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Abstract. We present VLBA observations of the,B masers excellent tracers of the corresponding component of the gas
towards IRAS 20126+4104, a high-mass young stellar objedlocity.
which is believed to be associated with a rotating disk and a This characteristic has been successfully used by many au-
bipolar outflow/jet system collimated along the disk axis. ghorsto study the kinematics of various environments, especially
model fit to the positions and velocities of the maser spotgell ordered velocity fields such as those present in disks, jets,
demonstrates that these could arise on a conical surface atahelows, or expanding shells. It is worth stressing that high
interface between the jet and the surrounding molecular gasgular resolution<1") is necessary to identify and locate
The masers expand from a common centre which coinciddse compact spots from which the maser line arises. The best
within the uncertainties, with the position of the embeddddown example is probably represented by the OH line maps,
young stellar object: the expansion velocity is less than thahich nicely identify the approaching and receding portions
measured on a much larger scale in the SiO(2-1) line and tbfshe expanding circumstellar shells around OH/IR stars (see
indicates that the jet is sensitively braked close to its origin feyg. Cohef 1989). Another striking application is represented by
the interaction with the surrounding medium. the VLBI observations of the $0 masers in the active galaxy
NGC 4258 (Miyoshi et al. 1995), which trace a Keplerian rotat-
ing disk around a massive black hole at the centre of the galactic
Key words: masers — ISM: individual objects:nucleus. In the context of star formation, similar examples are
IRAS 20126+4104 — ISM: jets and outflows — radio lines: ISMepresented by the GIOH masers in NGC 7538 (Minier et al.
1998) and SiO masersin Orion IRc2 (Baudry et al. 1998), which
also appear to trace arotating disk. HowevelOHinasers in star
forming regions seem to be associated both with rotating and
expanding motions, namely with disks and outflows (Chernin
1995; Fiebig et al. 1996; Torrelles et @l. 1997; Torrelles et al.
The study of the environment where star formation is goifi9g8). The association between outflows an@®Hnasers is
on has been made possible by observations of molecular liagso suggested by theoretical models such as that of Elitzur et
which permit a derivation of the physical parameters of the rgt. (1989), where the inversion occurs in shocks at the interface
gion. The temperature and density of the gas can be obtaime@ween the ejected material and the surrounding molecular gas.
from the ratio of the intensities of different transitions of th&lodels for H,O masers tracing rotating disks have been also
same molecule. Although such techniques can be applied tog@bposed by some authors (e.g. Cesaroni 1990; Fiebig 1997).
most all molecular species and lines, they fail with the “masing” With this in mind, we have performed high angular res-
transitions, namely those originating from pairs of levels witblution observations towards the,8 maser associated with
inverted populations. The maser photons undergo a procesgefhigh-mass young stellar object (YSO) IRAS 20126+4104.
exponential amplification by stimulated emission which makesis source is interesting because it is probably the best studied
it difficult to relate the resulting line intensity to the physicahnd simplest example of a massive (proto)star (with luminosity
parameters of the emitting gas. However, an important except0* L. ) associated with a Keplerian disk and a jet/outflow
tion to this rule is represented by the velocity field: since thg;stem. The latter is directed along the axis of the disk. The
maser amplification mechanism requires good velocity cohefiolecular outflow has been mapped by Cesaroni ef al. {1997)
ence along the line of sight, the narrow masing lines represand Shepherd et al. (1999) on a scaR9’. Observations at mil-
Send offprint requests 1. Moscadelli (mosca@ca.astro.i) limeter and centimeter wavelengths have shown that the outflow

* Based on observations carried out with the Very Large Baselif‘?éfed by a jet, which can be progressively traced dowr 16

Array. The VLBA is a facility of the NRAO, which is operated bytrough ”Ue emission of K (Cesaroni et al. 1997), SiO(2-1)
Associated Universities, Inc., under contract with the NSF. (Cesaroni et dl. 1999, hereafter C99), CO(7-6) (Kawamuraetal.
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1999), NH;(3,3) (Zhang et al. 1999), and continuum emissioh50K. The gain factors for all VLBA antennas at 22 GHz range
at 3.6 cm (Hofner et dl. 1999). On the other hand3sCN(5-4) from 0.07 K Jy ! to 0.013 K Jy !. The insufficient signal-to-
observations (Cesaroni et @al. 1997) have revealed a moleculaise ratio (SNR) of the total power spectra of the program
disk almost perpendicular to the jet axis and rotating arousdurce prevented using the “template spectrum” method (which
the embedded YSO at the origin of the outflow/jet. Subsequensists of comparing spectra of different scans) to estimate
observations in the CHCN(12-11) (C99) and NE{1,1) lines corrections to the nominal amplitude gain factors.
(zhang et al. 1998b) have found evidence for Keplerian rotation, The scans on the calibrators are used to complete the cali-
implying a stellar mass of£24 M. bration of the observed phases for the program source. First, the
Notwithstanding the large amount of data, information onstrumental single-band delay and the phase offset between the
angular scalesk1” is scarce, being represented only by thevo polarisations were derived by fringe-fitting a single scan of
Very Large Array (VLA) observations of Tofani et al. (1995the strong continuum source 3C454.3. Then, after removing the
hereafter TFTH). These authors observed the water maser limgrumental errors, all calibrator scans were fringe-fitted to de-
at 22.2 GHz with an angular resolution dfl0and identified termine the residual (time-dependent) delay and the fringe rate.
three centers of emission: two displaced to the NW and SETe phase corrections derived from calibrators were applied to
the YSO and probably associated with the jet, and a third closke IRAS 20126+4104 data. Areference maser channel was cho-
to the disk. Each centre emits more than one spectral feature (@& with good SNR and a simple structure for self-calibration.
Fig. 14 of TFTH) and should hence be resolved into many sp&kts of visibility amplitude versus baseline length suggested
with higher angular resolution, such as that attainable with vethyat the most suitable channel was at 13.6 krh @ontaining
long baseline radio interferometry{ mas). At the distance of the peak flux density). This channel was found to contain two
IRAS 20126+4104 (1.7 kpc) this corresponds to a linear sim@aser spots (#22 and #23 in Table 1) separatedhs mas. The
of ~1.7 AU, which is obviously of great interest for studyingsisibilities in this channel were fringe fitted to find the residual
circumstellar disks and planet formation and for investigatirfgnge rate produced by differences in atmospheric fluctuations
the mechanism powering the jets. On the basis of the reswffecting the calibrators and the target, and errors in the nom-
of TFTH, we decided to perform VLBA observations of thénal source coordinates used at the correlator. The corrections
H>O masers in IRAS 20126+4104 with the goal of assessidgrived from the phase and the rate self-calibration of the ref-
the structure and kinematics of the gas associated with the dis&nce channel were applied to all channels of the maser data.
andthe jet. Using the AIPS task “IMAGR”, 25x1/25 (ExN) natu-
Technical details of the observations are given in $éctra@lly weighted maps centered on the reference feature were pro-
and the results are illustrated in S&&t. 3, where a comparighreced for all channels in the velocity range from —27 kmits
with other data is also made. The interpretation is discussedtih6 km s°*, which includes all the features apparent in the total
Sect#, while the conclusions are drawn in 9éct. 5. power spectra. The restoring (CLEAN) beam was an elliptical
gaussian with half power width (HPBW) of 1xA.1 mas ori-
ented at a position angle of 49The Ir RMS noise level on
the channel maps, calculated using an area where no signal is
found, is 4-5 mJy beant for all the channels.

IRAS 20126+4104 was observed with the NRAO Very Long Every channel map was searched for emission above a cer-
Baseline Array (VLBA) on November 21 and 22, 1997, for &inthreshold and the detected emission features were fitted with
total of 12 hours at 22 GHz. The tracking of the source w&é§gle or multiple gaussians, determining position, integrated
periodically interrupted, every hour, by a 6.5 minutes of obsednd peak flux, and full width at half power (FWHP) of the spots.
vation of one of the continuum calibrator sources, 1803+784 bie threshold used was the absolute value of the minimum in
3C454.3. the map, which varies from channel to channel in the range 20—

The stations recorded an aggregate of 8 MHz bandwidth38 mJy beam'. A feature was considered real if it was found
both circular polarisations, centered at the LSR velocity ofin at least two contiguous spectral channels at the same posi-
3.5km s! (based upon a rest frequency of 22235.0798 MHZ)on, within an uncertainty equal to the FWHP obtained with the
using 2-bits sample (mode 64—2-2). The correlation was magfssian fit. The errors on the positions (given in Table 1) have
at the VLBA correlator in Socorro (New Mexico) using 510een calculated with the relatiaxt) = 0.5 HPBW/SNRy/N/2
spectral channels uniformly weighted, which gives a full widtfRichards et al. 1999), where SNR is the ratio between the peak
half maximum (FWHM) velocity resolution of 0.18 kntsand intensity and thed noise in the corresponding spectral channel,
a channel separation of 0.21 km's andN = 10 is the number of antennae used.

The calibration of the observed visibilities and the mapping By comparing the residual fringe rates of the maser ref-
were accomplished with the NRAO AIPS package. We usé€fience feature and the calibrators, the offset of the refer-
the system temperature®.(.) and the antenna gain informa-ence maser feature from the position used by the correlator
tion provided in the VLBA calibration tables for the amplitudavas derived. The absolute position of the reference feature is
calibration of both the calibrators and the program source. ThJ2000)=20 14™ 26:0387,5(J2000)=42 13 32/534 with an
measured’,, for all antennas was in a range between 85 amdncertainty of 30 mas.
110K, except for St. Croix and Handcock, with an average of

2. Observations and data reduction
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Table 1.Parameters of the water maser spots. The offsets are given with respect to spot #23. The spot position and the full width half power (non
deconvolved) have been obtained with a 2-D gaussian fit. Numbers in parentheses represent positional uncertainties calculated as explained in

the text

# Visr Fint Fpeak Ao Ad Maj.Ax. Min.Ax.
(kms™)  @Jy) (Jybeam?') (mas) (mas) (mas) (mas)
1 —24.2 0.26 0.07 —101.988(0.074) 108.945(0.073) 31 1.6
2 —22.7 0.06 0.06 —120.151(0.089) 128.597(0.088) 1.3 11
3 -22.9 0.22 0.05 —123.803(0.108) 124.979(0.107) 4.0 15
4 -23.9 0.10 0.05 —106.580(0.100) 121.263(0.098) 22 1.2
5 -20.8 0.07 0.07 —119.546(0.080) 118.050(0.079) 14 11
6 -20.8 0.27 0.05 —123.174(0.100) 114.120(0.098) 3.9 1.8
7 —24.2 0.13 0.11 —98.472(0.049) 112.842(0.048) 14 1.2
8 -8.2 0.10 0.10 —110.587(0.054) 154.394(0.053) 1.2 1.1
9 -7.1 0.09 0.04 —107.905(0.144) 153.097(0.142) 1.6 15
10 -7.9 1.45 0.96 —106.919(0.005) 152.008(0.005) 1.6 1.2
11 -94 0.21 0.18 —108.613(0.029) 151.513(0.028) 1.3 1.2
12 -7.3 3.50 3.41 —105.754(0.002) 150.957(0.002) 1.2 1.1
13 -11.9 0.26 0.20 —110.888(0.026) 150.620(0.026) 14 1.2
14 -126 0.2 0.10 -110.100(0.052)  149.133(0.051) 1.4 1.1
15 -5.6 0.03 0.03 —117.195(0.192)  89.645(0.190) 1.2 1.0
16 -5.8 0.04 0.03 —114.216(0.152)  84.560(0.150) 1.6 1.0
17 -6.5 0.65 0.60 —120.844(0.009) 67.216(0.009) 1.2 1.1
18 -7.3 0.35 0.35 —-116.158(0.022)  64.235(0.022) 1.2 1.1
19 -11.9 0.06 0.04 —151.256(0.118) 61.285(0.116) 15 1.1
20 24 0.08 0.08 -117.841(0.062)  61.200(0.062) 1.3 1.1
21 11.0 0.17 0.12 0.026(0.044) 2.540(0.043) 15 1.2
22 13.6 1.90 1.87 —0.457(0.003) 2.380(0.003) 1.2 1.1
23 13.6 3.08 2.75 0.000 0.000 1.4 1.1
24 12.3 0.53 0.53 0.904(0.010) —0.030(0.010) 1.2 1.1
25 -3.3 0.29 0.25 —794.285(0.020) 342.709(0.020) 1.2 1.2
26 -3.3 0.15 0.05 —797.650(0.096) 338.476(0.095) 2.6 14
3. Results position of the disk — and hence of the YSO — with respect to

A total of 26 H,O maser spots were detected towardlg
IRAS 20126+4104. The parameters listed in Table 1 are thqﬁ
of the fit (see Sedt]2) performed in the channel where the SH:

sitions. In any case, the SNR is too poor to allow any defin
conclusion about resolving the structure of single spotsDFigt.
illustrates the distribution of the #0 maser spots with respect
to other tracers from previous observations. In the top pa
we plot the jet seen in the 3.6 cm continuum (contours), tlag
CH3CN(12-11) peaks tracing the disk (filled circles), thgtH
Masers ”_‘?‘pped by TFTH with the V.LA (tnangle_s), and tht% the masers in C3 and to those towards the centre of the map
peak position (yellow cross) and the size (yellow circle) of th

1.3 mm continuum emission. The bottom panels show enlarée

ments of the regions where;B® maser emission was detectei

in the VLBA observations.

It is important to stress that, while the absolute position
the H,O masers measured with the VLBA is known with great

e

e H,O maser spots.
The mostevidentresultis the lack of maser emission towards
spot seen by TFTH to the SE (named C3 by them), although

intensity is maximum. Note that in some cases the FWHP |:se corresponding velocity interval is properl_y covered by our

reater than the HPBW: we believe that this is due to o erlgequency set-up and the area mappetb (@ right ascension

9 . W ieve that this Is au Verakd 125in declination) is much wider than that over which the

of two or more distinct spots having similar velocities and pjﬁ
i

in the following we shall assume an uncertainty 69®@n the y5,omia, c.N.R., Bologna

hree spots of TFTH are spread. This cannot be explained by
issing flux in our VLBA maps, as one can see in Elg. 2, where

he integrated flux density of the synthesised channel maps is
campared to a single dish spectrum acquired with the Medicina
-m antenrtitwo days before the VLBA observations. Clearly,
e two spectra are perfectly coincident within the noise and we
recover all the single-dish flux in our VLBA maps. In addition

Spot C2inthe notation of TFTH), TFTH detected emission also
om a region to the NW (spot C1 in their notation): although
0 emission is seen in our maps at exactly the same position,
g\fe do detect a pair of spots roughy2to the W of C1.

The differences between our results and those of TFTH are

accuracy {30 mas; see Sefl. 2), that of the other tracers is muré%tsurprlsmg. HO masers are well known to be highly variable

more uncertain. In particular, the position of the (N and
1.3 mm continuum peaks has a &rror of ~0/3. Therefore,

even on periods as short as a few weeks, hence the long time

! The Medicina telescope is operated by the Istituto di Radioas-
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Fig. 1. Top panel:composite map of the 3.6 cm continuum emission (contours) from Hofner gt'al] (1999LNgH2—11) (filled circles) and

1.3 mm continuum (yellow cross and circle) from C99, angDHmaser spots (triangles) from TFTH: the cross and circle indicate the peak

and diameter of the millimeter continuum emission according to Table 4 of C99. Contour levels are 0.03 to 0.11 by 0.02 mJy Team

dashed line represents the symmetry axis of the jet. Note that the angular resolution changes considerably from tracer to tra6€7, fging
CH3CN(12-11) and the 1.3 mm continuum(.'5 for the 3.6 cm continuum, 0”1 for the H,O masers by TFTHBottom panelsenlargements

of the regions outlined in the top panel, showing the distribution of @ khaser spots seen in the VLBA observations. Each spot is identified

by the number listed in column 1 of Talile 1, while the colour indicates the velocity of the spot, according to the coding shown at the bottom of
the figure. Note that in the three smallest panels the coordinates given in the figures are offsets computed with respect to the position of spot #23
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Fig. 2. Comparison between Medicina single dish spectrum (thin lin&)g. 3. The LSR velocities of the kD maser spots seen in the present
and integrated flux density (thick line) of the synthesised channel majdé BA observations (filled squares) and in the VLA map of TFTH
The horizontal and vertical dotted lines indicate respectively the zdiars) are plotted against the corresponding offset along the direction
emission level and the systemic LSR velocity (—3.5 Km)sof the of the jet axis (the dashed line in Fig. 1). The offset is computed with
molecular clump associated with the masers respecttothe position of spot#23. The vertical bars indicate the velocity
interval over which maser emission is detected, according to Table 2 of

. TFTH, and the horizontal ones represent the VLA HPBW. The dashed
span (-7 years) between our observations and those of TFTH, corresponds to the systemic LSR velocity (—3.5 Kih)s
fully explains the observed changes. The masers in the central

spot C2 seem much more persistent, although the correspond-
ing spectrum has undergone a radical change (comparg] Fig. 2
with Fig. 14 of TFTH). A possible interpretation is that the® By looking atthe bottom panels of Fid. 1 afirst consideration
masers in C2 are more easily triggered being closer to the cinin order. The velocities of the spots are not consistent with
tral engine (the embedded YSO) than masers such as thost@ise expected in the rotating disk seen by C99: since the axis of
C1 and C3 which lie much further away. the disk is parallel to that of the jet, if the masers were lying in

It is also interesting to note that the velocities of spots Ghe disk their velocities should be mostly blue shifted to the NE
and C3 are significantly different from those observed in C2. &ad red shifted to the SW, as in the case 05CN (see Fig. 5¢
one can see in Fig] 3, C1 and C3 differ by less théikm s ! of C99), whereas no such trend is visible. Instead, the “reddest”
from the systemic LSR velocity~{ —3.5 km s7!) of the bulk and “bluest” spots lie respectively to the SE and NW, along a
material (i.e. the LSR velocity of the YSO), much less thaglirection parallel to the jet axis. This situation is more similar
the+20 km s~ velocity dispersion observed towards C2. Twio the jet model presented by C99: in fact, if the masers lie on
explanations are possible: (i) spots C1 and C3 are movingtie surface of a cone and move radially away from a common
directions almost perpendicular to the line of sight; or (ii) theentre, one expects to see the maximum and minimum velocities
motion of the spots is slowed down at large distances from ta®ng the direction of the cone axis, whereas the velocity should
centre. The spots #25 and 26 detected in the VLBA observatigiecrease down to the systemic value of —3.5 krhmoving
are likely of the same nature as spot C1 and may hence beoBy from the axis. This is in reasonable agreement with the
great help to decide which of the two hypotheses is corretend in Figll. In order to check if this hypothesis is consistent
indeed, in Sedt. 411 we shall demonstrate that explanation (iyih the data, we have elaborated a simple jet model analogous
to be preferred. to that presented by C99.

In conclusion, the spots in C1 and C3 seem related to the
jet from the YSO. But what is the nature of the masers in Ca?1 Jet model
Are they related to the disk or to the jet? Given their proximity
to the YSO both hypotheses are plausible. In the next sectldle assume thatthe masers arise on the surface of a conical bipo-
we present a model that represents a possible answer to thaset, at the interaction zone between the ionised jet and the
questions. surrounding neutral medium. The vertex of the cone coincides
with the embedded YSO. The velocity of a spot is directed
radially outward from the YSO and has a constant valye,
independent of the distance from the centre. We assume a co-
In the following model we use only the VLBA observation®rdinate system centred in the vertex of the cone, witkxis
of H,O masers, given their superior sensitivity and resolutioalong the line of sight and axis coincident with the projection
Also, one must remember that the location of the disk (i.e. of the jet axis on the plane of the sky (see Elg.4). Under the
the CH;CN peaks) with respect to the masers is of limited usassumption that the observer lieszat —oo, the component
given the large uncertainty in its position (see J9dct. 3). of the velocity along the line of sight is given by

4. Interpretation and discussion
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= the velocity obtained from Ed.J(1). The best fit to the data was
obtained in two steps. First, we found the value9 00, o,
andd, that minimise the expression

26/ 0 @\ °
2 _ va_ Va
=2 <v<1> Vé”) ®)

1=2 z

where we have indicated wit}” the velocity of spot #calcu-

y lated from Egs[{l1) and[{2) and with'”) the difference between
the observed LSR velocity of the spot and the systemic LSR
velocity —3.5 km s!; note that the expression fgf has the
advantage of being independentugf thus reducing the num-
ber of free parameters to four. Then, we fi¥ed, g, anddy to
the values derived above: in this way Edq. (1) becomes a linear
expression inyy, which is thus computed with a standard least
square fit.

Fig. 4. Sketch of the conical jet model. The observer lies at —oo, The best fit is obtained forp) = 59°, § = 29°,

i.e. the plane of the sky coincides with planey. The origin of the = 23 kmsi, ao(J2000)=20 14m 26:037,

axes is_ the Iocat_ion 01_‘ the YSO powering the jet. Thexis is the 5,(J2000)=41 13 32’56 and is shown in Figl5. The top

projection of the jet axis on the plane of the sky panel presents the projection of the conical jet on the plane

of the sky and the position of the maser spots, while in the
z . 1) bottom panel we compare the observed velocities of the spots

Va2 + 22 with those computed by the model. Clearly the agreement

is very good, especially if one takes into account that local

Also, we indicate with)> the inclination angle between the je{jeyiations of a few km's! from the velocity field are to be

axis and the: axis, and with2é the opening angle of the conegypected, due to turbulence at the interface between the jet and

(see Fid.#). Since the spots lie on the surface of the cameist  the surrounding medium. It is worth stressing the fact that even

satisfy the condition the most distant spots from the jet origin (#25 and 26 in[Big. 1)

line of sight

UV, = Vg

are well fitted by our model: this supports the assumption that
z = {x sin 1 cos i (1 + tan? 0) the expansion velocity remains constant along the jet.
We conclude that our model is consistent with the data, but
+ tan 04/ 22 + y2(cos2 1h — tan2 Osin? ¥)| x (2) inorder to prove the uniqueness of the interpretation more in-
formation is needed, such as, for example, proper motion mea-
% (tan2 0 sin2 b — cos? 1/1)71 ] surements of the maser spots. These can be easily predicted by

the model and should be equak@ mas yrs !, easy to observe
In our model we know the direction of the jet axis in the plane afith global VLBI.
the sky (see Fid.l1), which has a position angle of°1 bait the
position of the vertex of the cone is unknown and we indicateit
with (g, 0¢)- '
We thus have a total of five free parameters, namgly Given the goodness of the fit, a few considerations are in order.
0, v, ag, anddy. A few constraints can be applied to these. Byhe parameters obtained are roughly consistent with those de-
definition,vy > 0and0 < 6 < 90°. Also, it makes sense to rulerived by C99 fitting the SiO emission of the jet, namely78°—
out apertures and inclinations of the cone that make it cross 8 and§=9°-22: clearly, the most significant discrepancy is
line of sight, because we know that the lobes of the jet/outflaat in . However, a slight change in the inclination may be
are well separated in the plane of the sky (see e.g. C99): thigpected, given the large range of size scales involved, going
is equivalent to the conditioé < 1 < 180° — #. Finally, the from 10% AU (the size of the HO jet) to2 10* AU (the size
vertex of the cone is expected to coincide with the embeddefithe SiO jet). Precession of the jet axis might be an explana-
YSO, and hence with the centre of the disk; as explainedtion: this hypothesis seems indeed supported by recent results
Sect( B, the absolute position of the GEN disk has a probable obtained by Shepherd et al. (1999) who found evidence for pre-
error of @9: we can thus assume thaf andd, must lie within  cessionin IRAS 20126+4104, by comparing the structure of the
+0’9 of the millimeter continuum peak, which can be taken gst/outflow system on scales ranging from 0.1 pc to 1 pc.
a good approximation of the YSO position. On the other hand, the good agreement iis surprising,
Under these assumptions and for a given set of input paramecause it indicates that the collimation mechanism of the jet
eters, one can computg for each spot position and compare imust remain very effective going from50 AU (the minimum
with the observed velocity. Note that before making this condistance of the maser spots to the centre}@1 pc (the scale
parison, the systemic velocity of —3.5 km'smust be added to size of the SiO emission).

2. Discussion
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such as SiO and HThe study of the SiO and4® line emission
indicates that the jet is well collimated on scales ranging from
0’1 to 10’ and gives important clues on its velocity field. The
model fit to the HO maser spots presented above suggests that
the velocity of the neutral material at the interface between the
jet and the surrounding molecular gas could remain approxi-
mately constant as long as the jet digs its way through the dense
molecular surroundings. On a larger scale, however, the veloc-
ity increases up to a (de-projected) value-dfo0 km s*. The
most trivial interpretation is that the expansion is accelerated
at a constant rate 61200 km s pc~! (see the model fit to

the SiO(2-1) line emission presented by C99) as soon as the
jet breaks out of the core and is hence not braked anymore by
the high-density molecular gas surrounding the YSO. However,

if the SiO line emission arises from lower-density material en-
trained by the flow, such an acceleration could be explained by
the outflow model of Stahler (1994), where the expansion ve-
locity is constant along any given radial direction and only a
transversal velocity gradient is required.

The existence of strong interaction between the ionised jet
and the core is supported by the fact that the jet weakens dra-
matically beyond the core border. This is illustrated in the top
panel of Figl1l, where the extent of the millimeter continuum
emission from the core is shown by the yellow circle, drawn
according to the parameters given in Table 4 of C99: clearly,
the 3.6 cm continuum emission is detected only inside the re-
gion delimited by the circle, namely where high density gas is
Fig. 5. Top panel:map of the HO maser spots and sketch of the propresent.
jection on the plane of the sky of the best fit conical jet model. Filled Finally, we want to verify that the momentum in the jet is
squares represent maser spots lying on the surface of the cone faginfficient to explain the KO maser emission. This is equivalent
the observer, whereas empty squares indicate spots on the rear sfleheck that the ratio between the mechanical luminosity of the
The x-axis is the projection of the cone axis on the plane of the SWt (L) and the mechanical luminosity of the shocks exciting
The points in the inset correspond to spots #25 and 26 (s FRPH). the masersl, 1,0) is ~1. An estimate of,,, 11,0 is obtained
tom panel:comparison between the spot LSR velocity observed (sol'ipom Eq. (2) of F2elli et al.[(1992), who made use of the model
circles) and obtained from the model best fit (empty circles). The ab- . ‘ N ' .
scissa represents the offset perpendicular to the axis of the coneﬂl’1 eIrE]htzur et aI._ (‘198 9), whild,, can be estimated by mea_lns
dashed line corresponds to the systemic LSR velocity of —3.5Km s9 t, e exp.reSS|on glvgn by TFTH and Eg. (24) of Panagia &
Note that the two points with y-offset of 20 correspond to the spots Felli (1975) for the ratio between mass loss rate and expansion
velocity of the wind. We can thus write the previous ratio as:
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in the inset of the top panel
Ly,

It is also worth noting that our model is consistent with thém 120

. . .. . —0. 4 -1 _
expansion velocity remaining constant at least on the region T2 (10"K) nH2(1070m %)
traced by the HO masers: this is indeed expected in the model 1 0.75
(1 — cos 9>

= 463 52" (mJy) d*®(kpc) v~ "*°(GHz)

(4)

of Stahler[(1994), which describes the velocity structure of the D2(10"cm) Ny a™*

material entrained by molecular outflows. Furthermore, the low

value of 23 km s found for the intrinsic velocity of the spotswheresS,, is the continuum flux measured at frequency! is

is consistent with the findings for the SiO jet. The results of C3Be distance to the sourcE the temperature of the ionised gas,

indicate that the velocity of the jet increases with distance fromy, the density of the gas where at the masers favig,.s the

the centre up to values as higha%00 km s!. The minimum number of HO maser spots)) their diameter in the plane of

SiO line width is measured towards the YSO and corresporttie sky, and the “aspect ratio”, i.e. the ratio between the length

to ~20 km s™! once a correction for the inclination angle iof the maser spot along the line of sight ald Note that the

applied: such a value well comparesitp previous expression depends quite weakly on most parameters
In conclusion, we believe that the ;B masers in but very strongly or, which ranges frona = 1 for spherical

IRAS 20126+4104 arise in a dense neutral layer on the surfawasersta >> 1 for filamentary masers. Note also that the factor

of an ionised conical jet. On a scale two orders of magnitud¢(1 — cos 6) is a correction introduced to take into account that

larger, the jet becomes neutral and is seen in molecular tradarsur conical model the ionised gas is collimated into an angle
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20, whereas Eq. (24) of Panagia & Fellli (1975) is derived undeollimation mechanism which keeps the direction and beaming
the assumption of spherical symmetry. of the jet almost constant on scales ranging fres0 AU to

The majority of the parameters in EQ. (4) are known from0.1 pc.
this work or previous studies, so that we can assign them the A further step to better understand the structure and
following values:T = 10* K, S, = 0.34 mJy atv = 8.4 GHz evolution of the jet will be represented by observations gOH
(Hofner et al[1999)d = 1.7 kpc,ny, = 108 cm~2 (Cesaroni maser proper motions, which we expect to be of the order of
et al[T997) Nypots = 26, andd = 29°. Eventually one obtains ~3 mas yrs! and hence measurable with VLBI techniques.
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jet. We interpret this as evidence for an efficient ejection and/or
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