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Abstract

On the basis of the results of the AKARI far-infrared
deep surveys, we propose a multi-wavelength far-infrared
deep cosmological survey with SAFARI on SPICA. We
have carried out a far-infrared deep cosmological survey
with AKARI, and successfully obtained the galaxy counts
and new limits on the absolute brightness of the cos-
mic far-infrared background. These results provide strong
constraints on evolutionary scenarios, and suggest the
necessity for a new model to explain galaxy evolution.
Thanks to the excellent sensitivity and spatial resolution
of SPICA/SAFARI, we will be able to resolve the cosmic
infrared background into individual objects with 3 times
or more higher spatial resolution than that of AKARI,
and will also be able to conduct infrared photometry and
spectroscopy on those objects. The far-infrared deep sur-
vey with SPICA/SAFARI will be an ideal opportunity to
reveal the origin of the cosmic far-infrared background
residual brightness and fluctuations. These observation
will allow us to reveal the star formation history in the
early Universe without the uncertainty of dust attenua-
tion, which is essential if we are to understand the process
of galaxy formation.
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1. Introduction

Since the Cosmic Infrared Background (CIB) was discov-
ered with the COBE satellite (Puget et al. 1996; Hauser
et al. 1998), it has been known that a large fraction of the
radiation energy in the Universe is released at far-infrared
wavelengths. The main source of the far-infrared back-
ground has been thought to be the re-emission of UV light
absorbed by dust in star-forming galaxies at high redshift.
Up to now, many efforts have been made to resolve the
CIB into individual galaxies through deep surveys with in-
frared space telescopes such as ISO, Spitzer and AKARI.

Figure 1. The absolute brightness of the CIB, compared with
the integrated flux of resolved galaxies (Dole et al. 2006).

However, only 10–30% of the CIB has been resolved into
individual galaxies, and main bulk of the CIB is still re-
mains unknown (See Figure 1).

By using the excellent sensitivity and high resolution of
SPICA, we will be able to resolve the CIB into individual
objects, and reveal the origin of the cosmic far-infrared
background brightness and fluctuations.

2. Scientific Objectives

The scientific objectives of this program are as follows.

2.1. Source counts for infrared galaxies

Since SPICA has a large cooled telescope (3.5 m, 6 K),
its sensitivity will be at least 2 orders of magnitude better
than that of Herschel, and its spectral resolution is at least
3 times greater than that of AKARI and Spitzer. With
the projected sensitivites for point sources, SPICA has a
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Figure 2. Integral galaxy counts measured in the AKARI Deep Field South at 65, 90, and 140 μm (Shirahata et al. 2009)

capability to resolve 90% and 60% of the CIB at 70 μm
and 160 μm, respectively (Dole et al. 2004).

Galaxy number counts are useful to constrain the evo-
lutionary scenario of galaxies. We have carried out a deep
cosmological survey at four far-infrared wavelength bands
(65, 90, 140, and 160 μm) with the FIS instrument (Kawada
et al. 2007) onboard the AKARI satellite (Murakami et
al. 2007). In order to minimize the contamination from
the Galactic cirrus emission, we selected an extremely low
cirrus density region on the whole sky – near the South
Ecliptic Pole – as a survey field (AKARI Deep Field South:
ADF-S). The brightness of the cirrus emission in this field
is less than 0.5 MJy sr−1 at 100 μm (Schlegel et al. 1998),
which means that this field provides the best cosmological
window to the high-redshift Universe. This survey is par-
ticularly unique in having continuous wavelength cover-
age across four photometric bands including wavelengths
not well explored by previous missions, and contiguous
mapping over an area of large extent. We have success-
fully detected almost 2000 galaxies down to ∼10 mJy
at 90 μm, and measured infrared colors for about 500
sources. As shown in Figure 2, the AKARI results in-
dicate the necessity of multi-band galaxy number counts,
especially around wavelengths of 100 μm (Shirahata et al.
2009). Thus, multi-wavelength galaxy counts at projected
SPICA/SAFARI sensitivities will be a powerful tool to
discriminate between different galaxy evolution scenarios.

2.2. Properties of detected individual galaxies

In order to reveal what kind of galaxies dominate the
CIB, the measurement of the spectral energy distribu-
tions (SEDs) of detected sources are very important. The
AKARI extra-galactic deep surveys have discovered exam-
ples of pure-starburst ULIRGs (Takagi et al. 2007, 2009,
Figure 3) and extremely red objects which show evidence
of co-evolution of both the obscured AGN and starburst
components (Matsuhara et al. 2009, Figure 6). We will
be able to statistically detect significant numbers of these
galaxies beyond redshifts of z > 3 with SAFARI and the
mid-infrared MIRACLE instrument multi-band imaging.

Figure 3. SED of pure-starburst ULIRG at z∼1 discoveried by
Takagi et al. (2007, 2009).

Moreover, we have the possibility to detect dust-obscured
(i.e., IR-luminous) galaxies at z=4–10, which would be key
targets in probing the high-redshift universe to the epoch
of reionization.

2.3. Stacking analysis

Stacking analysis with other wavelength data is a use-
ful method with which to investigate the properties of
the unresolved sources. Since the galaxy confusion limit
at mid-infrared wavelengths is much lower than that at
far-infrared wavelengths, a far-infrared stacking analysis
using the mid-infrared images as a reference will be less
hampered by confusion. On the other hand, because the
cosmic sub-mm background can be almost completely ex-
plained by distant sub-mm galaxies, stacking analysis for
the sub-mm galaxies reveals information on the distant
universe.
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Figure 4. The CIB brightness measured by AKARI compared
with the previous CIB limits (Matsuura et al. 2009).

2.4. The absolute brightness of the CIB

The results from the AKARI far-infrared deep survey, also
provided new limits on the absolute brightness of the CIB
(see Figure 4), and also found a signature of galaxy clus-
tering at angular scales of 10–30 arcmin (Matsuura et al.
2009). With the aim of detecting the signatures of the
first stars at the re-ionization epoch of the Universe, we
will evaluate the far-infrared background fluctuations in
an effort to reveal their origin through detailed analyses
through detailed analysis such as multi-wavelength corre-
lation.

3. SPICA Deep Survey

We propose a deep multi-wavelength far-infrared survey
making use of the unique capability of the SAFARI instru-
ment on SPICA, to obtain statistically significant samples
of sources to clearly detect CIB fluctuations on angular
scales of up to a degree. In order to measure the SEDs
of detected galaxies and the absolute brightness of CIB, a
low-resolution spectro-photometric imaging mode (Δσ ∼
10 cm−1) is desired. The required detection limit is ∼300
μJy (5-sigma). To avoid contamination from Galactic cir-
rus, a low HI-column density region should be selected for
the survey. The required survey area needs to be larger
than 2×2 deg2 if we are to be able to investigate large-
scale structure at z=1–3. Follow-up imaging with MIRA-
CLE filter bands will also be necessary.

Figure 5 shows the predicted performance of SAFARI
and MIRACLE on SPICA, compared with the SED tem-
plate of ULIRGs at various redshifts. The results of the
estimation of the galaxy confusion limit (Takeuchi et al.
2009) and IR cirrus confusion limit (Miville et al. 2007)
are also shown. It can be seen that SPICA/SAFARI will
have the sensitivity in low-resolution spectro-photometric
imaging mode to detect dusty ULIRGs in the distant dusty
universe out to z=3. In addition, SPICA/MIRACLE should

detect the PAH and silicate features of such ULIRGs,
which provide important clues into the properties of dusty
ULIRGs.

In order to achieve this observation, there will be re-
quirements for the SPICA mission and the SAFARI in-
strument. Figure 6 shows the expected brightness of the
CIB compared with the thermal emission from the tele-
scope and the baffle. Since the absolute brightness of the
CIB is weak, and the emission diffuse, we not only have to
cool the telescope to low temperatures, but also the baffle.
In order to achieve an absolute measurement with high ac-
curacy, we also need a cold shutter in order to accurately
subtract the detector dark current and calibration lamps
to calibrate and correct for detector sensitivity.
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