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Table 1. Miras observed.

Star Calibrator UD1
2.2 µ UD1

3.6 µ Dust2
11 µ Vel A3 Vel B4 Period Sessions5

(mas) (mas) (mas) (km s−1) (km s−1)
o Ceti J0217+0144 24.40 (0.11) 35.2 (2.0) 120 48.0 45.0 331.96 ABCDEFGH
U Ori J0555+3948 15.59 (0.06) 28.8 (0.1) 160 –34.0 –40.0 368.30 ABCDEFGH
R Aqr J2334+0736 16.88 (0.56) 34.3 (1.0) 140 –23.0 –23.0 386.96 ABH

1 UD = Uniform Diameter model fit (Mennesson et al. 2002). 2 Fitted inner dust shell diameter from Danchi et al. (1994). 3 ν = 2, J = 1–0
transition of SiO at 42.8 GHz. 4 ν = 1, J = 1–0 transition of SiO at 43.1 GHz. 5 A, B ,C, D from Cotton et al. (2004), E= 25 Apr. 2003,
F= 26 Oct. 2003, G= 14 May 2004, H= 4 Sep. 2004.

Elitzur 1991; Nedoluha & Watson 1994; Elitzur 1996). VLBI
Polarization observations of TX Cam by Kemball & Diamond
(1997) revealed tangentially ordered polarization vectors indi-
cating a radial magnetic field direction and circular polarization
indicating a magnetic field strength of several Gauss. Recent
work by Herpin et al. (2006) indicates an average magnetic field
of 3.5 G in the SiO maser region of a large sample of evolved
stars. Ordered magnetic fields were also found in the H2O and
OH maser regions at larger distances from the star (Vlemmings
et al. 2002; Etoka & Diamond 2004; Vlemmings et al. 2005),
where the H2O maser observations indicate that the magnetic
field is strong and dynamically important. The influence of mag-
netic fields was recently also shown by the detection of the first
magnetically collimated jet around an evolved star (Vlemmings
et al. 2006).

Observations of SiO masers in a number of Miras at mul-
tiple epochs during a pulsation cycle were reported in Cotton
et al. (2004). This paper presents the results obtained from con-
tinued monitoring of selected stars at an additional four epochs
extending the time line covered to a period of 43 months cover-
ing several pulsation cycles.

2. Observations and data reduction

The new observations were obtained with the NRAO Very Long
Baseline Array (VLBA) in four 10 h sessions on 25 Apr. 2003,
26 Oct. 2003, 14 May 2004, and 4 Sept. 2004. Two 4 MHz
wide channels in each right- and left-hand circular polarization
were recorded at 42.820587 and 43.122027 GHz to cover the
ν = 2, J = 1–0 and ν = 1, J = 1–0 transitions of SiO. Two bit
sampling was used in the recording. The correlations resulted
in 128 channels in each of the combinations of right- and left-
circular polarization for each transition. A strong, nearby con-
tinuum source was observed before each star to serve as de-
lay, bandpass and polarization calibrator. The observations are
summarized in Table 1 which lists the stars, calibrators, cen-
tral velocities and the dates observed; unless otherwise noted,
the IR data are from Mennesson et al. (2002) and are uniform
disk model diameter fits. The calibrators are all quasars with
milliarcsecond accuracy positions; the Hipparchus (ESA 1997)
positions of the stars, evaluated at the epoch of the observations,
were used. Note: the center velocities were picked to center the
spectra in the observing band and are not necessarily the stellar
systemic velocities.

Calibration and processing follows the procedure described
in Cotton et al. (2004) except as noted below. Linear polariza-
tion calibration was based on monitoring of the continuum cal-
ibrators from the VLA. The accuracy of the polarization angle
calibration depends on the relative timing of the VLA calibra-
tions and varies from epoch to epoch. In general, the calibration
of polarization angle should be better than 10 degrees.

Due to geometric model errors used in the VLBA correlator,
the calibration procedure failed to adequately align the images in
the two transitions. The misalignment errors were typically a few
milliarcseconds and were corrected by aligning features which
appeared to be common in both transitions. This procedure has
the potential to leave residual alignment errors.

The stars were observed with multiple snapshots which re-
sults in relatively limited uv-coverage given the large size and
sometimes complex structure in a given channel. In order to min-
imize the effects of the limited uv-coverage, imaging was done
using the Obit package task Imager which allows the automatic
determination of CLEAN windows independently in each chan-
nel. CLEAN windows determined from Stokes I images were
used for CLEANing Stokes’ Q and U images. This reduces the
artifacts resulting from the poor uv-coverage while reducing the
bias of setting the windows by hand as was done in Cotton et al.
(2004).

As in Cotton et al. (2004), the “compressed” images com-
bining the spectral channels incorporated only Stokes I pixels
determined significantly above the noise (from an rms cutoff)
and above the level of artifacts from the limited dynamic range
(from a fraction of the peak in the channel image) using Obit
task Squish. Stokes’ I images were compressed to 2-D by taking
the maximum channel value in each pixel while for Stokes’ Q
and U, the summed values were used. Since in a given pixel
emission in only a limited range of velocity is seen, this proce-
dure gives an adequate representation.

The maser spots occur in an extended, possibly non-circular,
ring around the star. However, the number and distribution of
spots is variable and generally insufficient to determine a model
more complex that a circular diameter and ring thickness. Even
with this approximation, joint analysis of the two transitions was
needed to determine the center of the ring, the diameters were
determined independently.

The diameters and widths of the SiO maser rings were deter-
mined from a moment analysis of compressed (2-D) Stokes I im-
ages in both transitions using a direct parameter search which
minimized the sum of the ring widths. This procedure, especially
the estimated ring widths may be adversely affected by residual
errors in the alignment of the images in the two transitions de-
scribed above.

The velocity fields evident in the derived images are com-
plex and change as individual maser spots brighten and fade. In
order to look for evidence of systematic motion in the masing re-
gion, flux density weighted averages of the velocity were made
in sectors around the maser ring with a width twice the second
moment widths.

3. Results

The compressed total intensity images for each epoch and tran-
sition with superposed polarization “E” vectors are shown in




































