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CoRoT
The CoRoT satellite has been in operation since the end of 
2006. It aims at probing the stars’ structure and seeking out 
extrasolar planets by measuring tiny variations of the stars’ 
light.

In the field of asteroseismology, hundreds of pulsation fre-
quencies were accurately measured, where only a few ones 
were known up to now. CoRoT detected solar-like oscillations 
in solar-like stars, for the first time in a convincing way beyond 
any doubt. Oscillations were also measured for the first time 
in red giants, and low frequency pulsations were discovered 
in massive stars. These observations led to a better under-
standing of the mixing and convection phenomena, a key for 
the estimation of the stars’ age.

In the exoplanet field, CoRoT has discovered about fifteen exo-
planets so far. Many of them are highly remarkable objects, 
shedding new light on the diversity of planetary systems.  
The massive CoRoT-3 b might be a brown dwarf, whereas 
CoRoT-7 b, hardly more massive than the Earth, is the first 
known telluric exoplanet. Very close from its star, it is a hot 
planet, whereas CoRoT-9 b with its 95-day period is the first 
temperate exoplanet whose atmosphere can be analyzed.

CoRoT not only detects new exoplanets: the transit method 
used, combined with complementary ground observations, 
is powerful for deriving the planets’ characteristics, such as 
their radius, mass, density, orbital parameters, temperature, or 
atmosphere composition. 

The CoRoT mission has been extended for three additional 
years, up to March 2013. The CoRoT operations and data 
processing activities are under the responsibility of CNES, LESIA 
in Paris, IAS in Orsay, LAM in Marseille and OMP in Toulouse.

Herschel
The ESA far-infrared space observatory Herschel is the largest 
space telescope ever launched. These wavelengths never 
explored before are unique messengers from cool objects such 
as dust, gas or pre-stellar cores. Herschel was launched on May 
14, 2009 by an Ariane 5 rocket from Kourou. The very first data 
reveal an astonishing level of details, such as the discovery of 
about 700 pre-stellar cores in the Eagle nebula, or the detec-
tion of water in a star-forming region of the Cygnus nebula.

Planck
ESA’s Planck mission is the first European mission designed to 
study the Cosmic Microwave Background, or CMB –the relic 
radiation from the Big Bang. It was launched together with 
Herschel. A first sample released soon after launch already 
showed an unrivalled accuracy. The Planck data will not only 
allow major breakthroughs in the field of cosmology, but will 
also provide precious data for the study of the galaxies and 
stars’ birth and evolution.

IAS, supported by CNES, coordinated the development of the 
High Frequency Instrument (HFI), and is now responsible for 
the monitoring of the instrument and for the data processing 
together with IAP.
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SPICA
SPICA is a JAXA mid-infrared observatory project. It will 
provide spectroscopic and imaging capabilities one or two 
orders of magnitude beyond Herschel. It will teach us about 
the formation and evolution of galaxies, stars and small 
bodies such as planets, comets or asteroids. ESA will provide 
the 3.5 m telescope, as well as the advanced SAFARI spectro-
imaging instrument developed by the ESA members. SAFARI 
will use the best detection technologies, cooled at a never 
before achieved 50 mK temperature.
Several French laboratories, supported by CNES, participated 
in the SAFARI assessment phase.

IXO
The International X-ray Observatory (IXO) is the next genera-
tion high-energy mission designed to address some of the 
most fundamental questions in contemporary astrophys-
ics and cosmology, such as black holes and matter under 
extreme conditions, formation and evolution of galaxies, 
clusters and large-scale structures, and life cycles of matter 
and energy.

The IXO optics will have 20 times more collecting area at 1 keV  
than any previous X-ray telescope. The focal plane instruments 
will deliver up to a 100-fold increase in effective area for high 
resolution spectroscopy from 0.3 keV to 10 keV, deep spec-
tral imaging from 0.2 keV to 40 keV over a wide field of view, 
unprecedented polarimetric sensitivity, and microsecond 
spectroscopic timing with high count rate capability.

French laboratories CESR, CEA/SAP and APC, supported by 
CNES, are participating in the IXO assessment phase. IXO is in 
competition at ESA in the large-class missions range.

Astrophysics

Fig. 1: The Rosette molecular cloud, seen by Herschel.
Fig. 2: Artist impression of CoRoT-7 b. The exoplanet CoRoT-7 b is so close to  
its Sun-like host star that it must experience extreme conditions. This planet has a 
mass five times that of Earth’s and is in fact the closest known exoplanet to its host 
star, which also makes it the fastest—it orbits its star at a speed of more than  
750 000 kilometres per hour. The probable temperature on its “day-face” is above 
2 000 degrees, but minus 200 degrees on its night face. Theoretical models suggest 
that the planet may have lava or boiling oceans on its surface. Our artist has 
provided an impression of how it may look like if it were covered by lava. The sister 
planet, CoRoT-7 c, is seen in the distance.
Fig. 3: A map of the sky at optical wavelengths shows a prominent horizontal band 
which is the light shining from our own Milky Way. The superimposed strip shows the 
area of the sky mapped by Planck during the First Light Survey.  
The colour scale indicates the magnitude of the deviations of the temperature of the 
Cosmic Microwave Background from its average value, as measured by Planck at a 
frequency close to the peak of the CMB spectrum (red is hotter and blue is colder). 
The large red strips trace radio emission from the Milky Way, whereas the small 
bright spots high above the galactic plane correspond to emission from the Cosmic 
Microwave Background itself.

Gaia
ESA’s Gaia mission will measure the position and velocity of 
one billion objects of our galaxy with an accuracy of a few 
millionths of a degree. Its scanning of the whole sky will also 
provide priceless spectroscopic data for solar system small 
objects, stars, galaxies and exoplanets. It will be launched in 
2012 by a Soyuz rocket from Kourou.
About 400 people from European laboratories, coordi-
nated by OCA, are currently involved in the challenging Gaia 
ground segment development. CNES is supporting the French 
laboratories and also has important responsibilities in the 
development.

SVOM
SVOM is a French-Chinese mission devoted to the study of 
Gamma-Ray Bursts (GRBs) –the highest energy phenomena 
observed in the Universe. Launch is expected in 2015. SVOM 
will provide unprecedented multi-wavelength follow-up on 
the GRBs, especially on very far ones. It will allow simulta-
neous observations from the infrared to the soft gamma-ray 
domain a few minutes after a burst detection. France, through 
CNES, CEA/SAP, CESR and APC, is responsible for the wide-
field X-ray and gamma-ray camera ECLAIRs, for the soft X-ray 
telescope, for the space-to-ground VHF alarm transmission 
system and for some specific operations.

Euclid
Euclid is an ESA mission in competition in the Cosmic Vision 
medium missions range devoted to the study of dark matter 
and dark energy. These unknown components, which stand 
for respectively 20% and 76% of the content of the Universe, 
question the validity of Einstein’s General Relativity at cosmo-
logical scales. Euclid will address these questions by mapping 
the large scale structures and probing the shape of the galaxies 
in a 20 000 square degree field with a deep dive back in time. 
The Euclid concept relies on a 1.2 m visible telescope, feeding a 
set of instruments allowing precise spectroscopy and imaging.

In addition to these breakthroughs in fundamental cosmol-
ogy, the Euclid survey will provide unique legacy science in 
various fields of astrophysics, from the detection of exoplan-
ets and the stellar physics in our Milky Way to the formation 
and evolution of the galaxies.

French laboratories of CNRS and CEA, supported by CNES, 
played a major role in the assessment phase of Euclid instru-
ments. The mission will now undergo a definition phase prior 
to the final Cosmic Vision selection.

PLATO
PLATO is an ESA mission in competition in the Cosmic Vision 
medium missions range. PLATO intends to detect and fully 
characterize planetary systems of all kinds including Earth-
like planets around solar-like stars.

To reach this goal, PLATO will measure the light of thousands 
of stars for uninterrupted periods of a few years with an 
unprecedented accuracy, thus detecting both the transits of 
exoplanets and the seismic activity of their host stars.

The French laboratory LESIA, supported by CNES, coordinated 
the European consortium in charge of the instrument assess-
ment phase. Plato will now undergo a definition phase prior 
to the final Cosmic Vision selection.

[Fig. 3]
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In 2009, the CoRoT satellite discovered the first telluric exoplanet whose radius and mass were 
measured. This allowed an actual estimate of its nature. It is likely rocky and because of its radius can 
be called a ‘Super-Earth’. Surprising physical properties are expected, e.g. a major contrast between 
a very hot permanent dayside (up to 2 600 K) and a very cold permanent nightside (50 K). This  
discovery is an important step towards the search for life in the Universe.

En 2009, le satellite CoRoT a découvert la première exoplanète tellurique dont on ait pu mesurer 
à la fois le rayon et la masse. Elle est probablement rocheuse et, en raison de son rayon, peut être 
appelée ‘’Super-Terre’’. Elle a des propriétés physiques surprenantes, comme un contraste majeur 
entre une face jour très chaude (jusqu’à 2 600 K) et une face nuit très froide (50 K). Cette découverte 
marque le franchissement d’une étape importante dans la recherche de la vie dans l’Univers.

Abstract
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Discovery of the first telluric exoplanet  
with measured radius and mass: CoRoT-7 b.

Découverte de la première exoplanète tellurique  
dont le rayon et la masse sont mesurés : CoRoT-7 b.

1 Lesia, UMR 8109 CNRS, Observatoire de Paris, UVSQ, Université Paris-Diderot, 5 place J. Janssen, 92195 Meudon, France.
2 Institut d’astrophysique spatiale, UMR 8617 CNRS, bat 121, Université Paris-Sud, 91405 Orsay, France.

The exoplanet search problematic
The discovery of exoplanets around solar-type stars began  
in 1995 with the discovery of 51 Peg b [1]. Since then, about 
450 planets have been discovered, most of them being 
gaseous giants, analogous to Jupiter, Saturn or Neptune. Now, 
an important turning point is the search for smaller planets, 
i.e. telluric planets because they are the possible hosts for 
forms of life close to the one on Earth (habitable planets).

Space observations are specially suited for searching for such 
small planets in transit in front of solar-type stars, because 
the expected dips in the Light Curves (LCs) are very shallow 
(ΔF/F = 1 × 10-4 to 4 × 10-4). Only space can provide this kind 
of accuracy.

In 2009, the CoRoT satellite detected the first example of 
this new family of planets, CoRoT-7 b, as reported thereafter.
It is important to note that this detection corresponds to an 
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important step in a road that leads to the search for life in the 
Universe, a key scientific subject for this century. A possible 
roadmap would be:
 1.  estimating the fraction of stars in our Galaxy that harbour 

giant planets,
 2.  estimating the fraction of stars that harbour telluric 

planets,
 3.  estimating the fraction of planets in the habitable zone,
 4.  identifying such habitable planets in our vicinity,
 5.  performing the spectroscopy of these planets and search-

ing for biosignatures.

The discovery of CoRoT-7 b [2] corresponds to the first success 
of step 2.

The detection of the transit candidate 
The star CoRoT-7 was observed during the first long run of 
CoRoT towards the Monoceros constellation (anti-centre 

run LRa01, the letter a indicating that the field is close to 
the Galactic anti-centre). As illustrated by the whole CoRoT 
Light Curve (LC) on Fig. 1, CoRoT-7 is an active star. Its LC 
shows 2% modulations, interpreted as the effect of stellar  
spots driven by the stellar rotation and crossing the disk.  
A rotational period of 23 days is inferred. The spectro-
scopic study of the star indicates that it is a solar type 
(G9V, Mst = 0.93 MSun, Rst = 0.87 RSun).

No indication of transit can be seen on the raw LC (Fig. 1) 
but after an appropriate filtering of the stellar activity, very 
shallow (ΔF/F = 3.4 × 10-4) dips can be seen on the white 
LC (Fig. 2) and on the LCs in the three colours (Red, Green, 
Blue) provided by the CoRoT camera. If the interpretation in 
terms of the transits of a small planet in front of the target  
star is correct, it would correspond to a planet with radius  
Rpl = 1.68 REarth, and a period P = 0.85 days, a very short local 
year indeed.

[Fig. 1]

[Fig. 2]

Fig. 1: Light Curve (LC) of the target star CoRoT-7, without low-frequency filtering, 
the stellar rotation period, Prot = 23 days can be inferred from spot-induced dips, as 
pointed out by arrows.
Fig. 2: Upper panel: superimposition of 153 individual segments of the LC divided 
according to the transit period determined by a detection algorithm after high-
pass and low-pass filtering. Individual transits are clearly seen. Lower panel: 
mean value of the upper curves but with a shorter time resolution (64 s). Note the 
change in the Y scale between Fig. 1 and Fig. 2.
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firm radial velocity detection. However, in such situations, the 
lack of measurement of the mass would prevent determining 
the nature of the planet (rocky, ocean-planet, or Neptune-
like).

As soon as the transit was detected, an intensive radial 
velocity campaign began with the SOPHIE (1.93 m OHP) 
instrument and mostly the HARPS (3.6 m ESO) instrument  
(106 measurements). The observed radial velocity variations 
are dominated by rotational modulation from cool spots on 
the stellar surface. After withdrawing them, using a harmonic 
decomposition up to the first three harmonics, a planetary 
system, with two telluric planets, was detected [3] (Fig. 3). The 
planets are CoRoT-7 b (Mpl = 4.8 MEarth ± 0.8 MEarth, P = 0.85 day), 
whose discovery is definitely confirmed and whose density 
can be determined because both mass and radius were 
measured; and CoRoT-7 c (Mpl = 8.4 MEarth ± 0.� MEarth, P = 3.69 
days), which is further away from its star and does not transit. 
Unfortunately the latter situation prevents a measurement of 
CoRoT-7 c’s radius, and consequently a determination of its 
composition.

The surprising physical properties of the CoRoT-7 b 
planet

In theory, the knowledge of the planetary mass and radius 
allows to estimate the planetary nature (composition), by 
comparing its location in the (Mpl, Rpl) plane with the predic-
tions of internal structure models (Fig. 4). As a result, the 
planet is likely to be rocky, and to have a composition similar 
to that of the Earth. As it is larger, it can be called a Super-
Earth. The uncertainties on the measured physical parameters 
(mainly on the mass) prevent a definite conclusion, and the 
planet may contain some water.

Qualifying the planet discovery
To qualify that interpretation of the observed periodic dips, 
it is essential to eliminate false positives, e.g. the presence 
of eclipsing binary stars in the CoRoT photometric mask, a 
common situation since, on average, 90% of the observed 
periodic dips in the CoRoT LCs prove to be false positives. 
The use of colour information and intensive campaigns of 
observations from the ground enable to eliminate almost all 
cases of false positives, leaving only a risk of 8 × 10-4. Many 
instruments on different European telescopes have been 
used, including adaptive optics (IAC-80, CFHT-MEGACAM, 
VLT-NACO, INT, AAT, OHP-193-Sophie) for eliminating weak 
eclipsing binary stars that would have been, by chance, 
aligned with the target, down to 0.4 arcsec. 

We also considered the possibility of a bounded triple system 
where a giant planet would transit around a weak M star. 
Such a system could have been much smaller than 0.4 arcsec 
and would not have been seen, even in the adaptive optics 
observations. In this hypothesis, the transit variations would 
have the same colours as the M star, and be much redder 
than the main flux (G9 star). The measured colour values  
(robs in red,…) are clearly incompatible with the predicted  
ones (rM5,…) as it can be seen when comparing the measured 
and expected values:
robs = 0.88 ± 0.18,  rM5 = 1.29; 
gobs = 1.24 ± 0.30,  gM5 = 0.27; 
bobs = 1.42 ± 0.41,  bM5 = 0.14.

Consequently, we eliminated the possibility of a triple system.

CoRoT-7 b illustrates what will probably become a common 
situation with missions such as Kepler, namely the need to 
establish the planetary origin of transits in the absence of a 

[Fig. 3]

[Fig. 4]
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filament of an incandescent bulb resulting in the melting 
and distillation of silicate rocks, as represented in the artist 
view of Fig. 5. 

In conclusion, we feel that the discovery of CoRoT-7 b is 
indeed a solid milestone on the way to habitable planets, 
given the fact that we were able to demonstrate for the first 
time that there are planets of mass and size that make them 
close cousins of our Earth, around stars which are cousins 
of our Sun.

In the likely hypothesis that the planet is rocky with only a few 
volatile gases in its atmosphere, as expected from a planet 
very close to its star and submitted to high atmospheric 
erosion by stellar Extreme UVs and wind, several features 
can be deduced from simple physical laws. The proximity to 
the star implies that the planetary spin and orbital rotations 
are phase-locked. Consequently, the dayside is very hot 
(2 600 K at the sub-stellar point) while the nightside is very 
cold (~50 K). The sub-stellar point is as hot as the tungsten 
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Fig. 3: Phase-folded solution of the two-planet model computed from the radial 
velocity data corrected from the activity by harmonics decomposition: (top) CoRoT-7 c,  
(bottom) CoRoT-7 b.
Fig. 4: Radius of planets as a function of their mass, adapted from [4]. The grey 
area corresponds to planets with both silicates and water. The measured parame-
ters of CoRoT-7 b are represented with contours at 68% and 95% probabilities.
Fig. 5: Artist view of the CoRoT-7 two-planet system. A detailed sight of CoRoT-7 b  
is represented, illustrating the main planetary features. A liquid-rock ocean and 
continental crust can be seen on the dayside. The nightside, with its possible frost 
deposits, is rendered visible thanks to an unrealistic illumination.

[Fig. 5]

Astrophysics



SPACE SCIENCE

C O S PA R  2010

20

Abstract

Laboratory  contr ibut ionSPACE SCIENCE

Analysis of the largest X-ray source catalogue ever produced (2XMM) enabled to discover an object 
whose spectrum and extreme luminosity reveal it to be an intermediate-mass black hole. Such objects 
are theoretically predicted, but as of yet there has been no convincing observational evidence. Follow-
up observations of the source named HLX-1 in ESO 243-49 have confirmed the identification. Such a 
find aids our comprehension of the origin of supermassive black holes found in galaxy centers.

Une analyse du catalogue de sources X détectées par XMM-Newton a permis la découverte d’un objet 
dont la luminosité X extrême laisse supposer qu’il puisse s’agir d’un trou noir de masse intermédiaire. 
Il n’existait auparavant aucune preuve irréfutable de l’existence de ces objets, bien que prédits. Un 
programme d’observations de suivi a permis de confirmer notre hypothèse. Ce résultat ouvre une 
perspective nouvelle pour la compréhension des trous noirs supermassifs au centre des galaxies.

Astrophysics

An intermediate-mass black hole discovered  
using the X-ray telescope XMM-Newton.

Un trou noir de masse intermédiaire découvert  
grâce au télescope XMM-Newton.

1 Université de Toulouse, UPS, CESR, 9 avenue du Colonel Roche, 31028 Toulouse Cedex 9, France.
2 Department of Physics and Astronomy, University of Leicester, University Road, Leicester, LE1 7RH, England.

Supermassive black holes (masses several mil-
lion to several billion times that of the Sun) in the centre of 
many galaxies, as well as stellar-mass black holes (of around 
three to twenty solar masses) have already been identified. 
The existence of these two populations implies that there may 
be a third, intermediate class of black holes, with masses be-
tween a hundred and several hundred thousand solar masses. 
However, such black holes have yet to be reliably identified.

Following a search for new compact objects (black holes, 
neutron stars and white dwarfs) in the 2XMM serendipitous 
source catalogue, created from over seven years of observations 

performed by ESA’s X-ray satellite XMM-Newton [1], we identi-
fied a new source with a spectrum that is consistent with that 
of a black hole. This source denoted HLX-1 (Hyper-Luminous 
X-ray source 1) (Fig. 1), lies towards the outskirts of the galaxy 
ESO 243-49, at approximately 95 Mpc (290 million light years) 
away from the Earth (Fig. 2). It is ultra-luminous in X-rays, with 
a maximum X-ray luminosity of approximately 1 × 1042 erg.s-1  
(260 million times that of the Sun). The signature of HLX-1 
in X-rays indicates that it is unlikely to be a foreground or a 
background source, and its displacement from the nucleus of 
ESO 243-49 indicates that it is not the central black hole of the 
galaxy [2].
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The two XMM-Newton observations carried out on November  
23, 2004 and November 28, 2008, showed that HLX-1 dis-
played a variation in its X-ray spectrum (Fig. 3). The observed 
variability between observations indicates that HLX-1 cannot 
be a superposition of multiple lower-luminosity sources and 
therefore must be a single object. It is believed that such 
a black hole would accrete material via a disc that forms 
around it. If the emission from this object is isotropic and 
below the theoretical Eddington limit, where the radiation 
pressure is balanced by the gravitational pressure, the huge 
luminosity implies the presence of an accreting black hole 
with a mass superior to 7 × 105 solar masses. Alternatively, 
such a disc can launch jets and if the source is viewed at 
angles close to the jet axis, relativistic boosting could amplify 
the flux so that the luminosity appears to exceed the Edding-
ton value. However the X-ray spectrum observed is contrary 
to that expected from relativistic jets [3]. Instead, geomet-
ric beaming, whereby a thick accretion disc collimates the  
X-ray emission coupled with super-Eddington accretion, can 
explain apparent luminosities up to 1040 erg.s-1, with higher 
luminosities for hydrogen-poor accretion [4]. However, the 
derived luminosity is high enough above the Eddington limit 
that matter would be easily accelerated to Lorentz factors 
of 5–10, leading to relativistic jets and flat spectra [5].  
The combination of the derived luminosity and steep  
X-ray spectrum of HLX-1 rules out relativistic and geomet-
ric beaming. Black holes can theoretically accrete at up to  
10 times the Eddington limit for short periods of time [6] 
implying that the Eddington luminosity of HLX-1 must be 
inferior to 1 × 1041 erg.s-1. Therefore, taking this conservative 
limit, the observed luminosity can only be explained if HLX-1 
contains a black hole greater than 500 solar masses [2].

Follow-up observations in X-rays have shown that the source 
is highly variable (by up to a factor 30 in luminosity) and 
exhibits spectral transitions similar to those seen in Galac-
tic stellar-mass black holes [7]. This confirms the black hole 

identification. Furthermore, infrared and ultraviolet obser-
vations confirm that the source is not a foreground object 
[8] and recent observations have identified an optical coun-
terpart, the properties of which firmly associate HLX-1 with 
the galaxy ESO 243-49, confirming the intermediate-mass 
black hole identification. This is the best detection to date 
of such a long sought after intermediate-mass black hole.

Such a detection is essential. While it is already known that 
stellar-mass black holes are the remnants of massive stars, 
the formation mechanisms of supermassive black holes are 
still unknown. One of the possible scenarios involves the 
mergers of intermediate-mass black holes. To ratify such a 
theory, it is essential to prove their existence. The detection 
of this intermediate-mass black hole is therefore an impor-
tant step towards a better understanding of the formation 
of supermassive black holes that exist at the centre of the 
Milky Way and other galaxies.

Fig. 1: Very Large Telescope r-band image of ESO 243-49 with the position of 
HLX-1 marked, with the radius representing the XMM-Newton 3 sigma positional 
uncertainty of 0.83” (green circle). The blue ellipse indicates the elliptical confines 
of the galaxy.
Fig. 2: XMM-Newton X-ray spectra of HLX-1. Top: unfolded pn (green), MOS1  
(red) and MOS2 (blue) spectra of observation 1 with the best fit absorbed  
powerlaw model (solid line). Bottom: unfolded spectra of observation 2 with  
the best fit absorbed powerlaw (dot-dashed line) plus disc blackbody (dashed line) 
model. Error bars give 90% confidence limits.
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The Multi-wavelength INTEGRAL NEtwork (MINE) was created before the launch of the INTEGRAL 
satellite, to allow for an optimal scientific return thanks to multi-wavelength studies of celestial 
sources seen by INTEGRAL. We present here selected highlights, on the microquasar hosting the 
most massive stellar black hole, and on neutron stars orbiting supergiant stars, a new population of 
high mass X-ray binaries revealed by the INTEGRAL satellite.

Le réseau d’observations multi-longueur d’onde des sources Integral Mine a été créé dès avant  
le lancement d’Integral, afin de permettre un retour scientifique optimal grâce aux études multi-
longueur d’onde des astres détectés. Nous présentons ici des morceaux choisis, sur le microquasar 
contenant le trou noir stellaire le plus massif, ainsi que sur des étoiles à neutrons orbitant autour 
d’étoiles supergéantes, une nouvelle population d’astres de haute énergie révélée par Integral.

Astrophysics

Selected highlights from MINE:  
the Multi-wavelength INTEGRAL NEtwork.

Morceaux choisis de Mine : le réseau d’observations  
multi-longueur d’onde des sources Integral. 

CEA-Saclay, Bât. 709, L’orme des merisiers, 91191 Gif-sur-Yvette, France

Study of the formation and environment 
of microquasars
In the course of multi-wavelength follow-up of high energy 
sources detected by INTEGRAL, we studied microquasars, 
which are high energy binary systems constituted of a compact 
object -neutron star or black hole-accreting matter from a com-
panion star, mimicking properties of active galactic nuclei, but 
on a smaller scale. Among microquasars, GRS 1915+105 reigns 
as the archetype, although its properties are very unique and 
different from others, likely due to the high mass of the black 

hole (14 MS ± 4 MS) and the large orbital separation (33.5-day 
orbital period), leading to the huge size of its accretion disk [1]. 
This source, discovered in 1992 [2] was the first Galactic source 
seen to exhibit jets moving at relativistic speeds [3]. Multi-
wavelength observation campaigns of this source allowed to 
unambiguously discover the link between the phenomena of 
accretion and ejection of matter [4]. 

This source, among other microquasars, has been observed 
many times by INTEGRAL, leading to a better understanding 
of its high energy properties. However, a recent breakthrough 
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arose from simultaneous multi-wavelength observation cam-
paigns involving mainly the INTEGRAL and Spitzer satellites, 
with a coverage by the RXTE satellite and ESO telescopes, thanks 
to a proposal sent on behalf of the MINE network. The Spitzer 
observations allowed the discovery of PAH features, signatures 
of the presence of cold dust and gas surrounding the binary 
system, which might have been created when the previously 
massive star collapsed into a black hole, leading to the ejection 
of a huge quantity of matter. Simultaneous MIR and X-ray obser-
vations have also shown that X-ray emission photo-ionizes this 
surrounding dust each time an outburst occurs [5]. Therefore, 
these observations allow us to clearly link the environment of 
microquasars to the formation of stellar-mass black holes.

A new population of high energy sources
Inside the Milky Way, the INTEGRAL satellite discovered in 
January 2003 a new type of high energy sources. They are 
concentrated in the Galactic plane, mostly towards tangential 
directions of the Galactic spiral arms. An intensive observa-
tion programme was then performed, and the XMM-Newton, 
Chandra and SWIFT observatories have accurately localized 
nearly 30 of these sources newly discovered by INTEGRAL. Spec-
tral information has revealed that most of them were exhibiting 
an unusually high intrinsic absorption for high energy sources. 
This in itself is already a surprise, but more has yet to come. At 
the same time, we have undertaken a multi-wavelength obser-
vation programme, to reveal the nature of these sources. This 
study combines, for a large sample, an accurate optical and 
near/mid-infrared astrometry, photometry and spectroscopy 
[6] [7]. Here comes the second surprise: most of these objects 
are High Mass X-ray Binary systems (HMXB) hosting supergiant 
stars –evolved stars which have left the main sequence–, while 
before the launch of INTEGRAL, most of the known HMXBs 
were constituted of Be stars –main sequence stars of early spec-
tral type, rotating so quickly on themselves that they create a 
disk of matter around them– (Fig. 1). Effectively, INTEGRAL has 
tripled the population of supergiant-HMXBs.

These new celestial objects seem intrinsically obscured, which 
means that they absorb part of their radiation. The INTEGRAL 
source IGR J16318-4848 constitutes an extreme example: it is 

a neutron star orbiting a supergiant star of a very rare spec-
tral type, called sgBe because of the presence of “forbidden” 
emission lines (not reproducible on Earth). Observations in 
mid-infrared have shown that these objects appear obscured 
because of the presence of absorbing material (dust and/or 
cold gas) surrounding the whole binary system. Therefore, 
the neutron star constantly orbits inside a cocoon of cold gas 
formed by the wind of the supergiant star [8].

In addition, observations revealed a third feature even more 
unusual: some of these celestial objects exhibit very fast X-ray 
outbursts, of the order of the hour, which are not predictable. 
These sources have been called “Supergiant Fast X-ray Tran-
sients” (SFXT), their archetype being IGR J17544-2619 [9]. The 
sample of studied sources increasing, it now appears that dif-
ferences between obscured sources and SFXTs mainly come 
from orbital characteristics (Fig. 2). Indeed, obscured sources 
are very similar to classical HMXBs hosting a neutron star 
orbiting a supergiant star, on a very tight orbit, two to three 
stellar radii only. Accretion of matter from the stellar wind 
occurs then permanently, and X-ray emission is persistent. 
SFXTs are systems where the neutron star is located far from 
the companion star, on circular or eccentric orbits. It is when 
the compact object penetrates the stellar wind, inhomogene-
ous and full of clumps, that fast outbursts of activity occur [10]. 
While when it is far from the star, there is low-level, or even no 
X-ray emission. Finally, it seems that there exists a continuum in 
the nature of these HMXBs, for which emission characteristics 
depend on the proximity between the compact object and its 
companion star, and on the nature of the orbit. It is therefore 
the interaction between both components of the system which 
dictates properties of these high energy sources [11].

Fig. 1: Corbet diagram (spin period VS orbital period), showing the two main  
populations of high mass binary systems: those hosting Be stars (Be-HMXB, in red), 
and systems accreting the wind of supergiant stars (sgHMXB, in blue). The different 
locations result from an interaction between accretion and general characteristics 
of binary systems.
Fig. 2: Left, an obscured source, where the neutron star orbits close to the supergiant 
star, permanently inside the stellar wind. 
Right, a “Supergiant Fast X-ray Transient”, where the neutron star, on an eccentric 
orbit, periodically penetrates the stellar wind. INTEGRAL/MINE observations have 
shown that there is a continuum between these two extreme types of high energy 
sources.
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