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Abstract. Plateau de Bure Interferometer high-spatial resolution CO observations combined with near-infrelegd tHsen-

tangle at least seven (possibly even nine) molecular outflows in the massive star-forming region IRAS8381®osition—

velocity diagrams of the outflows reveal Hubble-like relationships similar to outflows driven by low-mass objects. Estimated
accretion rates are of the order of 10, yr?, sufficiently high to overcome the radiation pressure and form massive stars

via disk-mediated accretion processes. The single-dish large-scale mm continuum cores fragment into several compact con-
densations at the higher spatial resolution of the PdBI which is expected due to the clustering in massive star formation. While
single-dish data give a simplified picture of the sourcéigently high spatial resolution resolves the structures into outflows
resembling those of low-mass star-forming cores. We interpret this as further support for the hypothesis that massive stars do
form via disk-accretion processes similar to low-mass stars.
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1. Introduction study the physical processes forming the stars in a direct way.

. . ) . Infrared observations give ambiguous results at best, since the
The physical processes forming massive stars are still subj Shters of activity are very deeply embedded and block out all

to grltaat dek;ate. I?as!c éow-mgsstst?r—fom%lig Ot:;el\jl)rles_fre fftared light, except in rare favorable geometries. Therefore,
Small accretion rates independent of mass oY% indirect approaches have to be taken. Massive molecular out-

Shu 1977), which are not fiicient to overcome the radla'ﬂows are perfectly suited for such investigations, because

]tc|on pressudr_e ofta titafs.MtO' M(:/rve l?asgl\é:e sta_lrs I?hf;é(; noltoutﬂows are observed on large spatial scales (in the parsec
orm according to that picture (Wolfire assmnetl )afe ime), they are easier to resolve spatially, and their structure

though they are observed to exist. Several theories have b energetics give information on the physical processes close

put_fo.rwa(rjd t? joh{ehth's d|sc:§panct)/: i thet Ztandard StCFd their driving center. For example, the accretion scenario pre-
nario 1s adapted, nigher accretion rates must be present gpls o tfiows which are morphologically similar to low-mass

the accretion is likely to be mediated through disks (e'%utflows and which show a high degree of collimation due to

Wolfire & Cassinelli 1987; Jijina & Adams 1996; Norberg & L . .
e star-disk interaction (Richer et al. 2000). On the contrary,
Maeder 2000; Maeder & Behrend 2002; Yorke & Sonnhalt% ( ) Y

the very center of the evolving cluster is dense enough t%e, and therefore the outflows are likely less collimated and

intermediate-mass protostars collide, merge, and form the m her resemble explosions as observed in Orion KL (Schultz
massive objects via these collisions (e.g., Bonnell et al. 1998;

al. 1999).

Stahler et al. 2000; Bally 2002; Zinnecker & Bate 2002). )
As high-mass star-forming regions are on the average far gyer recent years several single-dish studies of massive
away (a few kpc) and massive stars form in a clustered mod§fiows have been undertaken (e.g., Shepherd & Churchwell

it is nearly impossible to resolve with current telescopes thegg- Ridge & Moore 2001; Zhang et al. 2001; Beuther et al.
forming cluster in the mm and sub-mm regime, and thus §no) \while these studies agree on the facts that outflows

- are ubiquitous phenomena in massive star formation and that
Send g@print requests toH. Beuther, . . . . )
e-mail- hbeuther@cfa . harvard. edu they are very massive and energetic, there is considerable dis-
+ Based on observations with the IRAM Plateau de Bu/@dreementon the typical collimation of the observed outflows.
Interferometer, the Calar Alto 3.5m telescope and the IRAM 30 nepherd & Churchwell (1996) and Ridge & Moore (2001)
IRAM is supported by INSYCNRS (France), MPG (Germany), ancclaim that the average collimation of massive outflows is lower
IGN (Spain). Calar Alto is operated by the MPIA in Heidelbergthan observed for their low-mass counterparts supporting the
jointly with the Spanish National Commission for Astronomy. proposal that massive star formation has to proceed through
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different physical processes such as coalescence. Beuther edllow as observed in CO(2-1) with 1Tesolution (Fig. 1,
(2002b) also observed lower collimation of massive outflovBeuther et al. 2002a,b). The single-dish data suggest a simple
compared to low-mass sources. However, taking properly intrphology in both cores which makes the region a good can-
account the poor spatial resolution, they argue that their daidate for further studies of collimated outflows. The PdBI ob-
are well consistent with highly collimated outflows in highservations will show that the single-dish observations provide
mass star-forming regions (but proof of this requires interfesnly a simplified picture of the real outflow structure.
ometer observations). Thus, no other physical processes have
to be invoked, and high-mass star formation can proceed as .
in the classical low-mass scenario, just with significantly er%-' Observations
hanced accretion rates. 2.1. Plateau de Bure Interferometer (PdBI)
Despite the great advances during recent years, single-dish
observations are not fiicient to understand the complex outWe observed IRAS 19412336 in Summer 2001 with the
flows in massive star formation. As always clusters of stapéateau de Bure Interferometer at 2.6 mm in the D (with 4 an-
form simultaneously, it is likely that at high spatial resolutiofennas) and C (with 5 antennas) configuration (Guilloteau et al.
many of the single-dish outflows resolve into multiple outflowt992). The simultaneously observed 1 mm data were only used
emanating from the same large scale core but frofferint for phase corrections because of the poor Summer weather con-
protostars within them. Using Plateau de Bure interferomélitions. The 3mm receivers were tuned to 115.27 GHz (USB)
ric observations Beuther et al. (2002d) showed that the chadigntered at thé’CO 1 — 0 line) with a sideband rejec-
single-dish outflow in IRAS 053583543 resolves into at leasttion of about 5dB. At this frequency, the typical SSB sys-
three molecular outflows at a spatial resolution-8f5”. One tem temperature is 300 to 400K, and the phase noise was be-
of these outflows shows a collimation degree of 10, the highé@¥ 30°. The frequency resolution at 115 GHz was 0.1k s
so far observed in massive star-forming regions, and as hfgjf we smoothed the data to 1 kmtsvhich is sifficient to map
as the highest values known for low-mass star formation. TH broad line wings. Atmospheric phase correction based on
observations indicate that high-mass regions are more comple& 1.3 mm total power was applied. For continuum measure-
due to the clustered mode of formation, but that the physidBents, we placed two 320 MHz correlator units in the band to
processes taking place are similar to those of their low-mdgver the largest possible bandwidths. Temporal fluctuations
counterparts. of the amplitude and phase were calibrated with frequent ob-
There do exist other interferometric observations of higigervations of the quasars 192210 and 2028336. The am-
mass outflows, e.g., IRAS 20128104 (Cesaroni et al. 1997;plitude scale was derived from measurements of MWC 349
Shepherd et al. 2000), G192.16 (Shepherd et al. 1998), G38Ml CRL 618, and we estimate the final flux density accuracy
(Gibb et al. 2003), but they are either covering only the vef§ be~15%. To cover both cores a mosaic of 10 fields was
inner region not tracing the large scale outflow, or the spatipserved. We obtain a3continuum rms of-5mJy. The con-
resolution does not exceet 5 tinuum data are already presented by Beuther et al. (2002¢).

In order to base the results obtained so far on a larger sta-
ti;tical bgse and opserve more massive_ outflovys at adeq@g@_ Short spacings with the IRAM 30 m telescope
high spatial resolution, we perform a series of high-resolution
observations using the Plateau de Bure Interferometer (PdB®) account for the missing short spacings and to recover the
and BIMA. Here, we present the results of PdBI observatiohge-flux, we also observed the source in CO(1-0) with the
of the outflow system in IRAS 19442336 which is part of a IRAM 30 m telescope in Summer 2002. The observations were
sample of 69 high-mass protostellar objects (HMPOs) studiggne remotely from Bonn in the on-the-fly mode. Due to previ-
over recent years in great detail (Sridharan et al. 2002; Beutl&s software changes the online velocity correction was miss-
et al. 2002a—c). At the very center of the southern core, we dieg a term corresponding to some part of the earth rotation.
tect O and CHOH maser emission as well as a weak 1 mJihis error was correctedfitine by the AoD Gabriel Paubert.
unresolved cm continuum source at a spatial resolution7f 0 The velocity is estimated to be correct within 0.1 kths
(see Fig. 1). Assuming the latter to be due to optically thin free- The algorithm to derive visibilities from the single-dish
free emission at 3.6 cm, it indicates a recently ignited but ndata corresponding to each pointing center is described by
very evolved massive object at the cluster center (Beuther etGlieth et al. (1996). The single-dish and interferometer visibil-
2002c; Sridharan et al. 2002). It is also the most deeply embéibs are subsequently processed together. Relative weighting
ded massive star-forming region which was ever observed witas been chosen to minimize the negative side-lobes in the re-
theCHANDRAX-ray satellite (Beuther et al. 2002e). So far, wéulting dirty beam while keeping the highest angular resolution
only knew the kinematic distances whicHfgu from a distance possible. Images were produced using natural weighting, then
ambiguity (Sridharan et al. 2002), but based on the new MSXCLEAN-based deconvolution of the mosaic was performed.
and 2MASS data of the region we believe the near kinemafibe final beam size of the 2.6 mm data i9'3x 3.6 (PA 33).
distance to be more likely (Bontemps, priv. comm.). Further on,
we assume IRAS 194}(2336 to t_)e ata distance _912._1 kpc. 23 Calar Alto
The approximate bolometric luminosity of the region i$ 1LQ.
Single-dish 1.2 mm continuum observation reveal two massiVee near-infrared camera Omega Prime on the 3.5 m tele-
adjacent dust cores, each associated with a bipolar molecsleaope on Calar Alyspain was used to obtain 2.12m
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Table 1. The mm sub-sources: positions, peak fluxes, integrated fluxes, derived core masses and column densities.

Source RA Dec  Flux Peak M N,
[J2000.0]  [J2000.0] [mJy] [mJgeam] M,] [10%*cm?]
mm1l 19:43:11.24 23:44:03.4 29 19 83 2
mm2 19:43:11.17 23:44:07.4 39 19 112 2
mm3 19:43:10.59 23:44:01.5 14 9 40 1
mm4 19:43:11.17 23:43:48.0 13 8 37 1
mm5 19:43:10.68 23:44:58.4 10 8 29 1
mm6 19:43:10.81 23:45:07.0 13 8 37 1

narrow band H and K’ wide field images of the regionthe derived parameters. We estimate the results to be correct
around IRAS 194182336 on June 11, 2001. At a pixel scalevithin a factor 5.
of 0.4” pixel™, the 1024x 1024 pixel array provides a field-

of-view of ~6'8 x 6/8. The basic data reduction has already, o5 are in the 26cm-2 regime, corresponding to a visual
been described in Beuther et al. (2002¢e). The narrow-band | inction of A, ~ 1000 (see Table 1). The mm sources mm1
v .

mosaic and th&’” mosaic were then carefully registered. Thg o :
. . nd mm2 are of similar mass but the most prominent sub-core
Point Spread Function (PSF) of the hage was degraded to. b

, . 2T is mm1, which coincides with the 4@ and CHOH masers
mztggg?ﬁ P?n':.g:;hz w:agg;v;tg thihp?r?;frf;e'ﬂgaf'{;]agly’and also with the weak cm continuum source (Beuther et al.
unuum Image was s such that stars N e). The continuuma3rms is~5 mJy equal to a mass sen-
flux as in the narrow band image. This image was then s

. . fivity >14 M, at a temperature of 46 K. Assuming 8p e v*
tracted_from the (P_SF—degraded) narrow band image in or Sfationship (i.e.,8 = 2) for the continuum dust emission in the
to provide the continuum subtracted narrow band image (

. , . S regime, we compare the single-dish flux at 1.2 mm with
Fig. 3 for theK” and H image). the PdBI data at 2.6 mm and find that approximately 60% of
the total continuum flux is filtered out by the interferometric
3. Results observations. This most likely corresponds to emission from
the large-scale envelope of the core, whereas the PdBI detected
mm emission traces the very dense and compact condensations.
The large-scale southern single-dish core splits into at least fé\§r the weak 1 mJy cm continuum emission is most likely due
sub-cores in the 2.6 mm continuum (Fig. 1), whereas the nortg-optically thin free-free emission, its contribution in the mm-
ern core is resolved into 2 sub-sources in the higher-resoluti@gime is neglectable.
data. Assuming that the 2.6 mm continuum is produced by op-
tically thin thermal dust emission, we can calculate the masses
and the column densities of theffdirent sub-cores following 3-2. Outflow morphology
Hildebrand (1983):

The masses range between 30 andM3Gnd the column

3.1. Millimeter continuum sources

Figure 2 shows a channel map of the merged R@BIm

My = 13x10° a o RF CO emission in IRAS 19412336, and we find a mul-
’ J,(T) 0.1um3gcnr®100Jy titude of diferent features. Based on the channel maps
D \? v -3 the velocity-regimes of outflowing gas are defined as: blue
X voc (7) [Mo] wing [5-18]km s and red wing [26—47]knT3. The velocity
pc) \24THz L .
00 R E spread does not vary significantly for thédrent sub-outflows
Ny, = 78x1 a p v described below.

>~ J(MQ 01um3genr3100Jy . . . . o
Comparing the single-dish CO emission presented in Fig. 1

_3-

x(;) ’ [cm™3] with the high-resolution outflow map of the PdBI (Figs. 3a

24 THz and 3b) we see that the overall structures in both datasets are

wherelJ,(T) = [exp(v/KT) — 1]t andQ, a, p, R, andg are the similar, we just observe — as expected — much more struc-
beam solid angle, grain size, grain mass density, gas-to-duse in the interferometric data. Identifying the same structures
ratio, and grain emissivity index for which we use the valuesakes us confident that the data reduction and merging pro-
3.9” x 3.6” in radians, 0.Jum, 3 g cnT3, 100, and 2, respec-cess has been done properly, but the sub-structures demand
tively (Hunter et al. 2000). Based on IRAS far-infrared data, different morphological interpretation of the molecular out-
the dust temperature is estimated to be around 46 K. As disflows. Additionally, the near-infrared shocked ldata show
cussed by Beuther et al. (2002a), higher dust opacity indiaasny emission knots associated with the star-forming region
(corresponding to a lowed) would result in lower masses and(Fig. 3). Most of the H features can be correlated with the
column densities whereas lower temperatures would increaselecular gas, but for some,Hnots this is less obvious.
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1 (b5 papl A South (B):the H, features (1, 4-6) and the correspond-
2.6mm | ing CO emission outline the ellipsoidal structure of outflow
South (B) sketched in Figs. 2 and 3. As the molecular emis-
sion at the eastern end of the outflow has a strong gradient and
R 4 stops rather instantaneously directly before thddature (1),
| itis likely that both — CO and K- outline a bow-shock-like
: mmé working surface between an underlying jet and the surrounding
B mm5 ) molecular gas. The mm source mma3 likely houses the driving
T 1 source of outflow South (B). As discussed below, theféh-
i 4 tures (4), (5) and (6) might outline the interface between the
h outflow cavities of outflow (B) and the northern outflow (F).
South (C):the third southern outflow (C) is virtually un-
detectable in the single-dish data because it is very small in
extent but clearly resolved in east-west direction in the high-
resolution PdBI data. The elongated emission feature (2) is
| strongly associated with the blue molecular gas and outlines
mm4 the same morphological structure, indicating a highly colli-
mated outflow. The K knot (3) is at the eastern end of the
+ 4+ red CO gas and can be part of this outflow as well. South (C)
| ﬁ is near the center of the region and might also be driven by
o the mm source mm1 or another source nearby. With the cur-
rent spatial resolution it is likely that the outflows South (A)
and (C) emanate from the same mm continuum condensation.
Fig. 1. The left panel presents the single-dish observations already a distance of 2.1kpc, the beam-size 0%3x 3.6” corre-
published in Beuther et al. (2002b). In grey-scale we show the 1.2 ngponds to a linear resolution of approximately 7900 AU. Thus,
dust emission, and the solid and dashed contours outline the blue ard well possible that a multi-component system is evolving
red CO(2-1) outflow emission. Both datasets were observed with tighin mm1 and the outflows emanate fronffdient members
IRAM 30 m telescope at a spatial resolution of'Ybottom [eft). The  of the system similar to observations in, e.g., HH288 (Gueth
arrows mark the two outflows identified previously from these obseéi al. 2001) or IRAS 053583543 (Beuther et al. 2002d).

vations. In theright panel, we present the PdBI 2.6 mm continuum ) )
data and label the sub-sources. The beam is presented at the botton’$OUth (D)he fourth southern outflow labeled (D) is further

right and the white cross marks the position of the cm continuuff the WeSt_and runs ro_ughl){ north'fSOUth- It_WOUId_aIready have
source. been possible to identify this flow in the single-dish data, but

this structure does not stand out prominently there (Fig. 1). We
do not find a mm continuum or X-ray source at the center of this

We identify four molecular outflows in the southern Corgutﬂow (Figs. 2 and 3). The driving source can well be hidden

and three outflows associated with the northern core. The id8hthe€ noise because the continuum mass sensitivig2&Mo
tifications of the outflows are not unambiguous, and we are siR€Ct: 3-1)- The bifeature (3) is in the vicinity of this outflow
resolution limited. Therefore, we note that the identificatiof&!t W& cannot unambiguously attribute it to South (C) or (D).

below are just one interpretation, others might be possible and
only very-high-spatial-resolution observations anticipated for
next winter will clarify the picture. 3.2.2. The northern region

23°45'00"

Dec. [J2000.0]

23°44'00"

19"43™10° 19%43™12%  10°
R.A. [J2000.0]

The northern region has a similarly complex morphological
structure and we suggest that at least three outflows are presen
The morphological interpretation of the four southern outfloviere.
is sketched in Figs. 2 and 3. North (E): as for the outflows South (A) and (B), the north-
South (A)the structures labeled (A) and (B) could also bern outflows (E) and (F) could also be parts of only one outflow
part of only one outflow, but combining the CO and bb- system, but for those structures, especially the CO emission
servations this does not seem likely and we prefer the intéidicates the existence of two overlapping outflows. Outflow
pretation of two diferent overlapping outflows. The outflowNorth (E) runs in a collimated way roughly in east-west direc-
South (A) corresponds to the main large scale outflow alred#yn and corresponds to the previously detected single-dish out-
identified in the single-dish observations (see Figs. 1-3).fiew in this region. Likely, the mm source mm5 is the driving
runs in east-west direction and is centered approximately eurce of this outflow.
the main southern sub-core mm1 which also houses the cm-North (F): while the single-dish data suggested a sim-
source and the maser emission. Morphologically, one of tpée morphology (Fig. 1), the red emission between the north-
X-ray sources could also be the center of the outflow, but teen and southern core stands out far more prominently in
main mm source seems to be more likely. the PdBI data. Therefore, we suggest that the red emission

3.2.1. The southern region
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23°45'00" 23°46'00"

23°44'00"

" 93046'00"

05D

Dec. [J2000.0]
23°45'00

LI R L B B B
B

23°44'00"

19"43™10° 19"43™10°
R.A. [J2000.0]

Fig. 2. Channel map of the merged PdBI and 30 m CO(1-0) observations. The data are binned intd 8hansels and labeled each at the
top-left. The arrows, ellipses, letters and markers outline the outflows and mm sources (triangles) as discussed in the text.

outlines the ellipsoidal walls of a cavity-like outflow, as outen (Figs. 2 and 3). This suggest that the fidature is directly
lined in Figs. 2 and 3. The blue-shifted emission to the northroduced from the underlying high-velocity jet. At the north-
east shows a cavity-like structure as well and supports this @rn tip, we find weak B emission (11) which can be associ-
terpretation. In Fig. 2, the cavity structures are best obsenatdd with the blue CO emission. Due to the spatial overlap with
at velocities 18, 30, 33knts. In this picture, the K fea- other outflows, it is not clear how far south this North (G) pro-
tures (4), (5) and (6) indicate shocked gas at the interface lbbeeds and which part of the emission belongs to North (G) or
tween the cavities of the outflows (B) and (F). There is alsorather to South (A), (B) and (C). There are morg éinission
faint H, emission patch (12) in the north which could be paknots (7, 8, 9) associated with the southern part of this struc-
of the northern cavity and which is just outside our observédre, but those features ardfitiult to interpret and itis not clear
PdBI mosaic. The morphology suggests that the driving soursbether they are part of North (G) or belong to a completely
of outflow (F) is located within the mm source mmb5 but it couldifferent structure as outlined below.
also be driven by mmeé.

North (G): the finger-like blue filament pointing north has
a a red counterpart pointing south, both centering around &.3. Further tentative outflow structures
mm source mm6. This morphology suggests a seventh out-
flow (G) running north-south. Source mm6 is approximately the interface region between the northern and the southern
at the center of this structure and the only mm source wheare, we find retblue CO emission and the;Heatures (7), (8),
we find high-velocity gas as well as;l¢mission (10) centeredand (9).
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Fig. 3. Top: the left and middle panel show the blugs-18] km s?t) and red ¢[26—47] km st) CO emission separately (merged PdBl and 30 m

data). The right panel then presents the combined outflow emission and marks the outflows (arrows, ellipses and letters), mm sources (trial

and X-ray sources (stars) as discussed in the Bottom: the left and middle panels show tKe and H, images from Calar Alto, respectively.

The labels in the middle panel mark the féatures discussed in the text. The contours in the right panel again show the PdBI CO emissiol

this time as an overlay on the;ihap. The markers and errors are the same as in the top panel.
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While it is possible that (7) and (8) are produced by out- -
flow North (G), the elongated Hemission (7) coincides with  —40 |
elongated red CO emission. Additionally, Fig. 3 shows blue C
CO emission at the Hknot (7). These observations allow 20 |
the tentative detection of another outflow (H) outlined by the —
dashed line in Fig. 3. We do not detect a mm continuum source? 0
there as the outflow driver, but, as already mentioned, theS |
continuum sensitivity corresponds only to a mass sensitivity 20 -

of >20M,, and a low-mass source can easily be hidden there. PR S i AR ) H >>>
10 15 20 25 30

In addition to the red CO emission corresponding to out- Velocity [km/s] Velomty [km/s]
flow North (F), there is also strong blue CO emission at the ??uth o) 40 . North (B)

interface of the northern and the southern star-forming cores. ‘
It is not entirely obvious where this structure belongs to, 10|

but its north-east to south-west elongation, the associated regd- | @
CO emission and the Hknot (9) suggest that even a ninth

outflow (J) might be depicted by these structures. There is nog

H-20 [

ol

{1 20F

mm source detected in that region as well. We stress that the |

structures (H) and (J) are even more ambiguous than the otherto |- 0 1 40l

seven outflows discussed before. Higher spatial resolution and ~ t.. .. ). e .05 ). Lo T
itivi I I i if- 15 20 25 30 10 20 30

sensitivity are needed to derive a conclusive picture of the dif Velogity Lom/s] Velootty [km /]

ferent outflow phenomena. North (G)

(=]

—-20 ©
3.3. Position—velocity diagrams } %E

In spite of the seemingly chaotic morphology, the data still al-
low a kinematic interpretation. Therefore, we present in Fig. 4
position—velocity diagrams for the five non-ellipsoidal out-

flows (A, C, D, E, G) as well as for the tentative structures (H)
and (J). North (G) is the only outflow with high-velocity gas at

its center, for the other outflows, the velocities increase with
distance from the outflow center. This is also the case for
the position velocity diagrams corresponding to (H) and (J), _4o [
which is an additional indication that those features are part
of outflows. The position—velocity morphologies resemble a =20 |-
Hubble-law, which can be interpreted due to the combina-
tion of momentum conservation of the protostellar winds and 5
density decreases away from the driving sources of the out- 20 |

Offset ["]
[4¥)
o

flows (e.g., Shu et al. 1991). Hydrodynamic jet-entrainment om
models also result in Hubble-like position-velocity diagrams *° ’1‘5‘ S Q% I ——
(e.g., Smith et al. 1997; Downes & Ray 1999). The observed Velocity [km/s] Velocity [km/s]

position—velocity diagrams resemble those known from low- ap | di forthe f linsoidal outf
mass star formation. It has to be noted that already the p05|t|d:ﬁg osition-velocity diagrams for the five non-ellipsoidal outflows

velocity diagrams derived from the sinale-dish data show si lus the two tentative ones (H) and (J). The horizontal line in each
ilar fea>t/uresg 9 lagram corresponds to the anticipated outflow center. The latter are

only assumptions for (H) and (J).

3.4. Outflow parameters ! ) -
30 m data, and finally discuss the outflow characteristics of the

In addition to morphological and kinematic interpretation#dividual sub-outflow. It has to be noted that the single-dish
we estimate masses, energetics and outflow rates of ther@sults presented here deviate from the parameters presented in
dividual sub-flows. Because there is significant overlap b&able 2 of Beuther et al. (2002b), because in the former pa-
tween the various outflows, often we cannot distinguish hquer we erroneously derived the mass in the red outflow wing
much emission corresponds to one or another of the overl®fIRAS 19410-2336 (south) using a wrong source size. This
ping outflows. Thus, some emission features are used to ée&or occured only in this case, and the other parameters of
rive the parameters for dierent outflows. In the following, we Table 2 in Beuther et al. (2002b) are correct.

present the outflow parameter for the single-dish observations Opacity-corrected B column densitiesN, and N; in
(Beuther et al. 2002b), compare them with the outflow paratmeth outflow lobes can be calculated by assuming a con-
eters derived for the same regions from the merged PdBI astdnt'3CO/*?CO 1- 0 line wing ratio throughout the outflows
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Table 2.Outflow results: massed, (blue), M; (red) andMout (Mout = My + M) [Mo], momentump [Me km s1], energyE [10% erg], size [pc],
timet [10* yr], mass entrainment ratd,,; [10* M, yr~1], mechanical forcé,, [10-2 M, km st yr~!] and mechanical luminosity, [Ls].

source My, M, Mou p E size t Mout Fm  Lm
Single-dish observations with the IRAM 30 m in CO(2-1)
South 112 198 31.0 683 8x107 04 19510 1Bx10° 35x102 63
North 11.2 134 246 541 2x10 05 20420 12x10° 27x107? 49
Merged PdBI and single-dish data of the single-dish regions in CO(1-0)
South 8.2 104 186 651 .@x10Y 0.4 12790 Bx10° 51x102? 167
North 93 148 241 880 .B8x107 05 13380 18x10°® 66x102 222

Merged PdBI and single-dish data of the individual outflows in CO(1-0)
South(A) 26 3.0 56 192 .@x10% 0.3 8330 6/x10“% 23x102 75
South (B) 1.7 16 33 107 .4x10® 04 11300 Dx10* 95x10° 30
South(C) 06 07 13 46 .8x10% 0.2 5060 26x10“% 90x10° 29
South(D) 16 26 42 153 .Bx10%® 0.2 5950 71x10% 26x102 87
North(E) 35 42 7.7 265 .1x107 0.4 11300 @Bx10* 23x102 76
North(F) 45 81 126 472 @x10Y 0.6 17840 71x10*% 26x102 91
North (G) 1.9 6.8 87 359 .&x10 0.6 16950 B&Blx10* 21x107? 77

(Cabrit & Bertout 1990). Choi et al. (1993) found an aver- More interesting are the parameters of all the sub-outflows

age®CO/*?CO 2- 1 line wing ratio around 0.1 in 7 massivederived separately. We note that summing up the values from

star-forming regions, , corresponding te@3CO 2— 1) = 0.1.  all southern and northern outflows does not result in the total

We adopt this value for IRAS 19432336 as well, and we as- mass derived before, because the morphologies vary too much:
sume 30K as average temperature in the outflow. The mas®df., some emission features believed from the single-dish data
entrained gad,., the dynamical timescaleand the outflow to be part of the southern flows belong in fact tGetient flows

rate Moutiiow are calculated via: of the northern region. Furthermore, other emission patches are
used to derive the parameters foffeient outflows because we
Mout = (Np x Siz& + Nr X size) my, cannot always distinguish unambiguously where they primarily
t = r belong to.
(vmas, + Umax)/2 The derived outflow massed., are between M, for
Mout = Moyt the smallest outflow South (C) and 02 for North (F). The
t outflow rates are high, of the order a few times“4Bl, yr—.

Assuming momentum driven outflows, a velocity ratio between
the entrained gas and the underlying jet of approximat&@ 1
and a ratio between the jet-mass-loss rate and the accretion

ties observed in each line wing. A more detailed descriptic%ate of 0.3, such outflow rates result in accretion rate estimates

1 : .
how the outflow parameters are determined is given in Beut rthtﬁ ordter ll(;“ol\élgg ' A(for Setallston tPtehafsu(;nptlons see
et al. (2002b). According to Cabrit & Bertout (1990) derive euther et al. ). Accretion rates of that order are neces-

masses are accurate to a factor 2 to 4, whereas the accura@&@é it:k(-)r\rlleergi(;?:j :lfcrrzfi?r:lOporéreesssséjsr((asatgﬂ Iiaorr(ra]: ;Tazsgglg) S_T_?]rj
dynamical parameters are lower, at about a factor 10. P ) )

The first two sections of Table 2 correspond to the deriv ggeuracy of mass, age and other parameters is not good enoug

total outflow masses for the single-dish data and the merggﬁzr;rﬂﬁg%?\?\g;dual properties between théatent flows in

PdBI data, respectively. The chosen outflow region is based
on the single-dish data. Comparing the masses of entrained

gas Mgy from the single-dish and the PdBI observations, W conclusions

find that the merged interferometric data compare reasonably

well with the single-dish results. This approximate agreemeftie new high-spatial resolution CO ang ldbservations of

is further support that the merging of the interferometric artde high-mass star-forming region IRAS 1941336 resolve
single-dish data, and also their relative weighting, has workatlleast seven (possibly even nine) bipolar outflows. The large
properly. Additionally, it indicates that single-dish observatiomauumber of outflows and their interactions are an excellent ex-
are adequate to derive global outflow properties. ample for the complexity in high-mass star formation. The data

with sizg, and sizethe sizes of the outflow lobesy,, the mass
of the H, molecule, andmay, andvmay the maximum veloci-
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show that the single-dish observations simplify the morphologutflow rates (e.g., McKee & Tan 2003; Maeder & Behrend
ical picture of the region, but nevertheless give a good glol2002; Beuther et al. 2002b,d).
picture of the region. Unfortunately, we also find that even Concerning the dust continuum emission, in our previ-
the present interferometric spatial resolution is ndtisient ous single-dish 1.2 mm observations with a spatial resolution
to clearly disentangle the multiple overlapping outflowsfeti of 117, we found that the power-law density distribution does
ent interpretations for some of the features are well possibiet continue to the very center, and we derived an inner break-
CO and H emission mostly trace fierent parts of the samepoint at 8’ for the southern core from where on we modeled
outflows, but it is not always possible to attribute all observéhe density distribution as flat (Beuther et al. 2002a). We sug-
tional features unambiguously within the same interpretatiagested that this flattening is due to fragmentation of the large-
We note that here we present the — from our point of viewseale core into many sub-sources. The new interferometric data
most plausible interpretation of the outflow morphologies, bdtrectly confirm this hypothesis, and we observe the fragmen-
it is well possible that follow-up observations will result intation into sub-cores (Fig. 1). The spatial separation of, e.g.,
partly different outflow identifications because of the complexam1 and mm2 is-5”.
ity of the region. Nevertheless, the whole picture is very sug- To summarize, the presented observations show the com-
gestive of a scenario, where the global outflow properties jpiex interaction of several molecular outflows within the mas-
massive star-forming regions are a superposition of many difve star-forming region IRAS 19432336. In spite of the
ferent outflows emanating from the evolving massive clustercomplexity, the analysis of the data supports the idea of massive
The masses and energetics of each sub-flow are, as %Q_r formation taking place in a clustered mode by_simi_lar phys-
pected, below the values derived from the single-dish datg@! Processes as known for low-mass star formation, involving
Previous studies of other massive molecular outflows have afégretion through disks producing collimated outflows.
shown multiple outflows but the regions were dominated ener- Finally, we note that follow-up observations of this re-
getically by the most massive outflow (e.g., IRAS 0538843, 9i0n are necessary to understand the interplay of many molec-
Beuther et al. 2002d; IRAS 23038951, Wyrowski et al. in Ular outflows within one star-forming region more prop-
prep.). This is less clear in the case of IRAS 1942836: the erly. In spite of the similarity to low-mass star formatlon_,
northern core is dominated by outflow (F), but it does not sedhf féed-back processes between many protostars in a high-

to be the case as much in the south, (A) contributes only &£nsity environment should also produce significartfedi
proximately 30% of the mass estimated for the whole soutRceS: IRAS 19412336 can be used as a template region for

ern core. The dierence is lower if outflows (A) and (B) wereSuch studies. Regarding molecular outflowsiestent molecu-

not two, but are dferent parts of only one flow. However lar observations are needed, especially interesting is SiO which
this question cannot be resolved by the present observatidn&noWn to be a shock and jet tracer. Furthermore, we are still
Combining the observations from the literature with these nd&s°lution limited, and it will be crucial to re-observe the region
data, we find that global core statistics based on single-di8fc©(2-1) with significantly higher spatial resolution.

observations are often valid, but the averaging aspect of the
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