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Spins of Supermassive Black Holes in Galactic Centers
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As an essential parameter describing supermassive black holes (SMBHs), spin remains
an unresolved issue in black hole astrophysics. This thesis is focusing on the study of spins,
including how to estimate the spin of an individual SMBH, the cosmological evolution of
SMBH spins, and its constraints imposed on the black hole accretion history.

We propose a new method to constrain the SMBH spins using the TeV flux variability.
The underlying principle lies at the fact that the TeV flux variability places a limit on the
maximum size of the emission region, while the absorption optical depth of the radiation
fields from the accretion disk to the TeV photons places a limit on the minimum size.
Since the radiation fields are governed by the SMBH spins, combining these two factors can
constrain the spin parameters. We apply this method to the radio galaxy M87. In its central
region, the fast TeV flux variability with a time scale of 1 to 2 days is detected. We firstly
calculate the optical depth to the 10 TeV photons using the self-similar solution of RIAFs
in the Newtonian time-space. We find that only for the fast spinning holes (a > 0.65) the
radiation fields do become transparent to the 10 TeV photons. Then we numerically solve
the full equations of general relativistic RIAFs. The resultant optical depth confirms that
the central SMBH in M87 is spinning rapidly. This method can be applied to the M&7-like
low luminosity active galactic nuclei (AGNs).

Based on the Soltan argument, we construct an n-equation to describe the cosmological
evolution of the radiative efficiency 7 for the SMBH accretion. This equation links 7 with the
AGN luminosity density, the SMBH mass density, and the duty cycle of AGNs. Applying
it to the existing AGN and galaxy survey data, we find that n decreases by an order of
magnitude from n =~ 0.3 at z = 2 to n = 0.03 by z ~ 0. Such an evolutionary trend
implies that the SMBHs are spinning down with cosmic time, which can be attributed to
the episodic and random accretion.

In order to explore the mass-dependent spin evolution, we then derive a generalized
n-equation. Our results show that the SMBH spins may be downsizing.

Using the hypothesis that the AGN activity is triggered by the galaxy mergers, we
calculate the AGN LFs (luminosity functions) by manipulating the observed galaxy LFs
and the theoretical merger rates from the EPS theory. We find that our model reproduces
the observed AGN LF's, provided that the mass ratio of the merging galaxies changes with
cosmic time. The results show that minor mergers are important in triggering AGNs at low
redshfits, while major mergers may dominate at high redshifts. Regarding the spin evolution
of SMBHs, we suggest that minor mergers of galaxies may constitute one of the triggering
mechanisms for random accretion.

Lastly, we give a summary of our works, the potential impacts on other subjects, and
a brief outlook for the future important problems.



