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ABSTRACT

Aims. To characterize a bright-rimmed cloud embedded inHheregion Sh2-48 searching for evidence of triggered star &ion.
Methods. We carried out observations towards a region’ok 2’ centered at RA18" 22™ 11.39 , dec=-14° 35 24.81’(J2000)
using the Atacama Submillimeter Telescope Experiment @&Jhile) in the?CO J=3-2,C0O JE3-2, HCO J=4-3, and CSJ37-6
lines with an angular resolution of about’22We also present radio continuum observations at 5 GHzethoiit with the Jansky
Very Large Array (JVLA; EEUU) interferometer with a syntimtd beam of 7 x 5”. The molecular transitions are used to study the
distribution and kinematics of the molecular gas of the fitrigmmed cloud. The radio continuum data is used to chariet the
ionized gas located at the illuminated border of this mdiccondensation. Combining these observations withiaff@ublic data
allows us to build up a comprehensive picture of the curreief star formation within this cloud.

Resuits. The analysis of our molecular observations reveals theepesof a relatively dense clump witiiH,) ~ 3 x 10cmi3,
located in projection onto the interior of then region Sh2-48. The emission distribution of the four obsdmnolecular transitions
has, atV sg ~ 38 kms?, morphological anti-correlation with the bright-rimmelbed as seen in the optical emission. From the
new radio continuum observations we identify a thin layeronized gas located at the border of the clump which is fatinthe
ionizing star. The ionized gas has an electron density ofia® cnT which is a factor three higher than the typical critical dgns
(ne ~ 25 cnt?®) above which an ionized boundary layer can be formed and letaiaed. This fact supports the hypothesis that the
clump is being photoionized by the nearby 09.5V star, BD-Q#45 From the evaluation of the pressure balance betweeartized
and molecular gas, we conclude that the clump would be in-prEgsure balance state with the shocks being driven ieteufface
layer. Among the five YSO candidates found in the region, tiwh@m (class 1), are placed slightly beyond the bright rirggesting
that their formation could have been triggered via the tamhadriven implosion process.

Key words. Stars: formation — ISM: clouds — (ISM): Hu regions

1. Introduction nally, the mass loss resulting from photo-evaporative gsees

, i ultimately leads to the destruction of the cloud on a timkesoa
Bright-rimmed clouds (BRCs) are small dense clouds locatedye,eral million years (Megeath & Wilson 1997).

the border of evolvedd i regions. The illumination of these

dark clumps by nearby OB stars might be responsible for trig-

gered collapse and subsequent star formation (e.g. Sahdfor Star formation in BRCs has long been suspected (e.g. Woot-
et al. 1982; Bertoldi 1989; Lefloch & Lazdfel994). The pro- ten et al. 1983). Sugitani et al. (1991) and Sugitani & Ogura
cess begins when the ionization front associated witH arre-  (1994) compiled catalogs (the so-called SFO Catalog) of 44
gion moves over a pre-existing molecular condensatioratereBRCs in the northern sky and 45 BRCs in the southern sky, each
ing a dense outer shell of ionized gas named: ionized boyndassociated with an IRAS point source of low dust temperature
layer (IBL), which surrounds the rim of the clump. If the IB& i Near-IR imaging observations by Sugitani et al. (1995)datkd
over-pressured with respect to the molecular gas withiBf&R€, that BRCs are often associated with a small cluster of young
shocks are driven into the cloud compressing the molecudar nstars showing not only an asymmetric spatial distributidothw
terial until the internal pressure is balanced with the gues of respect to the cloud but also a possible age gradient. Sigita
the IBL (about 18 yr later). At this stage the collapse of theet al. (2000) report that young stellar objects (YSOs) detkc
clump begins a process leading to the creation of a new genéngide BRCs tend to lie close to the line joining the center of
tion of stars. After that, the shock front dissipates andclbad mass of the cloud and the ionizirsgars. Detailed characteri-

is considered to be in a quasi-steady state known as the apmetation of the physical properties of some BRCs included @ th
globule stage+ 10° yr; Bertoldi & McKee 1990; Lefloch & SFO Catalog were made based on submillimeter and radio con-
Lazardt 1994). This mechanism of triggered star formationinuum observations (e.g. Morgan et al. 2004; Thompson.et al
known as radiation-driven implosion (RDI), was first propds 2004; Urquhart et al. 2006; Morgan et al. 2008 and references
by Reipurth (1983), and may be responsible for the prodnctitherein). Some authors concluded that a radiative-drivead-

of hundreds of stars in eac¢thn region (Ogura et al. 2002). Fi- sion mechanism is in progress in many (but not all) of the SFO
BRCs and that massive stars are being formed there (Urquhart
Send offprint requests to: M. E. Ortega et al. 2009).
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Fig. 1. Left)Spitzer two-color images (&m in red and 24um in green) of the infrared dust bubble N{i@frared counterpart of Sh2-48).
The white box indicates the region mapped with ASTE whichudes the BRC. The position of the ionizing star BD-14 501ghiswn. Red and
green scales go from 60 to 160 and from 35 to 350 MtJyespectively. Right) Himage of the Hi region Sh2-48 as obtained from the Super
COSMOS H-alpha Survey (SHS). A close up view of the BRC is shawkere the features A and B are indicated. The scale goesZ6a
(white) to 10000 R (black).

In this work, we present new molecular line data towardsvee adopt 3.8 kpc as the most likely distance to Sh2-48 and its
BRC associated with thid o region Sh2-48, obtained using theassociated BRC.

Atacama Submillimeter Telescope Experiment (ASTE) and ra- The Infrared Dust Bubbles Catalog compiled by Churchwell
dio continuum observations at 5 GHz carried out usinglére et al. (2006), includes the bubble N18, which can be idedtifie
sky Very Large Array (JVLA) . We characterize the molecularas theH n region Sh2-48 with its associated photodissociation
clump and its associated IBL, and investigate the balanes-prregion (PDR; seen at/@m). In Figure 1-left we present a com-
sure between the molecular and the ionized gas using our-obg@site two-color image (&m in red and 24um in green) of
vations which, when combined with public infrared (IR) dataN18. N18 is an open infrared dust bubble with spiraling fil-
provide a comprehensive picture of the star formation Beceaments at §:im that partially encircle the emission at 24n,
associated with this BRC and allow us to discern whether or MAainly related to the small dust grains. On the western barfde
it was triggered by the proposed mechanism. the bubble, Deharveng et al. (2010) identified two compatitra
sources with associated gt emission, G16.6002—-00.2759 and
1.1. Presentation of a BRC embedded in the H i region G16.589-00.283, suggesting that they are likely complacte-
Sho-48 gions whose association WIFh N18 is uncertain. In_thls paper
focus our attention in a particularly interesting regioalijhited
Sh2-48 is an irregulaH i region about 10in size, centered in Fig. 1 with a white box) where we identify a new BRC. This
at RA = 18'22™24. %%, dec=-14°3509"(J2000) which was first BRC has not any IRAS point source associated, and has not been
catalogued by Sharpless (1959). Avedisova & Kondratenkitluded in the SFO Catalog. As seen in projection, it appear
(1984) identified the star BD-14 5014 with spectral type ®9.5t0 be embedded within Sh2-48 towards the northwestern borde
(Vogt & Moffat 1975; Vijapurkar & Drilling 1993) as the excit-0f the Hn region. The associated bright rim, better appreciat-
ing star of Sh2-48. Lockman (1989), based on radio recombiried at 8um, delineates the border of the catalog@pidzer dark
tion lines, estimated for Sh2-48 a radial velocity-of4.9 kms?®, cloud SDC G16.652-0.303 which is facing the ionizing stdre T
while Blitz et al. (1982) in their Catalog of CO radial veltes curved morphology of the illuminated bright rim suggestatth
toward GalacticH u regions reported a molecular cloud relatethe action of the nearby O star must have shaped the dark molec
to Sh2-48 at 44.6 kms. Later, Anderson et al. (2009) detectedilar cloud.
molecular gas associated with tHar region at a radial velocity Figure 1-right shows an image of the, lemission arising
of about 43.2 kms', which using a flat rotation model for ourfrom the ionized gas associated with Sh2-48 as obtained from
Galaxy (with R, = 7.6 + 0.3 kpc and®,, = 214+ 7 kms™!) cor- the Super COSMOS H-alpha Survey (SHS). The optical image
responds to the near and far distances of about 3.8 and 12.4 kighlights the illuminated border of the BRC (see white bhox)
respectively. Based oH 1 absorption studies, the authors reThe bright rim is clearly facing the ionizing star and preiogch
solved the ambiguity in favor of the far distance. Howevey-s region of high visual extinction associated with the abowsm
eral works based on spectrophotometry studies of BD-14 50tighed Spitzer dark cloud SDC G16.652-0.303. The ionized gas
(e.g. Vogt & Maoffat 1975; Crampton et al. 1978; Avedisova &appears to be located onto the surface of the BRC. A close up
Kondratenko 1984) established better constraints in faf/tiie view of the BRC included in Fig. 1-right, shows two curved-fea
near distance for the ionizing star of Sh2-48. In what foBowtures, labeled A and B, which may have been sculpted by the
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Fig. 2.

Left-column: 2CO J=3-2 (a),'3CO J=3-2 (b), HCO* J=4-3 (c), and CS &7-6 (d) spectra obtained towards the 2x 2’ region

(white box in Fig. 1) mapped with ASTE. Right-column: specta towards the position (0, 0) of the four transitions smoothd to a velocity
resolution of 0.22 kms?. The single or multiple-component Gaussian fits are shown ined. The dashed line marks the systemic velocity
of the molecular cloud. All velocities are in local standardof rest.

action of theH m region. In particular, the bright rim associate@. Observations and data reduction

with the feature A is the brightest one, which is in agreemen

with the fact that it is the only one detected air8.

t
2.1. Molecular observations

The molecular line observations were carried out on Juned2 a
13, 2011 with the 10m Atacama Submillimeter Telescope Exper
iment (ASTE; Ezawa et al. 2004). We used the CATS345 GHz
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band receiver, which is a two-single band SIS receiver retyot 12C0 J=3-2
tunable in the LO frequency range of 324-372 GHz. We simul- : ' ’
taneously observefCO J=3-2 at 345.796 GHz and HCO
J=4-3 at 356.734 GHz, mapping a region of 2 2’ cen-
tered at RA= 18'22M11.39, dec=-14"3524.81’ (J2000). We
also observed®CO J3-2 at 330.588 GHz and CS=3-6 at
342.883 GHz towards the same region. The mapping grid spac-
ing was 20 in both cases and the integration time was 20 sec
(**CO and HCO) and 40 sec'fCO and CS) per pointing. All
the observations were performed in position switching mode
We verified that the f position was free of emission. We used
the XF digital spectrometer with a bandwidth and spectrsd+e
lution set to 128 MHz and 125 kHz, respectively. The veloc-
ity resolution was 0.11 kmi$ and the half-power beamwidth
(HPBW) was about 22for all observed molecular lines. The
system temperature varied frong,d= 150 to 200 K. The main
beam diciency wasym, ~0.65. All the spectra were Hanning
smoothed to improve the signal-to-noise ratio. The basdiin
ting was carried out using second order polynomials fott6©
and3CO transitions and third order polynomials for the HCO
and CS transitions. The polynomia were the same for all spect
of the map at a given transition. The resulting rms noise ef th
observations was about 0.2 K f&{CO J3-2 and CS 37-6,

and about 0.4 K fot?CO J3-2 and HCO J=4-3 transitions.

2.2. Radio continuum observations

The radio continuum observations towards the bright-ritime
cloud were performed in a single pointing with the Karl G.-Jan
sky Very Large Array (JVLA) in its C configuration, on 2012
February 7 and 12 (project ID:12A-020) for a total of 70 min-
utes on-source integration time. We used the wideband 4-8 GH
receiver system centered at 4.7 and 7.4 GHz, which conasists i
16 spectral windows with a bandwidth of 128 MHz each, spread
into 64 channels. Data processing was carried out using the
CASA and Miriad software packages, following standard pro-
cedures. The source J1333030 was used for primary flux den-
sity and bandpass calibration, while phases were calithrsitid
J1820-2528. For the scope of this paper we only reconstiucte
an image centered at 5 GHz with a bandwith of 768 MHz us-
ing the task MAXEN in MIRIAD, which performs a maximumFig. 3.  Velocity channel maps of the?CO J=3-2 (a) and :*CO
entropy deconvolution algorithm on a cube. The resultiyg- J=3-2 (b) emission from 35 to 44 kms' integrated every 1 kms*
thesisedbeam has a size of'%5 x 5”.4, and the rms noise of the(green contours) superimposed onto the [Hemission of the BRC.
final map is 0.016 mJpeam. The given velocities correspond to the higher velocity of ez inter-
The observations are complemented with Hear- and mid- val. Contours are plotted above the & of the rms noise level.
IR data extracted from public databases and catalogs, venech
described in the corresponding sections.

Sh2-48 is most intense at the position-40, +40). The!3CO
) J=3-2 spectrum at the (0, 0) position exhibits a behavior
3. Results and Analysis similar to that of 2CO J=3-2 with the same five velocity
components centered at 27, 31, 38, 42, and 45 kms As
in the case of the!?CO J=3-2 emission, the component cen-
Figure 2(left-column) shows the?’CO J=3-2 (a), *CO tered at 38 kms! is most intense at this position and the
J=3-2 (b), HCO* J=4-3 (c), and CS X7-6 (d) spectra ob- intensity maximum of the component at 45 kms! is at the
tained towards the 2 x 2’ analyzed region (white box in Fig. (—40, +40) dfset. The HCO" J=4-3 line has a single veloc-
1). The corresponding profiles towards the positions (0, 0) ity component above 3 centered at 38.4 kms! towards the
are also shown in the right-column of the figure. The!?’CO (0, 0) position. Finally, the CS ¥7-6 spectrum at the (0,
J=3-2 profile towards the (0, 0) dfset exhibits a quintuple 0) offset also shows a single velocity component centered at
peak structure with components centered at about 27, 31, about 38.5 kms* above 3r of the rms noise level. The de-
38, 42, and 45 kms!. In particular, the velocity component tection of this molecular transition reveals the presence fo
centered at about 38 kms?, which is detected towards the warm and dense gas mapping the dense core of the cloud.
central region, is most intense at this position, while the@m-  The velocity component related to the BRC is 6 kms' blue-
ponent centered at about 45 kms!, whose velocity coincides shifted respect to the systemic velocity of the parental mek-
with the systemic velocity of the molecular cloud related to ular cloud in which it is embedded. This fact suggests that

3.1. The molecular gas
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Table 1. Emission peaks parameters derived from a Gaussian fitting fo
the four molecular transitions on the position (0, 0).

Transiton  Msg[kms] Tmp[K] Av[kmsT]
CS E7-6 38.50.9 0.6:0.2 1.8:0.6
HCO' J=4-3 38.40.4 1.5:0.2 2.6:0.5
BCO k3-2 26.9+ 0.6 0.7+ 0.2 1.5+ 0.6
30.7+ 0.4 0.8+ 0.3 1.8+ 0.6
38.1+ 04 8.1+ 0.3 1.9+ 0.7
41.8+ 0.6 1.3+ 0.4 1.5+04
446+ 0.5 0.6£0.4 3.1+04
2CO x3-2 26.90.1 2.21.1 3.6:0.4
30.8:0.2 2.9:0.8 3.6:0.6
37.9:0.6 14.10.7 2.9:0.5
42.2+0.4 4.2:0.2 2.804
45.1+0.5 1.20.2 3.30.4

the molecular clump has probably been pushed forward by
the O star and currently it is moving in our direction with
respect to the centre of the complex. This result is in agree-
ment with the predictions of the works of Pittard et al. (2009
and Mizuta et al. (2006), which based on simulations of ra-
diative and shock destruction of clouds, have shown that the
head of a pillar in a molecular cloud exposed to the action of
a neighboring massive star, is accelerated outward or evapo
rated. As such, the position of the pillar head is ffset from
the initial cloud position.

In Figure 3 we show the velocity channel maps of the
12C0O J=3-2 (a) and the'*CO J=3-2 (b) emission distribu-
tions from 35 to 44 kms™!, integrated every 1 kms?! (green
contours) superimposed onto the | image of the BRC. As
can be seen from this figure, the?CO J=3-2 emission dis-
tribution is well correlated with the BRC between 36 and
40 kms* and the 3CO J=3-2 emission around 38 kms! ex-
hibits an excellent morphological correlation with the BRC
as seen in the optical image.

Figure 4 shows the HCO J=4-3 (a) and the CS *7-6
(b) emission distributions above 3 of the rms noise level in- Fig. 4. a) Emission distribution of the HCO* J=4-3 transition

1
f[egrated between 37'and 40 krs~ (green Contogrs)_ super- integrated between 37 and 40 kn1g (green contours) superimposed
imposed onto the H, image of the BRC. From this figure it ontg the H, emission of the BRC. Contours levels go from 0.8 to
can be seen the good morphological correlation between the2 2 K kms™ in steps of 0.2 K kms?. b) Emission distribution of

HCO* J=4-3 emission distribution with the curved H, fea- the CS J=7-6 transition integrated between 37 and 40 kms! (green
tures of the BRC. Besides, the intensity gradient seems tocontours) superimposed onto the | emission of the BRC. Contours
be steeper in the direction of the ionizing star, suggesting levels are at 0.3, 0.4, 0.5, 0.6, and 0.7 K kim's
possible compression on the molecular gas. The molecular
clump detected at the CS *7-6 transition is slightly set back
from the bright rim with respect to the direction of the ioniz -
ing star. The maximum of the emission of both lines, HCO Tpeak(*3CO)
J=4-3 and CS J=7-6, are positionally coincident. T3 = —In(l - m)
K .. . peak

Table 1 lists the emission peaks parameters derived from a
Gaussian fitting for the four molecular transitions on thsifion  where theT peac at 38 kms® was measured at the position (O,
(0, 0). V. sr represents the central velocity referred to the Loc@) for both transitions. We obtaims ~ 0.8, which suggests
Standard of Rest, J; the peak brightness temperature, and that the*CO J=3-2 line can be considered optically thin in this
the line FWHM. Errors are formald value for the model of molecular condensation.

1)

Gaussian line shapall velocities are in the local standard of The excitation temperatur@s,, of the 3CO J3-2 line is

rest. estimated from:

3.2. Column density and mass estimates of the molecular 13 _ B 1 _ 1 a3
clump Tpeak(MCO) = 1 (ehv/kTex 1 " ge_q) (- @)

Assuming LTE conditions we estimate thR&€O J=3-2 opacity, where for this transitiomy/k = 15.87. Assuminglgg = 2.7 K,
713, based on the following equation: and considering th§peak(13CO) =8 K, we derive al¢ ~ 21 K
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for this line. This value is significantly higher than would &x-
pected for a starless clump € 10 K; Shinnaga et al. 2004), ev-
idencing that the molecular clump has an internal heatingme
anism. Then, we derive tH€CO column density from (see e.g.
Buckle et al. 2010):

Tex +0.88

N(*3CO) = 8.28 x 1013 Te — 2" ——__
1- exp(—’lTi'XW)

T13dV (3)

where, taking into account th&#CO J=3-2 transition can be
considered optically thin, we use the approximation:

1
[ — @
J(Tex) — I(Tra) BD-14 5014
with (09:5V)
»
hv/k :

JT)= ———. 5

(T) oxp(2) — 1 ®) 10.arcmin

From the estimated N{*CO)~ 8 x 10'> cm™?, and assuming Fig. 5. H, image of the BRC. The green contours represent the radio

the [H2]/[*3CQ] = 77x10" ratio (Wilson & Rood 1994), we continuum emission at 5 GHz. Contours levels are at 0.7 tatiou

derive an H, column density, N(k)~ 6 x 107 cm2. Using above the rms noise level), 0.9, 1, 2, 3, 4, and1®* Jybeam. The

the relationM = umyd?QN(H,), whereu is the mean molecular white box indicates the IBL region associated with the prsin A.

weight per B molecule ¢ ~ 2.72), my the hydrogen atomic

mass,d the distance, an€@ the solid angle subtended by the ) .

structure, then the total mass of the clump turns out ttbe  [im related to the curved feature A. This positional and rhorp

180 M, and the volume density, ngh 3x 10fcm-3. The errors Iog|cal correlatl(_)n suggests that th|s_ radlo_cont.lnuumssmn

in these estimates are about 30% and 40%, respectively. arises from the ionized gas located in the illuminated boode
We also independently calculate the mass and the voluE}§ molecular clump. Thus, the radio continuum emissicovall

density of the clump based on the associated dust continudfnfC estimate the ionizing photon flux impinging upon theill

emission. In particular, we use the integrated flux of theticen Minated face of the BRC and the electron density of the iahize

uum emission at 1.1 mm as obtained from The Bolocam Galg@undary layer. We estimate the radio continuum flux dermsity

tic Plane Survey Il Catalog (BGPS II; Rosolowsky et al. 2010)1€ arc-like radio filament at 5 GHz in@2< 10 Jy.

Following Beuther et al. (2002) and Hildebrand (1983), ama-c _Assuming that all of the ionizing photon flux is absorbed

sidering the flux estimated with the aperture of 8@ be com- Within the IBL, we determine the photon flusb, and the elec-

parable in size with the BRC, we calculate the mass of thegluffon density,ne, using the equations detailed by Lefloch et al.

in solar masses from: (1997) and modified by Thompson et al. (2004):

M 13%x 103 a o RF (d\ v 38 ®=1l24x 108, T3 %016 ?[cm?s 7] (6)
9% = " J,(Taus) 0.1um 3gcnr3 100y (k_pc) (2.4THZ)

whereJ,(Taus) = [exptv/KTaus) — 1] anda, p, R, andp are S, TO%H0L\ 2

the grain size, grain mass density, gas-to-dust ratio, aauh g Ne = 12221 x (W) [cm™] (7)

emissivity index for which we adopt the values of @uh, 3 g

cm, 100, and 2, respectively (Hunter 1997, Hunter et al. 2008here $ is the integrated flux density in mJyis the frequency
and Molinari et al. 2000). Assuming a dust temperature of 20{K GHz, ¢ is the angular diameter over which the flux density is
and considering the integrated flux intens@y, = 0.285 Jy at jntegrated in arc-secondsR is the shell thickness in pc, aid

1 mm (Rosolowsky et al. 2010), we obtaVh.s ~ 260 M, and a s the electron temperature in K. Assuming an average electr
volume densityn(Hz) ~ 3x 10° cm™3, in good agreement with temperature of about K and any = 0.2 (Bertoldi 1989), and
those values derived from the LTE calculations using*8@O considering anféectived of about 12’ and a clump radiul ~
J=3-2 and'3CO J=3-2 transitions. 0.6’ (about 0.67 pc at the distance of 3.8 kpc), we derive the
photon flux and electron density valuesiof 5.8 x 10°cm2s!
andne ~ 73 cnT?, respectively. The main sources of error in the
electron density estimate come from the assumptiom amd
Figure 5 shows the new JVLA radio continuum emission &pm the uncertainty in the distance, which combined give an
5 GHz (green contours) superimposed onto thearklage of the error of about 40%.

BRC. At first glance, it can be appreciate the radio continuum The mean electron density value obtained for the IBL is al-
emission related to Sh2-48, extending over most of the studest a factor three greater than the critical valuesof 25cnT3,

ied region. A noticeable radio feature is the arc-like rafilio above which an IBL is able to develop around a molecular clump
ament that perfectly matches the optical emission of thghbri (Lefloch & Lazardf 1994). This fact reinforces the hypothesis

3.3. The ionized boundary layer associated with the BRC
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that the clump is being photoionized by the nearby 09.5V. star TS
However, it is not clear to what extent the ionization hasuinfl |
enced the evolution of the cloud, and what role, if any, haged
in triggering star formation.

Finally, we also calculate the predicted ionized fldy;eq, of
the IBL considering a Lyman photon flux of abou8k 10* ph
s™! (Schaerer & de Koter 1997) for the ionizing star BD-14 5014
which is located at least 3 pc away from the clump. The pre- &
dicted ionized photon fluxPyed ~ 16.7 x 10Pcmr2s7t is three "
times greater than the value estimated from the radio comtn
observations, which is not surprising given that the forinex
strict upper limit due to projectionfiects and dust absorption.

4. Discussion BD-14 5014

4.1. Testing the RDI mechanism through a pressure balance (09.5V) -
analysis

To evaluate the pressure balance between the ionized ghs of t i

IBL and the neutral gas of the molecular cloud we use thetesul [ J;--F_'fl ‘%

of Sections 3.2 and 3.3. The analysis of the balance between t

external and internal pressur®s,; andP;, respectively, gives a Fig. 6.  Spatial distribution of the YSO candidates towards the BRC.
good piece of information about the influence that the iciora Their positions are indicated with the red circles. The klacrow
front has had in the evolution of the BRC. Following ThompsaH!ows the direction of the ionizing star.

et al. (2004) the pressures are defined as:

will exhibit an infrared excess which is mainly due to thegare
Pint = 0pint (8) ence of the envelope afut the disk of dust around the central

object, but not attributed to the scattering and absorpifahe

interstellar medium along the line of sight. In other wordSQOs

are intrinsically red sources. Robitaille et al. (2008) nlefi an
Pext = 20exC? (9) infrared color criterion to identify intrinsically red sozes based

on Spitzer data. They must satisfy the condition$4-[8.0] > 1,
whereo? is the square of the velocity dispersion, definedas where [4.5] and [8.0] are the magnitudes in the 4.5 and&0
Av?/(8 In2), with Av the line width of the*CO J=3-2 line taken bands, respectively. Following this criterion we find fivérim-
from the profile at the (0, O)fiset, pin is the clump density, sically red sources towards the region of the BRC and its sur-
Pext the ionized gas density, amd~11.4 kms? (e.g. Urquhart roundings. In Table 2 we report the magnitudes of the intrins
et al. 2006) a typical sound speed for these regions. To atimcally red sources in th&pitzer-IRAC bands (Col. 3-6), spec-
the ionized gas pressure for the IBL we use the electron ensiying the GLIMPSE designation (Col. 2) and the Allen et al.
calculated in Sect. 3.3, obtainim,/ks ~ 23x 10° cm™3 K, (2004) classification (Col. 7), and in Figure 6 we show their |
which is among the lowest values estimated in similar regjionation. Sources #1 and #2 are located at the border of thitbrig
(see e.g. Morgan et al. 2004). To estimate the internal pressrim labeled A, they are spatially separated from the othexeh
of the molecular clump, we use the Molume density, n(b), embedded sources, and are young class | YSOs. All these char-
calculated in Sect. 3.2, yieldingRiy/ks ~ 5x 10° cm™ K. acteristics support the possibility that the RDI procedsase

The comparison between both pressures reveals that tifiggered their formation. However, we can not discard that

clump is under pressure by a factor four with respect to its IBboth YSOs have been formed previously by other mechanism
suggesting that the shocks are currently being driven im0 tand now are being unveiled by the advancing ionization front
surface layers. In this way, the BRC could be in a pre-press@iven that the BRC would be located in the near part of the
balance statewhere the Hu region has only recently begun molecular complex, due to projection &ects we can not rule
to affect the molecular gas and shocks have not propagatedout that the YSOs #1 and #2 are currently detached from
very far into the clump. Thus, it is likely that the molecular the clump. In any case, if the newly born stars are massive,
clump predate the arrival of the ionization front. their feedback may ultimately destroy their natal molecula
cloud shutting off star formation or may simultaneously trig-
ger the birth of new generations of stars, as in the scenariofo
progressive star formation in the Carina nebula described ly
Given the result of previous section, any young stellar abjeSmith et al. (2010). Depending on how massive the recently
(YSO) triggered via the radiation-driven implosion mecisan formed stars are, they will affect more or less the local envi-
should be placed at the illuminated border of the BRC. In thighment of the BRC. Future works tending to characterize
section we look for YSO candidates associated with the moldgese sources will be relevant to disentangle suclffects.
ular condensation. YSOs use to be classified based on theirConcerning the YSOs #3, #4, and #5, the fact that the shocks
evolutive stage: class | are the youngest sources whichtiire fnduced by theH n region Sh2-48 are being driven into the ex-
embedded in dense envelopes of gas and dust, and class Itenmgal layer of the BRC (see Section 4.1), it is unlikely tinetse
those sources whose emission is mainly originated in theeaccsources have been triggered via the radiation-driven igipfo
tion disk surrounding the central protostar. In both cage650 mechanism.

4.2. Young stellar object population
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Table 2. Mid-IR magnitudes and Allen et al. (2004) classificationttd point sources satisfying the conditiong§— [8.0] > 1 towards the BRC.

Source GLIMPSE Desig. 3@nm 45um 58um 8.0um Class
(mag) (mag) (mag) (mag)

YSO1l G016.6534-00.3062 13.140 12.744 10.871 9.663

YSO2 G016.6511-00.3068 11.603 11.368 10.880 10.366

YSO3 G016.6532-00.2948 12.798 12.911 12.187 11.314

YSO4 GO016.6582-00.2976 11.714 11.569 10.882 9.961 |

YSO5 G016.6592-00.2926 14.317 13.850 - 9.017 -

5. Summary Blitz, L., Fich, M., & Stark, A. A. 1982, ApJS, 49, 183
. . Buckle, J. V., Curtis, E. |, Roberts, J. F., et al. 2010, MNRAO01, 204

We present new molecular observations in 80 J=3-2, churchwell, E., Povich, M. S., Allen, D., et al. 2006, ApJ96459
13CO J3-2, HCO' J=4-3, and CS 37-6 lines using the At- Crampton, D., Georgelin, Y. M., & Georgelin, Y. P. 1978, A&#6, 1
acama Submillimeter Telescope Experiment (ASTE), ancbradieharveng, L., Schuller, F., Anderson, L. D., etal. 20104&23, A6

ntinuum observations at 5 %HZ P ing th (K H J)n kv VL zawa, H., Kawabe, R., Kohno, K., & Yamamoto, S. 2004, in &yadf Photo-
_CO uum observations a . _US g the Rarl Jansky Optical Instrumentation Engineers (SPIE) ConferenceeSekol. 5489, So-
instrument, towards a new _brlght-rlmmed cloud (BRC) lodate ety of Photo-Optical Instrumentation Engineers (SPIBhference Series,
near the border of thd n region Sh2-48. _ed. J. M. Oschmann Jr., 763-772

The molecular observations in theffidrent lines reveal the Hildebrand, R. H. 1983, QIRAS, 24, 267

: : : Hunter, T. R. 1997, PhD thesis, Smithsonian Astrophysidaddvatory, 60 Gar-
presence of a relatively dense clump in very good spatiakeor den'St. MS-78, Cambridge. MA 02178, USA

spondence with the BRC as observed in thegrhission. Hunter, T. R., Churchwell, E., Watson, C., et al. 2000, AR, 2711
The high angular resolution and sensitivity radio contimuuLefloch, B. & Lazar@, B. 1994, A&A, 289, 559
data have revealed the presence of an arc-like radio filamentefloch, B., Lazar#, B., & Castets, A. 1997, A&A, 324, 249
excellent correspondence with the brightest border of phigal  Lockman, F. J. 1989, ApJS, 71, 469
. . . . . Megeath, S. T. & Wilson, T. L. 1997, AJ, 114, 1106
emission of the BRC, highly suggestive to be the associated i \i,;a, A, Kane, J. 0., Pound, M. W, et al. 2006, ApJ, 645111
ized boundary layer (IBL). We derive an electron densitytf@ Molinari, S., Brand, J., Cesaroni, R., & Palla, F. 2000, A&S5, 617
IBL of about 73 cm?3. This value is three times higher than théforgan, L. K., Thompson, M. A., Urquhart, J. S., White, G &Miao, J. 2004,
critical density above which an IBL can form and be maintdine  A&A, 426, 535 ,
The location and morphology of the radio filament, togethien w MOEG;”’S;'?K" Thompson, M. A, Urquhart, J. S., & White, G2008, AZA,
the estimate of the electron density support the hypottieats ogura”K., Sugitani, K., & Pickles, A. 2002, AJ, 123, 2597
the BRC is being photoionized by the exciting star of Sh2-4Bittard, J. M., Falle, S. A. E. G., Hartquist, T. W., & DysonEJ 2009, MNRAS,
From the CO and radio continuum data we estimate the pressuréd4, 1351

balance between the IBL and the molecular gas, finding tieat ﬁgg)igﬁl‘é g 1;’8&‘32‘3‘?'“1/'12 1g?;bler B L ot al 2008. A36. 2413

BRC is likely to be in a pre-pressure state. _ Rosolowsky, E., Dunham, M. K., Ginsburg, A., et al. 2010, 8p188, 123
We have also studied the star formation activity in the regiosandford, I1, M. T., Whitaker, R. W., & Klein, R. I. 1982, Ap260, 183

We find five YSO candidates embedded in the BRC. Two of the®nhaerer, D. & de Koter, A. 1997, A&A, 322, 598
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BRC and are most probably formed via the RDI mechanism. Shg‘gfgg‘é;" Ohashi, N., Lee, S.-W., & Moriarty-Schieven,H. 2004, ApJ,
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