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Figure 3. The hydrogen column density estimated from the CO absorption is compared with those derived from (a) an X-ray analysis
and (b) the 9.7 µm silicate dust absorption strength The dashed lines denote the identity.

corresponds to a hydrogen column density of NH ∼ 1023.5 cm−2. This large column density indicates that the AGNs are
heavily obscured. The average temperature was found to be 360 K, which is much higher than the typical value in normal
star-forming regions.

The observed large columns of the warm gas cannot be reproduced by UV heating or shock heating. We suggest that
the most convincing heating source is X-ray photons emitted from the central engines, which in addition suggests that the
region probed by the CO absorption should be in the vicinity of the nuclei.

A comparison with an X-ray spectral analysis shows that the hydrogen column density derived from the CO absorption
is 2–30 times smaller than that inferred from the X-ray analysis. We suggest that the region probed by the near-infrared
CO absorption is located outside the X-ray emitting region. The close-to-unity covering factor of the CO gas indicates
that the gas is close to the continuum source, which we hypothesize to be the dust sublimation layer at the inner rim of
the obscuring material around the AGN. In contrast to the comparison with the X-ray observations, the hydrogen column
density derived from CO absorption is similar to or a bit larger than that calculated from the optical depth of the 9.7 µm
silicate dust absorption. We suggest that CO-absorbing gas and silicate dust roughly coexist in the same region.
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ABSTRACT
We have combined AKARI 2.5–5 µm and Spitzer 5.2–38 µm spectra of 145 local luminous infrared galaxies (LIRGs)

drawn from the Great Observatories All-sky LIRG Survey (GOALS). The equivalent widths (EQWs) of the polycyclic
aromatic hydrocarbon (PAH) emission features detected at 3.3 µm and 6.2 µm, the two most commonly used indicators for
classifying the central energy sources (starburst or active galactic nucleus, AGN), do not appear to be linearly correlated.
Moreover, about 30% of the AGN-dominated galaxies classified by the 3.3 µm PAH EQW are, on the contrary, suggested
to be starburst-dominated galaxies by the 6.2 µm PAH EQW. We find that the Spitzer spectra of the sources with low
3.3 µm PAH EQW but high 6.2 µm PAH EQW are remarkably similar to the spectra of pure starburst sources. However,
their 2–5 µm continua in AKARI spectra are much bluer, suggesting that the continuum is dominated by stellar emission
rather than hot dust emission. Based on these results, we suggest a revised diagnostic using the 3.3 µm PAH EQW and the
continuum color. We also report on a possible diagnostic with the capabilities of the James Webb Space Telescope (JWST)
based on the results from the AKARI and Spitzer data.
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1. INTRODUCTIONS
The AKARI infrared satellite (Murakami et al. 2007) covers the 2.5–5 µm region of the infrared spectrum, where Spitzer

is not able to observe. In this wavelength range, hot dust (∼1000 K) emission, which is due to AGN, and PAH emission
features, which are a direct probe of star formation, can provide a reliable selection of starburst/AGN dominated galaxies.
When JWST is launched, the only observable PAH features at z > 3.5 will be the 3.3 µm feature.

We targeted a subset of the local LIRGs in the GOALS sample (Armus et al. 2009). Our target galaxies are likely to be
the best local analogs of high-z active galaxies, which dominate the star formation rate density at z ∼ 2–3, the peak era of
galaxy formation in the Universe (e.g., Madau & Dickinson 2014).

In this proceedings, we aim at characterizing the starburst/AGN diagnostic features of PAH and hot dust emission in
the infrared based on a large LIRG sample in the local Universe. We also report on possible diagnostics with JWST for
galaxies at z = 0–1.5.

2. OBSERVATIONS AND DATA REDUCTION
Out of 202 LIRG systems in the GOALS sample, 145 nuclei were observed with the AKARI Infrared Camera (IRC;

Onaka et al. 2007) using the pointed spectroscopic mode (2.5–5 µm) with the Np aperture (1′ ×1′). The observations were
carried out between 2006 October 29 and 2010 February 14.

We used the standard data reduction software package (IRC Spectroscopy Toolkit for Phase 3, Version 20101025) to
perform dark subtraction, linearity correction, flat correction, background subtraction, wavelength calibration, spectral
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