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RESUMEN

En la actualidad una gran cantidad de resultados apoyan la hipdtesis de que
los excesos de emisidn infrarroja en estrellas jovenes, descubiertos por Eugenio
Mendoza, provienen de discos protoplanetarios alrededor de estas estrellas. Esta
emisién de continuo se extiende hacia mayores longitudes de onda y resefio algunos
resultados recientes en las regiones milimétrica y centimétrica que apuntan hacia
la existencia de discos y flujos colimados alrededor de objetos jévenes. Las
observaciones milimétricas y sub-milimétricas han revelado que hay continuo
relativamente fuerte asociado con las estrellas tipo T Tauri. Si esta emisién
proviene de discos protoplanetarios, se derivan masas de 0.001 a 1 Mg. Sin
embargo, estas observaciones carecen de suficiente resolucién angular para resolver
la morfologia de la fuente y una colaboracién entre los EUA y México instalard
receptores de 7-mm en el Conjunto Muy Grande (Very Large Array) para obtener
la resolucién angular requerida para observar por primera vez imdagenes de estos
discos protoplanetarios.

A longitudes de onda mayores (cm) el radio continuo estd dominado por emisién
libre-libre de flujos (parcialmente) ionizados y altamente colimados. Discuto
algunos resultados recientes relacionados con estos chorros de radio y los problemas
astrofisicos que pueden atacarse con su estudio.

ABSTRACT

At present, a large body of evidence supports the hypothesis that the infrared
excess emission first observed in young stellar objects by Eugenio Mendoza, arises
in protoplanetary disks around these stars. This continuum emission extends
into the radio regime and I review recent results at millimeter and centimeter
wavelengths that point to the existence of disks and collimated outflows around
young objects. The sub-millimeter and millimeter observations have revealed that
relatively strong continuum emission is associated with the T Taun stars. If this
emission arises in a protoplanetary disk, masses in the range of 0.001 to 1 Mg are
derived. However, these observations lack sufficient angular resolution to resolve
the morphology of the source and a collaboration between the USA and Mexico
to upgrade the Very Large Array for operation at 7-mm will provide the required
sub-arcsec resolution to image for the first time protoplanetary disks.

At longer wavelengths (cm) the radio continuum is dominated by free-free
emission from (partially) ionized, highly collimated outflows. I discuss recent
results related to these radio jets and the astrophysical problems that can be
addressed with their study.
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1. INTRODUCTION

The detection of infrared excesses in young stars by Mendoza (1966, 1968) is one of the milestone
contributions to astronomy in our century. A vast body of research derives from those pioneering papers.
The event is also one of the important moments of Mexican astronomy, with Poveda (1965) providing the
theoretical notions and Eugenio Mendoza undertaking the observations and actual discovery of the excesses.

The continuum excesses observed by Mendoza in the near-IR extend into the far-IR and even the millimeter
regimes. Our present scenario for the star formation phenomenon (Shu, Adams, & Lizano 1987) suggests that
this radiation is produced by heated dust in a disk around the star. In this paper I will review some recent results
obtained in the millimeter and sub-millimeter wavelengths that are interpreted to signal protoplanetary disks
around young stellar objects. The second part of this review focuses on the high-angular resolution observations
of young stars in the centimeter regime, where the observations are believed to be tracing a different component
of the phenomenon: a (partially) ionized bipolar outflow that originates close to the star and could be collimatec
by the disk. Most of the centimeter wavelength observations discussed here have been obtained with the Ver)
Large Array (VLA) 2.

Both emission mechanisms can be clearly appreciated in the continuum spectrum of HL Tau (Figure 1)
where the emission with wavelengths shorter than about 1-cm is dominated by the emission from dust, while the
emission with wavelengths longer than about 1-cm is dominated by free-free emission from the ionized outflow
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Fig. 1. Continuum spectrum of HL Tau in the cm and mm wavelengths. Data from Brown et al. (1985
6-cm), Sargent & Beckwith (1991; 2.7-mm), Beckwith et al. (1990; 1.2-mm), Adams et al. (1990; 1.1, 0.8, anc
0.6-mm), and Rodriguez et al. (1992; 3.6 and 1.3-cm). The dashed lines are separate least squares power-lay
fits to the cm data (6 and 3.6-cm, left side of the figure) and to the five mm data points. The 1.3-cm flu:
density measured with the VLA is indicated in the figure. Note that it falls closer to the extrapolation of th
mm emission (believed to be produced by dust in a protoplanetary disk) than to the extrapolation of the cn
emission (believed to be free-free produced in an ionized outflow). This result suggests that the 1.3-cm flux i
dominated by the dust emission from the disk. The arrow marks the wavelength of 7-mm, where the VLA wi!
soon start operating and attempts to image the dust emission will be undertaken.

2The VLA is part of the National Radio Astronomy Observatory, USA, which is operated by Associated Universities, Inc., und:
cooperative agreement with the National Science Foundation.
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2. MILLIMETER OBSERVATIONS OF DISKS

The continuum radiation in the mm regime from young stars is believed to be optically thin, thermal
mission from dust grains in a circumstellar disk. With this approach and assuming a mass opacity for the
ust it is possible to estimate the total mass in the disk. Beckwith et al. (1990) used the IRAM 30-m radio
slescope to observe 1.3-mm emission from a sample of 86 pre-main-sequence stars in the Taurus-Auriga dark
louds. The angular resolution of these observations is 11 arcsec. A total of 37 stars (42 % of the sample)
rere detected. Adopting a mass opacity of k, = 0.1 (v/10'2 Hz) cm? g1, they derived total disk masses in
he range of 0.001 to 1 M and disk temperatures (at 1 AU from the star) typically in the range of 100 to
00 K. The mass determinations depend crucially on the assumed mass opacity. The issue of the dust opacity
1 circumstellar disks at millimeter and sub-millimeter wavelengths has been recently discussed by Weintraub,
-andell, & Duncan (1989); Beckwith & Sargent (1991); Miyake & Nakagawa (1993). In Figure 2 we show the
istribution of disk masses for the 37 stars detected by Beckwith et al. (1990). Other studies of mm continuum
mission from young stars include those of Weintraub, Sandell, & Duncan (1989); Adams, Emerson, & Fuller
1990); Terebey, Chandle,r & André (1993), and Ohashi et al. (1993).
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Fig. 2. Distribution of disk masses for the 37 stars detected at 1.3-mm by Beckwith et al. (1990).

The flux densities of these stars at 1.3-mm are relatively high, reaching as much as about 0.9 Jy in the case
f HL Tau. However, the angular resolutions now available at mm wavelengths with interferometers are still on
he order of a few arcsec and preclude actual imaging of the disks. Even at the distance of the closest young
tars [for example, 140 pc for Taurus, Elias (1978)], an angular resolution below one arcsec is required.

As a collaboration between the Very Large Array of NRAO and the Instituto de Astronomia, UNAM,
fTexico (with support from CONACyT, Mexico), the ten best antennas of the VLA will be equipped with 7-mm
eceivers. These best antennas are being selected by holographic techniques. The first two receivers are already
astalled (November 1993) and tests have started. All of them should be installed by the end of the VLA’s
ext configuration A (April 1994). The receivers will be located in the inner antennas of the configuration to
chieve resolution of a few tenths of an arc sec. This new VLA capability will allow mapping of dust emission
rom possible protoplanetary disks around young stars at 7-mm, where the flux density of the best candidates
s estimated to be in the order of 10 mJy. It is estimated that in the continuum mode (four channels of 50 MHz
ach) at 7-mm the VLA will have a sensitivity of 1-6 = 1 mJy in one hour of integration. The same spectral
apability existing for the other bands will also be available for 7-mm. The goal is to get the receivers to tune
rom about 40 to 50 GHz, reaching also many important atomic and molecular transitions.

The cm and mm observations of several molecules, in particular CO and its isotopes, have allowed mapping
f large-scale (> 1000 AU) molecular structures that have been found in association with young stars. The case
f HL Tau (Sargent & Beckwith 1991) is the best studied, but interesting structures have been found in sources
uch as Cep A-HW 2 (Torrelles et al. 1993a), GG Tau (Kawabe et al. 1993), and HH34 (Stapelfeldt & Scoville
993). These structures have been interpreted as circumstellar disks but, again, it has not been possible to image
he inner parts of these larger structures to establish the existence of the expected ~100 AU protoplanetary
lisks. Of course, the line observations have the advantage over the continuum observations of providing velocity
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information. In these 1000 AU structures, motions have been found that are usually interpreted to indicate
Keplerian rotation around the star. In Figure 3 we show recent CO observations of Kawabe et al. (1993) toward
the star GG Tau. A discussion of other mm line observations of circumstellar structures is included in Sargent

& Welch (1993).
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Fig. 3. (a) Map of total CO (J = 1-0) intensity toward GG Tau. The position of the star is indicated
with a cross. (b) Red (solid contours) and blueshifted (dashed contours) CO toward GG Tau. The velocity
difference across the CO structure is taken to be the kinematic signature of rotation. Angular resolution of the
maps is ~ 8 arcsec. Data from Kawabe et al. (1993).

3. CENTIMETER OBSERVATIONS OF IONIZED JETS
3.1. The Nature of the cm Sources

As mentioned before, for wavelengths longer than about 1 ¢cm, the continuum emission from young stars
is dominated by free-free radiation from a (partially) ionized outflow. This conclusion was suggested by the
pioneering VLA studies of Cohen, Bieging, & Schwartz (1982) and Bieging, Cohen, & Schwartz (1984) and has
been firmly established in the case of VLA 1, the central source of the HH 1-2 system. In this radio continuum
source (Rodriguez et al. 1990) measured flux density and angular size dependences with frequency that are
consistent with the thermal bipolar jet models of Reynolds (1986).

The radio jets are quite probably associated with the disks discussed previously, in the sense that the disks
are almost certainly playing a role in the bipolar collimation of the thermal jets. Additionally, the accretion

and rotational energies in a magnetized disk may be somehow powering the outflow (Pudritz & Norman 1986;
Shu et al. 1988).

The radio continuum sources found in association with young stars and generally interpreted as thermal
bipolar jets are usually characterized by the following parameters: 1) Relatively weak flux densities in the cm
regime, around 1 mJy; 2) Spectral indices that are flat or rise slowly with frequency (« from 0 to 1), consistent
with ionized, thermal outflows; 3) Elongation approximately along the axis of the outflow when observed with
high (sub arcsec) angular resolution; 4) No evidence of time variability; 5) No evidence of polarization.

The technique of observing radio jets in the cm range with an interferometer like the VLA has two main
advantages. First, we can study the phenomenon with an unequaled angular resolution in the order of 0.1 arcsec.
This angular resolution allows to set the most stringent limits on the scale at which collimation is occurring
and will help toward understanding the nature of the collimation mechanism. The ionized gas that we can
see in the radio jets is extremely young. With a typical physical scale of 100 AU and a gas velocity in the
order of 200 km s™!, the gas has been ejected within a time period of a few years previous to the observations.
Second, at cm wavelengths no significant dust extinction is expected, even in the extremely dense environments
of these young stars. Of course, disadvantages are also present. In particular, the flux densities are small and
long integration times are required. Also, no direct information is obtained on the radial velocity of the gas,
although in some sources it will be possible to find proper motions in the jet’s condensations within a few years
(Marti, Rodriguez, & Reipurth 1993). In any case, these jets are important in themselves and also because they
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may be the drivers of the bipolar molecular outflows (Chernin & Masson 1992; Raga et al. 1993) frequently
found in regions of star formation.

Of the 180 molecular outflow sources known up to now (Iwata, Mizuno, & Fukui 1993), I estimate that about
40 (22 %) have radio continuum sources that can be associated with the exciting star of the system. A discussion
and possible correlations between parameters of the sources detected until about 1991 are given by Anglada
et al. (1992) and Cabrit & Bertout (1992). Since then new detections or relevant data on previously known
sources have been reported by Rodriguez & Hartmann (1992; FU Ori stars), Skinner, Brown, & Stewart (1993;
survey of Herbig Ae/Be stars), Curiel et al. (1993a; Serpens), Marti, Rodriguez, & Reipurth (1993; HH 80-81),
Anglada et al. (1994; L1287). A review of radio observations in HH systemns is given by Rodriguez (1989). In
the next sections we discuss some astrophysical problems that are being addressed using cm observations of
these ionized outflows.

3.2. Location of the Exciting Source

Since the discovery of the exciting source of the prototypical Herbig-Haro complex, HH 1-2, in the cm
wavelengths by Pravdo et al. (1985) it became clear that this type of observations is of great value to locate the
exciting star of outflow systems in regions so highly obscured that even near-IR observations cannot penetrate
them. Since then, the VLA observations have played an important role in determining the location of the exciting
sources of HH 80-81 (Rodriguez & Reipurth 1989; Marti, Rodriguez, & Reipurth 1993), Serpens (Rodriguez
et al. 1989; Curiel et al. 1993a), NGC 2264G (Rodriguez & Curiel 1989), L1448 (Curiel et al. 1990), L723
(Anglada et al. 1991), VLA 1623 (Leous et al. 1991; André, Ward-Thompson, & Barsony 1993), B335 (Anglada
et al. 1992), and L1287 (Anglada et al. 1994).

3.3. Binary Jets?

Star formation seems to proceed in clusters and most stars are members of binary systems. It is then not
totally surprising that there starts to be evidence of two sources in a small region of the sky having each its
own jet. In some cases, the sources appear to be so near that one has to start worrying whether or not there
could be gravitational interactions between the expected disks in these objects. In such cases one could refer to
these double systems as binary jets.

About 3 arcsec south of HH1-2 VLA 1, the exciting source of the well known HH system, there is an
unresolved flat-spectrum radio continuum source, VLA 2 (see Figure 4) with cm flux density of about 0.1 mJy
(Rodriguez et al. 1990, 1994). Recently, Reipurth et al. (1993), using [S II] CCD observations of the region,
discovered what appears to be a second HH system, HH 144-145, extending about 2 toward the west, at a large
angle of the axis of the HH 1-2 system. Remarkably, the proper motions and alignment of the HH 144 knots
are consistent with the hypothesis that the knots were ejected by VLA 2. To test this hypothesis, Reipurth et
al. (1993) obtained a near-IR K-band image that shows reflection nebulae fanning out of VLA 1 toward HH 1
and from VLA 2 toward HH 144 (Figure 4). They conclude that VLA 1 and 2 may be a binary system with
projected separation of 1380 AU, with each star powering its own bipolar HH system.

Equally remarkable is the case of the HH 111 complex. The previously known HH optical system (Reipurth
1989; Reipurth, Raga, & Heathcote 1992) extends for about 6 arcmin in the east-west direction. Using near-
IR K-band images, Gredel, & Reipurth (1993) detected a new optically invisible bipolar jet, named by them
HH 121, nearly perpendicular to the optical outflow but that appears to emanate from within 1 arcsec of the
exciting VLA radio source (Rodriguez & Reipurth 1994) of the region. However, only one radio source has been
detected in this region. We will refer again to this radio source in the discussion below.

The molecular outflow in L723 exhibits a quadrupolar morphology (two redshifted lobes and two blueshifted
lobes; see Avery, Hayashi, & White 1990) suggesting that two outflows are taking place very close in space. It
was then relevant that Anglada et al. (1991) detected with the VLA two radio continuum sources at the core
of the quadrupolar outflow separated by ~ 15 arcsec (4500 AU at a distance of 300 pc). A detailed radio and
infrared study of these embedded sources is required to establish their nature. Another quadrupolar molecular
outflows are IRAS 16293-2422 (Mizuno et al. 1990) and Cepheus A (Bally & Lane 1992; Torrelles et al. 1993b).
Both show multiple radio continuum sources in their cores (Wootten 1989; Estalella et al. 1991; Hughes &
Wouterloot 1982), whose precise nature and physical parameters should be determined with further studies
to assess whether or not multiple jets are present. The molecular quadrupolar outflow morphology does not

necessarily imply a double outflow. An alternative explanation is that we are observing the shell walls of a
single bipolar outflow (Avery et al. 1990).
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Another source that may have binary jets is L1551, where two possible explanations have been put forward
to account for the double radio source (separation of ~0.3 arcsec) at the center of the outflow; a binary system
(Bieging & Cohen 1986) or the inner ionized walls of a disk seen nearly edge on (Rodriguez et al. 1986). Again,
1t has not been possible to favor either possibility conclusively, although the disk interpretation has gained
some support from the mm-wave continuum measurements of Keene & Masson (1990). Curiel et al. (1994) are
currently undertaking a combined VLA-MERLIN study of the region in an attempt to clarify these doubts.
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Fig. 4. (Left) VLA contour map of the HH 1-2 core at 6-cm. The sources VLA 1 and 2 are indicated.
The half power contour of the beam is also shown. Data from Rodriguez et al. (1990, 1994). (Right) Contour

_diagram of a deep K image of the HH 1-2 core. The positions of the VLA sources are marked with crosses.

Note the IR nebulosities that fan out from the VLA sources toward HH 1 (north) and HH 144 (west). Data
from Reipurth et al. (1993). Coordinates are in arcsec with respect to the position of VLA 1.

Finally, evidence of multiple jets is also appearing in studies at other wavelengths. Smith & Fischer (1992)
imaged IRAS 2133445039 in the 1-2 p region and concluded that two nearly perpendicular jets are present in
this source.

3.4. Precessing Jets

While in sources like HH 1-2, the major axis of the radio continuum jet aligns within a few degrees with
the axis of the large-scale optical outflow as delineated by HH jets and HH objects (Rodriguez et al. 1990),
other sources show clear evidence of different angles at these two scales. Most notable is the triple source in
Serpens, where the axis defined by the outer radio lobes differs by ~ 10° from the major axis of the central radio
component (see Figure 5 taken from Curiel et al. 1993a). Another source that shows evidence for precession or
nutation is HH 80-81 (Marti et al. 1993). These motions seem to be taking place in a cone of ~ 5°.

3.5. One-sided Jets?
It is well known that, due to obscuration effects, outflows often appear one-sided in the optical and near-IR

(see, for example, the images of Gredel et al. 1993 and Reipurth et al. 1993). Also, some molecular outflows
appear to be nearly unipolar (NGC 2024, Richer et al. 1989; HH 46-47, Chernin & Masson 1991), and this
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asymmetry can be accounted for as due to lack of molecular material on one side of the flow. However, until
recently all the radio continuum jets that had been angularly resolved with the VLA showed bipolar (i.e., two-
sided morphology). Nevertheless, Curiel et al. (1993a) found that even when the core source in Serpens is
bipolar, the jet that emanates from this source to the lobes is markedly one-sided (see Figure 5). Even more
remarkable is the radio source detected in HH 111 by Rodriguez & Reipurth (1994), since here the core is
clearly one-sided (see Figure 6). The fact that at least in HH 111 the jet is one-sided on a scale of less than 100
AU will certainly help constrain models of jets that as a result of their symmetry assumptions predict bipolar
structures (Uchida & Shibata 1985; Pudritz & Norman 1986; Shu et al. 1988; Lovelace, Berk, & Contopoulos
1991; Pelletier & Pudritz 1992; Wardle & Konigl 1993).
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Fig. 5. VLA contour map of the Serpens source at 3.6-cm in the 1990 epoch. The three main components
as well as several knots are identified. The arrows show the projected 15 yr shifts due to the proper motions of
the outer NW and SE components. The crosses mark the position of the peak emission of the three components

in the 1984 epoch. Note the different angle between the central source and the outer lobes. Data from Curiel
et al. (1993a).

3.6. Jets Associated with Young, Massive Stars

Until recently, all the radio continuum jets had been found in association with young stars of modest
luminosity, typically less than 100 Lg. The detection at 3.6-cm of twelve out of 57 Herbig Ae/Be stars by
Skinner et al. (1993) suggests that the phenomenon is by no means restricted to low mass stars, since Herbig
Ae/Be stars have luminosities around 103Lg. Most likely, the jet phenomenon is associated with all types of
young stars and this hypothesis is supported by the detailed VLA study of HH 80-81 (Mart{ et al. 1993), a
highly collimated HH complex powered by a luminous (2 x 10%Lg), young star. This collimated outflow has a
projected size of 5.3 pc, by a considerable margin the largest collimated stellar jet system known.

Why are these jets in massive objects so rare? An estimate of the number of sources similar to the HH 80-81
complex that are expected to exist in the Galaxy can be obtained as follows. Qur discussion applies to massive
stars, taken to be those with a mass equal or larger than 20 M, corresponding to B0 ZAMS or earlier type. We
assume that collimated jets and HH objects can be detected in association with a massive star only before the
star reaches the main sequence and produces considerable photoionization of its surroundings. We take this time
previous to the main sequence to be of the order of the Kelvin-Helmholtz contraction time, 75 _y ~ GM?/(RL),
where G is the constant of gravitation, and M, R, and L are the mass, radius, and luminosity of the star. Since
for M > 20 Mo, (L/Lo) =~ 3 x 10%(M /20 My)* and (R/Re) ~ 6(M/20 My) (Panagia 1973; Allen 1973),
we obtain (1x_pg/years) ~ 7 x 10%(M /20 Mg)~3. On the other hand, the fraction of stars in the IMF more
massive than M can be approximated, for M > 20 Mg, by F(> M) ~ 8 x 1074(M /20 Mg)~3 (Miller &
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Scalo 1979) and the total galactic star formation rate is N ~ 4 stars year~! (Scalo 1986). Then, the number of
massive stars with detectable jets is expected to be in the order of Njo; ~ 1 F N ~2x 102(M /20 Mg)~S.
We then expect a few hundred objects similar to the HH 80-81 complex to exist in the Galaxy. Given the steep
dependence with stellar mass, only a few jet complexes powered by very luminous stars (O5 or earlier with
masses equal or larger than about 40 M) are expected to exist at a given moment in the Galaxy.
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Fig. 6. VLA contour map of the exciting source of the HH 111 flow made at 3.6-cm. Note that the radio
jet is one-sided. Data from Rodriguez & Reipurth (1994).

3.7. Correlations of cn Radiation with Other Parameters

With a few dozen sources reported in the literature, Cabrit & Bertout (1992) and Anglada et al. (1992)
have searched for correlations of the centimeter radio continuum luminosity with other parameters of the young
stars. Cabrit & Bertout (1992) found a correlation between the cm and bolometric luminosities of exciting
sources of outflows and propose that this result supports Balmer continuum ionization from the central star.
Anglada et al. (1992) did their analysis using only objects with low bolometric luminosity (L, < 100 Lg) and
found a correlation between the momentum rate in the molecular outflow and the cm continuum luminosity and
conclude that this correlation is consistent with the model of Curiel et al. (1987, 1989) that explains the radio
continuum emission as arising in shock-ionized gas in the surroundings of the powering source of the molecular
outflow.

4. CONCLUSIONS

The observations of mm and cm continuum emission from young stars allows the study of disks and jets with
good signal-to-noise ratio and angular resolution. I discussed some recent results obtained at these wavelengths.
In the mm range the observations are most probably detecting dust emission from disks and envelopes around
young stars. In the cm range we are most likely observing free-free emission from ionized, collimated outflows.
These last sources allow the determination of the precise location of the exciting source of the outflows and the
study of the collimation processes on small scales. In recent years the multiplicity and geometry of these jets
has been started to be studied. The jet phenomenon seems to be present in young stars of all luninosities,
although it is hard to find in very luminous stars.

© Universidad Nacional Auténoma de México * Provided by the NASA Astrophysics Data System



. 69R

1994RMWKAA. . 29. .

DISKS AND OUTFLOWS IN YOUNG STARS 77
REFERENCES

\dams, F.C., Emerson, J.P., & Fuller, G.A. 1990, ApJ, 357, 606

\llen, C. W. 1973, Astrophysical Quantities (London: Athlone Press), 209

\ndré, P., Ward-Thompson, D., & Barsony, M. 1993, ApJ, 406, 122

\nglada, G., Estalella, R. Rodriguez, L.F., Torrelles, J.M., Lépez, R., & Cantd, J. 1991, ApJ, 376, 615

\nglada, G., Rodriguez, L.F., Canto, J., Estalella, R., & Torrelles, J.M. 1992, ApJ, 395, 494

\nglada, G., Rodriguez, L.F., Girart, J.M., Estalella, R., & Torrelles, J.M. 1994, ApJ, 420, L91

\very, L.W., Hayashi, S.S., & White, G.J. 1990, ApJ, 357, 524

3ally, J., & Lane, A.P. 1992, personal communication

3eckwith, S.V.W., Sargent, A.I., Chini, R.S., & Giisten, R. 1990, AJ, 99, 924

3eckwith, S.V.W., & Sargent, A.I. 1991, ApJ, 381, 250

3ieging, J.H., Cohen, M., & Schwartz, P.R. 1984, ApJ, 282, 699

3ieging, J.H., & Cohen, M. 1986, ApJ, 289, L5

Jrown, A., Mundt, R., & Drake, S.A. 1985, in Radio Stars, ed. R.M. Hjellming & D.M. Gibson (Dordrecht:
Reidel), p. 105

sabrit, S., & Bertout, C. 1992, A&A, 261, 274

“hernin, L.M., & Masson, C.R. 1991, ApJ, 382, L93
. 1992, ApJ, 387, L47

Johen, M., Bieging, J.H., & Schwartz, P.R. 1982, ApJ, 253, 707

Suriel, S., Canto J, & Rodrlguez L. F 1987, RevMexAA, 14 595

Juriel, S., Rodrlguez L.F., Cantd, J., Bohlgas J, Roth M & Torrelles J.M. 1989, Astrophys. Lett. &
Comm 27, 299

Curiel, S., Raymond, J.C., Rodriguez, L.F., Cantd, J. & Moran, J.M. 1990, ApJ, 365, L85

Curiel, S., Rodriguez, L.F., Moran, J.M., & Cantd, J. 1993a, AplJ, 415, 191.

Suriel, S., Rodriguez, L.F., Pedlar, A., & Cantd, J. 1994, in preparation

tlhias, J. 1978, ApJ, 224, 857

istalella, R. Anglada, G., Rodriguez, L.F., & Garay. G. 1991, ApJ, 371, 626

aredel, R., & Reipurth, B. 1993, AplJ, 407, L.32

Tughes, V.A., & Wouterloot, J.G.A. 1982, A&A, 106, 171

wata, T., Mizuno, A., & Fukui, Y. 1993, personal communication

{awabe, R., Ishiguro, M., Omodaka, T., Kitamura, Y., & Miyama, S. M. 1993, ApJ, 404, L63

{eene, J., & Masson, C.R. 1990, ApJ, 355, L635

seous, J.A., Feigelson, E.D., André, P., & Montmerle, T. 1991, ApJ, 379, 683

sovelace, R.V.E., Berk, H.L., & Contopoulos, J. 1991, ApJ, 379, 696

Vlarti, J., Rodriguez, L.F., & Reipurth, B. 1993, ApJ, 416, 208

Vlendoza, E.E. 1966, ApJ, 143, 1010
. 1968, ApJ, 151, 977

Viiller, G.E., & Scalo, J.M. 1979, ApJS, 41, 513

Vliyake, K., & Nakagawa, Y. 1993, Icarus, 106, 20

Vlizuno, A., Fukui, Y., Iwata, T., Nozawa, S., & Takano, T. 1990, ApJ, 356, 184

Dhashi, N., Kawabe, R., Hayashi, M., & Ishiguro, M. 1993, Ap&SS, in press

2anagia, N. 1973, AJ, 78, 929

elletier, G., & Pudritz, R.E. 1992, AplJ, 394, 117

2oveda, A. 1965, Bol. Obs. Tonantzintla y Tacubaya, 4, 15

>ravdo, S.H., Rodriguez, L.F., Curiel, S., Cantd, J., Torrelles, J.M., Becker, R.H., & Sellgren, K. 1985, ApJ,
293, L35

Pudritz, R.E., & Norman, C.A. 1986, ApJ, 301, 571

Raga, A.C., Canté, J., Calvet, N., Rodriguez, L.F., & Torrelles, J.M. 1993, A&A, 276, 539

Reipurth, B. 1989, Nature, 340, 42

Reipurth, B., Raga, A.C., & Heathcote, S. 1992, ApJ, 392, 145

Reipurth, B., Heathcote, S., Roth, M., Noriega-Crespo, A., & Raga, A.C. 1993, ApJ, 408, 1.49

leynolds, S.P. 1986, ApJ, 304, 713

icher, J.S., Hills, R.E., Padman, R., & Russell, A.P.G. 1989, MNRAS, 241, 231

Rodriguez, L.F., Cantd, J., Torrelles, J.M., & Ho, P.T.P. 1986, ApJ, 301, L.25

Rodriguez, L.F. 1989, RevMexAA, 18, 45

Rodriguez, L.F., & Curiel, S. 1989, RevMexAA, 17, 115

© Universidad Nacional Auténoma de México * Provided by the NASA Astrophysics Data System



. 69R

1994RMWKAA. . 29. .

78 RODRIGUEZ

Rodriguez, L.F., & Reipurth, B. 1989, RevMexAA, 17, 59
. 1994, A&A, 281, 882

Rodriguez, L.F., Curiel, S., Moran, J.M., Mirabel, I.F., Roth, M., & Garay, G. 1989, ApJ, 346, L85

Rodriguez, L.F., Ho, P.T.P., Torrelles, J.M., Curiel S., & Canté, J. 1990, ApJ, 352, 645

Rodriguez, L.F., & Hartmann, L.W. 1992, RevMexAA, 24, 135

Rodriguez, L.F., Cantd, J., Torrelles, J.M., Gémez, J.F., & Ho, P.T.P. 1992, ApJ, 393, L29

Rodriguez, L.F., Curiel, S., Reipurth, B., Noriega-Crespo, A., Raga, A.C., Torrelles, J.M., Cantd, J., & Ho
P.T.P. 1994, in preparation

Sargent, A.l., & Beckwith, S.V.W. 1991, ApJ, 382, L31

Sargent, A.I., & Welch, W.J. 1993, ARA&A, 31, 297

Scalo, J.M. 1986, Fundam. Cosmic Phys, 11, 1

Shu, F.C., Adams, F.C., & Lizano, S. 1987, ARA&A, 25, 23

Shu, F.C., Lizéno, S. Ruden, S.P., & Najita, J. 1988, ApJ, 328, L19

Skinner, S.L., Brown, A., & Stewart, R.N. 1993, ApJS, 87, 217

Smith, H.A., & Fischer, J. 1992, ApJ, 398, L99

Stapenfeldt, K.R., & Scoville, N.Z. 1993, ApJ, 408, 239

Terebey, S., Chandler, C.J., & André, P. 1993, ApJ, 414, 759

Torrelles, J.M., Rodriguez, L.F., Cantd, J., & Ho, P.T.P. 1993a, ApJ, 404, L75

Torrelles, J.M., Verdes-Montenegro, L., Rodriguez, L.F., Cantd, J., & Ho, P.T.P. 1993b, ApJ, 410, 202

Uchida, Y., & Shibata, K. 1985, PASJ, 37, 515

Wardle, M., & Konigl, A. 1993, ApJ, 410, 218

Weintraub, D.A., Sandell, G., & Duncan, W.D. 1989, ApJ, 340, L69

Wootten, A. 1989, ApJ, 337, 858

DISCUSSION

Chavarria-K.: At least in the two examples showing precession the outflows show large symmetry, so if you
think of inhomogeneities that feed the outflows, it must be a funny environment.

Rodriguez: I agree with your comment.

Henney: What are the precessional periods that you derive for the two precessing jets? Presumably they ar
very different. Is there any sign of a binary companion in either case that could be causing the precession?
Rodriguez: In the case of HH80-81, we estimate a “Precession period” of about 3,000 years. For Serpens wi
only have a kinematic age of only 50 years. There is no evidence, at least until now, of a binary companion 11
these sources.

Roman: a) In HH1-2 are the Herbig-Haro objects from VLA1 and VLA2 aligned? b) Is there any interactio:
between the two jets? ¢) Might the close projection be optical with VLA1 and VLA2 more separated than the;
appear?

Rodriguez: a) No, they are nearly perpendicular. b) I believe that projection effects are not very important
although the real separations are of course larger than the projected separations.

Carrasco: To what extent might the apparent precession of the jets be due to environmental conditions? I an
thinking of the case of 3C345 where through VLBI techniques they have seen “jets” turning around after the;
have left the central source. That must be an external “environmental” conditioning.

Rodriguez: This is an important issue and to be sure that precession is present one would like to see actua
precession in the jet. In the case of the Serpens triplet, precession in the central jet may be detected in a decad:
or so.
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