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Abstract. We present the results of an extensive 1.3 mm cofunction (IMF), suggesting the clumps we detect may belthe
tinuum mosaicing study of the Ophiuchi central region ob- rect progenitors of individual star©ur observations therefore
tained at the IRAM 30-m telescope with the MPIfR 19—channsupport theoretical scenarios in which gravitational fragmenta-
bolometer array. The mosaiced field covers a total areatmh plays a key role in determining the stellar mass scale and
~ 480 arcmir?, corresponding to~ 1 p& at a distance of the IMF.
160 pc, and includes the DC@ense cores Oph-A, Oph-B1, Finally, the presence of several remarkable alignments of
Oph-B2, Oph-C, Oph-D, Oph-E, and Oph-F. Our mosaic is seypung stars and starless clumps in the 1.3 mm dust continuum
sitive to features down t&/,, ~ 10?2 cm~2 in column density. mosaic supports the idea that various external agents, such as a
Itis consistent with, but goes significantly deeper than, previosi®w shock wave originating in the Sco OB2 association, have
dust continuum studies of the cloud. For the first time, compdotiuced core fragmentation and star formation in at least part
circumstellar dusty structures around young stellar objects afe¢he cloud.
detected simultaneously with more extended emission from the
dense cores and the ambient cloud. Thus, it becomes possiblkedp words: ISM: individual objects: Rho Ophiuchi — circum-
directly study the genetic link between dense cores and youwstgllar matter — ISM: clouds — ISM: structure — stars: formation
stars.
The diffuse cloud emission is itself fragmented in at least 58
small-scale, starless clumps harboring no infrared or radio con- .
tinuum sources in their centers. Most of these starless fragmeht&ntroduction

are probably gravitationally bound and pre-stellar in naturggcated only~ 160 pc from the Sun, theOphiuchi dark cloud
Nineteen of them exhibit a relatively flat inner intensity profilgg gne of the most conspicuous regions where low-mass star
indicating they are not as centrally condensed as the enveloRffation is taking place (e.g. Wilking 1992 for a review). The
seen around the embedded (Class | and Class 0) protostars @ph cloud consists of two massive, centrally condensed cores,
the cloud. Ten other clumps appear to be sharply peaked, hgwegg and L1689, from each of which a filamentary system of
ever, and may represent candidate ‘isothermal protostars’, igreamers extends to the north-east over tens of parsecs (e.g.
collapsing cloud fragments which have not yet developed a cgfgren 1989). While only little star formation activity is observed
tral hydrostatic core. The: 6000 AU fragmentation sizescale jn the streamers, the westernmost core, L1688, harbors a rich
estimated from oup Oph 1.3 mm mosaic is consistent with thejyster of young stellar objects (YSOs) at various evolutionary
typical Jeans length in the DC@ores and is at least five timesstages and is distinguished by a high star-formation efficiency
smaller than the diameter of isolated dense cores in the TaygsE > 20%, Wilking & Lada 1983 — hereafter WL83). The
cloud. In agreement with this short lengthscale for fragmentgresent paper will be concerned with this main core, which
tion, the circumstellar envelopes surroundin@ph Class land js ~. 1 pc x 2 pc in size. Both the gas/dust content and the
Class 0 protostars are observed to have finite sizes and tqRfhedded stellar population of L1688 have been extensively
significantly more compact than their Taurus counterparts. stydied for more than two decades. The distribution of the low-
The measured frequency distribution of pre-stellar C'””H'énsity molecular gas was mapped ##@%1-0) by WL83 with
masses is relatively shallow below0.5 M, being consistent 3 1.1/ hbeam, revealing a ridge of high column density gas (
with AN/Am oc m™"%, but steepens tAN/Am oc m~*°  yp to~ 50 — 100 mag) of mass- 550 M, (see Fig. 3a below).
above~ 0.5 M. This is reminiscent of thstellarinitial mass | oren (1989) observed the entire cloud (including the streamers)
in *CO(1-0) with a2.4’ beam and measured a total mass-of
Send offprint requests t&. Motte 3000 Mg, for the complex. Maps of the higher density gas were
* e-mail: fmotte@cea.fr made using molecular tracers such as S8, NH;, HCO™,
** e-mail: pandre@cea.fr and DCO, identifying several compact dense cores (labeled
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Oph-A to Oph-F) inside the €0 ridge (e.g. Loren & Wootten obtained with the IRAM 30-m telescope equipped with the
1986, Loren, Wootten, & Wilking 1990 — hereafter LWW90). MPIfR bolometer array. Previous millimeter continuum studies
The dust continuum emission associated with some of thesere sensitive only to either the interstellar dust of dense cores
dense cores was mapped at 1.3 mm with an effective angulag. Mezger et al. 1992b) or the circumstellar dust of YSOs
resolution of < 15” by Mezger et al. (1992b), in search ofle.g. AM94). Thanks to the improved sensitivity provided by
protostellar condensations. Oph-A, Oph-B1, Oph-B2, and padlometer arrays, we are here able to probe, for the first time,
of Oph-F were positively detected, but only Oph-A revealdabth cloud and circumstellar dust emission simultaneously. One
strong compact condensations while the other cores appearkthe motivations for this high angular resolution{) work
structureless (we will see here that this is actually not the casgas to see whether the differences existing betwe&phi-
More recently, a half square degree centered on the main claethi and Taurus on large scales had direct consequences for
was imaged in the mid-IR (6.7bm and 15um) at6” reso- the star formation process on circumstellar scales. The results
lution with the ISOCAM instrument aboard the ISO satellitegf our mapping observations are described and compared with
revealing many emission and absorption details on the dust spaer existing data in Sect. 2 and Sect. 3. Sect. 4 presents an
tial distribution (ISOCAM central-programme survey by Nordhanalysis of the radial intensity profiles of selected sources. In
Olofsson et al. — see Abergel et al. 1996). Sect. 5, we examine the nature and overall properties of the var-
The stellar content of the Oph cloud core has also beerious small-scale structures detected in our maps. In Sect. 6, we
observed at wavelengths ranging between the X-ray and theredate these properties to larger-scale phenomena and discuss
dio band. In X-raysEinsteinand ROSAT surveys revealed possible implications for our understanding of the processes of
~ 70 highly variable sources associated with magneticallfragmentation and star formation in clusters. Our conclusions
active young stars (Montmerle etal. 1983, Casanova etal. 1995 summarized in Sect. 7.
Inthe near-infrared, several surveys (e.g. Greene & Young 1992
—hereafter GY, Barsony et al. 1997, and references therein) dis- ) i
covered more than 200 low-luminosity embedded sources whichOPservations and data analysis

have been divided into three classes interpreted as an evolutipRe 1.3 mm dust continuum emission from #h®ph central

ary sequence (Class+ Class Il— Class IlI) from (evolved) cloud was mapped with the IRAM 30-m telescope located near
protostars to weak T Tauri stars (Lada 1987; Wilking, Lada, &ranada, Spain, during four observing sessions between March
Young 1989 — hereafter WLY). This empirical infrared classifit995 and February 1997.

cation scheme of theOph embedded cluster was generalizedto Al of these runs (1995 March 17th to 21st, 1996 March
all'YSOs, and was used to support the ‘standard’ theory of lowsth to 17th, 1996 April 3rd to 4th, 1997 February 17th to 23rd)
mass star formation (Adams, Lada, & Shu 1987; Shu, Adams,fere performed with the MPIfR 19-channel bolometer array
Lizano 1987). On the basis of (sub)millimeter dust continuuge.g. Kreysa 1992). Fifty on-the-fly maps were obtained with
observations, the YSO classification scheme was then slighttis array, corresponding to a total of 950 single-channel cover-
revised and extended toward younger sources with the additigjes. The effective field of view of each single-channel coverage
of the Class 0 early protostar stage (A@dward-Thompson, & varied from3’ x 1.5/ t0 6.5' x 3.5". Such fields can be mapped
Barsony 1993 — hereafter AWB93; Ar&l& Montmerle 1994 in |ess than~ 1 hr with homogeneous observing conditions.
— hereafter AM94). In the centimeter radio continuum rangghe resulting mosaic of the Oph main cloud (Fig. 1), which
several VLA surveys resulted in the discovery of more than 28ludes Oph-A, Oph-B1, Oph-B2, Oph-C, Oph-D, Oph-E, and
radio-emitting YSOs (e.g. Leous et al. 1991 — hereafter LFAph-F covers a total area of 480 arcmir?, corresponding to
—and references therein). ~1pe.

Because of the weallth of data already obtainedyt@phi- The individual on-the-fly maps were carried out in the dual-
uchi cloud may serve as a reference laboratory to which othg¥am raster mode with a scanning velocity ‘4fsc (or 8/sec)
regions of low-mass star formation can be compared. Since ) a sampling of 2 (or 4’) in azimuth, a spatial sampling
details of the star formation process are Iikelytovaryfrom C|OL& 4" in elevation, and a wobbler frequency of 2 Hz. In this
to cloud and to depend on environmental factors, it is crucial gbserving mode, the telescope is scanned continuously in az-
StUdy several regionsin order to build acomplete theoretical p]ﬁTuth a|0ng each row while Chopping_ For each channel, the
ture. Thep Oph main cloud may offer both the nearest exampigw data corresponding to a single on-the-fly coverage consist
of a region of induced star formation (e.g. Vrba 1977) and thg several rows (or scans) taken at a series of elevations. The
nearest example of a young embedded cluster (WL83). It m@gghbler throw (in azimuth) was usually set to’44ut 32 was
thus be representative of the ‘clustered’ mode of star fOfmati%ed for the smallest maps. As much as possib|e, the hour ang|e
which is probably the dominant mode in the Galaxy (e.g. Ladgf each individual map was selected so as to avoid chopping
Strom, & Myers 1993). In contrast, the Taurus-Auriga molegnto strong point sources (known from the YSO photometric
ular cloud, which has a much lower spatial density of YSOgurvey of AM94) and to make the chopping/scanning direction
is thought to be representative of a more quiescent, ‘isolatg@gughly perpendicular to the long axis of the molecular cores
mode of low-mass star formation. in the field. The beam size was measured to-b&1” using

In the present paper, we discuss the results of a dagfanus and other strong point-like sources such as quasars. The
1.3 mm continuum mapping study of theOph main cloud absolute pointing of the telescope was checked every hr
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Fig. 1. Millimeter continuum mosaic of the Oph main cloud including the dense cores Oph-A, Oph-B1, Oph-B2, Oph-C, Oph-D, Oph-E, and
Oph-F. The data were smoothed to an effective angular resolutior’ofHPBW). The mosaic results from the combination of 50 on-the-fly
coverages with the MPIfR 19-channel bolometer array and covers a total acegg6farcmir?. Contour levels go from 5 to 40 MJy/sr with steps

of 5 MJy/sr, from 50 to 80 MJy/sr by 10 MJy/sr, 100 MJy/sr and from 120 to 280 MJy/sr with steps of 40 MJy/sr (1 MBedy/15 -beam).

The mean rms noise level is 1.2 MJy/sr. Note the remarkable linear chain of clumps and embedded YSOs in the southern part §0the ‘C
ridge’ (emphasized by a white straight line).
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and found to be accurate to better than3’-5" (maximum sity distribution within the mosaiced region. The beam-averaged
deviation in both coordinates). In order to further improve th@lumn density along any given line of sight may be derived
relative pointing accuracy within our mosaic, we recentered trem the 1.3 mm flux densitg > measured in a single (Gaus-
individual maps assuming that the circumstellar structures dgan) beam by:
tected around radio-emitting YSOs peak at the corresponding
VLA positions (known to better than’i- see LFAM). < Niz > veam = S5nm / [Qoean 1 My Faznm Bra(Taw)], (1)

All of the data were taken at night or early morning and mowhereﬂ
of them peneflt_ed from good weather co‘nquns’. The zenith ?ﬁ'olecular weight, mis the mass of atomic hydroges, .., is
mospheric optical depth, monitored by ‘skydips’ every 1-2 hfh

. . . e dust opacity per unit mass column density at 1.3 mm,
was betweenr- 0.1 and~ 0.4. Calibration was achieved throughfndBm(Tm) is the Planck function for a dust temperatuge,T

on-the-fly mapping and on-off observations of the primary caj y, Rayleigh-Jeans approximation of the Planck function, the
brator Uranus (e.qg. Griffin & Orton 1993 and references there|r£00\/e equation takes on the practical form:

In addition, thep Oph secondary calibrator IRAS 16293-2422,
which has a 1.3 mm peak flux density5.3 Jy in an 11 beam N ~ 4 % 102 om-2 S peam
(e.g. AM94) was observed before and after each map. The Y v = e X “\ 10 mJy/13'-beam
ative calibration was found to be good to within 10% by -1 -1
( Taust ) ( R13mm ) (1/)

peam IS the main beam solid angle,= 2.33 is the mean

comparing the individual coverages of each field, and the over- 005 e a T
all absolute calibration uncertainty is estimated to-b&0%. 20K 0.005cm"g
The passband of the bolometers used has an equivalent WidthConverting column densityJ}] into visual extinctionAy

~ 70 GHz and is centered at.s; ~ 240 GHz (e.g. Kreysa ysing the relatiord;, ~ 10~2! N,, (e.g. Bohlin, Savage, &
1992). Drake 1978), we see that the typicat 8etection threshold in
The dual-beam maps were reduced with the new IRAM soﬁ:ig_ 1 and Fig. 2is< Ny > pean~ 1022 cm~2 or Ay ~ 10.
ware for bolometer-array data (“NIC”; cf. Brogeree, Neri, & The main uncertainty in the above derivation (Eq. 1) arises
Sievers 1995) which uses the EKH restoration algorithm (EmWOm the dust Opacity coefficient, 5, (See Henning, Michel, &
son, Klein, & Haslam 1979). Zero-order baselines were suBtognienko 1995 for a review). The dust temperatyggidalso
tracted from the data prior to restoration. A few maps takeymewhat uncertain but less critical in this respect (e.g. AM94).
in March 1996 suffered from strong skynoise and were prgince we are interested in a variety of dust features includ-
cessed using a noise-reduction algorithm that removes a coffgrcircumstellar material around young stars, pre-stellar dense
lated noise component from each channel, based on the sigj]@,hps/cores, and diffuse interstellar cloud material, both,,
seen by the other channels of the array (Bregeiet al. 1995). and T,,, may be expected to vary over the extent of our maps.
We have therefore adopted three values of the dust mass opac-

3. Results ity: #1smm=0.02 cn? g~! for circumstellar disks around Class Il

. . _ . sources (see, e.g., Beckwith et al. 1990 and Pollack et al. 1994),
The final, co-added 1.3 mm mosaic pfOph main cloud is = _q 01 ¢ g1 for circumstellar envelopes around Class |

shown inFig. 1 in thg form of an ispphotgl contour map OveLyq Class 0 protostars (Ossenkopf & Henning 1994, AM94), and
laid on a color-scale image. Remaining image artifacts res%;

= 0.005 crmd g~! for pre-stellar dense clumps and cores
ing from unbalanced ‘dual-beam restoration’ were removed 1I3reibisch et al 19993 An%rWard-Thompson &Fl)vlotte 1996
smoothing the images to an effective beam resolutioh3df ' ’ '

— hereafter AWM96). In actual fact, the dust mass opacity is not

(15 for the full mosaic). Blow-up 1.3 mm maps of the Dcodiscontinuous from one class of sources to the next, and there
cores Oph-A, Oph-B1/B2, Oph-C, Oph-D, Oph-E, Oph-F, ar]g

f | qiff of h QFrobany little difference for instance between the dust in the
ot severalnew, more al ,l,Jse cores extracted from the mosaiGyje, parts of a circumstellar envelope and the dust in a pre-
Fig. 1, are presented &8 angular resolution in Figs. 2a—2h.

T ise of th ) 13b stellar core. Nevertheless, our adopted values should roughly
& mean rms noise of these maps 1§ mJy per €am, i ack the real variations of, ;. (cf. Henning et al. 1995). The

but the rms noise at a given position varies from 4.5 m‘]y’llsciontinuity between classes and the ambiguous classification of

beam to 15 mJy/Y3beam depending on the local number o ome objects imply a typical uncertainty of a factoro on

fﬁg%igzi at%itgreeggrvrv?tshpgggtlI;ger?st;;\?igl/l?r?n(;.og?rlwtj]?/?féwtwgmm (see also Sect. 3.3 below). This uncertainty affects our ab-

b | q q th : ﬂh solute estimates of the column densities, densities, and masses
gam) are locate aroun the starless cores OphG& of individual sources (Sect. 3.2 and Tables 1 to 3 below), but
Fig. 2c) and Oph-D (see Fig. 2d).

not our general conclusions of Sects. 4 to 6.

We also assume a volume-averaged dust temperature of
3.1. Column densities Tas = 30 K for the circumstellar material aroupdOph YSOs
- . L . (cf. AM94), and a uniform dust temperature for dense cores and
Ag millimeter dust continuum emission is generally opticall re-stellar clumps. Based on AWB93 feOph-A and on recent
thin, our bolometer maps should directly reflect the column defg ) 1100um dust continuum observations with the balloon-

! The strong southern continuum component of Oph-C, centeredia@rne PRONAOS/SPM experiment (Ristorcelli et al. 1997) for
(1950 = 16"23™55%5, d1950 = —24°26'16"), is here called OphC-S. other parts ofp Oph, we adopt dust temperatures ranging from
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Fig. 2a—h Millimeter continuum maps of the DCQiense cores Oph-A, Oph-B1/B2, Oph-C, Oph-D, Oph-E, Oph-F, and of several new, more
diffuse cores. These maps are extracted from the mosaic of Fig. 1 and smoothed to an effective angular resol(ti@oatdi levels go
from 25 to 200 mJy/1’3-beam with steps of 25 mJy/1deam, then from 250 to 400 mJy/4-Beam by 50 mJy/TY3beam and finally from 500
to 1400 mJy/13-beam by increments of 100 mJy/4Beam. Starless clumps (Table 2) are denoted by crosses and several young embedded
stars (Tabl€]3 and TaHlIé 5) by star markers. A few chains of clumps and YSOs are emphasized by whita ©Optvesand the lower density
cores Oph-A2 1(11950 = 16h23m11§7 , 01950 = —24018,11”), Oph-A3 @1950 = 16“23m07§:9 , 01950 = —24013l55//); mean rms noise level
~ 9 mJy/13'-beamb Oph-B1 and Oph-B2; mean rms noise levell0 mJy/13'-beam.

12 Kto 20 K in the various dense cores (see Thble 1). Note tllaiminated by the warmer, large-scale ambient clous @0 K
the gas kinetic temperatures estimated by Loren et al. (1980.g., Ristorcelli et al. 1997).
and Loren (1989) are significantly higher as they are probably
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Flg 2. (Continued)c Oph-C @1950 = 16h23m5555 s 61950 = —24026l16//) and ophC-SC@1g5o = 16h23m5759 y 51950 = —24027l38//); mean
rms noise levek 5 mJy/13'-beam.d Oph-D (1950 = 16"25"29%6 , 61950 = —24°12'01"); mean rms noise levet 5 mJy/13'-beam.e
Oph-E; mean rms noise level 7 mJy/13’'-beam f Oph-F; mean rms noise level 8 mJy/13'-beam.

3.2. Multi-scale structure in the 1.3 mm continuum mosaic called ‘cores’, from smallei’5”-30" —scale (i.e.2 400 AU to

. - . 5000 AU) ‘clumps’.
For the purpose of this paper, we have divided the_vqnous struc- The \3ariousptypes of identified structures are discussed in
tures‘ and frr?lgments Seen in th? 1.3 mm mosaic Into COr&Srn below. In practice, there is a good correspondence between
and ‘clumps’, depending on their characteristic Iengthscalt?ﬁ

) X e larger 1.3 mm structures and the DQf0res identified by
We used a multiresolution wavelet analEs@e.g. Starck et al. LWWOO (see Sect. 3.2.1 and Table 1). The small-scale ‘clumps’
1995, see also Langer et al. 1993) to separa@-1scale struc- o : P

. include both starless cloud fragments (see Sect. 3.2.2 and Ta-
tures (i.e., 0.05 pc t0 0.3 pe, 86000 AU to 60000 AU), here ble[2) and YSO circumstellar structures (Sect. 3.2.3, Tdble 3 and
2 Briefly, the wavelet transform of an imagg consists in a series of Table[5). They do not show any significant substructure &t 15

filtering operations which provides “view#”; of thatimage at different resolution (except 4 composite clumps in Table 2), while, by
spatial scales. The “viewV/; at scalej is obtained by convolving the contrast, the 1.3 mm continuum emission from ‘cores’ is gener-
smoothed image at levgl — 1, I;_1, with the low-pass filtetH = ally seen to be highly structured. The starless cloud fragments
‘(-1 5> 1 16) @ (36> 1 5» 1» 16)» @nd by retaining the difference were extracted from the5”—resolution mosaic in order to im-
with the resulting smoothed image at leyell; = H « I;-1, V; =  prove the signal-to-noise ratio on weak clumps with uncertain
Ig-,l —1I;. The originalimage can be expresseq asthe sumofall wav%gak positions.
}f"ews (alsf] called pla.‘ges)glu‘:f t?el Srfiogthled 'mé@.ﬁ I’f th Vft The flux and size estimates for starless clumps and YSOs
ere, We have considerec a 1olem p'anes with characteristic (see Tablél2, Tabld 3, and Table 5) were derived after subtract-

scales of 16, 32’, 647, 128’, 256’, and 517, the ‘clumps’ are seen | o S
in the first two planes and the ‘cores’ in the last four. ing the background emission arising from both dense cores and
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Fig. 2. (continued)g Oph-G (1950 = 16"23"5458 |, §1950 = —24°11'58"; incompletely mapped) and Oph-AB{os0 = 16"23"55%8 ,
J1050 = —24°16’42"), new diffuse cores; mean rms noise level 0 mJy/13'-beamh Oph-AC1 (1950 = 16"23™3456, 61950 = —24°21’15")
and Oph-AC2 950 = 16"23™45%4 , 51950 = —24°21'51"), new diffuse cores; mean rms noise levell5 mJy/13’-beam. Here, contour
levels go from 30 to 120 mJy/{Y3beam with steps of 30 mJy/1deam.

Table 1.Core properties

Core T  FWHM <Ne>%  <ne>E < Ne>HY' < Ne>hil M My YSOsurf. dens.
Name (K) (pcx pc) (1022 cm™?) (cm™3) (1022 cm™2) (102 cm™2) (Mp) (Mg) [stars/(0.1 pd)]
1) 2 3) (4) (5) (6) (7) (8) 9) (10)
Oph-A 20 0.08 x 0.05 78 4.0 x 108 19 6.3-15 23 16-27 2.4-4.4
Oph-A2 20 0.07 x 0.03 4.3 3.0 x 10° 0.7 <15
Oph-A3 20 0.6 x 008 54—6.3 1.5—1.8x10° 3.9 0.8
Oph-B1 12 0.14 x 0.05 12 4.6 x 10° 4.2 3.9-9.2 7.2 24-40 0.45
Oph-B2 12 0.15 x 0.08 41 1.2 x 10° 18.4 4.2-10 42 40-66 0.55
OphC-S 12 0.11 x 0.08 22 7.6 x 10° 11 3.9-9.8 18  11-19 0.55
Oph-C 12 0.29 x 0.15 7-12 1.1—-1.9 x 10° ~5.1 - 44  25-42 0.65
Oph-D 12 0.09 x 0.06 12 5.3 x 10° 2.1(in2) 1.1(in2") 53 2.8-46 <0.6
Oph-E 15 0.22 x 0.16 8 — 10 1.4—1.7 x 10° ~ 3.0 4.9-12 27 28-47 2.1
Oph-F 15 0.11 x 0.07 10 3.7 x 10° 4.3 5.6-13 8.1 16-26 2.9-4.6
Oph-G 20 0.15 x 0.11 28-43 0.7—1.1x10° 4.5 <0.2
Oph-AB 20 0.14 x 0.10 2.8 0.8 x 10° 2.3 0.7
Oph-AC1 12 0.12 x 0.07 10 3.5 x 10° 3.8 0.4
Oph-AC2 12 0.10 x 0.05 8.8 4.0 x 10° 5.1 0.65

Meaning of columns:

(2) Assumed dust temperature (based on AWB93 and Ristorcelli et al. 1997).

(3) 2D-Gaussian FWHM measured on 1.3 mm continuum map and deconvolved from beam.

(4) Peak column density at 1.3 mm in &’ beam. A range is given when no clear maximum can be distinguished.

(5) Peak density at 1.3 mm derived from col. [3] and col. @]n., > = < Ny, > / FWHM.

(6) Column density derived from 1.3 mm continuum data averaged ove€fQ@ beam 2’ for Oph-D) centered on peak of each core.

(7) Column density in 1/1beam ¢’ for Oph-D) derived from €0 maps of WL83 and Butner et al. (1995) under LTE hypothesis.

(8) Gas + dust mass estimated from 1.3 mm continuum map in elliptical area twice the size of col. [3].

(9) Virial mass assuming a spherical core withx 2 (resp. uniform) density and a diameter twice the size of col. [3}: M 3 Ro?/G
(resp. My = 5 Ro?/G). Core velocity dispersioa derived from DCO line width measured by LWW90 or Butner et al. (1995).

(10) Surface number density of mid-IR sources detected by ISOCAM (e.g. Bontemps et al. 1998) within elliptical area twice the size of
col. [3], together with estimate withiBo contour level for the compact cores Oph-A and Oph-F.
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the large-scale molecular cloud. To do so, a circular area of 8i2.3. YSO circumstellar structures

20y _ i H ;
ameter 10-30" (resp. 10-20" for YSOs) believed to contain Table3 lists the millimeter counterparts of (Class | and Class I1)

most of the clump (resp. YSO) emission was first masked, ) : )
the surrounding cloud emission was smoothed and interpol%% Os which were not observed by AM94. Revised estimates

at the clump (resp. YSO) position. The estimated backgrour? th_e 1'?? mm flux qlensmes of the YSOs surveyed by AM94
emission was then subtracted from the original mosaic to pr%r? gvenin Appendix A (Tab 5). -
Since thep Oph cores are highly structured, the probability

duce a map of the target’s intrinsic emission. The uncertaintiefschanCe coincidence between a near-IR source and an unre

associated with this procedure depend on the complexity of o .
local background/environment and are listed along with the é)a(\fed clump such as those of Table 2 must be considered. For

tracted fluxes in TablE| 2, Tablé 3, and Talde 5. Note that tREY given detected YSO from Talfle 3 and Tdle 5, the proba-

: . : A ﬁity to find a 1.3 mm emission peak greater than thdével
clump coordinates given in Tatile 2 are only accurate/ta @' within a 10’ diameter circle around the nominal YSO position

3.2.1. Cores is ~ 0.3%. This probability is slightly higher for a source lying
over a core({.6%) and/or detected at a weaker level. Altogether,

The main characteristics of thé-8’ ‘cores’ as derived from our amongthe 31 YSOs detected abowérbTable3 and Tab[g 5, the

1.3 mm continuum data are listed in Table 1. These cores @xpected number of misidentified sources is onl§.09 — 0.2.

be tentatively divided into three groups. First, Oph-A, Oph-BThe 1.3 mm fluxes of ten sources in Table 3 and Table 5 are less

Oph-B2, OphC-S, Oph-D, and Oph-F correspondto DEfes secure (and given in parentheses) as the associated emission

that are highly ‘centrally condensed’ (see Figs. 2a, 2b, 2c, 2shaks are only at thes3or 40 level. The last four detections of

2f). These are relatively compact with FWHM siz&€s0.1 pc(~ Table[3 are only tentative since the 1.3 mm peakssére0”

2'), and have peak densities in the range~ 4-40x 10° cm~—  away from the nominal near-IR positions, and the correspond-

(and peak column densiti€g,,, ~ 10-80x 1022 cm~2). ing number of chance coincidences~sl.3. We interpret the
Second, the DCCcores Oph-C and Oph-E are morphologmillimeter continuum peaks observed10” — 15" away from

ically different from the previous cores: they consist of broad@Y 10, GY 11, VSSG 17, and VSSG 18 (see Figs. 2a, 2b) as

(~ 4'), clumpy emission ‘plateaux’ with,, ~ 1.5x10% cm™2  arising from cloud structure rather than circumstellar emission.

(@ndN,, ~ 9 x 10*2 cm~2), which are clearly not centrally It is noteworthy that the Class | YSOs tend to be found in

condensed (see Figs. 2c, 2e). the inner parts of the dense cores, while the Class Il sources
The third type of cores comprises a number of weaker (ie preferentially on the outskirts of the cores. For instance, the

N, >~ 5 x 10?2 cm~2) structures identified in the mosaicmean projected distance from core center i$3 000 AU (i.e.,

of Fig. 1 (see Figs. 2a, 2g, and 2h), but undetected by LWW®0L') for Class I/flat-spectrum sources in Oph-A and Oph-F,

in DCO'. The structure of these ‘diffuse cores’ is apparenthyhile it is ~ 25000 AU (i.e., 2.6") for Class Il sources. There

clumpy, but is more uncertain than that of the stronger DC@re also several relatively isolated Class | objects, suchas IRS 51

cores. and WL 12, which are not associated with any particular dense

core but lie over a low-density ‘diffuse’ medium.
3.2.2. Starless clumps

The characteristics of the 1530" starless ‘clumps’identified in 3.3. Comparison with molecular line maps

our 1'?f mm cor,mnuum maps (Figs. 2a-2h) are I_|sted n Eble&%blecular maps in optically thin @0 lines, which trace the
Here, ‘starless’ means absence of near-IR, mid-IR, and radio

sgatial distribution of the gas column density, should in prin-
etal. 1997), ISOCAM surveys (e.g. Nordh et al. 1996 Bontem%@lle be directly comparable to our dust continuum results (cf.
! ' ys(€.g. ' ' gchwartz, Snell, & Schloerb 1989). Maps in dense molecular

etal. 1998), and VLA surveys (e.g. LFAM), respectively. tr?cers such as DCQure sensitive to the spatial distribution of

We are reasonably confident of the existence of mOStEfu%gold, high-density (€...R; ~ 5.1 x 10° crmi* for DCO'(2—

these clumps because they consistently appear in indepen
P y y app aep — cf. Butner et al. 1995) gas and may more accurately reflect
bolometer coverages. In all cases, the contrast with respgct

to the local ‘environment’ in thé5”—resolution mosaic is att € structure of dense cores.
the 5 level at least. Furthermore, many clumps of Table
are associated with degfsorptionfeatures in the ISOCAM
6.75um/15 um images of Abergel et al. (1996). These ‘nega-
tive’ ISOCAM features are interpreted as dense cores seen inWe here consider the list of DCQ@ores by LWW90. However,

absorption against the diffuse mid-IR background arising froWg do not take their Oph-B3 position as an independent dense core

the cloud envelope (see Abergel et al. 1997 and Bacmann efigice only little 1.3 mm continuum emission is associated with it (see
1998) triangular marker in Fig. 2b). Furthermore, the nominal D@0sition

Our list of identified 1.3 mm clumps is in good agreemelguey give for Oph-C is 3NW from the compact dense core we call

continuum sources, from ground-based IR surveys (e.g. Bars

Our 1.3 mm estimates for the column densities and masses of
t%e DCO corefare compared in Tablé 1 with estimates derived

. . . phC-S (see Fig. 2c). This core coincides with&peak (see Fig. 3a)
with the extraction of cloud fragments carried out by Pound twas apparently not detected in DOsy LWW90 (see Fig. 3b). Oph-

Blitz (1995) on their lower (30) resolution 80Qum and DCO ¢ jiself corresponds to a broad plateau of 1.3 mm continuum emission
maps of Oph-B1 and Oph-B2 (see last column of Table 2). (see Fig. 2c).
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Table 2. Characteristics of ‘starless’ clumps detected at 1.3 mm

F. Motte et al.: The initial conditions of star formation in hh®phiuchi main cloud

Source Coordinates  SP2f () FwHM®  M® M@ n,®  CAM Comments
Name aigso  O1050  (mJy/lbeam) (AUx AU) (Mo) (Mg) (cm™3) abs® and references’
16" —24°

A3-MM1 23™0833 16:21”7 90+ 10 unresolved 0.10 0.086.6 x 10" N  compact, protostellar ?

A2-MM1 23:09.9 17555 60=£10 4500 x 960  0.10  0.20 4.0 x 10° N diffuse, pre-collapse ?

A-N 23:20.2 1256 60=+10 unresolved 0.06 0.083.8 x 107 N compact, protostellar ?

A-MM1 23:21.0 16:556 50415 unresolved 0.05 0.083.1x 107 N rel. to VLA 1623 outflow ?

A-MM2 23:216 17116 90415 unresolved 0.08 0.085.7 x 107 N rel. to VLA 1623 outflow ?

A-MM3 23:21.8 17:32 55+ 15 unresolved 0.05 0.08 3.5 x 107 N rel. to VLA 1623 outflow ?

A-MM4 23:22.7 15:08 80+ 15 4000 x 1400 0.14 0.23 3.5 x 10° N diffuse, pre-collapse ?

A-MM5 23:245 1543 100£20 3700 x 2900 0.23 0.32 2.3 x 10° N diffuse, pre-collapse ?

SMIN 23:25.9 16144 790+25 3000 x 1800 1.3  0.22 3.6 x 107 N compact, protostellar ? ; rel. to S1
PDR ? ; AVB93

SM1 23:26.1 17:12 1300420 6100 x 2100 3.2 0.34 2.4 x 107 N compact, protostellar ? ; rel. to S1
PDR ? ; AVB93

A-MM6 23:26.5 16:09 200425 3200 x 2700 0.4 0.28 5.3 x 10° N diffuse, pre-collapse ? ; rel. to S1
PDR ? ; Mezger92b (FIR1)

A-MM7 23:27.8 15550 1104+30 1400 x 1400 0.13 0.13 1.5 x 107 N rel. to S1 PDR ?

SM2 23:28.0 17:43 450430 6200 x 3400 1.3  0.44 4.7 x 10° N diffuse, pre-collapse ? ; rel. to S1
PDR ? ; AVB93

A-MM8 23:31.9 18:17 80 & 25 2900 x 2100 0.13 0.24 3.1 x 10° N rel. to S1 PDR ?

A-S 231416 1859 85410 unresolved 0.08 0.085.4x10" Y+ compact, protostellar ?

B1-MM1 24:07.1  21:09 50+ 5 unresolved 0.10 0.056.5 x 107 compact, protostellar ? ; PB95
(DCO" 8)

B1-MM2 24:09.7 22:37 45+10 3000 x 2100  0.17 0.14 3.8x10° Y+ PB95 (20 from DCO 9 & 10)

B1-MM3 24:10.8 23:17 65+10 1800 x 1300 0.16 0.09 1.7 x 107 Y PB95 (C2, 10 from DCO' 13)

B1-MM4 24:141 24:01 60+15 4600 x 3200 0.21 0.22 1.3x10° Y+ diffuse, pre-collapse ? ; PB95
(30" from DCO' 4)

B1B2-MM1 24™0937 20':58" 40+5 2700 x 1800 0.10 0.13 3.2 x 10° N PB95 (20’ from C4 & DCO'7)

B1B2-MM2 24:16.4 22:07 45410 4800 x 4100 0.33 0.26 1.3 x 10° N composite pre-collapse clump

B2-MM1 24:154 20:51 60+10 ~unresolved 0.14 0.059.1 x 10" Y+

B2-MM2 24:18.7 20:28 85410 4500 x 2400 0.47 0.19 4.5 x 10° Y+ PB95 (1% from DCO' 3)

B2-MM3 24:22.1 21125 60410 unresolved 0.12 0.057.8 x 107 Y

B2-MM4 24:22.7 21:05 90+15 2100 x 960  0.27 0.08 3.3 x 107 Y compact, protostellar ?

B2-MM5 24:23.3 20:46 100+ 15 2200 x 960 0.26 0.08 2.9x 107 Y+

B2-MM6 24:23.7 20:20 150415 4300 x 2700 0.78 0.20 6.6 x 10° Y

B2-MM7 24:26.3 20:59 100£20 ~unresolved 0.23 0.05 1.6 x 10® Y

B2-MM8 24:26.4 20:27 215420 4000 x 4000 1.5 0.23 7.8 x 10° Y diffuse, pre-collapse ? ; PB95
(C1, 358 from DCO' 1)

B2-MM9 24:27.2 19:57 110+15 1600 x 960  0.31  0.07 5.6 x 107 Y

B2-MM10 24:28.0 21:02 160+10 34002200 0.6 0.16 9.7 x 10° Y compact, protostellar ?

B2-MM11 24:28.3 19:09 75+15 unresolved 0.15 0.059.8 x 107 Y

B2-MM12 24:28.3 1953 140+10 2100 x 1300 0.39 0.10 3.1 x 107 Y

B2-MM13 24:31.1 19127 75+15 ~unresolved 0.19  0.05 1.3 x 108 Y

B2-MM14 24:31.2  19:49 130+15 2100 x 1800 0.43 0.11 2.1 x 107 Y+

B2-MM15 24:31.2 20:23 90=£15 unresolved 0.17 0.051.2 x 108 Y compact, protostellar ?

B2-MM16 24:329 19:33 100+15 2700 x 1300 0.35 0.11 1.8 x 107 Y

B2-MM17 24:33.6 19142 90+15 ~unresolved 0.23  0.051.6 x 108 Y+

Cc-w 23:48.3 26:07 50410 17000 x 8000 1.4  0.67 3.0 x 10° Y composite pre-collapse clump

C-MM1 23:52.0 28:29 50+10 5900 x 3000 0.35 0.24 1.6 x 10° Y diffuse, pre-collapse ?

C-N 23:55.6 24:57 60+10 10000 x 8800 1.7 0.54 7.%10° Y composite pre-collapse clump ?

C-MM2 23:56.7 27111 45410 ~unresolved 0.12  0.05 1.2 x 107 Y

C-MM3 23:57.2 27:40 55+25 5400 x 640 0.23  0.11 6.5 x 107 Y

C-MM4 23:57.7 27:20 50+15 2400 x 1400 0.16 0.11 2.0 x 10° Y

C-MM5 23:584 27145 50+25 unresolved 0.10 0.057.8 x 107 Y

C-MM6 23:59.9 27:55 60+ 20 4000 x 3700 0.33 0.22 8.3 x 10° Y

C-MM7 24:01.6 27:40 50+15  ~unresolved 0.13 0.058.5x 10" Y
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Table 2. (continued) Characteristics of ‘starless’ clumps detected at 1.3 mm

Source Coordinates S*%¥ (1 FwHM®  M® M) n,®  CAM Comments

1.3mm

Name 050 01950 (MJy/beam)  (AUx AU)  (My) (M) (cm™3) abs!®  and referenceS’

16" —24°

D-MM1 25:27.0 12:45 4545 2700 x 1700 ,0.15 0.12 5.1 x 10° Y

D-MM2 25:27.6 12:28 45+15 4000 x 2600  0.16 0.19 1.6 x 10° Y diffuse, pre-collapse ?
D-MM3 25:29.6 11:07 30+5 ~unresolved 0.08 0.055.2 x 107 Y

D-MM4  25:30.9 11:25 40+£10 3800 x 2600 0.17 0.18 1.9x10° Y+ diffuse, pre-collapse ?
D-MM5 25:354 11:50 35+5 unresolved 0.07 0.054.6 x 107 N

E-MM1 23:55.9 30:14 55420 23000 x 19000 2.2 1.2  8.k10* Y composite pre-collapse clump
E-MM2a 24:59.8 31:47 50415 unresolved 0.07 0.064.7x10" N

E-MM2b 24:00.3 32:10 60+ 15 unresolved 0.08 0.06 5.6 x 107 Y

E-MM2c 24:01.8 32:44 60+ 15 unresolved 0.08 0.06 5.6 x 107 Y

E-MM2d 24:03.1 32:34 110+ 20 4200 x 2700  0.45 0.24 4.0 x 10° Y diffuse, pre-collapse ?
E-MM3  24:04.1 30:28 60+ 10 unresolved 0.08 0.06 5.6 x 107 Y compact, protostellar ?

E-MM4  24:08.8 32:49 50410 6900 x 5300 0.44 0.44 6.9x10° Y+ diffuse, pre-collapse ?
E-MM5  24:10.0 31:16 55+10 7700 x 4600 0.42 0.43 6.8 x 10° Y+ diffuse, pre-collapse ?

F-MM1 24:20.2 33:19 65+20 4800 x 2600 0.25 0.26 2.0 x 10°
F-MM2  24:22.4 33:55 50+15 2700 x 1600  0.12 0.15 4.5 x 10°

diffuse, pre-collapse ?
diffuse, pre-collapse ?

Notes:

(1) Peak flux in 15-beam estimated after background subtraction. Uncertainty mainly due to environment subtraction but also including map
rms measured at source position.

(2) Deconvolved FWHM derived from 2D-Gaussian fit after background subtraction.

(3) Mass derived from flux integration (after background subtraction) over area twice the size of col. [3}-resdution map. A smaller
integration area was used when other features (YSOs and/or clumps) are presetdak@n from Tablé&ll; dust opacity assumed to be
K1amm=0.005crd g .

(4) Bonnor-Ebert critical mas$zr = 2.4 Ra?/G, derived from the size of col. [5] and the parent core temperature listed in[Table 1. An
upper limit FWHM of 800 AU was assumed for unresolved clumps.

(5) Mean density derived from col. [5] and col. [63: nw, > = M / [%w X (FWHM/2)3] . An upper limit FWHM of 800 AU was assumed
for unresolved clumps.

(6) ‘Y’ means clump lies over large-scale ISOCAM 6.i&/15um absorption feature (e.g. Abergel et al. 1996). ‘Y+' means the clump itself
is seen as a small-scale absorption structure by ISOCAM.

(7) Centrally condensed ‘compact’ clumps are candidate ‘isothermal protostars’, while ‘diffuse’ clumps with flat inner density profiles are
probably ‘pre-collapse’ in nature (see Sect. 5.1).

References for clump cross-identification: Mezger et al. 1992b (Mezger92b)e &hdt. 1993 (AWB93), Pound & Blitz 1995 (PB95).

from previously published 80 and DCO line data (WL83, remainundetected. Thé®O emissionplateauat N, >~ 2—
LWW90, and Butner et al. 1995). A smoothed version of owrx 1022 cm~2 over which the dense cores generally lie isindeed
1.3 mm mosaic is displayed in Fig. 3a and Fig. 3b, for compdittered out by the dual-beam technique (see Appendix B).
ison with the CO(1-0) map of WL83 and the DC(@-1) map The column densities derived from our dust continuum maps
of LWW9O0 (shown as bold dashed and bold dotted contouegjree within a factor 2—3 with published €O estimates (cf.
respectively). Table1 and Appendix B). Furthermore, our 1.3 mm continuum
The overall continuum morphology is very similar to thestimates of the core masses agree to within a factor of 2.5 with
C*O morphology. Furthermore, it is noteworthy that the maitie virial mass estimates of LWW90 and Butner et al. (1995),
1.3 mm emission features occur precisely in those areas whisttept in the case of Oph-B1 (see Tdlle 1). This is probably due
have both strong DCGand strong €O emission. This suggeststo the fact that Oph-B1 is gravitationally unbound and far from
that a high density and a high column density are both requirédal equilibrium with M, ~ 5xM ;. (see also LWW90).
to produce strong dust millimeter continuum emission. We also In conclusion, our 1.3 mm dust continuum maps appear
note that the contrast between the dense cores and the amli@probe all of the DCOcores as well as part of the large-
cloud is higherin the continuum maps than in th&0map. The scale CO ‘envelopes’. Furthermore, we believe that our column
1.3 mm map recovers most of the dust counterpart of th@ C density and mass estimates for the various D@énse cores
emission, except the faintest large-scaléOCfeatures which are generally accurate to within a factor gf 2 .
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Table 3.New 1.3 mm detections of YSOs

Source Coordinates gpeak () S M. ™ Class and referencés
Namé? Q1950 01950 (mJy1”-beam)  (mJy) Ue)
CRBR 12 16™23™15%8  -24°:17:00” 8545 85 0.01 New YSO candidate, Class Il ?
CRBR 15 16:23:17.5 -24:17:29 40+ 5 40 0.006 New YSO candidate, Class Il ?
CRBR 42/GY 91 16:23:39.1 -24:20:32 120 £ 15 300 0.085 CRBR Class | candidate
GY 129/WL 18 16:23:47.1 -24:31:43 454+ 10 85 0.01 Class Il (GWAYL)
CRBR 51 16:23:56.6 -24:30:58 35+15 70 0.02 New YSO candidate, Class | ?
LFAM 26 16:24:03.5 -24:29:48.1 75+10 100 0.03 Class | (GWAYL)
GY 210 16:24:07.1 -24:31:01 25+ 15 40 0.006-0.01 New YSO candidate
GY 236 16:24:13.0 -24:20:04 3% + 20) 105 0.03 New YSO candidate, Class | ?
CRBR 85 16:24:22.8 -24:34:23 40+ 10 150 0.04 CRBR Class | candidate
CRBR 88/GY 262  16:24:24.7 -24:32:42 60+ 5 60 0.008 Class Il (GWAYL)
GY 284 16:24:29.4 -24:18:15 2% £ 10) 130 0.037 New YSO candidate, Class | ?
GY 213 16:24:07.5 -24:33:42 30+ 10) 40 0.006-0.01 New YSO candidate
GY 224/IRAS 43 16:24:09.4 -24:34:05 3@+ 10) 50 0.014 flat spectrum (GWAYL)
CRBR 72/GY 245 16:24:16.6 -24:32:34 5%+ 5 60 0.017 flat spectrum (CRBR), Class | (GWAYL)
CRBR 90/GY 292 16:24:31.3 -24:34:35 30+ 5 30 0.004 Class Il (GWAYL)

Notes:

(1) Source name includes YSO reference: CRBR = Comet al. 1993; GY = Greene & Young 1992; LFAM = Leous et al. 1991.

(2) Peak circumstellar flux in1”” beam estimated after background subtraction. Uncertainty mainly due to environment subtraction but also
including map rms measured at source position. Weaki«) detections are given within parentheses. Values preceded by question marks
correspond to tentative detectiosfs — 10" away from nominal position.

(3) Integrated flux irB0” diameter area after background subtraction.

(4) Circumstellar mass deduced from col. [3] uskigmm = 0.01 cnf g~ for Class | andk,smm = 0.02 cnf g~ for Class Il sources (e.g.
AMO94). A dust temperature of 4l = 30 K was assumed.

(5) All sources have clear ISOCAM counterparts (with “red” colors, i.e., spectral iaggx —15.m» > —1.5, Bontemps et al. 1998) except
GY 210, probably due to confusion by the very bright source EL 29. Sources CRBR 51, GY 236, GY 284 are proposed as new Class |
candidates based on their extended 1.3 mm emissii (SPe** 2 3).

References: CRBR = Contan et al. 1993; GWAYL = Greene et al. 1994.

3.4. Comparison with other dust continuum studies OFF mode with 80" wobbler throw. While this observing mode

. is insensitive to dust emission more extended than the wobbler
There is also good agreement between our bolometer—array{ Fow, the on-the-fly mapping mode used in the present study

ages and the lower sensitivity 1.3 mm maps of Mezger et o . g
(1992b) and AWB93. Quite remarkably, we confirm the exi§- lows us to partly restore the extended emission. The circum

tence ofall the clumps that could be tentatively identified istellar fluxes we derive here are consistent with those published
P y y AM94 (see Tablgl5 in Appendix A). In particular, we con-

the Mezger et al. maps of Oph-B1, Oph-B2, and Oph-F (i.?.. . . .
irm, using another observing method (on-the-fly instead of ON-
OphB1-MM2 & 3, OphB2-MM8, 9, 10 & 12 and OphF-MM1). OFF), the conclusion of AM94 that there is little circumstellar

In addition, we detect a large number méw clumps, which :
emphasizes the fact that theOph cores are highly structured.dUSt around the near-IR sources WL 16, WL 22, and IRS 37,

The mass estimates of Mezger et al. (revised according to which were originally believed to be young Class | protostars
9 L . 9 ({"F. Adams, Lada, & Shu 1987, WLY). In reality, these three
adopted dust temperatures) are consistent with ours to betier

. . .__.sources are probably highly-obscured YSOs located behind rel-
than50% for all the cores but Oph-F. Their mass estimate is S'giively dense extended cores or clumps. In projection onto the

nificantly lower than ours for Oph-fM=1Mg vs. M=8.1M,), . s . .
which is entirely due to the fact that their map of this core fsky’ WL 16 lies within the large emission plateau corresponding

incomplete. Inp Oph-A, our bolometer-array map (Fig. 2a) re-0 Oph-E in our map, WL 22 is close to the peak of the promi-

veals a new filamentary structure locatéavést of core center nent OphC-S core, and IRS 37 lies over the starless, composite
) - y . ' clump OphB1B2-MM2. We suggest that Oph-E, OphC-S, and
in addition to the prominent 1.3 mm continuum clumps calle

- phB1B2-MM2 may be sources of substantial diffuse.60
SM1, VLA1623, SM2, and SM1N by AWB93 (see their Fig. 1), - . e
The new filament includes several YSOs (LFAM 1, GSS 3 nd 100uzm emission, which would account for the classifica

LFAM 3) and starless clumps (labeled OphA-MM1-3 here). jon of WL 16, WL 22, and IRS 37 as Class | sources based

; n low angular resolution IRA WLY). Recent infrar
We have also compared our present results with the 1.3 n?m ow angular resolutio S data ( ). Recent infrared

YSO fluxes of AM94, which were mostly obtained in the ON_[esults support the idea that WL 16 and WL 22 are massive or

intermediate-mass Class Il objects (e.g. Cdmeet al. 1993
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Fig. 3a and bC"®*0(1-0) map of WL83 (bold dashed contoursanand DCCO(2-1) map of LWW9O0 (bold dotted contours li) superposed

on our millimeter dust continuum map of theOph main cloud (solid contours). The continuum data were smoothed to the resolutions of the
C'0 and DCO maps, i.e., 1.1in aand 1.8 in b. a Solid contours are 0.25 Jy/1:fheam, 0.5 to 3 by steps of 0.5 Jy/tldeam, and 4, 5, 7,

9 Jy/1.1-beam. The dashed contours of thé@1-0) integrated line intensity vary from 3 to 8 K.kths™! by increments of 1 K.km'.s™*.

b Solid contours range from 1 to 7 Jy/4-l8eam by steps of 1 Jy/beam and from 8 to 14 Jy/heé@dm by 2 Jy/beam. The dotted contours of the
DCO'(2-1) peak line intensityI(;) go from 0.4 K b 2 K by steps of 0.4 K.

— hereafter CRBR, Emerson 1996). ISOCAM detects extended We follow a procedure similar to that described in AWM96
mid-IR halos around both sources (e.g. Bontemps et al. 1998ge their Sects. 2.2 and 3.2.3). First, we average the emission of
very likely due to PAH-like emission (see Emerson et al. 199@&ach source in circular annuli centered at the peak position. This
yields a radial intensity profilé(6), whered is the angular ra-
dius from source center. Owing to the small dust optical depth
4. Radial structure analysis at 1.3 mm, the derived intensity profile is directly related to
he column density profile and temperature gradient within the

As demonstrated by recent studies, sensitive (SUb)m'"'me%s%rurce. We assume that starless structures are roughly isother-

continuum observations such as those presented here are a po

) . . mg\\f_and that protostellar envelopes are centrally heated with
erful tool to constrain the radial density structure of prOtOStet'mperature gradients approaching &(rj—"-4. We then de-

lar envelopes and_pre cpllapse Eiense c9res. In gengral, PrOVE radial density profiles under the hypothesis of a spheroidal
stellar envelopes in regions of ‘isolated’ star formation su .
. . . . -D source geometry (see Sect. 3.2.3 of AWMO96 for details).
as Taurus have estimated density gradients which range fram : . ;
15 Py . - Since the dual-beam continuum mapping technique does affect
p(r) o< r=° 1o p(r) o« r—* over more than 0.1 pc in radius . ) : X
i . the shape of the observed radial profiles, we use simulations
(e.g. Walker, Adams, & Lada 1990; Ladd et al. 1991; Mott . : . X
. . ; . guantify the effect and make meaningful comparisons with
et al. 1998). By contrast, the radial density profiles of isolate ;
. Simple input models such as power laws (see Motte et al. 1996).
pre-collapse cores are found to flatten out near their centers, . oo i
The results obtained in this way on the mean radial structures

being much flatter thap(r) cc r~* at radii smaller than a f selected cores, clumps, and protostars are illustrated in Fig. 4
few thousand AU (e.g. Ward-Thompson et al. 1994; AWM%E;%ee also Tabl@ 4).

Such studies are of great interest to gain insight into the initi Fig. 4a presents the circularly-averaged intensity profiles of
conditions of fast protostellar collapse (see Henriksen, AndE e deﬁse cores Oph-B2 and Oph-A. It can be seen that Oph-
& Bontemps 1997). So far, however, they have been essenti%‘l,z contains a relatively large, flat in.ner region 5000 AU
restricted tasolatedprotostars and dense cores. To some extela &., 30') in radius, while its <’)uter part is consistent with a
our extensive 1.3 mm continuum mapping of h®ph cloud ( ) 9 densit’ law. By contrast Obh-A is much more
allows us to tackle the same issues in a star-fornailgter pAr) o T y - BY : OPICAL . .
s C oo centrally condensed. Taken as a whole, its intensity profile
Because of complications arising from source multiplicity, we roughly consistent with an average radial density gradient
limit the present analysis to a selected sample of cores, clum
and embedded protostars which have a relatively clean envir

ment.

;157_") o r~2 (see Fig. 4a). A similar overali—2 density struc-
ure was reported earlier by Loren et al. (1983) on the basis of



162 F. Motte et al.: The initial conditions of star formation in hh®phiuchi main cloud

Radius (A.U.)

4

Radius (A.U.)
3

10 10 10 10
L T T \‘ \‘\ T \‘ T L L T T \‘ \‘ T T \‘ T L
>< <
= 1 . oph-B2 (a) ] s 1E 'Oph—D (EW) (b)
= g —~ e = = g =, E
35 r AT : -4 F | E
3 [ N\ Oph-A ) 3 a0 | ]
Ao 10 = \ \ E o100 = \ ! F E
&y E 3 o E | 3
; i N } i - . \oph—D ]
S 10*L /A | - - S 10 L / \ 1 (SW) .
- E Beam \ | per 3 - E Beam | 3
o F ~ ™~ model ‘; o F \ Iy - \ ]
C K C | ]
h‘ 1073 L L1 \‘ \\/ L 1 L \\\ L1 \‘ &_‘ 1073 L L1 \‘ L \/‘ L L L L1 \‘
1 2 1 2
10 10 10 10
Angular radius, 0 (arcsec) Angular radius, 0 (arcsec)
Radius (A.U.) Radius (A.U.)
10° 10* 10° 10*
T T 1T \‘ T T T T T T T \‘ T T T T T T \‘ T T T T \‘ T T
< r 1 >< r 1
= 1 1= MM4 Cloud (0) = = 1 ] 11527 (d)?
» g E » g WL12 E
% C 7 % C . 7
() -1 | ] (%) -1 | ]
n, 10 " = = o, 10 = =
oy = E o = E
o & ] ° R i
< - 1 c - 1
g 02l | S 10l EL29 \ a4
S F : I [N :
E 0 f g JE |
1073 ; Z 1073 L n I I L1 Z
10 10 10 10

Angular radius, 9 (arcsec) Angular radius, 8 (arcsec)

Fig. 4a—dNormalized radial intensity profiles of selected dense cores, starless clumps, and protostars. In all panels, the beam profile is shown
as a long-dashed curve for comparisonalandb, short-dashed vertical lines mark the radius inside which the inferred density gradients of
Oph-B2 and Oph-D are flatter thatr) oc 2. a Azimuthally-averaged flux profiles of Oph-A and Oph-B2 (solid lines) compared with the
simulated profile of a spherical isothermal model witfr) oc »~2 for » > 1000 AU (dotted line).b East-west cut of the pre-stellar core

p Oph-D, averaged along its major axis, compared with the intensity profile obtained by circularly averaging the south-west quadrant of the core.
The dotted line shows a spherical, isothermal model wfth) o 2 for » > 4000 AU (cf. L1689B in AWM96).c Azimuthally-averaged flux

profiles of the starless clumps OphE-MM3 and OphE-MM4 (solid cunggzimuthally-averaged flux profiles of the twoOph protostars

WL 12 and EL 29 (solid lines), compared with the Taurus protostar L1527 (dotted line — see also map in Fig. 6b). (The 1.3 mm emission from
EL 29 was averaged over the north-east side of ti® @dge only, in order to avoid confusion from other sources.)

lower resolution molecular-line data. We point out, howevemerges with emission from the ambient cloud at a radius of
that the detailed density structure of Oph-A is clearly very far 13000 AU (i.e., 80’), but the south-west profile becomes
from a smooth power law since the core is fragmented in at leagnificantly steeper than thgr) oc =2 model (dotted line)
five strong protostellar clumps (see Fig. 2a). at large radii. The latter feature, derived from 1.3 mm emis-
To emphasize the fact that actual core shapes depart freion properties, is in qualitative agreement with the mid-IR ab-
simple spheres or ellipsoids in some cases, we show, in Fig. dbrption profiles of the core recently obtained with ISOCAM
two distinct profiles for the Oph-D core. This starless core hébergel et al. 1997). These results suggest that Oph-D pos-
a filamentary morphology and is clearly elongated in the souttesses a sharp edge on its south-west side, possibly due to com-
west/north-east direction (P.Av 30° — see Fig. 2d). Fig. 4b pression by an expanding shell from the Sco OB2 association
displays a mean cut of the core through its minor axis, obtainésbe also Sect. 6.3 below).
by linear averaging along the major axis, as well a mean radial We have also derived azimuthally-averaged radial intensity
profile derived by circularly averaging the south-west quadragmtofiles for the strongest and/or most isolated ‘starless’ clumps
of the source. Both profiles are relatively flat at small radiilentified in Figs. 2a—2h (see Sect. 3.2.2 and Table 2). Several of
and are consistent with(r) o =2 only over a small radial these clumps, like OphE-MM4 shown in Fig. 4c, have aflatinner
extent beyond- ~ 4000 AU (i.e. 28’). The minor-axis cut intensity profile reminiscent of starless cores (see, e.g., Oph-B2



F. Motte et al.: The initial conditions of star formation in th®phiuchi main cloud 163

Table 4. Density structure of DCOcores and starless clumps

Clump Retar M <t >m P M @ Outer part®

name (AU) (cnm3) Mg)

Oph-B1 6000 1.2 x 10° 0.9 p(r) occr™?

Oph-B2 5400 3.2 x 10° 4.8 p(r) ccr™?

OphC-S 3400 2.8 x 108 2.0 p(r) oc 2

Oph-C > 18000 1.5 x 10° 7.4 edge ?

Oph-D 4000 9.0 x 10° 0.9 EW:p(r) « r~2, then merging; SW: edge ?

Oph-A ~ 1000 3.0 x 107 0.6 p(r) o< 72 up t020 000 AU, then edge ?

Oph-E > 16 000 1.2 x 10° 7.5 edge ?

Oph-F ~ 7000 5.5 x 10° 1.9 Gaussian shape, edge ?

OphE-MM3 < 400 2.0 x 108 0.08 unresolved R, merging ai~ 2 000 AU

OphE-MM4 2600 5.5 x 10° 0.4 edge, then merging at 6 000 AU ?
Notes:

(1) Estimated radius of flat inner region.
(2) Density averaged over flat inner region.
(3) Mass of flat inner region as derived from 1.3 mm continuum data.

(4) Inferred radial density profile faR > Rji4¢; “edge ?” means profile must be significantly steeper i@ o r 2.

in Fig. 4a), while others, such as OphE-MM3 (also shown # Discussion: small-scale structures
Fig. 4c), are more centrally peaked and do not exhibit any inrge
flattening. In all, we have identified 19 clumps of the former type
and 10 clumps of the latter type, which are marked as ‘diffuse’
and ‘compact’ respectively in the last column of Table 2. Th®ur 1.3 mm continuum mosaic (Fig. 1) provides a census of
remaining 33 starless clumps of Table 2 cannot be classified~ag 000 — 4 500 AU (i.e., ~ 15" — 30”) dust structures in the
either ‘compact’ or ‘diffuse’ due to insufficient signal-to-noise) Oph main cloud, which should be essentially complete down
and/or confusion with the surrounding environment. In Sect. %d a mass sensitivity limit of- 0.004 — 0.1 M, (depending
below, we suggest that the ‘diffuse’ clumps are pre-collapsedn the type of structure — see Sect. 3.1 above). In Sect. 3.2,
nature while the ‘compact’ clumps may be extremely younge identified at least 100 fragments in the angular size-scale
collapsing protostars. range ofl5” — 30”. These small-scale dust structures include

Finally, we stress that the protostellar envelopes detectssth circumstellar envelopes/disks around embedded YSOs and
in Fig. 1 around Class | and Class 0 YSOs appear to be vatgrless clumps, which we discuss in turn below.
compact: they merge with dense cores, other envelopes, and/one detect unresolved emission associated with the circum-
the diffuse ambient cloud atfénite radius < 5000 AU. This stellar disks of 14 Class Il sources from the AM94 and Greene et
contrasts with the isolated protostellar envelopes observed in#he1994 (hereafter GWAYL) samples. We also detect compact
Taurus cloud, which are virtually scale-free and often extendeflcumstellar structures toward the 16 Class 0, Class I, and flat-
over more tharn~ 30000 AU in radius (e.g. Ladd et al. 1991, spectrum YSOs listed by AM94 and GWAYL in the mosaiced
Motte et al. 1998). We illustrate this point in Fig. 4d whichregion, except WL 6. These emission structures, which are gen-
compares the radial profiles of the twoOph Class | YSOs, erally spatially resolved (e.g. Fig. 4d), most likely correspond to
WL 12 and EL 29, with that of the well-known Class 0 objectpheroidal protostellar envelopes (see Terebey et al. 1993 and
L1527 in Taurus (see also Fig. 6b below). AM94). Besides VLA 1623 (AWB93), we identify only one

Overall, our present results confirm the finding by Wardther candidate Class 0 object more massive tharM, in
Thompson et al. (1994) that pre-stellar density profiles diffglie » Oph main region (LFAM 1, see Appendix A). In addition,
markedly from protostellar profiles. This appears to be true bdshised on their detections at 1.3 mm, we confirm the probable
in isolated regions (e.g. Ward-Thompson et al. 1994) and protostellar nature of two candidate Class | sources of CRBR
clusters (this paper). and propose three more Class | candidates (see [Thble 3).

The major difference between clusters lk®phiuchi and According to current interpretation, Class 0, Class I, and
isolated regions is that in clusters both protostellar envelogfest-spectrum sources represent various stages of accreting pro-
and pre-collapse cloud fragments have compact, finite sizesastars for whichLy,; ~ L4 = G M, M/R* (see AM94,

a few thousand AU. Kenyon et al. 1993, Calvet et al. 1994, respectively). The to-

[ .
1. Nature: circumstellar, protostellar, and pre-collapse
clumps
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tal number of such accreting objects witl.,,,, 2 0.03 Mg is lapse building up a strong central concentration of méaiéore
thus~ 21 in the~ 1 p& surveyed area. Some of the Classthe beginning of the YSO accretion phase (e.g. Larson 1969;
and flat-spectrum YSOs have surprisingly low bolometric IFomisaka 1996; Henriksen, Arr& Bontemps 1997; Basu
minosities {4, < 0.1 L, see GWAYL), however, suggestingl997). Some of the ‘compact’ clumps may be in this ‘runaway’
they are slowly accreting (i.e}/ < 10-7 Myyr—1), low-mass collapse phase although this remains to be confirmed by ob-
(M, £ 0.1 M) objects (we assume,Rs 3Rp). servations of appropriate spectral line signatures. (Despite their
The 58 (non-composite) starless clumps of Table 2 rangedentrally peaked 1.3 mm morphology resembling that of Class 0
total (gast+ dust) mass from- 0.05 M to~ 3M, andinpeak protostars, the compact clumps are unlikely to be new Class 0
H, density between- 4 x 10° cm~2 and2 x 10® cm~3. We sources since, contrary to most known Class 0 protostars, they
argue that these clumps are very likely gravitationally bourate not associated with VLA radio continuum emission — see
and either pre-stellar or protostellar in nature. First, the estiFAM.)
mated clump masses are consistent to within a factor of 2 with By contrast, the 19 clumps classified as ‘diffuse’ in Table 2
the Jeans or Bonnor-Ebert critical mass (e.g. Bonnor 19568)e less centrally concentrated and less dense (with mean densi-
MpgpEg = 2.4 Ra? /G (wherea; is the isothermal sound speed)tiesny, ~ 8 x 102 —8 x 10 cm~3) than the ‘compact’ clumps.
except for the clumps of Oph-B2 and the most massive clumyéen the signal-to-noise is high enough for a detailed radial
of Oph-A (see Tablgl2). In the latter cases, the 1.3 mm masructure study, the averaged intensity profiles of these clumps
estimates are 2—10 timéarger than the Jeans mass. Secondppear to flatten out near the centers (see the example of OphE-
recent spectroscopic observations of the cloud with the IRAMM4 in Fig. 4c and Seck.]4), a property reminiscent of isolated
30-m telescope (Bacmann et al., in prep.) show that the clumpe-stellar cores (Ward-Thompson et al. 1994, AWM96). We
are characterized by very small levels of turbulence, except ptlegds suggest that the ‘diffuse’ clumps are pre-collapse struc-
cisely those of Oph-B2 and Oph-A. In these observations, séures in rough hydrostatic equilibrium.
eral clumps of Table 2 were detected in molecular lines such Although itis clearly premature to infer absolute timescales
as C®0O(1-0) and DCQ@3-2). The observed line widths wereat this point, the relative numbers of sources present in the vari-
typically AV < 0.5 kms™! (AV £0.7 kms™! in Oph-A — ous groups of small-scale 1.3 mm structures suggest that, in the
see AWB93), indicative of one-dimensional velocity dispep Oph main cloud, the starless clump phase may-titimes
sionso;,; < 0.3km s71, only slightly larger than the isothermalas long as the Class | phase, and the isothermal collapse phase
sound speed, ~ 0.2-0.3 km s? of the cloud (forT" ~ 10— somewhat longer than the Class 0 phase. The latter would be
20 K). These results suggest that most of the clumps are closatqualitative agreement with the scenario of induced collapse
gravitational virial equilibrium with estimateb!/ /M,,;, ~0.3— proposed by Henriksen et al. (1997) which predicts that the
0.5 (see AWB93 for the Oph-A clumps). (Herd,,;,. isthe virial isothermal phase should last for a significant fraction of the
mass, equal t8 Ro?2,/G and5 Ro?,, /G for spherical clumps total collapse/accretion time.
with p oc =2 and uniform density distributions, respectively.)
This contrasts with t,he Ii)gver-masM( < 0.1 Mo), lower- 5 5 y1a6s distribution of the pre-stellar clumps
density (27, ~ 4 x 10° cm~*) clumps observed on similar size
scales by Langer et al. (1995) in TMC1, which are gravitatiod-he mosaic of Fig. 1 is remarkable in that it probes pre-collapse
ally unbound by a large factot{/M.,,;- < 0.1). Recall that a clumps, collapsing/accreting protostars, and post-collapse cir-
clump remains gravitationally bound as longld$/,;,- > 0.5 cumstellar structuresimultaneously Therefore, it allows us
(e.g. Pound & Blitz 1993). Pending confirmation through motte establish aontinuity between pre-stellar dense clumps and
complete line observations, we conclude that the clumps we gileung stars
tect at 1.3 mm are generally bound and will probably form stars With this in mind, we plot, in Fig. 5, the mass distribution
in the near future. We note, however, that most of the clumpsaf58 starless clumps listed in Talble 2. We here exclude the four
Table 2 are< 0.2 M, features which can at best form very low-composite clumps of Tabl@ 2, but include the two candidate
mass stars or brown dwarfs. Some of the least massive clur@jjass O protostars VLA 1623 and LFAML1 (since most of the
may thus be proto-brown dwarfs (see Pound & Blitz 1993), batass is still in the protostellar envelope rather than in the cen-
we cannot exclude that others are merely transient clumps. tral star at the Class 0 stage, these objects effectively resemble
We may go further and use the ‘compact’ or ‘diffuse’ 1.3 mmompact clumps). The plotted quantityN/Am, is the number
morphology of the starless clumps (see last column of Tabl®Rclumps per unit mass counted in each mass bin, which we
and Sect. 4) to divide them into two physically distinct groupsompare with power laws of the ty@eN/Am oc m~<. It can be
The ten clumps classified as ‘compact’ are well-defined, highégen that the observed clump mass spectrum is relatively shal-
centrally condensed (see the example of OphE-MM3 in Sectiotv, with a slopex ~ 1.5, in the 0.1-0.5 M, mass range, but
and Fig. 4c), and have typical mean densitigs ~ 107— thatitsteepenste ~ 2.5inthe higher (0.5—3 M) mass range.
10® cm™3. They may be considered as candidate ‘isothermislbte that the shape of this mass spectrum is not affected by the
protostars’, i.e., collapsing cloud fragments with no central hfactor of~ 2 uncertainty on the absolute value of the dust mass
drostatic stellar core (see, e.g., Mezger et al. 1992a). Recall thpacity (Sect. 3.1), providing, ;... does not vary from clump to
collapse models which start from non-singular initial conditionrdump. Furthermore, the mass spectrum remains qualitatively
predict the existence of an isothermal phase of dynamical colichanged if a “pre-stellar” opacity is used for the two Class 0
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Clump mass spectrum more isolated star formation like the Taurus cloud. In these re-

™ N

gions, protostars may accrete from larger (effectively infinite)
reservoirs of mass, and other processes such as stellar winds
may be more important in limiting accretion and defining stel-
lar masses (e.g. Shuetal. 1987). It would thus be very instructive
to derive the clump mass spectrum in other star-forming regions

;E] ] using the same technigue as the one employed here, in order to
> 10 < / assess the importance of cloud—to—cloud variations.
3 Incomplete N
sampling L
f\ 6. Discussion: relation to large-scale cloud properties
1k N 4
/"N .71 6.1 Cloud fragmentation
-2.5
AN/Am e« m ~{ We have used our dust continuum data to estimate the frag-
107" — : mentation lengthscale characterizing ih@®ph cores in two
10 1

ways. First, we have estimated the mean separation between the
clumps/YSOs present in each core by dividing the total surface
Fig.5. Frequency distribution of masses for 60 small-scale clumpsea of the core by the number of clumps/YSOs. This yields a
extracted from the mosaic of Fig. 1 (solid line). The dotted and longiameter ranging fromy 6 000 AU to ~ 10 000 AU, the shortest
dashed lines show power laws of the folxN/Am oc m~'° and  yalue being measured in the densest cores, i.e., Oph-A, Oph-B2,
AN/Am o« m~2®, respectively. The error bars corresponchiov OphC-S.
counting statistics. Second, we have considered several filamentary-like struc-
tures seen in our maps (see white lines and curves in Fig. 1
and Figs. 2a-2f). In particular, one may notice the linear string
objects or if a “protostellar” opacity is used for the ten centrallgf 11 clumps/YSOs detected in the southern part of tF©C
condensed clumps. ridge of WL83 and the cloud fragments aligned along the major
The mass distribution seen in Fig. 5 [dumpsmimics the axes of Oph-B1, OphC-S, and Oph-D. Along these filaments,
behavior of thestellar initial mass function (IMF), which is the average projected distance between objects is shorter than
knowntohaver ~ 2.5for1My < M, < 10Mg (e.g. Salpeter above and ranges from 4000 AU (i.e., ~ 25" at 160 pc) to
1955) andy ~ 1.5 for M, < 1 Mg (e.g. Miller & Scalo 1979, ~ 8000 AU (i.e., ~ 50”).
Gusten & Mezger 1983), with a possible maximum-ad.3 M, Cloud fragmentation lengthscales of this order are consistent
(Scalo 1986, Strom et al. 1993). with the finite < 5000 AU outer radius estimated for several
Recall that, by contrast, all molecular-line studies conductetimps and protostellar envelopes in SEct. 4 (see Fig. 4). We also
up to now have found a shallow clump mass spectrum withnate that the FWHM short sizes of the various filaments is of the
single slopex ~ 1.5 atallmasses (e.g. Blitz 1993, Loren 1989)same order. In the following, we will thus adopt a representative
which differs qualitatively from the stellar IMF. Interestinglyvalue L = 6 000 AU for the fragmentation lengthscale in the
enough, the mass spectrum we derive when we consider smalBph main cloud.
scale clumpsnd larger-scale cores together is also consistent Such a lengthscale is clearly shorter than the fragmentation
with o ~ 1.5. lengthscale observed in the Taurus cloud. In Taurus, protostars
The above results suggest that there may be a direct rejanerally form in isolation and the median nearest-neighbor
tion between clump mass and stellar mass at the length saitance between T Tauri stars is estimated te-lig) 000 AU
of ~ 2000 — 4500 AU ~ 0.01 — 0.02 pc (i.e.,~ 15” — 30" (Gomezetal.1993). This difference isillustrated in Fig. 6 which
in p Oph). While existing line studies may not have the rescompares the region surrounding EL 29 in Oph-E with the well-
lution and/or sensitivity to resolve dense cores into small-sc&eown L1527 protostar in Taurus (e.g. Ladd et al. 1991, Motte
clumps, our 1.3 mm continuum mosaic may be resolving strugt-al. 1998). A similar trend can be seen on the radial intensity
tures corresponding to thlrect progenitors of individual stars profiles shown in Fig. 4d (see Sdct. 4 above).
or systemsln this view, stars would form from bounded clumps A short pre-collapse fragmentation lengthscale in the par-
offinite masses (as indeed suggested by the radial profiles sh@nhcloud can strongly influence the evolution of any protostar
in Fig. 4c), and most of the ‘initial’ clump masses (i.e., massésrming in that cloud by limiting the radius of its ‘sphere of in-
at the onset of collapse) would end up in stars, resulting irflaence’. For instance, in the context of the inside-out collapse
high star formation efficiency. If the above is true, it would imtheory of Shu et al. (1987), the collapse expansion wave would
ply that the physics of fragmentation is essential in determiningach the outer boundary of a typigaDph pre-stellar clump
the final masses of forming stars (i.e., the IMF) in clustered rier a timet = L/2a, ~ 1 x 10° yr, which is shorter than the
gions like thep Oph main cloud. This would be in agreementypical Class | lifetime (i.e.~~ 2 x 10 yr according to WLY
with some theoretical scenarios of protocluster formation (eand GWAYL). This may explain why, ip Oph, Class | sources
Larson 1985, Zinnecker 1989). Such a picture need not be ugénerally seem to have passed the main accretion phase and to
versal, however, and is in fact unlikely to apply to regions dfe in a phase of residual accretion/ejection (see Henriksen et al.

Clump mass, m (Mg)



166 F. Motte et al.: The initial conditions of star formation in hh®phiuchi main cloud

(a) ELR29 in p Oph—E
. i (b) L1527 in Taurus

100 [

LRI LA LR L R
100_
50 | 50|
= I
& 0.1 pc
5 o s |
“©w ' L
Q Q i
~50 g —50
=S -
B 1 ~100 | .
_100_ 1247 [ e, NS S L ]
100 50 0 -50 -100

Aa (arcsec)

Ao (arcsec)

Fig. 6a and bComparison of the immediate 1.3 mm continuum environment of the Class | source El 2pim-E @) with that of the Class 0
source L1527 in Taurupj. Contour levels go from 20 to 420 mJy/4:-Beam by 20 mJy/13beam. AcommorD.1 pc scale is displayed. YSOs
and clumps are denoted by star markers and crosses, respectively. Mean rms noiseJevehdy/13’-beam ina and~ 5 mJy/13'-beam
at map center if. While the environment of EL 29 is complex and highly structured, that of L1527 is dominatedibglacircumstellar
envelope perturbed by an outflow oriented east-west.

1997). In agreement with this view, the present mapping stuslyale predicted by these MHD processes is theé&fiength,
confirms the claim made by AM94 thatOph Class | sources ) , ~ 400 AU x 2OBG) x (f&eggqaé)_l (see Mouschovias

. iz 2 —
have small circumstellar masse§(0.1—0.3_MQ at most) and 1991), which is typically~ 15 times smaller than the observed
have thus already accreted the bulk of their final stellar massifoo AU lengthscale
contrast to Class 0 objects. )

It i thy that the fil N fruct detected | Alternatively, even in the absence of strong magnetic fields,
IS noteworthy that the filamentary structures detected gl ,qq or filamentary configurations can form as a result of

our maps (see Fig. 1 and Figs. 2a-2f) are quasi-periodic. Slm% ud compression by external agents such as expanding Hll

LeaEt:Jres have ils;)gbe&n report?d :nfg;g I’EEIOHS (e.g:. Slcrir;elj Sfons or stellar wind shells. The collapse of such compressed
megreen , Mezger et al. a, Langer et al. ers/filaments is known to be highly unstable to fragmenta-

Chini et al. 1997). Several theoretical explanations exist in th& (e.g. Bastien et al. 1991). In these non-magnetic scenar-
literature that could potentially account for such filamentarys (eé .Larson 1085 .WhitW(.)rth ot al. 1994. Bonnell et al

like, periodic structures. 1996), the typical fragmentation lengthscale and typical sep-

In primarily magnetically _supported molecular (_ZIOUdS’ thration between fragments are both of order the Jeans length
decay of short hydromagnetic waves due to ambipolar diffu- T o\1/2 " —1/2 .
sion can initiate fragmentation and the formation of clumpy’ = 7300 AU x (5x) "~ * (wrgmes) - Inthis view,
along static magnetic flux tubes (e.g. Mouschovias 1991). TR density enhancement necessary to reproduce the observed
mechanism predicts a typical number of 3-5 fragments align

ftagmentation lengthscale ig,n~ 1.5 x 105cm~3, which corre-
along critical flux tubes. In the Oph case, however, recemspondsto the lowest core density in Tdlle 1 and is thus plausible.
Zeeman and polarimetric observations suggest that the static

We therefore conclude that the fragmentation observed in
magnetic field is too weak<( 10-20 4G, Troland et al. 1996) the p Oph main cloud most likely results from processes linked

and its geometry too complex (Sato et al. 1988 Goodman!@ the Jeans gravitational instability, with little influence of the
Heiles 1994) for (static) magnetic forces to be dynamically inft@gnetic field.

portant. Carlberg & Pudritz (1990) have investigated a variant

of the above MHD process when the fluctuating (wave) cor8:2. Comparison of the cloud cores

ponent of the magnetic field dominates the static componentcla giff b e i A ;
situation probably appropriate to tleOph main cloud. Their ear differences can be seen amongithé x 10° AU cores 0

simulations show that filamentary structures do develop in ti§§Ct' 3.2.1 and Figs. 2a-h. First, we distinguish between ‘pas-

case 100, but that they are randomly oriented in COmn,jlsts(ge’and‘active’ cores based onthe YSO surface densities listed

the linear structures seen in Fig. 1 and Figs. 2a-2f (except'rihTable 1. We define as ‘passive’ the cores for which the esti-

Oph-B2). Furthermore, the characteristic fragmentation Iengfﬁfﬂed YSO surface density is I_ess thap 1star/(0.3, p?)’ less i
than the average surface density of mid-IR sources in the entire
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p Oph ISOCAM image (Abergel et al. 1996, Bontemps, Nordh, Mass in starless clumps
Olofsson et al. 1998). Such a low surface density suggests that S ‘
no or little star formation has occurred in the core, if we ac="
count for the number of YSOs that may be either backgroun(ﬁ ]
or foreground to it. g 30 L i
By contrast, we call ‘active’ those cores whose YSO surfacg ]
density is larger than 2 stars/(0.1 pcThese cores have a signif- 5
icant excess of mid-IR sources with respect to the backgrouritt 20
p Oph field, indicating that several Class | and/or Class Il obs A
jects must have formed in their interiors (Oph-A, Oph-E, and
O 10+
Oph-F). = E Fa C
Next, we compare the structures of passive and active core:i?. A A
The densest passive cores (i.e. Oph-B1, Oph-B2, OphC-S, and 0
Oph-D) have averaged radial intensity profiles which are flat  10° 108
in their inner parts (see Selt. 4 and Figs. 4a—b), a feature also -3
observed in isolated pre-stellar cores (Ward-Thompson et al.
1994). As we expect pre-stellar cores to approach higher dég. 7.Percentage of core mass in starless clumps as a function of peak
grees of central concentration before forming stars (e.g. Larsiiie density.
1969, Ciolek & Mouschovias 1994), we suggest that the radius
Ryiq¢ Of the flat inner region may be used as a rough indicator

of core evolution (prior to dynamical collapse). According tgh Oph-A increases when a larger core area is considered (see
this criterion, OphC-S and Oph-D, which have smaller valuggple 1) suggests that star formation started in its outer part first
of Ryiq: (see Tabl€l4), would be more evolved and closer ihd is progressing inward. This is consistent with a scenario in
forming stars than Oph-B1 and Oph-B2. which fragmentation and collapse in Oph-A have only recently
In contrast, the active cores display a wide variety of megjgen induced by external factors (see Sect. 6.3). By comparison,
radial density structures, includingax r~* power law gradi- Oph-F has alarger surface density of infrared YSOs which peaks

ent (Oph-A), a broad clumply plateau (Oph-E), and a Gaussigfiar its center, suggesting it has been forming stars for a longer
shaped profile (Oph-F). None of them shows the typical strugme than Oph-A.

ture of pre-stellar cores, i.e., a large central region with a flat

density gradient surrounded bypacx r—2 envelope (see Ta- ) ) )
ble 4). 6.3. Evidence for cloud compression and induced star

formation

> >

T
o)
N

L

The fraction of core mass within small-scale clumps does not

seemto correlate with the passive or active state of the cores (fRere is good evidence that several parts of gf@ph cloud
Fig. 7). In fact, Fig. 7 shows that the denser a core is, the m¢gve been compressed, resulting in induced star formation.
of its mass is distributed in clumps, independently of whethelloud collapse can be triggered by an increase in external pres-
the core is forming stars or not. This suggests that the efficiengite due to shocks associated with stellar wind shells, super-
of the fragmentation process increases with core density. Itisva remnants, or expanding HIl regions (e.g. Woodward 1978,
apparently not the number of starless clumps within the cqFmegreen & ElImegreen 1978, Boss 1995). All three types of
FWHM area which increases with core density, but rather tt@gers appear to be present/jm)ph orits Vicinity_
average mass per clump. In particular, the typical clump mass is On large scales, the morphology, kinematics, and magnetic
significantly larger in the denser cores Oph-A (L Mand Oph-  field configuration of they Oph complex suggest a scenario in
B2 (0.4 My) than in the other cores(0.2 M,). Furthermore, \hich an expanding shell of HI gas created by stellar winds and
the lowest mass clumps of Oph-A are found near the edgespernova explosions in the Sco OB2 association propagates
the core, where the density is one or two orders of magnitudgsm the rear, south-west to the front, north-east of the cloud
lower than in the center. (e.g. Vrba 1977, de Geus 1992). The shell would be powered
Finally, we comment on the relative evolutionary states @f; the most massive~( O7) star(s) of the Sco OB2 associa-
the active cores Oph-A and Oph-F by comparing, in both casggn, which is located~ 40 pc behind, and to the south-west
the fraction of core mass within starless clumps and YSOs to i the p Oph star-forming region (de Geus 1992). The shell
fraction of mass within starless clumps alone. To estimate tBgpansion would thus compress the (rear) south-western side of
total mass contained in YSOs for each core, we assume thatifiemolecular cloud, which is consistent with the low-resolution
median stellar mass of objects formegi®phis~ 0.5 My (see  13CO map of Loren (1989). TheOph streamers may represent
Greene & Meyer 1995). In both cases abd0f; of the total pre-existing cloud filaments ahead of the compression front, and
core massis comprised in small-scal&/(—30") structures, but the two cores, L1688 and L1689, massive accumulations of ma-
most of these structures are circumstellar in Oph-F (accounti@gial swept up by the shock (Loren & Wootten 1986). Direct
for 30% of the core mass), and starless in Oph-A (see Fig. Byidence for the presence of a slow shock in the interstellar
Moreover, the factthat the surface densityof neal’-/mid-lRYS%dium Surrounding the Oph cloud has been found in the
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form of a < 10 km s~ velocity difference between optical ab-fects, compression due to the expanding Sco OB2 shell could
sorption lines of CH and CH (Meyers et al. 1985, de Geusalso account for the sharp south-western edge of Oph-D (see
1992). The velocity of the ‘transmitted’ shock inside the den$eg. 4b and Seckl4), assuming this core is located near the rear
(nw. 2 10° cm~3) main molecular cloud is probably in the rangside of the cloud.

~ 1-10 km.s!. Interestingly, a slow £ 25 km s!), isother- Further evidence for induced fragmentation and collapse is
mal shock is precisely required to induce low-mass star fgrrovided by comparison of our 1.3 mm continuum mosaic with
mation, while stronger adiabatic shocks tend to disrupt molegbe recent ISOCAM images of the cloud (e.g. Abergel et al.
ular clouds before any star formation (e.g. Boss 1995, Fosi€96). In particular, we note that, in projection, the six proto-
& Boss 1996). Finally, we note that the small age dispersiatellar clumps OphA-MM7, OphA-MM6, SM1N, SM1, SM2,

( £ 2x10° yr) of both B stars and low-mass stars in the Sco OBshd OphA-MMS8 lie almost exactly along the photodissociation
association has been interpreted in the context of star formatfoont of the PDR region illuminated by the young B3 star S1
triggered by the above-mentioned expanding shell (Walter et@ee Figs. 2a and, e.g., Ardet al. 1988). The position of this
1994). PDR front is nicely delineated by the edge of the 6u%1SO-

On smalller scales, several features seen in our 1.3 mm c@&M emission arising from the S1 compact HIl region (emis-
tinuum mosaic are also suggestive of induced star formati@ion probably dominated by PAH-like features — see Cesarsky
Most of the linear structures shown in Figs. 2a-2f, especially teeéal. 1996). This remarkable spatial coincidence suggests that
linear chain of embedded YSOs marked in Fig. 1, are rougtilye six protostellar clumps seen at 1.3 mm formed by fragmen-
perpendicular to the direction of shock propagation propostdion in the compressed gas layer at the interface between the
by Vrba (1977) and de Geus (1992). Remarkably, all the YS@®R and the Oph-A cloud core. Likewise, the group of embed-
lying along the string of Fig. 1 have relatively strong 1.3 mrded YSOs around GSS30-IRS1 may have formed as a result
continuum emission and are also detected by the VLA in freef interaction between the more evolved Hll region associated
free radio continuum (LFAM), suggesting they are relativelyith the B2V star HD 147889 (Schlickeiser et al. 1989 and ref-
young Class | protostars, i.ex; 10° years old. Dividing the erences therein) and theOph cloud. (The photodissociation
chain length~ 0.5 pc, by the sound speed; 0.3 km s~! (for  front corresponding to the HD 147889 PDR is seen as a promi-
T < 25K), yields a sound crossing timg 1.5 x 10% yr, which  nent, curved 6.7xm emission feature by ISOCAM — see Fig. 1
is an order of magnitude longer than the estimated age of thfeAbergel et al. 1996.)
sources. It is thus tempting to speculate that a supersonic trig-
ger has synchronized the formation of this young alignment of
protostars. The transmitted shock associated with the Sco oB

expanding shell could do the job if its velocity B 3 km s™'. We have mosaiced the 1.3 mm dust continuum emission from
In this vieW, the shock front would now be somewhere to tl'@|arge (V 1 pc?) portion of thep Oph|uch| central cloud using
north-east of the line of YSOs drawn in Fig. 1, perhaps betwegfe IRAM 30-m telescope and the MPIfR bolometer array. Our
Oph-B1 and Oph-B2 as suggested by Loren & Wootten (198@jain results and conclusions may be summarized as follows:
This would be consistent with the fact that Oph-B1, Oph-B2,
OphC-S, and Oph-D have not yet started to form stars in con: Our 1.3 mm continuum mosaic (Fig. 1) is simultaneously
trast to the active cores Oph-E, Oph-F, and Oph-A. It would sensitive to small-scale( 15’-30") and large-scale (1
also agree with the suggestion made in Sect. 6.2 that OphC-S isg') dust structures. The large-scale structures correspond to
more evolved than Oph-B1 and Oph-B2. the 7 DCO'" cores studied by Loren et al. (1990) and to
A difficulty, however, with this scenario, is that the south- 6 new, more diffuse cores (see Table 1). The 100 struc-
eastern side of the 1.3 mm continuum ridge is much steeper thantyres detected on small scales have deconvolved diame-
the south-western side (see Fig. 1). Such an asymmetigtis  ters~ 1000 — 4000 AU and are associated with 59 star-
consistent with a shock propagating from the south-west to the |ess clumps (Table 2) and 41 circumstellar envelopes/disks
north-east, even in the case of a magnetized C shocleg€hi around embedded YSOs (Tables 3 and 5).
private communication). Projection effects could perhaps ag: Comparison of the masses derived from the 1.3 mm contin-
count for this asymmetry. One may notice that the broad Oph-E yum with Jeans and virial masses suggests that most of the
plateau includes two linear clumpy features marked as white 59 starless clumps are gravitationally bound and may form
lines in Fig. 2e (also visible in @ — see Fig. 3a) which are  stars or brown dwarfs in the near future. These clumps range
roughly perpendicular to the alleged direction of the shock. Al- in mass betweef/ ~ 0.05 Mg, and~ 3 M, and in mean
though these two elongated structures lie next to each other indensity between;, ~ 4 x 10° cm3 and~ 2 x 108 cm~3,

projection onto the sky, the westernmost filament (along Ophi: We identify only one new candidate Class 0 protostar with
MM1 and MM2) could be closer to the front side of the cloud, Az,,, > 0.1 M, besides VLA 1623. Ten starless clumps

which would explain that it is mostly pre-stellar and probably display a centrally condensed morphology and may be
less evolved than the easternmost filament including the Class | considered candidate isothermal protostars, i.e., collapsing
YSOs EL 29 and LFAM 26. In this view, the Sco OB2 shell  ¢loud fragments with no central hydrostatic core. Nineteen
arriving from behind would have hit the easternmost filament other clumps have relatively flatinner intensity profiles, sug-
before the westernmost filament. With similar projection ef- gesting '[hey are pre-co”apse structures similar to, but more

summary and conclusions
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compactthan, the isolated pre-stellar cores studied by Wakgpendix A: comparison with circumstellar fluxes of AM94

Thompson et al. (1994). . . . -

. The mass distribution of the pre-stellar clumps follows aé—o tir:]nal:e dml:? arxpﬂggzl cr?r?hpargso?s V\;Itglilhgllf ?nflux drer::m:ts
proximately AN/Am o« m~!5 below~ 0.5 M, which WS have xt); tod tho ire rr?stsllor mi- ion easui E,E dewi?ﬁ

is similar to the clump mass spectrum found by Iarge-e ave extracted Ine circumstetiar emission associate

scale molecular line studies (e.g. Blitz 1993). Howeve?aCh YSO from the surrounding background emission detected

the observed clump mass spectrum appears to steepe'rﬁll {Qe 1.3 mm continuum mosaic (see descrlpt!on of subtraction
procedure in Sect. 3.2). This yields fluxes which are generally

AN/Am o« m~%% above~ 0.5 M. This approaches! . .

. . : in good agreement with those published by AM94 (see Tdble 5).
the slope of thetellar initial mass function, suggespng Fhe gA fewgobjects deserve indFi)viduaI corrzlments (The Eurce)s
clumps we detect may be the direct precursors of deVIdLWL 19, IRS 46, and IRS 51 have somewhat stron.ger continuum

stars or systems. . .
. The typical fragmentation lengthscale derived from the (I/t_Jxes here thanin AM94. Thisis probably due to the fact that the

erage separation between clumps or embedded YSOs in &Lé?lepgs.'gggsaﬁe; big\:ﬁ 4&%?;'2 %_T}g';':iggﬁg\/:;g?ﬁem
p Oph 1.3 mm mosaic is- 6000 AU. This contrasts with J PP Y ' 9

the Taurus cloud where dense cores and young stars are _r_SR_ 21 was mapped he_re un_der r_elatlve_ly bad weather con-

: . itions implying an uncertain calibration which could account
erally isolated over much larger distancés 30000 AU. X .

. . . .., for the disagreement observed in TdHle 5.
The short lengthscale observedidi®©ph is consistent with The measurements of AM94 for YSOs Ivina close to
various scenarios for fragmentation in compressed IE%LA 1623 and LFAM 1 were confused by the st)rlong emission
ersffilaments based on the Jeans gravitational inStabilélgs:ociated with these two sources. The %esent mogaic allows us
(e.g. Larson 1985, Whitworth et al. 1994). . LT o b .
:]8 clarify the situation in several cases: we now have a positive

. Inagreementwith (5), the circumstellar envelopes surround-""" . i .
ing » Oph Class | and Class 0 YSOs are found to be Compac‘tetecuon for LFAM 3, we confirm the detection of GSS30-IRS1,

merging with other envelopes/cores and the ambient clotl?edﬂw ee(;agf Zsssggzs '%q\'(f'igngéoévsrlll':z’sg]g]_r%gﬁeg)l'm'ts to
at a finite radius< 5000 AU (i.e., 30"). Thisis 2 3times ux * ' :

smaller than both typical protostellar envelopes in Taur The multiple system (IRS 37, WL 3, WL 4, WL 5) lying

S : .
and the collapse expansion wavefront at a ‘Class | age,%gween Oph B.l and Oph-B2 appears to conS|st_ of four_ex;m
P : uished pre-main sequence (Class Il/Ill) stars with no signifi-
~ 2 x 10° yr in the standard theory of isolated protosta L o
cant intrinsic 1.3 mm emission.
(Shu et al. 1987).

. There is ample, albeit mostly circumstantial, evidence that Last but not least, we identify the VLA object LFAM 1 as

cloud fragmentation and low-mass star formation have be%mic; Z?clntr):?) fnLeI\:/vA,\I\I;lJ \1\/'??5; Caigtssu? sprg':icgsllta:ezglf/ tééhgul.ser;r_n
Induced in the Oph central cloud by various agents such a}ﬁ the presence of a circur%stellar eIr)welo ye (aso é)seggto just
a supernova/wind shell arriving from the Sco OB2 assod Y P P P J

; ; . a disk). Second, the integrated 1.3 mm flux we measure for this
ation and two expanding HIl regions from the B2—B3 starsb. | S . Lo
HD 147889 and S1. objectis %5 ~ 400 mJy, while its bolometric luminosity is es-

! < : . i
. Points 4, 5, 6, and 7 emphasize the fact that the self—simi%’f"”ued 0 bely, < 0.2 Lo by GWAYL. This resuits in a ratio

theory of quiescent, low-mass star formation developed "1 (160pc)/ Ly 2 2 JylLe, which is well above the limiting

Shu and co-workers for clouds like Taurus is not appropv— lue of~ 0.2 JylL, for Class | objects (e.g. Andr1996).

ate to describe protostellar collapse in ih®ph cluster. hus, LFAM 1 is an excellent candidate for being a YSO in

. . . . which the circumstellar envelope mass exceeds the central stel-
Instead, ourp Oph observations favor a picture in Whlcl’]%r mass (see AWB93)

collapse is initiated in bounded dense clumps resulting fro
fragmentation, and individual stars are built from finite . . L )
reservoirs of mass. In this case, the scenario advocated peNdix B: dual-beam continuum filtering and compari-
Foster & Chevalier (1993) and Henriksen et al. (1997500 With line observations

which predicts a strong decline of accretion/ejection at tlnce our 1.3 mm continuum mosaic (Fig. 1) was obtained by
beginning and end of the main accretion phase, is likeymbining a large number of small maps taken in the dual-beam
to provide a better description of individual protostellagapping mode, it is intrinsically insensitive to structures more
collapse. extended than the typical size of an individual bolometer map
in azimuth, i.e.,~ 4.5 (see Emerson et al. 1979). Based on
simulations of the bolometer-array observations (see Motte et
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Table 5. Point-source extraction and comparison with YSO fluxes of AM94

Source speak S%°5...  Background SPS*  Class, comments and references
Name (mJy/beam) (mJy/beam) (mJy/beam) (mJy/beam)
AM94 ) 2 ?3) 4
DoAr21 <5 <30 none <30 D
GSS26 120 140 ~15 125+20 I
GSS29 <15 <10 none <10 I
DoAr24 <25 <30 none <30 I
GSS30-IRS1 100 130 40 90+30 I
LFAM1/GSS30-IRS3 260 265 <20 25020 07
GSS30-IRS2 <90 70 ~70 <20 11
GY10 75 75 ~75 <10 ?,13” NW of OphA-MM2
GY1l1 <50 15 ~15 <10 I/1?7 (BNO98),11” SW of OphA-MM2
LFAM3/GY21 <70 150 ~40 1106+10 flat spectrum
GSS31 65 90 ~20 70+20 I
S2/GSS32 <80 70 ~70 <10 I
VLA1623 940 1000 <50 95010 0, no ISOCAM em.
VSSG27 <20 75 >60 <20 I
S1 <15 25 ~25 <10 D
WLS8 <20 <10 none <10 n?
WL7 <20 40 ~20 (?20:10) 11, 5" N from WLY pos.
ROC16 <25 <15 none <15 n?
WL12 90 135 ~20 115+10 I,4.5"” N from WLY pos.
wWL2 50 60 ~30 (3a+10) 1l
VSSG3 <50 <60 none <60 11l
VSSG5 <257 <20 none <20 Il, at ISOCAM pos.10” E from VSSG pos.
wL21 <20 40 ~15 (?25:10) /11?7 (BNO98), at ISOCAM pos.: (39”) from WLY pos.
wWL14 <15 65 ~35 ?30t10 17117 (BNO98), at ISOCAM pos6” S from GY172 pos.
WL22 30 100 ~60 40+10 I, at ISOCAM pos.4” S from GY174 pos.
LFAM24 <20 60 ~40 %20 Extragalactic radio source ? (BNO98), no ISOCAM em.
WL16 <10 40 ~35 x6 II, at SKS pos.
WwL1 25 <20 none <20 I
WL17 70 100 ~25 75+10 II, median pos. of GY and SKS
WL10 <30 40 ~20 (20£20)  1I, at ISOCAM pos.10” NE from WLY pos.
EL29 100 105 ~10 95+10 I, on the edge of Oph-E, protobinary ?
WL9 <30 <30 ~20 <10 ?
SR21 150 95 none 915 IID, uncertain calibration
WwL11 <20 <10 none <10 I/11? (BNO98)
WL19 <20 30 none 3@¢10 [I-1ID, 5" SW from WLY pos.
IRS34 <20 40+10 ~ 30 <20 I
WL20 95 95 none 9515 I-1l Multiple source
IRS36 <20 <15 none <15 ?
IRS37 607 25 ~15 <10 12
WL5/IRS38 35? 15 ~15 <10 11
WL4/IRS39 307? 25 ~10 <15 I
WL3/IRS41 307 50 ~15 (?35:20)  II; at ISOCAM pos.8”" S of WLY pos.
SR12A-B/IRS40 <35 30 ~10 <20 1]
IRS42 <35 40 none 48-20 Il, near GY pos.
WL6 <25 <20 none <20 I
IRS43 75 135 ~55 80+10 I
VSSG25 <15 <10 none <10 I
IRS44 75 70 <10 60+10 |
VSSG18 <40 200 >150 <50 Il, at WLY/ISOCAM pos.,14" SE of OphB2-MM8
IRS46 30 50 ~5 45+10 I, SW from WLY pos.
VSSG17 <20 120 >100 <20 1, at WLY/ISOCAM pos.,12"” E from OphB2-MM6
IRS48 80 60 <5 60+10 |
IRS50 <20 <10 ~ 10 ?<10 ?, confused by IRS 48
IRS51 55 120 <10 110E10 1, 4” W from WLY pos.
IRS54 <40 30 none (3&10) |
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Notes to Table 5

(1) Peak flux density in centrall”-beam before background subtraction.

(2) Background estimated using subtraction procedure described in Sect. 3.2.

(3) Peak circumstellar flux in1”’-beam estimated after background subtraction. Uncertainty mainly due to environment subtraction but also
including map rms measured at source position. Values preceded by question marks correspond to tentative detections of sources confused
by their environments. Weak(50) detections are given in parentheses.

(4) 1D and IlID indicate double-peaked SEDs. References: BNO98 = Bontemps, Nordh, Olofsson, et al. 1998; GSS = Grasdalen, Strom, &
Strom 1973; GY = Greene & Young 1992; SKS = Strom, Kepner, & Strom 1995; VSSG = Vrba et al. 1975; WLY = Wilking, Lada, &
Young 1989. All sources have ISOCAM counterparts (Bontemps et al. 1998) except those indicated.

intensity of SM1 and is filtered out by the dual-beam mappimndré, P., Montmerle, T., & Feigelson, E. D., Stine, P.C., &Klein, K.L.
technique. In the case of the broader Oph-E core, there is a1988, ApJ, 335, 940
large-scale ¥ 4’) C**O emission plateau withc N,, > ~ André, P., Ward-Thompson, D., Barsony, M. 1993, ApJ, 406, 122
5 — 6 x 102> cm~2 that amounts to as much as2/3 of the (AWB93)
peak C*O intensity in the region and cannot be detected in offpdré; P., Ward-Thompson, D., & Motte, F. 1996, A&A, 314, 625
3.5'-size map. (AWMS6) ) . ,
On the other hand, comparison of our various bolomet%?cmann,A.,An(ﬁ_, P.,Aberge],A. etal. 1998, in Star Formatlon_wnh
. . ISO, Proc. of Lisbon Meeting (June 1997), J.L. Yun & R. Liseau
coverages of Oph-C, which range fréfto 8 in extent, demon- (eds.), ASP 132, p. 307
strates that dual-beam continuum observations can be sensgiggony‘ M., Kenyon, S.J., Lada, E.A., Teuben, P.J. 1997, ApJS, 112
to low column density material if the maps are made sufficiently 109
large. Bastien, P., Arcoragi, J.-P., Benz, W., Bonnell, I., & Martell, H. 1991,
Dual-beam filtering can account for some of the discrep- ApJ, 378, 255
ancies between the continuum antiestimates of the core Basu, S. 1997, ApJ, 485, 240
column densities (see Table 1). In the case of the compact cdteskwith, S.V.W., Sargent A.l, Chini, R.S., Guesten, R. 1990, AJ, 99,
Oph-A, Oph-B1, OphC-S, and Oph-D, which suffer little filter- 924 _
ing, the continuum estimates of the peak column densities ag'?é'gj :_.Llugnszﬁél?TirgtS?]tii;Sr gg/do';’f;;’;igpﬁ rleszS iii-s'c:—)h';- Levy &
with the lin im rthan af .8.Th n- n '
tintuutmeest?n?;tte is t2e %tgrggtstela:g:r t?laici(r)fér\g:fstimgtzofor Bohlin, R.C., Savage, B.D., & Drake, J.F. 1978, ApJ, 224,132
N L2 . . Bonnell, I.A., Bate, M.R., Price, N.M. 1996, MNRAS, 279, 121
Oph-B2, suggesting the'® emission may be th|cally th_lck. Bonnor, W.B. 1956, MNRAS, 116, 351
On the contrary, for Oph-E and Oph-F, the continuum estimaigsntemps, S., Nordh, L., Olofsson, G., et al. 1998, in prep.
are afactor of 2.8 and 2.2 lower than the line estimates of WL8%ss, A.P. 1995, ApJ 439,223
These latter differences probably result from severe dual-begpaguiere, D., Neri, R., & Sievers, A. 1995, NIC bolometer users guide
filtering (up to a factor 2/3 in Oph-E, see above). (IRAM internal report)
Part of the discrepancy between the continuum ai@® C Butner, H.M., Lada, E.L., Loren, R.B. 1995, 448, 207
estimates may also arise from the fact that the line estimate$eflberg, R.G., Pudritz, R.E. 1990, MNRAS, 247, 353
WL83 and Butner et al. (1995) are based on the LTE hypotHealvet, N., Hartmann, L., Kenyon, S.J., & Whitney, B.A. 1994, ApJ,
sis, while it is likely that the €O lines arenotthermalized in 434 330 _ ]
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