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High-Velocity Molecular Clouds in the Galactic Center

Thesis Summary

Most galaxies in the universe are believed to harbor supermassive black holes (SMBHs) with 10°~10' solar masses
at their nuclei. When matter accretes on a galactic nucleus, it shines brightly by the release of gravitational energy.
Some galactic nuclei have extraordinary luminosities higher than their Eddington limit, at which the gravitational
force balances with the radiation pressure. Our Milky Way Galaxy also harbors a 4x10° solar mass SMBH, whose
luminosity is lower than 107 of its Eddington limit. This huge variety of nuclear activities over eight orders of
magnitude may be attributed to difference in mass accretion rates onto galactic nuclei. However, physical
mechanism that control the accretion rate are still unclear. The origin of SMBHs is also one of the unsolved key
issues in astronomy. A promising scenario is that SMBHs have been formed by mergings of intermediate-mass
black holes (IMBHs), while no definitive evidence for the existence of IMBHs is found to date.

The central region of our Galaxy must be an important target to study mass accretion process onto galactic nuclei
and the origin of SMBHs, since we can observe it most minutely. The nucleus of our Galaxy, Sgr A", is surrounded
by a rapidly rotating 2-pc radius ring of dense molecular gas, which is referred to as the circumnuclear disk (CND).
The CND is considered to be a mass reservoir for feeding the nucleus. In addition, within 300 pc from the nucleus,
a number of compact clouds with broad velocity widths, namely high-velocity compact clouds (HVCCs), have been
discovered. In order to elucidate the mass accretion mechanism and the origin of SMBHs in galactic nuclei, a
series of the observational studies were conducted on the high-velocity molecular clouds in the Galactic center such
as CND and HVCCs.

First, we observed the CND and its periphery in several molecular lines using the Nobeyama Radio Observatory
45 m telescope, and found an emission “bridge” which connects the CND to an adjacent giant molecular cloud,
M-0.13-0.08. This emission bridge indicates the physical contact between the CND and M-0.13-0.08, suggesting
that M—0.13-0.08 has just fallen into the CND. The physical contact between them may cancel out their angular
momentum, dissipate their kinetic energies, and thereby increase the mass accretion rate to the nucleus. This is a
significant result that caught a part of the feeding process to the Galactic nucleus.

Moreover, we extended the mapping area to 20 pc radius from the nucleus with the James Clerk Maxwell
telescope at Hawaii. Two small HVCCs were detected at 10 pc from Sgr A*. Their sizes, kinematics, kinetic
energies, and the absences of counterparts in other wavelengths are consistent with the formation scenario assuming
the high-velocity plunge of a stellar-mass black hole into a molecular cloud. This is the first observational case that
suggests a number of black holes are flying about in the vicinity of the nucleus. Theoretical calculations predicted
that 10°-10° black holes are floating in our Galaxy, and most of them are isolated and dim. Our study suggested a
new method for detecting such isolated black holes as high-velocity features, such as HVCCs.

We also discovered a peculiar HVCC, CO-0.31+0.11, at 45 pc from the nucleus. This HVCC exhibits an
extremely broad velocity width, having huge kinetic energy and peculiar kinematics. The kinematics of
CO-0.3140.11 can be explained by the Keplerian motion around a point-like mass of 2x10° solar masses. This
model requires that the central gravitational source must be smaller than 0.1 pc in radius. The possible candidates
for the gravitational source are a dense massive star cluster or a massive IMBH. The absence of counterparts in
other wavelengths may rule out the star cluster hypothesis. Therefore, the driving source of CO-0.3140.11 is most
likely a massive IMBH. If this is confirmed, the driving source of CO-0.31+0.11 will be a promising candidate for
an IMBH secondly discovered in our Galaxy.




