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ABSTRACT

Context. Whether high mass stars continue to accrete material baherfdrmation of an Hll region is still an open question. ked
infall and outflow have been seen in some sources, but tlesitdithe surrounding molecular gas are not well constrained

Aims. We aim to quantify the ionized and molecular gas dynamicshigh mass star forming region (K3-50A) and their interactio
Methods. We present CARMA observations of the 3mm continuum, H@@d H4Xx emission, and VLA continuum observations at
23 GHz and 14.7 GHz to quantify the gas and its dynamics in 835

Results. We find large scale dynamics consistent with previous olasiemns. On small scales, we find evidence for interactiowéeh
the ionized and molecular gas which suggests the ionizdlbawis entraining the molecular one. This is the first timetsan outflow
entrained by photo ionized gas has been observed.

Conclusions. Accretion may be ongoing in K3-50A because an ionized bipol#flow is still being powered, which is in turn
entraining part of the surrounding molecular gas. This owt#cenario is similar to that predicted by ionization femdbmodels.

Key words. HII regions; ISM - kinematics and dynamics; Stars - Formatio

1. Introduction Howard et al.|(1997) showed the HEQ=1-0 emission for this

. . . . source is elongated perpendicular to the outflow, and gae th
The processes involved in the formation of high mass St&s QL yelocity of the source as -23.7 kim-sThey estimated this
generally said to be similar to, but scaled up from the pro; velope molecular gas mass to be 260, Mnd suggested,
cesses responsible for forming low mass stars. Many mOdB%sed on fitting radiative transfer models, that the Hi@Qrac-
even suggest that high mass stars can continue to accrete fGa large scale (0.75 pc) rotating toroidal structure.iffimed-
terial once they are more than .8®M]y either pufing up (e.g. ling suggests an inclination angle of°3@ the line of sight,
Hosokawa & Omukai 2009) which delays the onset of an H%nd they note that some of the small scale HGDrrounding
region, or via funneled accretion ﬂOV.VS (e.g_. Keto 2002, 3_00 e core of the HIl region appears to have a larger velociy di
despite t.he onset of an HIl region. S'”.‘”'.a“ons further_cam persion which they attribute to interaction with the iomzmut-
that partial shielding of the ionizing radiation by densarfients g,y There is no evidence for a large scale molecular outflow
in the accretion flow is the keyffect that allows massive stars (0, s region| Howard et al. did however detect SiO on small
grow after an HIl region has formed (Pet_ers eLal. 2010). scales towards the center of this region (with 2.5” beam).

There is growing observational evidence that moleculggyamotg et 4. (2003) identified three 16;Mtars within the
gas is continuing fo fall onto Hl regions (e.g. Klaassenlet &4 region via infrared observations, which they suggesyma
2011), as well as, in some cases, continued ionized mngI(ege powering the HIl region.

Keto & Wood|2005; Beltran et al. 2006). Through understand- 1oa \we present CARMA and VLA observations of K3-50A
ing the dynam.ics in high mass star forming regions: we caremagt 90 ana 23 GHz. The 90 GHz observations are at higher reso-
direct comparisons betwe_en models and obs_ervatlo_ns. lution than the Howard et al. (1997) observations, and show e

Molecular gas dynamics are detected using various SpeGigsnce for a small scale molecular outflow being driven by the
d_ependlng on t_he amb'e”t density, temperature, etc, w_h+le onized one. In Sectiohl 2 we present our observations, and in
dio recombination lines (RRLs) can be used to determine 1@ jo{3 we present our results and interpretation of tie da
dynam'C$ Of. the |on|zeq gas. Motiram el al. (2.01_1) suggest thoth on small and large scales. In Sectidn 4 we discuss this
ongoing ionized accretion has a measurable lifetime onlgin gz ation driven outflow in terms of model predictions, and
gions with bolometric luminosities of greater than abott [L9. Sectiorib we conclude.

The high mass star forming region K3-50A, with a bolometric

luminosity of 2x 10° L, (Kurtz et al! 1994) is thus an ideal can-

didate for tracing these latest stages of the formationwy/ tr 5 ~pservations
massive stars.

K3-50A, at a distance of 8.7 kpc (ile. Okamoto et al. 2003LARMA observations of K3-50A were taken in the C configu-
has been studied at wavelengths ranging from radio to the mation on November 9 and 10, 2008. Narrowband observations
frared. In previous observations, the 14.7 GHz continuura wevere taken in all spectral windows. This required using $iaiu
shown to have a bipolar morphology, and was modeled asous wideband and hybrid (combined wide and narrow band)
a bipolar ionized outflow which was in agreement with thebservations of the calibrators to achieve the requiredasig
RRL (H76x) observations of the source (De Pree et al. 1994h noise ratio for calibration(i.e. Wei etlal. 2008). The site
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Table 1. VLA (23 GHz) and CARMA Calibrators and Beam3. Results

Properties
Below, we present an analysis of our CARMA and VLA obser-
Telescope Calibrators Beam  vations of K3-50A. We first discuss the radio continuum prepe
Bandpass Phase Flux HPBW(PA tjes and how we derived the ionized gas mass from it. We then go
VLA 2253+161 2025337 3C286  0.320.28, 76 g 1o describe how our H4dobservations support the previous

CARMA  2148+069 2015372 MWC349 1.8@1.50, 8%
The continuum rms noise levels are 0.96 and 6.8/bhehm for the
VLA (23 GHz) and CARMA (90 GHz) observations respectively.

claims of a bipolar ionized outflow in this region and how, on
small scales, this ionized outflow iffacting and entraining the
molecular gas around it. We finish by briefly describing thigea
scale HCO. In Figure[1 we show the zeroth, first and second
moment maps of the molecular gas observed with CARMA. In
the left panel we show the integrated intensity of the HQE1-
NOISE source (a transmitter on the CARMA site) was used fbemission along with the 14.7 and 23 GHz continuum emission
help bandpass and gain calibration as its signal is strdales from the HIl region. In the right two panels we show the ve-
and well characterized. Bandpass calibrations were firstech locity dispersion or second moment (top) and intensity Wwesid
out on the local NOISE source in the wideband spectral winelocity or first moment (bottom) of the HCQver plotted with
dows, and these calibrations were applied to the wideband & GHz continuum emission contours.

servations of the bandpass calibrator. These spectralowisnd

were then bandpass calibrated using the astronomical haadp

calibrator (as listed in Tablel 1), and this bandpass cdidna 3.1. Continuum emission and ionized gas mass

was applied to the narrowband spectral windows. The same pro

cess was then repeated for the narrowband windows on the bafjgh 14,7 and 23 GHz continuum emission observed at the VLA
pass calibrator and further applied to K3-50A.The flux aalib ;.o presented as black and grey contours (respectivelyrialp

tor, MWC349, was assumed to have a flux of 1.29 Jy at 90 GRz, of Figurél. The detailed structure of the 23 GHz continuu
The calibrators and beam statistics can be found in Tabledr. Ogmission is also shown by grey contours in the kiitst mo-

i ! fent map of Figur€l3. The integrated and peak flux densities
CARMA data were calibrated using MIRIAD. of the continuum emission are given in Tafle 2, along with the
Four of the six spectral windows were combined to detegteconvolved full width at half maximum sizes of the emittieg

mine the continuum emission, and the other two were used ffions. In addition to the continuum values derived from oLAV
line emission. H4& was observed in the upper sideband at 92.@hservations, the 90 GHz continuum observations with CARMA
GHz, while HCO (J=1-0) was observed in the lower sidebandre also shown by black contours in panels (b) and (c) of Eigur
at89.188 GHz. The bandwidth in each narrowband spectral wWifiand the first moment maps of Figilile 3.The 90 GHz continuum
dow was 31 MHz, with a spectral resolution of 0.488 MHz (1.groperties are listed in Tallé[2. De Pree et al. (1994) déteuin
kms™). the emission measure (EM, %80% cm® pc), electron temper-
For the continuum emission, the observed spectral wiature (T, 8000 K) and electron column densitge( 7.9x10*
dows were concatenated together in the UV plane, and then ieha~3) for K3-50A. We used the emission measure and temper-
aged. Self-calibration was done in both phase and amplitudéure to determine the continuum optical depth at 14.7 and 23
For H4ly, imaging and self calibration were done in a simiGHz to be 0.67 and 0.26 (respectively) using equation 10£36 o
lar fashion for the single spectral window. The two nights dfVilson et al. (2009). The continuum optical depth at bothr14.
HCO" observations were best self calibrated separately, and tied 23 GHz is less than one, however it is not completely opti-
combined while inverting the visibilities to the image ptan cally thin (r < 0.1). We will however, for the sake of simplicity,
Attempts to self calibrate the bright and large scale H@@is- assume the 23 GHz emission €& 0.26) is optically thin for
sion using the small scale continuum did not work. Howevetalculating the ionized gas mass.
using the strong ling emission itself to self calibrate was-s
cessful. The resulting map is consistent with the lowerlcgzm
map of Howard et al! (1997). The CARMA continuum, ionize

The mass of ionized gas in the HIl region can be determined
ﬁsing the relations derived in Mezger & Henderson (1967h wit

: . % GHz continuum, assuming the continuum is optically thin.
and molecular gas datasets were inverted using robust tvei Bz - : : :
. . : : ‘Galvan-Madrid et al.| (2008) extrapolated this equationttzer
ings of 0, -2 and 2 (respectively) which yielded the bgsta;ignf equencies, and we use th()air equgtion to deriveqthe massof i
to noise ratio for each component, each of which emits on dpé—ed as in ,the HIl region as traced by the 14.7 and 23 GHz
ferent size scales. In the continuum, HG@nd H4x maps, we 9 9 y ’

: . . continuum observations. We used a source diametef (321
f(irg;'s\e'ggf;lr;?le channel noise levels of 6.8, 55, and Sgedyn pc) for these calculations as that encloses all of the 23 Giig-e

i ) . _ sion, and roughly corresponds to the 20% power annulus of the
VLA B configuration observations of the 23 GHz continuum 4 7 GHz continuum, and the characteristic shell described

were taken on 16 and 17 September 2006. The data were redif§g(pree et all (1994). The integrated fluxes listed in Table@w

in CASA, and both JVLA outfitted antennas were removed frofjseq for this calculation. We find the two datasets give iehiz

the dataset. The calibrators and beam statistics are shmwrhés masses of 8 and 7.1;MNote that the emission at neither

Table[]: Th_e source was sglf-cghbrated an(_j imaged using "eéquency is completely optically thin, but as the opticapth

ural weighting. The rms noise in this map is 0.96 fb&am. 4 23 GHz is lower by a factor of three, we use the ionized gas

The archival VLA 14.7 GHz continuum obs_ervat|0ns present(ﬂﬂqaSS derived from that emission (8M We did not calculate

inDe Pree et al. (1994) were reprocessed in AIPS. The contifa jonized gas mass from the 90 GHz continuum because there

uum emission was derived from the 18 line free channels of tﬁepotentially a thermal dust component at that frequencg, a

31 channel bandpass. The final continuum flux was within 2fe SED is not well enough constrained on small scales to dis-
of that given ir. De Pree et al. (1994). The rms noise in this MR guish between the two components.

was 0.64 mJfpeam

2
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Fig. 1. HCO" in K3-50A. (a) HCO (J=1-0) integrated intensity with VLA 14.7 and 23GHz continuaamtours in black and grey.
The contours are 3, 10, 30, 100 and 300 times the rms noisis lgiven in Tabl¢1l. The color scale has units of Jy befakm s,
and the beam is shown in the bottom right corner. (b) H@&locity dispersion map. The color scale has units of khesd shows
a sharp change in velocity dispersion at the edges of thedglbn. The black contours here show the 90 GHz continuumasaad
3, 10 and 30 times the 90GHz continuum rms noise (6.8 mJy bBafa) The HCO intensity weighted velocity map. The color
scale units are knT$, and the contours are the same as in panel (b).

Table 2. Measured Continuum Parameters lower than that in the H7® transition (by a factor of a few
hundred), and falls well below our channel width. This makes
Freq. Flux Density Noise Mass Deconvolved FWHMuantifying the ionized gas dynamics at (sub-)mm wavelenigt
(GHz) Integrated Peak ) "X PA_more straightforward, especially when, at higher freqiesc
90 85 32 684 % 2.0%1.89 -34. the ratio of the RRL to continuum emission is also much more
23 7.1 0.3 0.96 8 19218

favourable for detecting line emission. For our Hdline, we

14.7 4.8 2.1 _ 0‘6_4 _ 71 blpolar&extendeduse a FWHM of 50 km & which is smaller than the 80 km
Imegrated anq peak qu>.( den5|t|es (in units of.Jy gnd Jy béaespec- sl FWHM of the H76y line as measured from panel (b) of
tively), rms noise level (in units of mJy beah), ionized gas mass, and Figure 7 in[De Pree et al. (1994). Since the pressure broaden-

deconvolved continuum size . . .
4lonized gas mass not calculated at 90 GHz due to multiple stomis ing of the line should be much lower in Hdlhan H76G, the

components contributing to the integrated flux (i.e. fremefand ©ONly slight decrease in line width (from 80 to 50 km' sug-
thermal dust). gest unresolved dynamics in the gas. Using equation 14.29 of

Wilson et al. [(2009), we calculated that at 92 GHz, the line to
continuum ratio isT_ /T, = 0.6 for a line width of 50 km st

(see Figurél2). Because of thfeets of less pressure broaden-
ing and relatively brighter lines at 90 GHz combined with our
Previous observations of H#6showed a velocity gradient higher velocity resolution (1.7 knts compared to the 8 kn$
within the HIl region in K3-50A. The direction of the velogit Of IDe Pree etal. 1994), we are able to better constrain the ve-
gradient was consistent with the direction of the bipolab-nelocity gradients in the ionized gas of K3-50A.

ula leading De Pree etlal. (1994) to suggest that there isman io  In Figure[3 we show the dynamics of the small scale ionized
ized outflow coming from this HIl region. With significant Bn and molecular gas. The middle panels show the first moment
broadening due to pressure, dynamical properties in tHeédn maps of the H4& and HCO emission. Discussion of the molec-
gas are hard to quantify at these low frequencies. Howekes; p ular gas dynamics on these size scales follows below in@ecti
sure broadening varies with (the electron orbital number) to[2.3. The two grey lines over plotted on the first moment maps
the power of 7.4 (e.g. Brocklehurst & Seaton 1972). For &41show the cuts used to create the two position-velocity (R&) d
the line width contribution from pressure broadening is mugrams in Figur&l3. One PV diagram is taken along the direction

3.2. H41a tracing the ionized outflow
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der Marel et al. 2013) these studies show that thEedinces

‘ ‘ between momentum calculations using a characteristicitglo

20 ] as was done here, or summing the momenta over each channel,
only vary by a factor of a few. A likely larger source of uncer-
tainty in our momentum estimate comes from the distance un-
1.5 | certainty, as the mass varies a&°D

H41a Spectrum

FWHM | 3.3. Small Scale HCO": tracing an entrained outflow

1.0
As shown in panel (b) of Figufd 1, on small scales, the vejocit
dispersion of the HCOincreases dramatically, from 4 km's

0.5¢ 1 to upwards of 20 km. This increase in velocity dispersion is
unlikely to be due to thermal broadening (which would requir
a temperature of K, too hot for molecular gas to be present),

Flux density (Jy beam™)

0.0 and is likely due to the molecular gas being stirred up by some
60 40 %0 0 50 thing. We discuss below how it is the ionized gas agitating an
LSR Velocity (km s™!) entraining the molecular gas.

In the HCO first moment map of Figurlg 3, we zoom in on
Fig.2. H4le spectrum integrated over the 90GHz continuunhe region of high velocity dispersion, and highlight it kvian
region. We highlight the line FWHM with a grey line. empty white circle. The two white points on the plot show the
positions used for the spectra plotted in the same figure. The

. . I . colourscales in the PV diagrams show the HG#nission along
of the H41r velocity gradient (labelled with its position angle ofy,4 1o grey lines shown on the first moment map. The high

140, and presented in the same figure) and one perpendiculag i@, ir dispersion gas shows its large velocity rangesathb
It (Iqbelled .W'th Its position anglle .Of 2_30and presented to th.ediagrams. In the cut taken along the ionized outflow directio
left in the figure). The HA4 emission is shown as coNtours iNyapelled as 149, there is a velocity gradient in the molecular
the PV diagrams. . . __gas which we highlight with a blue line. This NW-SE veloc-
~ In the first moment map there is a clear velocity grad|e|-ﬁ gradient extends from -28 knt5to -16 km s, and is ap-
in the H4lr seen along the same direction first presented oximately two synthesized beams across. While the wgloci
De Pree et all(1994). We find a velocity gradient of shift is smaller than that in the ionized gas, the velocitg-gr
dient AV/AR= 12 kms'/0.084 pc= 14223 km st pc?)is

AV o5Kkm s the same as that derived for H4above.
— = ———— =120+ 13kmspc? (1) A diagonal line in a PV diagram is indicative of a veloc-
AR 0.21pc ity gradient due to either rotation or outflow. We reject toe r

tation hypothesis because if the velocity gradient were tdue
. ; . R plerian rotation, the data would suggest a mass of 15000 M
half of the velocity resolution Of. t.he observations and dEDR  \vithin 0.2 pc. This is much larger than the 2 60Q ldreviously
aga_ted n quadra_ture. The position angle of the Vgloc!tyj'graﬂcalculated for the large scale envelope of K3-50A (Howaral et
entis~ 140 an_d_ IS sh_own by one of th"?‘ grey lines in _FlglIfe $1997). Thus, the velocity gradient must be due to outflow mo-
Quantitatively, it is unlikely that the gradient is due tdation. If ions.
we were to assume it were due to Keplerian rotation would |nc¥| Under the assumption that the high velocity dispersiongas i
cate an enclose_d mass ofB)* Mo, more than 10 times the massoutflowing, we calculated the outflow properties shown inldab
of the surrounding parsec scale envelope as traced by'H&@ 3 f

; . rom the mass and velocity of the outflowing material. Using
SectiorL3.4). In the first moment map of I—ltAm/e show the ve- o same assumptions as described below in Secfidn 3.4-to cal
locity shift across the sourcay{ = 25 km s+). Using a charac-

Y ! . ; culate the molecular gas mass from the HGnission within a
teristic velocity of half of the total velocity shift (12.51ks™?), g

diameter of 2.8 (where the velocity dispersion is high in panel

and the mass of ionized gas calculated from the 23 GHz conttg) of Ei . =
SR - . gurdl), we determine an outflow massvf,=4.6 M.
uum emission in Sectidn 3.1 (8§ we determine an outflow The characteristic velocity (half the total velocity shidif this

AR A :
momentum of 100 Mkm s . Using the size in Equatidd 1, We(jutflowing molecular gas i¥o,=6 km s. From these mass

determine an outflow force ayeraged over the area presemte Ad velocity estimates, we calculated the total moleculéitaw
the bottom middle panel of Figuré 3 using '

where the uncertainties are derived from 0.2 of a beam,

momentum:
— — —1
£ _MV2 _ 8Mo:(125kms’)? @ P = MouVour = 28 Mo ks @
R 0.21pc This momentum derivation method, which is consistent with t
= 6.0x10°3Mokmstyrt (3) way the ionized momentum was calculated, yields similarltes

to summing the momentum in each channel (24 ki s1).

We cannot use the method for determining the momeAdaditionally, we calculated the total outflow mechanicaéegy
tum generally used for molecular gas (of summing the méE = 0.5Mou V3, = 1.6 x 10%° erg) and outflow force (32103
menta in each channel) because our ionized gas mass wasMlg-km s yr~!, see equatiof]2), where we used a radius of
rived from the continuum. We also note that there are studig®5” (R=0.0527pc). All of these values are derived assuming
of the diterences between various methods of determining otite HCO  is optically thin. We cannot constrain the opacity of
flow momentum and force, and that for low mass sources (ethe HCO because we were unable to observe an optically thin
Cabrit & Bertout 1990, 1992; Downes & Cabrit 2007, and vatracer in our observing setup.
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Fig. 3. First Moment Maps. The middle two panels show the first moment maps of the H@Qp) and H4% emission towards
the center of K3-50A. with their spreads in velocities naaéthe top of each panel. The two grey lines show the cuts usdté
two PV diagrams shown to the left and right. The labelled bats in the H4& map show the positions of the four IR sources in
Okamoto et al. (2003) which are likely high mass protostiing black contours show the 90 GHz continuum emission asrielpa
(b) and (c) of Figuréll, while the grey contours show the 23 @btztinuum (at 10, 30, 100 and 38) The red circle at the bottom
right shows the synthesized CARMA beam. The white dots ottB®" map show the positions used for the two spectra displayed
here.PV Diagrams. The two PV diagrams show the ionized (contours) and molegatdourscale) emission along the outflow
direction (at a position angle of 140as well as the emission perpendicular to it (at a positiagleanf 230). The yellow line in
each panel shows the source center, and it is clear thatithareelocity gradient in the high velocity dispersion gag 4. The
large scale rotation at a position of 23@anifests in the low velocity dispersion emission. Thedeaity gradients are highlighted
with blue lines.

3.4. Large scale HCO": tracing the rotating envelope sion (r = 1), we derive a gas mass of 217% N his value is con-
sistent with the lower resolution observations_of Howardlzt

The large scale HCOaround the HIl region in K3-50A appears(199‘7)'

to be undergoing bulk dynamical motion as shown by the veloc-

ity gradient in panel (c) of Figufd 1, and the left PV diagrain o

Figure3, where itis highlighted by a blue line on’i&ales. Our

observations show coherent flows over the 1.2 pc extent of the We determined characteristic velocities for the HOGbes
HCO" emission. These large scale structures are consistent witthe east and west of the ionized outflow from first moment
those of the HCO J=4-3 observed with the JCMT (at 15es- maps averaged over each lobe. The velocity was multiplied by
olution) byl Klaassen & Wilsan (2008). The BIMA observationshe mass of the lobe to determine its bulk momentum. Summing
of [Howard et al. [(1997), also in HCQJ=1-0, are well repre- the momenta over the two lobes, we get a total cloud momentum
sented by a rotating torus of gas with an outer radius of 0c75 @f ~7 000 My km s*. The combined mass and momentum, as
Using an HCO abundance of 381078 with respect to Hand traced by our interferometer observations, suggest thgsgts

an ambient temperature of 45 K previously determined far thieservoir is too large to be the result of an outflow (c.f. Walet
sourcel(Howard et &l. 1997), and assuming optically thickkem2004).
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4. Discussion Table 3. K3-50A outflow properties compared to other sources
As shown in_De Pre_‘e et al. (1994), and in Figlie 1, K3-50% Source o SIO Molecular Outflow Properties
shows a large scale ionized outflow. We have presented aalcul detection Mass  Momentum Energy
tions for the velocity gradient (120 km’spct) and momentum (1P L)  (Y/N) (M) (Mo kms?h) (10 erg)
(100 My, km s1) in this ionized outflow. On small( few arc- K3-50A 2 yabd 2.6 28 1.65
sec) scales, the ionized outflow is interacting with itseund- ~G10.66-0.40 1.7 Y© o 670 50°
ing molecular gas. This interaction has increased the HG®  G10.4%0.03 1.4 Yad 15¢ 1110 81°
locity dispersion on these size scales (to 20 kif,sand has G48.610.02 1.3 Ye 59¢F 2550 118
entrained some of this molecular gas into a small scale outflo G19.6:-0.23 1.7 Y¢ 200 1740 15¢

This molecular outflow has a velocity gradient of 142 km s Comparison with outflows from other high luminosity (. L,) star
pct and a lower limit to its momentum of 28 )Mkm sX. The forming regions. Note that the outflow properties for the panson
spatial and dynamical coincidence of the ionized and melecgpurces also assume optically thin emission.
lar outflows indicates a common origin fqr the two Oumowﬁ?eferenca (a) KKlaassen & Wilsan| (2007), (b) Howard et al. (1997),
That the momentum and force are lower in the molecular OUky [[opez-Sepulcre et Al (2009), () Klaassen & WilsbnOgo (e)
flow suggests that the ionized outflow is entraining the meledkjaassen et all (2012)
lar one, and only transferring a fraction of its momentunhie t
molecular gas. This outflow entrainment mechanism is very di
ferent from the canonical outflow scenario in which the maigne
fields are responsible for generating an outflow, but is cbest
with processes identified in simulations with ionizatiorede
back (Peters et al. 2010) and is described in detail in Peteals
(2012). L , 5. Conclusions

In these ionization-driven outflows, the thermal pressidre o
the ionized gas ejects fountains of molecular material@edjc- We have quantified the small scale ionized and molecular gas
ular to the accretion disk in which the massive star is embgdddynamics in K3-50A, and show that we are likely seeing ev-
During this driving phase, the outflow consists of a denseiol idence for an ionization driven molecular outflow. The small
ular shell with an ionized interior. However, since H Il regs scale molecular outflow observed for the first time in thisrseu
flicker on a short timescale as long as the powering massigeorders of magnitude smaller than the more traditionadyp
star is still accretingl (Galvan-Madrid et al. 2011), thetfow ~ ered outflows seen from sources of comparable luminosiig, Th
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Appendix A: HCO * Channel Maps
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Fig.A.1. Channel map of small scale outflowing HEOThe
black circle here is the same as the white circle in the HCO
first moment map of Figuifd 3. The number in the top left of each
panel shows the central velocity (in km'yof the channel being
shown.
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