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We present the project of a VLBI study of the 22 GHz H2O maser in a prototypical low-mass
protostellar system IRAS 16293-2422. The observation was conducted to characterise the cause
of the newly discovered enhanced maser activity in the source and to study the source’s ejection
behaviour as traced by maser emission. Single-dish monitoring and analysis of archival data
indicate that the activity of the H2O maser in IRAS 16293-2422 has a cyclic character and traces
episodic ejection events in the source. A new maser flare was recently discovered in a spectral
feature that has never shown such a significant increase in flux density before. The flare of this
feature seems to indicate the beginning of a new cycle of activity.
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1. Masers to trace star formation

The life cycles of stars follow patterns based mostly on their initial mass. Comparison of
the physical parameters of protostar envelopes of different masses hints that the transition between
them seems to be smooth, and the formation processes and triggers are similar [1]. Disk-mediated
accretion accompanied by episodic accretion bursts is thought to be a common mechanism of star
formation across the entire stellar mass spectrum. However, the accretion process itself is poorly
understood due to scarce observational evidence.

Much progress in the study of high-mass star formation has been made recently with the study
of masers, which have proven to be a powerful tool for locatingmassive young stellar objects (YSOs)
undergoing accretion events (see [2], and other publications of the Maser Monitoring Organisation
(M2O) - a global co-operative of maser monitoring programs).

During accretion events in massive YSOs, multiple maser species and transitions flare (e.g.
[3]). Maser action occurs only over certain ranges of physical conditions (e.g. [4]), hence the
spatial distribution of masers can reveal the temperature, density and radiation enhancements in the
region, while the kinematics of the maser spots can indicate gas motions.

According to theory and observation [5], there is a correlation between ejection and accretion
rates, so major outflow events can be linked to major accretion events (bursts). Under this hypothesis
the accretion history of a star can be inferred by its ejection history traced by symmetric pairs of
ejection bow shocks at ever increasing distances from the central object [6]. The morphology of
the jets/outflows traced by H2O masers may indicate timescales of the accretion process, reveal the
collimation properties of the jet and the density of the ambient material.

However, while the study of maser emission has shown excellent results for massive YSOs,
adaptation of the approach for low-mass protostars is challenging. Low-mass YSOs show much
less variety of associated maser species, and the detected masers are highly variable and (in most
cases) weak.

2. IRAS 16293-2422

IRAS 16293-2422 (IRAS 16293, hereafter) is a low-mass protostellar system, showing bright
and active H2O maser emission. The source is known for its very rich chemistry, several complex
molecules have been discovered in it for the first time ever (e.g. [7, 8]).

The source is a binary system, usually referred to as sources A and B [9]. The sources A and
B have properties of Class 0 objects. Component B appears to be a single source, while component
A was resolved into two subcomponents: A1 (an ionized region associated with an outflow) and
A2 (a protostar powering a radio jet) [10, 11]. An almost edge-on rotating disk around source A
and signs of infall around source B were found in [12]. The latest multi-epoch continuum VLA
observations of the system confirm that A2 is a protostar driving episodic mass ejections [13].

The source A2 shows highly variable, but bright 22 GHz H2O maser with the flux density of
tens of kJy during flares and no less than 100 Jy in a stable state [14]. The flaring features appear
alternately at blueshifted and redshifted velocities with respect to the cloud velocity of ∼4 km s−1,
typically in the velocity range of −5 – 10 km s−1. Recently a new maser flare of tens kJy was
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detected in a blueshifted feature at the velocity of −1.5 km s−1; this is the brightest flare ever
detected in this spectral feature.

VLBI studies of the spatial distribution of the 22 GHz H2O maser emission in the source
showed that there are two separate clusters: maser spots with blueshifted velocities are found to
the north, and redshifted spots are found to the south [15–17]. Most of the papers propose to
associate the detected H2O maser clusters with outflows (e.g. [16]). Single-dish monitoring of
maser emission in the source suggests that the H2Omaser flares are most probably linked to motions
of shocked gas [14].

Imai et al. 1999
Obs. date: 1991-1994
-8 km s-1 < VLSR < 8 km s-1Peak: 650 Jy at 2 km s-1

Imai et al. 2007
Obs. date: 2003-2006
0 km s-1 < VLSR < 5 km s-1Peak: 48 kJy at 4.4 km s-1

Dzib et al. 2018
Obs. date: 2005-2006
0 km s-1 < VLSR < 5 km s-1Peak: 48 kJy at 4.4 km s-1

Alves et al. 2012
Obs. date: 2007

4 km s-1 < VLSR < 9 km s-1Peak: 170 Jy at 7.4 km s-1

Figure 1: The evolution of the 22 GHz H2O masers’ special distribution in IRAS 16293. Background image is from
[17]: A1 and A2 - the sources composing the system; blue and red arrows mark the directions of the three outflows
in the system. The blue and red circles mark the average positions of blueshifted and redshifted H2O maser features,
respectively. For each observation epoch (see the reference under each map), the velocity range of the detected H2O
maser features with the peak flux and velocity is indicated.

Our analysis of the VLBI data available in literature indicates that H2O masers in IRAS
16293 could trace shocks excited by a precessing outflow system (see Fig.1). Although the general
segmentation of maser emission into two spatial clusters persists from epoch to epoch, the distance
and alignment between them vary. The elongated morphology and bipolar outward motion of water
masers suggest that they are associated with an ejection event from the YSO. Particularly noteworthy
is the fact that the distance between clusters increases. There is a correlation between kinematic
age and outflow length (the angular separation between the lobes) of H2O maser jets: very young
bipolar H2O maser jets/outflows are very compact.

Note that observation of [18] was made during a quiescent state of the maser and blueshifted
features were not detected. Monitoring of [14] indicated that the activity of the H2Omaser in IRAS
16293 has a cyclic character, and the period of 2006-2008 was one of the longest maser emission
minima. Thus, it is possible that the shocks traced by the H2O maser and presented in [15, 16] and
[17] no longer exist, and with VLBI observation of the maser emission associated with the new
flare, we can catch the launch of young ejection bow shocks.

3. The EVN observation

The EVN observation of the source was conducted on March 11, 2021. The telescope array
consisted of 19 antennas, including the longest NS baselines to the 26-m Hartebeesthoek telescope
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and the longest EW baselines to the KVN telescopes (see the obtained UV-coverage in Fig.2). The
achieved spatial resolution was ∼1 mas.

By the date of the EVN observation, the flare flux density of the source had decreased from
tens of kJy to ∼2 kJy (Fig.3). Nevertheless, such a high brightness of the source made it possible
to study in detail the spatial distribution of the maser features. All of the spectral features were
detected on the EVN baselines with a high signal-to-noise ratio. A detailed analysis of the obtained
data will be presented in subsequent publications.
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Figure 2: The UV-coverage obtained for the target
source IRAS 16293 in the EVN observation on March
11, 2021.
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Figure 3: The auto-correlation spectrum of the flar-
ing 22 GHz H2O maser in IRAS 16293 obtained with
the 100-m Effelsberg telescope.
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