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The goal of our work is to investigate evolutionary relationship between Ultra-luminous Infrared
Galaxies (ULIRGs), whose infrared luminosity (L;g) is larger than 10'? L., and Luminous Infrared
Galaxies (LIRGs) with Lig = 10'"™"2 L, and to compare with the Palomar-Green sample QSOs, the
representative sample of optically-selected QSOs in the local universe. Since the luminosity level
of ULIRG is the same as optically selected QSOs (= unobscured bright AGNs), and both ULIRGs
and LIRGs show gas-rich merging signs, a scenario that ULIRGs and LIRGs have very active
starbursts and/or AGNs in their center hidden by dust and they finally evolve into QSOs after the
dust dissipation, was proposed. However, whether (1) ULIRGs pass through LIRG phase, or (2)
the activity of LIRGs cannot reach the level of ULIRG and finally ULIRGs and LIRGs evolve into
different objects, is not understood well yet. To unveil the evolutionary scenario, it is important
to study properties of the nuclear regions. However, since the centers of ULIRGs and LIRGs are
obscured by a large amount of gas and dust, it is hard to study the central regions directly using
near-infrared wavelength. In order to overcome this difficulty, we pay attention to tight
correlations between Supermassive Black Hole (SMBH) masses at the central region of galaxies
and their host galaxies luminosity (L) and effective radius (r.). If ULIRGs and LIRGs evolve into
QSOs, ULIRGs and LIRGs should have SMBHs whose ultimate masses (Mpy) are comparable to
those of QSOs, and the ultimate mass is accurately estimated by L and r, observed by the IR band
with less dust extinction effects.

Our targets (47 ULIRGs and 85 LIRGs) are the luminosity-selected non-biased samples in
terms of morphology (the ULIRG 1 Jy sample and the IRAS Revised Bright Galaxy Sample).

We used IRSF 1.4-m telescope with SIRIUS infrared imaging camera. The IRSF/SIRIUS can take
J-, H-, and Ks-bands imaging data simultaneously. It enables us to study ULIRGs and LIRGs with
Ks-band data with less effect of dust extinction. Moreover to compare the three near-IR imaging
data, we study the spatial extent of dust extinctions in host galaxies for ULIRGs and LIRGs.

We find that < 60% (28/47) of ULIRGs and <70% (59/85) of LIRGs in our sample have
single nucleus, while the rest objects have multiple nuclei. For our sample with single nucleus, we
fit the images using 2-D fitting software, GALFIT3 to measure 1, and L of host galaxies. Then we
find that (1) both of ULIRGs and LIRGs have similar host properties. The Mpy range estimated
from the host galaxy properties at Ks-band is 10"°"*M.,, which is also very similar to those of PG
QSOs. (2) The distribution of central excess of ULIRGs is significantly brighter compared with
those of LIRGs. From these two main results in Ks-band, we suggest that the reason of brighter
Lir for ULIRGs compared with those for LIRGs is not activities such as star-formations in host
galaxies but nuclear activities such as nuclear star-formation and/or AGN, and ULIRGs and
LIRGs should evolve into objects similar to PG QSOs.

Furthermore, we compare J- and H-band data to Ks-band data, and find that the emission in
J- and H-bands are significantly affected by dust extinction. The dust extinction in almost all host

galaxies for ULIRGs and LIRGs at V-band is < 14 mag, or equivalently the dust extinction at
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Ks-band is < 0.8 mag. Therefore the luminosity at Ks-band (Lg;) is reliable within a factor of <2.
The dust extinction for the. central region is larger than for the host galaxy.

For ULIRGs and LIRGs with multiple nuclei, we classified them into three groups in terms
of angular separation between nuclei, and compare objects in the three groups with single-nucleus
objects. We find that (1) maximum L, is constant or at most only slightly decreases with
decreasing angular separations, (2) many single-nucleus ULIRGs and LIRGs have relatively faint
Lxs compared with those of multiple-nuclei objects. Therefore, although some of multiple-nuclei
ULIRGs and LIRGs could evolve into single-nucleus ULIRGs and LIRGs, mainly the
single-nucleus ULIRGs and LIRGs are illuminated by the central star-formations in the final
merging phase, which would not be classified as ULIRGs and LIRGs in earlier and middle phases
of mergers. It is likely that largely separated objects have a bias that their progenitor galaxies are

relatively large galaxies.
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