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A Sensitive Survey of Water Masers
towards Bok Globules
José F. Gómez (1), Itziar de Gregorio-Monsalvo (1), Olga Suárez (1), Thomas B. Kuiper (2)
(1) Laboratorio de Astrofísica Espacial y Física Fundamental, INTA (Madrid, Spain)
(2) Jet Propulsion Laboratory, California Insitute of Technology (Pasadena, USA)
1. Water Masers in starforming regions
2. Masers within an
evolutionary scenario
Water maser emission at 22 GHz is a good tracer of mass-loss activity in young stars of all mases. This
phenomenon is a powerful tool to study the kinematics of the environment of young stellar objects
(YSOs) at high angular and spectral resolution.
In the present view of the evolution of young stars (specially in the case of low-mass sources),
“Class 0” protostars represent the youngest evolutionary stage of YSOs (André et al 1993).
They are surrounded by a large amount of circumstellar material and have powerful collimated
bipolar molecular outflows, which provide good conditions to pump maser emission.
The physical conditions needed for maser excitation can be reached in both, the inner parts of
circumstellar (“protoplanetary”) disks surrounding the YSOs and in shocked gas within the associated
jets. This dichotomy (disk/jet) has been suggested to be an evolutionary effect (Torrelles et al 1997,
1998), in which masers may trace bound motions (e.g. disks) in the youngest protostars, and outflows
in more evolved young objects.
On the other hand, the mass of the circumstellar material surrounding “Class I” sources is
much smaller, and their molecular outflows are poorly collimated and much less powerful
(Bontemps et al 1996).
Furuya et al (2001) carried out a water maser survey towards low-mass young stellar objects
(using the Nobeyama 45m radio telescope), obtaining a detection rate of 40% in Class 0
sources, 4% in Class I, and 0% in Class II. Thus, water masers appear to be associated with
the earlier stages of low-mass star formation
Water masers tracing a protoplanetary disk (Torrelles et al 1998)
3. Bok Globules
4. An ongoing survey of water masers in
Bok globules
Bok globules are isolated and nearby (mean
distance ≈ 500 pc) cold dark molecular
clouds of small sizes (< 10’). Low and
intermediate-mass star formation can take
place in some of them, as supported by
infrared and radio observations. Taking a
catalog of Bok globules (e.g., Clemens and
Barvainis 1998), we would select clouds in
different evolutionary stages, from quiescent
dark cores to clusters of Herbig Ae/Be and
T-Tauri stars.
HST image of the
Thackeray globules in
IC 2944
In order to better characterize the age and physical properties in YSOs, we are carrying out the
most complete, sensitive and systematic water maser survey towards Bok globules ever
reported, using the 70m antenna (DSS63) of the Deep Space Network of NASA in Robledo de
Chavela, Spain.
The target positions in our survey are those within the Bok globules catalogued by Clemens
and Barvainis (1988) north of dec=-35º, which show indicators of possible star formation, or
with higher probability of harboring a young star.
A number of candidates to Class 0
protostars in Bok globules have been
proposed (e.g., Yun et al 1996), but only
two water masers have been reported within
clouds in the Clemens and Barvainis (1998)
catalog: CB 3 and CB 205
The selection criteria for those targets are:
• Radio continuum sources (submm through cm)
• IRAS sources
• Center of molecular outflows
5. New detections with the
Robledo 70m antenna
As a result of our water maser survey in Bok globules, we have obtained four new detections:
(CB 54, CB 65, CB 101, and CB 232), plus the already know maser in CB 3 (Scappini et al
1991). No maser emission was found towards CB 205, which was reported by Neckel et al
(1985). With our survey, the number of known maser sources in Bok globules has increased by
a factor of three
CB 54
CB 101
CB 65
• Peak of high-density molecular tracers (NH3, CS)
With our selection criteria, the target positions amount to a total of 434, of which 201 have already been observed (up to 2004 September 8).
This survey will allow us to make statistical studies and to identify the best observational predictors of the presence of maser emission. Moreover,
since water masers in low-mass stars tend to form in the very early stages of evolution (Class 0 protostars), detections in this survey could identify
some of the youngest protostars ever studied
6. Interferometric maps
We have also performed interferometric observations with the Very Large Array (VLA), to determine the position of the detected masers (including
previous detections) with high precision. It is also very important to study whether the detected masers trace circumstellar disks or jets, to try to
confirm the proposed evolutionary explanation for the disk/jet dichotomy. In our case, none of the detected sources seems to trace a disk structure
CB 232
Water maser spectra of the new detections. Y-axes is flux density (Jy)
The new detections are interesting for different reasons:
• CB 54 harbors a CO outflow centered at IRAS 07020-1618 (Yun & Clemens 1994). Observations at 2 µm
show a possible protobinary system.
• CB 65 had been reported as a starless core, although there are some hints of high-velocity gas (Wu et al
1992). The presence of YSOs is strongly suggested by our maser detection, but maps of the molecular outflow
would be needed to ascertain its nature.
• CB 101 had also been reported as a starless core (Lee & Myers 1999). Moreover, Clemens et al (1991)
classified it as a cool and quiescent cloud. Our recent IRAM-30m observations do not show any high-velocity
ourflow, and the maser is not even associated with significant amounts of molecular gas. Therefore, we
suggest this maser is actually associated with an evolved star.
• CB 232 shows a CO outflow centered at IRAS 21352+4307 (Yun & Clemens 1994). There are two
submillimeter sources near the maser position (Huard et al 1999), which could be associated with with the CO
outflow, but it has not been possible so far to resolve two separate outflows.
Water maser components in CB 3 (taken from VLA
archive data). Simbols represent different groups of
velocities (triangles: -37 km/s; open circles: -51 km/s;
squares: -58 km/s; stars: -68 m/s; filled circles: -78
km/s). The elongated distribution is oriented 45º from the
direction of the molecular outflow. The large relative
velocities suggest that the masers are tracing the inner
part of a collimated jet. The size of the maser structure is
≈250 AU
Water maser components in CB 54. They seem to be
distributed along the NE-SW direction, which is almost
coincident with that of the molecular outflow. The maser
emission is likely to be tracing a jet. The size of the
structure is ≈50 AU
Elongated distribution of masers in CB 101, with a
well-defined velocity gradient. Since it is not
associated to any know mass-loss process, it is not
possible at this point to determine what kind of
structure it is tracing.
The distribution of maser components in CB 232 is very compact (< 1 mas) and its distribution could not
be determined.
No detection towards CB 205 has been obtained with our VLA observations.
CB 65 has not yet been observed with the VLA.
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