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ABSTRACT

Disk winds have been postulated as a mechanism for angularemtom release in protostellar systems for decades. HD9B6i32

a Herbig Ae star surrounded by a disk and has been shown talsestes of HH knots (HH 409) with bow shocks associated with
the farthest knots. Here we present ALMA Science Verifigatlata of CQJ=2-1 andJ=3-2 emission which are spatially coincident
with the blue shifted jet of HH knots, andfeet from the disk by -18.6 knts The emission has a double corkscrew morphology and
extends more than ¥(from the disk with embedded emission clumps coincident yethknots. We interpret this double corkscrew
as emission from material in a molecular disk wind, and thatdompact emission near the jet knots is being heated byethe j
which is moving at much higher velocities. We show that dk8-2 emission is likely heavily filtered by the interferometeut the
J=2-1 emission sffiers less due to the larger beam and sensitivity to largee stalctures. Excitation analysis suggests temperatures
exceeding 900 K in these compact features, with the wind pmassientum and energy being of orderiM,, 10 M, km s and

10%° erg respectively. The high mass loss rate suggests thattéhiis dispersing the disk faster than it is funneling mase the star.

Key words. Stars: pre-main sequence — ISM: jet and outflows —ISM: kinematics and dynamics — Stars: HD 163296 Techniques:
interferometric

1. Introduction HD 163296 is an isolated, prototypical Herbig Ae star which

] ) ) shows an infrared excess and is surrounded by a Kepleri&n dis
Disks are crucial for the formation of stars because theyaareyse"a et al 2007; Hughes etlal. 2008). It is at a distanck2@f
mass reservoir for building up the star and any planets fegmipc, and has an age of 4 Myr (van den Ancker ét al. 1998). The

© in the system. They mediate accretion onto the star, and bg#attered light observations|of Wisniewski et al. (200&)g@st

™

©

jets and winds from the disk act as release mechanisms for gfire variability in the disk, which they attribute to inflati of
gular momentum during accretion. Jets and winds are géyerghe inner disk edge, consistent with the infrared varigbiie-
seen quite early on in the star formation process (e.g Classfibed irf Sitko et al[ (2008). These authors also show acile
sources, Arce et al. 2007), but have also been observed in féean emission flare at 3m in 2002, which they suggest may
final stages of the formation process as well (e.g. TW Hydiigave been due to a combination of inner disk flare-up and ma-

= [Pascucci et &l. 20111). For a complete theory of star formatiqerial being released from the disk into the surroundingsing

we need to understand the mechanisms responsible for jet g/ data, Deleuil et a1/ (2005) derived a mass outflow rate of
wind launching. We need to understand how much of the digkc 109 M, yr! from the star, whilé Hubrig et al. (2009) and
material ends up on the star, and how much is removed fri@rcia Lopez et all (2006) find mass accretion rates 40’

the system to constrain howfieiently the star is gaining mass.v, yr-1. [Kraus et al.[(2008) presented VIAMBER resolved
There is already_evidence for residual rotation in some@uffl Bry observations of HD 163296 and suggest that the extended
launched from disks (e.g. Launhardt etial. 2009), and when 8y emission comes from a stellar wind or disk wind. The NIR-
kinematics of the jet and disk are both measured, theiriootsit SPEC observations bf Salyk ef al. (2011) show rovibratiQ@l
appear to be consistent with each other (e.g. DG[Tau, Teslti elemission knots at approximately100 km s at a velocity res-
2002;| Bacciotti et al. 2002), showing the causal links betweg|ytion of 12.5 km 5t which is not included in their disk model,
these phenomena. HD 163296 is a good candidate for studyiag may be evidence of a high velocity wind.

this phenomena because of the favourable viewing anglehand t HD 163296 is also associated with Herbig Haro (HH) ob-

presence of the HH 409 system. ject 409 (Devine et al. 2000). HH 409 is a chain of HH knots
traced by [8] and Hr seen in both a jet and counter jet which
* email: klaassen@strw.leidenuniv.nl is oriented perpendicular to the disk plane (e.g. Wassedil et
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2006).. Sitko et al. (2008) suggested that these knots actedje

on 5-6 yr intervals. The PSF subtracted coronographic imag 30 ‘
of the region by Wassell et al. (2006) show a series of HH knc ¢
which they labelled A through D. The jet is blue shifted, ael t S5l &

18.6kms !

knots are labelled A and A2. The counter-jet is redshifted] a
the knots are labelled B-D. For the brightest componentsi(A
the jet, and C in the counter jet), multi-epoch observativase
used to derive proper motions af 89 yr-! for knot A, and 0’35
yr~! for C, with jet velocities greater than 250 km's No sub-
mm molecular outflow counterpart to this jet has been imag
before however there may be evidence for a blue shifted wind 10 MJ

201

15-

UV Amplitude

the spectra of Thi et al. (2004). 021
To clarify our general terminology, we refer to a jet as hig i MJ\
velocity gas £ 100 km s?) launched from the inner 0.1 au
of the disk, collimated by the magnetic field (e.g. Ray et ¢ ik ,'N
2007; Reipurth & Ballyl 2001). Jets are generally observe 51 5 5 > = o
in opticafnear-infrared atomic lines, and bow shocks resultir LSR Velocity (km )
from the interaction of the jet with cloud material are oftan
served as HH objects (elg. Reipurth & Bally 2001). We refer f6g. 1. Visibility spectra averaging over the two shortest basaiim
outflows as the molecular gas entrained by jets@ndinds as each of the Band 6 and Band 7 datasets showing the blue anklifted s
they push through the ambient material (€.g. Arce Et al.[poowind emission in this field of view. The rest velocity of theusce is
These flows are generally observed to have much lower velag KM S™ (Hughes et al. 2008) as shown with a green line in the plot.
ties (< 50 km s1) because they comprise ambient material whig € Bsntc:16 (C?:Z'l) data have been shifted upwards by 5 to clearly
has been swept up by the jet (Koénigl & Pudritz 2000). Withi 0" PO Spectra.

this framework, we define disk winds as the low energy mdtenf"‘able 1. Properties of the 230 GHz and 345 GHz Observations. The

Iaun_t:hed f_rom _the disk at ra(lj". ofa few_ au (e.g. PUd”tZ et "?l‘ns noise values listed below have units of mJy beaper channel.
2007). A disk wind & 25 km s7) is a centrifugally driven, Mag- the channel spacings are 0.32 and 0.25 kinfsr the 230 and 345
netically collimated wind blown @ the surface of the disk (Pu-GHz data (respectively)

dritz & Norman[1983). It is distinct from an outflow, and can
indeed entrain an outflow of its own. An overview of these defi

Band 7

j\j\v\,\ Band 6
AN, e
e

" At X x Line rms Synthesized Primary Largest
nitions is given in McKee & Ostriker (2007). Beam. PA. Beam Observable Scale
Here we present ALMA Science Verification data of two CO3=57—69 0 80x068 75 26 177
tranSitionS,J=2'l (Band 6, 230.538 GHZ) ant=3-2 (Band 7, ,_)]=3'2 42 068?044”’ 971° 17" 8"

345.796 GHz) of the disk wind associated with HD 163296 and
HH 409. The disk gas emission is presented separately (Math-

ews et al., de Gregorio-Monsalvo et al., submitted, and E-haRNere resampled to spectral resolutions of 0.32 and 0.25%®m s

:22 seLtjr%lr.{w;:iEéeopu)r%nbds;vrl\l/lart]i%tnts)eagg?jlzﬁ;erg dhuirt?dr:nlr?%%gir(])in Bands 6 and 7 respectively. Both datasets were selfreddit
: n both phase and amplitude using line-free continuum céksnn

we describe the morphology and energetics of the obserekd qh all four spectral windows.The per-channel rms noiseb@sé

wind. In SectiorLt we relate these findings to the disk and J%o datasets are 6.9 and 4.2 mJy beaarter self-calibration.

properties previously determined for this source, and sarie@a Data from two antennas (PMO1 and DVO03) were removed for

in Sectiori®. the July observations in Band 6 because of anomalously high
amplitudes. HCO J=4-3 was simultaneously observed with CO

2. Observations and Data Reduction J=3-2 in the Band 7 observations, and thus has the same noise

1 . properties. These data are presented in Mathews et al. (Bubm
These ~“CO J=2-1 and J=3-2 observations were takented)_

with ALMA as part of the Science Verification program
(2011.0.000010.SV). Both datasets were observed in Juthe ap

July 2012 with 18 - 20 antennas in an extended configuratipyest scale observable in each dataset, and the formmudefo
(~20-400 m l:_)asellnes). The Band 6 data consisted of thre_e mining the approximate largest angular scales (LASjvierg
arate observing blocks, and the Band 7 data are a combinatjpBaction 6.2 of the ALMA Cycle 1 Technical Handb@oRhe

of five. The total time on source in each band was 46 and ; ; "

. . gest scale structures to which our observations aratsens
minutes, respectively. The quasars J1924-292 and J1783-13 given in TablEJ1. Any structures larger than this areréitle
were used for bandpass and phase calibration. For the Ba by the interferometer.

data, Juno, Neptune and Mars were used for amplitude calibra
tion. For four of the Band 7 executions, Neptune was observed
for amplitude calibration, and this amplitude calibratieas ap- 3
plied (bootstrapped) to the fifth execution for which Junswa '’
observed, but was too close to the horizon to be properlyfosedFigure[1 shows the averaged visibility spectra of the twatsho
amplitude calibration. Data reduction and imaging wergall est baselines (21.2 and 21.7 m) in both datasets. The welocit
formed using the Common Astronomy Software Applicationgtegration limits used for finding emission in the imagengla
(CASA,IMcMullin et alll2007). Both data sets were cleaned us-
ing natural weighting, and the channel spacings of the sglect! hitpsj/almascience.nrao.efliocuments-and-togtsycle-Yalma-
windows for the CO lines were 244 kHz and 122 kHz, whictechnical-handbook

The synthesized beams for the two sets of observations are
own in Tabl€1l. The shortest baselines in the array dittate

Results
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Fig. 2. Blue shifted disk wind from HD 163296. The greyscale andIsiffdo) contour show the CQ=2-1 integrated intensity of the blue
shifted wind from HD 163296. The blue and red contours shawih, 20 and 25 times the rms noise (20 mJy béamwf the blue (-2 to 5.5
kms™) and red (6 to 12 km3) HCO* J=4-3 emission in the disk. The inset image shows the first momep of the HCO J=4-3 emission
in the disk, with the same red and blue contours as in the n@inefifor reference. The two black arcs show the primary bezrtise 345 GHz
(smaller) and 230 GHz (larger) observations. The cyan ewatshow 4, 6, and 8 times the rms noise in the E@-2 emission (2.6 mJy bear).
The two solid purple circles show the 2012 positions of kii2sand A3 as described in the text. The dashed purple ciradeaarow show the
position of knot A2 in 2004, and its projected motion to 20TBe two dark cyan circles in the bottom left corner show th&lsgsized beams of
the Band 7 (left) and Band 6 (right) datasets. The dimensibtise synthesized beams are given in Table 1.

are shown as red and blue boxes in Fidure 1. This wind emsll et al. (2006). This correction for proper motion is désed
sion is at distinct velocities from the disk itself (centtim the more fully in Sectioi¥. The pointing centerds-17:56:21.28,
green line in Figur€ll). The redshifted emission is stronies 6=-21:57:22.36, and the large black circles show the full twidt
the Band 6 data. At both the red and blue shifted veloditigh-hi at half maximum power of the Band 6 and 7 primary beams (the
lighted in FigurélL, there is phase coherence, and ifsebfrom FWHM of the Band 6 primary beam is larger than the Band 7).
zero. This suggests that the emission is coming from a regidrither of the datasets shown in Figufés 2 Bhd 3 are primary
offset from the observing center. beam corrected. The integrated and peak intensities of e C
J=2-1 emission are 2.58 Jy km'sand 0.084 Jy beamh km s,

We detect blue shifted wind emission in the image plane fespectively. The disk wind traced by CI22-1 is a continuous
both COJ=2-1 andJ=3-2. Figurd 2 shows the integrated intenstructure with what appears to be a forked end. From the first
sities of the CO emission as traced by G€R-1 in the greyscale moment maps of both transitions (the G22-1 first moment
and in COJ=3-2 in cyan contours. The red and blue caontours imap is shown in Figurgl 3), we find that both transitions show
the center of the figure and in the inset show the 15, 20, and\&8ocity |gradients perpendicular to the wind and jet dimett
o contours of the integrated blue and red shifted HC24-3 consistent with that in the disk (blue-shifted to the soedist,
emission in the disk. This is shown to give context to|the posied-shifted to the north-west).
tion of the wind. We have plotted (using dashed lines) the4200
position of knot A2 and its proper motion. Also shown (with The [spatial extent of thd=3-2 emission is much smaller
solid purple circles) are the expected positions of knotsaA@ than thel=2-1 emission (see Figulé 2). It is concentrated in two
A3 in 2012 using the proper motion of knot A givenlin Wasknots; one within the full width at half maximum of the prinyar
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beam, and one external to it. The brightest C€B-2 knot is epoch of our observations (10 years later), the ejecta dHml
well within the primary beam, and has integrated and peak 9’ from the disk. This is the location of the leading edge of our
tensities of 0.6 Jy km3 0.06 Jy beam' km s respectively. strongest CQJ=3-2 knot, which we named A3 (see Figlie 2).
We suggest it is associated with a jet knot ejected in 2002. Tih should be noted that an atomic HH knot from this flare would
second knot(A2), outside the Band 7 primary beam, is cointiave been obscured by the coronograph of the 2004 obsarsatio
dent with where HH knot A2 should be in 2012 using the propefWassell et al. (2006), but that subsequent observatiomsid
motions derived in Wassell etlal. (2006). This knot is beshseshow the atomic knot emission (see for instance, Gunthdt et a
when the Band 7 data is primary beam corrected (as showrBil3, and Ellerbroek et al. in prep.).
Figure[4). Primary beam correction takes into account ttemat Based on the emission morphologies shown in Figures 2 and
uation of the signal away from the pointing center. The naise[3, we suggest that tHéCO emission is primarily tracing the disk
the map is no longer uniform, but increases with distancefravind coming from HD 163296. The morphology of the emis-
center. The smaller and larger arcs in Figure 4 show where #ien, and its velocity structure suggests that this is a wiskl,
Band 7 and Band 6 primary beams are attenuated to 50%. Hmel not an entrained outflow from the jet. That there appears
primary beam corrected data extends to where the primambe@ be two arms to the wind argues against entrainment because
is attenuated to 20% of its sensitivity at the pointing cent@e it is unlikely that a single knot can produce two velocity com
CO J=3-2 emission in the vicinity of HH knot A2 is much moreponents (like those highlighted by dashed lines in Figlirelf3)
prominent in this representation. the CO were entrained material, there is no explanationhier t

The difering morphology between the two CO transitionkighly blue shifted material at the end of the bluest arm ef th
may be explained by spatial filtering by the interferomeldre observable wind, since there is no HH knot ahead of it which
Band 7 observations cannot detect structures larger thamt alzould have entrained that gas. In the area around the khets, t
8”, while the Band 6 observations are sensitive to larger scat@lecular gas in the wind is being heated by the jet; eittmmfr
structures { 11”). It is a combination of the higher excitationthe warm shocks, or directly from the jet heating the dust: Be
conditions required for thd=3-2 transition and the spatial fil- cause the temperature is elevated, smaller amounts of paamap
tering which is causing the wind to appear clumpy and compdwgighter. This means that compact and bright knots of CO wiill
in the Band 7 observations. We masked the shortest baseliagpear in the larger scale wind. In the case of &€3-2, the
in the Band 6 data to match the largest angular scales recovarger scale wind is resolved out by the interferometer,that
able in the Band 7 data (8at 230.5 GHz corresponds to 16.@right and compact knots of heated gas are still detectdlle.
k). In this filtered data, we find that the wind, as traced by COO J=2-1 emission is also quite bright in this region. Note that
J=2-1, appears clumpier, and peaks close taJts&-2 emission. the enhanced CO emission is slightly closer to the disk ( i.e.
That the regions with the strongest emission for two speanies upstream) than the expected position of the knots in 20112 re
slightly different suggests that the excitation of the two lines al§orcing the suggestion that this material was heated byedylik
plays a role in the morphology. HH knot.

In the image plane (see Figlre 2), we do not detect the north- The velocity structure shown in the C-2-1 first moment
ern redshifted gas. It is Iikely that the redshifted wind liefed map (Figur{B) suggests that there may be two foot pointi;]&)rt
out by the interferometer. This is evidenced by the redstiiftdisk wind, which are on opposite sides of the disk, co-rotati
emission being detected in the Band 6 visibilities, but et twith it. The velocity field is an imprint of the rotation of tatsk,
Band 7 visibilities. The redshifted emission is filtered oat and the wind itself may be collimated by the magnetic fielde Th
all but the shortest two baselines a1 m). The next short- bluest portion of the disk wind is emitting from the southteas
est baseline is 27.5 m, and the short baseline sampling eppe@art of the disk, which itself is known to be blue shifted. Tad-
to be too coarse to image the red lobe. Followup observatiafisst part of the disk wind is coming from the north west partio
covering a wider areas, and recovering larger scale stegtre of the disk, which is red shifted. Some jets do show evideace f
required to confirm this hypothesis. rotation like that seen here (e.g. DG Tau Bacciotti et al.2300
We suggest this disk wind has a double corkscrew, simildreo t
modelled disk wind phenomena seen in, for instance, Figure 3
oflOuyed et al.[(2003) or Figure 7 lof Launhardt etlal. (2008), b
Wassell et al.[(2006) characterized the knots of HH 409 assowith two components. The dashed blue and red lines in Figure 3
ated with HD 163296. For knot A they suggest a proper motigive an illustration of the double corkscrew described h&tee
of 0749 yr. Using that proper motion, and extrapolating téwo components of the wind cross each other along the line of
2012, we find that knot A is well beyond the primary beam afight just further away from the disk than the A3 knot seen@ C
our observations. However, if we apply the proper motion &=3-2. This double corkscrew can explain why the outer edges
knot A to knot A2, we find that it should have been approxef the J=2-1 emission appear forked, and with verfféient ve-
imately 11’ from the disk when our observations were takefocities; they are at opposite ends of the double corkscrew.
Using a position angle of 4taken from Wassell et 8l. 2006), The recent observations lof Glnther et al. (2013) show Ly
this knot should be slightly ahead of the CO emission seenémission associated with the HH knots, which indicatesttiat
the primary beam corrected image of Figlire 4 as shown witlgas in these regions is hot. Using RADEX, a non-LTE 1D radia-
purple circle. Note that this clump, at’L1lis in the region where tive transfer calculator (van der Tak etlal. 2007), we deieech
the interferometer is only 20% as sensitive as it is at thatpgy the excitation temperature and column density necessamoto
center. That a jet knot should be co-located with this £€3- duce the ratio of line peak intensities of the2-1 (1.195 K) and
2 emission feature suggests that the molecular emissiaals 1J=3-2 (1.523 K) transitions of CO integrated over the disk wind
despite being far from the pointing center. emission near knot A3. For consistency, we used the spatiall

The observations of Sitko etlal. (2008) showed a flare infitered Band 6 data for comparison with the Band 7 data. Us-
um emission coming from HD 163296 in 2002. If we assumiag an ambient density of 1x4.0° cm~3 (see Table 8 of Wassell
that this was a knot launching event, and assume this knot leaal. 2006), we find that to match our line ratio requires acol
the same proper motion as HH knot A’@9 yr1), then, at the density of 10 cm2. Dividing this derived column density by

4. Discussion
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Fig.3. COJ=2-1 intensity weighted velocity map of the blue shifted19- 4  CO J=3-2 integrated intensity map of the blue shifted wind
wind from HD 163296. The purple circles show the 2012 positiof 10mM HD 163296. The colourscale shows the primary beam cterde

the knots. the blue and red contours show the HQS4-3 emission integrated intensity of thd=3-2 emission The black, blue and red cir-
and the two dark cyan circles in the bottom left corner shosvayn-  ¢les and contours are the same as Figire 2. The moleculatecpart

thesized beams of the observations, as in Figlre 2. The bitiee to HH knot A2 is more prominent in this image because we have co

dashed lines delineate the double corkscrew describee iresh. rected for the fall-@ in sensitivity as a function of distance from the
pointing center.

the assumed volume density recovers our observed emiging r ‘ : ) .
gion when we make the assumption of spherical symmetry. F4¢2008). The wind momentum was derived by determining the

higher column densities, the line ratio does not convergadgo Mean velocity of the gas (-18.6 km'3, and multiplying that by
observed)=2-1/J=3-2 ratio of 0.8. For lower column densities{he derived mass. We calculated the wind force by dividirg th
the line peak intensities are both below 1 K. At this column-deMomentum by the wind age. Similarly, the mechanical energy |
sity the line ratio approaches 0.8 for temperatures greager the wind was calculated using=55mv®, and the mechanical lu-
900 K. Above 1000 K, thed=2-1 emission has a negative exciMinosity was determined by dividing the energy by the asslime
tation temperature. We can recover our line ratio and iategr 29¢€ of the outflo_w. Using the column density derived from the
intensities at lower temperature, however this resultsradius RADEX calculation, the outflow mass drops by almost an order
ten times greater than that observed when dividing the colu@f magnitude. .
density by the volume density. We therefore use an excitatio TheGanguIarz m?mentumL( = nwr) of the A3 knot is
temperature of 960 for further calculations. At these digssi 3710 Mo km® s, wherer is the radius of the C7=3'2
and temperatures, both lines are optically thin, with ofgei €Mission ( = 133 au). A mass accretion rate of 10" Mo
near 0.1. These high temperatures are not unrealisticciedipe Y’ Was previously determined for this source (Garcia Lopez
since the region we are probing is being heated by a jet knot. et al..2006| Hubrig et al. 2009). Thls is a factog of two_llower
Using the derived column density and assumed density, $#a" the mass loss rate we present in Table2 @' Mo yr—).
depth of the emission region towards the brightest)E®?2 In general, mass loss rates are expected to be about 10% that
knot (~ 300 au) is roughly the same as the width of the emissidp. the accretion rate. The disk itself has a mass of ordef 10
This is consistent with the flow being cylindrical. To catmd Mo (Tilling et all2012), which, when coupled with the mass
the mass and energetics of the outflow, we used the integrd@%$ rate we derive, suggests a disk dispersal timescalé°of 1
intensity (moment zero, e.g. Figure 2) and intensity weightY" (_3|yen the.age of the system (4 Myr), it is po§S|bIe that the
velocity (moment one, e.g. Figuré 3) maps of the CO emissiSir is in the final stages of accretion, and is blowlng optabe
in both CO transitions. When creating these maps, the data wef its infalling material via the final stages of a disk yvlnd.eW
clipped at 3.5 and & in each channel when creating the zerotfte that Kraus et al. (2008) suggest that the &cretion rate

and first moment maps (respectively). We assume a wind agéqffthis source may be contaminated by outflow emission, whic
400 yr based on the average velocity in the wind (-18.6 ki s further strengthens our argument, as the mass loss ratedwoul

and its spatial extent in the Band 6 observationsl@’). This then be higher than the mass accretion rate. If the gas ware fr
will underestimate the age of the wind if it is more extendeaht & Photo evaporative disk wind (ile. Hollenbach et al. 206Gn

the Band 6 primary beam. This is the age used to determine ih% characteristic velocity of the gas measured here (-218.6

wind forces, mechanical luminosities and mass loss rateedu S ) Should be roughly equivalent to the sound speed. A sound
in Table2. speed of 18.6 kms indicates a temperature of 18, which is

dpuch too high for molecular gas to be present. Thus, we are not

To calculate the mass, we converted the integrated ingen : : 4
§eeing a photo evaporative wind.

of the line into a CO column density assuming local therm
dynamical equilibrium, a temperature of 960 K and a Jansky to

Kelvin conversion based on the synthesized beams of the 8al ;

(43.48 JyK) and Band 7 (33.78 JK) data. This was convertedr@' Conclusions

to a total molecular column density using a CO abundance\we have presented here the first evidence for a molecular disk
10~ with respect to molecular hydrogen, and a mean moleanind coming from a Herbig Ae star. This disk wind is coinciten
lar mass of 2.8 (see, for instance, appendix A of fimann et with a chain of HH knots. We have quantified the energetics

Article number, page 5 ¢fi 6



Table 2. Outflow energetics for the two CO transitions. The first CQ 4 gmann. J.. et al. 2008 AQA. 487. 993

J=2-1 column is derived from integrating over all of the CI22-1
emission, while the second is derived from the data that Wiesed
to sample the same spatial scales as the Band 7 data. Therekil
column is more directly comparable to tie3-2 data. The quoted un-
certainties come from the uncertainties in the fluxes, pyafed through
the equations in quadrature. Note that the quoted velchijuie shifted
with respect to the source velocity of 5.8 kit s

C0J=3-2 CO0J=2-1 CO0J=2-1
Integrated Filtered
M (107° M) 5.7+0.06 73.%+0.8 24.60.3
V (kms™) -18.6+0.1 -18.6:0.3 -18.20.5
P (10°My kms?')  10.7+0.1 136.63.5 46.44.6
E (10 erg) 1.980.04 25.%1.0 8.%0.5
Wind kinematic age- 400 yr
F 2.7+0.3 34.6:4 11.5:2
L (1073 Ly) 0.41+0.05 5.20.7 1.8:0.3
Moyt (108Mg yr1) 1.4+0.2 18.32 6.2:0.7
@& The units of the wind force are

10" Mg kmstyri,

Konigl, A. & Pudritz, R. E. 2000, Protostars and Planets 1v,759

Kraus, S., Hofmann, K. H., Benisty, M., et al. 2008, A&A, 48957
Launhardt, R., Pavlyuchenkov, Y., Gueth, F., et al. 2009AA&94, 147
Mathews, G. S., Klaassen, P. D., Juhasz, A. et al. 2013 Stauhtd A&A.
McKee, C. F. & Ostriker, E. C. 2007, ARA&A, 45, 565

McMullin, J. P., Waters, B., et al. 2007, ASPC 276 127

Muzerolle, J., Hartmann, L., & Calvet, N. 1998, AJ, 116, 2965

Ouyed, R., Clarke, D. A., & Pudritz, R. E. 2003, ApJ 582 292
Pascucci, I., Sterzik, M., Alexander, R. D., etal. 2011, A{8B, 13
Pudritz, R. E. & Norman, C. A. 1983, ApJ, 274, 677

Pudritz, R. E., Ouyed, R., Fendt, C., & Brandenburg, A. 2RRY, -1, 277
Ray, T., etal. 2007, PPV, -1, 231

Reipurth, B. & Bally, J. 2001, ARA&A, 39, 403

Salyk, C., Blake, G. A., Boogert, A. C. A, & Brown, J. M. 2014pJ, 743, 112
Sitko, M. L., Carpenter, W. J., Kimes, R. L., et al. 2008, Ap28, 1070
Testi, L., et al. 2002, A&A, 394, L31

Thi, W.-F., van Zadelh®, G.-J., & van Dishoeck, E. F. 2004, A&A, 425, 955
Tilling, 1., et al. 2012, A&A, 538, A20

van den Ancker, M. E., et al. 1998, A&A, 330, 145

van der Tak, F. F. S., et al. 2007, A&A, 468, 627

Wassell, E. J., et al. 2006, ApJ, 650, 985

Wisniewski, J. P., Clampin, M., Grady, C. A., et al. 2008, A§32, 548

of the blue shifted wind emission, and show that the position
of the two COJ=3-2 emission knots are consistent with one
of the optically detected HH objects (A2), and a younger knot
(A3) which was likely emitted during a flare in 2002. Further

followup ALMA observations, including wider-field mosang
and incorporating larger scale emission will be requirefiitly
characterize this phenomena.

The mass being released from the system via the disk wind

is twice the mass accretion rates found vig: Bmission (Gar-
cia Lopez et al. 2006). For stable, accreting systems, #tis r
is generally closer to 0.1 (elg. Hartigan et al. 1995). Thévde
tion of the accretion rate using Bis a time average (Muzerolle

et al11998), and since the age used for the wind is kinenilgtica
derived, so is the mass loss rate in the wind. Because the mass

loss rate is, on average, larger than the mass accretigrthiste
system cannot be in a stable growth stage.
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