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Table 1. Main line parameters derived for high-excitation lines and
29SiO absorption. We always give the R.A. and dec. offsets with respect
to the total continuum centroid: 23:43:49.4962, –15:17:0.4.72.

molecular line total flux peak brightness ∆(R.A.) ∆(dec)
mJy×km/s mJy/beam×km/s mas mas

H2O ν2=2 3(2,1)–4(1,4) 370±15 174±7 11±3 3±3
Si17O v=1 J=8–7 100±6 53±4 10±3 2±3
CO v=1 J=3−2 310±7 132±5 11±3 3±3
29SiO v=0 J=8–7 (abs.) –53±4 –48±4 9±4 0±4
SO 3Σ v=1 9(8)–8(7) 307±8 130±5 14±3 5±3

the stellar wind take place. We present ALMA maps of radio
continuum and molecular lines in R Aqr that show very clearly
those effects at orbital and suborbital scales of ∼ 10-40 mas.

2. Observations

Observations were performed with ALMA on November 21 and
23, 2017, for three tracks of 1.3 h each. Data were obtained with
47-48 antennas, with baselines ranging from 92 m to 8.5 km. The
correlator was set to observe with four spectral windows, cen-
tered at frequencies 330583, 331295, 343495, and 345791 MHz,
and with spectral resolutions 0.24, 0.98, 0.98 and 0.12 MHz,
eventually smoothed in the final maps. The quasar J2348-1631
(1.◦6 away from R Aqr) was the phase calibrator, and J0006-
0623 was the bandpass and flux calibrator: a flux reference of
1.58/1.65 Jy (at the lowest/highest frequencies) was adopted for
the three tracks. Differences in the phase calibrator flux of 5%
between consecutive tracks were found, which is a limit to the
flux uncertainty. The data calibration was performed using the
ALMA pipeline delivered with the CASA software.

For image cleaning, we used the Hogbom method and the
Briggs weighting scheme with a robust value of 1, resulting in
maps with half-power beam width (HPBW) ∼ 40×35 mas, see
Figs. 1 and 3. The half-power field of view and the maximum
recoverable scales are ∼18′′ and ∼2′′, respectively. To better in-
vestigate the compact continuum clump, we also produced im-
ages of less sensitivity but higher spatial resolution using only
data from baselines longer than 2.5 km and uniform weighting,
which resulted in a beam of 17×27 mas. The distribution of the
clean components (i.e. where the flux is deduced to come from)
in this map was analyzed by means of a yet higher resolution
image, by imposing a circular restoring beam of 10 mas (red
contours in Fig. 2). See App. A for a more detailed description
of our continuum mapping.

3. Results and conclusions

3.1. Summary of observational results

We have detected several molecular lines as well as the contin-
uum emission at λ = 0.9 mm from R Aqr. As mentioned, contin-
uum maps were obtained weighting the visibilities in two differ-
ent ways. Together with a more conservative standard procedure
that leads to a resolution of about 30×40 mas, we also used a
weighting that favors long baselines, leading to a resolution of
∼ 10-20 mas. See Sect. 2 and Appendix A and Figs. 1 and 2.
All our maps are centered on the continuum emission centroid
(ICRS coordinates R.A.: 23:43:49.4962, dec.: –15:17:04.72), to
which the offsets given in this letter always refer.

The maximum in the high-resolution continuum map is
placed (with respect to the continuum emission centroid) at
∆(R.A.) = +8 and ∆(dec) = –0.4 mas; i.e. the continuum peak co-
ordinates are ICRS R.A. 23:43:49.49657, dec. –15:17:04.7204.

Fig. 1. ALMA map of the 0.9mm continuum in R Aqr. The level spacing
is logarithmic, with first contour at 0.25 mJy/beam and a jump of a
factor 2; dashed contours represent negative values. The map center is
the continuum centroid and the positions of the two stars are indicated.
See the HPBW in the inset.

Fig. 2. High-resolution continuum map obtained using a 10 mas
restoring beam (Sect. 2), red contours. The scale is logarithmic: the
first contour is 1.5 mJy/beam and the jump is a factor 2; the dashed
contours represent negative values. The expected position of the WD is
shown with error bars (blue cross, see Sect. 3.2 and App. B); the Mira
is coincident with the maximum of the high-resolution map. The cen-
tral part of our standard continuum map (Fig. 1) is reproduced in black
contours.

As we see in the following, that maximum is expected to rep-
resent the Mira position. By fitting in the uv plane a disk-like
distribution, i.e. uniform and round, we find a 15-mas-wide disk
with a center placed at +4.5 and 0 mas. In our case, the astrom-
etry uncertainties are dominated by the phase stability (see the
ALMA Cycle 5 Technical Handbook); we thus expect absolute
errors ∼ 3 mas, which are sufficient for our purposes (Sect. 3.3).
A smaller uncertainty, at least in relative positions, can probably
be reached after a deeper data analysis.

We also detected several molecular lines: the intense 12CO
and 13CO J=3−2, and, among the weaker lines, H2O ν2=2
3(2,1)-4(1,4) (331.123730 GHz), Si17O v=1 J=8–7 (332.021994
GHz), 12CO v=1 J=3−2 (342.647636 GHz), 29SiO v=0 J=8–7
(342.980847 GHz) and SO 3Σ v=1 9(8)–8(7) (343828.513 GHz).
The 29SiO v=0 line shows blueshifted absorption against the stel-
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