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Summary of thesis contents

Active Galactic Nuclei (AGNs) are among the most energetic objects in the universe. The
nuclear activity is powered by a supermassive black hole (SMBH) and its accretion disk, and
this central engine is surrounded by a dusty toroidal structure, so-called “dust torus”. The dust
torus plays an important role to explain the observational differences among AGNSs. In the
context of AGN unification scheme, the torus provides anisotropic obscuration of the central
region so that sources viewed face-on are recognized as “type 1 AGNs”, and those observed
edge-on are “type 2 AGNs”.

In this dissertation, | focus on the covering fraction of the dust torus, a fundamental parameter
to describe the geometrical structure of the dust torus in the unification scheme. The covering
factor (CF) is defined as the fraction of the sky, as seen from the AGN center, that is blocked
by heavily obscuring material. This corresponds to the fraction of type 2 AGNSs in the entire
AGN population. Hence, investigating the type 2 AGN fraction and its relation with the
properties of AGNs gives clues to the nature of the obscuring structures. Over the last few
years, some surveys at multiple wavelengths have reported that the CF depends on the
luminosity and redshift. This means that the simplest unified scheme which predicts non
dependence on luminosity and redshift, need to be modified. Some authors, however, have
guestioned these dependencies by claiming that the data are affected by various uncertainties.
In particular, the observed correlations can be explained as a selection effect, in which case
they may not necessarily have any astrophysical significance. Therefore, it is still unclear
whether the CF intrinsically depends on the luminosity and particularly on redshift.

The scientific goal of this thesis is to reveal the dependence of the CF on luminosity and
redshift, through a statistical analysis based on infrared (IR) observations; reprocessed
radiation in the dust torus is emitted in the IR wavelength range. Mid-IR (MIR) emission, in
particular, is expected to be direct radiation from the dust torus and uninfluenced by dust
extinction. In this thesis, | estimate the CF of the dust torus using the MIR luminosity functions
(LFs) and examine the luminosity and redshift dependence based on a statistically complete
AGN sample.

First 1 demonstrate the luminosity dependence of the CF at low-redshift (z ~ 0.04) by using
AKARI MIR all-sky survey catalog and the Sloan Digital Sky Survey (SDSS) spectroscopic
catalog. AKARI, the first Japanese space satellite dedicated to infrared astronomy, was
launched in 2006. One of its most important results was an all-sky survey in the 9 and 18
micron as well as 65, 90, 140, and 160 micron. The spatial resolution and sensitivity of AKARI
are much better than those of the Infrared Astronomical Satellite (IRAS) which performed a
previous all-sky IR survey. In particular, the detection limits (5-sigma) for point sources per
scan are 50 and 90 mJy for the 9 and 18 micron bands, respectively, with spatial resolutions of
about 5 arcsec. The SDSS performed photometric and spectroscopic surveys, covering the
wavelength range of 380-920 nm at R ~ 1800, and obtained spectra for roughly 1,000,000
galaxies, 100,000 quasars, and another 50,000 stars and serendipitous objects. By combining
the AKARI with SDSS spectroscopic data, | selected 243 galaxies at 9 micron and 255 galaxies
at 18 micron. These galaxies were then classified by their optical emission lines, such as the
line width of H_alpha or by their emission line ratios of [Oll1]/H_beta and [NII]/H_alpha into
five types: type 1 AGNs; type 2 AGNs; low-ionization narrow emission line galaxies (LINER);
galaxies with both star formation and narrow-line AGN activity (composite galaxies); and
star-forming galaxies (SF). | then constructed the 9 and 18 micron LFs for all types of local
galaxies (z ~ 0.04). | found that (i) the number density ratio of Type 2 to Type 1 AGNs is 1.73
+/- 0.36, which is larger than a result obtained from the optical LF and (ii) this ratio decreases
with increasing 18 micron luminosity. Therefore, |1 conclude that the CF decreases with
increasing MIR luminosity at low-z universe.
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Next, | extend our study based on AKARI toward medium-redshift (z ~ 0.1) by using WISE
MIR all-sky survey catalog. WISE also performed an all-sky survey at 3.4, 4.6, 12, and 22
micron with angular resolutions of 6.1, 6.4, 6.5, and 12.0 arcsec and a 5-sigma photometric
sensitivity better than 0.08, 0.11, 1, and 6 mJy, respectively, in these four bands. Combining
the WISE catalog with the SDSS spectroscopic data, | selected 223,982 galaxies at 12 micron
and 25,721 galaxies at 22 micron for spectroscopic classification. | then identified 16,355
AGNs at 12 micron and 4,683AGNs at 22 micron by their optical emission lines and cataloged
classifications in the SDSS. Following that, | estimated the CF as the fraction of type 2 AGN in
all AGNs whose MIR emission are dominated by active nucleus (are not contributed from their
host galaxies), based on their MIR color selection. | found that (i) the CF decreased with
increasing MIR luminosity, regardless of the choice of type 2 AGN classification criteria, and
(ii) the CF does not change with redshift for z < 0.2. Furthermore, | carried out various tests of
influence of selection bias and confirmed the similar dependences even taking into account
these uncertainties. The luminosity dependence of the CF can be explained by the receding
torus model, but the “modified” receding torus model gives a slightly better fit. As a result of
comparing our measured CF with that obtained from the optical and hard X-ray, | argued that
optical measurements could be affected by their host galaxies.
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Summary of the results of the doctoral thesis screening
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