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G 3'e 4 Observational Study of the Physical Properties of Giant Molecular
Clouds by the 1.85-m Millimeter/Sub-millimeter Telescope
(1.85m FE HE BT & D B KRGy EOWELHINEE OB SE)

& KM A0
& A T
& HF H

AR B
N (P 3

wm X EE

This thesis is devoted to observational studies of the physical properties of molecular clouds for the
better understanding of the star formation process. The cloud properties (e.g., mass, density,
temperature) are expected to trace the evolutionary phases of molecular clouds, and thus to reflect the
characterigtics of the star formation activities. In addition, the properties are a so expected to probe the
effect of the interaction from the surrounding environment which is supposed to determine the modes
of star formation. Hence the investigation of the physical properties of molecular cloudsis akey to the
understandings of star formation. However, there have been only a small amount of studies with the
spatialy resolved observations of the clouds properties mainly due to the absence of the appropriate
instruments. Therefore, we developed a new millimeter/sub-millimeter radio telescope which is
optimized for the large scale surveys of the physica properties of the molecular clouds. In this thesis,
we describe the detailed information of the developed telescope and the observational results of a
survey toward the Orion molecular clouds.

The telescope is designed to conduct multi-line observations of CO rotational transitions toward
nearby molecular clouds. The target frequency is 230 GHz band; simultaneous observations in the
J=2-1 rotational lines of carbon monoxide isotopes (HCO, 13CO, Clao) are achieved with a beam size
(FWHM) of 2."7. In order to accomplish the simultaneous observations, we devel oped waveguide-type
sideband-separating SIS mixers to obtain spectra separately in the upper and lower side bands. A
Fourier digital spectrometer with a 1 GHz bandwidth with 16384 channels is in- stalled and the
bandwidth of each spectrometer is divided into three parts, each of which corresponds to each
spectrum, and the IF system has been designed so asto inject these three lines into the spectrometer. A
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flexible observation system was created mainly in python on Linux PCs, enabling the effective
on-the-fly scan mapping for the large area mapping. The telescope is enclosed in a radome with a
membrane covered to prevent a harmful effect of the sunlight, strong wind, and precipitation,
minimizing the error in the telescope pointing and stabilizing the receiver and the IF devices. The
telescope was installed at the Nobeyama Radio Observatory, and we started the science operations
from 2011 January.

Using the 1.85-m telescope, we carried out multi-line CO (J=2-1 of 12CO, 13CO, Clso) observations
toward the entire area of the Orion A and B giant molecular clouds. The data were compared with the

J =1-0 of the N CO, ® CO, ad Clso data taken with the Nagoya 4-m telescope and the NANTEN
telescope at the same angular resolution to derive the spatial distributions of the physical properties of
the molecular gas. We explore the large velocity gradient formalism to determine the gas density and
temperature by using the line combinations of 12CO(J=2—1), 13CO(J:2—1), and 13CO(J=1—O) assuming
uniform velocity gradient and abundance ratio of CO. The derived gas temperature is mostly in the
range of 20 to 50 K along the cloud ridge with a temperature gradient depending on the distance from
the star forming region. We found the high-temperature region at the cloud edge facing to the H,
region, indicating that the molecular gas is interacting with the stellar wind and radiation from the
massive stars. The derived gas density is in the range of 500 to 5000 cm_g. The high density regions

(=2000 cmfs) are located toward the cloud edge facing to the H, region, suggesting the compression

of the molecular gas by the stellar wind and radiation. In addition, we compared the derived gas
properties with the distributions of Young Stellar Objects obtained with the Spitzer telescope to
investigate the relationship between the gas properties and the star formation activity therein. We
found that the gas density and star formation efficiency are well positively correlated, indicating that
stars form effectively in the dense gas region.

The results indicate that the combination of a opticaly thick line (e.g., 12CO J2- 1) and different
transitions of opticaly thin lines (e.g., 13CO J=2-1, 13CO J=1-0) are important to derive the precise
cloud properties. The future study of the similar analyses toward the other molecular clouds which
have different environment as well as different mode/stage of the star formation would advance our
understanding about the mechanism of star formation.
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