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Fig. 3. ALMA maps per velocity channel of 12CO J=3−2 emission in R Aqr; see the LSR velocities in the upper left corners. The center is the
centroid of the continuum, whose image has been subtracted. The contours are logarithmic with a jump of a factor 2 and a first level of ±5 mJy
(equal to 6.2 times the rms and equivalent to 34.8 K); dashed contours represent negative values. The HPBW is shown in the inset, last panel.

lar continuum (in the range between –29 km s−1 and –33 km s−1

LSR), very probably owing to gas in expansion in front of the
star. The high-excitation (v > 0) lines and the absorption fea-
ture show compact, barely resolved distributions. In Table 1, we
give the main properties of those lines, including the centroids of
their distributions, which are necessary to identify the AGB star
(Sect. 3.2), and 1σ uncertainties. Only the CO v=0 lines, mainly
the 12CO line, show a significant extent >∼ 0.′′5 (Sect. 3.4). Recent
ALMA maps by Ramstedt et al. (2018), which have a resolution
of 0.′′5, detected clumps at ∆(R.A.) ∼ ±0.′′8, also present in our
maps but with a relatively poor signal-to-noise ratio (S/N).

3.2. Position of the binary system

The high-excitation lines detected in our data are expected to
come from the close surroundings of the AGB star and to be
good tracers of its position, as found from VLBI measurements
of R Aqr and ALMA maps of other AGBs; see Min et al. (2014),
Decin et al. (2018), etc. The absorption in the 29SiO v=0 J=8-7
line must represent absorption by inner shells just in front of the
star and should also be a very good tracer of its position. As we
have seen, see Sect. 3.1 and Table 1, all our high-excitation lines
and the 29SiO v=0 absorption show indeed a compact image,
whose centroids are practically coincident within the uncertain-
ties and given the extents of the observed distributions (∼ 35-55
mas). Their positions can also be considered coincident with the
continuum peak detected with the highest resolution (Sects. 3.1,
3.3); the coincidence between the 29SiO absorption and the con-
tinuum maximum is particularly good. The differences are sig-
nificantly smaller than the expected diameter of the star, ∼ 10-20
mas. In any case, the line emission centroids tend to be shifted
by about +3 mas in R.A. with respect to the position obtained
from the continuum (Sect. 3.1). It is difficult to discern which of
the methods traces the Mira position more accurately: the mea-
sured continuum centers could be shifted westward, because of
contamination from emission from the extended continuum or
irradiation of the primary surface, and the line emission, even if
it is compact, could be slightly shifted eastward because of the

molecule emission suppression observed clearly in 12CO (Sect.
3.4). Needless to say, it is possible that the photospheric surface
and nearby surroundings are not uniform, which would not allow
comparisons at scales much smaller than ∼ 10 mas. We there-
fore conclude that the continuum peak position, namely ICRS
R.A. 23:43:49.49657, dec. –15:17:04.7204, gives the AGB pho-
tosphere centroid with an accuracy of ±3 mas. We have checked
that these coordinates are fully compatible with the GAIA DR2
data. We recall that the AGB star position is in any case not co-
incident with the centroid of the total continuum emission (Sect.
2), which is taken as the center in all maps presented here.

As mentioned before, the two stars were imaged in 2014.9
by Schmid et al. (2017). Our ALMA observations were obtained
three years later, and a moderate, but non-negligible change in
the relative positions is expected. We estimated that change by
adapting the orbital parameters determined by Gromadzki &
Mikołajewska (2009) to the measurement by Schmidt et al. The
derivation of the new orbit parameters is presented in App. B;
we plan to widely discuss these in a future paper. Our conclu-
sion is that in 2017 the secondary was placed at about –31 mas
in R.A. and –7 mas in declination, with respect to the Mira star,
with an uncertainty of about ± 7 mas; we note that the secondary
is approaching us. The positions of both stars are shown in some
of our figures.

3.3. Continuum 0.9 mm maps

Our 0.9 mm continuum map is shown in Fig. 1; the beam size
at half maximum (FWHM) is ∼ 30×40 mas. The expected posi-
tions of both stars are also given in Fig. 1. The AGB primary
is represented by the black dot, whose width is roughly equal
to the AGB photospheric disk, and the blue cross gives the po-
sition of the WD with the uncertainties; the stellar locations are
discussed in the previous subsection and Apps. A, B. As we can
see, the main continuum component is very compact, slightly
elongated in the east-west direction, roughly in the direction of
the apparent orbit shape (i.e. the east-west direction or slightly
inclined, PA >

∼ 90◦). In addition to the prominent maximum, there
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