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Abstract. Intermediate angular resolutiorlPBW = 8.7) carbon monoxide'tCO J = 1-0) line observations towards the

OB association AraOB1 are reported. The molecular line observations cover an at&a »f300, and disclose a rich and
complex distribution of the molecular line emission. The molecular features likely to be associated with the OB-association
Ara OBL1 span the velocity range fror28 to—-20 kms®. The most negative radial velocities are observed along NGC 6188
(=Rim nebula). This nebula marks the interface between theddion RCW 108 and the highly absorbing molecular material
located westwards of the ionised region. The dominant CO structures, labeled E and F, have a radial velocity-&3bhout
and-218 kms?, respectively. The former harbours a bright optical knot, the infrared cluster RCW-108 and the strong IRAS
source 163624845. IRAS point sources are also seen in projection éf@® concentrations F and H. This may indicate

that the star forming process is a widespread phenomenon in this molecular complex. Extended continuum emission, having a
high degree of spatial correlation with both the infrared and molecular emission, is observed in the region. We believe that this
emission, thermal in nature, arises from the ionised surface layers of the molecular complex. The ionising agents are the high
mass stars of NGC 6193, the nucleus of Ara OB1. The total amount of molecular gas related to Ara OB1-d dbal@* M.

Key words. HiI regions: individual: RCW 108 — ISM: molecules — open clusters and associations: individual: NGC 6193 —
open clusters and associations: individual: Ara OB1 — radio continuum: ISM — radio lines: ISM

1. Introduction diagram of AraOB1 with those of other young clusters, they

. . - conclude that AraOBZis about the same age as the Orion
Ara OBl is a well defined association of the southern sky coy= - . ster~3 x 10° yr'". Using UBV-HB photometry

ering an area of1 square degree around its central clust%r similar colour excess.™@4. and distance. 1360
) . : a4, , pc, were
NGC 6193. Whiteoak (1963) determined for this cluster an ag8ived by Mdfat & Vogt (1973). Additional distance determi-

of ~5 x 10° yr and a distance of 1400 pc. NGC 6193 COMs i .
. ations spans the range between 1100 and 1340 pc (Fitzgerald
tains two early type stars, HD 150135 and HD 150136, Whof§87; Kaﬁtcheva & Ggeorgiev 1992). Most of th?e éista%ce

spectral types are O7V and O5:A06 (Arnal et al. 1988), re- determinations favor a value of about300 pc.
spectively. These stars are the main ionizing sources of the low

surface brightness optical emission nebula RCW 108 (Rodgers From spectroscopic observations of probable mem-
etal. 1960). About 15vestwards of these stars, there is a briglyers of NGC 6193, an average baricentral radial velocity
rim structure that stretches over’3Whis nebula is known as of —-30.0 + 2.8 kms!was determined (Arnal et al. 1988).
the Rim nebula£NGC 6188), and marks the interface betweefll velocities in this paper are referred to the Local
the Hi region RCW 108 and a dense nearby dark nebula.  Standard of Rest. The radial velocity of RCW 108 is about
Based on an extensive photometric and phote20 kms?(Georgelin & Georgelin 1970; Cevsimo 1988;
graphic UBVRI study, Herbst & Havlen (1977) derivedGeorgelin et al. 1996). A small molecular cloud at a radial ve-
for AraOB1 a mean colour excess BB — V) = 0"46 and a locity of —17 kms™ (Phillips et al. 1986) was observed near
distance of 132@ 120 pc. Comparing the colour-magnitud&lD 1501336. They interpreted this cloud &grobably being

placental material’
Send @print requests toE. M. Arnal, )
e-mail:arnal@iar.unlp.edu.ar Embedded in a dark cloud located westwards of NGC 6193

* Member of the Carrera del Investigador Ciéios, CONICET, there is anR association called AraR1 (Herbst 1975) and a
Argentina. bright optical knot (Frogel & Persson 1974). Near infrared and
** Fellow from CONICET, Argentina. far infrared data revealed the existence of a compact young
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Fig. 1. Grey scale DSSR-image of the Ara OBL1 region. A light grey tonality indicates a region of high optical obscuration. The diameter of the
circles correspond to the optical diameter of the open clusters. The filled in triangle within the circle defining the location of NGC 6193 ma
the region observed by Phillips et al. (1986). The plus signs indicate the position of some members of AraR1 (Herbst 1975). Single-poin
molecular line observations were mostly taken at the position of RCW 108-IR.

cluster, named RCW 108-IR, related to the bright optical knotgion were performed by Yamaguchi et al. (1999), as part of
(Straw et al. 1987). their molecular line studies toward southern skyg kHegions

For the sake of clarity the main optical constituents an@ssociated with bright immed cloudsThough they covered
their relative location are shown in Fig. 1 superimposed or@§ area large enough to study the large scale distribution of the

red image of the AraOB1 region retrieved from the Secorgelecular gas, they focused their research on the association of
Generation Digitized Sky Survey (DSS2). IRAS point sources with the molecular concentrations found in

High resolution radio continuum observations at 5Gthhe area.

(Goss & Shaver 1970) detect a small, high emission measureArnal et al. (1987) have found evidence for the presence of
compact Hi region slightly eastwards from the bright opti-&n expanding shell of neutral hydrogen in the neighborhoud of
cal knot. Radio recombination line observations of this sourt# AraOB1 association. They suggest that this shell, possi-
(Wilson et al. 1970; Caswell & Haynes 1987) provide a radifly originated by the winds from massive stars of NGC 6167,
velocity of about-25 km s, that is in very good agreementCOU|d have trlggered_the formation of Ara QBl. Rizzo & Bajaja
with molecular line observations of a nearby molecular clodd994) also found evidence for an expandingtiucture in the
(OH absorption at 1667 MHz (Caswell & Robinson 1974y§g|on.The latter and a multicolor polar!mgtnc s_tudy of the re-
H,CO absorption (Whiteoak & Gardner 1974) and CO emiion (Waldhausen et al. 1999) are also in line with the sequen-
sion at 115 GHz (Gillespie et al. 1977; Whiteoak & Otrupcei@' star formation scenario suggested by Arnal et al. (1987).
1982)). For all these observations the radial velocity has an In this paper, using low angular resolution observations
average value 024 kms?. These molecular line data arqfHPBW = 8.7) of 12CO (J = 1-0), we carry out the first
single-pointing observations and provide no information atetailed study of the large scale distribution and kinematics of
the large scale distribution and kinematics of the moleculdre molecular gas towards a large region,°334 | < 33750
gas. Extensivé3CO (J = 1-0) observations of the AraOB1and-3:0 < b < (20, engulfing the association Ara OB1.
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2. Observation and data reduction Moreover, the~30 long heavily obscuring dust lane seen in
. . optical images to delimit the west boundary of the Rim neb-
12 —

The. co (‘.] 1-0) line obseryaﬂons at 2.6-mm We.reula, has no counterpart at these velocities. Very likely, molecu-
carried out in November 1996 using the 1.2-m Columbia — o .
. X A lar gas emission in this velocity range results from large scale
U. de Chile radiotelescope installed at Cerro Tololo Inter .
. galactic structure features (Bronfman et al. 1989).

American Observatory (CTIO).

) In the second velocity range;27 to —15 kms?, three
The half-power beam width of the telescope at 115 GH% ong CO features are observed in the vicinity of AraOB1.

o . ; - STr
Irfm?ez ;:de ;ecGeg/:; f;i% Tégg[ Vgrzs;];si)ihgtrtwkyli;):rmc?cr)o(ljé%%]eir radial velocity is similar, about25 kms?, to those ob-
P served in previous molecular line observations. The bright opti-

to 77 K by liquid nitrogen. The typical system temperatur%al knot and the strong infrared source discovered by Frogel &

excluding atmospheric contribution, was 370 K (SSB). A tot . .
of 240 positions were observed covering an area 6 3° ersson (1974) are projected onto the molecular concentration
P 9 J eaking at I, b) = (336847, —1°50). Furthermore, a low in-

'tr\;vgglna(;“;:gigj';?;esa;heeng}:]egﬁlzgﬂg: slfi;lfdoén;xzrg&ér_]sity bridge of CO emission is seen projected onto the region
» dep 9 o%cupied by the dark cloud adjacent to the Rim nebula. Besides

spheric opacity. A 256-channel backend was used as a Sqﬁ "above features, molecular emission extends towards lower

trum analyzer. The observing bandwidth was centred at a 5%'Iactic latitudes to form a broad ridge that stretches, at a

dial velocity of —20 kms?, providing a velocity resolution . . .
of 0.26 kmél and a velocitypcoverag?e 66 kmysl A sec- galactic latitude ob ~ —-27, from 3349 to 33685 in galac-
' ' tic longitude.

ond order degree polynomial was substracted from the observa—Along the third velocity range~11 to -4 kms=, the

2(03?55;0 :rcc?gfﬂg?,\:;rs]sgli??(n;il g aésee:g:iestséﬁt%pﬁ::g?s_ CO emission is mostly confined to an ovoidal region delimited
per p : : h by 3361 < | < 33727 and-25 < b < -1°5. Using the galactic

tensity calibrated individually against a blackbody reference % . : .
. tation model of Brand & Blitz (1993) (assumifRg = 8.5 kpc
the standard chopper-wheel method (e.g. Kutner & Ulrich 19 d@, = 220 kms?) and using an analytical fit to the galac-

?encdtergfgfgtcrfnsosfhﬁ:eerlig)&c){:eeriﬂgt?oz treergizz\rlagﬁlg;ss:f Izc;]r(—j , éicr_rotation curve, gas in this velocity range should be located
. P . L ' 41/06-0.2 kpc from the Sun. Therefore, molecular gas emitting
ward spillover and scattering. This radiotelescope has a m

beam diciency of 0.82 (Bronfman et al. 1988). Ahese velocities very likely is unrelated to Ara OB1.

. 1 .
We also examined continuum data of this region obtain%lgr;higsls)srf ;E?\fé%lr:\?gewgﬁﬁikpog f};ﬁfr:ggoﬁﬁg
at 1420 and 2417 MHz. These data were extracted from a suriy exception to this is a small feéture observedlaﬁ)( _
vey carried out with one of the 30-m dishes (Reich et al. 200 3601, —1°63). The molecular emission is mostly confined
of the Instituto Argentino de Radioastrona(IAR) and the S : : .
Parkes 64-m telescope (Duncan et al. 1996), respectively. to the lower right part of the image, reaching a maximum

In order to analyze the dust distribution, IRAS images at 606 ~0.8K around b) = (3355, ~2:0). According to circular

i . galactic rotation models, this gas at positive velocities should
;nc?li%/OOMm were retrieved from the web using tikyView be placed beyond the solar circle, at a distanceld kpc.

Based on radial velocity arguments and the spatial location
of the main molecular concentrations with respect to Ara OB1,
3. Observational results and discussion it is very likely that most of the molecular gas probably as-
sociated with the stellar association is present in the velocity
range from-27 to-15 kms™. In order to follow in more de-

In Fig. 2 a series of four CO profiles representing medail its spatial distribution, in Fig. 4 a mosaic of ten images
emission profiles toward fferent areas around AraOBlis shown. These images cover the velocity range fregt.1

are shown. Carbon monoxide emission is detected aloteg—10.2 kms™, and every image represents a mean of the
four main velocity ranges, namelyy —50 to —-34 kms?'; emission over a velocity interval 0f2.1 kms?. The cen-

i) —27 to —15 kms?; iii) —-11 to -4 kms?®; andiv) 0 tral velocity of each image is indicated in its inner lower left
to +6 kmsl. Figure 2 also shows that the component peakerner. To help characterize the large scale velocity field ob-
ing around-20 + 4 kmsis the only one detected all overserved in the velocity range from28 to —13 km s, differ-

the surveyed area. The peak velocity of this spectral featumet CO concentrations are identified in Fig. 4. They are ar-
varies from-24 kms'to —17 kms?, across the region. In ranged in order of increasing radial velocity, and are labelled
Fig. 3 longitude-latitude images of the CO emission distribdirom A through P in Fig. 4. These narrow velocity channels
tion along the four velocity ranges mentioned above are showhow that the molecular gas distribution changes quite dramat-
The area covered by the HIl region RCW 108 is depicted byially as we move along this velocity range. From a general
circumference, while the position of HD 1501¥85s marked point of view these images show that} the dark cloud ad-

by a cross. jacent to the Rim nebula, represented in the first two maps

Itis readily noticeable that the molecular gas distribution &f Fig. 4 by a thick line, has a counterpart only along a
quite dissimilar among the four ranges. In the first one, the builarrow velocity range centered a27 kms? (Features A, B
of the molecular emission is concentrated toward the galactied D); b) CO emission close<10) to AraOB1 begins to
plane (b| < 1°5). Within a circle of radius 1’5 centred on be noticeable about30 kms?; c) the dominant CO struc-
HD 15013536 there is almost no CO emission abovesaével. tures depicted in Fig. 3b are observed alaljgerentvelocity

3.1. Carbon monoxide large scale distribution
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Fig. 2. Representative sample of average CO profiles obtained towiededit regions of the Ara OB1 complex. The profile unitsBfen K
(ordinate) and/ sg in km s* (abscissa).

ranges. The structure peaking bth) = (33647, -1°50) (see The main parameters of the structures found above are
Fig. 3b) becomes first noticeable abet#9 kms?, achieves given in Table 1. The quoted position for a given CO concen-
its peak temperature a4 kms! and is barely detectable be-tration is the one corresponding to its peak emission. Bearing
yond -17 kms*! (Feature E). On the other hand, the struén mind the spatial distribution shown in Fig. 3, it is very
ture at (, b) = (33825, -1225) is first visible as a dis- likely that more than one spectral feature will be present at a
tortion of the low emission levels at26 kms?, becomes given spatial location in Fig. 4. The number of spectral fea-
the brightest feature present in the image-22 kmstand tures present in the spectrum is given in the second column of
fades away at-17 km s (Feature F). Lastly, the object seerTable 1. The peak temperature, radial velocity and linewidth of
at (, b) = (33860, —1°77) appears at more positive velocithe diferent components were derived from a Gaussian fitting.
ties than the other features. It becomes detectable atlavel

at —24 kms?, peaks at-20 kms?tand is hardly visible be-

yond—16 km s (Feature H)d) the broad ridge of CO emis- 3-2- Infrared data

sion shown in Fig. 3b as a series of scatter maxinm-=at-27
and 33500 < | < 33850, is first detected at20 kms?!as a
low latitude extent of the feature peaking gtlf) = (33660, The 60um and 100um IRAS band maps of the region were
—1°77), achieves its maximum latitude extentt8 kms?', downloaded using th&kyViewfacility. In Fig. 5 the 60um

and only its low longitude extremé & 33€00) remains visi- |R emission map superimposed on the CO emission map ob-
ble beyond-16 kms* (Features J, K, L, M and N). served in the velocity range25 to—21 kmstis shown. Most

3.2.1. Extended emission
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Fig. 3. Images of the spatial distribution of the CO emission in foufedent velocity ranges. The velocity range is given in the upper right
corner of each figure. The large circle indicates the angular extent of RCW 108. The beam size of the CO observations is shown by a shaded
circle in the lower left corner of each map. The position of HD 150635 marked by a plus sign. Low CO emission regions are indicated by

a light grey tonality. The lowest temperature contour and the contour spacing is 0.18K The minimum and maximum grey-scale values
are—0.15 and 3.4 K for the upper left panel0.15 and 2.71 K for the upper right panel.15 and 1.36 K for the lower left panel, ar®.15

and 0.96 K for the lower right panel.

of the IR emission is concentrated towards the galactic plabackground, and are given in Table 2. The coordinates of the
(b < 11°)), but atl ~ 3385 there is an extended plateau of emideatures are given in the first and second columns. The source
sion that can be traced downlie- —20. Superimposed on thisdimensions, corrected for beam broadening, in galactic longi-
plateau three IR concentrations having an excellent spatial doide and latitude and the position angle of the major axis, are
relation with CO features labeled E, F and H are easily notiogiven in the third, fourth, and fifth columns, respectively. The
able. The IR feature closer to NGC 6193 is the strongest offlaxes at 60 and 10@m are given in the next two columns,

A characteristic seen in all three concentrations is that thevkilst an estimate of the mean dust temperafligeis provided

is a slight dfset in position between the location of both the the last two columns. The latter is derived by fitting to the
IR and CO peaks, in the sense that along a hypothetical lid&ta a modified Planck function of the fomfix B,(Tq4), where
joining NGC 6193 and the peaks of the CO concentrations, tthee first term accounts for the frequency dependence of the
IR peaks aralwayscloser to Ara OB1 than the molecular onegyrain emissivity. Two values ofy for m = 2 and form = 1.5

A weak IR emission seen towards the CO feature D may si@iven in bracketts) are listed. In the last column a capital letter
nal infrared emission arising from the dusty interface betweatentifies the IR feature with its CO counterpart (see Table 1).
RCW 108 and the nearby molecular material. The quoted source peak coordinates and angular extent were

In order to derive some Characteristic physica| param@erived from a bidimensional Gaussian f|tt|ng to the IR diS'
ters of the three main infrared features, their fluxes at &@Pution at 60um. Those values derived from the 1@@n
and 100um were computed, after removing a local emissiomap are almost identical. The 60 and 10® fluxes were
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Fig. 4. Distribution of the CO emission for selected velocity ranges. The velocity coverage of each map is 2'akdhiss central velocity

is given by the number printed in each panel around(@372:60). The beam size of the CO observations is shown by a shaded circle in
the lower left corner of each map. The position of HD 150635 marked by a plus sign. Low CO emission regions are indicated by a light
grey tonality. The lowest temperature contour 0.19 K)(5The contour spacing is 0.19K till 0.57 K, 0.57 K (tpbetween 1.14 and 5.13K
and 1.14K (30) between 6.27 and 8.55 K. The minimum grey-scale value is alw@yks K whilst the maximum grey-scale value is 1.19,
3.01, 6.54, 8.38, 6.60, 6.15, 3.74, 2.33 and 3.45K for pamkels), c), d), e), f), g), h), i) andj), respectively. In panels) andb) the location

of NGC 6188 Ethe Rim nebula) is indicated by a thick broken line. The capital letters identify the structures listed in Table 1.
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Fig. 4. continued.

measured in two ways, firstly by fitting a two-dimensionaround young stellar objects (Henning 1996). Arnal et al.
Gaussian and secondly by integrating ovefetent polygons (1987) have found evidence for an expanding shell of neutral
surrounding the sources. In all cases a twisted-plane baakd molecular gas coexisting with the OB association. They
ground was substractedfoln this way for sources D and E,suggested that this shell could have triggered the formation
at both 60 and 10@m, fluxes are consistent with each otheof AraOB1. In an attempt to look for representatives of a
to 4%, while for source F dierent methods agree to 9%younger generation of stars that may still be deeply buried in
(at 60um) and 25% (at 10Qum), respectively. In Table 2 athe molecular clouds observed towards Ara OB1, we have se-
mean value for the étierent flux determinations is given. Theséected IRAS point sources that are located within the limits of a
uncertainties and those given by Fich & Terebey (1996) wericular region, of radius 35centered ati(b) = (33685, —1°5).
used to derived the dust temperature uncertainties quotedhitotal of 87 sources were found. Applying the selection cri-
Table 2. Based on these estimates, there is a slight hint teaita used by Junkes et al. (1992), nam@yF100 < 100 Jy;

the dust concentration coinciding in the plane of the sky with) 1.2 < F10¢/Feo < 6.0;ii) F 25 < Feo; andiv) Qgo+ Q100 = 4,

the CO feature E, the closest to AraOB1, may be warmer thahereF, is the IRAS flux density at wavelength andQ, de-
those IR features seen towards CO features F and H, resmetibes the quality factor of the IRAS fluxes, and requiring the
tively. IRAS source to be seen in projection onto a molecular com-
plex, a total of six infrared protostellar candidates were found.
These sources are indicated in Table 3 by a letter “J” in the
last column. In a recent paper by Yamaguchi et al. (1999),
Thermal emission from dust grains may also pinpoint the preg;:ing diferent selection criteria, they claimed that within the
ence of cold protostars or circumstellar disks and envelopgsne area nine IRAS sources may be possibly associated with

3.2.2. Point sources



438 E. M. Arnal et al.: Molecular gas towards AraOB1

Table 1. Position and kinematical data of the main CO features.

Feature n I b Tmax VI FWHMP

) ) (K) (kms™) (kms™)

A 4 336.38 -1.88 1.0 -28.6 2.7
4.0 -19.0 2.4
0.9 -9.9: 1.2
0.8 —7.8: 3.0
B 3 336.94 -1.00 4.8 -43.02 8.7
2.1 -24.0: 2.9:
1.6 —21.5: 2.2

C 2 336.25 -1.00 2.0 —45.6 3.7
2.3 -23.8 15

D 2 336.75 -1.25 13 -40.1 2.0
2.3 -24.7 3.6

336.44 -1.50 6.3 -23.4 4.5

F 336.25 -1.25 10.0 -21.9 3.3
G 337.00 -0.75 1.2 —4372 7.0%
7.7 -20.7 2.1

H 2 336.56 -1.88 6.5 -19.9 3.5
1.9 -7.2 3.0

| 1 336.50 -2.13 5.0 -20.1 2.4

J 1 336.38 -2.25 4.4 -19.1 2.4

K 1 336.25 -2.50 4.9 -18.1 2.2

L 1 336.00 -2.50 5.8 -17.5 18

M 2 335.75 -2.50 5.8 -17.5 2.4
3.8 -1.6: 1.0:

N 2 335.25 -2.75 3.9 -17.0 3.7
1.0 +2.2: 0.6:

o] 1 336.69 -1.63 2.4 -17.5 5.5

P 2 336.25 -2.75 5.5 -16.3 2.0
1.3 +3.8 0.8:

a Blend of several components.
b A colon (}) at the end indicates an unreliable fit.

molecular clouds related to RCW 108. These sources are id@vlelnick 1992). The IRAS sources given in Table 3 may pin-
tified in Table 3 by a letter “Y” in the last column. In Fig. 5pointto sites where star formation is taken place throughout the
the position of the former are mark by small crosses while tihga OB1 complex.

location of the later are indicated by open triangles. In the same

figure the large cross marks the position of HD 150635 ) .
_ _ 3.3. Radiocontinuum data
Though the “class” of an object, exclusively based on its

location in an IRAS-based color—color diagram, is far from 2.4 GHz small scale component image (Duncan et al. 1995)
being determined without ambiguity (e.gflérent “classes” of a region larger than the one covered by the AraOB1 com-
of objects may fall within the same occupation zones (spé&ex is shown in Fig. 6. Noteworthy the continuum emis-
Walker et al. 1989)), it is striking that most of the objecsion extendes towards lower galactic latitudes between the
listed in Table 3 appear projected onto the brightest partsgdlactic longitude interval 336 < | < 3380. This fea-

the molecular concentrations. The brightest infrared sourtere, that appears as detached from the overall galactic con-
IRAS 16362-4845, coincides with a compact young infrardthuum emission that is mostly confined|bt < 1°0, depicts a
cluster of stars (Straw et al. 1987). This cluster may repressiiong point-like object superimposed on to an extended emis-
“the tip of the iceberg of a larger population of (young) starssion. From here onwards we shall refer to the latter as to the
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Fig. 5. Overlay of the IRAS 6Q:m emission grey scal¢ and the mean CO emission along the velocity rang&0 to —21.0 km s*. The grey

scale minimum and maximum are 200 and 750 MdyT he lowest countour level is 0.25 KoBand the next contour levels are 0.5, 0.75, 1.0,

1.5 and 2 K. From there onwards the contour spacing is 1 K. The position of HD 180ik3marked by a large cross. The position of those
sources fullfilling the Junkes criteria are marked by a small cross, while the location of those having a capital “Y” in the last column of Table 3
is given by an open triangle. Notice the relative shift in position between the infrared and CO maxima.

Table 2. Flux densities at 60 and 1Q6n and dust parameters.

I b (C] ® PA S(@®0um) S(100um) Tgq(m=15) T4(m=20) Notes

) 60 0 0 Qy) Qy) (K) (K)
33631 -1.25 75 56 2 7500 12400 3468  309+56 F
33649 -148 45 3.6 144 17000 23400  .B¥B81  332+64 E
33654 -1.79 104 80 154 2900 5400  B262 29552 H

plateau In Fig. 7 the 2.4 GHz continuum emission and thimterferometric observations at 0.408 GHp fgHz = 2.2 Jy)

CO spatial distribution observed in the velocity range fro2» by Shaver & Goss (1970). The observed flux densities are fully
to —21 kms? are shown together. In this image the point-likeonsistent with a thermal nature for this source.

source coincides with the CO feature labelled E. Its total flux After removing the point-"ke source, t[’pjateaucontin-
density isSz4cH; = 9.2+ 0.6 Jy and its peak emission is 10-yum emission shows some degree of morphological correspon-
cated atl( b) = (33652, -1248). This source very likely rep- dence with the CO structures labelled A, B, D, E, H and O.
resents the 2.4 GHz counterpart of the compactepion de- |ts total flux density at 2.4 GHz is 218 23 Jy. Under the
tected at 5 GHz$s g, = 8.6 Jy) by Goss & Shaver (1970), andgssumption of an optically thin thermal continuum emission,
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Table 3.IRAS point sources.

IRAS source | b S(12um) S((25um) S(60um) S (100um) Notes
©) ©) (Jy) (y) (Jy) (y)

16345-4910 336.01 -1.54 2.5 1.9 26.4 127.0 J
16348-4849 336.30 -1.34 2.7 17.1 356.0 4080.0 Y
16355-4851 336.34 -1.45 2.5 2.6 46.0 901.0 Y
16381-4912 336.37 -1.99 0.7 1.4 25.6 311.0 Y
16362-4845 336.49 -1.48 208.0 2980.0 12200.0 18700.0 J,Y
16378-4900 336.49 -1.83 2.0 11 76.8 435.0 J
16382-4904 336.49 -1.93 1.2 1.3 26.5 399.0 Y
16362-4841 336.55 -1.42 4.9 12.3 77.0 18700.0 Y
16379-4856 336.55 -1.80 2.6 17.9 164.0 516.0 Y
16357-4832 336.59 -1.26 1.4 2.9 40.7 63.9 J
16365-4836 336.64 —1.41 1.6 2.3 48.5 138.0 Y
16387-4855 336.64 -1.89 0.8 3.1 13.6 339.0 Y
16385-4844 336.76 -1.74 1.4 0.8 8.5 49.6 J
16396-4902 336.66 —2.08 0.9 1.3 13.8 81.6 J

the total number of ionising photons needed to account for tireentioning that in all these images the molecular emission has
continuum flux isNyyc ~ (3.0+£0.3)x10*s™! (Chaisson 1976). a very good spatial correlation with the high obscuration re-
Bearing in mind possible geometricaffects (e.g.: the rela- gions (light grey tones in the optical image) seen in the neigh-
tive location of NGC 6193 with respect to the nearby moleculapurhood of Ara OB1.
clouds), adopting for the most massive stars of this open clus- The peaks of CO emission asdwaysseen projected, in
ter the spectral types provided by Arnal et al. (1987), and igre velocity range from-27.1 to —255 kms (see Fig. 8a)
lying on the ionising fluxes calculated by Schaerer & de Kot@fong the high extinction lane running paralell to the ridge of
(1997), the most massive stars of this open cluster are quite gigh intensity H, emission that signals the interface between
pable of providing the required number of Lyman continuurRCW 108 and a nearby molecular cloud. The maximum of the
photons. CO emission atl( b) = (33644, —1°50) is coincident with

In this context, we interpret thglateaucontinuum emis- the location of the bright optical knot and the strong infrared
sion as mainly arising from the ionized skin of those molegource discovered by Frogel & Persson (1974) (RCW 108-IR
ular clouds located in the vicinity of NGC 6193. On the othén Fig. 1). Towards lower galactic latitudes the low level emis-
hand, the surface layers of those CO structures located furtsien abruptly changes in direction &tl) = (33640, —1355).
away from NGC 6193 (e.g.: CO features C and F) should pecloser look at the optical image reveals that this sudden
hit by a smaller number of ionizing photons, thus explainingend closely follows a part of the Rim Nebula that in this re-
the weakness (or lack of) continuum emission possibly arisigipn is not so bright at optical wavelengths as the one seen
from these molecular concentrations. in the immediate vicinity of NGC 6193. Based on above, we

Summing up, the point-like continuum source very likelynterpret the bulk of the low level emission seen in this veloc-
represents a region of on going star formation within th#/ range as arising from molecular gas related to those dark
Ara OB1 complex, while theplateauemission may be origi- clouds which define the low longitude boundary of NGC 6188
nated in the ionized surface layers of those molecular clou@sRim Nebula). All the single-pointing molecular line obser-
located in the neighbourhood of NGC 6193. vations carried out in the past, were taken at the position where
the brightest CO emission is observed (Feature E in Fig. 4).
Bearing in mind the agreement in velocity between our CO data
and other gaseous tracers (e.g. radio recombination lines and
In Fig. 8 an overlay between a MAMA R-image of thedther molecular species) and the excellent morphological cor-
region and the integrated molecular emission in four véelation between feature E and an optically visible dark cloud,
locity spanning the interval from-27.1 to —20.1 km s aclose relationship between this feature and the Ara OB1 com-
is shown. The position of the most conspicuous membdnex is very likely.
of NGC 6193 (HD 15013/®) is marked by a cross. In the op- At slightly more positive velocities; 25.3 to -23.7 km st
tical image the interface between tharHegion RCW 108 (see Fig. 8b), the above mentioned pattern still persists, but
and nearby (to NGC 6193) molecular clouds is delinated byhao new molecular concentrations are observed westwards of
dark grey lane running diagonally, at a position angle46°, feature E. These features, labelled C and F, also have a quite
from (I, b) = (33641, -1°58) till (336292, —1°03). It is worth striking morphological correspondence with high obscuration

3.4. Molecular gas associated with AraOB1
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Fig. 6. Image of the 2.417 GHz small scale image (grey scale) (Duncan et al. 1995). The grey scale minimun and maxirQeh are
and 30 Jybeam, respectively. The lowest two contour levels are 0.364 é&hd 0.72 K. The next contour level is 1.08 K and from there
onwards the contour level spacing is 1.08 K. The position of HD 15@li35marked by a cross.

patches located further away from the interface, and both de- At more positive velocities (see Fig. 4) though new CO fea-
pict a radial velocity-23.8 km s'2, that is similar to that of fea- tures are observed, they are located at a projected angular dis-
ture E. The molecular emission seen along the dark cloud daace of~45 (~17.5 pc at 1300 pc) from NGC 6193 and its
limiting NGC 6188 achieves its maximum intensity btlY) = possible physical link to the AraOB1 complex becomes in-
(33875, -1°25) (Feature D) and the extreme side closer to tlzeeasingly dificult to assess.

galactic plane is much broader than the one observed in Fig. 8a.)1 is worth mentioning that a mean CO spectrum (Fig. 9) of

This broadening may be due to an increasing contribution fr%‘ature O shows a peak velocity-at7.5 km s and aFWHM

featureB. - of 5.5 kms?. This feature is very similar to the one observed
Inthe velocity interval from-23.5t0-21.9 km s+ (Fig. 8c) by Phillips et al.(1986) in thd?CO J = 2-1 transition.

the CO emission extends further away from the galactic plarg,ough in the 1.3-mm transition this spectral feature arises
A new feature sets in at,(b) = (33639, -1°65). In this veloc- rom an isolated CO cloud, our coarse angular resolution pre-
ity range, this new feature shows the distribution in the plaggn; ys from establishing whether the 2.6-mm emission arises

of the sky of the negative velocity wing from the CO defining.om 4 spatially isolated cloud or else originates in a much more
feature H. Only a narrow throat of molecular emission joins,ended feature.

feature D with the main body of emission from objects C, E o
and F. Though feature B still remains visible, it begins to be T@King into account that the O-stars HD 150/38re the

distorted by the molecular emission arising from feature G. Main ionizing sources of the difuseiHegion RCW 108, that
In the last velocity range (Fig. 8d) there is almost nHGC 6188 signals the interface between this ddgion and a
CO emission observed along NGC 6188. Only a small CO[Hr_ominentdust lane seen nearby, and bearing in mind the close

tribution from the positive velocity wing of the line aris_e_lgreement in radial velocity among.théfd'rent line observa-
ing from feature B is still observable. The dominant strudloNS: We conclude that all these objects are located at a com-

ture is now located some 2@way from NGC 6193 along mon distance.
a position angle of205. The mean radial velocity of this  Henceforth, based on the kinematical and morphological

feature is-20 kms! and its southern extension marks the lcevidence presented above, we conclude that the CO features
cation of feature . labelled A, B, C, D, E, F, H, | and O represent the bulk of



442 E. M. Arnal et al.: Molecular gas towards AraOB1

(O '
-1.00 o
=
<
|
o ]
3
< -1.50 —
|
<
(D p—
-2.00 —
| | | | | | | | ||

337.00 336.50 336.00
GALACTIC LONG.

Fig. 7. Overlay of the 2.417 GHz emissiogréy scal¢ and the mean CO emission along the velocity rangg.0 to —21.0 kms. The grey
scale minimum and maximum aré.4 and 20 Jgbeam. The lowest countour level is 0.25 K}8and the next contour levels are 0.5, 0.75, 1.0,
1.5 and 2 K. From there onwards the contour spacing is 1 K. The position of HD 1/80is3Barked by a large cross. Notice the extremely
good positional coincidence between the CO feature E (contour lines) and the high obscuration regions visible in the continuum map.

the molecular gas physically related to the OB associatiptetness the corresponding galactic coordinates are taken from
Ara OB1. Table 1 and are reproduced in the second and third column of
5 Table 4. The excitation temperatuiigy, (fourth column) is de-
There seems to be a clear pattern in radial velocity acraiseed from the optically thick?CO (J = 1—0) emission. The
the area, in the sense that molecular gas in the northern patirgf width, AV, given in the fifth column of Table 4 is derived
the AraOB1 complex moves at more negative radial velocifjom a Gaussian fitting to the mean CO emission profile. The
than the gas located in its southern part. This may be a cdafter is obtained by averaging all of the spectra within a molec-
sequence of the complex history of interaction that may hautar cloud. The mean radial velocity of each concentrad,
taken place in the region (Arnal et al. 1987; Rizzo & Bajajis given in column sixth. The majoL} and minor () axis, sev-
1994). This particular point will be addressed in a future wonth and eighth columns, are corrected for beam broadening.

to be published elsewhere. Using the integrated CO line intensity)Wco, and

a H, column density toWgo ratio of (23 + 0.3) x

10%° moleculescr? (K km s™1)~! (Strong et al. 1988), the
total mass of the molecular clouds can be derived. However,
this H, column density tdNco ratio has to be scaled down
The observed properties and derived physical parameterdpf0.82 from the published value by Strong et al. 1988, to ac-
the molecular concentrations likely to be genetically associeunt for the diferent calibration scale (Bronfman et al. 1988)
ated with Ara OB1 are given in Table 4. A letter identifying thef the database from which it was derived, giving a ratio
molecular concentration is given in the first column. For conof 1.9 x 10?° molecules crr? (K km s™1)~2 for the inner Galaxy

3.5. Physical and dynamical properties
of the molecular gas
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Fig. 8. Overlay of a MAMA R-image (grey scale) and the CO distribution in four selected velocity ranges. The channel width is 2.8 kms
The central velocity of each image is given in the upper left corner of each figure. The lowest contour level is 0.25 K. The next contours are
0.5, 0.75, 1.0, 1.5 and 2.0 K. From there onwards the countour spacing is 1 K. The position of HD/65618&rked by a cross. Notice the
extremely good positional coincidence between the CO maxima and the high obscuration regions visible in the infrared image.

(Murphy & May 1991; Mauersberger et al. 1996). Therefore, kinematical arguments, nine out of those sixteen concentra-

adopting a mean molecular weight per 6f 2.76my, the total tions are likely to be associated with the obscuring material

mass given in the ninth column of Table 4 is derived. A mean observed in the vicinity of NGC 6193.

volume density, tenth column, is derived from the ratio of thb) The total molecular mass related to AraOB1 amounts

total molecular mass and the volume of an ellipsoid whose ma- to ~1.5 x 10* M. Individual cloud masses and average

jor and minor axis aré andl, respectively. cloud densities vary between 180 M < 5800 M, and
There is a clear spatial correlation between v H M of about 16 < n < 10* molecules crm?®, respectively.

the CO line of a given concentration and its angular distan@® The radial velocity of the majority of the CO struc-

to AraOB1. The broadest profiles are observed towards fea- tures associated with Ara OB1 falls in the narrow velocity

ture E, the closest concentration to AraOB1, wheréRieH M range-24 to—20 kms'. Concentrations labelled A and O,

is of the order of 4.6 km3, while in regions located fur-  seen in projection close to NGC 6193, depict the highest

ther away typicaFWHM figures fall in the range from 2.4  negative {285 km s*) and positive {17.5 km s%) veloc-

to 3.0 kms?. ities, respectively. The complex kinematical history of this
region (e.g.: Arnal et al. 1987; Rizzo & Bajaja 1994) may
4. Conclusions explain our findings.

. d) The molecular concentrations E, F and H have a strong
We have observed th#CO (J = 1-0) line towards an  counterpart at 60 and 1Q@m. The dust lane adjacent to

area of 275 x 3:0 covering the whole of the OB-association  the Rim nebula£NGC 6188) is also observable at infrared
Ara OB1. The main results of this paper are the followings: wavelengths.

a) A total of sixteen molecular clouds were identified acros§) Concentration E coincides with a strong point-like source
the surveyed area. Based on both morphological and S€en in the radio continuum survey at 2.417 GHz
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Table 4. Parameters of the main CO features associated with Ara OB1.

Antenna Temperature [K]

Feature | b Texc AV Vi L | M n

) ) (K) (kms*') (kms*) (pc) (pc) (16xMo) (10xcmr?)
A 336.38 -1.88 4.0 3.2 -28.5 43 2.7 0.18 0.22
B 336.94 -1.00 5.2 3.0 -24.0 57 43 0.84 0.30
C 336.25 -1.00 5.4 15 -23.8 13 26 0.18 1.60
D 336.75 -1.25 5.5 3.4 —24.6 27 23 0.41 1.10
E 336.44 -1.50 9.5 4.6 -23.5 47 27 3.90 4.40
F 336.25 -1.25 134 3.0 -21.8 40 23 2.90 5.30
H 336.56 -1.88 10.3 3.2 -20.0 10.7 6.2 5.80 0.56
I 336.50 -2.13 8.2 2.7 -19.8 50 40 0.60 0.30
(0] 336.69 -1.63 5.6 5.5 -17.5 73 44 0.54 0.09

IRAS 16362-4845, these infrared sources may be indi-
cating that the star-forming process is a widespread phe-
20 _ nomenon in this molecular complex.
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