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Abstract

We report here the first mapping of SiO v= 1 J = 5 → 4 maser emission toward the “water fountain” source
W 43A in order to explore the central stellar system driving the collimated, bipolar, fast jet. The maser source has
a systemic line-of-sight velocity consistent with that of CO J = 2 → 1 emission tracing the jet within ∼2 km s−1

but a velocity gradient opposite that of the jet. The dynamical center of the maser source is located within
∼10 mas (or ∼20 au) of the brightness peak of the central 1.3 mm continuum emission. The spatiokinematic
properties of the SiO J = 5 → 4 and J = 1 → 0 masers suggest that they are associated with the root of a slow
(10 km s−1 < Voutflow << 100 km s−1) outflow with a large opening angle, and the central stellar system is
contained within the inner maser region (∼20 au) during a possible common-envelope evolution.

Unified Astronomy Thesaurus concepts: Circumstellar masers (240); Stellar jets (1607); Stellar mass loss (1613);
Common envelope evolution (2154)

1. Introduction

SiO masers are expected to probe the innermost region of
envelopes associated with the final evolution of stars such as
asymptotic giant branch (AGB) and post-AGB stars. However,
in rare cases, they are hosted by massive young stellar objects,
in which they exhibit clearly bipolar spatiokinematics (see the
review of M. Gray 2012). An interesting question is how such
bipolar SiO masers can trace the evolution of the bipolar stellar
outflows in their possibly short duration (≲1000 yr).

SiO masers are also hosted by highly collimated, fast
(�100 km s−1), bipolar jets from dying stars, which are traced
by H2O masers (in 22 GHz, e.g., J. F. Gómez et al. 2017; in
321 GHz, D. Tafoya et al. 2014) and called as “water
fountains” (WFs). WFs have extremely short dynamical ages
(a few 100 yr) but extremely high stellar mass-loss rates (up to
10−3M⊙ yr−1), so they play an unignorable role in mass
recycling from stars to interstellar space (T. Khouri et al.
2021). H. Imai et al. (2005) mapped for the first time SiO v= 1
J = 1 → 0 masers toward one of the WFs, W 43A. This source
comprises a collimated jet and a spherically expanding
circumstellar envelope (CSE), which are traced by H2O and
1612 MHz OH masers, respectively (H. Imai et al. 2002). On
the other hand, the velocity structure of the SiO masers was
modeled as a wide-angle (θfull ∼ 40°), biconical, moderate-
speed (Vexp 30 km s−1) outflow, seeming to solve the
discrepancy of the line-of-sight (LoS) velocity gradients
between the H2O and OH masers with a model of a wide-

angle biconical nozzle of the jet (H. Imai et al. 2005). It also
supports the idea that the jet is driven and collimated by a
magnetohydrodynamical force (W. H. T. Vlemmings et al.
2006), and the biconical nozzle emission may be connected to
the material entrained and accelerated by the jet (S.-N. Chong
et al. 2015; D. Tafoya et al. 2020, hereafter Paper I).

It has been suggested that WFs are the result of common-
envelope evolution (CEE) in binary or multiple systems whose
primary component has a relatively low initial mass (<4M⊙;
T. Khouri et al. 2021). Spatially resolving the stellar systems
comprising WFs is observationally challenging, since they are
far away from the Sun (D� 2 kpc). However, it is possible to
explore such systems from the spatiokinematic properties of
their jets. The hypothesis of the CEE system is supported by
periodic patterns of H2O maser and CO emission (e.g.,
G. Orosz et al. 2019; Paper I) and/or a rapid growth of the
length of the H2O maser distribution over short timescales of
around a decade (e.g., S.-N. Chong et al. 2015; H. Imai et al.
2020). However, one needs more direct evidence for a possible
binary of a host giant star providing the material and its
companion generating the jet with the provided material. The
millimeter CO emission from the CSE is optically thick,
making it difficult to resolve and trace the central system using
these molecular lines. Moreover, H2O maser emission in WFs
always traces material far away (≳100 au) from the stellar
system.

In this paper, we present the SiO v= 1 J = 5 → 4 and
J = 1 → 0 masers associated with W 43A and observed with
the Atacama Large Millimeter-submillimeter Array (ALMA)
and the Very Large Array (VLA), respectively. Although the
SiO v= 1 J = 1 → 0 masers in W 43A have recently vanished
(H. Imai et al. 2023), we detected SiO v= 1 J = 5 → 4 masers
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for the first time in this source, which provide a new probe to
explore the central stellar system. In particular, we discuss the
origin of the maser spatiokinematics in order to understand the
nature of the central stellar system driving both the collimated
fast jet (whose material should be supplied from either a
companion star or an envelope of a collapsing star) and the
slow outflow.

2. ALMA and VLA Observations

2.1. The ALMA Observation

The present ALMA observation was conducted in the
project code 2018.1.00190.S on 2019 July 13 toward W 43A, a
phase-referencing source J1851+0035, and other standard
calibrators for ∼1.5 hr in total. The frequency range of Band-6
(217–234 GHz) was observed including 1.3 mm continuum
emission (mainly at the center frequency of 230.9 GHz with a
bandwidth of 470 MHz) and spectral lines such as SiO v= 1
J = 5 → 4. Although this paper presents only the maser
data, the Appendix gives a list of other detected molecular
lines. The phase-tracking center toward W 43A for the present
ALMA observation was set to (R.A., decl.) (J2000.0) =
18h47m41.s1631, −01°45′11.472).

The postcorrelation process of the data was conducted in the
normal manner in the CASA pipeline processed in the Joint
ALMA Observatory, preserving the information of the
absolute coordinates of the detected sources with respect to
the phase-referencing calibrator. In order to further improve
the signal-to-noise ratios of the detected emission, we
employed the self-calibration using the bright continuum
emission of W 43A in spectral channels that are free from any
line emission. The calibration solutions were applied to all the
provided visibility data.

As a result, the final continuum image and the image cubes
of spectral lines were obtained with a synthesized beam with
major and minor axes of 59 and 40 mas, respectively, at a
position angle of 51°, and rms noise levels of 40 μJy beam−1

and 1.4 mJy beam−1 for the continuum map and the image
cubes, respectively. The image cube of the SiO v= 1
J = 5 → 4 maser data has 90 selected, consecutive spectral
channels each with a velocity spacing of 0.79 km s−1. The
image cubes of other spectral lines will be presented in
separate papers.

2.2. The VLA Observation

The present VLA observation was conducted in the project
code AI113 on 2004 December 7, ∼1.5 yr after the observation
published by H. Imai et al. (2005). Using 27 25 m telescopes,
W 43A, a phase-referencing calibrator J1851+0035, and other
standard calibrators were observed for ∼5 hr in total. The
7 mm band around 43.11 GHz was observed in a total
bandwidth of 25 MHz including 7 mm continuum emission,
in which a subband of 6.25 MHz was divided into 32 spectral
channels for the SiO v= 1 J = 1 → 0 maser line. The
phase-tracking center toward W 43A for the present VLA data
was set to (R.A., decl.) (J2000.0) = 18h47m41.s1618, −01°45′
11.538).

The postcorrelation process of the data was conducted using
the Astronomical Image Processing System (AIPS) in the
normal manner for the data calibration, including phase-
referencing to the calibrator. The calibration solutions were
applied to the data of W 43A for detecting faint emission

toward it. Because the 7 mm continuum emission has
been known to be spatially resolved out significantly in high
angular resolution (H. Imai et al. 2005; see also B. H. K. Yung
et al. 2017), this paper focuses its main attention on only the
SiO masers. The masers were too faint to perform self-
calibration. The final maser image cube was obtained with a
synthesized beam with major and minor axes of 70 and
47 mas, respectively, at a position angle of 18°, and an rms
noise level of ∼3 mJy beam−1 in a velocity resolution of
1.36 km s−1.

3. Results

3.1. Secular Proper Motion and Distance to W 43A Derived
from the Continuum Source

Figure 1 shows the 1.3 mm continuum emission source
toward W 43A. The whole brightness distribution has changed
since the previous observation (Paper I), indicating the
evolution of the collimated jet covered by the continuum
emission region seen in this figure. The jet evolution
found will be described in more detail in a separate paper
(T. Hoshino et al. 2025, in preparation).

In this paper, we focus our main attention on the central peaked
component of the continuum source that should host the stellar
system in W 43A. Using this continuum component, we can
determine the secular proper motion of and estimate the kinematic
distance to W 43A more reliably. With the present data, we
determined the position of the continuum peak on 2019 July 13 to
be (R.A., decl.) (J2000.0) = 18h47m41.s16257 ± 0.s00002, −01°45′
11.5525 ± 0.0003). We also revisited the data already published
by Paper I and determined the position of the same peak on
2017 September 22 to be (R.A., decl.) (J2000.0) = 18h47m41.s

16379 ± 0.s00004, −01°45′11.5427 ± 0.0005. Thus, a proper
motion of the continuum source is derived to be (μR.A., μdecl.) =
(−10.3 ± 0.4, −5.8 ± 0.3) [mas yr−1]. Note that the possible
modulation by the annual parallax is corrected for the derived
proper motion. This suggests that W 43A should be located at a
near distance in the solar circle of the the Milky Way but with
some deviation from a circular Galactic rotation, as addressed
later.

Here we employ the parallax-based distance calculator
(M. J. Reid et al. 2016)9 to estimate the distance to W 43A,
which is basically based on the kinematic distance method
using the derived proper motion mentioned above as well as
the systemic LoS velocity (with respect to the local standard of
rest, LSR) derived from the CO emission, VLSR = 34 km s−1

(Paper I), well consistent with that from the 1612 MHz OH
masers (H. Imai et al. 2002), and an assumption of the
Galactic rotation mentioned above. The derived distance is
2.0 ± 0.3 kpc, consistent with that previously derived
(Paper I). Here note that the derived proper motion does not
contribute actually so much to improving the distance
accuracy. We note that W 43A is not a young stellar
object, even though it is close to the Galactic midplane
(|b| ≃ 0°.0) and to the star-forming region W 43. In fact, in the
same manner as that by H. Imai et al. (2007), we obtained a
large deviation of its motion from the Galactic flat rotation:
(VR, Vθ, Vz) = (47 ± 9, 48 ± 11, 69 ± 10) [km s−1]. Even
though young stellar objects may have some deviations in their
secular motions from the Galactic rotation, these values are

9 http://bessel.vlbi-astrometry.org/node/378
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still small, especially in the direction perpendicular to the
Galactic plane (Vz ≲ 30 km s−1, N. Sakai et al. 2022).

Finally note that the astrometric error mentioned above
includes only a statistic error scaled by a signal-to-noise ratio
of the detected emission and the synthesized beam size.
According to ALMA proposer’s guide,10 including a possible
systematic error, the astrometric error would be up to ∼5 mas.
Thus the uncertainty in the derived parameters may be larger,
although we could find the proper motion of the continuum
peak and the derived kinematic distance is consistent with
those previously derived.

3.2. SiO v = 1 J = 5 → 4 Masers in W 43A

While we marginally detected SiO v= 1 J = 5 → 4 masers
in W 43A in the previous ALMA data taken in 2017 (Paper I),
this paper shows clearer detection of the masers and their spot
(velocity channel component) distribution. Table 1 gives the
parameters of the maser spots detected in 2019. Figure 2 shows
the distribution of the maser spots.

It is clear that the LoS velocity gradient is opposite that of
the CO J = 2 → 1 emission along the collimated jet extending
to ∼0.8 from its dynamical center at a position angle of ≈68°
(Paper I). The LoS velocity gradient is also opposite that of the
J = 1 → 0 masers, while the velocity coverage of the
J = 5 → 4 masers (26 � VLSR � 42 km s−1) is a little narrower
than that of the J = 1 → 0 masers (15 � VLSR � 55 km s−1;
J.-I. Nakashima & S. Deguchi 2003) and the maser spot
distribution of the J = 5 → 4 masers is much larger than that
of the J = 1 → 0 masers (∼100 and ∼15 mas, respectively;
H. Imai et al. 2005; see also Section 3.3). Note that the LoS
velocity gradient and the velocity coverage and the angular
extent of the distribution of J = 5 → 4 maser spots are more or
less are consistent with those of 1612 MHz OH masers, tracing
a CSE expanding at a velocity of ∼10 km s−1 and with an
angular radius of ∼0.2 (H. Imai et al. 2002).

The dynamical center of the outflow hosting the J = 5 → 4
masers, namely, a midpoint between, e.g., the most blue- and
redshifted maser spots with respect to the systemic velocity

(VLSR = 34 km s−1), is coincident with the brightness peak of
the central continuum source within ∼10 mas or 20 au.

3.3. SiO v = 1 J = 1 → 0 Masers in W 43A

SiO v= 1 J = 1 → 0 masers in W 43A were confirmed to be
visible until 2004 December, as shown in this paper, but seem
to have vanished since 2005, when High Sensitivity Array
observations were conducted (H. Imai et al. 2025, in private
communication; see also H. Imai et al. 2023). Table 2 gives the
parameters of the detected maser spots in 2004 December.
Figure 3 shows the distribution of the maser spots.

The LoS velocity distribution of the maser spots looks
random, but one can still see roughly a velocity gradient along
the jet’s axis (PA ≈ 68°), consistent with that found in the
previous observation (H. Imai et al. 2023). As already
mentioned in Section 3.2, the red-/blueshifted lobes are more
consistent with CO than the SiO v= 1 J = 5 → 4 masers. Note
that the width of the maser spot distribution (�15 mas) is
comparable to that of the SiO v= 1 J = 5 → 4 masers in the
direction perpendicular to the jet’s axis (Section 3.2).

We attempted to estimate the location of the 1.3 mm
continuum source (Section 3.1) in the map of SiO v= 1
J = 1 → 0 masers in this paper. Extrapolating the continuum
source position using the proper motion mentioned above, the
continuum location is derived to be (∼180, ∼20) [mas] in
Figure 3. Also note that the dynamical center of the masers
found by H. Imai et al. (2005) is located ∼80 mas north from
that found in this paper, outside the frame of Figure 3. These
large position discrepancies should be carefully discussed, but
we speculate that it may come from either an unknown
systematic error in the derived proper motion mentioned in
Section 3.1 (a possible position error of up to ∼70 mas taking
into account the time baseline of ∼14 yr) or a large error in the
absolute astrometry in the VLA data for the source close to the
celestial equator, or both. In this case, one cannot rule out the
possibility that both the SiO v= 1 J = 5 → 4 and J = 1 → 0
maser sources are commonly associated with the driving
source of the jet.

Table 1
Parameters of the Detected SiO v = 1 J = 5 → 4 Maser Spots in W 43A

VLSR X σX Y σY IPeak IPeak
(km s−1) (mas) (mas) (mJy beam−1)

42.1 −34.24 5.57 −88.62 3.74 7.10 1.41
41.4 −34.61 4.04 −88.35 2.61 8.86 1.40
39.4 −47.09 10.51 −94.06 6.05 7.82 1.35
38.7 −42.94 5.10 −94.18 3.93 8.21 1.38
38.0 −26.07 4.78 −83.78 3.54 8.56 1.38
33.9 17.16 5.37 −77.81 2.85 7.95 1.42
30.6 17.85 5.60 −69.78 3.02 8.62 1.40
29.2 24.67 4.18 −72.59 2.86 9.34 1.42

Note. All the maser spots were detected over a 5σ noise level. The first column
gives the LSR velocity of the maser spot. The second and the third columns
give the R.A. offset and its error of the maser spot with respect to the delay-
tracking center of the ALMA data correlation (see the main text). The fourth
and the fifth columns give the decl. offset and its error of the maser spot. The
sixth and the seventh columns give the peak intensity and its error of the
maser spot.

Figure 1. Brightness distribution of 1.3 mm continuum emission toward W
43A. The contour levels are −0.2, 0.5, 2, 4, 8, 9, 10, and 11 mJy beam−1. The
central cross denotes the peak of the continuum brightness at (R.A., Decl.)
(J2000.0) = 18h47m41.s1626, −01°45′11.553).

10 See https://almascience.nao.ac.jp/proposing/proposers-guide#appA:
astrometry, A9.5 for Cycle-11.
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4. Discussion

The present mapping and astrometry of SiO v= 1 J= 5 → 4
masers in W 43A pinpoint the driving source of the bipolar fast
jet at the brightness peak of the 1.3 mm continuum source
within ∼20 au. In order to localize the jet’s driving source
more accurately, one may need to find the three-dimensional
kinematics of the masers through measurement of their relative
proper motions as made for SiO v= 1 J = 1 → 0 masers in
Orion Source I (L. D. Matthews et al. 2010).

The differences in the SiO maser distributions among
different rotational transitions have been modeled theoreti-
cally, suggesting maser excitation in different physical condi-
tions within the same CSE (e.g., M. D. Gray et al. 2009). Note,

however, that the model calculations have been limited to
lower rotational transitions (up to J = 4 → 3). It has been
observationally found that SiO v= 1 J = 1 → 0 masers in
evolved stars tend to be excited closer to the central star than
higher-transition SiO maser lines (e.g., D.-H. Yoon et al.
2018). While this is seen in SiO masers with a ring-shaped
distribution, we also see this trend in the masers presented in

Figure 2. Distribution of SiO v = 1 J = 5 → 4 maser emission in W 43A. Left: first moment map of the maser emission. The pixel size is 6 mas. Only the emission
brighter than a 4σ noise level is integrated. The synthesized beam pattern and a color bar indicating the LSR velocity are shown below the diagram. The cross and
background black contours are the same as those in Figure 1. Right: zoom-in view of the maser spot distribution with respect to the delay-tracking center of the
ALMA data correlation (see the main text). The size of the plus bar indicates the position error of the spot.

Table 2
Parameters of the Detected SiO v = 1 J = 1 → 0 Maser Spots in W 43A

VLSR X σX Y σY IPeak IPeak
(km s−1) (mas) (mas) (Jy beam−1)

50.37 30.06 3.39 −3.18 4.82 0.02 0.003
47.65 24.77 2.08 −1.35 3.31 0.04 0.003
46.29 25.98 1.40 0.80 1.69 0.05 0.003
44.94 27.63 0.96 4.84 1.23 0.07 0.003
43.58 27.55 0.78 5.07 1.07 0.10 0.003
42.22 25.24 0.16 6.98 0.22 0.52 0.004
40.86 25.28 0.17 7.39 0.23 0.47 0.003
39.51 24.94 0.55 9.29 0.71 0.14 0.003
38.15 23.38 1.45 −2.94 1.97 0.05 0.003
35.43 26.20 3.32 12.36 4.37 0.02 0.003
31.36 17.96 1.46 2.46 2.15 0.05 0.003
30.00 18.09 0.98 −3.02 1.35 0.08 0.003
28.64 16.87 1.42 −1.92 2.03 0.05 0.003
27.28 18.72 0.65 −0.65 0.87 0.12 0.003
25.93 17.79 0.86 −0.92 1.11 0.10 0.003
24.57 18.93 0.40 0.18 0.56 0.17 0.003
23.21 16.89 0.88 −0.32 1.16 0.09 0.003
21.85 16.40 0.85 3.25 1.20 0.09 0.003
20.50 15.11 1.32 0.21 1.82 0.06 0.003
19.14 13.69 2.04 −4.89 2.48 0.04 0.003
17.78 18.20 1.66 −0.10 2.29 0.04 0.003

Figure 3. Distribution of SiO v = 1 J= 1 → 0 maser spots observed in W 43A
with the VLA on 2004 December 7. The map origin is at the phase-tracking
center of the observation at (R.A., decl.) (J2000.0) = 18h47m41 .s1618,
−01°45′11.538).
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this paper, which trace a bipolar outflow, with SiO v= 1
J = 5 → 4 maser emission tracing a larger structure than
the J = 1 → 0.

Significant changes in the distributions of the SiO J= 5 → 4
and J = 1 → 0 masers are unlikely expected within the time
gap between the ALMA and VLA observations (∼15 yr) and
the possible duration of maser excitation (≲100 yr) even
throughout the evolution of the jet and outflow. In fact, the
LoS velocity coverage of the SiO v= 1 J = 1 → 0 masers in
W 43A had remained unchanged while they had been observed
for several years (J.-I. Nakashima & S. Deguchi 2003; H. Imai
et al. 2005). As presented in Section 3.3, the distribution of the
SiO v= 1 J = 1 → 0 masers had been stable in ∼1.5 yr,
although the lifetimes of the individual maser features look
shorter than that interval. It also has been found that SiO maser
sources that exhibit a bipolar spatiokinematic structure are
always associated with the very vicinity of the driving source
of the bipolar outflows, although the number of such bipolar
SiO maser sources is limited (Orion Source I—L. D. Matthews
et al. 2010; S. Issaoun et al. 2017; W51 IRS 2—J. A. Eisner
et al. 2002). Note that the travel time of the outflow in the SiO
maser region is already comparable to or shorter than the
timescales mentioned above. Therefore, these SiO masers
would have been always excited and quenched in the limited
area close to the driving source of the outflow. In conclusion,
the significant difference in the distributions of SiO J = 5 → 4
and J = 1 → 0 masers presented in this paper may be intrinsic
through the duration of the maser excitation.

The similarity in the velocity ranges of these masers
suggests that the J = 5 → 4 masers may be also associated
with a biconical flow of the entrained material, as seen in the
J = 1 → 0 masers, along a large opening angle around the
collimated jet. On the other hand, the significant difference in
the LoS velocity gradient and the distribution extent seen in
the SiO v= 1 J = 5 → 4 and 1612 MHz OH masers from those
of the SiO v= 1 J = 1 → 0 and H2O masers can be explained
by different velocity gradients and maser amplification gains
between the blue- and redshifted sides of the maser regions, as
well as different opening angles of the inner and outer parts of
the outflow.

Figure 4 sketches out a toy model of the jet and outflow in
W 43A. H. Imai et al. (2002) have already suggested the
existence of a highly collimated, high-velocity bipolar jet and a
spherically and slowly expanding CSE. Paper I added the
suggestion of the existence of a moderately collimated
intermediate-velocity outflow composed of material entrained
and accelerated outward by the jet. Our model proposes that
both the SiO v= 1 J = 5 → 4 and J = 1 → 0 masers are
associated with this entrained outflow.

In order to explain the similar ranges but the opposite
gradients of the maser LoS velocities between the J = 5 → 4
and J = 1 → 0 masers, we suppose that they are associated
with different stream lines of the outflow at different opening
angles from the driving point of the jet with respect to the
major axis of the jet. Taking into account the relatively large
velocity dispersion of the blue- and redshifted lobes of the
J = 1 → 0 masers, as shown in Figure 3, one can suppose that
they are associated with a slowly expanding (and rotating)
outflow, as shown in the SiO masers in Orion Source I
(L. D. Matthews et al. 2010), covering a wider range of the
opening angle of the outflow. On the other hand, the outer
region of the the outflow hosting the J = 5 → 4 masers may be

further accelerated, causing a larger velocity gradient along the
stream lines, making velocity-coherent regions along the LoS
for maser amplification in the stream lines closer to the jet’s
axis. This makes the LoS velocity coverage of the J = 5 → 4
masers closer to that of the J = 1 → 0 masers. The velocity-
coherent regions may be formed at only one of the sides in
each jet lobe, either in the background or the foreground from
the jet axis. Such velocity-coherent regions for SiO maser
amplification are modeled in more detail by H. Imai
et al. (2005).

The hypothesis of the driving source and the spatiokinema-
tical structure of the jet and outflow described above will be
diagnosed through comparison with the data of CO J = 2 → 1
emission in a separate paper. These works are crucial to
explore the possible host star supplying its mass-loss material
to its companion driving the jet.

The central, independent, 1.3 mm continuum peak emission
of dust looks spatially unresolved with ALMA’s synthesized
beam (Figure 1), implying an upper limit of the dust CSE size
to ∼80 au. It is difficult to interpret the source as just a
segment of the material swept by the jet rather than the main
body of the CSE of the host star mentioned above. Here
suppose a CEE system, as suggested (T. Khouri et al. 2021)
within the coincident scale mentioned above. This is supported
by clear symmetry of the distributions of SiO maser emission
over that scale. The mass of each star is suggested to be
M* < 4M⊙ on the basis of the isotopic ratios of oxygen in the
CSEs/jets of WFs (T. Khouri et al. 2021). The orbital period
of this binary system is implied to be Porb = 5–7 yr on the basis
of the time spacing of periodic and heavy mass ejection
indicated in the W 43A jet (Paper I). These two values give an
upper limit of the orbital radius to ∼6 au for W 43A. This

Figure 4. Sketch of a model that is composed of a highly collimated, bipolar jet, a
less collimated, moderate-velocity outflow around the jet, and an outer, slowly
expanding CSE in W 43A, which may host H2O SiO (both of the J = 5 → 4 and
J = 1→ 0 transitions), and 1612 MHz OH masers, respectively.
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upper limit is consistent with the orbital radius necessary to
create a common envelope, since the corresponding upper
limit to the Roche lobe of the binary (≲3 au) is close to the
typical radii of AGB stars (1–2 au). Note that W 43A may host
an OH/IR star with a pulsation period of ∼400 days
(J. Herman & H. J. Habing 1985), supporting the typical
radius value. ALMA’s higher angular resolution (up to
10 mas) may spatially resolve the continuum emission and
pinpoint the host star with respect to the SiO masers at
possibly higher rotational transitions.

The size of the central stellar system or the orbit parameters
of the possible binary system should be derived by such
observations more directly and accurately for providing the
strong constraint on the driving mechanism of a jet and its
entrained outflow with an extremely short lifetime (≲200 yr)
and an extremely high mass-loss rate (≳10−3M⊙ yr−1;
T. Khouri et al. 2021). Adding the information of the whole
CSE structure that should be mapped in more detail (see
B. H. K. Yung et al. 2017), it will be elucidated how to supply
massive jet/outflow material in a possible CEE system to the
central stellar system through the region of the SiO maser
excitation.
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Appendix
List of Molecular Lines Detected in the ALMA Data

Table 3 lists the molecular lines detected in the ALMA data
taken on 2019 July 13 in the code 2018.1.00190.S. Except SiO
v= 1 J= 5 → 4 presented in this paper, they will appear in our
future publications (T. Hoshino et al. 2025, in preparation).
Note that the largest angular scale recovered in the observation
for extended thermal emission is around 500 mas.

Table 3
Molecular Lines Detected in the ALMA Data toward W 43A

Molecule Transition Rest Frequency LSR Velocity
(MHz) (km s−1)

SiO v = 1 J = 5 → 4 215,596.068 See Table 1
CH3CH2

13CN? JKa,Kc = 143,11 → 141,13? 215,453.841? 215,466–215,493 MHz
p-H2S JKa,Kc = 142,0 → 21,1 216,710.437 −60–135
SiO v = 0 J = 5 → 4 217,104.984 −72–142
C18O v = 0 J = 2 → 1 219,560.358 ∼37
SO (N, J) = (5, 6) → (4, 5) 219,949.433 −66–130
13CO v = 0 J = 2 → 1 220,398.684 −60–128
OCS J = 19 → 18) 231,060.993 5–70
CO v = 0 J = 2 → 1 230,538.000 −69–139
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