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A dense core associated with the W40 H 1l region has been widén molecular lines and

in continuum. The core consists of a clumpy dust ring and d@enebed molecular emission

region. There are sharp differences in morphologies of dadgtmolecular gas. The ring is
probably formed by the “collect & collapse” process due tegpansion of neighbouring compact
H 1l region into surrounding medium of fairly uniform and higlensity ¢ 10° cm3). There

is a strong chemical differentiation in the ring. The §HN,Ht and H3CO* abundances are

enhanced in the western clumps while the CS abundance isiesdhén the east. The eastern
clumps which are closer to the main H Il region are more masasid turbulent, show indications
of infall and probably are more evolved than the western oAasnteraction between ionized gas
and neutral material which is taking place in their vicirtitiggers a new phase of star formation.
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1. Introduction

Early stages of star formation are still not clear despiteéareasing number of observational
data. This is especially true for the case of massive stagh-rass star-forming (HMSF) regions
are more rare, more distant than low-mass ones. Massive spand a significant time inside
their parent cloud cores. During their evolution they affarounding cloud due to stellar winds,
massive outflows, strong UV radiation and expansion of Hdlaes. These strong impacts change
physical conditions and chemical composition of the pacemid and may trigger the formation of
a new generation of stars.

One of the nearby HMSF regions, W40, also known as Sharpkg4]6contains a large
blister-type H 1l region that lies at the front edge of exteddnolecular cloud (TGU 279-P7 [2])
in the Aquila Rift complex. The H Il region contains an embeddluster of young stars including
OB stars [3]. The distance to the clusteri$00 pc [3] which puts W40 among the nearest HMSF
regions. The associated W40 molecular cloud core is locatede west from the H Il region.
While expanding into the core the H Il region compressesrakntaterial and probably triggers a
new phase of star formation. In order to study this procedsgiails we performed molecular multi-
line and dust continuum observations of W40 at millimetevelengths with IRAM-30, Onsala-20,
Effelsberg-100 telescopes and also with GMRT array in detgmwavelength continuum [5].

2. Dust ring and ionized gas distribution

A 1.2-mm dust continuum map of W40 [5] is shown in Fig. 1. Thepmeveals a ring-like
structure consisting of dust clumps. Near-IR sources [8] &6-cm compact VLA radio sources
[7] are also shown. The IRS 1A South source (massive 09.bistaonsidered to be the driving
source of the main H Il region [3]. The IRS 5 infrared sourcdchhis a B1 star is the probable
source of the neighbouring compact H Il region [3, 8]. A pdrthee main H Il region and the
compact region centered at IRS 5 can be seen on the 1280 MH#HigpA, left panel).

The dust ring consists of quite regularly spaced clumps. (Bigvhich implies the “collect &
collapse” model of triggered star formation [9, 10]. Thegria probably not being viewed face-on
[5]. Class | and Class 0 sources associated with distinohgdu[6] indicate that star formation is
going on there. The masses (Table 1) and the sizds(2— 0.11 pc [5]) of the clumps are typical
for low-mass cores. The dust temperatures of the clumpas ligei range- 13— 36 K [6]. Eastern
clumps have higher masses and dust temperatures than tteemases.

3. The “collect & collapse” model parameters

When an H Il region expands into a medium consisting of négta with uniform density
a layer of enhanced density is forming between shock andation fronts. The layer splits into
regular spaced fragments (clumps) by large-scale ingtabi( “collect & collapse” model [9, 10]).
Such clumps can be sites of formation of the next generafistacs including massive ones. Such
layers consisting of massive clumps have been found on phaayi of Galactic H Il regions (e.g.
[11]).

Using analytical expressions [10] we derived physical peaters of the fragments including
the time when fragmentation in the layer occukgs), the layer radiusRs,ag), the column density
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Figure 1: Dust, ionized and molecular gas in W40. Coordinates of therakposition (thel3CO peak [4]) are:
R.A.(J2000)=18 31M 15.75, Dec.(J2000)=—C206 49.3'. The clumpy dust ring is shown in greyscale. Distinct
clumps are denoted by numbers on the left panel. The ioniasemission at 1280 MHz is shown by red contours on
the left panel. The HCN(1-0) (blue dashed contours) (1) (red contours) and CS(5-4) (black contours) are shown
on the right panel. Near-IR sources [3] are shown as greaaragjuCompact VLA sources [7] are shown as blue circles
(left panel). Class 0 and Class | sources [6] are marked bil gadlw circles and red triangles, respectively (left pdn

The driving sources of the main H Il region (IRS 1A South) ane $ource of the neighbouring compact H Il region
(IRS 5) are indicated by stars.

of the layer Nrag), the mean mass of the fragmenité¢(,g), and the initial separation between the
fragments (Bfrog) (see [12] for details). These parameters depend on thenasity of ionizing
source as well as on the sound speed and the density of ngasraKinetic temperature of neutral
gas is assumed to be 10— 15 K. We took two luminosity values, the one close to the IRS 5
luminosity estimate from [8] and the other an order of magiét higher. The model and the
observed parameters are given in Table 1. The correspomlyingmical age of the H Il region
(tayn) is also calculated. The conditidgyn < tfrag is Satisfied in the calculations.

A comparison shows that the model with higher luminositydltservations better. The small
excess of the observed radius and column density of the tayg@rthe model estimates could be
connected to the evolution of these parameters during e tiiat has passed since the onset of
fragmentation in the layer.

4. Molecular line data. Modeling results

Molecular integrated intensity maps overlayed over dustinaum are shown in Fig. 1 (right
panel). The CS emission is strong towards the eastern brtie ring while NH;, NoH' and
H13COT are strong towards the western branch. The HCN, H@ad CO [4] emission is detected
over extended part of the region and show practically noetation with the dust.

Line profiles integrated over the eastern and western patteembserved region are shown
in Fig. 2. Towards the eastern part the observed lines cawoughly divided into two velocity
ranges. The HCN(1-0) and HGQL-0) lines are observed at4.5—5 km s . The other lines
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Table 1: Observed and model clump parameters

Observed parameters Model parameters

[5] L (photons 51)=3-10%  3.10%
n(cm3) 10° 15-10°
Rfrag (PC) ~0.3 0.24 0.23
Nfrag (1072 cm~2) 4-11 2.4 3.6
Mérag (M) 2-6 9.8 6.6
2r frag (PC) ~0.1-0.2 0.27 0.18
tayn (Myr) 0.65 0.45
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Figure 2: Molecular line spectra averaged over the eastern (leftlpée = 100"...40", AS = —50"...60") and the
western (right panel)Xa = —50"... — 140’, Ad = —50"...60") parts of the observed region. Dashed vertical lines
correspond to 7.5 ki€ (left panel) and to 4.65 km$ (right panel).

are observed at 7— 8 km s™L. Line widths lie in the range~ 1— 2 km s being more narrow
in the western part. The gas in the eastern part is more ambul

Using both LTE approximation and non-LTE radiative transfalculations the physical pa-
rameters of gas are derived [5]. Densities for selectedtipnsilie in the range:~ (0.3—3) -
10° cm~3. Kinetic temperatures for two western clumps are 17 K and 2iekpectively, being
close to dust temperatures. The western clumps are closeaioaquilibrium.

Towards the eastern branch of the ring (the area includiegitist clumps 2 and 3) the CS(2—
1) profiles are self-absorbed and asymmetric. The velo€ityeoCS(2—1) absorption dip is close to
the velocity of the CS(5-4) peak (Fig. 2, left panel) and alsihe C*(2—1) peak which is probably
optically thin. This implies that the CS(2-1) line asymmeét connected with systematic infall
motions on the line of sight as predicted by the “inside-autidel [13]. We performed calcu-
lations of the CS excitation within the framework of a mienditulent multi-layer 1D spherically-
symmetric model with systematic infall motions and fit mopledfiles to the observed ones towards
the (80”,40") position. The model consists of a core and an envelope wiffiettieely absorbs the
CS(2-1) emission producing self-absorption dip on the E8YBrofile while the presence of infall
motions makes the profile asymmetric. The observed and tlielnspectra are shown in Fig. 3.
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Figure 3: The CS(5-4), CS(2-1) and®¢S(2-1) line profiles towards thé80”,40") position. The results of
model calculations are shown by red smooth curves. Theikitemperature is 40 K, the infall velocity profile is
00.5 km s1r=%1 The core density profile igl 1.5-10° cm 3 r—2. The envelope density is8- 10° cm 3. More
details are given in [5].

Table 2: Molecular and electron abundances

(Aa,A8)  X(NH3)  X(NaHT)  X(CS) X(HBCOt) X
(// //)
(80,40) 25109 30101 7110°

(80,0) 1510° 38101 7.110°12
(0,-40) 261079 9.710°10 171077
(-100,20) ®B10° 561010 1110° 31101 311077
(-80,140) 15108 > 41010

5. Abundances

Molecular and electron abundances for selected positionsgyigen in Table 2. They are
calculated as ratios of molecular column densities to theeélumn densities derived from the
dust continuum data taking the gas-to-dust mass ratio ¢équ#0. The abundances of nitrogen-
bearing molecules (Nfand NbH™) and of H3CO™ are enhanced towards the western positions
(—100,20") and (—80",140") while X(CS) is enhanced towards the eastern posit&#,40")
(dust clump 2). Electron abundanc&ge), calculated using th¢(HCO™) estimates are among the
highest values for star-forming regions. Low valuesX@fH3) andX(N,H™) in the central and in
the eastern positions can be associated with enhance@dbeinission from the cluster stars and
from IRS 5 which penetrates through inhomogeneous suringrghs increasing electron abun-
dances and destroying nitrogen-bearing molecules.

6. Discussion

The W40 cloud core consists of a clumpy dust ring formed bydbbect & collapse” process
and an extended dense core. The probable source of the rifthmIRS 5 if we take its luminosity
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higher than the value derived previously [8]. The obseruegl structure represents a rare example
of the “collect & collapse” process at relatively small distes from the star in fairly homogeneous
high-density environment{10° cm3). Note, that the shape of the high-resolution map of ionized
gas in the vicinity of the eastern branch of the ring is simitathe molecular and dust maps [5]
implying interaction of expanding ionization front fromettmain H Il region with the eastern
clumps of the ring.

The eastern branch of the ring differs in conditions from oltieer parts of the cloud. The
eastern clumps 2 and 3 are more massive and turbulent andhiggnes dust temperatures. There
is a strong chemical differentiation in the ring and indizas of infall in the eastern branch of the
ring. The eastern branch is more evolved than the westerpmiably because it is affected by
the main driving source. We suggest that the area of thereadtenps 2 and 3 could probably be
a site of triggered formation of the stars with masses hitjtrean one solar mass.
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DISCUSSION

ANA INES GOMEZ DE CASTRO: s the separation between the clumps in the western area of
the mapped region constant?

LEV PIROGOV: The separations between the clumps are close to each otteggtelke clump 6.
This could be connected with local density inhomogenuitthneutral gas in the shell.



