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This thesis mainly focuses on obtaining accurate distances, and dis- cussing the stellar properties of Long
Period Variable (LPV) stars and star forming status based on the annual parallax measurements with Very Long
Baseline Interferometry (VLBI). The celestial source’s distance is the most fundamental and important parameter
in astronomy. We cannot deter- mine luminosities (or absolute magnitudes), masses, sizes and others of all
celestial objects without knowledge of the distances to them. Therefore, we need to determine the distances
precisely based on the most reliable method. I used the annual parallax to determine the distance because this is
based on the most direct method and is reliable.

Chapter 1 gives the five distance measurements based on the differ- ent principles and why I used the annual
parallax to determine the dis- tance with VLBI compared with other three famous distance determi- nation
methods toward galactic sources, which are the kinetic distance, photometric distance and the distance based on
the PL relations. The ki- netic distance is estimated from radial velocity with the assumption of a galactic rotation
model and it requires a precise galactic model. The pho- tometric distance is estimated from the photometric
observations with the assumptions of a model of the spectral type and the absolute magnitude, and it requires the
precise extinction correction based on the reddening. The annual parallax is estimated from the annual motion of
target (e.g. masers and stars) and it requires only the precise orbit of Earth around the Sun. It gives the precise
target position in 3D space.

Chapter 2 gives the data reduction process of VLBI and the parame- ters to be corrected and the tasks of the
standard data reduction software, Astronomical Image Processing System (AIPS). In following sections, I de-
scribed what the data obtained with VLBI is, which is called as visibility. Then I explained the four fundamental
parameters; the phase, group de- lay, delay change rate and intensity, which are obtained with VLBI and should
be corrected. In addition, I described the procedure to obtain the phase-referenced images. In the last section, I
noted the attentions and the special procedures in VERA data reduction.

We summarized all the observations in the Chapter 3. The VLBI ob- servations were conducted with the VLBI
Exploration of Radio Astrom- etry (VERA) to obtain the position of the water masers and to measure their
parallaxes. The single-dish observations were conducted with VERA Iriki telescope and Kashima 34 m telescope.
During VLBI observations, we monitored the target source with VERA Iriki telescope to know the intensity and
to chase the variation. The observations with Kashima 34 m have the purpose to obtain the map of NH3 emission
and to understand the temperature distribution of the region.

From Chapter 4 to Chapter 6, I described the actual observational results and discussions of the three targets;
LPV stars, RX Bootis and RW Leporis and a star forming region, NGC2264. We determined the distances
toward these sources based on our annual parallax measure- ments with water masers. Therefore, the distance is
more reliable than any previous estimation. The measured distances are consistent with the previous results and
the accuracies of the distances were improved. Based on our derived distances, we determined the some physical
parameters of these targets; the luminosity, radius and mass. Moreover, we discussed the positions on the
Period-Luminosity (PL) diagram and the stellar evolu- tionary stage for the observed LPV stars. For the star
forming region, we discussed the driving source of the maser, and its evolutionary stage.

These studies mentioned above are summarized and the expected works are described in Chapter 7.



