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ABSTRACT

We present physical properties of 24 ym galaxies detected by AKARI and Spitzer and their evolution

between redshifts 0.4 < z < 2. Using multi-wavelength data from X-ray to radio observations in NEP Deep
Field (for AKARI) and Subaru/XMM-Newton Deep Field (for Spitzer), we derive photometric redshift,
stellar mass, star-formation rate (SFR), dust extinction magnitude and rest-frame luminosities/colors of

the 24 pm galaxies from photometric SED fitting. We infer the SFRs from rest-frame ultraviolet luminosity

and total infrared luminosity calibrated against Herschel photometric data. For both survey fields, we
obtain complete samples with stellar mass of > 101My and SFR of > 30Mg /yr up to z = 2. We find
that specific SFRs evolves with redshift at all stellar masses in NON-power-law galaxies (non-PLGs) as

star-formation dominant luminous infrared galaxies (LIRGs). The correlations between specific SFR and

stellar mass in the Spitzer and AKARI galaxy samples are well consistent with trends of the main sequence

galaxies. We also discuss nature of PLGs and their evolution.
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1. INTRODUCTION

The cosmic star-formation history is a major issue in ob-
servational cosmology (e.g. Madau & Dickinson, 2014).
Star-formation rate density (SFRD) peaked at z ~ 1.9.
At later times after the peak, SFRD declined exponen-
tially with an e-folding timescale of ~ 3.9Gyr. About
25% of the stellar mass observed today was formed be-
fore the peak. About 50% (75% ) formed before z ~ 1.3
(z ~ 0.7). The comoving rates of star-formation and
black hole accretion follow a similar rise and fall. This
similarity suggests that activities of Active Galactic Nu-
clei (AGN) may be closely linked to the star-formation
process and its evolution. However, its internal mecha-
nisms are still not clear.

At 0 < z < 2, main sequence galaxies (e.g. Daddi
et al., 2007) contribute to the most part of SFRD. The
contribution of starburst galaxies is only ~10%. Be-
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fore JWST, the MIPS instrument on the Spitzer Space
Telescope reached the deepest mid-infrared (MIR) sen-
sitivities, while the IRC instrument of AKARI can di-
agnose AGN and star-formation activities in the main
sequence with its continuous MIR bands (e.g. Hanami
et al., 2012). However, there is very little research to
study the consistency in physical properties of galaxies
and AGN derived by AKARI and Spitzer.

In this paper, we focus on 24 pm-detected galaxies
with AKARI/IRC and Spitzer/MIPS, and investigate
the consistency in especially star-formation and AGN
activities between them. We adopt a Salpeter initial
mass function and a standard cosmology of WMAP.

2. SAMPLE SELECTION AND DATA ANAYSIS

We used multi-wavelength catalogs from X-ray to ra-
dio observations in the NEP Deep Field for AKARI
(e.g. Hanami et al., 2012) and the Subaru XMM-Newton
Deep Field for Spitzer (e.g. Furusawa et al., 2008). We
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Figure 1. Power-law galaxies (PLGs) criteria (grey dotted
lines) based on Donley et al. (2012). Light-grey triangles
represent X-ray detected samples. Left: For AKARI objects.
Right: For Spitzer objects.

selected 24 pm-detected objects with limiting AB mag-
nitudes of N2 < 21.9, [24 pm]< 18.6 for AKARI and
K < 23.8, [24 pm]< 20.0 for Spitzer. We also classi-
fied power-law galaxies (PLGs) as AGN candidates us-
ing near-IR two-color diagrams based on Donley et al.
(2012) as shown in Fig.1.

For all the objects without spectroscopic redshift, we
adopted photometric redshifts derived by Hyperz (e.g.
Bolzonella et al., 2000) for AKARI and EAZY (e.g.
Brammer et al., 2008) for Spitzer. We estimated stellar
mass, M,, in galaxies with population synthesis models
of Bruzual & Charlot (2003) by a standard SED fitting
procedure. According to Kennicutt (1998), SFRs are
derived not only from intrinsic ultraviolet (UV) lumi-
nosities by assuming an extinction law, but also from
IR luminosities. In order to estimate the IR luminos-
ity, we adopt a SED fitting procedure of Hanami et
al. (2012) with Siebenmorgen & Kriigel (2007) models
and Herschel/SPIRE data for AKARI, and an empiri-
cal law calibrated against Herschel/PACS and SPIRE
data (Rujopakarn et al. (2013)) using 24 pm flux den-
sity for Spitzer. Finally, we obtained complete samples
with M, > 10'*°Mg and SFR > 30Mg /yr up to z = 2.

3. PHYSICAL PROPERTIES AND EVOLUTION

Fig.2 shows stellar mass dependencies of specific SFR
in non-PLGs. We have found that specific SFRs evolve
with redshift at all stellar masses. The correlations be-
tween specific SFR and stellar mass in the Spitzer and
AKARI samples are well consistent with evolutionary
trends of the main sequence galaxies.

Fig.3 shows stellar mass dependencies of rest-frame 5
pm luminosity in 24 mm-detected PLGs with spectro-
scopic redshifts. The luminosities of PLGs are crearly
larger than those of non-PLGs, and PLGs are easily de-
tected by X-ray. Thus, PLGs can be selected mainly as

T T T T
= Akari 0.4<z<0.8 = Spitzer 0.4<z<0.8
s 1 5 -
z i E ,
[ o
(7] (7]
wn Z
> b > b
k<] o
-11 | Il L \El - Il
10 10.5 11 11.5 12 10 10.5 11 1.5 12
log(M-/Mg;,) log(M/Mg,,,)
-7 T T -7 T T T
= o E, Akari 0.8<z<1.2 = . Spitzer 0.8<z<1.2
E‘ e &{ i S |
& s ST £ o —
179} R pE 73]
3 o 3 ifly
o -10 F B o -10 R B
° e 2 bl -
11 I i L I 11 I I .
10 105 11 115 12 10 105 11 115 12
log(M-/Mg,,,) log(M/Mg,,,)

T T
Akari 1.2<z<2.0

log(sSFR/(1/yr))
©
log(sSFR/(1/yr))

10 10.5 11 115 12 10 10.5 11 1.5 12
log(M-/Mg,,) log(M/Mg,,,)

Figure 2. Stellar mass M, vs. specific SFFR. Large dots
represent 24 pum-detected objects. Small dots represent 24
pm-faint objects. Open rectangles represent samples with
spectrscopic redshift. Dotted lines represent fitting results
for 24 pm-detected objects. Left: For AKARI non-PLGs.
Right: For Spitzer non-PLGs.

luminous MIR AGNs. If PLGs as luminous AGNs are
nearly at the end of Black hole growth phase, the evo-
lutionary trend of PLGs can be interpreted as the AGN
down-sizing.
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Figure 3. Stellar mass M., vs. rest-frame 5 um luminosity for
samples with spectroscopic redshift. Filled symbols repre-
sent X-ray detected samples. Top-left: For AKARI PLGs.
Top-right: For Spitzer PLGs. Bottom-left: For Akari non-
PLGs. Bottom-right: For Spitzer non-PLGs.
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