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Jets from young stars represent one of the most striking signposts of star formation. The
phenomenon has been researched for over two decades and there is now general agreement
that such jets are generated as a byproduct of accretion, most likely by the accretion disk it-
self. Thus they mimic what occurs in more exotic objects such as active galactic nuclei and
microquasars. The precise mechanism for their production, however, remains a mystery. To a
large degree, progress is hampered observationally by the embedded nature of many jet sources
as well as a lack of spatial resolution: Crude estimates, as well as more sophisticated models,
nevertheless suggest that jets are accelerated and focused on scales of a few AU at most. It is
only in the past few years, however, that we have begun to probe such scales in detail using
classical T Tauri stars as touchstones. Application of adaptive optics, data provided by the HST,
use of specialized techniques such as spectroastrometry, and the development of spectral diag-
nostic tools are beginning to reveal conditions in the jet launch zone. This has helped enor-
mously to constrain models. Further improvements in the quality of the observational data are
expected when the new generation of interferometers come on line. Here we review some of
the most dramatic findings in this area since Protostars and Planets IV, including indications
for jet rotation, i.e., that they transport angular momentum. We will also show how measure-
ments such as those of width and the velocity field close to the source suggest jets are initially
launched as warm magnetocentrifugal disk winds. Finally, the power of the spectroastrometric
technique, as a probe of the central engine in very-low-mass stars and brown dwarfs, is shown
by revealing the presence of a collimated outflow from a brown dwarf for the first time, copy-
ing what occurs on a larger scale in T Tauri stars.

1. INTRODUCTION

The phenomenon of jets from young stellar objects
(YSOs) has been known for over two decades. While we
now have a reasonably good understanding of how they
propagate and interact with their surroundings on large
scales (e.g., see chapter by Bally et al.), i.e., hundreds of
AU and beyond, precisely how these jets are generated re-
mains a puzzle. The observed correlation between mass
outflow and accretion through the star’s disk (e.g., Hartigan
et al., 1995; Cabrit et al., 1990) would seem to favor some
sort of magnetohydrodynamic (MHD) jet launching mecha-

nism, but which one is open to question. In particular, it is
not known whether jets originate from the interface between
the star’s magnetosphere and disk [the so-called X-wind
model (see Shang et al., 2002; Shu et al., 2000; chapter by
Shang et al.)] or from a wide range of disk radii [the disk
or D-wind model (see chapter by Pudritz et al.)].

On the observational front we have begun to probe the
region where the jet is generated and collimated, thus test-
ing the various models. Moreover, since Protostars and Plan-
ets IV a number of major advances have been made thanks
to the availability of high-angular-resolution imaging and
spectroscopy. In particular, the use of intermediate-disper-
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sion spectroscopy (long-slit, Fabry-Perot, or employing inte-
gral field units) has provided excellent contrast between the
line-emitting outflow and its continuum-generating parent
YSO, a prerequisite to trace outflows right back to their
source (see section 2). Examples include groundbased tele-
scopes equipped with adaptive optics (AO) and the Space
Telescope Imaging Spectrograph (STIS), giving angular res-
olution down to 0".05 (see sections 2 and 3). In addition, as
will be explained below, the technique of spectroastrom-
etry (see section 5) is providing insights on scales of a few
AU from the source. The new methodologies have brought
an impressive wealth of morphological and kinematical data
on the jet-launching region (≤200 AU from the YSO), pro-
viding the most stringent constraints to date for the vari-
ous models. Here we will illustrate these results, e.g., meas-
urements of the jet diameter close to the source, and, where
appropriate, comparison with model predictions.

Jets may be nature’s way of removing excess angular
momentum from accretion disks, thereby allowing accretion
to occur. Moreover, they are produced not only by young
stars but by a plethora of astronomical objects from nascent
brown dwarfs, with masses of around 5 × 10–2 M , to black
holes at the center of AGN, as massive as 5 × 108 M . In
between they are generated by X-ray binaries, symbiotic
systems, planetary nebulae, and gamma-ray burst sources
(e.g., Livio, 2004). The range of environments, and the as-
tounding 10 orders of magnitude in mass over which the
jet mechanism operates, is testimony to its robustness. Thus
understanding how they are generated is of wide interest to
the astrophysics community. Given the quality of data now
coming on stream, and the prospect of even better angular
resolution in the near future, we are hopefully close to un-
raveling the nature of the engine itself. Our suspicion, as
supported below, is that this will be done first in the context
of YSO outflows.

2. IMAGING STRUCTURES CLOSE
TO THE JET BASE

YSO jets largely emit in a number of atomic and mo-
lecular lines (see, e.g., Reipurth and Bally, 2001; Eislöffel
et al., 2000). In the infrared to the ultraviolet, these lines
originate in the radiative cooling zones of shocks with typi-
cal velocities from a few tens to a few hundred km s–1. Thus
in order to explore the morphology and kinematics of the
jet-launching zone, both high-spatial-resolution narrowband
imaging (on subarcsecond scales) and intermediate-resolu-
tion spectroscopy is required. Leaving aside interferometry
of their meager radio continuum emission (Girart et al.,
2002), currently the best spatial resolution is afforded by
optical/NIR instruments. Many YSOs are so deeply embed-
ded, however, that optical/NIR observations are impossible.
That said, one class of evolved YSO, namely the classical
T Tauri stars (CTTS), are optically visible and have jets (see
Fig. 1). CTTS therefore offer a unique opportunity to test
current ejection theories. In particular, they give access to
the innermost regions of the wind (≤100 AU) where models
predict that most of the collimation and acceleration proc-
esses occur. Moreover, the separate stellar and accretion disk
properties of these systems are well known. Here we sum-
marize what has been learned from recent high-angular-res-
olution imaging studies of a number of CTTS jets. These
observations have been conducted either from the ground
with adaptive optics (AO) or from space with the Hubble
Space Telescope (HST).

A fundamental difficulty in imaging a faint jet close to
a bright CTTS is contrast with the source itself. This prob-
lem is often further exacerbated by the presence of an ex-
tended reflection nebula. Contrast with the line-emitting jet
can be improved either by decreasing the width of the PSF
(with AO systems from the ground or by imaging from

Fig. 1. Deconvolved [OI]λ6300 + continuum narrow-band image of the DG Tau jet obtained with the AO system PUEO on the Canada-
France-Hawaii Telescope. The spatial resolution achieved was 0".1 = 14 AU at the distance of the Taurus Auriga Cloud. Inset (top left)
is a high-contrast image near the source. Adapted from Dougados et al. (2002).
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space with, e.g., HST) and by increasing the spectral resolu-
tion. Obviously the optimum solution is a combination of
both. The pioneering work of Hirth et al. (1997) used long-
slit spectroscopy with accurate central continuum subtrac-
tion to reveal spatial extensions of a few arcseconds in the
forbidden line emission of a dozen CTTS. Around the same
time, narrowband imaging with the HST provided the first
high-spatial-resolution images of jets from CTTS (Ray et
al., 1996). More recently, application of AO systems from
the ground on 4-m-class telescopes, using both conventional
narrow-band imaging and in combination with intermedi-
ate-spectral-resolution systems, have led to remarkable 0".2-
resolution images of a number of small-scale jets from
CTTS including DG Tau, CW Tau, and RW Aur (Dougados
et al., 2000; Lavalley et al., 1997; Lavalley-Fouquet et al.,
2000). An alternative approach, pioneered by Hartigan et al.,
(2004), is “slit-less spectroscopy” using high-spatial-reso-
lution instruments such as the STIS onboard the HST. The
advantage of this method is that, providing the dispersion
of the spectrograph is large enough, one can obtain non-
overlapping emission-line images covering a large range of
wavelengths. This includes lines where no narrowband HST
filters exist. In this way Hartigan et al. (2004) constructed
high-spatial-resolution images of the jets from CW Tau,
HN Tau, UZ Tau E, DF Tau, and the primary of DD Tau.
Moreover, as will be described fully in the next section, the
use of contiguous parallel long-slits, e.g., with STIS, can
also provide high resolution “images” not only in individual
lines but over a range of velocities [see section 3 and, e.g.,
Woitas et al. (2002)].

All these observations show that these “small-scale”
T Tauri jets have complex morphologies, dominated by
emission knots, that strongly resemble the striking HH jets
emanating from Class 0/I sources (see chapter by Bally et
al.). Turning to larger scales, deep groundbased imaging by
Mundt and Eislöffel (1998) revealed that CTTS jets are as-
sociated with faint bow-shock-like structures, at distances of
a few thousand AU. Moreover, McGroarty and Ray (2004)
found that CTTS outflows can stretch for several parsecs,
as is the case with outflows from more embedded YSOs.
Thus the observations clearly suggest that the same ejec-
tion mechanism is at work at all phases of star formation.

Images taken at different epochs, usually a few years
apart, can reveal how the outflow varies with time. For ex-
ample, large proper motions, on the order of the jet flow
velocity, have been inferred for the knots in the DG Tau and
RW Aur jets (Dougados et al., 2000; López-Martín et al.,
2003; Hartigan et al., 2004). In the DG Tau jet, a clear bow-
shaped morphology is revealed for the knot located at 3"
(Lavalley et al., 1997; Dougados et al., 2000) as well as
jet wiggling, suggestive of precession. These properties, as
in the younger HH flows, suggest that knots are likely to
be internal working surfaces due to time variable ejection.
Detailed hydrodynamical modeling, e.g., of the DG Tau jet,
indicate fluctuations on timescales of 1–10 yr, although one
single period does not seem to account for both the kine-
matics and the morphology (Raga et al., 2001). Such rapid
changes are also observed at the base of the younger, em-

bedded HH flows. Attempts at modeling these changes have
been made. For example, numerical simulations by Good-
son et al. (1999) of the interaction of the stellar magneto-
sphere with the disk predict a cyclic inflation of the former
leading to eruptive ejection. The estimated timescales, how-
ever, seem too short as they are around a few stellar rota-
tion periods. It is also possible that such short-term fluc-
tuations in the outflow may come from disk instabilities or
cyclic changes in the stellar magnetic field (as in the Sun).
Further study is clearly needed to give insight into the ori-
gin of the variability process.

Imaging studies close to the YSO reveal details that are
useful in discriminating between various models. For ex-
ample, plots of jet width (FWHM) against distance from
the source are shown in Fig. 2 for a number of CTTS out-
flows [HL Tau, HH 30 (Ray et al., 1996); DG Tau, CW Tau,
and RW Aur (Dougados et al., 2000; Woitas et al., 2002)].
Similar results were found by Hartigan et al. (2004) for the
jets from HN Tau and UZ Tau E (see Fig. 2). These studies
show that at the highest spatial resolution currently achieved
(0".1 = 14 AU for the Taurus Auriga star-formation region),
the jet is unresolved within 15 AU from the central source.
Moreover, large opening angles (20°–30°) are inferred for
the HN Tau and UZ Tau E jets on scales of 15–50 AU, in-
dicating widths at the jet source <5 AU (Hartigan et al.,
2004). Beyond 50 AU, HH jets seem to slowly increase in
width with much smaller opening angles of a few degrees.
FWHM of 20–40 AU are inferred at projected distances of
around 100 AU from the central source. Such measurements

Fig. 2. Variation of jet width (FWHM) derived from [SII] and
[OI] images as a function of distance from the source. Data points
are from CFHT/PUEO and HST/STIS observations made by the
authors as well as those of Hartigan et al. (2004). Overlaid (solid
lines) are predicted variations based on two cold disk wind mod-
els with low efficiency (high λ) and a warm disk solution for com-
parison from Dougados et al. (2004). Note that moderate to high
efficiency is favored, i.e., warm solutions. Here efficiency is mea-
sured in terms of the ratio of mass outflow to mass accretion.
Models are convolved with a 14 AU (FWHM) gaussian beam. For
full details see Garcia et al. (2001) and Dougados et al. (2004).
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demonstrate that collimation is achieved on scales of a few
tens of AU, i.e., close to the YSO, and appear to rule out pure
hydrodynamic models for their focusing (see, e.g., Frank
and Mellema, 1996).

Here we note that synthetic predictions of jet widths,
taking into account projection and beam dilution effects,
have been computed for self-similar disk wind solutions
(e.g., Ferreira, 1997; Casse and Ferreira, 2000). The varia-
tion of jet diameter with distance from the source is con-
sistent with disk wind models of moderate to high efficiency
(Meject/Macc > 0.03) (e.g., Garcia et al., 2001; Dougados et
al., 2004) (see also Fig. 2). Here efficiency is defined as the
ratio of the total bipolar jet mass flux to the accretion rate.

3. KINEMATICS: VELOCITY PROFILES,
ROTATION, ACCELERATION,

AND IMPLICATIONS

Spectra of CTTS with jets frequently reveal the presence
of two or more velocity components (Hartigan et al., 1995).
In long-slit spectra with the slit oriented along the jet di-
rection, the so-called high-velocity component (HVC), with
velocities as large as a few hundred km s–1, appears more
extended and of higher excitation than the low-velocity com-
ponent (LVC), which has velocities in the range 10–50 km
s–1 (Hirth et al., 1997; Pyo et al., 2003).

In order to understand the nature of such components,
the region of the jet base (first few hundred AU) has to be
observed with sufficient spectral resolution. This can be

done using integral field spectroscopy, ideally employing
AO, to produce three-dimensional data cubes (two-dimen-
sional spatial, one-dimensional radial velocity). Slices of the
data-cubes then give two-dimensional images of a jet at dif-
ferent velocity intervals, akin to the “channel maps” of radio
interferometry. For example, Lavalley-Fouquet et al. (2000)
used OASIS to map the kinematics of the DG Tau jet with
0".5 resolution (corresponding to 70 AU at the distance of
DG Tau). Even better spatial resolution, however, can be
achieved with HST, although a long-slit rather than an inte-
gral field spectrograph has to be employed (Bacciotti et al.,
2000; Woitas et al., 2002). In particular, the jets from RW
Aur and DG Tau were studied with multiple exposures of
a 0".1 slit, stepping the slit transversely across the outflow
every 0". 07. Combining the exposures together, in differ-
ent velocity bins, again provided channel maps (see Fig. 3).
In such images, the jets show at their base an onion-like
kinematic structure, being more collimated at higher veloci-
ties and excitation. The high velocity “spine” can be iden-
tified with the HVC. The images also show, however, pro-
gressively wider, slower, and less excited layers further from
the outflow axis, in a continuous transition between the
HVC and the LVC. At a distance of about 50–80 AU from
the source, though, the low-velocity material gradually dis-
appears, while the axial HVC is seen to larger distances.
The flow as a whole thus appears to accelerate on scales
of 50–100 AU. This structure has recently been shown to
extend to the external H2-emitting portion of the flow (Ta-
kami et al., 2004). All these properties have been predicted

Fig. 3. Two-dimensional velocity “channel maps” of (a) the blueshifted jet from DG Tau and (b) the bipolar jet from RW Aur, re-
constructed from HST/STIS multislit optical spectra. For DG Tau, the low-, medium-, high-, and very-high-velocity intervals are ap-
proximately from +60 to –70 km s–1 (LV), –70 to –195 km s–1 (MV), –195 to –320 km s–1 (HV), and –320 to –450 km s–1 (VHV)
respectively. For RW Aur, velocity bins of about 80 km s–1 were used starting from –5 km s–1 in the approaching lobe and from +11 km s–1

in the receding lobe. Note the increase in jet collimation with increasing velocity.
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by theoretical models of magnetocentrifugal winds (see,
e.g., chapters by Shang et al. and Pudritz et al.).

The most exciting finding in recent years, however, has
been the detection of radial velocity asymmetries that could
be interpreted as rotation of YSO jets around their axes.
Early hints of rotation were found in the HH 212 jet at large
distance (≈104 AU) from the source by Davis et al. (2000).
More recently, indications for rotation have been obtained
in the first 100–200 AU of the jet channel through high-
angular-resolution observations, both from space and the
ground (Bacciotti et al., 2002; Coffey et al., 2004; Woitas et
al., 2005). Such velocity asymmetries have been seen in all
the T Tauri jets observed with HST/STIS (DG Tau, RW Aur,
CW Tau, Th 28, and HH 30), in different emission lines and
using slit orientations both parallel and perpendicular to the
outflow axis. For example, at optical wavelengths, system-
atic shifts in radial velocity, typically from 5 to 25 ± 5 km s–1,
were found at jet positions displaced symmetrically with
respect to the outflow axis, at 50–60 AU from the source
and 20–30 AU from the axis (see Fig. 4). Note that the re-
solving power of STIS in the optical is around 55 km s–1.
However, applying gaussian fitting and cross-correlation
routines to the line profiles, it is possible to detect velocity
shifts as small as 5 km s–1. It should also be mentioned that
the sense and degree of velocity asymmetry suggesting rota-
tion were found to be consistent in different elements of
various systems (e.g., both lobes of the bipolar RW Aur jet,
the disk and jet lobes in HH 212 and DG Tau) and between
different datasets (Testi et al., 2002; Woitas et al., 2005;
Coffey et al., 2005).

Very recently, such findings have been confirmed by the
detection of systematic radial velocity shifts in the near ul-

traviolet (NUV) lines of Mg+ λλ 2796, 2803 (Coffey et al.,
in preparation). Such lines are believed to arise from the
fast, highly excited axial portion of the flow, and can be
studied with higher angular resolution. Unfortunately, how-
ever, because of the failure of STIS in August 2003, it was
only possible to study the jets from Th 28 and DG Tau in
the NUV. As expected, the measurements of radial velocity
in the NUV lines show slightly higher velocities in the axial
region (see Fig. 5). Once again asymmetry in radial velocity
across the jet is found. Assuming this is rotation, both the
sense of rotation and its amplitude agree with the optical
values (see Fig. 5).

Finally, velocity asymmetries compatible with jet rota-
tion have also been detected from the ground using ISAAC
on the VLT in two small-scale jets, HH 26 and HH 72, emit-
ting in the H2 2.12-µm line (Chrysostomou et al., 2005).
The position-velocity diagrams, again based on slit positions
transverse to the outflow, indicate rotation velocities of 5–
10 km s–1 at ≈2–3" from the source and ≈1" from the jet
axis. Note that these jets are driven by Class I sources, sug-
gesting rotation is present, as one would expect, from the
earliest epochs.

The detection of rotation is interesting per se, as it sup-
ports the idea that jets are centrifugally launched presum-
ably through the action of a magnetic “lever arm.” Assum-
ing that an outflow can be described by a relatively simple
steady magnetohydrodynamic wind model, the application
of a few basic equations, in conjunction with the observed
velocity shifts, allows us to derive a number of interesting
quantities that are not yet directly observable. One of these
is the “foot-point radius,” i.e., the location in the accretion
disk from where the observed portion of the jet is launched

Fig. 4. Transverse velocity shifts in the optical emission lines detected with HST/STIS across the jets from (a) DG Tau and (b) Th 28,
at about 50–60 AU from the source and 20–30 AU from the outflow axis. The application of gaussian fitting and cross-correlation
routines to line profiles from diametrically opposite positions centered on the jet axis revealed velocity shifts of 5–25 km s–1. The
values obtained suggest toroidal speeds of 10–20 km s–1 at the jet boundaries.
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(Anderson et al., 2003). The observations described here
are consistent with foot-point radii between 0.5 and 5 AU
from the star, with the NUV (NIR)-emitting layers coming
from a location in the disk closer (farther) from the axis
than the optical layers. These findings suggest that at least
some of the jet derives from an extensive region of the disk
[see also Ferreira et al. (2006), who also show that inter-
mediate-sized magnetic lever arms are favored]. It has to
be emphasized, however, that the current observations only
probe the outer streamlines (Pesenti et al., 2004) and accu-
rate determination of the full transverse rotation profile is
critical to constrain the models. One cannot, for example,
exclude the presence of an inner X-wind at this stage, as
the spatial resolution of the measurements is not yet suffi-
cient to probe the axial region of the flow corresponding
to any X-wind ejecta (but see Ferreira et al., 2006). More-
over, it is not absolutely certain that flow lines can be traced
back to unique foot-points. In fact, once the region beyond
the acceleration zone is reached (typically a few AU above
the disk), the wind is likely to undergo various kinds of
MHD instabilities that complicate the geometry of the field
lines. Thus a one-to-one mapping to a precise foot-point
cannot be expected a priori (see below for alternative in-
terpretations of the velocity asymmetries).

Assuming, however, that the current foot-point determi-
nations are valid, these can be used to get information on
the geometry of the magnetic field. In fact, from the toroi-
dal and poloidal components of the velocity field, one can
derive the ratio of the corresponding components of the
magnetic field B. It is found that at the observed locations
Bφ = Bp ~ 3–4 (Woitas et al., 2005). A prevalence of the
toroidal field component at 50–100 AU from the star is

indeed predicted by the models that attribute the collima-
tion of the flow to a magnetic “hoop stress” (Königl and
Pudritz, 2000). The most important quantity derived from
the observed putative rotation, however, is the amount of
angular momentum carried by the jet. In the two systems
for which we had sufficient information (namely, DG Tau
and RW Aur), we have verified that this is between 60% and
100% of the angular momentum that the inner disk has to
lose to accrete at the observed rate. Thus, the fundamental
implication of the inferred rotation is that jets are likely to
be the major agent for extracting excess angular momentum
from the inner disk, and this could in fact be their raison
d’être.

It should be noted that a few recent studies have pro-
posed alternative explanations for the observed velocity
asymmetries. For example, they could be produced in asym-
metric shocks generated by jet precession (Cerqueira et al.,
2006) or by interaction with a warped disk (Soker, 2005).
It seems unlikely, however, that these alternative models
could explain why the phenomenon is so common (virtually
all observed jets were found to “rotate”) and why the ampli-
tude of the velocity asymmetry is in the range predicted by
disk wind theory.

Moreover, while the above developments have shed new
light on how jets are generated, many puzzles remain. For
example, a recent study of the disk around RW Aur sug-
gests the disk rotates in the opposite sense to both of its
jets (Cabrit et al., 2006). Although such observations might
be explained by complex interactions with a companion star,
it is clear that further studies of jets and disks at high spa-
tial/spectral resolution are needed to definitely confirm the
detection of jet rotation.

Fig. 5. Radial velocities across the jets from (a) Th 28 and (b) DG Tau, in the NUV (solid symbols) and optical (hollow symbols)
lines, from HST/STIS spectra taken with the slit transverse to the outflow and at 0".3 from the star. The two datasets fit well together.
The asymmetry in radial velocity from opposing sides of the jet axis, seen in both wavelength regimes, suggests rotation.
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Another problem is the observed asymmetry in ejection
velocity between opposite lobes in a number of outflows.
One “classical” example is the bipolar jet from RW Aur,
in which the blueshifted material moves away from the star
with a radial velocity vrad ~ 190 km s–1, while the redshifted
lobe is only moving at ~100–110 km s–1. In addition, re-
cent measurements (López-Martín et al., 2003) have shown
that the proper motions of the knots in the blue- and red-
shifted lobes are in the same ratio as the radial velocities.
This suggests that measured proper motions represent true
bulk motions rather than some form of wave. Such findings
beg the obvious question: If there are differences in param-
eters like jet velocity [see also Hirth et al. (1994) for other
cases] in bipolar jets, are there differences in even more fun-
damental quantities such as mass and momentum flux?

What is the origin of the detected near-infrared H2 emis-
sion at the base of flows? This apparently comes from lay-
ers just external to the jet seen in forbidden lines. Several
such “H2 small-scale jets” have been found recently, as in,
e.g., HH 72, HH 26, HH 7-11, but H2 winds are also asso-
ciated with well-known jets from T Tauri stars, as in, e.g.,
DG Tau. In the latter case the emission originates from a
warm (T ~ 2000 K) molecular wind with a flow length and
width of 40 and 80 AU, respectively, and has a radial ve-
locity of ~15 km s–1 (Takami et al., 2004). It is not clear if
such a molecular component is entrained by the axial jet,
or if it is a slow external component of the same disk wind
that generates the fast jet. The latter flow geometry would
again agree with model predictions of magnetocentrifugal
driven winds.

4. LINE DIAGNOSTICS

The numerous lines emitted by stellar jets, e.g., from
transitions of O0, S+, N+, Fe+, H, and H2, provide a wealth
of useful information. By comparing various line ratios and
intensities with radiative models, one is able to determine
the basic physical characteristics of jets. Not only can we
plot the variation of critical parameters such as tempera-
ture, ionization, and density in outflows close to their source
and in different velocity channels, but also such fundamen-
tal quantities as elemental abundances and mass flux rates.
Recently, spectral diagnostic methods have been extended
from the optical into the near-infrared. This not only pre-
sents the prospect of probing jet conditions in very-low-
velocity shock regions, but also gives the opportunity of in-
vestigating more embedded jets from less-evolved sources.
These studies are complementary to the spectral analysis
aimed at investigating the disk/star interaction zone and the
role of accretion in determining outflow properties.

Determination of the line excitation mechanism in T Tauri
stars is a long-standing issue. It is critical in particular for
a detailed comparison of wind model predictions with ob-
servations. Comparison of the optical line emission prop-
erties of the DG Tau and RW Aur jets with what is expected
from three different classes of excitation mechanism (mix-
ing layers, ambipolar diffusion, planar shocks) show that line

ratios in these jets are best explained by shock excitation
with moderate to large velocities (50–100 km s–1) (Lavalley-
Fouquet et al., 2000; Dougados et al., 2003), indicating that
time variability plays a dominant role in the heating process.

Since Protostars and Planets IV, line diagnostics of stel-
lar jets have developed to the point that not only can we
determine the usual quantities such as the electron density
(ne) and temperature (Te), but a number of additional ones
as well, the most important of which is probably total den-
sity, nH. In fact, all models for the dynamics and radiative
properties of jets are highly dependent on this parameter,
either directly or through derived quantities such as the jet
mass or angular momentum fluxes (see sections 3 and 5).

In early studies, as now, physical quantities such as ne
and Te were determined from line ratios sensitive to these
parameters. The observations, however, were made at low
spatial resolution and thus effectively integrated over the
shock cooling zone (e.g., Böhm et al., 1980; Brugel et al.,
1981). Estimates of other important quantities, such as the
ionization fraction and the strength of the preshock mag-
netic field, had to wait for studies in which the observed
line intensities and ratios were compared with predicted
values based on shock models (e.g., Hartigan et al., 1994).
More recently, however, a simpler method, referred to as the
“BE” technique (Bacciotti and Eislöffel, 1999) has been de-
veloped to measure xe = ne/nH and Te directly from readily
observed optical line ratios utilizing transitions of O0, N+,
and S+ (Bacciotti and Eislöffel, 1999; Bacciotti, 2002). The
procedure is based on the fact that the gas producing for-
bidden lines is collisionally excited and no assumptions are
made as to the heating mechanism. Such an approach is
clearly expedient although not a substitute for a detailed
model. The method assumes, for example, that the emitting
gas is at a single temperature, which is not true in the cool-
ing zone behind a shock. That said, one should consider
parameters derived from the BE technique as relevant to
those regions behind a shock in which the used lines peak in
their emission [see the discussion and diagrams in Bacciotti
and Eislöffel (1999)].

The basic premise of the BE method is that sulfur is
singly ionized in YSO jets because of its low ionization po-
tential. At the same time the ionization fraction of oxygen
and nitrogen is assumed to be regulated by charge-exchange
with hydrogen (and recombination). This provides the link
between observed line ratios and xe. The necessary condi-
tions for these assumptions are generally fulfilled in YSO
jets. Since photoionization is ignored, however, applicabil-
ity of the BE technique is limited to regions far away from
any strong sources of UV photons, such as at the vicinity of
terminal bow-shocks. One must also assume a set of ele-
mental abundances, appropriate for the region under study
[see the discussion in Podio et al. (in preparation)].

A number of jets have been analyzed with this technique
using moderate-resolution long-slit spectra and integral field
spectroscopy (Bacciotti and Eislöffel, 1999; Lavalley-Fou-
quet et al., 2000; Dougados et al., 2000; Nisini et al., 2005;
Podio et al., in preparation; Medves et al., in preparation).
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Typical ne values are found to vary between 50 cm–3 and
3 × 103 cm–3, xe to range from 0.03 to 0.6, and Te to de-
crease along a jet from a peak of 2–3 × 104 K close to the
source to averages of 1.0–1.4 × 104 K on larger scales. The
variation of ne and xe along the flow is consistent with ioni-
zation freezing close to the source, followed by slow non-
equilibrium recombination. The mechanism that produces
a high degree of ionization close to, although not coincident
with, the base of the jet, however, is not known. It might, for
example, derive from a series of spatially compact nonsta-
tionary shocks at the jet base (Lavalley-Fouquet et al., 2000;
Massaglia et al., 2005). Whatever the mechanism, a com-
parison of various jets seems to suggest that it has similar ef-
ficiencies in all cases: Lower ionization fractions are found
in the densest jets, i.e., those that recombine faster. In any
event, the realization that stellar jets are only partially ion-
ized has provided new, more accurate estimates of the to-
tal density nH. These estimates are much bigger than previ-
ous ones and typically, on large scales, range from 103 to
105 cm–3. This, in turn, implies that jets can strongly affect
their environments, given their markedly increased mass,
energy, and momentum fluxes. Taking into account typical
emissivity filling factors, mass loss rates are found to be
about 10–8–10–7 M  yr–1 (Podio et al., in preparation) for
CTTS jets. The associated linear momentum fluxes (calcu-
lated as P = vjet M) are higher, or on the same order, as
those measured in associated coaxial molecular flows, where
present. This suggests that partially ionized YSO jets could
drive the latter.

The BE method is well suited to analyzing large datasets,
such as those provided by high-angular-resolution obser-
vations. An example of its application, to HST narrowband
images of the HH 30 jet, is shown in Fig. 6 (Bacciotti et al.,
1999). A similar analysis of spectra taken from the ground
using AO is presented in Lavalley-Fouquet et al. (2000).
Even more interesting is the application of the technique to
the two-dimensional channel maps reconstructed from par-
allel slit STIS data (see Fig. 3). In this way one can obtain
high-angular-resolution two-dimensional maps of the vari-
ous quantities of interest in the different velocity channels, as
illustrated in Fig. 7 for the ionization fraction in the DG Tau
jet (Bacciotti, 2002; Bacciotti et al., in preparation). The
electron density maps, for example, confirm that ne is high-
est closest to the star, nearer the axis, and at the highest ve-
locities. At the jet base, one typically finds 0.01 < xe < 0.4,
and total densities up to 106 cm–3. In the same region 8 ×
103 < Te < 2 × 104 K. These values can be compared with
those predicted by MHD jet-launching models. Finally, from
nH, the jet diameter, and the deprojected velocity one can
determine the initial mass flux in the jet Mjet. Typical values
are found to be around 10–7 M  yr–1, with the colder and
slower external layers of the jet contributing most to the
flux. Such values can be combined with known accretion
rates in these stars to produce Mjet/Macc ratios. Note that
accretion rates are determined independently through line
veiling (Hartigan et al., 1995). Typical ratios in the range
0.05–0.1 are found. This seems inconsistent with cold disk
wind models, although warm disk winds with moderate

magnetic lever arms are expected to produce such ratios
(Casse and Ferreira, 2000).

In the last few years application of line diagnostics has
been extended from the optical into the near-infrared (Nisini
et al., 2002; Pesenti et al., 2003; Giannini et al., 2004; Har-
tigan et al., 2004). As stated at the beginning of this sec-
tion, this presents the prospect of not only probing jet condi-
tions in very-low-velocity shock regions, but also the possi-
bility of investigating more embedded, and less evolved,
jets. For example, using NIR lines of Fe+, one can deter-
mine not only the electron density in denser embedded re-
gions of the jet, but also such fundamental quantities as the
visual extinction AV along the line of sight to an outflow.
Note that AV has to be known if we are to correct line ra-
tios using lines that are far apart in wavelength. In addi-
tion, the NIR H2 lines provide a probe of excitation condi-
tions in low-velocity shocks near the base of the flow where
some molecular species survive.

Fig. 6. Physical quantities along the HH 30 jet derived using
the BE technique (see text) from HST/WFPC2 narrowband im-
ages. (a) [SII] emission, (b) ionization fraction, (c) electron tem-
perature, (d) total density, (e) filling factor, and (f) mass flux in
units of 10–9 M  yr–1 along the jet.
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Very recently, the potential of a combined optical/NIR set
of line diagnostics has been exploited (Nisini et al., 2005;
Podio et al., in preparation) using a variety of transitions in
the 0.6–2.2-µm range. This approach has turned out to be a
very useful means of determining how physical quantities
vary in the different stratified layers behind a shock front as
well as providing additional checks on many parameters.
For example, the combination of red and NIR Fe+ lines gives
an independent estimate of Te and ne, which does not rely on
the choice of elemental abundances. The electron density
and temperature, derived from iron lines, turn out to be
higher and lower, respectively, than those determined from
optical lines. This is in agreement with the prediction that
iron emission should, on average, come from a region within
the postshock cooling zone that is farther from the shock
front than those regions giving rise to the optical lines.
Hence it is cooler and of higher density. Moreover, analysis
of NIR Ca+ and C0 lines show that jets possess regions of
even higher density (nH up to 106 cm–3). Finally, various
lines have been used to estimate the depletion onto dust
grains of calcium and iron with respect to solar values. The
amount of depletion turns out to be quite substantial: around
30–70% for calcium and 90% for iron. This leads to the sug-
gestion that the weak shocks present in many jets are not

capable of completely destroying ambient dust grains, as
expected theoretically (Draine, 1995).

5. PROBING THE OUTFLOW ON AU SCALES:
USE OF SPECTROASTROMETRY

As this review (and others in this volume) shows, there
has been a dramatic improvement over the past decade in
the spatial information provided by modern instrumentation,
with arguably the most detail delivered by the HST (e.g.,
Bacciotti et al., 2000). AO also played an important role in
allowing us to peek closer to the YSO itself (e.g., Dougados
et al., 2002). Nevertheless, it still remains true that the spa-
tial resolution of astronomical observations are constrained
by the diffraction limit of the telescope (as well as optical
aberrations and atmospheric seeing in many cases). In order
to probe down to the central engine, we need to achieve a
resolution of ~10 AU or better, which corresponds to <0.05"
for the nearest star-forming regions. In other words, we need
milliarcsecond resolution!

Here we briefly describe the technique of spectroastrom-
etry and how it can be used to determine the spatiokinematic
structure of sources well below the diffraction limit of the
telescope, and then review some of the important results ob-
tained using this technique.

5.1. Spectroastrometry: The Technique

The great value and appeal of spectroastrometry lies in
its rather simple application and the fact that it does not
require specialist equipment nor the best weather conditions.
With no more than a standard CCD in a long-slit spectro-
graph, we have in return a tool that is capable of probing
emission structures within AU scales of the YSO. An unre-
solved star is observed with a long-slit spectrograph and the
positional centroid of the emission along the slit is deter-
mined as a function of wavelength. If the unresolved source
consists of an outflow or binary with distinctive features in
their spectra, the centroid position will shift relative to the
continuum at the wavelength of the features. As such, the
only factor that affects the accuracy of this technique is the
ability to measure an accurate centroid position and this is
ultimately governed by the number of photons detected and
a well-sampled PSF (hence a small pixel scale, with the
added requirement of a uniform CCD). Each photon de-
tected should be within a distance, defined by the seeing
disk, from the centroid and the uncertainty in this position
reduces by N  when N photons are detected. This results
in a position spectrum the accuracy of which, measured in
milliarcseconds, is given by ∆x ~ 0.5 × FWHMseeing/ N
(Takami et al., 2003). Consequently, brighter emission lines
are better suited to probing the inner regions of the YSO.

As Bailey (1998) explains, the method is not new and
has been used in previous works, although these involved
specialist techniques and equipment (Beckers, 1982; Christy
et al., 1983). Moreover, a number of authors (e.g., Solf and
Böhm, 1993; Hirth et al., 1997) have used long-slit spec-
troscopy to examine subarcsecond kinematic structure of

Fig. 7. Two-dimensional maps of the level of ionization in the
first 200 AU of the DG Tau jet in the different velocity channels
indicated in Fig. 3. Ionization values were derived by applying the
BE technique to HST/STIS multiple spectra.
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the HVC and LVC in a number of outflows. Bailey (1998)
revived interest in the technique by demonstrating that one
could routinely recover information on milliarcsecond scales
by taking long-slit spectra at orthogonal and antiparallel po-
sition angles, i.e., by rotating the instrument and pairing
spectra taken at 0° and 180° and 90° and 270° apart. Each
antiparallel pair is subtracted to remove any systematic er-
rors introduced by the telescope and/or instrument, as such
signals should be independent of rotation, whereas the true
astronomical signal is reversed (Brannigan et al., in prepa-
ration).

5.2. Spectroastrometry: The Science

The first extensive use of spectroastrometry came with
the study of Bailey (1998), who used it to prove the tech-
nique on known binaries, in the course of which two pre-
viously unknown binaries were also discovered. Since then,
Garcia et al. (1999) and Takami et al. (2001, 2003) have
surveyed a number of YSOs revealing jets on scales of
~10 AU from the source in a few cases. Perhaps most in-
teresting are discoveries of bipolar jets at these small scales.

Forbidden lines only trace outflows in those zones with
less than the critical electron density for the line. As jets
tend to have higher densities closer to their source, this
means that a point is reached where individual forbidden
lines fade. In contrast, a permitted line traces activity all
the way to the star. However, such lines, e.g., Hα, not only
map outflows but magnetospheric accretion onto the YSO
as well (e.g., Muzerolle et al., 1998). It follows that the pro-
file of a permitted line at the star tends to be a mixture of
outflow and inflow components. As we will show, spectro-
astrometry is a way of unraveling these respective contri-
butions. Now, as mentioned previously, if a spectrum is
taken of a CTTS, it tends only to show blueshifted forbid-
den lines. This is readily understandable if the forbidden
line emission comes only from an outflow and the red-
shifted (counterflow) at the star is obscured by an accretion
disk (a view that is also endorsed by spectroastrometry).
Now if we search for a spectroastrometric offset in the blue-
shifted wing of a permitted line we find the maximum off-
set at the blueshifted jet velocity and in the same direction.
The offsets, however, are much smaller than those measured
for the forbidden lines, implying the permitted emission
tends to come from much closer to the source. Remarkably
Takami et al. (2001, 2003) found bipolar Hα emission cen-
tered on RU Lupi and CS Cha, clearly indicating a direct
line of sight to the counterflow through the accretion disk
in these stars. This is interpreted as evidence of a sizable
gap or dust hole in the disk at a radius of ~1–5 AU from
the protostar (see also Fig. 8). The gap itself could be gen-
erated by a planetary body (see, e.g., Varniére et al., 2005),
although it could equally be due to the development of very
large dust grains in the innermost region of the disk (see,
e.g., Watson and Stapelfeldt, 2004). Such large dust grains
would have reduced opacity. Supporting evidence for the
presence of gaps is seen in the spectral energy distributions
of these objects; they show mid-infrared emission dips con-

sistent with temperatures of ~200 K, coincident with the ice
condensation temperature where the increase in surface den-
sity may aid planet formation (Boss, 1995).

Recently the technique has been used in the near-infra-
red. As well as allowing us to investigate younger and more
embedded sources, this wavelength range also makes avail-
able other lines as probes. For example, Paβ (1.2822 µm) is
found in the spectra of many T Tauri stars and was believed
to exclusively trace accretion. However, Whelan et al. (2004)
showed that this is not always the case using spectroastrom-
etry. In particular, large spatial offsets relative to the YSO
were found in the line wings (something that would not be
expected in the case of accretion). Magnetospheric accretion
models have always struggled to explain the detailed pro-
files of permitted lines (Folha and Emerson, 2001). Spec-
troastrometry seems to have resolved this problem by iden-
tifying those parts of the line attributable to an outflowing
jet. It is also worth noting that both Takami et al. (2001)
and Whelan et al. (2004) show evidence that suggests that
offsets from the star increases with velocity, consistent with
the presence of an acceleration zone.

Finally, Whelan et al. (2005) used spectroastrometry to
report the first detection of an outflow from a brown dwarf.
Their data suggest many similarities (allowing for scaling
factors) between the brown dwarf outflow and those seen in
CTTS (see section 6). Observations such as these suggest a
universal correlation between the gravitational collapse of
an object with an accretion disk and the generation of an
outflow.

6. FROM BROWN DWARFS TO
HERBIG Ae/Be STARS

It is conceivable that the accretion/ejection mechanism
responsible for the generation and collimation of jets be-
comes substantially modified, or may not even operate, as
one goes to sources of substantially higher or lower mass
than T Tauri stars. Thus, it is an interesting question as to
whether such objects also produce jets and if they are simi-
lar to those from CTTS. Certainly exploring how outflows
vary with the mass of the central object (varying escape
velocity, radiation field, etc.) can provide useful constraints
and tests for any proposed accretion/ejection model.

Recent studies have detected signatures of accretion in
a wide range of objects from brown dwarfs, with masses
as low as 0.03 M  (Jayawardhana et al., 2003; Natta et al.,
2004; Mohanty et al., 2005), through very-low-mass (VLM)
stars (Scholz and Eislöffel, 2004) to Herbig Ae/Be stars
(Finkenzeller, 1985; Böhm and Catala, 1994; Corcoran and
Ray, 1997) of 2–10 M . While the accretion rates show a
large spread at any given mass, it seems that a relationship
Macc ∝ M2

obj holds for the upper envelope of the distribu-
tion (see, e.g., Natta et al., 2004). This dependence is much
steeper than expected from viscous disk models with a
constant viscosity parameter α, which would predict a much
shallower relationship (Natta et al., 2004; Mohanty et al.,
2005). Strongly varying disk ionization with the central ob-
ject mass caused by its X-ray emission (Muzerolle et al.,
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2003) or disk accretion controlled by Bondi-Hoyle accretion
from the large gas reservoir of the surrounding cloud core
(Padoan et al., 2005) have been proposed to understand the
steep relationship between accretion rate and central object
mass.

In order to estimate the minimum mass of a source that
we might be able to detect an outflow from, it is plausible to
extrapolate the known linear correlation between ejection
and accretion rates. Moreover, Masciadri and Raga (2004)
have shown that the luminosity of a putative brown dwarf
jet should scale approximately with its mass outflow rate.
Thus, giving the known accretion rates of brown dwarfs,
we expect their outflows to be about 100× fainter at best
than those from CTTS, i.e., just within the reach of the big-
gest telescopes (Whelan et al., 2005).

The first very-low-mass object found to show forbidden
lines typical of outflows from T Tauri stars, LS-RCrA-1,
was discovered by Fernández and Comerón (2001). Its mass
has been estimated as substellar (Barrado y Navascués et
al., 2004), but the forbidden line emission could not be

resolved spatially (Fernández and Comerón, 2005). In the
same work, however, a 4"-long jet and a 2"-long counterjet
were reported on from the VLM star Par-Lup3-4. Simulta-
neously, Whelan et al. (2005) detected a spatially resolved
outflow from the 60 MJ brown dwarf ρ Oph 102 using spec-
troastrometry. The outflow is blueshifted by about –50 km
s–1 with respect to its source, and has characteristics similar
to those from CTTS.

Moving to the other end of the mass spectrum, it is also
interesting to investigate if the intermediate-mass Herbig
Ae/Be stars show accretion/ejection structures like those of
the lower-mass T Tauri stars. Several large-scale Herbig-
Haro flows have been known for some time, which may
be driven by Herbig Ae/Be stars. In many cases, however,
it is not certain that the Herbig Ae/Be star, as opposed to a
nearby, unrelated T Tauri star or a lower-mass companion,
could be responsible. Examples include HH 39 associated
with R Mon (Herbig, 1968), HH 218 associated with V645
Cyg (Goodrich, 1986), and HH 215 and HH 315 associated
with PV Cep (Neckel et al., 1987; Gomez et al., 1997; Rei-

Fig. 8. Example spectroastrometry data of the Hα line. The upper panels show x-y plots of the spectroastrometric offsets at each
position across the line profile (circles and crosses for blue- and redshifted components, respectively). The integrated line profile is
shown below. The data were taken using the ISIS instrument on the William Herschel Telescope on La Palma. (a) Detection of a
bipolar outflow in UY Aur, implying the presence of a disk gap in this object. (b) The same for RY Tau, although the evidence sug-
gests either a binary companion or a monopolar jet with the redshifted component hidden from view.
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purth et al., 1997). The first jet that could unambiguously
be traced back to a Herbig Ae/Be star was HH 398 ema-
nating from LkHα 233 (Corcoran and Ray, 1998). All these
outflow sources exhibit blueshifted forbidden emission lines
in their optical spectra with typical velocities of a few hun-
dred km s–1, similar to CTTS.

More recently, small-scale jets from two nearby Herbig
Ae stars have been found by coronographic imaging in the
ultraviolet with the HST. These jets and counterjets from
HD 163296 (HH 409) (Devine et al., 2000; Grady et al.,
2000) and HD 104237 (HH 669) (Grady et al., 2004) are
only a few arcseconds long. They are readily seen in Lyα as
the contrast between the star and the shocked flow is much
more favorable than in the optical: Lyα/Hα ≥ 10 accord-
ing to shock models (e.g., Hartigan et al., 1987).

Summarizing, we find that Herbig-Haro jets both in the
form of small-scale jets and parsec-scale flows are ubiqui-
tous in CTTS. They seem to be much rarer toward the
higher-mass Herbig AeBe stars, and only one clear example
of an outflow from a brown dwarf is known so far. Never-
theless, this seems to indicate that the accretion/ejection
structures in all objects are similar and the same physical
processes are at work over the whole mass spectrum. The
conditions for the generation of jets seem to be optimal in
CTTS T Tauri stars, while under the more extreme environ-
ments, both in the lower-mass brown dwarfs and in the
higher-mass Herbig Ae/Be stars, jet production could be less
efficient. Current models of the magnetocentrifugal launch-
ing of jets from young stars will have to be tested for the
conditions found in brown dwarfs and Herbig AeBe stars,
in order to see if they are can reproduce the frequency and
physical characteristics of the observed flows.

7. THE FUTURE: TOWARD RESOLVING
THE CENTRAL AU

While it is clear from this review that high-angular-reso-
lution observations (on scales ≈0".1) have provided impor-
tant information on the launch mechanism, the true “core”
of the engine lies below the so-called “Alfvén surface.” This
surface is located within a few AU of the disk (i.e., tens of
milliarcseconds for the nearest star-forming region), so the
core cannot be resolved with conventional instrumentation
either from the ground or space. This, however, is about to
change with the new generation of optical/NIR interferom-
eters coming on line, opening up the exciting possibility of
exploring this region for the first time. Currently being
rolled out are two facilities in which Europe will play an
active role: the VLT Interferometer (VLTI) at ESO-Paranal,
and the Large Binocular Telescope (LBT) at Mount Graham
in Arizona.

The VLTI will operate by connecting, in various combi-
nations, up to four 8-m and four smaller (1.8-m) auxiliary
telescopes. The latter can move on tracks to a number of
fixed stations so as to obtain good (u,v) plane coverage. The
beams, of course, from the various telescopes have to be
combined in a correlator. In this regard the AMBER instru-
ment is of particular interest to the study of YSO jet sources

as it allows for medium-resolution spectroscopy in the NIR
(e.g., high-velocity Paschen β emission). AMBER can com-
bine up three AO corrected beams, thus allowing “closure
phase” to be achieved and it will provide angular resolu-
tion as small as a few milliarcseconds. In the early days of
operating this instrument, incomplete (u,v) plane coverage
is expected and in this case models of the expected emis-
sion are needed to interpret the observations (Bacciotti et
al., 2003). The LBT Interferometer, in contrast to the VLTI,
is formed by combining the beams of two fixed 8.4-m tele-
scopes and hence has a fixed baseline. Effectively it will
have the diffraction limited resolution of a 23-m telescope
(Herbst, 2003) and excellent (u,v) plane coverage because
of the shortness of the baseline in comparison to the tele-
scope apertures. Moreover, it will complement the VLTI
through its short projected baseline spacings, spacings that
are inaccessible to the former. The LBT Interferometer will
initially operate in the NIR in so-called Fizeau mode, pro-
viding high-resolution images over a relatively large field
of view (unlike the VLTI). A future extension into the opti-
cal is planned, however.

Radio provides a means of obtaining high-spatial-reso-
lution observations of YSO jets close to their source if the
source is highly embedded (Girart et al., 2002). Their free-
free emission, however, tends to be rather weak and so the
number of outflows mapped so far at radio wavelengths has
been quite small. This will change dramatically when the
new generation of radio interferometers, in particular e-
MERLIN (extended MERLIN) and EVLA (extended VLA)
come on line. Although there will be modest improvements
in resolution, the primary gain will be in sensitivity, allow-
ing, in some cases, the detection of emission 20–50× weaker
than current thresholds. This increase in sensitivity will be
achieved through correlators and telescope links with much
broader band capacities than before. Such improvements
will not only lead to the detection of more jet sources, and
hopefully allow meaningful statistical studies, but perhaps
more importantly to the detection of nonthermal compo-
nents in known outflows as already hinted at in a number
of studies (see Girart et al., 2002; Ray et al., 1997; Reid et
al., 1995). Polarization studies of such emission in turn
would give us a measure of ambient magnetic field strength
and direction, parameters that are poorly known at present.
Finally, it is worth noting that a number of studies have
shown that H2O masers may in some instances be tracing
outflows (Claussen et al., 1998; Torrelles et al., 2005) and
not circumstellar disks as often assumed. High-resolution
polarization studies of such masers can not only provide
information on magnetic field strengths and direction but,
when combined with multiepoch studies, information on
how the magnetic fields evolve with time (Baudry and Dia-
mond, 1998).

The other large interferometric facility being planned
for observations at the submillimeter wavelength range is
ALMA, an array of 64 12-m antennas to be built in the
Atacama desert in Chile, not far from the VLTI site. With
ALMA we will be able not only to routinely measure disk
rotation but also conceiveably rotation in molecular out-
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flows if present. The future for this field is therefore very
bright indeed.
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