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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Exploring high precision VLBI astrometry of hydroxyl and water masers
to study late stellar evolution

Name: Gabor Orosz

This PhD thesis discusses astrometric measurements made towards stellar masers in very long baseline
interferometry (VLBI), as attempts to test new observing methods and their applications to study on late stellar
evolution.

Chapter 1 is the introduction to the scientific and technical motivations behind my presented research
topics. I highlight the fundamental importance of maser astrometry to measure the distance and motion of stars
and their surroundings, which is essential for understanding stellar evolution. I also give a short overview of the
main challenges in maser astrometric observations and ways of addressing these issues.

Chapter 2 deals with masers. Masers are what we can observe, so all derived results rely on our
understanding of their connection to their surroundings. I give a short overview on maser excitation mechanisms
and the environments they trace around evolved stars. I also present a practical summary on the observational
characteristics of stellar H,O and OH masers when conducting high resolution observations for the astrometry.

Chapter 3 introduces very long baseline interferometry (VLBI), the observing method behind maser
astrometry. VLBI enables the precise measurement of the positions of maser clouds around evolved stars, making
it possible to directly measure the distances and spatiokinematic properties of stellar regions. I describe the
various techniques adopted in this thesis that enable high precision VLBI astrometry of OH and H,O masers.
Most importantly, I present the first observational demonstration of a new calibration technique called MultiView
I compare MultiView to traditional methods and show the achieved improvements in mitigating ionospheric
errors, the main limitation of previous astrometric measurements at the OH maser frequencies of 1.6 GHz.

Chapter 4 details low-frequency proper motion and parallax measurements conducted towards the stellar
OH masers of two asymptotic giant branch (AGB) stars, OH 128.6-50.1 and OH 138.0+7.2. I introduce a data
analysis technique for detecting systematic errors in the observations and use our measured trigonometric
distances to evaluate the phase-lag distance method. The AGB distances and derived stellar parameters are used
to address questions about the period — luminosity relation of long period variable AGBs and late stellar
evolution. I also discuss the use of AGB stars and OH maser astrometry to study Galactic dynamics.

Chapter 5 presents the astrometry of two water fountain stars, IRAS 18113-2503 and IRAS 18043-2116.
I use the proper motion and parallax measurements of H,O masers to talk about stellar evolution beyond the
AGB phase, by characterizing the physical nature of the fast stellar jets seen around water fountains. I also talk
about the different shaping mechanisms of planetary nebulae by the jets and the variability and evolution of their
H,0 maser tracers.

Chapter 6 is the summary of the thesis and an outlook to future projects in VLBI astrometry to study late
stellar evolution from AGB stars to planetary nebula stars and to advance low-frequency astrometric techniques.



