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High-mass stars are primordial objects in the study of star formation since their
feedback has a significant impact on the interstellar medium. The budget of mo-
mentum and energy of feedback can change the properties of the new generation
of stars which is forming in the molecular cloud. We studied the galactic H ii re-
gion RCW 120 both in the far-infrared using the Herschel space telescope and at
millimetre wavelength using the ALMA interferometer. Almost all of the massive
cores are found in the most massive clump and are fragmented differently. ALMA
observations allowed us to characterize this fragmentation in order to see if these
massive cores can give rise to high-mass stars. Most of the fragments have mass
higher than the thermal Jeans mass, which can be explained by adding turbu-
lence. A few fragments have a mass higher than 8 M� and could potentially be
future sites of high-mass star formation. Molecular emissions in the most massive
fragment of the most massive core indicate that the protostar is in the hot core
phase.

1 Introduction

While the formation of low-mass star is pretty much understood, the formation of
high-mass stars (OB type, M > 8 M�) is still debated. The fact that they are
short-lived, a few million years, and rare compared to their low-mass equivalents
make them difficult to study. High-mass stars are born in very embedded molecular
cloud which is opaque to infrared radiation, adding more complexity since dedicated
instruments in the far-infrared (FIR) to millimetre wavelength have to be used. Small
condensations with cores of an approximate size of ∼0.1 pc are found in cold and
massive clumps. If dense enough, these cores have the potential to form high-mass
stars.

When a high-mass star is forming, it radiates photons from the Lyman continuum
(E > 13.6 eV) before entering the main sequence phase. The energy of these photons
is high enough to ionize the hydrogen contained in the surrounding medium. An
ionized (H ii) region forms and the difference in the temperature between the Hii re-
gion and the interstellar medium (ISM) causes the Hii region to expand. During
its expansion, the molecular cloud is swept-up and trapped between the ionization
and the shock fronts, forming a layer of neutral material. If the layers of material
around the OB stars are dense enough, they fragment and collapse to form a new
generation of stars.
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Several studies have underlined the importance of this structure with respect to
high-mass star formation, since at least 30% of high-mass Galactic sources are found
at the edges of Hii regions (Deharveng et al., 2010; Kendrew et al., 2012, 2016;
Palmeirim et al., 2017). The induced star formation due to the expansion of an
Hii region is called triggering and several mechanism were developed to explain how
the interaction of the ISM with the expanding Hii region could lead to the formation
of a stars. Such models are the Collect and Collapse (C&C, Elmegreen & Lada
1977), the Radiation Driven Implosion (RDI, Kessel-Deynet & Burkert 2003) model
or the formation of pillars and globules due the interaction between the turbulent
medium and the Hii region (Tremblin et al., 2012). Studies of the fragmentation
of the high-mass cores observed at the edges of these Hii regions have shown that
the Jeans mechanism can explain the mass of the fragments. However, while some
massive cores fragment according to the thermal Jeans mechanism, others need to be
supported by the turbulence or the magnetic fields. These studies needs dedicated
high angular resolution observations at 0.01 pc or less and are therefore more difficult
to perform.

2 The RCW 120 region with Herschel

The Herschel imaging survey of OB Young stars (HOBYS, Motte et al. 2010) is as
Guaranteed Time Key program whose purpose was to observe several Hii regions in
the Milky Way in order to study their impact on the surrounding medium. Several
bubbles which might display triggered star formation, such as RCW 120 or RCW 79
(see Fig. 1), were analysed in Figueira et al. (2017) and Liu et al. (2017).
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Fig. 1: Left: Composite image of RCW 120 from Herschel observations at 70 (blue), 160
(green) and 250 µm (red). Right: same for RCW 79.

RCW 120 is a famous Galactic Hii region due to its very clear ovoid shape (the
perfect bubble, Deharveng et al. 2009), its location above the Galactic plane which
limit the foreground dust and line of sight contamination, and its relatively close
distance to us (1.3 kpc). This Hii region is powered by a single O8.5V star (Zav-
agno et al., 2007). Observations at 1.2 mm and 870 µm revealed that the ring
is fragmented into several clumps. Spitzer and Herschel telescopes also revealed
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a population of Young Stellar Objects (YSOs) toward the ring surrounding the
Hii region. This population of cores were extracted using the getsources algorithm
(Men’shchikov et al., 2012; Men’shchikov, 2013). The recipe established in Tigé et al.
(2017) has then been used to fit the Spectral Energy Distribution (SED) and to com-
pute the physical properties of these cores, consistently for all the regions observed
under the HOBYS project (Motte et al., 2010). To establish the evolutionary stage
of the cores, we used the evolutionary paths in the Lbol −Menv diagram (Saraceno
et al., 1996; Molinari et al., 2008) (see Fig. 2). We observed that the evolutionary
stage of the cores does not correlate with the projected distance to the ionizing star.
Instead, a better correlation is found with the hosting clump and therefore, we pro-
pose that the density of the clump could be an indicator of the evolutionary stages
of the cores found inside them.

Fig. 2: Lbol versus Menv with evolutionary tracks of Saraceno et al. (1996) and Molinari
et al. (2008). Labelled arrows indicate (1) the accretion phase and (2) the envelope cleaning
phase. Sources are coded as a function of their location with respect to their hosting clump.
Error bars for Lbol and Menv are shown by gray lines

Another interesting result is that all the massive (> 70 M�) cores are located in
the most massive clump of the region. Above this limit, these cores could give rise to
high-mass stars (Tigé et al., 2017). This is therefore an interesting place to study, in
order to see if massive stars can form there or are actually forming. We performed
interferometric observations using the ALMA telescope to study the fragmentation
occurring in these massive cores.

3 Massive cores of RCW 120 observed with ALMA

Observations were performed during the Cycle 4 of ALMA and yielded spatial
resolution of 1.7”×1.5” and a noise level of 0.16 mJy beam−1 for the continuum.
The cores and fragments extractions were performed using the getimages algorithm
(Men’shchikov, 2017) prior to the getsources extraction. Among the 11 cores ob-
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served toward the clump, fragments were observed toward 8 of them and the number
of fragments per core ranged from 1 to 5 (see Fig. 3).
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Fig. 3: Left: Herschel 70 µm observation toward the clump with the cores’ label super-
imposed (white) and the direction to the ionizing star (grey arrow). Right: ALMA 3 mm
observation of the clump with the fragment’s footprint and labels superimposed (white).

Measured mass of the fragments goes up to 32 M� which is far above the thermal
Jeans mass computed from the volume density and the temperature given by the
SED of the cores, and roughly equals ∼ 0.3 M�. Since the fragments are massive,
it indicates than another ingredient is needed. Generally, turbulence and magnetic
fields are invoked to explain how a structure can sustain gravitational collapse. Using
the MALT90 survey and the N2H+ molecule, we estimate the turbulent linewidth
value and computed the Jeans mass by including this previous value and considering
a Mach number of 4. In this case, the theoretical mass of the fragments can increase
up to 100 M�. Therefore, turbulence due to the interaction between the PDR and
the Hii region could lead to an increase of the mass of the fragments.

Using the spectral lines available, we also detected CH3CN and SO2 emission
toward a massive fragment of the most massive Herschel core. As the first molecular
transition is a tracer of the hot core, one phase of high-mass star formation, and the
second transition is a tracer of the shock, we suggest that a high-mass star is currently
forming in the fragment 1 of the Herschel core 2.

Towards RCW 120, we showed that turbulence needs to be taken into account
in order to explain the fragmentation mechanism of the massive cores detected by
Herschel. However, other studies toward high-mass cores and H ii regions concluded
that temperature was the main driver of the fragmentation process below 0.1 pc.
Therefore, there is still no consensus on the true effect of H ii region expansion on
the stars forming in the layer. More interferometric observations of massive cores
as required as well as large-scale studies on the ionization field to draw any firm
conclusions.
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