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In this dissertation, detailed studies of the starburst properties of infrared
luminous galaxies in the local Universe, based on a large and unbiased sample, are
presented. The investigation has been done wusing the most advanced -
multi-wavelength observations available in the Great Observatories All-sky LIRG
Survey (GOALS) project. In particular, the Spitzer 5.5 — 37 um and the AKARI 2.5
— 5 pm spectra are employed to illustrate ionized gas and dust properties of the
interstellar medium (ISM) in the nuclei of the galaxies. Then a comprehensive study
of merger-induced activity in II Zw 096 using X-ray to radio observations is
described. '

Luminous infrared galaxies (LIRGs; log(Ls10004m/Ly) > 11) and ultra luminous
infrared galaxies (ULIRGs; log(Ls-1000um/L,) > 12) are recognized as crucial objects
for revealing buried starburst phenomenona and the evolution of black holes in the
Universe. Their dusty environment, illuminated by powerful energy sources such as
starbursts and active galactic nuclei (AGN), causes the re-emission of infrared light
by heating dust grains. As much as 85% of (U)LIRG luminosity may be generated by
star formation (Bell et al., 2005; Brand et al., 2006). Both LIRGs and ULIRGs
appear to dominate the star formation rate density between redshifts of 0<z < 3 (e.g.
Chary & Elbaz 2001; Caputi et al. 2007) with a rapid increase of the number density
from z ~ 0 to 1 (e.g. Le Floch et al. 2005; Goto et al. 2010; Magnelli et al. 2009).
Therefore, they play an important role in the understanding of star formation
history and galaxy evolution. While there are extensive studies of local ULIRGs,
local LIRGs have suffered from a lack of attention, despite the fact that they are also
essential evolutionary counterparts to high redshift systems. The complete sample of
nearby LIRGs is an ideal sample for identifying interesting and rare sources, and for
creating an accurate picture of the relationship between spectral lines, dust
emission, and the generation of intense starbursts.

The GOALS project is a comprehensive ‘multi-wavelength imaging and
spectroscopic survey of (U)LIRGs in the local Universe. The targets are compi‘ised of
179 LIRGs and 23 ULIRGs, drawn from all of the LIRGs in the IRAS Revised Bright
Galaxy Sample (RBGS; Sanders et al. 2003). A large and unbiased sample of LIRGs
will enable us to answer some fundamental questions about star formation activity,
providing a valuable set of local benchmarks for comparison with infrared luminous
galaxies at high redshift.

Starting with the fine-structure atomic lines detected with the Spitzer Infrared
Spectrograph (IRS), these spectral lines allow the determination of the physical and
chemical parameters of the gas in the galaxies. This unprecedented spectroscopic
database of a complete LIRG sample is not only unique, but its wealth of available
gas diagnostic features, its sensitivity, and its large spectral coverage, also affords a
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unique opportunity to study the ISM properties in LIRGs in a way not possible until
now. Here we characterize the state of the ionized gas and search for evidence of
shocks associated with the mergers as gas .is driven into the nuclei. The
photo-ionization and shock-ionization models based on the Starburst99 and the
Mappings III code are compared with the emission line ratios — such as [Ne III]/[Ne
11, [S TVV/Ne I, and [S IITlsssum/[S IITlis7um — to constrain the electron density,
metallicity, ionization parameter, starburst age, and shock velocity of the GOALS
sources. The median density of the local starburst LIRGs is 120 cm3, the range of
ages is 1 < Age[Myr] < 4.5, the metallicity covers 1 < Z[Z ] < 2, and the ionization
parameters are 2 X 107 < qlem s1] <8 x 107. The characteristics of four of the GOALS
starburst sources with resolved line emission in the [Ne III] and [Ne V] emission,
which indicates the presence of shocks, can also be reproduced by the shock model.
One out of five starburst sources that have intense [Fe III/[Si II] or [Fe III/[S III]
emission, which also indicates the presence of shocks, overlay on the shock models
with a shock speed of ~ 100 km s'!, whereas the rest all lie off the shock models. In
addition, the two sets of the most intense emission lines in the mid-infrared range,
[Ne III] + [Ne II] and [S IIIlss5um + [Si II], are applied for estimating star formation
rates of the GOALS LIRGs.

Next, dust properties are revealed using the AKARI observations of the local
(U)LIRGs. The spectral slopes are seen to vary dramatically among the sources,
- because of a direct detection of hot dust emission at the AKARI spectral wavelength
covering the gap between stellar and warm dust emission. This is a critical
wavelength regime which facilitates not only a measure of the hot dust, but also the
polycyclic aromatic hydrocarbon (PAH) feature at 3.3 pm, the hydrogen
recombination line Bra at 4.05 pm, and the 3.1 pm H20 ice, absorption feature of
the GOALS targets. The AKARI spectra alongside of the Spitzer photometric
spectral energy distributions and the low- resolution spectra are employed to
establish new diagnostic dlagrams of starbursts and AGN. The first new diagnostic
is based on the 3.3 pm PAH equivalent width and the F(4.3um)/F(2.8um) color from
the AKARI spectra alone. The second diagnostic is based on mid- and near-infrared
colors: F(30um)/F(15pm) versus F(4.3um)/F(2.8pm) in conjunction with Spitzer
spectra. The starburst ages, the contribution of the 3.3 um PAH emission and Bra
emission to LIR, and the properties of the ice mantle on dust grains are also
provided as a baseline for high redshift surveys in the near future.

At the end, the results of a detailed study of a merging galaxy II Zw 096 with an
infrared luminosity of log(Lm/L@) = 11.94 are presented. Imaging from Spitzer has
resolved that at least 80% of the total infrared luminosity comes from a hidden
source which is not seen at ultraviolet and visible wavelengths. Spitzer mid-infrared
spectra indicate no obvious high-ionization lines from a buried AGN in this source,
although the 6.2 pm PAH equivalent width is about half of a pure starburst. The star
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formation rate of this extra-nuclear source is estimated to be 120 M_ yr'! based on
the infrared bolometric luminosity and > 45 M® yr'l based on the direct measure of
the hydrogen recombination line. This extreme off-nuclear starburst source, which
dominates the infrared emission from the entire system, is evocative of NGC 4038/9-
(the Antennae Galaxies) whose infrared emission is also predominant in the overlap
region between the merging galactic nuclei.
All of these investigations provide an excellent foundation for the local LIRGs in
terms of understanding gas and dust properties. In particular, in the era of the
James Webb Space Telescope (JWST) and the Space Infrared Telescope for
- Cosmology and Astrophysics (SPICA), observations with their higher spatial and
spectral resolutions will facilitate greatly detailed studies of the ISM. In addition, for
high-z LIRG cosmological surveys, the 3.3 pm PAH emission is the only strong PAH
feature accessible with JWST at z > 3 for revealing dust properties in the early

Universe.
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