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Abstract. We have mapped the R Corona Australis molecular cloud at 1.2 mm with SIMBA on SEST and detected 25 distinct
dust emission peaks. While 7 of them coincide with positions of previously known young stars, 18 are seemingly not associated
with any known stellar object. We discuss the nature of individual sources and conclude that there are at least four small
concentrations of young objects located along the filamentary shaped cloud. A comparisoff@itta@ hints at the depletion

of molecules in some of the cores. Our new results yield some conflicting arguments about whether star formation proceeds
from north-west to south-east in the R Cr A cloud.
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1. Introduction counts (e.g. Rossano 1978; Andreazza & Vilas-Boas 1996;
. . Cambesy 1999), reveal a cometary shaped cloud complex
For more than a century, attention has been drawn to a high g§znted northwest-southeast which is aboutdhg with the
tinction region in Corona Australis where a number of variablg, -\ e mentioned young stars located in the dense cometary
stars are located. The R Corona Australis cloud coincides Witioq  This morphology suggests that star formation in the

Rossano's (1978) cloud A and is named after the highly vag,ona Australis complex has been triggered by an external
able Herbig AgBe star RCrA (e.g. Joy 1945; Herbig 1960)qyence which possibly originates in the Upper Centaurus-
which is surrounded by a bright reflection nebula that a'i‘hpus association (Harju et al. 1993). At a distance of

varies with time (e.g. Graham & Phillips 1987). A major reflecy;, 4t 170 pc (Knude & Hag 1998), the CrA cloud complex
tion nebula surrounds the B8 star TY Cr A which is an eclipgs among the closest star-forming regions.

ing PMS binary (e.g. Vaz 2001) and the neighbouring AO star _
HD 176386. The two bright variable stars SCrA and VVCrA Surveys of the R CrA cloud have revealed a population
are both T Tauri stars and visual PMS binaries (e.g. Reipurthd young, visible low-mass stars, either through the presence
Zinnecker 1993). of Ha emission (e.g. Knacke et al. 1973; Marraco & Rydgren
These young stars are associated with a large compfe}81) Or as X-ray sources (e.g. Koyama et al. 1996; resar
of dark clouds mapped in molecular and atomic transitio$ @l- 2000). Infrared surveys have uncovered a small clus-
by, among others, Loren (1979), Cappa de Nicolaudpsl ter, named th&oronet of low-luminosity sources embedded
(1991), Harju et al. (1993) and Yonekura et al. (1999). The8Pund RCrA (Taylor & Storey 1984; Wilking et al. 1986;

data, together with large-scale extinction maps based on St4king etal. 1997). More deeply embedded sources have been
identified through radio continuum observations (Brown 1987;

Send gprint requests toR. Chini Suters et al. 1996; Harju et al. 2001) and millimetre contin-
e-mail: chini@astro.rub.de ' uum observations (Reipurth et al. 1993; Henning et al. 1994;

* Based on observations collected at the European south&araceno et al. 1996). These young stars drive various outflows

Observatory, La Silla, Chile. which are observed either as Herbig-Haro objects or as molec-
** Appendices A and B are only available in electronic form atlar outflows (e.g. Hartigan & Graham 1987; Levreault 1988;
http://www.edpsciences.org Graham 1993; Anderson et al. 1997).
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Fig. 1. The complete 1.2 mm mosaic of the R Cr A dark cloud consisting of 71 individual fastscanning maps. This and all the following figur
containing SIMBA data are slightly Gaussian smoothed (&8 a beam of 24). The smoothed beam (28is indicated in the box to the lower
right. The typical - rms noise is 1% 1 mJybeam; along the edges, the noise level is obviously higher. The contour lines start aysdamly

(=3 rms). Details of this mosaic are given in subsequent figures.

In this paper, we present the first deep, large-scale suryegasurements. Maps of Uranus were taken for calibration pur-
of the R Corona Australis cloud at millimetre continuum wavesoses. A calibration accuracy of 15% was obtained. All data
lengths. Our 1.2 mm maps reveal several small clusters of enere reduced and analysed with MOP&tcording to the in-
bedded, very cold objects which we interpret in terms of cortructions of the SIMBA Observer’s Handbook (2002). A de-

centrations of newborn low-mass stars. tailed description of the data reduction and the data analysis
including the determination of the noise in the mosaic is pre-
2 Observations sented in Appendices A and B, respectively.

The 1.2mm continuum observations were carried out with _ _
the 37 channel bolometer array SIMBA (SEST Imaging- Results and discussion

Bolometer Array) at the SEST (Swedish-ESO Submillimetig w6 fo)10wing section, we present and discuss the data from

Telescope) on La Silla, Chile, during the commissioning P&y, 1 » mm survey. Figure 1 shows the total mosaic of the
riods in June, July and October 2001. We performed a M@-crona Australis region as covered by SIMBA. Table 1

saic that covers an area extending froml north-west to SOW{}i,marises those 25 dust emission peaks — labelled “MMS”
east of roughly 2000 1000". The mosaic was constructeqyjjimetre source) — which we consider to bena fidede-

by combining 71 individual fastscanning maps (§@r s) of e tions. They were selected according to the following crite-

different siz_es taken at firent _hour ar)gles_ in order to "ia: i) their S/N ratio is larger than 9 (see Appendix B.1 for
duce scanningfeects. The total integration time spent on thg,o yefinition of theS/N ratio): i) their extent is larger or

area was 978 min. The residual noise in the final co-addgg q) 1o the beam size; iii) their reality was checked within
mosaic varies by:2 around 17mJeam (rms) across thej, i iqual maps in order to exclude residuals caused by the

region (_1ue 0 dﬁ?rer_n_ numbers of coverages P?r area. Thection of fast-scanning. All entries in Table 1 are derived
beam size of an individual bolometer channel is’ BPBW. from the original, unsmoothed mosaic. As to be seen in the

Skydips were performed at least every three hours in Qfgeriew in Fig. 1, there are additional peaks above the 3
der to determine the atmospheric opacity. The zenith opac-

ity values range from 0.160 to 0.364. The positional accuracy MOPSI is a software package for infrared, millimetre and radio
was determined to be’23” by performing frequent pointing data reduction developed and constantly upgraded by R. Zylka.
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Table 1. Source positions, peak intensities, morphology, flux densities and other designations for 25 mm sources detected by SIMBA.

RCrA RA Dec 112 mm® Source sizegdx b)®  Si5 Other designations
MMS (J2000) [mJybeam] [ [mJy]

1 1901083 -36°5719" 260 0) 25x 25 290 SCrA;1SO116

2  1901m04£2 -36°5423’ 140

3 1901m066 -36°5425" 160

4 19'01M0¥0 -36°5418" 138

5 1901m146 -36°5402" 141

6 1901m332 -36°5335" 268

7 1901™381 -36°5403’ 322

8 1901m3g2 -36°5336" 336 HD 176386

9 1901m417 -36°5828" 660 (0) 36x 32 1320 IRS2; TS13.1; IRAS 21

10 1901459 -36°5548" 838

11 1901M466 -36°5630" 897

12 1901M492 -36°5722" 1173 IRS5;TS2.4
13 1901555 -36°5738’ 2315 confused; see text
14 1901580 -37°0103" 150

15 1902"024 -37°0134” 158

16 19027050 -370131” 147

17 19027048 -37°0003’ 180

18 19027086 -370041” 170

19 1902"124 -36°5717’ 146

20 19027153 -3701'37" 160

21 1902"178 -37°01'34’ 148

22  1902"4CG7 -37°08117 146

23 1902"5¢0 -37°0732’ 472 (126) 36x 31 672 IRAS 18595-3712; IRAS 32c;
ISO-CrA 182
24 1903"069 -37°1247" 543 (42) 28x 24 584 VV CrA; IRAS 18597-3717

25 1903"561 -37°1532" 250

() peak intensity measured above the zero level; the beam sizé.i§ladfigures in brackets denote the level of the local background intensity.
@ FWHM of major and minor axis as derived from a two-dimensional Gaussian fit where possible.
) Flux density derived by dividing the intensity above the background level by the beam and multiplying with the source size.

level which, however, might be residuals from the deconvolthe north-western region have been detected at 1.2 mm for the
tion (see Appendix A.1.5) and thus deserve further integratiérst time.

time in order to be classified as true detections. In general, the

classification of certain contours as a dust emission peak is not

always unique due to lacking spatial resolution. Thus, it mig?ftl'l' MMS 1

turn out that regions which are treated as a ridge in the pres¢ft strong continuum source MMS 1 coincides within posi-
paper may be resolved into distinct peaks by higher resolutiggnaj errors with the bright T Tauri star SCrA. This is one
data and vice versa. of the original T Tauri stars discovered by Joy (1945) and
For reasons of clarity, we divide the cloud into a norths a 1’ visual binary which has been studied extensively
western and a south-eastern part. We will discuss the 25 neng. Appenzeller & Wolf 1977; Wilking et al. 1985, 1992).
sources in Sect.3.1 and Sect. 3.2 taking into account all availthough located in a tenuous medium outside the main cloud
able optical, infrared and radio information. A comparison beore, it has strong outflow activity as evidenced by its associa-
tween dust and molecular emission is made in Sect. 3.3. A dén with HH objects (e.g. Strom et al. 1986). Olofsson et al.
scription of the nature of star formation within the R Cr A clou@1999) reported strong emission and excess at mid-infrared
concludes this section. wavelengths. S CrA was originally found to be a strong mil-
limetre continuum source by Reipurth et al. (1993).

3.1. Sources in the north-western part of the cloud

] ] 3.1.2. The MMS 2-5 group
The north-western portion of the cloud contains more than 80%

of all the detected dust emission peaks in the R CrA regiohhe weakest millimetre sources are located in a ridge of dust
Figure 2 depicts an enlargement of the corresponding amghich stretches over at least’1@ the north-west of the main
showing 21 bona fide detections at 1.2 mm. Further peaks émre. They are not associated with any known young stellar ob-
cated west of MMS 2 can be seen in Fig. 1 which, however, geets. A few mid-infrared sources were detected by Olofsson
not labelled due to the inflicient observational coverage ofet al. (1999) but, since none of them shows any flux at grh 3

this region. Altogether 17 out of the 21 dust emission peakstimey are likely to be stars not associated with the molecular
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The north—western sources
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Fig. 2. The north-western part of the cloud. The millimetre sources are generally labelled according to their right ascension with the excep
of Nos. 1, 2 and 3 where we deviated from this scheme in order to maintain a sequence within physically related structures. Triangles denot
positions of the known visible stars S Cr A, HD 176386, TY CrA, RCrA and T CrA. The near-infrared source IRS 2 (Taylor & Storey 1984
is marked with a square. The contours are 72 to 252 in steps of 30, 305 to 580 in steps of 55, 690 to 1450 in steps of 190, and 1720 to 28
steps of 270. The units are in migam. Note: due to the fact that the data are Gaussian smoothet em@&he large dynamical range of the
peak intensities, it is not possible to improve the visibility of the peaks without overloading the figure with too many contours.

cloud. Therefore, the nature of these millimetre sources is hgwililking et al. 1986, 1992, 1997) and far-infrared sources
to constrain. Due to their location west of R Cr A, the site dWwilking et al. 1985, 1992) in the neighbourhood of the mil-
vigorous star formation, and assuming that the picture of trigmetre cluster, none of them coincides with any of the peaks
gered star formation from northwest to southeast holds for timour map. We conclude that MMS 6 and MMS 7 represent
entire cloud, it is possible that they simply represent density e@mbedded and presumably very young objects.

hancements of the cloud. In order to classify them as possible

protostellar condensations, further observations are required.
3.1.4. MMS9

This bright millimetre continuum source coincides with the
bright infraredCoronetmember IRS 2 (Taylor & Storey 1984;

Located in the immediate vicinity of the two Herbig /e Wilking et al. 1997), see Fig. 2. Far-infrared data suggest that

stars TYCrA and HD 176386, which dominate the visud'S @ €1ass I object (Wilking et al. 1985, 1992).

appearance of this part of the RCrA cloud with their ex-

tended reflection nebulae NGC 6726we find a little clus- 3.1.5. The MMS 10-13 group

ter of millimetre sources. TY CrA is clearly located outside

the peak contour of this group and is probably not a si¢? the general region of R and TCrA, we find a compact
nificant contributor to the dust emission (see Fig. 2). Th@roup of four millimetre sources. The brightest among them
fact is supported by the non-detection at the same waveMMS 13 —was already detected by Henning et al. (1994).
length, but using ON-OFF measurements, by Henning et al. MMS 10 andMMS 11 are the northernmost bright sources
(1994). HD 176386 is located very close to the peak of MMSIB this chain of objects and clearly show an elongated mor-
and is seemingly associated with the emission in this arg@dology. There is a detection of an ammonia core at the
Thus, it is possible that HD 176386 is the heating sourseuth-eastern edge of MMS 10 (Jijina et al. 1999) but neither
of this little cluster. Although there are a few near-infrareMMS 10 nor MMS 11 are coincident with any known near- or

3.1.3. The MMS 6-8 group
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Fig. 3. Closeup view of the region around MMS 13. Triangles denote the positions of the known visible stars R Cr A and T Cr A. Near-infrared
sources are marked as squares: IRS5 (Taylor & Storey 1984), HH 100 IRS (Elias 1980) and WMB 55 (nomenclature taken from Gezari et al.
1999, data by Wilking et al. 1997). Open stars denote the positions the three VLA sources 9, 10 A and 10 B (Brown 1987) as wgthas a 10

source labelled TIMMI (Wilking et al. 1997). The contours are 415 to 580 in steps of 55, 690 to 1450 in steps of 190 and 1720 to 2800 in steps
of 270 with units in mJfbeam. The data are smoothed t¢ 2#hd the beam size is indicated in the upper right-hand corner.

far-infrared nor radio continuum emission sources. We assusmirces (labelled VLA 10A and 10B), the ifh source (la-
that they represent deeply embedded young objects. belled TIMMI) and another nearby radio continuum source (la-

MMS 12 is identified with the bright source IRS 5 of Tayloelled VLA 9) from Brown (1987). All positions are expected
& Storey (1984) which is surrounded by a large infrared refletd be very accurate (the 1fn source position was measured
tion nebula (Castelaz & Hackwell 1987). The source unddglative to RCrA), and it follows that MMS 13 iseithercoin-
went a major outburst in the radio continuum while observéddent with the TIMMJIRS 7 sourcenor with any of the three
by Suters et al. (1996). Infrared images show that the objeckizown VLA sources in the region. We conclude that MMS 13
a 0.8’ binary system (Chen & Graham 1993). Saraceno et .2 deeply embedded source, probably of Class 0, which has
(1996) also did millimetre continuum measurements of thit known counterparts at other wavelengths. Given its large
source and acknowledged its extended nature. flux, which corresponds to M, for an average dust temper-
MMS 13 is by far the brightest millimetre source in outUréTa of 20K, and its proximity to RCrA and TCrA, we

survey. Henning et al. (1994) concluded that it is not assogPeculate that this source — if it is a single object — may be a
ated with any of the optically visible sources R and TCrABroto-Herblg-AqéBe star.

this is confirmed by our more detailed map seen in Fig. 3. The little dent south-west of MMS13 coincides with
Instead, they suggested that MMS 13 is related to IRS 7 ldH100IRS which is a well-studied, bright near-infrared
Taylor & Storey (1984). We have carefully examined all avaifource associated with the Herbig-Haro object HH 100 (Strom
able photometric and astrometric observations of objects&hal. 1974). The source is likely to also drive the larger HH
this region and plot all known sources in Fig. 3). IRS 7 dreflow thatincludes HH 99 and HH 101 (e.g. Hartigan & Graham
attention when Brown (1987) found that it is located bel987). HH100IRS was previously observed at millimetre con-
tween two radio continuum sources, suggesting that it codiguum wavelength by Reipurth et al. (1993), Henning et al.
be the source of a bipolar radio flow. Wilking et al. (1997§1994) and Saraceno et al. (1996) and was detected at 6 cm by
found that IRS 7 is a nebulous structure adjacent to an10 Brown (1987). Itis a Class | object (Wilking et al. 1992).
source and, therefore, probably just represents scattered light.There is another little dent to the east of MMS13
In Fig. 3, we plot the positions of the two radio continuumvhich coincides with a near-infrared source observed by
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Wilking et al. (1997) and is listed without a number in theiHenning et al. 1994; Chelli et al. 1995; Koresko et al. 1997;
Table 1. We use the designation WMB 55 as employed for tli#sato & Simon 1997) and is found to be a visual binary with a
star in the Catalogue of Infrared Observations, 5. Edition gte-K primary and a luminous infrared companion.

Gezari et aP. Wilking et al. (1997) detected the star Hit

and K, but not atJ, suggesting that it may be a highly ex-

tincted object. We assume that the dent is identical with trﬁ’sz""' MMS 25

infrared source and represents a young star perhaps similay §@ated in a dense cloud core situated in the south-eastern ex-

HH100IRS and IRS 5. tremity of the RCrA cloud, we find a large complex of ex-
tended millimetre emission which is located near the centre of a
3.1.6. The MMS 1421 group neutral atomic hydrogen ring with a diameter of @dewellyn

et al. 1981). This ring is thought to represent the outer bound-
These five sources are relatively faint and their nature is Uity of a massive Hto H, conversion region. No known young
clear. They may represent embedded sources but could pos@iHar objects are associated with this region, but Harju et al.
bly also be density enhancements in the cloud indicating si{@993) estimated it to be gravitationally bound. This is con-
of future star formation. Further observations at submillimettgadicted by Kontinen et al. (2000) who see indications for
wavelengths are required to settle this question. a rather low star formation capacity in an advanced chemical
stage in their data consisting of various molecular line transi-
tions. Nevertheless, further data are needed in order to establish
whether MMS 25 is a pre-stellar core in the process of becom-
Within the south-eastern part of the cloud (see Fig. 4), we dag one or more stars or whether it is a quiescent core.
tected only 4 mm sources with 2 of them coinciding with pre-
viously known objects. Due to inflicient coverage, the mo- L
saic exhibits strong scanningfects in the vicinity of MMS 25, 3-3- Gas and dust emission

forcing us to refrain from labelling any further possible Sourcgs order to explore the nature of the new millimetre sources in

3.2. Sources in the south-eastern part of the cloud

in that region. more detail, we compare the molecular line emission from the
R Cr A cloud with our results from SIMBA. As shown in Fig. 5,
3.2.1. MMS 22 the C-80 emission mapped by Harju et al. (1993) follows the

Located in a small extended area of millimetre continuuforPhology of the optical extinction very tightly and exhibits

emission, the faintest of our detected sources in the sougfveral dense cores labelled A1, A2, and/S\& jaw in the
eastern region does not have any known stellar counterpart8jth-western part, A3 and B in the central part and C and D
other wavelengths. In order to answer the question whethel¢he south-eastern part of the cloud. Table 2 gives a detailed
represents an embedded source or just a dense core with fBEParison between theséO features and the 1.2 mm emis-

sible future star formation activity, further investigations, espaion- All of the labelled .(380 cores have more or less equally
cially at submillimetre wavelengths, are needed. extended counterparts in the 1.2 mm mosaic. There is an addi-

tional millimeter peak at the position of S Cr A. Furthermore,
a large region of extended dust emission west of R Cr A also
shows in the €0 map but is not labelled there.

This is a bright millimetre source that coincides with the IRAS  The 1.2 mm flux densities were determined by matching
source 18595-3712 which is located towards one of the megtular or elliptical apertures to the individual sources. The in-
obscured parts of the RCrA cloud. Wilking et al. (1992) deegration within diferent apertures for each region yielded de-
tected a small group of near-infrared sources around the IR&tions below 3% which supports the reliability of the method.
position of which their source IRAS 32c is virtually coincident jkewise, the results were confirmed by integrating over the
with our MMS 23. Olofsson et al. (1999) used ISOCAM obarea outlined by the 3rms contours. Thé@tiences between
servations to reveal two mid-infrared excess sources of whigfe two methods are within 15% with the exception of the SW
ISO-CrA 182 is only 8 away from the peak of MMS 23. It is jaw where the value derived with the aperture method is by a
likely that IRAS 18959-3712, IRAS 32¢ and ISO-Cr A 182 argactor of two higher. This fact confirms the extended but very
detections of the same object. The energy distribution is thatigfnt nature of the millimetre emission in this region.

3.2.2. MMS 23

a Class | object. Dust masses were derived from the optically thin 1.2 mm
emission according tWMqust = S,D?/«,.4B,(T4), WwhereS, de-
3.2.3. MMS 24 notes the observed dust emissiap,is the mass absorption

Lross section per gram of dust aBgdis the Planck function.

Our millimetre source precisely coincides with the young visz ~ :
ible star VV CrA. This variable T Tauri star is well-studied apwmg to the lack of data at far-infrared wavelengths for most
; the sources, an average dust temperalyre= 20K was

optical, infrared and millimetre wavelengths (e.g. Appenzell8 .

et al. 1986; Graham 1992; Wilking et al. 1985, 199ASSumed. A temperature scatterGiK would imply a corre-

sponding mass scatter of abet#5% and+50%, respectively.
2 Available athttp://vizier.u-strasbg. fr/viz-bin/ The gas masses were calculated using= 0.37cnf g

Cat?I1/225 and a gas-to-dust ratio of 150 (see e.gudfel et al. 1998).
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Fig. 4. Sources in the south-eastern cloud core. The millimetre sources are labelled according to their right ascension; the positions of the the
IRAS source 18595-3712 and the visible star VV Cr A are marked by triangles. The contours are 70 to 230 in steps of 40 and 290 to 410 in
steps of 60. The units are in mBgam and the data are Gaussian smoothed’to 28

While these values are appropriate for thifudie ISMx, may larger extended complexes — it is impossible to derive proper
increase by up to a factor of 10 in dense regiong@ndro- masses. Using the face values of the peak flux densities from
tostellar environments (e.g. Ossenkopf & Henning 1994); su€hble 1, the apparent mass distribution shows a high abun-
dust properties would decrease the inferred masses correspdadee of low-mass objects; only very few clumps have medium
ingly. In order to allow an easy comparison between the dusasses while MMS 13 is at the high mass end.

and the €°O results, the gas masses derived from tH8OC  Another result of this 1.2 mm survey is that extended

emission were recalculated for a distance of 170 pc (Harju €t @lst emission also occurs in regions harbouring fairly evolved
1993 used a distance of 130pc). The same was done for o e.g. Vv CrA, which is a visible T Tauri star. While

radii listed in Table 2. the strong, pointlike millimetre emission probably originates
Apart from one region, namely A3, the masses derivégbm an unresolved protoplanetary diskvelope structure, the
from the dust measurements exceed those frf@@ystemat-  faint extended emission represents the remnant dust lane out of
ically. Due to the &ect of optical depth in the line observationgvhich the star formed. This dust lane seems to contain further
on one side and due to the dust properties on the other sigiénsity enhancements which could become the sites of future
the results from CO and dust might reflect the lower and ugtar formation. A similar scenario appears to apply to the most
per limits of the mass range, respectively. However, taking int@assive dust cores of the R Cr A cloud, namely MMS 10-13.
account the large uncertainties inherent in both methods, theheir neighbourhood, many objects offdrent evolutionary
results for most regions can as well be regarded as compaftages and thus of fiierent ages are crowded in a compara-
ble. Only the values for A1 and A2 deviate by factors of Hvely small area. We believe that the four millimetre sources
and 22, respectively, which comes close to the uncertainty ligre among the youngest objects or groups of objects within the
its of the methods. This disagreement might indicate a dep{guster of YSOs.
tion of molecules which is a well-known phenomenon and oc-

X . With regar he pr riggering of star formation
curs in cold and extremely dense regions. th regard to the proposed triggering of star formatio

in the RCr A molecular cloud, the new results provide two
slightly conflicting arguments: on the one hand, the existence
3.4. Star formation in the R Cr A cloud of a cloud core without any signs of ongoing star formation,
namely MMS 25, in the south-easternmost part of the cloud
Due to the dificulties of assigning a total flux to the individualspeaks in favour of a scenario where the trigger is located west
dust condensations — taking into account their location withaf the cloud. On the other hand, the question seems justified



242 R. Chini et al.: SIMBA observations of the R Corona Australis molecular cloud

(L ] o) T LR R ) AT

]
]
R |
0 '

—36°48'00"
f

L e N P [ 0 ) P L K LM
“ag L e

—37°00'00"

I L e b e B L L AR

—37°12'00"

Dec. (2000)
—37°00'00" —36°48'00"
A R I BRRE (e e

—37°12'00"

TT T T T T T T T

T

—-37°12'00" —37°00'00" —36°48'00"
UL e

T T T T T LTI

19"04™ 19"03™ 19"02™ 19"01™
R.A. (2000)

Fig.5.The R Cr A cloud at dferent wavelengthJop: Red image from the DSSdiddle: Grey scale image of our 1.2 mm SIMBA mosaic; the
dashed line outlines the extension of the SIMBA mosaic; open stars show the distribution of YSOs as observed or listed by Wilking et al. (1¢
1997) and confirmed by us using £ H)—(H — K)-diagramms; solid triangles denote ISOCAM sources with mid-infrared excess (Olofsson
et al. 1999)Bottom: C*0 contour lines from 1 to 3.5 in steps of 0.5 K km $aken from Harju et al. (1993).
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Table 2. Comparison between dust and®O emission (Harju et al. 1993).

RCrA Positio") Offsef? ré S12 mm® Mgas
(J2000) [ [pc] [3y] [Mo]
MMS C80 RA Dec RA Dec ¢80 12mm 12mm &0 12mnf®
1 1901m083 -36°5719’ -564 7 0.02 0.3 0.6
2-5 1900"522 -36°5536" —757 111 0.08 17.0 34.5
6-8, 10, 11 Al 19001420 -36°5439" -160 165 0.08 0.09 37.0 10 75.1
12-13 A2 1901m537 -36°57'38" -20 -15 0.04 0.07 37.0 3 75.1
6-21 A 1901588 -36°5807” 40 -45 0.21 0.21 99.6 80 202.0
14-18 SW jaw 190270467 -37°0124" 110 242 0.08 0.08 7.7 5 15.6
19 NE jaw 19027158 -36°57'21” 245 0 0.07 0.07 3.8 5 7.7
20-21 A3 1902243 -37°0306" 345 =345 0.10 0.07 4.5 10 9.1
22-23 B 19027469 —37°0724" 615 -605 0.12 0.10 7.9 10 16.0
24 D 19037053 -37°1443’ 835 -1045 0.12 0.05 2.2 3 4.5
25 C 1903550 -371526” 1425 -1090 0.16 0.13 24.7 19 50.1

@ Central position of the apertures which were used to derive the flux densities. Positions correspond to the positions of the clump centre of
mass of ¢80 in most cases (exception: MMS 25).

@ Offsets of the central position of the apertures relative to the position of IRSDI186:4, —36°57'23" (J2000)) for comparison with

the C®0 offsets.

@) Clump half-power radius (geometric mean) calculated for a distance of 170 pc. It was derived within an aperture that contained half of the
total flux density.

@) Flux density derived by integration (details see Sect. 3.3).

) Masses derived by Harju et al. (1993) but recalculated for the adopted distance of 170 pc.

) Gas masses of the clumps calculated according to the procedure described in Sect. 3.3.
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Appendix A: Data reduction ‘ R ‘ I
A.1. The general concept \ \

For the reduction of the SIMBA data, we have used the
package MOPSI (Mapping OnfDPointing Skydip Infrared).
However, independent of the software that is used for the da e /A
reduction, certain steps have to be taken on the way to tt L. . - T
final map. An extensive description is given in the SIMBA o Tmes o ' ‘
Observer’s Handbook (2002). Fig. A.1. a)In the fastscanning mode, the AC-coupling of the bolome-
ter channels causes a modification of the incoming sidn)alhe ap-
plication of the proper filter function restores the actual source signal
(Reichertz et al. 2001).

So far, none of the available software can process the raw

SIMBA fits files. Thus, these files have been converted witBtransformation deconvolved the signal as shown for the sim-
thesimbareadsoftware, written by R. Lemke and M. Albrecht.p|est case — the point source — in Fig. A.1.

The deconvolution algorithm for MOPSI was written by M.
A.1.2. Calibration Anciaux, R. Lemke and M. Nielbock. It exclusively takes into

account the time behaviour of the system and does not assume
As primary calibrators we used the planets Uranus and Magsy particular source distribution.

since their flux densities can easilly be calculated. This step
limits the accuracy of the final results significantly. The stan- . )
dard deviation for the conversion factor was 15%. A.1.6. Opacity correction

Intensity [a.u]

4
Time [s]

A.1.1. Conversion of the fits files

In order to obtain the zenith opacity, frequent skydips were

A.1.3. Baseline fitting dpne during the observation_runs. The unextincted.flux den-
sity was calculated by assuming a black body behaviour of the

The raw data contain non-astronomical emission which hagy, i.e.Sem = Saps and simply solving the following equation

to be subtracted prior to the proper data reduction. The magt S,:

sources of this emission are: B

. . e . Sem=So eXp(.—T)~ (A.1)
— longterm fluctuations due to instabilities in the electronics; sinh
— zero point dsets between the bolometer channels; Here,Sem stands for the measured flux densfiy,for the unex-
— spill over emission received by each bolometer channel. tincted flux densityr for the zenith opacityh for the elevation

. } ; ) .
Because the contribution of the non-astronomical emissiarqd (sirh)™" for the airmass. The zenith opacityvas derived

changes slowly with time, it can be removed by subtracting Y fitting Eq. (A.1) to the skydip data.
polynomial fit of low order (usuallyx3) to the data.
A.1.7. Skynoise reduction

A.1.4. Despiking The largest contribution to the noise in the data are fluctua-
Due to cosmic ravs and electronic discharaes. the raw mtions in the atmosphere. The size scales of these fluctuations

. . Y ischarges, : Rke sure that most of the bolometer channels experience sim-
contain spikes. They produce an artificially high noise leve

. . . S ilar chan in intensity. By eliminating the highly-correl
modify the actually measured intensity or even mimic rea?. changes te st_y y e ating the highly corre ated
oise, the signal-to-noise ratio of the source was significantly

emission. Depgndmg on the st_rength of the actual source, ﬁ?greased. It therefore represented the most crucial step within
spikes were eliminated by cuttingfasignals above a certain

the data reduction.

noise level. . . : .
o . . Ideally, a perfect skynoise reduction could be achieved if:
After despiking the baseline corrections have to be y.ap SKynois uct ! reved!
repeated. — the relative gains of the bolometer channels (i.e. the flat
field) were correctly determined;
A.1.5. Deconvolution — the receiver system was perfectly stable;

— the system did not show any non-correlated noise;
When using the fastscanning mode for a bolometer, one will the fluctuations of the atmospherical emission were identi-
eventually end up with a signal distribution containing nega- cal in every bolometer channel.
tive dips. This is due to the electronics of the pre-amplifiers
of the bolometer array which behave like an electric oscill&ince this does not represent a realistic situation, we were not
tor. Since the electronical design and the values of the tirable to remove the correlated noise completely. However, the
constants were known and stored in accessible files, a matwbmparison of data not treated with the skynoise filter as de-
ing band-pass filter function was derived. The division of thaicted in Fig. A.2 with the final map in Fig. 1 clearly shows the
Fourier-transformed signal by this function and the subsequaelifterence.
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T A.2.2. The second iteration

The R Corona Australis cloud

\} i The second step involved the definition of a proper base range.
A polygon matching the source geometry was drawn within the
final map of the first iteration. This polygon was used to define

a base range, i.e. the area in which the baselines are calculated.
The result of the reduction showed improvements, e.g. the
diminution of baseline artefacts. Furthermore, the sources had

as mapped with SIMBA at 1.€mm

{no skynoise filter applied) @1‘\‘ '-"

—36°48'00"

—37°00'00"

= Bt i ‘ V' a much better signal-to-noise ratio. Nevertheless, the source
é ) %& il n: structure was still not perfect and still showed residual scan-
- Sl R ‘g \ﬁ‘% iy ning artefacts.
AR )
& L Sl j o ]
‘ %é %;fy/ N A.2.3. The third iteration
o s 7 L
= AN - ;fg:;.,,, A .f!l " The results of the second iteration reduction were good enough
% AN ~mﬁfm A ; Beam | for the creation of a source model. Because of the compli-
. ghms “1;],0 ' Boo® ghoémoog lghoz‘m(g(;; o Pt cated source_ structure and the large amount of strong sources,
R.4. (2000) the preparation of a source model (see Sect. A.2.3) demanded

) ) a lot of care. At first, two-dimensional Gaussian functions
Flg..A.2. 'I_'he (_:omplete 1.2mm mosaic of the RCrA dark cloud a%ere fitted to the strongest sources (MMS 1, MMS 9, MMS 13,
depicted in Fig. 1. The same reduction sequence was used buyfiiq 53 nd MMS 24) and then subtracted from the mosaic.
skynoise filter was applied here. The resulting mosaibess! from This step allowed to smooth the remaining mosaic t6 wih-
strong residual noise and the distortion of the sources. .

out afecting the compact sources. Afterwards, the HPBW was
set back to 24 and the formerly subtracted Gaussian fits were
A.1.8. Map creation added. As any of the sources in the remaining mosaic is more
extended than 4Q the Gaussian smoothing did ndfect the
Inthe last step, all the maps of each bolometer channel were §gurce structure. Then, a polygon was drawn around the re-
added to create a final map. This step also involved a coordingigns of emission and the data outside this polygon was ne-
transformation from the horizontal into the equatorial system grected. The resulting source model was used as an input for
well as the application of dierent weighting factors for eachthe skynoise filter of this iteration of data reduction.
bolometer channel. These factors were calculated as follows: At this point, further parameters of the Skynoise filter could
1 be changed. The most crucial part was still the choice of the
weighting factorx —- (A.2) polygon. The best results were achieved by combining an ex-
tended source model (i.e. the polygon drawn during the prepa-
The rms in data of each bolometer channel was determinedraftion of the model only roughly followed the morphology of
ter the skynoise reduction and the final baseline subtraction ate regions of emission) and the smallest possible polygon (i.e.
side the polygon defining the source. this polygon followed the morphology of the emission very
tightly). Furthermore, baselines of order three or higher were
applied before, within and also after the skynoise reduction.
However, the subtraction of such strong baselines did not have
The following sections focus on the advanced data reductiany significant fects on data that were taken in good or supe-
which was performed in four iterative steps. While the basitor weather conditions and were therefore reduced to a mini-
reduction scheme was the same in each step, the settings fonhien. For noisy data, the order of the baselines that could be
skynoise filter and the baseline fitting were changed in orderapplied without destroying sources, crucially depended on the
improve the results. size of the base range in comparison to the size of the map. As
to now, there is no standard recipe for baselines and their order.
The result of this third iterative step showed major improve-
ments with regard to the source structure and the quality of
In this first step, the data were reduced in a very basic wH}g baseline corrections. Slight scanning artefacts were caused
which, however, already included all the relevant steps as - fluctuations in the electronics and therefore could not be
scribed in Appendix A.1. Since no relevant pieces of informg&liminated.
tion of the possible sources were at hand, the softest settings
had to be used for the reduction parameters, e.g. baseline . .
order 0 or 1. On the one hand, the resulting mafiesad from AZ.4. The fourth iteration
baseline artefacts close to the sources and strong residual ndibés last step basically involved the repetition of the third iter-
e.g. scanning artefacts. On the other hand, the chances thataion with further improved source model, since the results of
real sources were destroyed during this first iteration were the third iteration data reduction were usually by far better than
duced to a minimum. the results of the second iteration.

A.2. The iterative data reduction

A.2.1. The first iteration
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Fig. B.1. The rms-distribution of the complete 1.2 mm mosaic of the
R Cr A molecular cloud. The contour levels are 13 to 17 in steps of 1,
and 18 to 27 in steps of 3. The units are in fixdam. The thick con-
tour represents an rms of 17 midgam which corresponds to the as-
sumed global rms value.

Appendix B: Data analysis
B.1. Definition of the S/N ratio

The average noise in the final mosaic was determined by draw-
ing a polygon in such a way that regions of obvious emission
and the extremely noisy edges (regions with low coverages)
were omitted; the rms value of fluctuations inside the polygon
was defined as the noise which determines the detection limit
of the faintest sources. The validity of this procedure was tested
by calculating the rms within smaller polygons across the en-
tire mosaic; the variations found in this way turned out to be
+2 mJybeam. Due to the complex morphology of dust emis-
sion in RCrA, it is almost impossible to distinguish between
the emission from a compact source and the emission originat-
ing from a difuse dust continuum. Likewise, it was not possible
to determine the local rms on certain high emission plateaus.
Consequently, th& in the S/N ratio stands for the total signal
measured at the position of the peak wheread\thiepresents
the global rms noise of the background.

B.2. The rms distribution

The values of the rms of the final mosaic depend on the rms of
each single bolometer channel and the sampling in the equa-
torial system (note: maps are originally taken in the horizontal
system). Figure B.1 depicts the rms distribution over the entire
mosaic.



