Fast-switching as a means to construct high-fidelity images

Betelgeuse is the closest red supergiant star. To
observe the atmosphere and investigate the mass
loss mechanism of red supergiant stars like
Betelgeuse, high-fidelity images are necessary.

Very Large Array (VLA) observations by Lim et al.
(1998) showed that the atmosphere of Betelgeuse
was highly asymmetric and cool, leading to the
interpretation that the atmosphere is elevated by
giant convection cells that occur randomly. If
Betelgeuse is observed at different times, it will
look different. |

The “fast-switching” observing mode (Carilli,
Holdaway & Sowinski 1996) was implemented in
this study and previous observations, to correct for
tropospheric phase variations mainly due to
temporal changes in the water vapor content.

However, VLA is not designed for fast-switching at
shorter wavelengths (e.g. 7 mm).

Objectives:
1. To investigate atmospheric structure in more
detail by observing with longer exposure time
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We switched rapidly between the target source

and a secondary

calibrator.

The secondary

calibrator was used to interpolate the phases of
Betelgeuse. CASA was used for data processing.

To check the effectiveness of phase corrections, an

unresolved test

calibrator

( 5.6° away from

Betelgeuse) was used. The phases of the test
calibrator were interpolated by the secondary

orator.
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Problems with VLA observations and solutions

Flagging deviant data in gain solutions of

secondary calibrator manually:
1. Discrepant amplitudes accompanied by noisy

Development of a program to further
remove deviant data in secondary
calibrator:

Opacity corrections:
At frequencies >15 GHz water vapor in the
troposphere absorbs radio waves, so we applied

opacity corrections using seasonal model. phases After flagging, some deviant data might still
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jumps in secondary calibrator exceeds certain
threshold (e.g. twice the median absolute
difference) is flagged. There are no interpolated
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Final results and future prospects

Final images Manual flagging + Discussion of resultant images

flagging by program « piscarded quite a lot of data:

1. First three scans of test calibrator discarded
due to inaccurate matching of phases with
secondary calibrator

2. Data of baselines involving VA26 antenna
discarded due to deviant phases of test
calibrator

3. 4t scan of baselines involving VA27 antenna

Alternative solutions:

Closure-only imaging (closure amplitudes
and closure phases) wusing eht-
imaging software library (Chael et al.
2018) can eliminate station-based gain
errors, but it comes with issues, e.g. loss
of some image information such as total
image flux density and image centroid.
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