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Abstract. We present millimeter continuum and line observadense molecular core, and Hodapp (1994) has imaged the re-
tions of a dense core in L1211, a member of the Cepheus clgidn in K’ (2.1um) as part of an outflow survey, finding several
complex. We find a small cluster of at least 4 millimeter (mngources associated with diffuse emission and classifying the
sources with no optical counterpart, but each associated wairstem as a small cluster.
near infrared (NIR) diffuse emission. The strongest mm source During a 1.2 mm continuum search for embedded objects
has no NIR point-like counterpart, and constitutes a good caniti-nearby, very young NIR groups associated with outflows, we
date for a Class 0 object. The other mm objects seem associdtethd that IRAS 22453+6146 was unusual. Most sources in our
with NIR sources and most likely belong to Class |, as also suggmple (selected from the images of Hodapp 1994) have only
gested by the spectral energy distributions derived from combone compact millimeter counterpart, despite having multiple IR
ing our mm data with IRAS HIRES fluxes. As evidenced by owgources. L1211, on the other hand, has at least 4 well-separated
line data, the mm sources are embedded in an elongated, turbm sources, suggesting that star formation in the cloud has oc-
lent core of about 150 i of mass and 0.6 pc length. Two of thecurred in a different manner, probably more efficiently or in a
millimeter sources power bipolar molecular outflows, anotheynchronized way. For this reason, we have investigated L1211
signature of their extreme youth. The outflows are well resolv@d more detail, following the 1.2 mm continuum observations
by our observations and seem to have unrelated orientationsvith molecular line mapping to characterize the core and de-
The combination of millimeter sources and bipolar outflowermine the distribution of high velocity gas. In this paper, we
emission indicates that multiple star formation in L1211 has oeeport the results from this combined study.
curred during a short period of time (a fé@” yr). The lack of a
noticeable enhancement in the number of NIR sources suggests i
that the core has not had enough time to form a cluster, so wePPServations

infer that L1211 is undergoing a first episode of star formatiopye observed L1211 in the mm continuum using the MPIfR
19-element bolometer array on the IRAM 30 m telescope in
Key words: stars: formation — ISM: clouds —ISM: dust, extinc1997 February. The bolometer operates at a central wavelength
tion — ISM: individual ObjeCtSZ L1211 — ISM: jetS and OutflOW%f 1.2mm (240 GHz) and has a bandW|dth of 70GHz (Kreysa
— ISM: molecules 1992, Glin et al.1995). The observations were done on the
fly, scanning in azimuth at a rate 4f sec’! with a wobbler
throw of 41” and a period of 0.5 sec. The atmospheric optical
1. Introduction depth correction was estimated from sky dips done before and

L1211 is a class 5 dark cloud (Lynds 1962) abbutwest of after the source mapping, and applied to the data, which were

Cepheus A. Its angular proximity to the group of Cepheus %Ily reduced with the NIC software (Brogerie et al_1998).

F clouds (mapped by Sargént 1977, 1979, Yu et al. 1996 ar]%linting corrections were measured immediately before ob-

Yonekura et al._1997) and its similar LSR velocity (Yu et aeving L1211 by making cross scans on 2200+420 (BL Lac),

1996, this work) suggest that it is related to the group, a%& (2) ?T(]):rzewp;c;;nﬁ]n; dzﬁglﬁgﬁiﬁe?:mnda;eg ;%S?a?;ttcegm?ge d
therefore lies at a similar distance from the Sun (725 pc, s P y !

chieving an rms sensitivity at the image center of about 7 mJy

Crawford & Barnes$ 1970, Sargent 1977). In contrast with tI'%e 1 .
Cepheus group of clouds, not much is known about L121 eant *. Based on Uranus observations, the beam FWHM was

Fukui (1989) has reported a bipolar outflow around the embea&gprom_rnatelyll”. . .

ded source IRAS 22453+6146, although no map of the accgl- Having found multiple 1.2 MM SOUrces in L1211, we went
erated gas has been published so far. Harju et al. {1993) hg\a}%k to the IRA.M 30m_ telescope |n_1997éugust to observe the
mapped the ammonia emission around this source, finding. ecular gas in the lines 6FCO(J=1-0),*CO(2-1), CS(2-

' Q), CS(3-2), and €0(2-1). The observations were done with

Send offprint requests 1. Tafalla two receiver configurations. The first one, to map the outflow
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(a) L1211 1.2mm/DSS (b) LiR11 1.2mm/2.1um (c) L1211 1.2mm/25um (d) L1211 1.2mm/100um
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Fig. 1a—d.Distribution of 1.2 mm emission (contours) superposed to images of emission at different wavele@yttisal DSS (red) image.

b K’ (2.1um) image from Hodapp (19949.25m IRAS HIRES imaged 100m IRAS HIRES image. Absolute coordinates for theilage

(larger than shown) were estimated from the coordinates in the DSS image by identifying three common stars and calculating a linear transfer
function between pixels in the’Kmage and equatorial coordinates in the DSS image. Comparing the alignment of additional stars common

to both images, we estimate the coordinates in tharage are accurate withzf’. Contours are at intervals of 25 mJy ddr’ beam starting

at 25 mJy pei1” beam, and the small cross in the right panels indicates the PSC position of IRAS 22453+6146. The beam size (FWHM) for
the 1.2 mm data i$1”, for the 25um IRAS HIRES image i$0” x 30" (PA 20°), and for the 10um IRAS HIRES image id15” x 105"

(PA 20°).

emission, used simultaneously four receivers tuned to both jable 1.1.1211 millimeter sources
larizations of'?CO(1-0) and*CO(2-1), and position switch- Source o(1950)  §(1950) Peak FIug Int. Flux’® Mas$
ing mode. The second configuration, to map the dense core, b» m s ° /" mJy/beam  mdy M

used three receivers simultaneously tuned to CS(2-1), CS[Zys1 22 45 08.1 61 45 41 105 45 0.3
2), and C®0(2-1), and frequency switching mode. As spegams2 2245 13.5 614535 190 215 1.3
trometer, we used an autocorrelator with velocity resolutiofgvuss 22 45 18.2 61 45 46 125 85 0.5
of 0.20 km s! for 12CO(1-0), 0.40 km s! for '2CO(2-1), MMS4 224523.0 614643 150 135 0.8

0.060 km s for CS(2-1), 0.080 km ' for CS(3-2), and
0.053 km s! for C'#0(2-1). The beam FWHM of the tele-: Observed peak flux with1” beam

scope varies linearly with wavelength, and for our observationdntegrated after background subtraction (see text) )
ranges fron24”’5 for CS(2—1) tol1” for 2CO(2—1) (see Wild ¢ Assuming optically thin dust at 30 K with an opacity of 0.01%gT
1995). Pointing was corrected using continuum cross scans on

NGC7538anditis gstlmated to b? accurate Wltﬁ’lnAntenna As it can be seen, individual source fluxes range from about 50
temperatures are given in the main beam brightness scale. to 200 my.

The superposition of the mm data with the DSS (red) im-
3. Results age (FigldLla) shows that none of the millimeter peaks has an
optical stellar counterpart (the star toward MMS3 is probably
a foreground source, see below), although MMS1 seems as-
Fig.[l presents the 1.2 mm continuum emission (contours) swciated with weak east-west diffuse emission. In contrast, all
perposed to the Digitized Sky Survey (DSS) red image, then sources are associated with diffuse 211 emission (see
K’ band (2.1um) image from Hodapg (1994), and the 25 anfig.[1b). MMS1 coincides with a bright spot of IR emission con-
100pm IRAS HIRES (20 iterations) images. (The HIRES imsisting of east-west diffuse emission and possibly one or more
ages were generated by the Maximum Correlation Method dint-like components. MMS2 also coincides with eastward dif-
Aumann et al. 1990 and kindly provided by IPAC). As the magase (cometary) emission, but there is no evidence for a.1
show, the 1.2 mm emission consists of at least 4 discrete mprint-like counterpart; all the emission is diffuse. MMS3 has as
ima connected by weak, extended emission at a level of 50 npigbable 2.J:m counterpart the source with weak southern dif-
(11” beam~!. The discrete maxima will be referred hereafteluse emission that lies slightly north of the mm peak, while the
as MMS1, MMS2, MMS3, and MMS4 in order of increasingstar about 0" southeast of this source is probably a foreground
right ascension (see leftmost panel), and estimates of their pasidrce, since it has no diffuse emission and is prominent on the
tions and fluxes are given in Taljle 1. The peak flux in the taSS image. Finally, MMS4 seems associated with a group of
is the total 1.2 mm flux at each source position, while the intat least three 2.Am sources, one near the mm peak and a close
grated flux is our best estimate to the intrinsic source flux, apdir to the north, all three surrounded by extended emission. As
was derived by subtracting a 50 mayl” beanm) ~! background the millimeter emission from MMS4 is elongated north-south,
to the data and fitting the residual with 2-dimensional gaussiaitss most likely associated with at least two IR sources, the one

3.1. Continuum data
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Table 2.L1211 IRAS-HIRES and mm estimated fluxes A (um)
3 2 1
10 10 10 1
Source 12pm 25 um 60 pgm 100 gm 1200 pum 108 . ‘ MMS4
Jy Jy Jy Jy Jy T . (x10)
" _
MMS1-2-3 0.11  0.75 13 14 0.35 . 107 ¢ 3
MMS4 23 43 17 38 0.22 £ “1o
o 10 ¢ MMS1-2-3 3
20
8 g0l —
LL': 10712 [ ]
near the mm peak and at least one of the northern group. Our

millimeter observations, therefore, show thatin L1211 there are 2 3 11
: . . : 10 10 10

atleast 4 young stellar objects in a region of approximait2dy/ v (Hz)

in diameter (0.4 pc for an assumed distance of 725 pc).

The two right panels of Fif] 1 compare the 1.2 mm emissidi- 2- Spectral energy distributions of L1211-MMS4 Qnd combination
with the IRAS HIRES data. The nominal PSC position of IRAS L1211-MMS1, MMS2, and MMS3 (not resolved in IRAS data).
22453+6146 is indicated by a small cross sign, and clearly dd:élged quar:?s' m|'_|||'rgeter ?gg 4|F5£S HIRES fluxes. Open triangles:
not coincide with the real IR emission peak. This offset can bePer imits from Hodapp ( yKmage (see text).
seen even in the unprocessed IRAS images, and probably results
from the combined effect of confusion with the emission fromower and has a better defined peak neay60 Both distri-
the strong, nearby source IRAS 22451+6154 (8.5 arcminutagions, with maxima at FIR wavelengths are characteristic of
to the northwest) and the source multiplicity in the cluster. Thextremely embedded objects belonging to Class | or Class 0
HIRES data show that MMS4 is the brightest source of the gro(ipadal 1987, Ande et al[ 1998). A crude estimate of their bolo-
and dominates the emission at 12 ang:&§ and is still brighter metric temperatures (in the sense of Myers & Ladd 1993) gives
than the others (but more comparable) at 60 and, 00 approximately 65 K for MMS4 and 55 K for MMS1-2-3, in the

Despite the increase in angular resolution, the HIRES ddtaundary between Class 0 and Class | (Chen gt al.| 1995). Also,
cannotcompletely separate the contributions from the individubk ratio between the bolometric and 1.2 mm luminosities for
mm sources, although they allow to distinguish between emMMS4 and MMS1-2-3 aré x 10* and4 x 10, respectively, also
sion from MMS4 and from the combined MMS1-2-3 group. Tin the boundary between Class 0 and Class | (&retral. 1993
estimate the IRAS fluxes for these two components, we halefine a Class 0 source as one havigg IL 1 3,,m < 2 x 10%).
fitted the HIRES data using two 2-dimensional gaussians of Although higher resolution FIR observations are needed to
fixed widths equal to the HIRES beam widths, one at the pproperly study the status of the individual mm sources, the com-
sition of MMS4 and the other located towards MMS2 (a fubination of our bolometer data and thé ihage of Hodapp
four-component fit failed). In this fitting, the source at MMSZ1994) already suggest that MMS2 is the reddest source of the
represents the combination of MMS1-2-3, and was chosengroup. The other mm sources seem to have point-like counter-
that way because MMS2 looks brighter than MMS1 and MMS#arts at 2.1um (although surrounded by diffuse emission see
in the HIRES data and has an intermediate position. With thigg.[1), while MMS2 has only diffuse emission. This, together
method, we derive the fluxes given in Table 2. with the fact that MMS2 is the brightest 1.2 mm source of the

With the IRAS and the 1.2 mm fluxes, we estimate the spegroup both in peak and integrated intensity (Table 1), suggests
tral energy distributions (SEDs) for MMS4 and for the combindhat the source is special, and a good candidate for a Class 0 ob-
tion of MMS1-2-3. To complement our data, we use tHéri-  ject. The other sources, MMS1, 3, and 4, are most likely Class
age from Hodapp (1994), which unfortunately is uncalibratebt(see Sect. 4 for a more complete discussion).
and therefore not ideal for a flux determination. For this reason, To finish our analysis, we estimate the masses of the dust
we choose to only estimate safe upper limits to tharagni- envelopes of the mm sources using the 1.2 mm emission, which
tudes of MMS1-2-3 and MMS4. Following Hodapp (1994, seis most likely optically thin. At this long wavelength, radiation
his Fig. 5), the brightest source in the whole L1211 image hissdominated by the cooler, outer part of the envelope, so we
K’ = 10, and the next one about 11 mag. As MMS4 is not theake the simplest possible model and assume that the envelopes
brightest source, we can safely assume that it’isK11 at are isothermal, optically thin dust clouds. We assume a dust
most. Comparing the counts of MMS4 with those from MMSfemperature of 30 K, in similarity with what is found in the
(the brightest of the 1-2-3 group), we estimate that MMS1 is atillimeter sources op Ophiuchi (Andé & Montmerle[1994)
least 10 times weaker than MMS4 i .KWVith these numbers, and the Orion ridge (Chini et al. 1997a) (if the temperature were
we present our best estimate of the SED in[Hig. 2. Integrating @K, our masses should be multiplied by 1.6 and if it were 40 K,
fluxes, and assuming a distance of 725 pc, we derive bolomethiey should be divided by 1.4). We take a 1.2 mm continuum
luminosities of 35 L, for MMS4 and 12 L, for the combination opacity of 0.01 crhg~!, which seems appropriate for Class |
of MMS1-2-3. and Class 0 objects (e.g., Ared& Montmerle 1994), and using

As Fig[2 shows, the SED of MMS4 is rather flat and slightlyhe fluxes in Tabl&l1, we derive masses of 0.3, 1.3, 0.5, and
increasing redward of 100m, while that of MMS1-2-3 is nar- 0.8 Mg for MMS1, MMS2, MMS3, and MMS4, respectively.
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Fig. 3. Left: integrated intensity maps for'®0(2-1), CS(2-1), and CS(3-2). For th&0(2-1), the integrated intensity of a Gaussian fit was
used, in order to enhance the signal to noise, while for the CS maps, the emission was integrated directly from the spekira:inathge

—12.5 —9 km s~L. The filled stars represent the positions of the 1.2 mm continuum peaks (sEe Fig. 1). Contours are at 2, 4, 6, 8, 10K km s
for C'*0(2-1), and 1, 2, 3, 4K km'8 for CS(2-1) and CS(3-2). Offsets referreadid 950) = 22"45™1335 §(1950) = 61°45’35", position

of L1211-MMS2.Right: CS(3-2) position velocity map along the line shown dashed in the CS(3-2) integrated intensity map. Contours are at
0.4,0.8,1.2,1.6,2.0,2.4K.

3.2. Molecular data et al| 1993 derive from Nk as our estimate includes the lower
density material not seen in this high density tracer.
3.2.1. The core Next, we use a large-velocity-gradient analysis to derive
The distribution of dense gas around the mm sources is illglensities and column densities from our two CS transitions (e.g.,
trated by the integrated intensity maps dfO(2—1), CS(2—1), Scoville & Solomorn_1974). Given the lack of a well defined
and CS(3-2) shown in Figl 3. These maps, made from simult@re peak, we concentrate on mean parameters over the core
neous observations, agree well with the ammonia map of Haby averaging the CS spectra over all positions. In this way, we
et al. [1998) and show that the molecular emission is elongatietiuce a mean volume density Dk 105 cm—3, a mean CS
northeast-to-southwest following approximately the line thaplumndensity of0'® cm~2, and amean CS(2-1) optical depth
connects the mm sources. There is reasonably good agreem&t3. From the ratio of the €O and CS column densities, and
between the shapes of the molecular emission and the difftise Frerking et al[(1982) €O abundance value, we estimate a
mm continuum, indicating that the latter also traces the derf$8 abundance df x 10~1°.
core, but this time in the dust grain component. To illustrate the The dense gas in the core has a clear velocity pattern, and
spectral line shapes, FIg. 4 shows a sample of spectra towdtds is illustrated with a position-velocity diagram in Hig. 3
(—40”, 0") (in the vicinity of MMS1) and §0”, 80”) (in the (rightmost panel, diagram corresponds to the dashed line in the
vicinity of MMS4). CS line widths range from 0.8 knt$ at CS(3-2) integrated map). While most of the gas in the core
the narrowest positions to more than 2 km! siear MMS4. has aVisg of about—10.3 km s7!, the gas in the vicinity
These values are much larger than the thermal velocity compdMMS4 is blue shifted by about 1 knT$. As the diagram
nent (0.14 km s! for a 20K gas), and indicate that in L1211shows, the shift in velocity does not result from a smooth veloc-
like in other cores in Cepheus, the velocity dispersion is dority gradient, but from the presence of a discrete component with
inated by supersonic turbulent motions (see also Harju et Blsr ~ —11.3 km s~! nearAa = 50”. This blue component
1993). can be seen in the bottom right spectrum of[Hig. 4, and coincides
We use the &0(2—1) emission to estimate the core massith a relative minimum in the ambient velocity regime, as if
because this transition is most likely optically thin and thermahe blue gas had been displaced in velocity with respect to the
ized. Integrating the intensity over the core, we derive a meegst of the core. The origin of this displacement is not clear. In
C'80 column density 08 x 10'> cm~2, and assuming a0  Sect. 3.2.2, we will see that MMS4 powers a collimated bipolar
abundance of.7 x 10~7 (Frerking et al[ 1982), we derive aoutflow, and that the blue outflow lobe lies to the northeast of
total mass of 150 M for an assumed excitation temperature d¥IMS4, as the brightest blue shifted CS emission does. Thus, it
20 K (see Sect. 3.2.2). This value of the mass is in reasonaislpossible that outflow acceleration causes the dense gas veloc-
agreement with a virial estimate:(100 M) based on the meanity displacement, similarly to what happens in other objects (e.g,
C'80(2-1) linewidth of 1.2 kms! and a mean emission radiusTafalla & Myers 1997). However, there is a significant amount
of 90” (see FigB). It is somewhat larger than the 36 Marju of blue shifted dense gas southwest of MMS4, which goes in op-
posite direction to the outflow (or at least to the highest velocity
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Fig. 5. Maps of CO(1-0) emission integrated every 2 km sver the
3.2.2. The outflows —24 < Vi,sr < —4 range. For each panel, contours are at 20, 40, 60,

80, 90% of the map maximum (3.5, 4.7,6.6,11.9,18.4,32.0, 35.4, 29.8,
Fukui (1989) reported outflow activity in L1211 but did noB.1, and 3.1 Kkm's* for the first, second,... maps, respectively). The
present a map of the emission, so we have observed the dugb velocity CO emission appears associated to MMS1 and MMS4,
in CO(1-0) and CO(2-1) to determine the outflow gas distriband is distributed bipolarly. This is evidence for two molecular outflows
tion. Fig[8 shows CO(1-0) velocity maps every 2 km & the e_manating from MMS1 and MMS4. The star symbols mark the p(_)§i-
velocity range—22 < Visg < —4 km s1, where most of the tions of the MMS sources, and the offsets are referred to the position
emission is concentrated. As the maps show, there is a con&fdMs2.
erable amount of high velocity blue gdg (g < —14 kms™!)
northeast of MMS4 and southwest of MMS1, and in both caskBVIS4, but this time is located opposite to the blue emission.
the distribution is elongated and has the millimeter source n&dais bipolar pattern indicates that there are two outflows in the
one vertex. At red velocitied{,sg > —8 km s71), the emis- core, one centered on MMS1 and the other on MMS4. These
sion is again concentrated towards the vicinity of MMS1 araltflows will be referred, hereafter, as the L1211-MMS1 and
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OE K’ band image. Note the two bipolar out-
flows emerging from MMS1 and MMS4.
Solid contours represent (blue) emission in-
tegrated between20 and—14 km s~ !, and
oohysmags 30° 248 18° dashed contours are for (red) emission inte-

grated between 8 and—2. Levels are at 3,
R.A. (1950) 6,... Kkms.

L1211-MMS4 outflows, and their gas distribution is shown in  To estimate the physical properties of the outflows we first
Fig.[d superimposed on the’ kmage of Hodapp(1994). CO estimate the gas kinetic temperature. At ambient velocities, the
spectra towards the vicinity of the outflow sources, showir@O emission is most likely thermalized and optically thick, so
high velocity wings, are presented in Higy. 4 the CO peak brightness temperature is a direct estimate of the
The L1211-MMS4 outflow has a small amount of red emissmbient gas kinetic temperature. In this way, we derive a mean
sion mixed with the blue lobe near its far end. This mixing ofalue of 20 K from both CO(1-0) and CO(2-1), which is in good
colors suggests that the blue lobe lies almost on the plane of #yggeement with the 18 K and 17 K values that Wouterloot et al.
sky, and that part of its gas appears red because the lobe ope(i888) and Harju et all (1993), respectively, derive from am-
angle is larger than the angle the lobe axis makes with the planenia data. For the outflow regime, the CO(2-1)/CO(1-0) line
ofthe sky. A similar situation has been observed and modeledragios indicate excitation temperatures between 10 and 20 K,
Cabrit et al.[(1988) in B335. The blue gas in the L1211-MMSdepending on the CO optical depth. (A line ratio of 1.4, for ex-
outflow reaches higher velocities than those shown in the vel@enple, can either represent optically thin gas at 10 K or gas at
ity maps Fig[h, and itis still detected upltpsg = —35kms™! 20 Kwithmy; = 2, see, e.g., Levrealllt 1988.) As a compromise
(see spectrum in Fifl] 4), which corresponds to 25 kiwith  between these two values, we assume that the outflow gas is
respectto the ambient cloud (without any projection correctiorat 15 K, and estimate its properties assuming the wing emis-
The L1211-MMS1 outflow, on the other hand, seemsto hasn is optically thin and in LTE. We take as outflow regime
two components with almost orthogonal directions: the largms velocities larger than 2.5 kni'swith respect to the am-
scale lobes extend approximately north-south, while closerti@nt value ¢11.3 km s~! for the L1211-MMS4 outflow and
MMS1 (< 40”) there is blue shifted gas toward the east and redl0.3 km s~! for the L1211-MMS1 outflow), and use a CO
shifted gas toward the west. This smaller east-west componabtindance of.5 x 10~° (Frerking et al. 1982). In this way, we
seems to agree in direction with the small scale optical asdtimate that the L1211-MMS4 outflow has a mass of 4, lél
K’ diffuse emission (Fig.l6), and may indicate that the outflomomentum of 5 M, kms~!, and a kinetic energy afx 10%* erg.
from MMS1 has in fact four lobes. Quadrupolar outflows haveor the L1211-MMS1 outflow, we estimate about half those val-
been observed in other systems like IRAS 16293 (Walker @s: a mass of 0.5 M, a momentum of 2 M km s™!, and a
al.[1988) and L723 (Moriarty-Schieven & Srlel[ 1989, Avery dkinetic energy of2 x 10** erg. These parameters are in good
al.[1990), and have been usually interpreted as resulting fragreement with what should be expected for outflows powered
the superposition of outflows from unresolved multiple stelldry sources with a few tens ofL(Cabrit & Bertout 1992).
systems (Wootten 1989, Anglada et al. 1991). Our 1.2 mm data As a final point, we note that the two outflows in L1211
do not show any sign of source multiplicity inside MMS1, buthree, if the L1211-MMS1 outflow is quadrupolar) are not par-
Hodapp's higher resolution’Kmage shows a hint of what mayallel. Fig[6 shows that the relative angle between the L1211-
be more than one source embedded in extended emission. HWMS1 and L1211-MMS4 outflows is about 150 degrees, even
resolution mm observations are necessary to clarify this pointithout taking into account any additional component along the
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third dimension (line of sight). Such non alignment of nearby Finally, the nature of MMS3 is harder to point out as it
outflows is also seen in other regions of multiple star formintacks of outflow or any other clue to its age. It is unlikely it
like NGC 1333 (Liseau et al. 1988, Langer et[al. 1996, Balig associated with the optical star in the DSS image [Fig. 1a),
et al.[1996, Bachiller et al. 1998), and suggests that whatewasrthis star has no evidence for diffuse emission and therefore
the mechanism for outflow orientation is (cloud magnetic fieldssociation with dust. It is more likely it is associated with the
original gas angular momentum, see, e.g., Shu €t al.|1987)JRtsource surrounded by weak diffusé &mission seen in the
varies over regions of the size of the core, implying a lack éfodapp[(1994) image, in which case it would represent a Class

coherence over distances of tenths of a pc or less. | source (i.e., it lacks of visible counterpart). In this case, the
source would most likely be older than MMS1 and MMS4, but
4. Nature of the mm sources and history stillafew10° yr old (Myers et al._ 1987, Wilking et 4. 1989). Ifit
of star formation in L1211 is not associated with any IR source, it may be then a pre stellar

In Sect.3.1 we discussed the evolutionary status of the ng@ndensation, like those found in other cluster®phiuchi, see
sources using their SED, although the lack of spatial resoMotte et alL 1998; Serpens, see Testi & Sargent 1998), in which
tion of the IRAS data did not allow us to separate some of tg@se it would be even younger than MMS2.
components. Here, with the CO data just described, we can re-If the mm sources in L1211 have at most a fe yr each,
fine the above analysis and improve on our conclusions. MM rate of star formation in the core has been about one star
and MMS4 power strong molecular outflows, so their status B&r 10° yr in the most recent past. This rate probably has not
YSOs s rather secure. If the typical total duration of the outfloeen maintained for even a few Myr, otherwise a sizable cluster,
phase is abou x 10° yr (Parker et al. 1991), the ages of thesgimilar to the stellar density enhancements identified by Chen &
sources should be lower than that number. Tokunagal(1994) in Orion A, should be present. Thiskage by
Comparing the outflow parameters of MMS1 and MMSklodapp shows no obvious clustering apartfromthe counterparts
with their mm fluxes, we note that these sources nicely follodf the mm sources (see Hig. 6), and the number'afdtrces in
the outflow momentum flux vs envelope mass relation found Bye image (about 200, Hodalpp 1994), is what should be expected
Bontemps et al. 1996 for a sample of low luminosity outflow®r the number of background objects at this wavelength towards
(half of them in Ophiuchus). In addition, we note that MMSahe direction of L1211 (Wainscoat etial. 1992). All this suggests,
has certain similarities with the Taurus YSO L1551 IRS5, astiiat the beginning of star formation in the core is a rather recent
has an l,,; = 35 L, (L1551 IRS5 has anj,; = 32 L, Cohen event (a fewl0° yr).
etal[1984) and very similar molecular outflow parameters when If the above argument is correct, the L1211 core may be
compared with the optically thin numbers given by Moriartyundergoing a period of unusually high star-formation rate. A
Schieven & Snell[{1989). In addition, if we scale the 1.3 mimilar situation has been reported for the Serpens core, where
flux from L1551-IRS5 (5Jy, Walker et &l._1990, Ladd et aCasali et al.[{1993) from mm observations and Hurt & Bar-
1995, Chini et al_1997b) to 750 pc, we obtain 175 mJy, clo§eny (1996) from IRAS HIRES data have found an unusually
to our MMS4 estimate (see Table 1). We note, however, tHatge number of very young stellar objects which can only be ex-
both MMS1 and MMS4 are somewhat brighter than the typicBlained by arecent burstin star formation (the second in the core
Taurus Class | objects (e.g., Kenyon efal._1993), and this ishistory, Casali et al. 1993). Hodapp & Ladd (1995) have also
agreement with the idea that the turbulent Cepheus cores té#nd evidence for rapid formation in cores by using molecular
to form stars of higher mass than those formed in the thermaflydrogen emission, suggesting that at least in some cases small
dominated Taurus cores (e.g., Myers & Fuller 1992). stellar groups can form within one outflow life time. Whether
The status of MMS2 is somewhat less clear. In Sect. 3.1, f@Pid star formation is the norm in small stellar groups is still
mentioned that it is associated with Strong d|ffusﬁrﬁ emis- far from clear, but detailed studies of systems like L1211 can
sion, lacks point-like counterpart at this wavelength, and has gfeed new light into this intriguing problem.
largest mm flux, suggesting that it is the youngest source in the
group and a good candidate for a Class 0 object. The moleciisknowledgementsiVe thank Tyler Bourke and Claudio Codella for

data, however, do not show evidence for a bipolar outflow, ﬁl?aring with us their unpublished L1211 data, and an anonymous ref-
' : | gree for comments and suggestions that improved our presentation.

contrast WIJ.[h other k_nown C!ass 0 objeqts_(e.g_.,_B_achlller 199@1“3 research has made use of the Simbad data base, operated at CDS,
falth(?UQh h'gh velocity gas is present_ in its vicinity (Fig. 6). Igtrasbourg, France, and NASA's Astrophysics Data System Abstract
is still possible, .however, that.there IS an _OUtﬂOW u"!deteCt%grvice. The Digitized Sky Survey was produced at the Space Tele-
by our observations, as the diffusé &mission in the image scope Science Institute under US Government grant NAG W-2166.
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If the MMS2 outflow is as narrow as the Kebula, its emission
could have been diluted in our telescope beam and not b
detected. We therefore conclude that MMS2 is younger th%% erences

MMS1 and MMS4, although high sensitivity CO observationandré P., Montmerle T., 1994, ApJ 420, 837

are still needed to settle the status of this interesting object. André P., Ward-Thompson D., Barsony M., 1993, ApJ 406, 122
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