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Summary of Doctoral Dissertation

Title of Doctoral Dissertation: Properties on column density structure of molecular clouds based on
probability density function of the column density and star-forming activities

Name: Murase Takeru

This PhD thesis is about the effect of massive star-forming regions on the surrounding molecular clouds and the
statistical properties of the molecular clouds based on column density histograms. In this study, we used the
Nobeyama 45-m radio telescope. This thesis consists of five chapters.

Chapter 1 reviews previous studies of the interstellar medium. In particular, we focused on knowledge from
observational studies. First, we summarized the layer structure of the interstellar medium with different
temperatures and densities, the formation pathways of molecular hydrogen, and the phase transition mechanisms
that form the layer structure. Next, we reviewed the characteristics of molecular gas clouds and summarized the
properties of molecular clouds revealed by the previous statistical studies. Then, the properties of massive stars
and their impact on the surrounding environment are described. And finally, we summarize the questions that
motivated this study based on this background and describe the structure of this paper.

Chapter 2 is about the temperature distribution of molecular clouds. Massive stars affect the surrounding
interstellar medium through expanding HII regions, strong outflows, strong stellar winds, and intense ultraviolet
radiation. In addition, this feedback from high-mass stars influences subsequent star formation. Therefore, we
focused on the gas temperature distribution in molecular clouds to investigate how much star formation activity
affects the surrounding molecular gas. We performed mapping observations in ammonia emission lines toward the
W33 massive star-forming region. Consequently, the molecular gas surrounding the HII region located at W33
Main exhibited a higher temperature (> 20 K) than the rest of the observed area. The size of the influence area was
estimated at approximately 1.25 pc.

In Chapter 3, we discussed the hierarchical density structure of molecular clouds based on column density
histograms. The column density histogram is called the column density probability distribution function (N-PDF).
Previous studies have shown that N-PDFs of many quiescent clouds are log-normal, whereas those of active star-
forming clouds consist of two components: a log-normal and a pronounced power-law tail in the high-density range.
However, careful consideration is required for what function form to fit the excess components in the high-density
range. In this study, we considered the N-PDF using multi-log-normal distributions. We identified molecular clouds
from the Nobeyama 45-m Cygnus X CO survey and conducted N-PDF analysis on the obtained molecular clouds.
As a result, we found that the N-PDF could be well-fitted with one or two log-normal distributions. We also found
that the N-PDF shape was less correlated with the star-forming activity.

In Chapter 4, we extended the analytical methods used in Chapter 3 to the molecular clouds in the Milky
Way mid-plane. We performed N-PDF analysis on 96 molecular clouds decomposed from the FUGIN (FOREST
Unbiased Galactic plane Imaging survey with Nobeyama 45m telescope) survey data. Consequently, we found that
all N-PDFs can be fitted using a combination of up to three log-normal distributions. In addition, the mean column
density of the lowest density log-normal distribution was independent of the galaxy environment. In this chapter,
we summarize the statistical investigation of the properties of molecular clouds using the parameters obtained from
the N-PDF fitting.

In Chapter 5, we summarized this thesis.
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