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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
An observational study of molecular clouds in the outer Galaxy with the Nobeyama 45-m

radio telescope

Name: Matsuo Mitsuhiro

This thesis mainly comprises discussions about the detection of the most distant molecular cloud
(G213.042+0.003) to date and the changes of properties of molecular clouds with respect to Galactocentric
distance in the outer Galaxy based on observations with the Nobeyama 45-m radio telescope.

Chapter 1 gives summary about the backgrounds and problems, and the purposes of this thesis are
mentioned. It is important to understand properties of molecular clouds in order to understand star
formations because molecular clouds are parent bodies of stars. The physical quantities of stellar density, gas
density, star formation rate, and metallicity decrease with Galactocentric distance. The environment becomes
close to that of the early universe or the early phase or formation of the Galaxy with the increase of
Galactocentric distance. The star formations in the environment are not understood and the outer Galaxy
region is appropriate to study star formation in the environment. Because the molecular clouds surveys in
previous work are coarse resolution and limited area, it is necessary to survey molecular clouds with high
spatial resolution and high sensitivity.

Chapter 2 discusses the most distant cloud (G213.042+0.003) to date detected through the Nobeyama
Outer Galaxy Survey (NOGS). The CO surveys were carried out for the region detected OB stars to R = 30
kpe. No CO emissions were detected in the region of low atomic gas surface density less than 2 My pc 2 in
nearby galaxies. Therefore, Our finding gives restrictions of detection limits for the observations in nearby
galaxies and shows that the observations for outer Galaxy is effective in terms of detections of molecular
clouds in low gas density. G213.042+0.003 is self-gravitating by virial analysis and absent YSOs. Therefore,
G213.042+0.003 seems to be very early phase, and there is possibility to form stars.

Chapter 3 presents results obtained by the ongoing project FOREST Ultra-wide Galactic plane survey In
Nobeyama (FUGIN), which is the large field "*CO(J=1-0), CO(J=1-0), and C'*O(J=1-0) line survey for
molecular clouds in the third Galactic quadrant. Because only one cloud detected by NOGS and NOGS
survey was small region, the large survey is carrying out in order to survey molecular clouds in the extreme
far outer Galaxy and examine the nature of clouds. 48 square degree observed to date. It was found that the

physical parameters drastically change at R ~ 14 kpc. The changes are discussed with relevance to the star
disk.

In Chapter 4, the most distant cloud to date and the statistical properties of clouds in the outer Galaxy are
summarized, and future prospects of the study of molecular clouds in the outer Galaxy are mentioned.



