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ABSTRACT

We present the result of our near infrared J- (λ = 1.25 µm), H- (λ = 1.63 µm), and Ks-
band (λ = 2.14 µm) imaging of ultraluminous (LIR >1012 L¯) and luminous (LIR = 1011−12

L¯) infrared galaxies (ULIRGs and LIRGs), to investigate their relationship through properties
of their host galaxies. We find that (1) for single-nucleus ULIRGs and LIRGs, their spheroidal
host galaxies have similar properties, but ULIRGs display a substantially higher level of nuclear
activity than LIRGs, suggesting that their infrared luminosity difference comes primarily from
the different level of current nuclear activity. We infer that LIRGs and ULIRGs have similar
progenitor galaxies, follow similar evolutionary processes, and may evolve into optically-selected
QSOs. (2) Largely-separated multiple-nuclei ULIRGs have significantly brighter host galaxies
than single-nucleus ULIRGs and LIRGs in Ks-band, indicating that multiple-nuclei ULIRGs have
a bias towards mergers of intrinsically large progenitor galaxies, in order to produce high infrared
luminosity (LIR >1012 L¯) even at the early merging stage. (3) We derive dust extinction of host
galaxies of ULIRGs and LIRGs to be AV ∼ 14 mag in the optical or equivalently AK ∼ 0.8 mag
in the near-infrared Ks-band, based on the comparison of host galaxy’s luminosities in the J-, H-,
and Ks-bands.
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1. INTRODUCTION

Ultraluminous infrared galaxies (ULIRGs: total in-
frared (8–1,000 µm) luminosity, LIR, is higher than
1012 L¯) are now widely thought to represent a
transition stage at the very end of a major merger
of gas-rich galaxies and in the formation process of
optically-selected luminous QSOs. Most luminous in-
frared galaxies (LIRGs: LIR >1011 L¯) also show
merger properties, but are less infrared luminous
than ULIRGs. The relationship between LIRGs and
ULIRGs is not yet clear. One scenario is that relatively
small galaxy mergers evolve into LIRGs, whereas rela-
tively large galaxy mergers result in ULIRGs. Another

possibility is that their progenitor galaxies are simi-
lar, but LIRGs are observed in the starburst-dominated
early-merger phase, while ULIRGs are at the dust-
enshrouded AGN-significant final-merger phase.

In order to clarify the relationship between LIRGs
and ULIRGs, we have performed ground-based
IRSF/SIRIUS (Nagayama et al., 2003) near-infrared
J-, H-, and Ks-band imaging of >100 nearby ULIRGs
and LIRGs.

2. METHOD

Optically-selected luminous QSOs have spheroidal
galaxy components and supermassive black holes
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Fig. 1. Example of GALFIT3 fitting (IRAS03250+1606).

Left to right panels show observed, model and residual im-

ages, respectively. (Top): Only a bulge component is used.

Significant residual emission remains. (Bottom): A nuclear

component is added. Both nuclear and extended regions

are better fitted.

(SMBHs) with masses (MBH) of >107.5 M¯, which are
more than an order of magnitude higher than those of
normal galaxies. A straightforward way to investigate
the relationship among LIRGs, ULIRGs, and QSOs
is to compare their final MBH. Unfortunately, unlike
optically-selected QSOs whose MBH is measurable with
optical spectroscopy, putative SMBHs in LIRGs and
ULIRGs are deeply embedded in a large amount of gas
and dust at their nuclear regions. It is difficult to di-
rectly measure MBH in LIRGs and ULIRGs even at
Ks-band, due to large dust extinction. We instead mea-
sure the luminosities of their host galaxy’s spheroidal
components in the J, H, and Ks, and convert these
to MBH, using the well-established correlation between
spheroidal luminosities and MBH in galaxies (Magor-
rian et al., 1998; Marconi & Hunt, 2003). Near-infrared
light is advantageous over optical light to probe host
galaxy’s overall properties more precisely with less ef-
fects of dust extinction and local star-formation.

We used GALFIT3 to fit and derive spheroid proper-
ties (Fig 1). For galaxies which show significant central
flux excess, due to AGNs and/or compact nuclear star-
bursts, compared to spheroidal components, the nu-
clear component was also included.

3. RESULTS

We have obtained three main results. First, for single-
nucleus ULIRGs and LIRGs, their spheroidal galaxy
components have similar luminosities. Consequently,
their final MBH are also expected to be comparable (K-
S test p-value ∼0.25, see the left panel of Fig 2), and
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Fig. 2. Histogram of final MBH estimated from Ks-band

bulge luminosities (LK) (left), and of nuclear component

luminosity normalized by LK. Shaded and solid histograms

denote ULIRGs and LIRGs, respectively.
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Fig. 3. Comparison of final MBH estimated from LK

(abscissa) and LJ (ordinate). The filled circles and open

squares are for ULIRGs and LIRGs, respectively. If MBH

derived from LK and LJ agrees, objects should distribute

on the solid line.

are in the range occupied by optically-selected QSOs.
On the other hand, ULIRGs have considerably brighter
nuclear emission components than LIRGs due either to
AGNs and/or compact starbursts (the right panel of
Fig 2), and the nuclear components are responsible for
high LIR. We suggest that both single-nucleus LIRGs
and ULIRGs evolve into optically-selected QSOs.

Second, compared to single-nucleus ULIRGs and
LIRGs, largely-separated multiple-nuclei ULIRGs have
brighter spheroidal host galaxy components, and are
likely to be biased towords mergers of relatively large
progenitor galaxies, which is needed to produce high
LIR even at the weakly-perturbed early merging stage.

Finally, final MBH estimated from J-, H-bands are
systematically smaller than those from Ks-band (Fig
3). Dust extinction is the most plausible explanation,
and we estimate dust extinction in the host galaxies of
ULIRGs and LIRGs to be AV ∼14 [mag], or AJ = 2.6
[mag], AH = 1.5 [mag] and AK = 0.9 [mag].
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