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ABSTRACT

Context. HH 30 is a well-known Pre-Main-Sequence star in Taurus. Hi8Seovations have revealed a flared, edge-on disk driving a
highly-collimated optical jet, making this object a casadstfor the disk-jet-outflow paradigm.

Aims. We searched for a molecular outflow, and attempted to battestrain the star and disk parameters.

Methods. We obtained high angular resolution 1) observations of the dust continuum at 2.7 and 1.3 mm, arntedf€0O J=2-1,
18CO E2-1 & J=1-0, G80 J=1-0 emissions around HH 30. A standard disk model is used tioeflCO J=2—1 uv-plane visibil-
ities and derive the disk properties, and the stellar massadAhocoutflow model is used to reproduce the main properties of the
12C0O J=2-1 emission.

Results. The rotation vector of the disk points toward the North-Easjet. The disk rotation is Keplerian: Using a distance4fd fic,

we deduce a mass of 0.45Mor the central star. The disk outer radius is 420 AU. A higilymmetric outflow originates from the
inner parts of the disk. Only its North-Eastern lobe wasctett it presents to first order a conical morphology with alg0f opening
angle and a constant (12 kmtyradial velocity field. Outflow rotation was searched for bat found. The upper limit of the outflow
rotation velocity is 1 kms at 200 AU of the jet axis.

Conclusions. HH 30 is a low mass TTauri of spectral type around M1 and age4lMyrs, surrounded by a medium size Keplerian
disk, of mass around 4 1®M,,. It beautifully illustrates the jet-disk-outflow interémm, being so far the only star to display a jet
and outflow connected to a well defined Keplerian disk, butaés/a surprisingly asymmetric (one-sided) outflow despitaatively
symmetric jet. Furthermore, these observations do notlenatassign the origin of the molecular outflow to entraintrey the
optical jet or to a disk wind. In the latter hypothesis, theklaf rotation would imply an origin in the inner 15 AU of thes#ti
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S 1. Introduction (e.g.HH 30: Burrows et dl.[(1996), GM Auriga: Stapelfeldt &
The WFPC2 Science Tearp (1$97)).

Most of pre-main-sequence stars also show an ejection
matter. In several sources, optical linear jets are olesker
through the emission of forbidden atomic lines. Interegyin

3acciotti et a. [2003) anfl Geey et al. [2004) have detected

possible rotation signatures in at least four jets (DG Tat1278,

“During the last decade, the properties of the circumsteltar
(x)vironment of pre-main-sequence (PMS) stars have been-extS]n
sively studied. Millimeter arrays, such as the IRAM Plateiau
Bure interferometer, routinely provide CO line and continu
0 images of low-mass PMS stars which show that many of th

oare surrounded by largB{, ~ 200-800 AU) disks in Keplerian RW Aur, LkHa 321): They have observed systematic velocity

rotation €.g.Koerner et gl 1999; Dutrey et[dl. 1994; Mannings; N . : )
86,[ al [199F'{ Guilloteau & Dutrdly 19p8; Simon ef . 200). Fqﬁlﬁerences between opposite sides of the jet axis. Indeed, ro

several sources, the angular resolution and sensitivitiyeobb- ation of the jet is predicted by magnetocentrifugal modsls
1 : g accretion-ejection[ (Konigl & Pudrit 200¢; Shu_ef k. 4000)

= servations enable to fit disk models to the data, hence @onstr rough the coupling of the outflowing gas to the helicoidal
()ing physical parameters of the disk, and even the mass of éﬁﬁjcture of the magnetic field. In younger, more embedded
QO central sourcd (Dutrey etlal. 2006,and references theifnije rces, large molecular outflows are observed, mainiyitiiro

O mm continuum observations are sensitive to the dust therrrls]ffa)z!\‘I emission of the rotational lines of CO and its isotopo-

O o o ) o ool bt Iogues [Aice i (200 an rferences teran). Thoseano
y P ular outflows are usually identified with ambient moleculasg

f[jrizk dsi;:fi"‘t‘gglfégélniggdégreﬁtagsil algaslz.lgntgis{rs]f? ija?gggolqhat has been entrained and thus put into motion by the under-
q pf@‘/ing protostellar jet. In any case, it is particularly irgsting

to check whether a rotation component is present in molecula
outflows.

Send g@print requests toJ. Pety, e-mailpety@iram. fr
* PdBI is operated by IRAM, which is supported by IN&NRS In this context, one of the most interesting objects is the
(France), MPG (Germany), and IGN (Spain). young PMS star HH 30, located in the Taurus molecular cloud
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Table 1.Observation parameters.

Phase center a,ggo= 04'31M37.47°  Sp000= 18°1224.2”

Molecule & Line  Frequency Beam PA 6V 1o noise leveld  Int. Time®  Obs. Date
GHz arcset ° kms! mJyBeam K hours
HCO" J=1-0 89.188 4£¢8x333 48 0.4 10 0.11 6 1997-1998
2C0O J>2-1 230.538 IT8x116 14 0.4 29 0.32 6 1997-1998
C'80 J=2-1 109.782 2A9x282 35 0.3 9 0.09 14 2000-2002
BCO k1-0 110.201 3A8x281 34 0.3 9 0.09 14 2000-2002
BCO k2-1 220.399 BOx156 26 0.3 22 0.20 14 2000-2002

a The rms noises are computed from the channel maps featquig.iﬂ an(ﬂ?;j.e. using natural weighting and thi#& channel resolutions of the
maps. The original correlator resolution are between 3 aés higher than the one shown here.
b This is the totabn—sourceobserving time of useful data as if all observations wereedsith 5 antennas.

at a distance of 140 pc.[Burrows et 3I[(19P6) obtained spedrack was shared between several close-by sourcestctale
tacular images with the Hubble Space Telescope that revealeon—sourceobserving time dedicated to HH 30 was about 6 hrs.
flared edge-on disk of diameter450 AU, separated in two partsThe rms phase noises were between 8 arfda23.4 mm and

by a dust lane, and a highly-collimated jet emanating oubef tbetween 15 and 50at 1.3 mm. This introduced position errors
central region. Since then, the HH 30 disk and jet have besh stof < 0.1”. The seeing, estimated from observations of the cali-
ied in many details€.g.Bacciotti et a]| 1999} Stapelfeldt et|al.brators, was- 0.3”. Typical resolutions are.8” at 3.4 mm and
1999;|Wood et dll 200Q; Cotera et pl. 2p01; Wood ¢} al. 20024 at 1.3 mm.

Watson & Stapelfelflt 2004). Stapelfeldt et 4l. (11999) repor
variability and asymmetry in the emission from the circushst )
lar disk by comparing HST optical observations performed bé-2- 13CO, C*%0 and continuum at 2.7 and 1.35 mm

SSibk? gects on the disk was investigated od ¢t akt pdBI with 5 antennas in CD configuration (baseline lengths
(2000). This source is a unique candidate to probe the compigom 24 to 176 m) in December 2000, February 2001 and March
interaction between the disk, the jet and the outflow. 2002. The ¢80 J1-0, 3CO X1-0 and3CO X2-1 lines

However, HH 30 has been poorly investigated at mm wav@ere observed simultaneously using the 3 mm receiver (tahed
lengths so far. This is probably due to the confusion arifiom  109.9 GHz) and the 1 mm receivers (tuned at 220.4 GHz). Three
the HH30 parent molecular cloud, which increases the comg MHz correlator bands were centered on tHE€GC J=1-0,
plexity of any detailed observations using the emission Of C13co 3=1-0 and'3CO £2-1 lines. Two bands of 320 MHz were
isotopologues. Thé’CO emission of the cloud is expected tq;sed for the 1.35 mm and 2.7 mm continuum, respectively.
be optically thick, hence hiding significantly the disk esiis. The rms phase noises were between 10 arida2®2.7 mm
BIMA observations of thé*CO J=1-0 emission in the environ- 44 petween 20 and 5at 1.35 mm. Théotal on—sourc@bsery-

ment of HL Tau (Fig. 2 of Welch et }. 2000) shows that HH 3thg time was about 14 hrs. Typical resolutions afea82.7 mm
is located in the south edge of a shell driven by XZ Tau. Stilynq 177 at 1.35 mm.

the remarkable properties of HH 30 makes it a textbook case fo

the study of the disket system in young PMS stars, and we have

therefore decided to use the IRAM Plateau de Bure interferon®.3. Data reduction
ter to perform high angular resolution (I"’) observations of the
emission of the circumstellar material surrounding HH 38dm-
eral CO isotopologues lines. In this paper we present thetses
of this study and the analysis of the thermal dust and madecu
line emissions of the disk and the outflow.

All data were reduced using thepas softwares supported at
IRAM (Pety [200F). Standard calibration methods using close
Falibrators were applied to all the PdBI data. Images weoe pr
duced using natural weighting of the visibilities for thedimaps
and robust weighting for the continuum maps.

The 1.30 mm and 1.35 mm continuum observations were

2. Observations and data reduction merged (after flux correction using a spectral index of 2s22,
1 ] Section] 3.3) to produce a map of higher signal-to—noise imati
2.1. **CO, HCO" and continuum at 3.4 and 1.3 mm Fig.[1. The channel maps presented in Fis. 2[nd 3 include the

First PdBI observations dedicated to this project werdeaout  CONtinuum emission because itiis this caseweak compared

with 5 antennas in BCD configurations (baseline lengths fro¥9 the line emission. It has nonetheless been subtractexenef

24 to 280 m) during the winter 198098. The observations ''ting the disk (cf. sectiofi 4.1).

were performed simultaneously at 89.2 GHz (HC21-0) and

230.5 GHz t?CO J=2-1). One correlator band of 10 MHz was

centered on the HCOU=1-0 line. Another band of 20 MHz was 3+ Results

centered on th&CO J=2—1 line. Finally, two bands of 160 MHZ A|| gpserved lines were detected although with versfetent

were used for the 1:3 mm and 3.4 mm continuum, reSpeCt'Velé‘trengths?ZCO JF2-1,13CO Jk1-0 and3CO J=2—1 emissions
Those observations were part of the survey of protoplane-

tary disks which is described Hy Simon et 4l. (4000). The in-! Seehttp://www.iram. fr/IRAMFR/GILDAS for more informa-

terferometer was operating in track sharing maae each 8h— tion about thesipas softwares.
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Fig. 1. Left panel: Contours of th#CO J=2-1 emission of HH 30 are plotted over a composite HST image &hd 787.7 nm, see
Burrows et %Illmm. Emission is only integrated at extremlecities € 4 kms™ and> 11 kms?) to avoid contamination by the
disk emission. Contours are at the 3-sigma level (48/Belgm) and the spatial resolution i23x 0.75” PA 31° (compared to a
pixel size of 01” for the HST image). Medium panel : Superimposition of 3-sglevel contours 1) of the outflow emission as
traced by thé?CO(2—1) emission integrated at extreme velocities (cf.gahel) and 2) of the blue—shifted from 4.6 to 7.2krh's
(blue dotted line, 29 mJgeam) and red—shifted from 7.2 to 9.8 km ¢red dashed line, 29 m@®Beam) emission of the disk as
traced by thé*CO(2-1) line. The spatial resolution of th%CO map is 157 x 1.35” PA 25°. Right panel: Superimposition of the
3-sigma level (1.4 mJBeam) of the merged 1.30 mm and 1.35 mm continuum emissiartioeesame composite HST image. The
spatial resolution is.29x 0.91” PA 33.

Table 2. Continuum fluxes and sizes as a function of the frequency.

Frequency Wavelengths Flux Gaussian FWHM Gaussian PA  B&&rNF Beam PA
(GHz) (mm) (mJy) 0 ©) @) ©)
89.2 340 B5+05 < 2 (i.e.unresolved) — £8x% 3.33 47
110.0 265 3B+02 < 2 (i.e.unresolved) — B6x% 2.25 36
220.4 135 18+07 128+0.10x053+0.12 -51+ 6 182x 116 16
230.5 130 2»+14 110+020x0.62+0.12 -64+13 142x 1.22 30
220.4+230.5 1.351.30 173+0.6 126+0.11x0.58+0.09 -50+ 5 129x0.90 33

are strong while only weak'80 J=1-0 and HCO J=1-0 emis- 3.1. The molecular cloud
sions are observed. Continuum emission at 3.4 mm, 2.7 mm,

1.35 mm and 1.30 mm is detected, the source being resolvedo 3-1-0 channel maps (Fif] 2.b) show emission centered
only at 1.30 mm. Fig[]1 summarize our molecular and contign the optical disk on top of large structures, unrelateche t
uum observations of HH 30 superimposed over the well-knowtflow angor the disk. Those large structures are clearly seen
HST image [(Burrows et gJ. 1996). This figure clearly suggesgs thel*CO J=1-0 emission in the same velocity intervak(
that 1) the outflow is detected only through #€0 emission, 6 to 8.4kms?), both in the high spatial resolution PdBI data
2) the®CO J=2-1 line mainly traces the rotating disk (the ve(Fig. [3.b) and in medium spatial resolution but wide field—of
locity gradient along the major axis of the optical disk isr@dt  view BIMA data (Fig. 2 of[Welch et 4[ 20p0). However, they
signature of rotation), and 3) the mm continuum emission; Ceare not detected on tHECO J=2—1 channel maps (Fif} 2.a). We
tered on the optical dark lane, is thermal and originatemfrothuys identify those large structures with the surroundimgecr

the disk. Fig[P ang]3 present the channels maps of the four @ffar cloud. As the disk is expected to be hotter than the molec
served CO lines. Those channel maps are centered aroundiifag cloud, the'3CO J=2-1 line is mainly originating from the
HH 30 systemic velocity of the disk: 7.25 km'(cf. Sectior[}). disk while the'3CO J=1-0 emission shows both contributions.
Only channels where Signal is detected are Shﬂ)‘ﬂrfrom -0.2 Moreover, the molecular cloudfCO JE2—1 emission is ex-

to 13.8kms! for **CO J=2-1 and from 4.9 to 10.3kmfor pected to be optically thick, hence hiding any emission ftben

the other CO isotopologues. As a reference, the opticalldek disk/outflow system. Indeed?CO J=2-1 channels from 6.2 to
and jet directions as seen on the HST image are sketched70éin st are devoid of signal in the diglt directions on Fig[]3.
those figures with orthogonal lines. The interferometer has probably filtered out this emissien b
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Fig. 2. Line emission of the CO isotopologues in HH 30. From top tddrat **CO J=2-1,13CO J=1-0, and ¢®0 J=1-0 emissions.
The channel maps are centered near 7.25Kntlse HH 30 systemic velocity. Blue and red contours respelgtindicates the blue
and red-shifted channels. Channel width is 0.32 kimBlain and dotted lines respectively show positive and thegaontours.
Contour spacing corresponds teror 13CO J=1-0 and 32-1 and 2o for C*¥0 J=1-0. Noise levels and spatial resolutions may
be found in Tabl(ﬂl. The cross indicates the position andhtai®n 1) of the continuum emission at 1.3 mm and, 2) of thicap

jet.
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Fig.3.Same as Fid] 2 for the emission of tH€0O J=2—1 line. Spectral resolution is 0.4 kimtsand contour spacing correspond to
3 (cf. Table[]L for more details).

cause the size scale of the optically thick molecular clantse star and the systemic velocity as two orthogonal blue limes a
sion is larger than typically half the interferometer primaeam 2) the curves of the theoretical Keplerian velocity for a830M
(the well-known short—spacings problem). Finally, thessioin  star. Note that this is just an illustration: The stellar maalue
of C*®0 J=1-0 (the most optically thin line of this study) is veryand uncertainty are determined through the detailed diakyan

weak and peaks from 6.2 to 6.8 knt §Fig. E.c). sis described in sectio@.z. A clear signature of the Kégter
rotation of the disk is visible. However, some confusionsexi
. from the parent cloud. F3#CO J=2-1, this confusion is so im-

3.2. The molecular disk

portant that the disk emission stays undetected due to thecmo
Contrary to!3CO J=1-0 line, thé3CO J=2—1 emission shown in ular cloud between 6.2 and 7 kmisFor'*CO J=2-1, the confu-
Fig.[3 is clearly dominated by the circumstellar disk. Thekds ~Sion in the disk direction is important only for the 6.83, Ba&d
seen in thé3CO =2—1 emission from'5 to 10 kmst. The disk 6.19 kms? channels and minor elsewhere. The detailed mod-
is also detected in the same velocity range in @0 J2-1 e€lling of the HH 30 circumstellar disk described in sec %3
channel maps (cf. Fiﬂ 3). thus _mainIy base_d on tHéCO J=2-1 data in the velocity range

Fig.[4.a shows a Position-Velocity plot along the disk agis f devoid of confusion by the parent cloud.

12C0O J2-1 and'3CO J=2-1. We overplotted 1) the direction of
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. otz o ~atPA 322+ 1.0°, Burrows et g| 1996). Assuming a distance of
9y = ~0.044" | 140 pc, the fitted linear continuum FWHM14s175x 80 AU.
?EI zcz i i |
s & — §%:_>;_ el : 3.4. The molecular outflow
5 3 )t ~ The outflow is only detected in th#CO J=2-1 emission.

5 N | However, as said before, there is confusion with the disk and
| parent cloud emission at velocities close to the HH 30 syistem
velocity. Only the channels at extreme velocitigsi(km st and
. 2 o = . =11kms?) can be attributed to the outflow without ambigui-
ax () ties. The integrated image from the outflow and the disk age pr
Fig. 4. Position—velocity diagrams along the disk axis of th&ented in Figi6, showing that the outflow contributes abwistt
12CO J=2-1 (left panel, contour spacings set to 90 fBéam or @s much to the total flux as the detected disk and parent cloud.
~ 30) and'3CO J=2—1 (right panel, contour spacings set to 60 19 B clearly shows that the CO outflow is essentially one-
mJyBeam or~ 3¢-) emissions. The blue horizontal and vertica$id€d. While the North-East lobe is prominent, there is nasem
lines respectively indicate the systemic velocity and taeter Sion from South-West, except at low level (3 to 6 sigma) in the
of the disk as seen in the continuum. The red curves show ¥OCity range 7.8 to 8.6 kmi& In this northern lobe, th&#CO

theoretical Keplerian velocity for ad6 M, star. emission delineates a conical structure, whose apex dg@sci
(within the resolution of these observations) with the &ian-
10 e _ . tion. The semi-opening angle4s30°. The highly-collimated jet
= T, 006 | seen by the HST is located precisely on the axis of this coni-
D) R I - cal*?CO outflow, in agreement with the usual djsk formation
n f//)ﬁ%\ o ' . paradigm.
£ Lo l-/f;:i?:'\ N O 2 | - As expected from the edge-on geometry of the disk, the out-
£ °h \,\\@y \\ 1 3 oo | flow lies almost perfectly in the plane of sky. This is indedby
° T %//\J ‘ : _ | the outflowing gas being observed at both blue and red—ghifte
sf 5 N1 E L | velocities in the same (northern) lobe, as well as by theequit
WD ) r\l  low maximal velocities (only~6kms™). Indeed the extreme
. \LM.J L velocities, 1 and 13.2knT§ are almost exactly symmetric

& :_(

o

B
o
o
(=3

10 from the systemic velocity determined frd?CO (7.25 km s?).
Assuming the*?’CO emission arises from outflowing gas along
Fig. 5. Left: Integrated emission of the HCAQ=1-0lineinthe 5 the cone wall, with a constant velocity expansion, we can de-
to 8 km s! velocity interval. Contour spacing corresponds te 1 rive an outflow velocity of 12+ 2 km st and an inclination of
(15 mJybeam kms?). The cross indicates the position of thex 0 + 2°.
continuum emission at 1.3 mrRight: HCO* J=1-0 spectrum Although the molecular outflow is definitely observed as a
of the flux integrated over the ellipse shown as a red dasloaontconical structure emanating from timner part of the disk, CO
on the left panel (size: 10x 5”, with a major axis at PA-50°).  “clumps” also exist in projection along the jet axésg.7” NW

off the source as illustrated in Fig. 7.

3 Velocity (km.s '}

-
&
GR.A

With a critical density ofn, =~ 410cm3, the _

HCO*" J=1-0 transition is expected to be thermalized in protdt. Disk Model
planetary disks. This transition is also easily observedatec-
ular clouds with a sub-thermal excitation, and often detelet
in molecular outflows. However, the HGC@=1-0 emission in A standard disk mode[ (Pringfe 1981) was used to quantify the
HH 30 only comes from the disk as illustrated by Hig. 5. properties of the HH 30 circumstellar disk. This model asssim
an axi-symmetrical geometry, local thermodynamic eqiilim
3.3 The dust disk and the absence of a vertical gradient of temperature. Tenbe

" is phenomenologically introduced by adding a turbulenttivid
We obtained continuum maps at fourfidrent wavelengths: AV to the thermal width. Radial evolutions of temperature; sur
3.4, 2.7, 1.35, and 1.3 mm. All of them show emission coirface density and velocity are assumed to be power law normal-
cident with the HH 30 protostar position. This strongly segg  1zed at 100 AUT = Tigo(r/100 AU)™, X = Z100(r/100 AU) P
we are observing thermal emission from the dusty disk. On&ndV = Vieo(r/100 AU)™. A value of 0.5 for the velocity scal-
the merged 1.35 mm and 1.30 mm continuum map is Sho\jﬂg exponent/ Implles that the disk rotation is Keplerian. We
in Fig. [. As a first analysis, we fitted in thev plane a bi- further assume that the density profile follows a Gaussistnidi
dimensional Gaussian function in each data set. Resulgisre bution of the height above the disk plane with the scale height
played in table[]2. The continuum fluxes agree with previodd(r) being a power law of
measurements made at OVRO (Stapelfeldt & Padgett|1999). A 2
fitofa power lawS, = S100(v/100GHZzY¥, through the measured n(r, 2) = n(r) exp{— (i) } andn(r) = 2(r)
fluxes yieldse = 2.22+ 0.08 andS;p = 3.19+ 0.18 mJy. Low H(r) V. H(r)
frequency continuum emission is unresolved while a Gangiia
through the 1.35 mm and 1.30 mm merged data set gives a ge H, o (r/100 AU)" andn = nygo(r/100 AU)~S
of 1.26+ 0.11x 0.58+ 0.09” with a major axis at PA-50+ 5°
(i.e.a diskaxisat PA 40+ 5°). This orientation is consistent with which impliess = p + h (hydrostatic equilibrium would further
the orientation of the dark lane in the optical images (disk a imply h= 1+ v — g/2, seq Dartois et f. 2003).

4.1. Analysis method
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Fig. 6. Integrated emissions of tHéCO J=2—1 line in three contiguous velocity intervals: 1) blueftsll velocities where only the
outflow emits (left panel), 2) near—systemic velocities reheonfusion arises between the outflow, the disk and theldlmedium
panel), 3) red—shifted velocities where only the outflowtsrfiight panel). Maps have been rotated by 8@ckwise around the
disk center to bring the optical jet direction in the vertidaection as this eases the extraction of position—véjatingrams. This
defines a new coordinate system, namgghereafter. In addition to the horizontal—vertical crosstdieing the dark line and the
optical jet, a second cross is sketching a cone 6ff&0f-opening angle. The contour spacing correspondsatdiZ. from left to
right: 0.16, 0.18 and 0.16 Beam km s?). Fluxes estimated inside polygons following the- 2ontour (dashed lines) are from left
to right: 6.8, 7.0 and 8.3 Jy kms

Aesroged Ihtaiiiy Integrated Speclrutt - gisk outer radiusAv the turbulent line width, and the parame-
Wy Beam) ters of the power laws(¥100, v}, {T100. O}, {H100, h} plus a pair
{Z100, p} for each molecule transition and for the dust). Since the
= : whole model is described by a limited number of parameters, i

ozl q | | is possible to perform g? minimization in order to derive the
LTl | best-fitted values of each parameter. The fitting is perfdrine

: the uv plane to avoid any error introduced by the imaging and

deconvolution stages. Thé is thus defined from the flerence

between the observed and predicted visibilities:

T e

u,v,V

Veloeity (km /s)
Fiux {Jv)
e

model(, v, V) — observedy{, v, V) 2

O (uv)

Lh 8

5 10

Veloeity (km/s) where o,y is the noise associated to each visibility (see

Ty rrm——— AuEagsd TSt Guilloteau & Dutre}[1998). The minimization were done af-
{Iy/Beam km/s) (1y/Beam) ter subtraction of the continuum visibilities from the lineta-

o oz o« og  ble(for details, sef Pietu et]fl. 2906).

1t
B (")

The analysis results are summed up in Tafles 3[hnd 4. The
comparison between our best model and the observations is
shown in Fig[B for thé3CO J=2-1 line.

4.2. 13CO lines
4.2.1. Fit difficulties

gy (")

The near edge-on geometry of HH 30 makes this source a spe-
cial case. First, the model must properly sample the digkthi
: : . ness to adequately model the line emission. Second, theerumb
&x (") Veloeity (km/s) of independent data points is actually small since the eariss
Fig. 7. Spaial and kinematical propertis of ticO 321 St tealCC BRI us & 8 CEf e L and the
clum_p o_bserved along the Je,t axis: (a) '!',op lesty posmon—' scale heighH(r). In fact, the**CO J=2-1 line intensity depends
velocity diagram averaged orf’5< dy < 8”. (b) bottom left: o014y on the temperature in the expected temperature fange
Integrated intensity n the [0'3]. and [10'5'13.'5] knh gelocity HH 30, i.e. around 20 K for the linear scales sampled (Dartois
ranges.”(c) Bottom ’rllghUy posmon—velocny dlf_;lgram aver_agedet al.|é00t3). At any (non zero) projected velooitys, the line
on —9.5 <OX < 9.5 .”(d) Top I’I%ht: Spectrum integrated in theflux will mostly come from a radius = 100\/100/Vons)?, and the
—0.5" <6x < 0.5 x 5" < dy < 8” rectangle. total emitted flux will be essentially proportionalIgr)H(r)éV,
wheresV is the local intrinsic line width.

The model parameters are:the distance from Earth/, sg A further difficulty is the existence of contamination by the

the systemic velocity, PA the plane—of-sky orientati@g, the molecular cloud, and perhaps also by the outflow. We avoided
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Observation Model [Bifference  contamination by the molecular cloud by ignoring the vepci
------------ R 5 range from 6.2 to 6.8 knt$in the determination of the?. Any
contamination by the outflow would separate from the disk onl
] spatially, not in the velocity space. As the fit is done in the
e 2 . s | space, contamination by the outflow is unavoidable. Althoug
. the outflow contribution is most likely small, because eimiss
L : d B : .| at large velocities from the outflow region is not detectethim
e ' o4 1 fod4 1 13CO J2-1 channel maps (see F[§. 8), it may slightly bias the
. inclination towards lower values.

478 ! 478 " Fdve

0 | o 4.2.2. Fit steps and results
| . t R H L N
j;ﬂ:ﬂd; aE “6.0d 5 [H mE % We have performeg? global minimizations using the follow-
i A~ | A Y ing set of parameters: PA, Ryt to constrain the geometry, and
[ : ;I,‘—- | o ‘_,} L Vs, Vioo, v, to constrain the velocity power law, using fixed val-
' J GL 3 | | cr ues for the other parameters (see T{ble 3). The systemic-velo
P ity value of 7.25 km st quoted before comes from this step. We
5.5 e 4 g H ::E 3 =+ verified that. the rptation is Keplerian on the. p_air of paramet
ro ' [ (V100, V). This again suggests that any remaining confusion due
: - =l 1 E. to the outflow or cloud is small. We found HH 30 to be essen-
: @ i@ | [ TQ tially edge on, with a best fit inclination 81°. We nevertheless
= . = | ’ ~ fixed the inclination to 8%in all other fits to avoid the possible
Lo o s : d L 4 ... inclination bias due to the outflow contamination (see apove
frar - 0 Tl T [rat 7 We verified that all other parameters are essentially inadepet
[ . G _ on this small variation of the inclination.
C@_ : f\@ I ot ' The degeneracy between the remaining parameters cannot
ol

s

[
[,

B =S -'fﬁﬁl be fully removed with the available data. We thus assumed the
! IILI . height law parameters to bdi;p0 = 22 AU, andh = 1.25.

5 We then fitted the J1-0 and 32-1 lines of*CO simulta-
neously. We find for the temperature law: = 12+ 1 K,
7 5 . q = 055+ 0.07. The associatetfCO surface density at 100
[ 9= k== S N AU is about 916° cm™ (with a factor two uncertainty), but
Fot L I S § “ the surface density power law indg@xs less well constrained:
o i I d I ; p=~15+1.
He.ge 4 pabe 1 pBse ' Temperature and density power laws are less certain because
== B . 1) the simultanesous fit is only valid in the absence of strong

i— | | i vertical temperature gradient and 2) the constraint usgsan
few channels from the=I-0 line of13CO where the contami-
L . : 1 L 1 nation by the parent cloud is thought negligeable. We nbeert
['g.22 : g2 T e 7 less stress that our assumptions have essentially no in#iuieEm
[ 1| ; the main disk parameters )4, i, and Ry, which are well con-
B (B | L. | strained by the current data.

B ) T.An ] A -1

ot e, o

4.3. HCO" J=1-0 line

HCO" emission is detected from the disk, but with a relatively
low signal-to—noise ratio. There i® evidence of HCO emis-
sion either from the cloud or from the outflow. Accordinglyet
. HCO* data were analyzed in a very similar way to tAéO data,
Shoswitoautl fawiatioat Beaei...ow butall channels were included in the analysis. The resalts (
F 0 5 outer radius) agree within one sigma with those obtainechfro
SRA 7 13CO, but the error bars are large. In practice, only the HCO

Fig. 8.Channel maps of thHéCO J=2—1 emission. Observations,column density is constrained .from these observationsagJsi
best model and dfierence £ observation—-model) are plottedP =21~5 andRoy; = 400 AU, we findZ[HCO*] = 7.2 + 1.5 10"
from left to right. The coordinate system is native(equato- €M “ at 100 AU.

rial). The spatial resolution is8x1.6” at PA of 26. All contours

are equally spaced by a value of 45 m (2.5 at the spec- ; i

tral rgsolu};iolz of 0.6):1 kms). Blue gﬁlgared( contours repspec-4'4' Continuum Emission
tively indicate the blue and red—shifted channels whiledfaek We have high resolution continuum observations at foffedi
contours indicate the systemic velocity channel at 7.25Km sent frequencies. As the disk dust thermal emission is at leas
Plain and dotted lines respectively show positive and megatmarginally resolved and partially optically thin, we maytain
contours. The cross indicates the disk center as measurediindependent estimate of the outer radius and the surface den
the 1.3 mm continuum emission. A geometrical asymmewy<(5 sity. Matching the surface density found in this process with the
contours in the dference maps) is detected in the blue—shifted

part of the disk, close to the systemic velocity.

e ()
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one derived from th&3CO data enables to derive the abundance
of 13co.

We used the disk model derived from tF€O data and the
four continuum measurements to constrain the dust entigsivi
index, B, and the surface densiBoo assuming the emissivity
law is given byk(v) = 0.1(v/10'Hz)? cmPg~. We made a global
x? fit using the following four parameterBoy, 8, Z100 andp.
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Table 3. Comparison of mm and opti¢galIR properties. The upper part of the table shows parametecse value is robustly
deduced from the millimeter data (geometry, velocity lavd atellar mass) while the bottom part displays parametassell
constrained due to the limited vertical resolution of thige-on disk. Most parameters are deduced from the analfygie 8CO
emission, except for the parameters of thesdrface density law deduced from the continuum emission.

L Burrowset=l coteraetdl. wood etal.

This work (*CO & continuum datp ' (pood)
(L99p)HsT (poohHsT HSTESED
Assumed Distance D (pc)= 140 140 140 140
Systemic velocity Vigr (km.s?) = 7.25 +0.04 — — —
Orientation (disk axis) PA () = 32 2 32 32 32

i(°) = {81 +3 (Best fit) 82.5 84 (assumed) | 84 (assumed)

Inclination (disk plane) 84  +3(Canonical fit)

. _ 250 (Canonical fit)
Outer radius Rout (AU) = 420 25 { 425 (Best fit) 200 (assumed)| 200 (assumed)
Turbulent linewidth Av(km.s')= 0.23 +0.03 — — —
Velocity | V(r) = V. )Y
elocity law: r)= (—)
ity law () 100\ T95°AU
Velocity at 100 AU Vigo (km.s1)= 200 +0.09 — — —
Velocity exponent v= 050 =+0.06 — — —
Stellar mass M. (Mg)= 0.45 =+0.04 0.67 (assumed) 0.5 (assumed)| 0.5 (assumed)

r -h
Scale Height law:H(r) = Hmo( )

100 AU
Scale Height at 100 A Hio (AU) 22 22 (= 155V72) 21 (= 15V2) 24 (= 17V2)
Scale Height exponent h 1.25 (assumed) 1.45 1.29 & 58/45) | 1.25 (assumed

100 Al
Temperature at 100 ALW T100 (K) 12

c

r -q
Temperature law: T(r) = Tloo( )

[

34 (Disk surface) — —
0.07 0.1=3-2h) 0.4(=3-2h) 0.5E=3-2h)

(6]
+ H

Temperature exponent q=~ 05

. r 7p
H, Surface Density lawZ(r) = 2100(—)

100 AU
Surf. dens. at 100 AU Tio(cm?) = 36 +0.6 10?2 55101 — —
Ti00(g.cnT?) = 0.16 +0.03 0.024 — —
Surf. dens. exponent p= 1.0 0.75E s-h) 1.08 Es—h) 1(=s-h)
Density exponent S =~ 2.2 2.2 2.37 (assumed) 2.25 (assumed

Table 4. HH 30 mm dust properties. The second column displays thefibessults while the third column shows the canonical fit
results €.g.obtained with a fixed outer radius of 420 AU, see text for dgtal he total mass is calculated assuming a gas-to-dust
ratio of 100 and using the kinetic temperature derived froet¥CO analysisTip0 = 12 K, g = 0.55).

Dust: «, = ko X (75573

Absorption law ko (CP.gt) = 0.1 (assumed)

Dust exponent B= 04 0.1 05 0.1
Absorption at 230 GHZz «(230) (cnf.gt) = 0.055 0.048

Dust disk size Ry (AU) = 145 +20 420 (assumed
Surface Density (b Tio(cm?) = 86107 +1.410% | 3610 +0.610?
Exponent p= 0 =+05 1.0 =01

Total mass Mgisk (Me) =~ 2.710°  +0410° | 4810° +0.810°
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We assumed identical gas and dust temperature at 100 AU.
The best fit is obtained for a uniform disg € 0) of small radius
(150+ 20 AU) and total mass.2 102 M, but solutions with a
decreasing surface density and larger radii remain adoliepta
Assuming the same outer radius than for CO leadg to 1.1,
and a surface density at 100 AU 063+ 0.3 10?2 cm2, which
corresponds to a mass aB4.03M,. Note that the mass scales n
inversely with the assumed dust temperature. In all cases, w N
findp =0.4+0.1.

5. Outflow Model

Observer <

5.1. Model description

While a geometrically thin disk with power law distributi®of
the radial dependence of density and temperature comsttut
good description of circumstellar disks, no such paradigiste
for outflows. Outflow models still rely oad hocparametriza- Fig. 9. Sketch of our outflow model. The emitting gas is con-
tion, with basic ingredients oftenfiiring from source to source. fined in a layer near the edge of a conical structure (grey)zone
The 2CO outflow of HH 30 presents a remarkably simpld he dotted vertical line indicates the plane of the sky. Thels-
structure, both in terms of morphology and velocity disition €rn part of the disk is pointed toward us in agreement with the
that we modelled as sketched in Hi. 9. scattered light observations.¢.Burrows et aj| 1996).
Geometry —We assume a perfect conical geometry, with an
semi-opening anglénax. The cone axis is inclined by an angle
to the line-of-sight. how the diferent parameters of the outflow model influence the
Velocity distribution — The velocity of the outflowing gas observables.
is assumed to have two components at any position: a radial We did not develop any? fitting procedure. We took in-
componenti.e. this component vector is pointing outward of thetead the following steps to successively find a plausibigea
central source position and an azimuthal component (t@ teacof parameters representing the data. The systemic velaeisy
possible outflow rotation),e. a vector component tangent to theassumed to be the same for the outflow as for the disk. The po-
circle defined by the intersection of the outflow cone withang! sition angle was tuned to give the best averaged horizoytal s
perpendicular to the jet axis. metry of the outflow on each side of the jet on the channel maps
Density distribution and Excitation — Our model is assum- of Fig. [L]. The opening angle of the cone was measured on the
ing optically thin isothermal emission: The emissivity bétgas vy position—velocity diagrams (Fifj.]13) as the averaged stdpe
is proportional to the local density and the brightnessithistion  the minimumy value where emission is detected as a function of
is proportional to the column densities. The model is comgutthe x plane. The magnitude of the turbulent line width was de-
in arbitrary units, and the peak of the resulting image ishier duced from the slope of the outer wings of the integrated-spec
scaled to the peak of the observed maps. Our approach is ttrusn. Indeed, Fig|l 15 shows that the absence of turbuleat lin
to focus on the kinematics and morphology of the outflow nathaidth makes infinitely sharp outer wings. Once the systeraic v
than on the excitation conditions. We assumed that the tyensocity is fixed, only the inclination on the plane—of—sky eres
is located mainly along the cone edges with a constant Gausshe correct velocity centering of the emission featuresawy
width scalewp and a Gaussian decrease of the density with tla@d xv position—velocity diagrams. Once the cone opening an-
distance to the star along the jet axit (being the height scale). gle and the turbulent width are fixed, only the radial velpcit
The model is computed on affciently fine grid, and is fur- can ensure the correct velocity width in tiyggand xv position—
ther convolved with the clean beam of the observations,demr velocity diagrams. The density width and height scales \fiere
to mimic the same angular resolution. nally tuned to reproduce the width and height of the horn & th
vy position—velocity diagram. Tab@a 5 lists the parameterthef
52 Best model “best” model and associateq p.ossible ranges of paramgvers.
- checked that the vertical limitation of the outflow is maiplyys-
Fig. [L§ shows a comparison of th&CO data and of our “best” ical, i.e. notproduced by the short-spacing filtering of the inter-
model. This comparison is composed of images of the integraferometer. Finally, rotation was searched for but not fo(sek
emission and of two position—velocity diagrams (perpemidic next section).
to and along the jet axis) and of the spectra integrated tner t  The model depicted in Fig§.J10 fo] 13 and Talle 5 nicely re-
outflow. Complete sets of channel maps and position—vglocjiroduces the main characteristics of the HH 30 outflow, both i
diagrams are presented in F[g] 12 13 (electronic viarms of velocity and morphology. Hence, we conclude that, t
sion only). While the*>CO emission clearly reveals the outflowfirst order, the outflowing gas in HH 30 forngscone with a
structure, it also includes a contribution from the rotatdisk constant radial velocity distribution and no detectable ro
and the parent cloud. Hence, we blanked out the velocities lt@tion (see next section). The inclination on the plane—of—sky
tween 4.6 and 9.8 knt&in the data cube in order to make mean{constrained to be essentialyl® + 1°) indicates that this cone
ingful comparisons between data and model. While this iarcleis nearly, but not exactly, perpendicular to the disk.
on the position—velocity diagrams and the integrated spect Nevertheless, a number of features are not reproduced by
of Fig. [L§, note that the integrated emission map shown as the model. First, our fully axisymmetric model can not repro
top, left panel also excludes this velocity range. IE 1@1@ duce the various asymmetries seen: 1) I@ 13 illustratat th
(electronic version only) are variations of FEI 10 whidhstrate the cone opening angle is correct for negativeffsets but too
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Table 5. Outflow properties. The values in this table are mod Observations Model
dependent. Furthermore they do not results from a fit. They th '
are very diferent in nature from the values in the tables descri

ing the disk which results from a validated fitting method. F T
> = C =
“Best’”  Possible range z E z 5
Assumed Distance D (pc)= 140 (assumed) = =
Systemic velocity Vigr (kmsh = 7.25 +0.04 = =
Orientation PA (°) = 32 +2
Inclination i(°)= -1 +1
Half—-opening angle Omax (°) = 30 +2
Turbulent linewidth Av(kms1) =  0.40 +0.15
T 1
Velocity law: Vi = Vyag, Vg = 0,V = Viotye TV i : E g k E
= g =z &
Radial velocity ‘ Viag (kms1) = 115 +05 3 B =
Rotation velocity at 200 AU| Vioty, (kms™) = 0 <1 E =
. . r — zxtanPmax) 2 z\?
Volume density law: no exp{— (T) }exp{— (H_o) } EJ‘:n:lm
Width wo ()= 0.3 <03
Scale Height ‘ Ho (") = 3 +0.5
S §c §
& 3 & :;

small for positivesx offsets; 2) The position—velocity diagrams
and the integrated spectra of the data clearly shows a beght
asymmetry between the ) 4.2] and the [98, 13.4]km s ve-
locity ranges. Second, the brightness distribution is noeme- n 5 i
trally peaked in the data than in the model (maybe due to trete Veloelly (km/s}
geneous excitation conditions). Third, there is the higloaity

“clump” 1000 AU from the star along the flow axis. The assoc__ 3! |J ] gl ]
ated emission shows a continuity both in the red and bluéeshi = £l | A |

' ]
velocities with the cone emission that surrounds the opjiita = ;| !l . 2 of B [
(See thev— sy diagram in Fig[]r). This emission peak thus looky | :r |ZL_F { = | | 4
like a “clump” in the cone of outflowing gas, in contrast witrz | ; 1 e -
standard CO *“bullets” which show a distinct emission peak & || ! g | | '
velocities significantly higher than the bulk of the outflogeg¢ = | , Ly 2 oH d

e.g.Bachiller et a[1990). T

Furthermore, because of the low inclination, our observ — °  vewsety (xms ) Velaeity [kms ')
tions may be insensitive to the component of motion parédlel _. , .
the flow axis, because such a gas would appear at the systefige 10-Comparison betweetiCO J=2—1 observations (left col-
velocity and be indistinguishable from the surroundingudo UMn) and our best model (right column) of the outflow. The

Since we do not know the cloud extent, we can neither prove ﬁ(ﬁlocity channels where confusion from the disk or the paren
disprove that such a confusion is happening. cloud exist have been flagged in tH€0O J2—-1 data cube. The

integrated emission map, the position—velocity diagraenpgn-
dicular and parallel to the jet axis and the spectrum integra
5.3. Rotation? over the map are shown from top to bottom. The plots are shown
) o in the rotated{Xx, 6y) coordinate system. The horizontal and ver-
There is no strong prescription on the dependence of the ro§ga) lines on the integrated emission map show the posifon
tion velocity with distance from the star and the jet axis. Tghe cuts used to form the position—velocity diagrams (respe
test the possibility of rotation, we have introduced selvesa tively 6x = —0.1” andsy = 3.1”). The two horizontal or verti-
tation laws in the model: 1) constant velocity, 2) solid tma ¢4 lines in the position—velocity diagrams indicate thiouity

Viot o< 1, 3) Keplerian rotation, and 4) vortex rotatidy o 1/ range over which the emission have been integrated to foem th
(corresponding to angular momentum conservation in an §4p map (06 < V < 134 km s,

panding thin ring that would generate the outflow cone). In al

those cases, rotation would manifest as a tilt of the ellipse

the (V, 6x) position—velocity diagram (second row of F|§| 10, see

also Fig/| 1P, left column). We selected as upper limiVig the

value that tilted the ellipse by’5In all cases, we can firmly rule

out values oW, larger than 1 kms at 200 AU from the jet axis.

In addition, Keplerian and vortex rotation would give risddw Such wings are not detected in the complete data set, pryobabl
level but detectable wings outside the displayed veloatge. ruling out these kinds of rotation.



Pety et al.: Plateau de Bure Interferometer ObservatiottseoDisk and Outflow of HH 30 13

199§5) have foundRy,; ~ 440 AU, in excellent agreement with
he value derived here froFdCO JE2-1.

6. Discussion of stellar and disk parameters

=

6.1. Stellar mass estimate, luminosity and spectral type

Using a distance of 140 pc and the magnitude of the Keplerigng pjsk pMass and Dust Properties

rotation, we deduce a mass of 0.45 fér the young star. To use

this stellar mass value in a distance independent evoltjon Disk masses were previously derived by several authors from
track diagram{log(L*/Mf),Iog(Teff)}, we also need the stellar NIR and optical scattered light |mag§|s (Burrows eItIfaI. 1996:
luminosity value. The current estimates for HH 30 are urasert £0tera et ali 2001), sometimes combined with modelling ef th
because most of the stellar light is intercepted by the enge-SED (Wood et df 2002,and references therein).

disk.[Burrows et d1.[(1996) derived this stellar luminogiym Our derived disk mass depends on three assumptions: the

scattered light emission at the disk surface, under thegsson  (€mperature law, the surface density expongrnd the dust
of thermal equilibrium, and found (using our definitiontr)):  €Missivity. In the optical and NIR, only the upper layers o t
disk surface are seen. Therefore, a detail modelling ofulface

density distribution cannot be achieved without scanpriori
assumptions even though the width of the dark lane can be used
to estimate the opacity lay. Burrows et 4l. (1996) extrajenla

L = 1.0 Lo(H100/22AU)*2(M/0.67 My)®.

UsingHipo = 22 andM = 0.45 M, the corresponding luminos- c . - )

ity is L = 0.1 Lo, with at least a factor 2 uncertainty due to the a total disk mass of 6 1Mo, including a correction factor of

sumed scale height. Based on the analysis of the spectngyené 15to account for the likely existence of a vertical tempamt

distribution (SED)[ Kenyon et hi[ (1904) have estimatecstee  Jradient. _ s

lar luminosity to be~ 0.2 L. More recently| Cotera etla[. (24o1) . Wood et al. (2042) derive a mass o510°M,. To do

have estimated the luminosity to be between 0.2 aBd.g this, they use a SED fitting procedure and more sophisticated
AssumingL, = 0.2 L, as the more probable value and usin ust propertiesg.g.with a grain size distribution) leading to an

) >t PO a :
Barafte et a]. [1998) tracks (see Fig. 3[of Simon g{ al. 2000), issivity of~ 40 cnf gt at 0.6um. Wood et .|(20(}2_)1dust
find that the spectral type seems to be M3 with an age aroﬁ@perty implieg3 = 0.75 and an emissivity of.08 cnt g™ at

4-5 Million years. Note however that the tracks are almost p mm. The dference with our determination is thus mainly
allel to the ordinatei.e. log(L./M?2), in this range of mass anddué (0 the assumed dust properties (although the temperatur
luminosity. A relatively small error on the luminosity lesatb and disk size also have an |_nfluence).

an important uncertainty on the age. If we take the other end 1he values = 0.4 - 0.5 is at the low end of the range en-
of the luminosity rangeife. 0.9 L), we get the same spectralcountered in proto-planetary I‘MQ’ELSUQQGS“W‘““
type for an object which is less than 1 Million year old. Usingrowth €.g.[Testi et [2003[ Natta et {. 2404). As we have

the[Siess et 4l[ (20D0) tracks, the spectral type would bévid1- esolved the disk in its radial direction, and since our nhode
WitMé%n)Af and 1 Myrseor a Iur)rll?nosit equal to oipcludes the vertical distribution of the dust, this valifgsas
and Q9 L., respectively (see again Fig. 3 [al. 2000)70t biased by the contribution of an optically thick rggﬁ‘m
=Appenzeler et al 5) derive a spectral type of K7 f owever, the determination gfdepends on the assumption that
HH 30, but caution that this results is based on a limited wavi'e 3-4 tr)nm flux '? du? to dust em'si'on or;lly. A smallldcgntam-
length coverage. From Fig. 3 pf Simon e} al. (4000), such a—sp%nat'on y some free-free emission from the jet would dpve
tral type is incompatible with a mass of 0.4%Nbr the evolu- owards lower values. Additional low frequency measureisien

; ded to evaluate this problem and confirm thegloalue.
tionary tracks of Bardie et a|. [1998)[ Palla & Stanjef (1999)2EN€EE ; X .
and [Siess et al] (2000) which fit all)other sources. A K7 sp [2006) demonstrated that, provided the maximurmgrai

tral type is compatible for thf D’Antona & Mazzitgll[ (1997)5'%® exceed_s aboutgi.e. 1 cmin our c.ase)., Sth !q@vvalues
track)g) but thesep fail to give :fgreement for the othtrI s;(ﬂéi?e. )can be obtained for power law grains size distributiga) o a™

ith exponenty ~ 3.3, since the appareftindexis linked to the
Pppenzeller et gl (2005) result nevertheless suggesathpéc- with € LT
fral type of M3 is Lirmtl))/. 99 P material emissivity3. by 8 = (y — 3)B..
Adding the existence of a relatively powerful jet, it then

seems reasonable to classify HH 30 as a young TTauri of stelia4. Molecular Abundances and Disk Temperature

mass 0.45 M, spectral type ranging around M1 and age around
4 Myrs. ¥, sp P g J Matching all the surface density measurements indicat€@®

abundance of 210, and an HCO abundance of 210719,
_ with likely variations by a factor 2 between 100 and 400
6.2. Disk Geometry AU, since the column density law exponents do not necegsaril

Both the mm and the optical observations reveal a disk chnsegfgig'tﬁg 3? éj é?&?ﬂyﬂrr:(:tﬁg%lﬂts{ ginz?szsitg/r azt ih?? ?nlgnbe adde

edge-on. Tabl£|3 guantitatively compares the results froth b . o
wavelength ranges. Optical & NIR observations indicaté tia can-trlhelotvevgptehr:;utrr?eo\f/ z:illﬁeKo?‘e\?tlz\lng ;reortigg It al
disk is tilted along the line of sight with ranging from 82 to {99%). This is expected since the optically THEO emi- .
84° (Burrows et a][ 1996,and references therein). In all cases—": P P y

the PA is found to be 32counted anti-clockwise from North. tsr:(;n d?;ﬁsg{)r/ntgic?zge A(\jgle(c?f;seiﬁw?e"r?]theerz;(l:fr‘tet?(r)scjatrmse d
Our results agree well with these values. P ' 9 P

The determination of the outer radius is more model dep lane 1S gxpected na (-jISk which is _opt_lcally thick to _th_d-ste
[Cotera et Al[ (20D r radiation, but thin to its own re-emission. A rather siging
dent.[Cotera et ql{ (20D1) ahd Wood et al. (3002) have assurrﬂgé{ is that, despite this low temperature, €0 abundance
Rout = 200 AU while [Watson & Stapelfeld{ (2004) have taken ' P P k
Rout = 250 AU. All these are consistent with the minimum ra- 2 The disk is not resolved in height, however. If the dust wasiced
dius derived from the 1.3 mm continuum emission. However, 8 a very thin layer (scale hight smaller than a few AU), anehsedge-
their best simulations.e. notthe canonical one}, Burrows eflal.on (i > 87°), an additional correction would be necessary.
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suggests a low depletion of CO compared to the surroundihgble 6. HH 30 jet and outflow parameters in the northern lobe,
Taurus molecular cloud (Cernicharo & Guglin 1987), in castr measured in a region of 6” or ~ 800 AU from the central
with what is found in most disk®(g.Dartois et all| 2003,for DM source (see text).

Tau).

Quantity Jet Outflow

) ] Mass (M) 210%  210°
7. Discussion of outflow parameters Velocity (km s 200 12
7.1. Outflow mass and energetics
. Dynamical timescale (yr 20 320

In the northern lobe of the outflow, the tofICO J=2-1 line Mi\ss flux (M yr-Y) o) 1010° 6310°
flux is 15.1 Jy kmst (using only velocities in the [, 4.2] and y ' '

Momentum (M, kms™) 4010% 2410*

[9.8,13.4] km st range and integrating spatially in the area de-
fined in Fig.[f). TheCO k21 line flux from the same re- _Momentum flux (M kms™jyr) 26107 75107
gion and velocity range is 0.2 + 0.05 Jy km s*. This implies a
12COA3CO ratio of~80. Thus the2CO emission is essentially _ _ _
optically thin. Further assuming it is at LTE allows us to de- Viscous entrainment along the jet edges naturally resaits i
rive the outflowing mass. A minimum flow mass of 238, is ~conical shape for the outfloyf (Stahfer 1p94). However, thee pr
found for temperatures in the range from 15 to 25 K, using a céicted velocities are essentially parallel to the flow awibjle
abundance of 1@. The outflow mass scales approximately agur observations are essentially sensitive to the radidioms
the temperature for larger temperatures. The volume deinsit because the flow axis lies in the plane of the sky. The compari-
the outflow can be derived from its total mass and an estinfateS§" is thus impossible in practice. The insensitivity of obser-
the volume it fills. Using the conical geometry describechia t vations to the gas flowing near the direction of the jet axé al
previous sections and a cone thickness of 45 Al3'(Owe ob- implies that the outflow momentum flux we derive above is only
tain a mean density(H,) ~ 8 10* cm3, high enough to validate & lower limit.
the LTE assumption. If the HH 30 outflow does indeed consist in accelerated am-

The HH30 CO outflow presents an obvious, extremeRﬂe_m gas, the lack of CO emi_ssion in the southern Iob_e wo_uld
strong asymmetry, since almost no signal is detected initths Point towards dierent properties of the interstellar medium in
ern lobe. We estimate here tF2CO X2-1 line flux to be less this direction, that would strongly alter the outflow forroat
than about 1.5J krn‘é over the same velocity range as thaProceSS. In this Con'[eXt, it may be worth mentioning two simi
used in the nortri/ern Iok()e and in a symmetric )rlegiog). This irffrities between HH 30 and L 11996)- White th
plies that this side of the flow is more than 10 times less mag@mpled scales areftérent (several T0AU for L 1157, only a
sive than the northern one. Note that, while the southericaipt few hundreds AU in the HH 30), both outflows exhibit 1) a more
jet brightness is also weaker than its northern counterfizat OF less pronounced asymmetry between their lobes and 2)-a con
density ratio has been estimated to be onlg _ ical geometry and a radial velocity near the launching negio
fL999).

The physical parameters of the northern jet and outflow esti-3  Formation of the outflow — disk wind?
mated in a region of 6” or ~ 800 AU from the central source
(corresponding to the size of the maps presented in thisrpagene of the most striking results revealed by our data is tbe fa
are listed in Tablg]6. The values for the outflow were derivébiat the outflowing molecular gas is continuously collintate
from the observations presented in this paper. Those fojethedown to the very close vicinity of the star, at spatial scalheg
have been estimated from the literature. The mean jet gengitesmaller than the disk sizsee Fig[}L). This is somewhatii
was estimated to be around*n 3 by Bacciotii et 4. |(ng)_ cult to reconcile with the propagation of a large bow-shase(
Using a jet radius of @9” (Bacciotti et a[[1999) and a cylin- previous section). But this is naturally explained if theselved
drical geometry, the jet mass up to 800 AU is about 2#®1,. CO emission arises from material that has been directlyclaea
Burrows et 5].%6) indicates that the jet knot velocitgga from the disk and evolves ballistically in the first few 100 AU
between~100 and 300 km, so we used a typical jet velocity from the star. This hypothesis is also consistent with a-coni
of 200km s?. cal flow structure, with constant radial velocity that is eh&d.

Recollimation may occur at larger distances 1000 AU), i.e.
) ) outside the field—of-view of our observations.

7.2. Formation of the outflow — entrainment? If the outflow originates from a disk wind, we can ob-

The origin of the molecular outflows is a pending problem ifin @ constraint on the launch radius from the upper limit on
star formation theories. On large scales (1000 AU), there € rotation velocity of the outflowing gas. Indeed, Anderso
is strong evidence that the observed outflows consist in -ampf &+ [200B) derived a general relation between the pdllaidc

ent molecular gas that has been put into motion by large béfoidal velocity components of cold magnetocentrifugaiav

shocks propagating down the underlying protosteliar jetg.( 2t large distance of the star and the rotation rate of thecking
Gueth & Guilloteaﬁmw. In this classical “prompt’ entrai surface, independent of the uncertain launching conditidhis

ment scenario, the Jet transfers momentum to the outflow Jiglation relies on the following facts: 1) The energy anduiag
mentum in the wind are extracted mostly by magnetic fields

the bow-shock, and it is usually assumed that the moment%

flux is conserved in this process.¢ Masson & Chernjf 1992). 'omM the rot_ating_disk; 2) The energy ex;racted is the Workejo
Interestingly, this is what is indicated by our first orderraa- PY the rotating disk against the magnetic torque respaas|
tion (see tabIE|6). the angular momentum extraction; And 3) most of the wind en-

ergy and angular momentum at observable distances are in the

3 The opening angle is only°2beyond 100 AU, so the cylindrical measurable kinetic form. In the simple geometry of HH 30, we
approximation is appropriate identify the poloidal and toroidal velocities respectiwelith the
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radial velocityV,,q and the rotation velocity,q at a given radius 8. Conclusions
r. The rotation rate of the launching surface is the Kepléftien o .
g P In the HH 30 case, a judicious use of the complementary line

quencyQo = /GM./r3 . [Anderson et gI.[(2003) relation: emission allowed us to derive a number of very robust resLjits

Viot = V2,4/(2Q0r), can then be transformed into The systemic velocity of HH30is 7.25 kmls 2) The disk outer
radius is 420 AU; 3) The rotation vector of the disk points to-

o/ ward the North-Eastern jet; 4) The disk is in Keplerian riotat

Vkep(r)vmt} 5) The stellar mass is 0.45 §Vi6) A highly asymmetric molec-

V2 ular outflow originates from the inner parts of the disk; 7eTh
rad outflow material is mainly located on the thin edges of a cone
with an opening angle of 308) The outflow velocity is essen-
whereVien(r) = VGM, /1 is the Keplerian velocity at radius tially radial with a magnitude of 12 knt§; 9) No rotation of the
Our upper limit ofV,oy < 1kms?t atr ~200 AU from the flow outflow is detected.
axis indicate$jaunch < 14 AU. The total disk mass is less certairt 102 M. This depends
In this scenario, the optical jet and the outflow would ben the assumed dust emissivity. Our measurement indicate a

associated with dierent parts of the disk wind. The jet correfather low value oB, 0.4, suggestive of significant grain growth.
sponds to the inner( 1 AU), densest parts of the wind, which!n addition, but with still less certainty, the disk appeacid,

has a smaller opening angle® (Balf-opening angle, Bacciotti @round 12 K at 100 AU, suggesting a significant temperatuae gr
et al.JI99P), Targer velocities (around 300 km)s and recolli- dient between the disk plane and the surface Iayfers. Debpste
mates closer to the disk (100 AU). The CO outflow would cotoW temperature, there is no measurable depletion of CO com-
respond to the outer part of the wind, ejected at larger raired to the average abundance in the Taurus cloud, in sbntra
from the star (5-15AU), and could recollimate at larger digvith the general trend for all other circumstellar disksoent
tances % 1000 AU). In terms of energetics, these observatio#@ose around HAe stars, s¢e_Pietu ¢f al. P006).

would suggest that similar momentum fluxes are extracted fro  The direct determination of the stellar mass improves the
the disk at these ffierent radii (see TabEz 6). evolutionary status of HH 30, but this remains hampered by th

Several hypothesis could be proposed to explain the app!érp_certainties on the total luminosity. The most plausibletson

ent discontinuity between the jet and the outfloe, the lack of IS that of a~4 Myr old object, with a total luminosity of order
detected material at intermediate velocities and anglestinat  0-2 Lo, butayounger and brighter star cannot be excluded.
note that the outflow cone is not totally empty; in fact, in the _Finally, the origin of the molecular outflow remains unclear
outflow modelling presented above, adding some materidldn tVith no conclusive arguments to distinguish between aragmtr
inner part of the jet allows us to obtain an even better fit & €Nt mechanism by the optical jet or a disk wind. The one sided
data, to the price however of several new free parameters. diture _of the outflow remains an unexplained issue in both hy-
possible explanation is a projectiofiect: The outflow velocity POthesis.

field could lie more and more in the plane—of-sky (and thus in-
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Fig. 11.Comparison of thehannel mapsf the *?CO J=2-1 observations (left) and our best model (right) of thélowt The cross
indicates the disk center as measured in the 1.3 mm contimumission. Velocity of the channels are written in krh en the top
left corner of each channel. Both channel maps share the salorescale and contour spacing (0.thBam).

Fig. 12. Comparison of thgosition—velocity diagrams perpendiculartite jet axis of thé?CO J=2—1 observations (left) and our

best model (right) of the outflow. The coordinate along theyeés @y) are written in arcsecond on the top left corner of each panel
All the diagrams share the same color scale and contourrgpéeil Jybeam).
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Fig. 13.Comparison of th@osition—-velocity diagrams alortpe jet axis of thé?CO J=2—1 observations (left) and our best model
(right) of the outflow. The coordinate perpendicular to thiegxis 6x) are written in arcsecond on the top left corner of each panel
The horizontal line indicates the position of the outsidgeedf a cone of 30half opening—angle. All the diagrams share the same
color scale and contour spacing (0.YhBam).
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Fig. 14.Influence of the dferent parameters of the outflow model. The left column shawseference model whose parameters
are given in TabIE|5. The each column shows a model for whiehaord only one parameter (noted on the column top) has been
varied compared to our reference model. The integratedseganisnap, the position—velocity diagrams perpendiculdrzarallel to

the jet axis and the spectrum integrated over the map arersfiom top to bottom.
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Fig. 15.Continuation of Fig|j|4 with dferent varying parameters.
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