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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Periodic variability seen in silicon monoxide maser excitation around long-period variable stars

Name: Oyadomari Miyako

This thesis comprises a study of possible correlation of the excitation mechanisms of circumstellar
SiO masers with the light curves of long-period variable stars through very long baseline
interferometry (VLBI) observations of circumstellar SiO v=1, 2, and 3 J=1->0 masers.

Chapter 1 describes the introduction to the excitation mechanisms of SiO masers found around
long-period variable stars (LPVs). It discusses the feasibility of monitoring the distributions of the
Si0 masers for tracing the temporal variation of the physical environments of the circumstellar
envelopes developed in the final stage of stellar evolution. Here it is crucial to find out the
excitation mechanisms of SiO masers. Their possible schemes are (1) pumping by collision of SiO
molecules with hydrogen molecules, (2) pumping by radiation from the star, (3) pumping through
line-overlapping between the mid-infrared transitions of H,O and SiO molecules. In order to
distinguish the most plausible dominant schemes, this study focuses its main purpose on
investigating possible correlation of SiO excitation mechanisms with the stellar light curve of LPVs.

Chapter 2 describes the principle of the VLBI image synthesis and the spectral-line
phase-referencing technique used for composition of the SiO v=1, 2, and 3 maser maps. It discusses
the accuracy of map registration for the composite maser maps and its effect on the reliability for
the proposed interpretation on the maser excitation mechanisms.

Chapter 3 shows the results of the VLBI observations conducted with the VLBI Exploration of
Radio Astrometry (VERA) and Nobeyama 45 m telescopes towards SiO v=2 and v=3 J=1—0
masers around 12 LPVs. They yielded that some of the stars exhibit good correlation between these
maser lines in spatial and velocity distributions. Moreover, such correlation seems to appear
efficiently soon after the maximum (¢=0.0—0.3). Thus it is suggested that the line overlapping
mechanism will become predominant when the infrared emission gets the strongest (¢p=0.1 —0.2).

Chapter 4 presents the result of the multiple epoch VLBI observations of SiO v=1, 2, and 3 /=120
masers towards two LPVs. This focuses its main interest whether the correlation between the line
overlapping and the stellar light curve described in Chapter 3 depends on the intrinsic characteristics
of stars.

Chapter 5 summarizes the discussion in Chapter 3 and 4 and concludes that the SiO masers can be
used for tracing the temporal variation of the physical conditions of the circumstellar envelopes for
understanding the final stellar evolution exhibiting copious mass loss. For further investigations of
the maser excitation mechanisms, it discusses the importance of long-term monitoring VLBI
observations towards a larger sample of LPVs with various periods of stellar pulsation in large
observation projects such as that with the KVN and VERA Array (KaVA) for higher accuracy
statistics.



