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ABSTRACT

[N~ Context. To investigate the process of star formation triggered keyekpansion of an H region, we present a multi-wavelength analysis of
O the Galactic Hi region RCW 120 and its surroundings. The collect and caflapsdel predicts that the layer of gas and dust accumulated
O between the ionization and shock fronts during the expansidhe Hu region collapses and forms dense fragments, giving risetengial
Q\l sites of massive-star formation.
— Aims. The aim of our study is to look for such massive fragments aassiwe young stars on the borders of RCW 120.
—) Methods. We mapped the RCW 120 region in the cold dust continuum eamissti 1.2 mm to search for these fragments. We supplemented
) this study with the available near- (2MASS) and mid-IR (GIRBE) data to locate the IR sources observed towards thiznragd to analyse
their properties. We then compared the observationalteesith the predictions of Hosokawa & Inutsuka’s model (202306).
Results. At 1.2 mm we detected eight fragments towards this regios, Ifiecated on its borders. The largest fragment has a massaf ab
I 370 M,. Class | and Class Il young stellar objects are detectedvall the region, with some observed far from the ionizatianfr This
< result emphasises the possible importancdisiéint interactions between the radiation, escaping from the@hiegion, and the surrounding

medium.
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1. Introduction permitting the formation of massive objects, whether stars
N clusters.

O The impact of massive stars on their environments can be ei- \we have shown that the collect and collapse process has
I~ ther destructive or constructive (Gorti & Hollenbéch 20020  triggered massive-star formation in Sh 104 (Deharveng.et al
O & McKee ). If constructive, a massive star will faVOU) and RCW 79 (Zavagno et06); however, many ques-
(O subsequent star formation via energetic phenomena Suchj@ss remain. In particular, the theoretical predictioressome-

v winds and radiation, leading to a local increase in pressufithes dificult to match with the observations, since the ‘real
© Indeed, many physical processes can trigger star formgstén physical environment (inhomogeneous medium, evidence of
_Elmegree8 for areview). The collect and collapse E®c@hampagne flow in someirregions, turbulence) is more com-
s one of them. In this process (first proposed by Elmegregficated than described in the models. Is the collect and col

—&Lada [197), the expansion of aniHegion generates thejapse process arfiicient way of forming massive stars? How
formation of a layer of gas and dust that is accumulated Rgses star formation proceed in the condensations formed via
tween the ionization front (IF) and the shock front (SF) thajs process? Up to what distance can a massive star have an
precedes the IF on the neutral side. This compressed layer Mapact on its surrounding?
become gravitationally unstable along its surface andfitaen We are engaged in a systematic study of a samplerofe
ment. This process is interesting as it allows the formatibn gjons selected on the basis of their simple morphology agid th
massive fragments out of a previously uniform medium, th‘f!)‘é)tential for being collect and collapse regions (see Dedray

et al.[200p for details). These are choice locations fongtgd

Send offprint requests to: A. Zavagno the onset of massive-star formation in detail, and RCW 120 is
* Based on observations obtained at the European South@ff Of these regions. _ R
Observatory using the ESO Swedish Submillimetre Teles¢ppe In the present paper we examine the distribution of the cold

gramme 71.A-0566), on La Silla, Chile dust associated with RCW 120, determine the nature of the IR
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o ke - . ..t . 2.1. Distance and exciting star

e U R L TR, .. The molecular material associated with RCW 120 has a radial
# % .. i . velocity V| sg(CO) of -8.7 km st (Blitz et al.[198p). Using
P _- S P + . -, the Galactic rotation curve of Brand & Blitz (1993) we derive
. SR, % .‘+ . ©. % * akinematic distance of 1.35 kpc.
o i 4 E * TS b R The main exciting star of RCW 120 has been observed at
! - ® . - variouswavelengths. Its magnitudes &e 1193,V = 10.79
4 ; ’ : =l (Avedisova & Kondratenkp 19B4y, = 8.013,H = 7.708, and
e AR I TR L K = 7.523 (2MASS Point Sources Catalog [PSC]). Using the
. e " . cD3gl1636 . - nhew calibrations of Martins & Ple7 (2006), and the spectral
el "5 3 . type 08V, we estimate a visual extinctior &f 4.36 mag and
S - a distance of 1.33 kpc. This photometric distance agreds wit
" 4 the kinematic distance. We adopt a distance of 1.34 kpc in the
;. following.
" .o RCW 120 is a thermal radio-continuum source. Its flux
- .0 " density has been measured at various wavelengths, and is in
. : : .- .. the range 5.5-8.5 Jy (Manchesfter 1969; Alteffieoal.[197);
} . ) ! * Reifenstein et al[ 1970; Gfith et al.[I9%; Langston et al.
. ; - & : . * . [00®). Adopting a flux density of 741.5 Jy, a distance of
¢ =& AR A S L e 1.34 kpc, and using Simpson & Rubin’s Eq[1 (1990), we derive
- o . * """ theionizing photon flux, lod{,yc)=48.04:0.10. According to
Fig. 1. Ha emission of RCW 120 taken from the DSS2-red sufbe calibration of Martins et al[ (2005), this corresporuist

vey. The main exciting star, GEB811636, is identified. star of spectral type O8.5V-09V. This is somewhat later than
the O8V spectral type estimated directly from spectroscopy

(Georgelin & GeorgeIiO). But this is not surprising@s-i
izing photons are very probably absorbed by dust graindénsi
sources observed towards it, and discuss the star formpaien this Hu region; indeed, the emission of these grains is observed
cesses possibly at work in this region. Section 2 gives tae dat 21.3um (MSX Band E) clearly in the direction of the ionized
tance, identifies the exciting star and describes the morpH@as (see Fig. 1 of Deharveng et[al. 2005).
ogy of RCW 120. Section 3 presents new 1.2-mm continuum RCW 120 is notable for its high degree of symmetry. On
observations giving an emission map over & 220 area. the one hand, the ionization front, traced by thex8emission,
Information derived from the 1.2-mm continuum emissiore(tis almost circular. On the other, the whole region presents a
cold dust distribution and the mass of the observed fragshennearly north-south symmetry axis, with the exciting standy
along with the properties of the YSOs observed in the direen this axis.
tion of RCW 120, are given in Sect. 4. The properties of YSOs Several facts indicate that a nearly north-south densiy gr
are discussed using the complete set of data available frdi@nt is present in the region, with density increasing tolsa
the large-scale IR surveys GLIMPSE (Benjamin et al. 2003jie south: i) the zones of brightestH¢mission are observed
2MASS (Skrutskie et al_20p6), and MSX (Egan et[al. 1999) the southern part of the Hiregion (see Figd] 1 arldl 2); i)
Section 5 presents a discussion of the geometry of RCW 18@e exciting star lies in the southern part of the kegion; and
the various star-forming processes identified towards riis iii) the ionized gas is beginning to break out of thex Ifegion,
gion, and a comparison with the theoretical model of k- northwards. We come back to this point in the next section and
gion evolution of Hosokawa and Inutsulfa (2005). Conclusioin Sect[4]4.
are given in Sect. 6.

L

2.2. Morphology of RCW 120

2. Presentation of RCW 120 RCW 120 is associated with a large amount of dust. Fifjure 2
is a composite colour image showing the lmission (taken
The Hun region RCW 120 (Rodgers, Campbell androm the Super-COSMOS survey, Parker etf[al. 2005) and the
Whiteoak — also Sh2-3, Sharpless 1959) lies in4a6um and um emission (from the Spitzer-GLIMPSE survey,
direction close to the Galactic centre, slightly above tHetpy/www.astro.wisc.edsirtf/). The 8um IRAC band con-
Galactic plane, at = 348249,b = (?469. RCW 120 is an tains emission bands centred at 7.6, 7.8, anqu®.6com-
optical Hu region, of about 7(E-W)x10' (N-S) in size, located monly attributed to polycyclic aromatic hydrocarbon (PAH)
at 1.3 kpc (Russefl 20p3 and Seft]2.1). It is excited by amolecules and a continuum contribution from very small
08V star, LSS 3959, or CEB&11636 (r2000=17" 12™ 20.6°, grains. PAHs are believed to be destroyed in the ionized gas,
d2000=—38 29 26"), identified spectroscopically by Georgelirbut larger molecules can survive (Verstraete 996;6?9
& Georgelin ). This star is visible in Fi. 1, taken fronet aI.AHs are excited by UV photots (<13.6 eV)
the DSS2-red survey, showing thexldmission. (Sellgren[1984) in the photo-dissociation region (PDR)HPA
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Fig. 2. Spitzer-IRAC 4.5um (green) and gm (red) images from the GLIMPSE survey superimposed on ar@@eMOS Hy
image (turquoise) of RCW 120. The:&n emission is dominated by the polycyclic aromatic hydrboar(PAH) molecules. Note
the presence of a PAH layer, corresponding to the hot phegodiation region that surrounds the ionized region. The fize
is 24 (E-W) x 27 (N-S). North is up and east is left

emission is a good tracer of the hot PDR that surrounds tinléormation, we cannot prove the direct association of the a
Hu region. FigureﬂZ shows that PAH emission completely suserbing zones with the ionized region. The high contrash see
rounds the ionized gas. Filaments extend far from the idioiza at 2um (Fig. B left), between the absorbing zones that closely
front, suggesting the idea of a ‘leaky’iHregion, probably due surround RCW 120 and the surrounding medium observed at
to small-scale inhomogeneities in the ionization fronterttie a larger distance, indicates that the association may He rea
surrounding medium. This point is important, as it could exFhe black box shown in Fid] 3 on theuéh GLIMPSE image
plain how triggered star formation may occur far from the-iorshows the zone that we have selected to search for YSOs using
ization front (see Secﬂ.Z). Figl[||e 3 (left) is a mog&iémage colour criteria in the near and mid IR. This part is descrilved
of RCW 120 from the 2MASS survey. This clearly shows thSect..
presence of an absorbing region surrounding RCW 120, with
some filamentary structures that extend far from the ionieed
gion. The clear limits of the absorbing zone and its largethwvid
(especially to the north) suggest that we are seeing theinem#®f the two sets of observations, the SEST-SIMBA contains
ing part of the parental molecular cloud. The right part q.Ei continuum maps at 1.2-mm (250 GHz) of &R0 field cen-
shows, on the same scale, an image of the RCW 120 regitvad on RCW 120 were obtained using the 37-channel SIMBA
taken from the Spitzer-GLIMPSE survey in the band centréslometer array (SEST Imaging Bolometer Array) on May 7-
at 8um. The absorption zones, clearly visible at, are still 8, 2003. The beam size is 24The positional uncertainty of
observed at @m (especially to the north), indicating the presthe SIMBA observations is less thaff.3Six individual maps
ence of high-density material in those regions. Lackingei®y covering the whole region were obtained with the fast scan-
ning speed (80 per second). The total integration time was 10

3. Observations
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Fig. 3. Dust associated with RCW 12Qeft: Ks (2.17um) mosaic image of the RCW 120 region from the 2MASS survey.
Zones of high absorption surround the ionized region. Attson filaments extend far away from the ionization frontgaling

a non-homogenous mediumight: PAH emission at @m from Spitzer-GLIMPSE. Absorption features are still segrhis
wavelength, indicating the presence of dense material.bldek box represents the region that has been searched dogyo
stellar objects

=

hours. The final map was constructed as described in Zavagndresults

et al. (200p). The residual noise in the final map is about ) .

20 mJybeam (Ir). We then used the emission above 800 F|gur§|}1 (left) shows the 1.2-mm continuum emission corgour

mJybeam level) to delineate the 1.2-mm condensations. Sl_Jperlmposed on a SuperCOSMOS Hinage Of_ RCW 120.
Eight condensations are observed atalével. Five of these

(nos 1, 2, 3, 4, and 7) are immediately adjacent to the ionized
The Hx Fabry-Perot observations of RCW 120 were ofj€gion. This location suggests that these condensatiopsena

tained with CIGALE on a 36-cm telescope (La Silla, ESO?U“ from the fragmentation of a layer of collected mateaia

CIGALE uses a Fabry-Perot interferometer scanning the fgumulated between the ionization front and the shock front,
profile to give the kinematics over the field. The field of view {2 Predicted by the collect and collapse model. The two most

39 square with a pixel size of'@ The Fabry-Perot interferom- massive co_ndensations (nos 1 and 2) are observed to the south
eter has an interference order of 2604 at He. a free spectral Condensations 5, 6, and 8 are observed farther away from the
range of 115 km <. The finesse is 10 (FWHM 11.5 km'3 |qn|zat|on front but coincide vx_nth regions of high _exurmmm_

and the sampling step is 5 km's The velocity and FWHM Fig. B. N(_)te that pnly Iow extinction is detected m_the oatic
uncertainties are botkl km s. A complete description of a”‘?' 8um images in the d_lrectlon of the most massive CF’”de”'
the instrument, including data acquisition and reductizht Sations (1and 2), indicating that most of the absorbing rizdte

niques, can be found in Le Coarer et mggz)_ must. be Iocatepehind the emitting region. . .
F|gure|}1 (right) presents the 1.2-mm continuum emission

contours superimposed on the g8 GLIMPSE image of

The H profiles need to be decomposed into two compBCW 120. The lowest contour delineates the condensations’
nents: the night-sky lines (geocoronat ind OH) and the neb- surfaces as defined, for the mass estimates, at dhéevel
ular lines. The night-sky lines are modelled by the instrome(100 mJybeam, Sec{]3).
tal profile, while the nebular lines are modelled by Gaussian
copvolve_d with that profile. In order to incr_ease the sigioal- 4.1. Mass estimates
noise ratio we extracted and analysed profiles from largasare
(45" x 45"). The profile analysis shows that the LSR radial véFhe millimetre continuum emission from the condensations
locity of the ionized gas of RCW 120 ranges fror8 km st identified in Fig.[h (right) is mainly due to optically thingh
to-15 km s®. mal dust emission. We used the formula given by Hildebrand



A. Zavagno et al.: Triggered star formation on the bordelR©W 120 5

= Etaln

e

— g b

IENIECE 1 i iR e T

e o .

PRI . WS

Fig. 4. Left: Millimetre continuum emission contours superimposed dduperCOSMOS H image of the region. Contours
range from 60 (3) to 960 mJybeam in steps of 100 mdeam and from 1000 to 3000 mibgam in steps of 400 mdbeam.
Right: Millimetre continuum emission contours superimposed o GLIMPSE 5.8&m image of the region. Contours range
from 100 mJybeam (%) to 400 in steps of 100 mAyeam and then from 500 to 3000 in steps of 250/fsdgm. Condensations
at 1.2 mm are identified in Table 1

Table 1. Mass estimates for the millimetre fragments

Number Peak position Fiommt Mass range
@2000 02000 (mJy) Mo)
1 17 12" 0894 -38 30 4320 16100 278 — 465
2 171 12" 3816 —38 30 51795 4100 71-118
3 17 12" 4478 -38 29 2830 540 9-15
4 17 12" 41850 -38 27 07/43 797 13-23
5 17 12" 3206 -38 19 4830 323 5-9
6 17 11™ 4790 -38 19 48/28 1003 18-30
7 17 11™ 5872 -38 28 2718 422 7-12
8 171 12" 1982 —38 34 04'14 984 17 - 28

11.2-mm flux integrated above the-3evel
2 The lower mass is calculated fg,s=30 K, the higher mass foFy,s=20 K

) and proceeded as explained in Zavagno eZOOﬁ).internaI source of heating (a higher dust temperature tha
Tableﬂ. lists the measured and derived properties obtaoreddéxpected), the fragments’ mass estimate is an upper lie¥t (s
the millimetre fragments identified in Fif] 4. Column 1 givealso Beuther et a[. 2002). If an outflow is present, the molec-
the fragment numbers, columns 2 and 3 give the emission pedda line contamination to the measured 1.2-mm flux may be
coordinates, column 4 gives the 1.2-mm integrated flux, and much as 30% (Gueth et bl. 2p03) but is probably about 10%
column 5 the range of derived masses for the correspondifigo outflow is present (Guilloteau, private communicajion
fragment depending on the adopted temperature (20 or 30 Khe two most massive fragments, nos 1 and 2, are located to
The lower mass values correspond to the higher dust tempéh&- south, probably a consequence of the higher densitysn th
ture. Because of possible molecular line contaminatioertovarea. The other fragments, located on the borders of theadni
estimation of the continuum flux) and the possible preseficeregion or even farther away, are less massive. Fragmentissho
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some structure, in particular a highly peaked emission.ITRe condensation. The lack of velocity information makes it im-
mm emission peak of 3.08 leam indicates an Hcolumn possible to firmly associate the detected YSOs with RCW 120.
density greater than 36107 cm2 for a temperature of 20 K, However, the statistical analysis presented in . 52 su
corresponding to a visual extinctigdh,> 200 mag. This frag- gests that most of these objects are associated with th@reg
ment is a potential site of high-mass star formation (see alfhe GLIMPSE colour-colour diagram is shown in F[b 6. The
Beuther et al[ 2002). However, as discussed in §edt. 4.2, swurces discussed in the text are identified by the labetgiv
8um source is observed towards this emission peak. This coiridlable 2. A large number of objects are Class | sources. We
be due to the low sensitivity of the GLIMPSE survey. A sourcgo not consider those sources located in the lower part of the
should be sought at longer wavelengths. Class Il box, since main sequence and giant stars (located in
the elliptical region centred on 0,0 in this.¢3 — [4.5] versus
[5.8] - [8.0] diagram) may be falsely displaced into this zone if
they are faint and superimposed on background emission (the
colours of the extended emission aref[3- [4.5] = 0.1 and

Our purpose is to look for star formation towards RCW 126°-8] — [8.0] = 1.9). Giant stars can be bright IR sources. We
For this we use the Spitzer-GLIMPSE survey to do asystematfiﬁed the_ ZMASS] — H versusH — K diagram, not presented
search for YSOs using colour selection criteria. Indeed)¥'S here, to identify such stars. , L

are expected to have specific colours depending on mass and\lme that the COIOUT'CO,IOW diagrams do not give mfor_ma—
evolutionary status (see Allen et &I 2p04). We have Sejecltéon_abqut the sources brlg_htnesses and that additiofai-in
the absorbing zone, centred on RCW 120, seen in the neafation is needed to better discuss the nature of the soWkkes.

(Fig.B) fromazgoo from 171 11M 12505 to 17" 13™ 1754 and do not discuss the spectral energy distribution (SED) is thi
from 62(;00 from —38° 14’ 30/40 to—38° 40 40", paper, because the 2MASS data for the embedded sources are

We extracted the 35178 objects in this zone from thoeften missing (or are given as lower limits) and also becthese

GLIMPSE PSC (httgfwww.astro.wisc.edsirt/). Then, to wavelength coverage of GLIMPSE is too limited to accurately

avoid sources near the detection limit, we selected the 26f§lfhe SEDs, especially since GLIMPSE sees only part of the

sources that had been measured in the four IRAC bands ang - silicate absorption that is often present in YSOS'. Bong
. ! wavelength data are needed to use the SED as a reliable tool
were brighter than 11 mag in the:& band. From these we se-

. . . for evolutionary and brightness classifications.
lected those objects with colours corresponding to Claaadl Below we qive information about some specific properties
Class I, i.e. [3%] - [4.5] > 0.4 and [58] - [8.0] > 0.4 (Allen 9 P brop

et al.[2004). The final selection is listed in Table 2 to whigh Wof the sources, due either to their locations /an@volution-

have added the exciting star of RCW 120 and a few giants. ary stages. Sources obseryed _towards millimetre condensat
i may be #ected by local extinction. Apparently, Class | sources
Table 2, available at the CDS (htffedsweb.u-

may in fact be reddened Class Il. This is particularly caitfor

strasbg.fiA+Ahtx), gives the position and IOhOtom"a‘m/deeply embedded sources classified as Class | with no 2MASS
from 1.25um to 8um of the detected YSOs, sorted by locat'OEounterparts

(towards the millimetre condensations, towards and oetsi
from the Hu region). Column 1 gives their identificationF
numbers. Columns 2 and 3 give their coordinates accor,
ing to the GLIMPSE PSC. Columns 4 to 6 give théir

4.2. Search for young stellar objects using 2ZMASS
and GLIMPSE data

ondensation 1

'gure[’[7 is a composite colour image of condensation 1. Sourc
C1, the brightest object afu@ near condensation 1, is lo-

. cated in the transition region between Class | and Class Il
H, and Ks magnitudes from the 2MASS PSC (httc- sources (Fig[|6). This source is not directly associateth wit

www.harvz_ard.ed@oftwareécatalogﬂmpsc.html). Colu_mns 1.2-mm emission but is observed towards a filamentary struc-

7 to 10 give their [3.6], [4.5], [5.8], and [8.0] magnitudes, o onserved in absorption au8 (see Fig[[3); it is far (about

from the GLIMPSE PSC. _When not available from the Psq_’.z pc) from the ionization front but is observed surrouniolgd
we measured the magnitudes (aperture photometry) us g

he Basic Calibrated Data f " th indi q use m emission, indicating that far UV photons leaking
the Basic Calibrated Data frames; these are indicated Wi} i jonized region have reached this zone. This raatiati

asterisks in Table 2. Column 11 gives general comments abmgy have influenced the formation of this young source. We

the nature of each source (Class |, Class Il, giant). discuss this point in Se.2.
Source 16C1, a Class | object, is the brightest source ob-
4.3. Properties of the observed sources served towards condensation 1, and it has no 2MASS counter-

part. This source coincides with an extension of the 1.2-mm

Several tools can be used to determine the nature of #ghtinuum emission and is observed at the head of a finger-
sources, using their IR magnitudes from the 2MASS, Spitzghaped absorbing region observed atr8 Faint 8:m emission
GLIMPSE, and MSX surveys. surrounds this region, indicating that UV photons reach thi

Figureﬁs shows the spatial distribution of the Class | armbne. The location of this source at the vertex of an absgrbin
Class Il YSOs identified in the direction of RCW 120 andtructure indicates that globule squeezing may have oedurr
shows that these YSOs are located in three main zones: i) neare, triggering star formation.
the cold dust condensations identified in i]g. 4; ii) in thedi Source 13C1 is also a Class | object having no 2MASS
tion of the ionized region; and iii) far from the ionizatioroht counterpart. It is observed in the direction of a 1.2-mm emis
and, in some cases, not associated with a detected milémedion extension.
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Fig. 5. Spatial distribution of the YSOs detected towards RCW 12 ied circles are Class | sources, the green triangles Class
Il sources. In both cases, the largest symbols are for tightast sources, with [8] <6 mag. Bright Class | sources observed far
from the ionization front are identified (see Sect. 5.2). fibl size is 25 (E-W) x 25/5 (N-S)

The sources 4C1, 5C1, 6C1, 7C1, 8C1, and 21C1 are ob- Class | sources including nos 2, 3, and 4C4, are observed
served towards the main 1.2-mm emission peak. Most of thés¢he immediate surroundings, in addition to these two kgerb
are low-luminosity Class | objects. This strong emissioakpe Ae/Be stars. No source is detected towards the peak of the 1.2-
does not coincide with an absorbing zone atrg§ so the con- mm condensation. Note that the shape of the ionization front
densation must be located behind then8emitting region. The is distorted in the direction of condensation 4. We dischis t
nature of source 21C1, observed exactly coincident with theint in Sect2.

1.2-mm peak, is unclear, as this source has no measured n@ghdensation 5

nitudes in the [3.6], [5.8], and [8.0] bands. Condensation 5 is observed far from the ionization front and
coincides with a region of high extinction observed at both
Condensation 4 2um and &m (Fig. B). An interesting point is the presence

Figure[ shows a detailed view of condensation 4. As seendhnumerousadial structures seen in absorption gir8, per-

Fig. B, two bright extended sources called objects 1 and 2 #fndicularto the IF (Fid]3). This suggests that radiatiassps
not given in the GLIMPSE PSC (probably due to their extenddrough this rather dense medium, with enough energy toeshap
nature), dominate the;8n emission. At their centres lie neardt: and may have favoured subsequent star formation witfin t

IR stellar objects. Objects 1 and 2 are also seen in the M$RSSible pre-existing condensation.

images and are classified from their MSX colours as Herbig Two Class | sources, 1C5 and 2C5, are observed towards
Ae/Be objects (for object 1 see source 19 in Deharveng et @@ndensation 5. The bright source 1C5 is observed towaeds th
p00%). We have verified from its MSX colours that object 2 (n¢ondensation’s centres.

included in Deharveng et 1. 2405) is a Herbig/Be object as Condensation 6

well. The extended nebulae are probably local PDRs creaté'gureﬂa shows condensation 6 in detail. This object, like-co
by the radiation of the central sources. These are not nesgiensations 5 and 8, is observed far from the ionization front
enough to form Hi regions but they can, with lower energyabout 1.5 pc away) and coincides with an absorption region
photons, heat the surrounding dust, thus creating local?DRseen in the Zm and 8m images (Fig|:|3). Five sources are
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Fig.6. GLIMPSE colour-colour diagram, [8] — [4.5] versus [58] — [8.0], for the sources observed towards RCW 120. Class |
and Class Il zones are indicated according to criteria gbseAllen et al. (2004). The black arrow is the reddening ve&bo

a visual extinction of 40 mag. The ellipse centred on 0,0 @s&d the region of main sequence and giant stars. The bkack st
represents the exciting star of RCW 120

observed towards condensation 6, source 5C6 being thetbrigig shell and flow away. We are probably observing the be-
est. Source 3C6 is a very faint red object observed towards ginning of a ‘champagne’ phase (Tenorio-T979), ard th
peak of the 1.2-mm emission (Fiﬂ. 9). Objects 2C6 and 4Qthserved shape of the region is also consistent with thigtres
also classified as Class |, are located farther from theeefitr ~ Figure[1D shows that on the borders of the ionized region
the 1.2-mm emission peak. the H line width is narrow — around 18 knts— when com-
Sour ces observed towar ds the ionized region pared to the central parts where the widtk 2t km s*. This is
As seen in Table 2 and in Fif} 5, all of the sources observexpected for an expandingiHregion: whereas the expansion
towards the ionized region are Class Il objects, apart fram ovelocity has no radial component on the borders of this regio
Class | source, 13hl The ionizing star of RCW 120 is iden- (thus the line is narrow), the expansion velocity is purelyial
tified in Fig.[1. Its GLIMPSE colours correspond to those df the direction of the centre and we see both the approaching
main sequence stars (FE;. 6). and receding sides (thus broadening the line). We expelti®d t
A Class | source (5H) and a Class Il source (i) are ob- t0 be confirmed by the Hemission but it was not, as described

served towards the ionized region, lying on the verticesiafit Pelow. o _
gular structures. Both (the sources and the structureseere 1 he Hr emission from the Southern Galactic Plane Survey

in emission at @m (see Fig[42) and are discussed in Sect. 5E8GPS, McClure-Gffiths et al[2005) is shownin Fig.]11, inte-
grated between10.72 km st and-15.66 km s*. The angular

resolution of these observations is’4énd the velocity resolu-
4.4. Ha velocity field tion is 0.82 km 5. The emission shows an annular structure.
The Hu region and condensations 1 and 2 lie in the direction
of the central hole. The annular structure is larger rddrkm
s7! (the systemic velocity) than neafl5 km s, so the whole
structure appears to be in expansion. However, we only see
the approaching side of the cloud, as no emission is observed
daround—5 km s, as would be expected from the receding side

ﬁf the cloud. We have no explanation for this fact.

Figur presents the velocity field of the ionized gas aleskr
towards RCW 120 and the width of thexmission line over
the field. The uncertainty of thedHine width is 1 km s. The
velocity field displays a gradient, from abou® km s to the
south of the Hi region, up to-16 km s to the north of the
region. In Fig[R RCW 120 looks like a bottle full of ionize
gas, its ‘neck’ turned to the north where a clear openingén t
8um indicates a break in the ionization front and the surround-

ing dust layer. The H velocity field shows that the ionized gas- Discussion
flows towards the observer. This result is consistent with th | o,
most massive condensation being located to the south where
dense material has accumulated. The northern part is proBaveral star-forming processes may be at work in the dinecti
bly less dense, allowing the ionized gas to break the sudouiof RCW 120.

forming processes at work in RCW 120
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Fig.8. Top: Same as Fiil 7, but for condensation 4. The sources
discussed in the text are identified in therB GLIMPSE image
(bottom)

-

Fig.7. Top: colour composite image of condensation 1, show-
ing theK image (blue) from 2MASS, and the 3:f (green)
and 8um (red) image from the GLIMPSE surveRottom:

The sources discussed in the text are identified on thers.g _* 1€ radiation-driven implosions of pre-existing clumps:
GLIMPSE image this is possibly the case for star formation associated et

densation 4. The shape of the ionization front surroundiisgy t
condensation is clearly distorted, protruding inside there-
gion. This situation is to be expected if the expanding ianiz
an frontencounters a motionless dense clump. In this stase
ormation may result from the radiation-driven implosioh o
he clump (Lefloch & Lazar[1994; Kessel-Deynet & Burkert

e The collect and collapse process: we observe a collec
layer of cold dust revealed by the 1.2-mm continuum emi
sion. We also observe fragments along this layer, sugges
that the collected material has already experienced fragm
tation. Fragments 1, 2, and 3 are clearly separated alosg thi e Dynamical instabilities of the ionization front: the regio
layer and the ionized gas seems to be leaking between tHerated between condensations 1 and 2 is probably dyndynical
(see Fig|:1|2 top). However, no massive star formation has bemstable. Figurﬂz shows that the ionization front is ligcal
observed in the direction of these fragments, contrary tatwhdistorted, with the ionized gas leaking between the coralens
is observed on the borders of Sh 104 and RCW 79. Note thiahs. We also observe two triangular structures protrydito
the non-detection of an IR source at the peak of the 1.2-nihe ionized zone. Two YSOs, sourcesildnd 5Hi, are ob-
emission could be due to the high extinction we derive neserved at the vertices of these triangular structures (@e@
this peak and to the low sensitivity of the GLIMPSE observdpottom). Such structures were possibly formed by the devel-
tions. Deeper IR observations are needed to possibly edtabbpment of instabilities in the ionization front, as simeldtoy
the presence of an IR star forming in this condensation. TBarcia-Segura & Francp (1996) and by Dale et al. (in prepara
high-density peak observed in condensation 1 is probalely tion). The latter simulation shows the formation of starthat
best place to search for massive YSOs. vertices of such structures.



10 A. Zavagno et al.: Triggered star formation on the bordé RCW 120

o ol

o . & ey
. —Eeta

&

i 5
ki —Fd L.
» = & - '

. . |

& i —.E=.",?7I'I-'
. -
‘ -

* FEEanc
Fig.9. Same as Fid] 7 but for condensation 6. The sources ¢
cussed in the text are identified in the pr8 GLIMPSE image

(bottom)

Fig. 10. Top: Ha velocity field (grey scale plus black dashed
contours).Bottom: He line width (grey scale). The &l emis-
sion is superimposed as white contours
Figure[b presents the spatial distribution of the Class | and
Class Il YSOs identified towards RCW 120. It shows that many
of these sources lie far from the ionization front — as far as
1.5 pc. Some examples are the bright Class | sources 6o, 9ou Which process can trigger star formation far from the ion-
11lout, 130ut, 190ut, 26out, 1C5, 5C6, and 12C1. The radiadtion front? FigureﬂS shows that low-brightness PAH emis-
structures clearly visible in absorption on the northeasamd sion features also extend far from the ionization frontekrss
southwestern sides of the region (see fig. 3 right) areisrik that the hot photon-dominated region, where PAH emission
evidence of interaction between the radiation leaking ftben originates, is more extended than would be expected if the io
IF and the surrounding medium. ization front were impermeable. Examination of a wide-field
In the absence of velocity information, it is impossibl&le image also clearly shows extended Eimission surround-
to be sure that the observed YSOs are all associated witd the RCW 120 region. This suggests a leaky kegion
RCW 120. Only a statistical approach can give us some #pounded by a porous ionization front, allowing a fraction of
sight into this point. We have considered two zones locatttg UV radiation to reach regions far away from the front.
at the same Galactic latitude as RCW 120<£ (2499) and Figur is an unsharp-masked image of the southern part
on either side of it (at Galactic longitudés= 34716 and of RCW 120 at &m, obtained by subtracting a median-filtered
| = 34916). Each of these zones has the same area as thevegsion of the same image produced with & 312" win-
gion we searched for YSOs around RCW 120 (Sec}. 4.2). Thew from the original GLIMPSE image. The extended bright
same selection criteria was applied to search for Class | astdictures are thus removed, leaving the low-brightnesalls
Class Il sources in these zones as in RCW 120 (i.6] {34.5] scale structures. The left part of F@ 13 shows the highly ir
and [58] — [8.0] >=0.4 mag). The result is as follows: 15 andegular aspect of the IF. The right side, where the contrast h
25 YSOs, respectively, are detected in these zones comfwardoken enhanced, shows the outer part of the PDR, with many
107 YSOs in the RCW 120 zone. This suggests that mostraflial structures originating from the IF. This structuleacly
the YSOs detected towards RCW 120 are probably associataticates that the UV radiation can penetrate far insidesthie
with it. rounding medium. Can the high pressure of the warm, paytiall

5.2. Star formation observed far from the ionization
front
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Fig.11. H1emission (in white) from the SGPS integrated b
tween-15.66 km st and—10.72 km s'. Ho emission is su-
perimposed as green contours

qfig. 12. Instabilities of the ionization frontTop: the ionized

gas traced by the &l emission (in blue) leaks between con-
densations 1 and 2, at the locations shown by the blue arrows.
Bottom: structure of the ionization front (GLIMPSE 5uén im-
age). The black arrows point to two YSOs (itldnd 5Hu) ob-
ionized inter-clump medium trigger star formation far fréme  served at the vertices of triangular structures possitéyated
ionization front? by dynamical instabilities in the ionization front

5.3. Comparison with models

The collect and collapse process of star formation, first p
posed by Elmegreen & Lada (1977), has been formulated &&
alytically by Whitworth et al. [1994; see also Dale, Bonnel:
and Whitworth 2007) and simulated by Hosokawa & Inutsu
(200%, |2006). All these models are spherically symmet
around the exciting star and assume that the ndgion ex-
pands into a uniform medium of density. The assumption §
of spherical symmetry is not too bad for RCW 120, butthe o
servations presented here indicate that the medium isdar fr
homogeneous. However, no model takes this fact into acco
A rough estimate of can be obtained by assuming tha
all the material now observed, either ionized in the igion
or neutral in the massive fragments surrounding RCW 12
was previously located in a sphere of densityand of ra-
dius equal to that of the Hregion. We used only the south
ern half of RCW 120 for this estimate of. From the radio-
continuum flux density, we estimate the mass of ionized g&€
to be M(Hn) = 54 Mo (thus 27Mo for half the Hiregion). g 13 Unsharp-masked image of the southern part of
The mass of neutral material in condensations 1, 2, 3, 4, 8¢\ 120 at aim (see text for details)
7 is 633M,, (the maximum value, fol =20 K). The mass of
neutral material in the collected layer, but not detectethin
direction of the centre of the Hregion because its emissionis The dynamical expansion of RCW 120 and its PDR can
below the sensitivity limit of the 20 mJlgeam, is< 185 M, be analysed using the model of Hosokawa & InutsOO6).
(thus < 93 M,, for half the layer), hence an upper limit ofA one-dimensional, spherically symmetric numerical mdtho
3000 atoms crt for ng. A lower limit of 1400 atoms c?  is used. The UV and far-UV radiation transfer, as well as
is obtained foiT =30 K. the thermal and chemical processes, are solved with a time-
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dependent hydrodynamic code. We suppose a central sta il !
. . . . . £, Bdyr i
22 M, (which, according to Diaz-Miller et af 1998, emits {1} Valocity i

1w 120 radius

the same number of ionizing photons as the exciting star 04Ny |
RCW 120) and a uniform ambient density of 3000 atomstm aakp -
. . . . By
F|gure shows the time evolution of several physic hyr

guantities. The radius of RCW 120, 1.67 pc, is reached
t = 0.4 Myr. At this time the electron density of the ionizec 1
gas agrees with the observed value of 86%rﬁigure also ___"""'__.'_.:

—1

shows the gas shell swept up by the shock front, with dessit
in the range 16-10° cm3; the highest density is found on the
outside of the shell, close to the SF. The shell mass is ab
1000 M, at this time, and most of the swept-up hydrogen gi 0°F (2) Density
remains in the shell as hydrogen molecules. Fidute 15 shc
the evolution of the positions of various fronts. The swept-
shell very quickly becomes mainly molecularJHlater on,

at about 0.3 Myr, the dissociation front of the CO molecul
is engulfed by the expanding shell. Parts of the shell becol
unstable when > (Gp)~%2. Figure[1p shows that the unsta
ble region appears at about 0.3 Myr, near the SF, and gra
ally spreads over the shell. Thus we would expect to seegat 10
age of 0.4 Myr, a shell of mainly molecular collected materia

with the outside parts of the shell (near the SF) fragmei@éd. ' ooo° = | ]
course, the model does not tell us if stars have already fobrr i
in these fragments. Note thiiese estimates are rough, due to & 1ova b i _
the uncertainties concerning both the density and the wnifi = i
mity of the medium into which RCW 120 evolves. £ ]

100 f 1
6. Conclusions (3 Gas Temperatura 7 l\ ==
Although it apparently has a very simple morphology, the H 1.}3,3 F - ; L T i
region RCW 120 elicits several questions. P !

It appears as an almost perfect sphere full of ionized gas _ = ¥

Stromgren sphere around the exciting star. The sphereeis 0 "¢ -1
in the direction of lower density, in the north, and the i@dz = ®'2f 1
gas is escaping from the sphere. We are most probably se¢ %
the very beginning of a ‘champagne flow’. This is shown b ;'i_-
the shape of the Hregion, the shape of its IF as shown by th "~ 1811 f i .
PAH emission and by the velocity field.

Dense material, now mostly molecular, has been collect &0 PIE.SSUIE i wl . ; ; ; 1
around the ionized gas during the expansion of therefjion. o oA 1 14 2 23 d
The collected layer has begun to fragment. This is shown ., ripel
the millimetre emission of the cold dust. Some fragments &t¢y 14. Snapshots of the gas dynamical evolutiot-€x.2, 0.4,
massive, but no massive YSO is detected (up gondat the g 0.8, and 1.0 Myr
GLIMPSE sensitivity) in the direction of the fragments. If a
massive Class 0 object is forming, it may be detectable byt on
at longer wavelengths at the emission peak of condensationshckground radiation (HosokaO?). But why do we ob-
Several Class | and Class Il objects, of low and intermedierve only half a shell of Hmaterial (the half-shell approach-
ate mass, are observed in the direction of the PDR, near theiflg us)?
Their formation was probably triggered by the expansiomeft  — Several YSOs are observed far from the ionization front.
Hu region, via various processes such as dynamical instabilre they associated with RCW 120? We have no proof that any
ties of the IF and the radiation-driven implosion of prestixig  specific YSO is associated with RCW 120, but a statistical tes

molecular clumps. suggests that most of them are associated. If this is the case
Two other points are pending and need further observatiomsat physical process can trigger star formation far from th
for them to be understood: ionization front?

— What is the origin of the shell of atomic hydrogen sur- This point is very important and is probably linked to the
rounding RCW 120? We suggest that it is part of the paren&itucture of the PDR. We are most probably dealing with a
molecular cloud, photo-dissociated from the outside by FUeaky Hu region, in the sense that the ionization front is per-
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EXperiment, from the Two Micron All Sky Survey, and from the
InfraRed Astronomical Satellite; for these we used the NABAC

yqb e Infrared Science Archive, which is operated by the Jet Fsbpu
/{ Laboratory, California Institute of Technology, under tawst with
e

: the National Aeronautics and Space Administration. We atsm the
---------------- | SuperCOSMOS Hl survey. This work is based in part on GLIMPSE

3 - ROWD 1 data obtained with the Spitzer Space Telescope, which iatgzeby

: the Jet Propulsion Laboratory, California Institute of Aieclogy, un-

der NASA contract 1407.
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