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Abstract. We present high sensitivity and high angular resttigh—mass stars. This molecular cloud harbors massive stars
lution images of the high velocityvgsr > 30kms!) CO in the stage of energetic mass loss. Two regions contain high-
emission inthe/ = 1 — 0andJ = 2 — 1 lines of the velocity (HV hereafter) molecular outflows, the IRc2/I outflow
Orion KL region. These results reveal the morphology of tha the BN/KL nebula and the Orion-S region.
high-velocity CO emission at the most extreme velocities. High The first evidence of massive star formation in the Orion-S
velocity emission has only been detected in two regions: BN/Kkgion, located- 100" south of IRc2 came from the presence
(IRc2/1) and Orion-S. of warm gas (Ziurys et al. 1981) and large dust column densities

The Orion—S region contains a very young (dynamical agéeene, Hildebrand & Whitcomb 1982). Subsequent observa-
of ~ 10%years), very fast{ 110kms™!) and very compact tions of CO with higher angular resolution showed the pres-
(£0.16 pc) bipolar outflow. From the morphology of the highence of a long filament at moderate velocities 0 kms™!)
velocity gas we estimate that the position of the powering sounsich has been interpreted as a redshifted monopolar jet pow-
must be20” north of FIR4. So far, the exciting source of thisered by FIR 4 (SchmidBurgk et al. 1990). HO masers have
outflow has not been detected. For the IRc2/l molecular obieen detected in the vicinity of FIR4 but they are not re-
flow the morphology of the moderate velocitg§g0kms!) lated to the monopolar jet (Gaume et al. 1998). In fact, the
gas shows a weak bipolarity around IRc2/l. The gas atthe mbbiO masers seem to be associated with the very fast bullets
extreme velocities does not show any bipolarity around IRc2(},vzsr |> 50kms~!) found in the compact bipolar outflow
if any, it is found~ 30" north from these sources. The blue ancecently detected by Rodluez—Franco et al. (1999) which is
redshifted gas at moderate velocities shows similar spatial dispérpendicular to the low velocity jet.
bution with a systematic trend for the size of the high-velocity Due to its nearness and intense CO emission, the prominent
gas to decrease as the terminal radial velocity increases. Tigh-velocity CO outflow in the KL nebula has been the subject
same trend is also found for the jet driven molecular outfloved intense study in several rotational transitions of this molecule
L 1448 and IRA9)3282 + 3035. The size-velocity relationship (Kwan & Scoville 1976; Zuckerman et al. 1976; Wannier &
is fitted with a simple velocity law which considers a highly colPhillips 1977; Phillips et al. 1977; Goldsmith et al. 1981; Van
limated jet and entrained material outside the jet moving in théiet et al. 1981). The first observations showed the presence of
radial direction. We also find that most of the CO outflowing atutflowing gas at velocities up t®0 km s~! from the cloud ve-
moderate velocities is located at the head of the jet. Our resuidtsity. Strong shocks produced by the interaction of the outflow
and the spatial distribution and kinematics of the shock tracérsm the powering source with the ambient material gives rise
in this outflow can be explained if the IRc2/1 outflow is driverio strong emission of vibrationally excited molecular hydrogen
by a precessing jet oriented along the line of sight. The implt} (see e.g. Nadeau & Geballe 1979),®imasers around the
cation of these findings in the evolution of molecular outflonsource IRc2/l1 (Gaume et al. 1998) and molecules like SiO, SO,
is discussed. SO, (Wright et al. 1996) produced by shock chemistry.

In spite of the large numbers of observations of this molec-
Key words: ISM: clouds — ISM: individual objects: Orion A — ular outflow, its nature is so far unclear. Observations with high
ISM: jets and outflows — stars: formation — stars: mass-loss angular resolution of the HV CO emission at moderate veloci-
ties (Erickson et al. 1982; Chernin & Wright 1996) have shown
a weak bipolarity of the outflow. Based on these observations, it
1. Introduction was proposed that this outflow is a conical outflow with a wide
(130°) opening angle, oriented in the southwestortheast di-

The Orion Molecular Cloud (hereafter OMC 1) has played raction. This is powered by source | (Chernin & Wright 1996).
central role in the study of the formation and evolution gfijowever the wide opening angle model cannot account for a
number of observational facts such as the spatial distribution
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and kinematics of the high and low velocity,& and the SiO Orion §
masers (Greenhill et al. 1998; Doeleman et al. 1999). Further-
more, the morphology of the HV CO emission at intermediate 3
velocities shows that the outflow is offset from IRc2/I by’
indicating that a complex channeling of the HV gas is needed ©
if IRc2/1 is the powering source (Wilson et al. 1986). Recently
Rodiiguez—Franco et al. (1999) has mapped the IRc2/l molec-
ular outflow with high sensitivity. The spatial distribution ofg
the most extreme velocity shows the lack of bipolarity around
IRc2/I as expected from the wide opening angle model. These
maps also reveal a ring-like structure of high-velocity bullets
which are also difficult to account for if the outflow has a wide 3
opening angle. Roilyuez—Franco et al. (1999) have proposed
that the ring of the HV CO bullets and the distribution and kine-
matics of the HO masers could be explained if the outflow is ) ) ) ) ) )
driven by a precessing jet oriented along the line of sight. If -100 0 100 -100 0 100
this is the explanation, this will allow us to specify the main Visp(kms ™)

entrainment mechanism in molecular outflows (see e.g. Rag@_,fgl 1. Sample of CQJ

Biro 1993; Cabrit 1995). o positions in the vicinity of the molecular outflows IRc2 (left panels)

In this paper we present new maps of the CO emission agig}j orion-S (right panels). The vertical arrows show the location
analyze in detail the morphology of the CO emission at moderajenigh-velocity “bullets” similar to those observed in some bipolar
and extreme velocities in the IRc2/l and Orion—-S moleculautflows driven by low mass stars. The offsets are relative to the position
outflows, and present new arguments supporting the idea thiaiRc2 and FIR 4 for the IRc2 and the Orion—-S molecular outflows
the Orion outflows are young and driven by high velocity jetsiespectively.

(-19.5,33.4)

(-7.5,27.4)

= 2 — 1 line profiles taken towards selected

2. Observations and results associated to molecular outflows. The widespread CO emission
. . with moderate velocities| (vrsgr — 9 |<40kms™t) will be
The observat|oqs of the - 2—landthe/=1—0 Ime; discussed elsewhere (Mart-Pintado & Rodrguez-Franco,
of CO were _carrled out W'.th the IRAM 30m telescope at Pico 2000). In our CO maps we have only detected the known molec-
Veleta (Span_']). Both rotaponal transmons_ were qbserved sim II r outflows with vz sz —9 |230km s, IRc2 and Orion-S.
ta_neous]y with S_IS recevers tuned to smglg side band (S [1 shows a sample of line profiles taken towards selected po-
with an image rejection of 8dB. The SSB noise temp(.arature§itions around IRc2 and OrierS.
of the receivers at the rest frequencies for the CO lines were
300K and 110K forthe/ = 2 — 1 andtheJ =1 — 0
lines, respectively. The half power beam width (HPBW) of th@. High-velocity gas around IRc2/I
telescope wag2” for the J = 2 — 1 line and24” for the 3.1. The morphology
J =1 — 0 line. As spectrometers, we used two filter banks™
of 512 x 1 MHz that provided a velocity resolution of 1.3 and-ig.[2 shows the spatial distribution of the COD= 2 — 1
2.6kms! fortheJ = 2 — 1 and theJ = 1 — 0 lines integrated intensity emission around IRc2 for radial velocity
of CO, respectively. The observation procedure was positioriervals of 20kms! for the blueshifted and redshifted gas.
switching with the reference taken at a fixed position locatdthe spatial distribution of the HV gas with moderate veloci-
15 away in right ascension. The mapping was carried out kigs (360 kms™!), hereafter MHV, in our data is similar to that
combining 5 on-source spectra with one reference spectrurnbserved by Wilson et al. (1986). Our new maps have better
The typical integration times were 20 sec for the on-positiosgnsitivity. These reveal for the first time the spatial distribu-
and 45 sec for the reference spectrum. The rms sensitivity df@n of the high-velocity gas for the most extreme velocities
singleJ = 2 — 1 spectrum is 0.6 K. Pointing was checked fref| vsr |> 60kms™1), hereafter EHV, of the molecular out-
quently on nearby continuum sources (mainly Jupiter) and tfiew which shows a different morphology from that of the MHV
pointing errors weregL4”. The calibration was made by measurgas.
ing sky, hot and cold loads. The line intensity scale is in units of The maximum of the CO emission for the blueshifted gas
main beam brightness temperature, using main beam efficiaiways appears northwest of IRc2/I. The offset between the
cies of 0.60 fortheZ/ =1 — Olineand 0.45forthgd =2 — 1 CO maximum and IRc2 systematically increases froni 10
line. for radial velocities of—-40kms™! up to 2% for the gas at

We have made an unbiased search for high-velocity molecu10 km s!. The location of the redshifted CO emission max-
lar gas in OMC 1 by mapping with high sensitivity the= 1 — imadoes not show such a clear trend. At moderate velocities (up
0 and.J = 2 — 1 lines of CO in a region ot4’ x 14’ around to75kms!), the maximum CO emission occurs in a ridge with
IRc2/l. In this article we will analyze the very high-velocity gatwo peaks of nearly equal intensity located southeast and north-
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Fig. 2. Integrated intensity maps of the CD= 2 — 1 line for radial velocity intervals of 20 kms" for the blueshifted (upper panels) and
redshifted (low panels) wings. The radial velocity intervals appear in the low right corner of every panel.The offsets are relative to the position
of IRC2 ((1950)=% 32™ 47.0°, 6(1950)=—5 24 20.8’) represented in every panel by the filled star. The positions where the spectra were
measured are shown by dots on the top right panel. For all panels, the first contour level is 2 K lroen the left to the right panels the
intervals between levels are, respectively, s Kkmg#tKkms!, 2Kkms ! and 1Kkms*.

west of IRc2/l. The northwest peak of the redshifted emissiatosed by a given contour level corresponds to the region which
occurs at the same position as the blueshifted peak for loveantains HV molecular gas with terminal velocities larger than
radial velocities. For the most redshifted gaslp0kms!'), that of the contour level. For moderate velocitis®0 kms™),

the CO emission breaks up into several condensations locateal size of HV gas isv110’ and decreases t940’ for the
around IRc2/I. For this radial velocity, the most intense CO coaxtreme velocities. The HV gas, for most radial velocities, is
densation peaks as for the blueshifted gas, northwest of IRc@ncentrated in a region with an elliptical like shape centered
there is weaker emission found2@est and southeast of IRc2/l.at (—4”, 4") with respect to IRc2/I.

Fig[3a and b summarize the distribution of the high-velocity
molecular gas in Orion for moderate and extreme veIocitie§3
The new data show that the MHV molecular gas around IRc2"™
(Fig.[3a) has a very different morphology than that of th&he detection of these high velocity bullets in the Orion IRc2/I
EHV gas (Fig[Bb). At moderate velocities, the CO emissiarutflow has been reported by Raoglnez—Franco et al. (1999).
shows a very weak bipolarity (if any) around IRc2 in thé&or completeness, we summarize here the main characteristics.
southeast>northwest direction (see F[d. 3a). For radial velod=ig.[1 shows several examples of CO profiles towards the IRc2/I
ities close to the terminal velocity, the strongest CO emissioegion where the location of the HV bullets are shown by ver-
(see Fig[Bb) does not show any bipolarity around IRc2/I. Thieal arrows. The typical line-width of the CO HV bullets is
only possible bipolar morphology is observed around a po88-30kms™!, these are distributed in a ring like structure of
tion located~20" northwest of IRc2 and0” south of IRc9 size ~ 10" x 50” (0.02 x 0.1pc) and thicknesg2” — 20"
represented as a filled square in Fig. 3. (0.02-0.04 pc) with IRc2 located in the southeast edge of the

HV bullets rings (see Fifl3e and f).

High-velocity “bullets”

3.2. The size-velocity relation in the HV gas

The terminal velocities of the blue and redshifted MHV gaé. High velocity gas around Orion—S
show similar spatial distribution with an elliptical-like shap(i
centred in the vicinity of IRc2/I, and a systematic trend of the
size of HV gas to decrease as a function of the velocity (see
Fig.[d). These two characteristics are illustrated in[Big. 3c andvbderate high velocity gas( 30 kms~!) have been detected
where we plot the dependence of the size of the HV CO emissiarthis region in CO and SiO (Schmid—Burgk et al. 1990; Ziurys
as a function of the terminal velocity for the red and the blug Friberg 1987). The CO emission with moderate velocities
shifted gas respectively. The contours in these figures show ti@s been associated with a monopolar outflow (low velocity
location of the gas with the same terminal velocity. The area eedshifted jet) in Orion-S discovered by Schmid-Burgk et al.
(1990). Rodiguez—Franco et al. (1999) reported the detection of

1. The morphology and characteristics
of the high-velocity bipolar outflow Orion—S
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Table 1. Physical parameter of the molecular outflow Orion—-SFBO
and the associated bullets.

Vit Masg Momentum Energy
(kms™) (Mo) (Mg kms™) (erg)
Wings
blue  —140 0.019 14.3 7.9%10%°
red 88 0.017 13.3 5.4610%°
Bullets
blue —140  3.4x107° 0.5 6.9x10**
red 88 8.6¢1073 0.7 5.6x10%

! Maximum terminal velocity
2 For a CO abundance @f~* and excitation temperature of 80 K

of this new outflow. To avoid the confusion with other HV fea-
tures in Orion—S, such as H Il region (see MafPintado et al.,
2000) and the monopolar outflow (Schmid—Burgk et al. 1990)
we will consider only the CO emission for radial velocities in
the range< —5kms™!, and> 25kms™!. Fig[4a shows the
integrated intensity map in thé = 2 — 1 rotational transition
of CO for the blueshifted (solid contours) and the redshifted line
wings (dashed contours) of the OrieBFBO. This new outflow
shows a clear bipolar structure in the southeasbrthwest di-
rection, just perpendicular to the low velocity redshifted jet.
The morphology of the OrichSFBO suggests that the axis
of the bipolar outflow is oriented close to the plane of the sky.

The blueshifted emission peak8” northwest of FIR 4 while
redshifted gas has its maximum intensity’ northeast from
Fig. 3. a Spatial distribution of the integrated emission of the= that source. Since the morphology of the bipolar SiO emis-
2 — 1 CO line for blueshifted (solid contours) and redshifted (dash&don (Ziurys & Friberg 1987) is similar to the CO emission
contours) gas at moderate velocities. The lowest level correspondsaported in this paper, the SiO emission is very likely related to
an integrated intensity of 2 Kkm¢; the interval between levels is the Orion-SFEBO rather than to the low velocity monopolar jet
20Kkms *. b Spatial distribution of the integratefi= 2 — 1 CO (Schmid—Burgk et al. 1990).

emission for the most extreme velocities of the blueshifted (solid con- The structure of the HV gas in the OrieFBO as a func-
tours) and redshifted (dashed contours) gas. The first level correquriw@ﬁ of the radial velocities is shown in FIg. 4b. The HV gas in

to 2Kkms™" and the interval between levels is 1 K kmis Note that the blue and redshifted wings have a different behavior. While

for the most extreme velocities, the blue and red wing CO maxima ap- . . .
pear north of IRc2, which does not support the ideaofbipolarityarou?‘ﬁie redshifted CO emission peak is located at the same spa-

IRc2/I.candd Spatial distribution of the iso-terminal velocities of theial location for aI_I radial velocities, the blueshifted CO peak
high-velocity gas as measured from the= 2 — 1 CO line corre- MoVes to larger distance-(10”, nearly one beam) from FIR 4
sponding to the blue and red wings respectively. For the blueshift@8 the radial velocity increases froa70 to —100kms~'. The

gas, the first level is-30kms~* and the interval between levels ismost extreme velocities in the blue lobe (betweegd and
—20km s, For the redshifted gas, the first contour level correspondsl 10 km s™1) arise from a condensation ef 11" located36”
to45kms ' and the interval to 20 kn's . eandf integrated intensity northwest from FIR 4. High velocity bullets (see vertical arrows
of the COJ = 2 — 1 line emission betweer 90 and—10kms™", i Fig[1) also appear in both the blue and the redshifted, lobes.

and betweent0 and90kms™! for the blue and red HV bullets re- A description can be found in Rdduez—Franco et al. (1999).
spectively. The maps have been obtained by subtracting a Gaussian

profile from the broad line wings (see Raginez—Franco et al. 1999).
The first contour level i€ Kkms™, and the interval between levels4.2. Exciting source
is 7Kkms™!. For all the panels, the filled star shows the position
IRc2 and the filled square the position of IRc9.

Aa (arcseconds)

QFhe source(s) powering the high-velocity gas in Orion-S is, so
far, unknown. The source FIR 4 has been proposed to be the
exciting source of the low velocity jet (SchmidBurgk et al.
anew compact and Fast Bipolar Outflow (hereafter Orion-SoutB90). However, FIR 4 cannot be the powering source for this
Fast Bipolar Outflow, or Orion-SFBO) with terminal velocitieoutflow, because this source is locag®d south from the geo-

of ~ 100 km s~1. In this work, we will present the main featuresnetrical center defined by the two lobes (see[Big. 4a). One can
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Fig. 4. a The upper panel shows the spatial distribution of the fast molecular outflow in Orion-S. The dashed contours show the spatial
extension of the/ = 2 — 1 CO emission for the red wing, and solid contours represent the blue wing. The first level is 9K kand the
interval between levels is 2.5 K kmt$. The lower panel shows the positions where the spectra were taken. The offsets are relative to the FIR 4
((1950) = —5"32™45.95, §(1950) = —5°26'6") represented by a filled star. The filled square represents the position of the possible exciting
source (see texth Maps of the integrated = 2 — 1 CO emission as a function of the radial velocity in the direction of the GfBRBO
bipolar outflow for the blue (three upper panels) and redshifted (three lower panels) wings. Velocity intervalsiih domsoted in the lower

right corner of every panel. In the velocity intervals betwee2d and—80kms * and between 30 anthkms™! the first contour level is
1.4Kkms™! and the distance between levels is 0.6 K kmh.sFor the velocity intervals betweens0 and—110kms~' and between 70 and
90kms™! the first contour level is 1 K kmis' and the distance between levels is 0.3 K krh.s

use the kinematics and the morphology of the HV gas to es- Orion—S
timate the position of the exciting source. This procedure has 40 - VI
been successfully used for outflows associated with low mass :O 6

stars (see Bachiller et al. 1990). From the veloejypsition di- L

agram along the direction of the outflow axis we have estimated =20 -
the location of the possible exciting source by considering that

the source should be located at the position where the radial | Exciting Source
velocity changes from blue to redshifted. The inferred positio%n of- A | A
of the exciting source using this procedure is loca@tinorth ¢ -

of FIR 4, and it is shown in Fi§l4 as a filled square. s I

In contrast to the outflows powered by low mass star whefe _5 |-
the exciting source appears as strong millimeter emitters aﬁd 3
faint centimeter emitters, the source(s) of the O+i@+BO has 2 i
not been detected so far in the mm or cm continuum emission _,, |
(seee.g. Gaume etal. 1998). The limit of the cm radio continuum L
emission is a factor of 10 smaller than that predicted by the r
relationship of Anglada et al. (1998) for collisional ionization. [
This could be due to an underestimation of the dynamical age of T
the outflow or more likely to a time variable jet (see Secil. 6.3).  _150  _100 50 0

—1
vigr (km s )

5. The physical conditions (_)f thg HV gas Fig. 5.Velocity—position strip in the direction defined by the symmetry
in the IRc2/I outflow and in Orion —SFBO major axis of the Orior SFBO. Vertical scale represents positions

The H, densities of the HV gas in the IRc2/I outflow are higﬁelative to the geometric centre of t_he outflov_v_overthe ment_iqned axis.
enough & 10° cm~3, see Boreiko et al. 1989: Boreiko & BetzDashed horizontal Ilqes are traced in the positions of the exciting source
1989; Graf et al. 1990) to thermalize the low rotationd) ( gnd th_e 1.3mm cqntmuqus source. The lowest I_evel corresponds to an
. L . intensity of 0.13 K; the distance between levels is 0.2 K.

lines at a kinetic temperature gf70 K (Boreiko et al. 1989).

Under these conditions, one can estimate the opacities of the

HV gas from the intensity ratio between thie= 2 — 1 and the towards IRc2/I. In order to account for the different beam size
J =1 — 0 lines. Fig[6 shows the profiles of the= 2 — 1 in both lines, the/ = 2 — 1 line has been smoothed to the
and theJ = 1 — 0 lines of CO and the ratio between the linesesolution of the/ = 1 — 0 line.
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Table 2. Physical parameter of the Orion KL molecular outflow and
the associated bullets.

N H& 7] vmit  Mas$  Momentum Energy
[ ] (kms™') (Mg) (Mokms™) (erg)
oL ’,f/ T :
< L g Wings
< L E blue —121 110  2310°  9.86x10"
L co(J=1-0) 4 red 142 0.96 2.510° 9.88x10%"
s h Bullets
C HH, ] blue -100 0.23 23 2.3010%6
- M Mo ] red 80 0.43 34 2.8810%°

! Maximum terminal velocity
2 We assumed a typical CO abundancel6f” and an excitation
temperature of 80 K

1-0))

than| vo — vrsr |~ 50kms™1, the line ratio decreases again.
The minimum value of 1.5 is close to the values expected for op-
—100 0 100 tically thick emission. This is presentab5 kms!, just at the
radial velocity where the bullet features are found (Rguaez—
Franco et al. 1999). The smaller line ratio is consistent with the
Fig. 6. The lower panel is a plot of the ratio between the intensity gfcrease in the CO columns density due to the CO HV bullets.
the COJ =2 — landJ = 1 — 0 lines. These are shown inThe |ine ratio rises to its maximum value, 3.5, for radial veloc-
the upper and the middle panels, respectively. When the emissiormlgS near to70 kms~!. These data suggest that CO emission

optically thin in both lines this is the opacity ratio. Vertical lines are - most of the velocity range is optically thin, except for the
traced for velocities where the ratios are almost unity. In these positions !

an increase of the relative intensity of one of the line profiles is show) .d'al velocities where thFT‘ bullets arg foun_d. Then, except for
The middle panel also shows the recombination line emissioraH3 e CO HV bullets the CO integrated intensity can be translated

(dotted profile). directly into C.:O' column of densities. Tallé 2 gives the physi-
cal characteristics for the outflow and the CO HV bullets. The
opacity of the bullets is unknown. To derive the properties, we
have assumed optically thin emission and the ring morphology
T . ” observed by Rodguez—Franco et al. (1999). This gives a lower
Fhe recombination line H%'S a_llso shown, as a _dotted IIne1imit to the mass in the CO bullet ring. The total mass in the
in the central panel of Fif]6. Since the contribution of the &ullet ring represents20% of the total mass of the outflow.

combination lines is negligible for the CO HV gas, we can use ; . .
) . ) ! . We have also estimated the physical parameters of the high
the CO line ratio over the whole velocity range. We are inter- Phy b g

; . ; o2 velocity gas and of the bullets associated to the G+iBRBO.
ested only in the relatively compact40") emission of the HV We have assumed optically thin emission, LTE excitation at

gas in the IRc2/I region and therefore, the line intensity ratioséntemperature of 80K, and a typical CO abundance of'10
Fig Bhave been calculated using the main beam brightness togi results given in T’abIE] 1 show the characteristics for the
perature scale. To obtain the corresponding ratio for exten 8e|

. L ecular outflow and for the bullets. The characteristics of
sources, t_he values in Fig. 6 should be_ d.'V'd?d by a factor 1t &se CO HV bullets are similar to those found in low mass
i.e. the ratio between the main beam efficiencies of the telesc%ﬁ)g

. rs.
for both lines.
The line ratio shows a remarkably symmetric distribution
1 i . )
arour_1d Skms (the_ ambient cloud velocity) suggesting thaé_ A jet driven molecular outflow in the IRc2/1 region
possible contamination of the data from other molecular species
emission must be negligible. For the ambient velocities of tiidwe morphology, the presence of HV bullets, and the high de-
gas (between 0 and 15 km'§ the emission is extended and thgree of collimation of the OrionSFBO are clear evidence that
ratio of ~ 1.5 (1 in theT scale) corresponds to the expectethis outflow is jet driven, with the jet oriented close to the plane
value for extended optically thick emission. As the radial vefthe sky (see also Rodjuez—Franco et al. 1999). The situation
locity increases, the ratio increases up to values of around foirthe IRc2/I outflow is less clear and two models (wide open-
for velocities of| vy — vrsr |~ 50kms~t. For this velocity ing angle and jet driven outflow) been proposed to explain the
range our results are consistent with those of Snell et al. (198dhematics and structure of this molecular outflow. Any model
once the contribution from the extended emission within thgiroposed to explain the origin of the IRc2/I molecular outflow
larger beam is taken into account. For radial velocities largewust account for the following observational facts:

2-1))/Trun(CO(J
N
LA L L L ) I

N
X

Trmo(CO(U

v,_SR(kms_1)

The expected contamination to the= 1 — 0 of CO by
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a) The EHV gas does not show any clear bipolarity arourftbw scenario would require an additional outflow to explain
IRc2/1, if there is any, this appears in a position located the low velocity HO maser emission. This would be one of
north from this source. the highest concentration of outflows found in a star forming

b) The blue and redshifted HV CO emissions show a sinegion.
lar spatial distribution with an elliptical shape, centred near Although the multiple outflow scenario is possible, it seems

IRc2/1. certain that all (the HV CO emission, the low and high velocity
c) Thereisasystematic trend for the size of HV gas to decreda$gO masers in the IRc2 region, the SiO masers, and the HV
as a function of the radial velocity (see Hij. 2). CO molecular bullets) the observational features of the IRc2/I

d) The presence of CO HV bullets distributed in a thin ellipticadutflow could be caused by a molecular outflow driven by a
ring-like structure around the EHV gas (see Elg. 3e and\fariable precessing jet oriented along the line of sight and pow-

surrounding the EHV gas. ered by source | (Johnston et al. 1992; Rgdez—Franco et al.
1999).
We will now discuss how the proposed models account for
these observational results. 6.3. A molecular outflow driven by a wandering jet

] . Rodiiguez—Franco et al. (1999) have presented a number of ar-
6.1. Wide open angle conical outflow powered by source | - g ments in favor of the possibility that the IRc2 outflow is driven

The model used to explain the IRc2/l outflow at moderate VBY & wandering jet oriented along the line of sight. To strengthen
locities is a wide open angle{130°) conical outflow oriented the arguments for this model, we will analyze in detail the size—
in the southeastnorthwest direction and powered by sourceterminal velocity dependence found in the previous section, and
(Chernin & Wright 1996). This model was based on the wedhe mass distribution of the HV gas as a function of the radial
bipolarity of the MHV in the Orion IRc2 outflow reported byVelocity.

Erickson et al. (1982). Observations with higher angular reso-

lution of the MHV CO emission seem to support this type &§.3.1. The size—velocity relation

model (Chernin & Wright 1996). Recent VLA observations of

the SiO maser distribution can also be explained by this kind §fFig-[1a we present the dependence of the area enclosed level
model. However, the kinematics and the morphology of the @ & given terminal velocity as a function of the terminal velocity
velocity H,O maser emission cannot be explained by the Si@e€ Figd.3c and d). As already noted, the blue (filled squares)
outflow. Two alternatives have been suggested: an additioR8F the redshifted (filled triangles) HV gas show very similar
outflow powered by the same source and expelled perpendi€l§-t”bUt'.°”.S- This S|m|.lar|ty could be due tq a constant spheri-
lar to that producing the SiO masers (Greenhill et al. 1998), af@l Or elliptical expansion at constant velocity, as that proposed
aflared outflow (Doeleman et al. 1999). Furthermore, from tif@f’ the H,O masers in Orion and in other massive star form-
morphology of the HV gas, Wilson et al. (1986) pointed out th419 regions (Genzel & Downes 1983; Greenhill et al. 1998).
if the HV CO emissions were produced by a wide open angﬁ-g)wever, _the expected areselocity depend_ence_for fthls kln_d _
bipolar outflow driven by IRc2/1, it would require a complex?f €xpansion (see the dashed and dotted lines i Fig. 7a) is in-
channeling of the outflowing gas to account for the morpholog@nsistent with the CO data, indicating that the isotropic low
of the MHV CO emission. This situation is even more extremé&locity outflow modelled for the £D masers do not appear in
when the morphology of the EHV gas presented in this pag8f bulk of the HV gas. Then the, masers only represent a

is considered (see also Ragiiez—Franco et al. 1999). If theSmall fraction of the outflowing gas. We therefore exclude this
outflow is wide opening angle, one could use the morpholo@Ssibility for the CO emission. _ o

of the EHV gas to locate the powering source as in the case of W& now consider that the observed sizelocity distribu-

low mass stars (see Chernin & Wright 1996). If so, the sourcefn IS produced by a jet oriented along the line of sight. First, we
driving the outflow should b0 north of IRc2. If the exciting compare the sizevelocity distribution observed for the IRc2/I
source ofthe EHV is locatet)” north of IRc2, then IRc2 would outflow with other low mass outflows which are known to be
not be the cause of the CO outflow (see Aigs. 3¢ and d). Simifjven by jets. Unfortunately, The Orion-SFBO outflow can-
arguments would also apply to other wide opening angle wiRi@t be used because perpendicular to the jet, it is only slightly

models like those of Li & Shu (1996). resolved by our beam.
Good examples of jet driven outflows are L1448 and

. ] IRAS 03282 + 3035 (hereafter 1 3282) (see e.g. Bachiller et al.
6.2. Multiple molecular outflows scenario 1990, 1991). These two outflows are driven by low mass stars

One alternative to explain the CO morphologies, would be se¥2d their jets are oriented at a small angle45°) relative to

eral molecular outflows in the region. A wide open angle bipol#t€ plane of the sky. To compare the argelocity distribution
outflow powered by source | with moderate velocities in the cteasured in these outflows with that expected when the jet is
emission and a compact highly collimated and very fast outfig/gned along the line of sight, we have to rotate the outflow
powered by an undetected source located approximatgly axis to point towards the observer. To do this, we have assumed
north of IRc2 (EHV outflow). However, such a multiple outihat the outflows have a cylindrical geometry. The radial veloc-
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Table 3. Parameters used to fit the velocity law. . [T= .‘ " Todon-ire |
10" | _
Outflow « b c P Vmin Vjet PR ta T T T ~ 3
" " " " pC km S—l km S—l L :IB{h:ieVymg ]
e ing
IRc2 50 70 100 25 0.06 31 101 1
L1448 40 40 150 20 0.03 0 785" 10° b
13282 44 44 235 20 0.03 5 75 F

® For the blue wing
" For the red wing

ities have not been corrected for projection effects since this is
a constant factor for all velocities. The results fot448 and N’%\
I 3282 are shown in Fig8l 7b and c respectively. Remarkably, thg L
area-velocity dependence derived for both jet driven molecu< 3
lar outflows is very similar to that found for the IRc2/I outflow. g
These results strongly support the idea that the IRc2/I outfloyy
is also driven by a jet oriented along the line of sight. L

To explain the areavelocity dependence found for these 2
outflows, we have considered a very simple model which mimics g ‘ M
the kinematics of a bipolar jet. In this simple model, the ejected T : " IRAS 03282+3035
material is very fast and well collimated around the symmetry ol .
axis. Away from the jet axis, the material surrounding the jet FRR
is entrained generating the more extended low velocity outflow L
with lower terminal velocities. We have modeled this kinematics
by using a simple velocity law given by

T
L 1448

o Blue Wing
A Red Wing

arcs

Are

— (_-”2*22) —
v(z,y,2) = Vjet €XP @) 1)

1 7\
wherez, y andz are the spatial coordinatasis the collimation 10 .,
parameter of the outflow (i.e. the radius of the jet), is the IVisp—vol (km s )

velocity of the molecular jet ang is the direction in which the Fig. 7a—c. The distribution of the area enclosed by equal projected
material is moving. When the material is within the jef (- terminal velocity as a function of the projected terminal velocity for the
22 < 2p) 7 is along the jet direction, while it is in the radiallRc2, L 1448, and 13282 bipolar outflows, respectively. For the three
direction outside the jet. The bipolar morphology is taken infenels, the filled squares and filled triangles represent, respectively, the

account by supposing that the HV gas is restricted to a biconi@gpervational data for blue and red line wings. The fits are determined
from the model of a jet driven molecular outflow with the parameters
geometry.

in Table 3. This is represented by a solid curve in each panel. In the

. Brion IRc2 panel we have also represented the expected distribution
outflow parameters such @Sm!%'et; and the geometry ("e' for an spherical expansion model and an expanding ellipsoid model
the cone parameters). The collimation parameter is derived @yshed line).

fitting the observations, and.., which cannot be determined

since the orientation of the jet along the line of sight is unknown,

has been considered the terminal velocity measured for the d#ia.fit to the data. The data, however, can be fit with any length

If the symmetry axis of the cone is along the line of sight, thef an outflow larger than the value of the minor semiaxis of the

semi-axis of the ellipses on the plane of the skyafidc) are ellipsoid. Our results indicate a similar collimation parameter

directly measured from the size corresponding to the minimufor the two outflows driven by low mass stars, butitis a factor of 2

terminal velocity contour (see F[d. 3c and d). The length of tharger for the IRc2/I outflow. This difference can be related either

cone along the line of sight, is a free parameter, determinedo the fact that the low mass star outflows are much younger than

from the model. Under the assumptions discussed above, it of the IRc2/I outflow, or to different types of stars driving

model contains only two free parameters: the collimation ptre outflows. We conclude that the overall kinematics and the

rameter, and the size of the molecular outflow along the line miorphology of the EHV gas observed in the IRc2/I outflow is

sight. consistent with a jet driven molecular outflow oriented along
The results of this simple model for the best fit to the data feie line of sight with a jet radius of 0.06 pc.

the three outflows are shown in Figk. 7a, b, and c as solid lines,

and the d(_arlved parameters are given in Tﬁblt_e 3. The resultsglf The mass distribution of the gas

very sensitive to small changes of the collimation parameter, but

very insensitive to the size of the outflow along the line of sighiVe have shown that a jet driven molecular outflow can explain

Changes by0% in the collimation parameter greatly worserthe terminal velocities and the spatial distribution of the HV

L L L L L
1 2

—
o
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Fig. 8. Panelsa andb: dependence of the mass distribution in velocity intervals of 5km(€O integrated intensity in velocity intervals of

5kms ! wide) with the terminal velocity (distance to the outflow axis) for the IRc2 bipolar outflow. Ranetresponds to the blue wing

while panelb to the red wing. In both lobes one can distinguish the region associated to the shock (bow shock) and the region associated to
the high-velocity jet. Numbers in the right side of every curve are the value in"kmfthe superior extreme of considered velocity interval.
Panels—f: dependence of the mass distribution in velocity intervals of 10kh{€0 integrated intensity by velocity interval) with the terminal
velocity for the blue (squares) and red (triangles) wings of the L 1448 (parsisid) and 13282 (panels andf) outflows. Panels ande
correspond to the region which is far from the exciting source. It is in this region where probably a shock between the ambient gas and the
ejected material is produced (bow shock). Padeladf correspond to the closest region to the exciting source. It is in this region where higher
terminal velocities are observed. Each curve has been noted with the most negative (blue wing) and most positive (red wing) valle in kms
of the velocity interval considered.

gas. The next question is, how does this model explain the maggs[8c to e show the mass distribution as a function of the
distribution of the HV gas in the outflow? radial velocity in these two regions for thell48 and the B282
In Fig[8a and b we show masses derived from the CO linatflows in velocity intervals of 10 knTs.
intensities integrated in 5knT$ intervals as a function of ve-  Using the results of L 1448 and 13282, the bulk of the mass
locity. This figure shows that the bulk of the mass at moderétw all terminal velocities would arise from the head lobes close
radial velocities is also found at the locations where the gtsthe jet axis where one also observes the largest terminal ve-
shows the largest terminal velocity. In the proposed jet drivéocities. Only a small fraction of the mass is found close to the
model, this would correspond to the material located at a smaciting source. These findings are consistent with the observa-
projected distance from the outflow axis (i.e. in the jet directiortjons of the IRc2/I outflow and implies that the largest fraction
Atfirst glance, these results are surprising since one expeatshe mass of the outflowing gas at low velocities is preferen-
to find only the highest velocity gas in the jet direction. Howevetially concentrated in the regions at the head lobes, and close
there are two possibilities which could explain the derived magsthe jet axis. The similarity between the results obtained for
distribution in the IRc2/1 outflow. In the first, one assumes th#te bipolar outflows 11448 and 13282 and those found in the
the vicinity of the exciting source large quantities of gas movéRc2/I outflow suggest that the three outflows have a very similar
with all velocities as a result of the dragging of the ambiembass distribution. This would indicate that the massive outflow
material by the action of the jet. In the second, one assumes tifraten by source | is produced by a jet and that a large fraction
just the opposite is true, i.e. the masses at moderate velocitiéthe outflowing gas at low or moderate velocities is located at
are located far from the exciting source, only in the jet headlge end of jets in the head lobes, just in front of and behind the
where jet impacts on the ambient medium. In this case, the H¥citing source.
gas will appear with all velocities only in the direction of the
jet. Unfortunately, the orientation of the IRc2/I outflow, along
the line of sight, prevent us from determining which of the twd. The interaction between the jet
proposed scenarios account for the data. Again, we will compareand the ambient material
the results for the IRc2/1 outflow with those obtained from t
jetdriven outflows L 1448 and | 3282 as described in Sect. 6.
We have estimated the expected mass distribution of
L 1448 and 13282 outflows if the jets were oriented along th

line of sight. For these two outflows it is possible to separate t ), the shock-chemistry found in this region, and the location

con_tribu_tior;]to th:j‘l totazll_r?wass (()jfltr;)e outflc()jwhfor two differen nd the origin of the low velocity and high velocity, & masers.
regions in the outflow. The head lobes, and the exciting Sourﬁ?g.@ shows a sketch of the proposed model showing the regions

h?he precessing jet scenario proposed for the molecular outflow
3'r]rOrion has important consequences in order to explain the
frerent phenomena produced by the interaction of the outflow
nd the ambient gas like the; Kibrationally excited emission
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Fig. 9. A sketch of the proposed model for the IRc2/I outflow. The= i
outflow direction has been rotated b§° with respect to the line of < ¢ szk""—'iio +-100 T blue wing+red wing T A
sight. The filled star represents the powering source, triangles and dots 5'0 ; -;o 5'0 ; _;ﬂ 5'0 ; —;o
the high and low velocity HO masers respectively and the arrows the

direction of the wandering jet in its different episodes. In the head of Aa (areseconds)

the jets, bow shocks are represented. It is in these regions where Srﬁﬁ!‘lO.Comparison between the blue wirg= 2 — 1 CO emission
chemistry can dominate. and vibrationally excited molecular hydrogen emission (Beckwith et al.

1978) For each panel, CO emission is represented by continuous con-

tours while H is represented by dashed contours. Left and right panels
where the different emissions could arise. According to thifiow the positions noted as Pk1 and Pk2 by Beckwith et al. (1978). In
model (Rodiguez—Franco etal. 1999), a precessing jet with vettyese panels, emission corresponding to the largest velocities are repre-
high velocities (larger than 100 k') is aligned close to the sented (left, blue and right, red). Also positions of HV water masers are
line of sight. The HV jet interacts with the surrounding materialoted (squares represent negative velocities or blueshifted, while tri-
sweeping a considerable amount of gas and dust. The impR{igtles represent positive velocities or redshifted). Velocity intervals of
of the precessing jet on the ambient molecular gas producégtggration appear in the bot_tom right corner. First Iev_el is 1_K kh's
number of bow shocks in the head of the two lobes. Within tﬁéld interval between levels is 0.5 K km's The CO emission in cen-

. tral panel represents the addition of the emissions betwd@®0 and
most recent bow shocks one expects to obseiverhission and _30km s~ plus 45 and 95 kms!. First level is 15 K km s’ and in-

_bu”ets _and the I9W and high velocity,® masers as dlscqsse,qerval between levels is 15 K knt&. For all the panels the filled star
in detail by Rodiguez—Franco et al. (1999). A precessing J%presents the IRc2 position.

would explain the distribution of the HV bullets and the large

number of HO masers at low radial velocities. We now will

discuss how the proposed model can also explain the oveta mag derived by Geballe et al. (1986). Additional evidence
properties of the Elemission and the “plateau” emission. in favor of the proposed geometry comes from the variation of
the extinction as a function of the velocity derived from thg H
emission. Scoville et al. (1982), and Geballe et al. (1986), have
found that the extinction in the Hine wings is larger than at
The most straightforward evidence of the interaction betwethe line center by~ 1 mag. If the ejection is jet-driven, a large
the high velocity jets and the ambient medium comes from Hjuantity of ambient material is accumulated in the head of the
(see e.g., Garden et al. 1986; Doyon & Nadeau 1988). In dubes near the outflow axis where one observes the largest radial
model, the H emission should mostly appear at the head lobeslocities. Therefore, if the jet axis is oriented along the line of
(see Figl®). The Elemission is expected to be located just igight, the highest velocities should be the most affected by the
the intermediate layer between the jet and the HV CO emissiextinction produced by the gas and dust pushed by the outflow.
(see Rodiguez—Franco et al. 1999), and one would, therefone, a similar way, the proposed geometry can naturally explain
expect a similar extent for both emissions. This is illustratetle asymmetry observed in the tine emission in which the

in the central panel of Fig. 10 where we present the compasiueshifted emission is less extincted (between 0. llafohag)

son between the spatial distribution of the CO emission in thiean the redshifted emission.

bow shock and that of thed In the proposed geometry, the  With the proposed scenario, one can estimate the ratio be-
H3 emission should be affected by the extinction produced byeen the H and the CO HV material in the bow shock. For the
the HV blueshifted gas and dust located between the obsempesition of Pk1, the vibrationally excited hydrogen column den-
and the redshifted Hlayer. Indeed, though the overalktnd sityis~ 6 x 10’7 cm~2 (Brand et al. 1988), and the CO column
CO bow shock emissions are very similar, there are also igfensity obtained for both outflow wings4ds 1.8 x 107 cm=2.
portant differences. As shown in Fig]10, the most intense Ckben, the CO/H ratio would be~ 0.2-0.3. This indicates that,
bow shock emission is located between IRc2 and théklak as expected, only a very small fraction of the shocked gas is hot
1 (Beckwith et al. 1978), just in the region where thgé¢inis- enough to be detected in thg Hhes. Even, after the correction
sion shows a minimum. This difference agrees with the ideafof extinction, the thickness of theiHayer must be at least two

a large accumulation of material near the jet heads, close to thders of magnitude thinner than the colder shocked CO layer.
direction where the jet impinges.

From our CO data, the largest column of density in thx;z The
blueshifted bow shock is fount2” north of IRc2/I. At this ™
position we derive, from the HV CO data, an ldolumn of The “plateau” component is the source of broad line wings in
density of4.5 x 102! cm~2 which corresponds to an extinctiona number of molecules which are believed to be produced by
at 2.1um of 0.5 mag, in good agreement with the extinction o§hock chemistry.

7.1. The H emission

plateau” emission
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Based in observations of molecules like SO,S8I0 and velocity relation is well explained in both, low mass star molec-
HCO™, which are good tracers of the low-velocity outflowular outflows (L 1448, 13282), and in the massive star IRc2/I
Plambeck et al. (1982) and Wright et al. (1995) have suggestadflow by a radial expansion from the exciting source similar
that this low velocity emission arises from a ring or “doughto that found in the L 1157 outflow (Gueth et al. 1996). As illus-
nut” of gas expanding outward from IRc2/I. The origin of theskated in the sketch in Fifj] 9 this would be easily explained in the
molecules is closely related to shocks (see Mafintado et al. framework of the precessing jet with prompt entrainment since
1992), and they are produced by the interaction of the outflowitige shocked material will be always moving in the direction of
gas with the dense ambient clouds (Bachiller&®&z—Gutrrez the jet, i.e., just in the radial direction from the exciting source.
1997). Another important result from our data is the large trans-

In the proposed model, the bulk of shocked gas occurs in terse velocities measured from the CO data which can be up
bow shocks produced in the heads of the two lobes, in the dirée20-30% of the jet velocity. The large transverse velocities
tion of the line of sight. As in the low mass outflows (Bachillem jet driven molecular outflows will also explain the shell-like
& Péerez—Guterrez 1997), the bow shocks will favor the obeutflows as more evolved objects. The typical time scale for a
servation of molecules characteristic of a shock chemistry likeung jet-like molecular outflow to evolve to a shell-like molec-
HCO*, SO, SQ or SiO in the region of high density. This mightular outflow with a cavity of- 3 pc will be of~ 10° years for the
explain why this emission has low velocity and is observed juspical transverse velocity measured in the IRc2/I outflow. This
around the outflow axis. A similar situation has been observisdn agreement with the ages found in shell-like outflows pow-
in L1157, a low mass star driven outflow, whose axis is almosted by intermediate mass stars (NGC 7023, Fuente et al. 1998)
in the plane of the sky (Bachiller &&ez—Guterrez 1997). In and low mass stars (L 1551-IRS 5, Plambeck & Snell 1995).
this outflow one can observe that the abundance of molecules
like SiO, CHOH, H,CO, HCN, CN, SO and S©Ois enhanced g conclusions
by at least an order of magnitude in the shocked region at the

head of both lobes, with low abundance in the vicinity of thé/¢ have mapped the Orion region in tie= 2 — 1 line of
exciting source. CO with the 30 m telescope. From these maps we have detected

high velocity gas in two regions: the IRc2/l outflow and the
Orion-S outflow. The main results for the Orion—S outflow can
be summarized as follows,

Most of the mass observed in molecular outflows is made by The pipolar molecular outflow in the Orion-S region pre-

ambient material entrained by a “primary wind” fromthe central - sented in this paper is very fast (110 kms~!) and compact
source. Two basic processes of entrainment has been consideregl< ) 16 pc). It is highly collimated and shows the presence

to explain the bulk of the mass in the bipolar outflows (see e.9. of Hv velocity bullets. It is perpendicular to the monopolar
Cabrit 1995). low velocity (< 30kms!) outflow known in this region

a) Viscous mixing layers at the steady-state, produced via (Schmid-Burgk etal. 1990). o
Kelvin—Helmholtz (KH) instabilities at the interface be- — The Iocatlion of t'he possmlle exciting source is estimated,
tween the outflow and the ambient cloud (Stahler 1994).  from the kinematics of the high velocity gas, to2i¥ north

b) Prompt entrainment, produced at the end of the jet head in fTom the position of FIRL. At this position no continuum
a curved bow shock that accelerates and sweeps the ambi-source inthe cm or mm wavelength range has been detected.

ent gas creating a dense cover with a low density cocoon 1 N€ morphology of this bipolar outflow suggests a very

surrounding the jet (Raga & Cabrit 1993). young (dyngmical age of 103 years) jet driven molecular
outflow similar to those powered by low mass stars.

7.3. Models of jet-driven molecular outflows

Studies of the CO line profiles in several molecular outflows
indicates that prompt entrainment at the jet head is the main
mechanism for molecular entrainment (see e.g. Chernin et at. While the HV gas with moderate velocities sz <| 55 |
1994). Furthermore, precessing jets have also been invoked tokms™!) is centred on IRc2/l with a very weak bipolar-
explain the large opening angles of bipolar outflows (Chernin & ity around IRc2/I, the morphology of the blue and red-
Masson 1995). However, it has been argued that the precessingshifted HV gas for the most extreme velocities;,sr —
angles are small and the propagation of large bowshock seemstd |<80kms! (EHV) peaks20” northwest from IRc2/I
be the dominant mechanism in the formation of bipolar outflows and10” south of IRc9. The EHV gas does not show any
for low mass stars (Gueth et al. 1996). clear bipolarity around IRc2/I. The only possible bipolarity

The proposed scenario (a jet driven molecular outflow) for in the east>west direction is foun@0” north of IRc2. The
the IRc2/I outflow confirms that the main mechanism for en- blue and redshifted HV CO emission show a similar spa-
trainment in this outflow is also prompt entrainment at the jet tial distribution with an elliptical-like shape centred in the
heads, in agreement with the Raga & Cabrit (1993) model. How- vicinity of IRc2/I, and a systematic trend of the size of the
ever, the presence of HV bullets (see Higs. 3e and f) are bestHV gas to decrease as a function of the velocity.
explained (see Rotyjuez—Franco et al. 1999) by the model of— The morphology and kinematics of the HV CO emission
a precessing jet (Raga & Biro 1993). Furthermore, the area- cannot be accounted for by the most accepted model: the

For the IRc2/I outflow the main results are:
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wide opening angle outflow. We discuss other alternative€dernin L.M., Masson C.R., 1995, ApJ 455, 182
such as multiple outflows and a precessing jet driven molgghernin L.M., Wright M.C.H., 1996, ApJ 467, 676
ular outflow oriented along the line of sight. Doeleman S.S., Londsdale C.J., Pelkey S., 1999, ApJ 510, L55

— We have compared the size-velocity dependence and Bfyon R., Nadeau D., 1988, ApJ 334, 883
mass distribution in the Orion IRc2/I outflow with those deE"ckson N.R., Goldsmith P.F., Snell R.L., etal., 1982, ApJ 261, 1103
rived from the jet driven molecular outflows powered by loff uegteh_ A I\(/Izalnjh—lPégtng &i"s 3!;0451%ez—Franco A., Moriarty-
mass stars (IL448 and 13282) when these are projected to chieven =L, ' '

. . . . . Garden R., Geballe T.R., Gatley I., Nadeau D., 1986, MNRAS 220,
have the jet oriented along the line of sight. We find very 54 y

good agreement between the jet driven molecular outflggy;me R.A., Wilson T.L., Vrba F.J., Johnston K.J., Schmid-Burgk J.,

in low mass stars with that of the Orion IRc2/I outflow in- 1998, ApJ 493, 940

dicating that this outflow can be jet driven. Geballe T.R., Persson S.E., Simon T., Lonsdale C.J., McGregor P.J.,
— The size-velocity dependence found for the outflows is fit 1986, ApJ 302, 693

using a simple velocity law which considers the presen€enzel R., Downes D., 1983, In: West R. (ed.) Highlights of Astron-

of a highly collimated jet and of entrained material. The ©omy. Reidel, Dordrecht, p. 689

velocity decreases exponentially from the jet and it is igoldsmith P.F., Erickson N.R., Fetterman H.R., et al., 1981, ApJ 243,

the radial direction for the entrained material outside thc?ra:‘_agu Genzel R., Harris ALl et al., 1990, ApJ 358, L49

jet. We derive similar collimation parameters for th&448 - S i " ’ T

Jand the B232 outflows of 0.03 pc,pa factor of two larger forGreenhlll L.J., Gwinn C.R., Schwartz C., Moran J.M., Diamond P.J.,

. L . 1998, Nat 396, 650
the Orion—IRc2/I outflow. This difference might be an agg, ,eth F. Guilloteau S.. Bachiller R.. 1996. A&A 307. 891

effect, or due to the different type of exciting stars. Johnston, K.J., Gaume R., Stolovy S., et al., 1992, ApJ 385, 232

— From a comparison of the mass distribution as a functie@ene J., Hildebrand R.H., Whitcomb S.E., 1982, ApJ 252, L11
of velocity, we conclude that the bulk of the HV gas in th&wan J., Scoville N., 1976, ApJ 210, L39

Orion IRc2/1 outflow is produced by prompt entrainment dti Z.Y., Shu F.H., 1996, ApJ 468, 261
the head of the jet. Martin—Pintado, J., Bachiller R., Fuente A., 1992, A&A 254, 315
— The morphology and kinematics of the shock tracers, HMartin—Pintado J., Rodguez-Franco A., 2000, in preparation
H,O masers, K bullets, the “plateau emission”, and thé\adeau D., Geballe T.R., 1979, ApJ 230, L 168
radial direction of the entrained HV gas in the IRc2/I outhO\ﬁh'HZ'FETﬁél"'”gg'ns P.J., Neugebauer G., Werner M.-W., 1977, ApJ
is quahtatlyely explained W|th|n the scenario ofa molecu_lq:glambeck R.L.. Snell R.L., 1995, ApJ 446, 234
outflow driven by a precessing jet oriented along the ling, o 21 wright M.C.H., Welch W.J., etal., 1982, ApJ 259, 617
of sight. T_he large transverse velocity founq in this oqtﬂowaga A.C.. Biro S.. 1993, MNRAS 264, 758
can explain the shell-type outflows as the final evolution @faga A c., Cabrit s., 1993, AgA 278, 276

the younger jet driven outflows. Rodiiguez-Franco A., Mafin—Pintado J., Wilson T.L., 1999, A&A
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