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Abstract

We present the results of a systematic infrared 2.5–5 µm spectroscopy of 22 nearby infrared galaxies over
a wide infrared luminosity range (10 < log LIR/L� < 13) obtained from AKARI Infrared Camera (IRC).
The unique band of the AKARI IRC spectroscopy enables us to access both 3.3 µm polycyclic aromatic
hydrocarbon (PAH) emission feature excited by UV photons from star forming activity and continuum
of torus dust emission heated by active galactic nucleus (AGN). Applying our AGN diagnostics to the
AKARI spectra, we find both the fraction and energy contribution of buried AGN increase with infrared
luminosity. The energy contribution from AGNs in the total infrared luminosity is only 5% in LIRGs and
20% in ULIRGs, suggesting that the majority of the infrared luminosity originates from starburst activity.
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1. Introduction

Unveiling the energy sources behind the dust is directly
linked to the understanding of hidden energy power
across the cosmic time. Infrared emission gives us cru-
cial information to understand both the history of cos-
mic star formation in galaxies and that of supermassive
black hole growth in galactic centers. While X-ray ob-
servations conducted by Swift/BAT survey opened a new
window searching obscured active galactic nuclei (AGN)
up to log NH ∼ 24.5 (e.g., Winter et al. 2009, Ichikawa et
al. 2012), extremely heavily obscured (= buried) AGN
with log NH > 24.5 are difficult to be detected due to
flux attenuation by repeated Comptonization even at en-
ergies above 10 keV (e.g., Brightman et al. 2011).

Candidates of galaxies that host such buried AGN
are infrared galaxies with infrared luminosities LIR >
1010L�. Among them, luminous ones in the range
LIR > 1011L� are called luminous infrared galaxies
(LIRGs; Sanders & Mirabel 1996) and more luminous
ones with LIR > 1012L� are called ultra-luminous in-
frared galaxies (ULIRGs; Sanders et al. 1988). Their
bolometric luminosities are dominated by the infrared
emission, suggesting very luminous heating sources are
located behind the deeply obscuring dust. The candi-
dates of such hidden energy sources are starburst (SB)
and/or AGN. Finding such buried AGN in U/LIRGs and
disentangling the energy contribution of AGN to the to-

tal infrared luminosity is crucial to unveil the hidden
energy sources behind the dust.

Infrared 2.5–5 µm spectroscopy is one of the pow-
erful tools to study such buried AGN in U/LIRGs.
AKARI/IRC is the only instrument to obtain the spec-
tra. One key feature in this band is the continuum
slope. SB galaxies have blue continuum slopes in this
band due to the contribution of the stellar photospheric
continuum, while galaxies that host AGN have hot-dust
emission originated from the AGN torus. In this pa-
per, we model the spectra at 2.5–5.0 µm obtained from
AKARI/IRC with a stellar component and dust compo-
nents from AGN. Emission and absorption line features
are also included in the model. See Section 4 in Ichikawa
et al. (2014) for the details of spectral modeling.

2. Results

2.1. AKARI spectra and AGN diagnostic

For understanding the properties of buried AGN in in-
frared galaxies, it is crucial to find buried AGN. For
achieving this, we apply a AGN diagnostic, which is
based on whether or not there is a contribution from
a hot dust component from the torus; we set the cri-
terion of identifying buried AGN as T (dust) > 200 K.
Figure 1 displays the two observed AKARI spectra over
plotted with their best-fit models (blue solid line). Left
panel shows the typical infrared galaxy without any hid-
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Fig. 1. Two examples of the fitting results of 2.5–5.0 µm spectra (red dots with error bars) in infrared galaxies. Blue solid curve shows the
best-fit model spectrum. Left panel shows the spectrum of NGC 4818, which is a typical SB galaxies without AGN signs in this study.
Right panel shows the spectrum of ESO 286-IG19, which is a typical galaxies that host hidden AGN in this study.
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Fig. 2. Infrared luminosity contribution of buried AGN to the total
infrared luminosity as a function of infrared luminosity.

den AGN sign based on our AGN diagnostic, while right
panel shows the one with hidden AGN sign. We can see
clear red continuum contributed by the hot dust from
the AGN torus.

2.2. Luminosity contribution of buried AGN in infrared
galaxies

Our main motivation is to constrain the infrared lumi-
nosity contribution of AGN in infrared galaxies. We
can estimate the total luminosity from AGN-heated dust
by integrating the black body component of the torus.
Figure 2 shows the average fraction of AGN luminosity
contribution to the total infrared luminosity for infrared
galaxies. As shown in Figure 2, the AGN luminosity con-
tribution increases with infrared luminosity, while the
absolute values are not so strong, ∼ 5% at LIRG range,
and up to ∼ 20% at ULIRG range. This suggests that

the bulk of the infrared emission in these galaxies origi-
nates from SB, not from AGN. Our results are in good
agreement with those by Lee et al. (2012) within the er-
rors, who obtained the AGN luminosity contribution to
the total infrared luminosity is 6–8% in LIRGs and 11–
19% in ULIRGs, using a similar sample to ours that pref-
erentially includes optically non-Seyfert infrared galax-
ies. They estimated the AGN luminosity contribution by
performing the total infrared SED fitting with the De-
compir package (Mullaney et al. 2011). This method re-
quires infrared SED data covering the far-infrared band,
while our method only uses simple assumption in the
spectral model works well for estimating the AGN lu-
minosity. This method will be a great advantage in
the era of JWST, because we can apply our method to
high-z galaxies by observing the rest 2.5–5.0 µm band
(5.0–10.0 µm at z = 1 and 7.5–15.0 µm at z = 2) with
JWST/MIRI (5–28 µm).
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