HCO+ and CS molecules (figure 6). The spectra observed 
are self-absorbed and asymmetrical, with a redshifted self-
absorption, which, by comparison with similar 
observations on nearby proto-stars with a good resolution 
such as IRAM04191 (cf. figure 2), suggests the presence 
of supersonic large-scale contraction motions over several 
parsecs in these proto-clusters (Motte et al. in 
preparation).  
If these overall motions maintain the gravitational 
collapse of the proto-stars situated inside the proto-
clusters, they correspond to very high accretion rates 

(~ 10-3 Mo/year), which should allow the formation of 
massive stars by the accretion process alone. 
 

 
 

The search for massive proto-stars in the 
closest complexes 

In cooperation with Sylvain Bontemps (Bordeaux 
Observatory), F. Motte and collaborators have undertaken 
a systematic study of the nearby molecular complexes 
forming massive stars at less than 3-4 kpc from the Sun (a 
catalogue is being developed by Bontemps et al. based on 
the extinction maps derived from the data of the nearby 
infrared survey 2MASS). In the long run, the objective of 
this ambitious programme is to draw up a census of all the 
massive Class 0 proto-stars inside these complexes, 
thanks to mosaics of several square degrees in a 
(sub)millimetric continuum. 
 
Using the brand new MAMBO-2 camera (117 bolometers 
operating at 1.3 mm on the IRAM 30m telescope), F. 
Motte and S. Bontemps have already mapped the 1.3 mm 
emission continuum of the Cygnus X complex (3 deg2) 
situated at 1.7 kpc from the Sun (Motte, Bontemps et al. 
in preparation). This is the first full survey of this type on 
the scale of a giant molecular cloud (GMC), undertaken 
with a spatial resolution (~ 0.1 pc) sufficient for 
identifying massive proto-stars. 
The partial results and complementary preliminary 
observations currently under way indicate the presence of 
at least eleven very young massive candidate proto-stars.  
This work has already made it possible to multiply the 
number of known Class 0 massive proto-stars by a factor 
of 3. 
 
 
 
 
 

 
Figure 5: The W43 molecular cloud complex mapped at 1.3 mm 

with the MAMBO bolometer camera, installed on the IRAM 30m 
radiotelescope.  The proto-clusters containing massive Class 0 

proto-stars are shown as well as the maser sources and the  
WR/OB star association. (After Motte et al. [9]). 

 
Figure 6: Signature of the supersonic contraction of a proto-
cluster containing a very young massive proto-star.  The CS(3-2) 
spectra have been obtained with the IRAM 30m telescope.  The 
colour and contour levels represent a zoom of the map shown in 
figure. 5. Modelling  of the spectra suggests a contraction 
velocity of ~ 2 km/s over more than one parsec, which 
corresponds to an accretion rate of ~10-3 Mo .year., i.e. one 
hundred times higher than that of low mass proto-stars. 
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Stellar formation in nearby 
galaxies 

Even though ISO ceased functioning in mid 98, the period 
2000-2003 coincided with the coming to maturity of our 
device for interpreting the emissions from Local Universe 
galaxies collected by the ISOCAM camera. It was in fact 
during this period that we consolidated our analytical 
tools and that, thanks to the fact that all the observations 
had fallen into the public domain, we were able to 
establish large galaxy samples, suitable for statistical 
analysis. 
 
Diagnosis of stellar formation at the 
galaxy level  

 
To begin with, thanks to the work of Olivier Laurent, we 
were able to create the tools (figure 7) for diagnosing 
galaxy activity (Laurent et al. [10]). In fact we have been 
able to establish that the ISOCAM emission of non-
elliptical galaxies can have three distinct origins: the 
diffuse interstellar medium that can draw its energy from 
the various stellar populations in the galaxy (see below), 
the regions with starburst-type stellar formation and lastly 
the dense regions surrounding the accretion disks of the 
active cores of the galaxies. For each of these origins, we 
have highlighted the characteristics that are specific to the 
ISOCAM 5-18 µm spectrum. The emission coming from 
the diffuse interstellar medium presents very contrasting 
PAH bands superimposed on a very low, even absent 
continuum. Starburst-type star formation regions on the 
other hand present a very strong continuum, that increases 
with wavelength from which the PAH bands are generally 
absent. The emission coming from the central regions of 
active galaxies also appears in the form of a continuum, 
but its slope is not as sharp as that of the continuum from 
starburst regions, and above all the emission is very strong 
at short wavelength (5-6 µm), indicating the presence of 
very hot dust, most likely taken to the limit of sublimation 
by the very intense and hard radiation of the active 
nucleus. These diagnostic methods do not only apply to 
galaxies taken as a whole and they have in fact also been 
used to separate the various components of composite 
galaxies – where the starburst surrounds an active nucleus 
– or galaxies in interaction (Le Floc’h et al. [11]; Le 
Floc’h et al. [12]; Förster-Schreiber et al. [13]). 
Obviously, these diagnostics are directly exportable to the 
observations that will be carried out with NASA’s Spitzer 
telescope (ex-SIRTF).  
In these diagrams, the spiral galaxies in the Local 
Universe occupy a fairly well defined area and which 
characterises them as dominated by the emission from the 
diffuse interstellar medium. This may appear surprising in 
as much as the rate of star formation is quite variable from 
one galaxy to the next in the ISOCAM sample. 
 
The in-depth analysis undertaken by Hélène Roussel 
(Roussel et al. [14, 15, 16] has made it possible to better 
understand the mechanisms behind the generation of the 
ISOCAM emission from spiral galaxies and of the 
relations they entertain with star formation activity. 
 

 
First of all this work has made it possible to show that the 
ISOCAM emission from spiral galaxies consists of two 
distinct components: the emission coming from the 
galaxy’s disk, and the emission coming from the central 
region. One should be careful not to confuse this central 
region either with the possible zone of an active nucleus, 
which is absent from the galaxies in the sample, or with 
the stellar bulb, which in general is more extended. This 
central infrared region is all the more luminous if the 
galaxy is of early type and has a stellar bar, which inclines 
us to think that the infrared emission is the result of 
reinforced star formation activity, though it is not yet of 
the starburst kind. As for the disk emission, this is 
remarkably uniform from one disk to another and has a 
spectrum that is of the diffuse region type (prominence of 
the PAH bands). This uniformity of infrared emission 
from one disk to another is surprising, considering that the 
sample covers the whole Hubble sequence, with variable 
levels of star formation activity. It is as we compare the 
ISOCAM emission with a conventional tracer of massive 
star formation – the recombination line of Hα hydrogen – 
that we can understand what is taking place. There is a 
very clean and linear correlation between the Hα emission 
and the 6.7 and 15 µm emissions (figure 8). This 
correlation shows that it is indeed the star formation 
activity that is supplying the energy to the dust observed 
with ISOCAM. However the star formation regime in the 
disks of spiral galaxies is not powerful enough to modify 
the dust spectrum, hence the uniformity of the infrared 
colours of the disks. Using the tracers of stellar formation 
that are adapted to the central regions of the galaxies as 
well as starburst galaxies, Hélène Roussel and Natascha 
Förster-Schreiber have shown that the emission collected 
by ISOCAM at 6.7 and 15 µm could be used as a tracer of 
stellar formation activity providing it is possible to 
recognise the emission regimes of the dust (Förster-
Schreiber et al. [17]). Once again, Hélène Roussel, who is 
now associated with the SINGS programme, is continuing 
this analysis based on Spitzer’s observations. 
 

Figure 7: Diagnostic diagrams of the origin of galaxy emission 
observed with ISOCAM. (After Laurent et al. [10]). 
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Embedded super-star clusters 

Lastly in the field of star formation at galaxy level, 
ISOCAM has made it possible to measure the importance 
of a new type of object: embedded super-star clusters. 
Embedded super-star clusters are very compact clusters, 
having a size (~1pc) comparable to that of the young 
stellar clusters observed in our own Galaxy, such as 
ρ Ophiuchi or the Orion Trapezium (see above) but far 
denser and containing the equivalent of several thousand 
O7V stars, formed for the most part during starburst 
episodes. These clusters are now well known, thanks in 
particular to observations made with the HST. However, 
in mapping the Antennae galaxy (Mirabel, Vigroux et al. 
1998, A&A, 333, L1), ISOCAM revealed that almost 20% 
of its emission at 15 µm was coming from a compact 
source, identified as a very red and very weak star cluster, 
whose spectroscopy has shown that it was indeed a super-
star cluster, though darkened by about 9 magnitudes of 
visual extinction.  
A similar type of source has been detected by Marc 
Sauvage and his collaborators (Thuan, Sauvage et al. 
1999, ApJ, 516, 783; Plante & Sauvage [18] in the blue 
compact galaxy SBS 0335-052 (figure 9). Even though 
the Anntennae galaxy is more spectacular than SBS 0335-
052, the discovery of a embedded super-star cluster in the 
latter is far more remarkable. First of all because the 
cluster is considerably more embedded: with 30 extinction 
magnitudes, it is invisible to wavelengths below a few 
µm. Secondly, because it contains some 75% of the stars 
formed by the galaxy during the last 10 million years. But 
above all because SBS 0335-052 is, chemically speaking, 
one of the least evolved galaxies in the Local Universe, 
with a chemical abundance forty times less than that of 
the Sun. Since this discovery, other embedded super-star 
clusters have been brought to light, which shows that we 
are no doubt observing one of the evolution phases of 
these structures. The fact that it is possible to observe 
them in the least chemically developed galaxies shows 
that it is highly probable that we shall find these buried 
clusters when we start observing the first phases of galaxy 
formation with Herschel. It is therefore important to 
understand today the few local examples that we have 
already identified. 
 

 

Planet formation and circumstellar 
disks 

Context 

The discovery of the first extra-solar planets has 
constituted a fundamental step forward in planetary 
science. Over a hundred exoplanets have now been 
inventoried, of which some are gathered in planetary 
systems. The comparison with our Solar System, which 
represents the ultimate evolution of a planetary system, 
has given a tremendous boost to research as we seek to 
understand the scenarios of the formation and evolution of 
planetary systems, to discuss existing models and to draw 
up new ones. Our laboratory has heavily invested in the 
digital exploration of disk dynamics, be they 
circumstellar, proto and post-planetary, or 
circumplanetary on a smaller scale. By they proximity and 
thanks to visits by space probes, planet rings constitute 
excellent laboratories for testing the physical mechanisms 
at work in the least accessible disks. These studies are 
then confronted with the observational constraints on the 
physical properties of the disks and the grains they are a 
made of, drawn from multi-wavelength observations 
using photometric models.  
We are actively participating in the study of the 
mechanisms of planet migration in a proto-planetary 
nebula, as these are mechanisms needed to explain the 
origin of the family of “hot Jupiters” that make up a 
significant fraction of massive exoplanets close to the 

 
Figure 8: Correlation between the ISOCAM emission of galaxy 
disks and stellar formation activity traced by the Hα ray. (After 

Roussel et al. [15]). 

 
Figure 9: Spectral energy  distribution of  SBS 0335-052 and the 
model of this distribution with an absorbed black body (a) and 
using a radiative transfer code (b). (After Thuan et al. 1999, ApJ, 
516, 783 and Plante & Sauvage [18]). 
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central star. The research is built around the creation of a 
multigrid 3D hydrodynamic code. Even if the proto-
planetary disks disappear with time, the collisions 
between planetesimals, asteroids and small bodies, as well 
as the sublimation of comet matter when the latter’s path 
brings them close to the star are all sources that can feed a 
dust disk, sometimes called a post-planetary disk. We 
have developed several codes to study the collision 
activity of planetesimal disks, in particular a new method 
that can calculate their erosion under the gravitational 
influence of proto-planets. It makes it possible to predict 
the distribution of the size and mass of the bodies in the 
disk that can then be compared to observations. The 
application domains are many: formation and evolution of 
Oort and Kuiper clouds, evolution of extra-solar 
planetesimal disks in which planets are already present. 
The presence of a planet in such a disk disturbs it 
gravitationally and deeply modifies its morphology by 
generating voids of matter inside the orbit of the planet as 
well as asymmetrical effects if the planet is on an 
excentric orbit. The study of the morphology of the disks 
therefore provides a way for the indirect detection of exo-
planets.  
For this purpose, SAp is finalising the construction of 
VISIR, a spectrum-imaging instrument for ESO’s VLT in 
the medium infrared, which will make it possible to study 
the morphology and composition of these disks. It does 
indeed appear that the dust composition  (mainly silicates) 
undergoes an evolution that is linked to planetary 
formation (presence of silicates that have undergone a 
crystallisation process). We have started a study on so-
called “intermediate” disks, that is to say encircling pre-
main sequence stars (with ages between 1 and 10 million 
years) in which the formation of planets is probably still 
under way. Thanks to data obtained with the mid-infrared 
camera (CAMIRAS) mounted on the CFHT, we have 
been able to spatially resolve a number of disks around 
these stars. The specific study of their structure is 
underway; their exact composition will be determined 
thanks to observations made with the Spitzer satellite. 
Our laboratory is also involved in the detection of 
possible dust disks in the exo-planet systems so far 
discovered and the presence of divisions or asymmetries, 
the determination of the orbital parameters of the dust 
grains by confronting the observed morphology of the 
disks and the results of numerical simulations. 
The study of planet rings provides us with a unique 
opportunity to understand the dynamic and collision 
processes that have governed the formation of the Earth 
and the other planets. The ring systems are very different 
from each other and present a great diversity of structures 
and phenomena that were unsuspected before the space 
exploration era. The narrow rings and sharp edges of the 
disks testify to the radial confinement caused by the 
gravitational disturbances coming from neighbouring 
satellites. The arcs and azimutal heterogeneities in the 
narrow rings are evidence of an azimutal confinement that 
is still not well understood. The vast majority of the 
visible structures in the rings are still not understood. In 

addition, the age and origin of the rings are unknown. It is 
quite obvious that within the rings there is very strong  
competition between short lifespan destructive 
mechanisms and mechanisms that contribute to the 
stability of the rings. Several elements show that we are 
still far from having finished these studies: the properties 
of the particles are still not well accounted for, the nature 
of their mutual collisions is not well known and nor do we 
know the lifespan of most of the structures observed. In 
our laboratory, we are deriving the physical and dynamic 
properties of the particles at the rings from observations 
carried out in different wavelengths, from models of the 
diffusion or thermal emission of the particles and from 
numerical simulations of the dynamics including 
collisions, spins and autogravitation. We are observing the 
temporal evolution of arcs of matter. 
 
Hightlights in 2001-2003 

Detection of circumstellar disks, 
morphology (Pantin, S. Charnoz et al.) 
• No disks detected for the time being among the 
known exo-planet systems, using adaptive optical systems 
(there is a problem of stability with the PSF) but the upper 
limit has been established concerning the mass/luminosity 
ratio of the disks being looked for. 
• Discovery of two massive companions in two 
systems: brown dwarf around GL86 (Els et al. [19]), a 
companion to be confirmed around HD33636. 
• Discovery of an emission ring at 20.5 µm, situated at 
260 UA around AB Aur, determination of the ring’s 
structure. The deformation of the ring seems to indicate 
the presence of massive bodies at a great distance from 
the disk (Pantin et al). 
• Discovery of resolved disks around HD150193, 
CQTau and HD179218. 
• Validation of the method for the inversion of the dust 
orbital parameters in circumstellar disks. 

 
Formation of Oort and Kuiper clouds (S. 
Charnoz et al.) 

• Oort and Kuiper clouds created by fundamentally 
different processes, validating models that have been 
recently elaborated. 

 
Planetary rings (A. Brahic, C. Ferrari, C. Leyrat, S. 
Charnoz, E. Pantin) 
• Low thermal inertia of the particles of Saturn’s rings, 
implying a fractured surface or an aggregate structure. 
• First model of thermal emission from Saturn’s rings 
taking into account the spin of the particles. 
• Orbits of the arcs in Saturn’s ring F, based on 
observations with adaptive optics. 
Local simulation model of the dynamics of Saturn’s rings 
and coupling with models of thermal emission. 
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