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Abstract

Much of the star formation is obscured by dust. For the complete understanding of the cosmic

star formation history (CSFH), infrared (IR) census is indispensable. AKARI carried out deep

mid-infrared observations using its continuous 9-band filters in the North Ecliptic Pole (NEP)

field (5.4 deg2). This took significant amount of satellite’s lifetime, ∼10% of the entire pointed

observations. By combining archival Spitzer (5 bands) and WISE (4 bands) mid-IR photometry,

we have, in total, 18 band mid-IR photometry, which is the most comprehensive photometric

coverage in mid-IR for thousands of galaxies. However previously, we only had shallow optical

imaging (∼25.9ABmag) in a small area of 1.0 deg2. As a result, there remained thousands of

AKARI’s infrared sources undetected in optical. Using the new Hyper Suprime-Cam on Subaru

telescope, we obtained deep enough optical images of the entire AKARI NEP field in 5 broad

bands (g ∼27.5mag). These provided photometric redshift, and thereby IR luminosity for the

previously undetected faint AKARI IR sources. Combined with the accurate mid-IR luminosity

measurement, we constructed mid-IR LFs, and thereby performed a census of dust-obscured

CSFH in the entire AKARI NEP field. We have measured restframe 8µm, 12µm luminosity

functions (LFs), and estimated total infrared LFs at 0.35<z<2.2. Our results are consistent with

our previous work, but with much reduced statistical errors thanks to the large area coverage

of the new data. We have possibly witnessed the turnover of CSFH at z ∼2.

Key words: AKARI, infrared galaxies, cosmic star formation history

1 Introduction

Mid-infrared (mid-IR) is one of the less explored wavelengths

due to the earth’s atmosphere, and difficulties in developing sen-

sitive detectors. NASA’s Spitzer and WISE space telescopes

only had four filters in the mid-IR wavelength range, hamper-

ing studies of distant galaxies.

AKARI space telescope has a potential to revolutionize the

field. Using its 9 continuous mid-IR filters (2-24µm), AKARI

performed a deep imaging survey in the North Ecliptic Pole

(NEP) field over 5.4 deg2. Using AKARI’s 9 mid-IR band pho-

tometry, mid-IR SED diagnosis can be performed for thousands

of galaxies, for the first time, over the large enough area to over-

come cosmic variance. Environmental effects on galaxy evolu-

tion can be also investigated with the large volume coverage

(Koyama et al. 2008; Goto et al. 2010a).

However, previously, we were limited by a poor optical cov-

erage both in area and depths. Over this wide area, only shal-

low optical/NIR imaging data have been available (Hwang et al.

2007; Jeon et al. 2010, 2014). Deep optical images are limited

to the central 0.25 deg2.

To overcome these problems, we have newly obtained

deeper optical data over the entire AKARI NEP wide field, us-

ing the Hyper-Suprime Cam on the Subaru telescope. Using

the deeper optical data, in this paper, we measure mid-infrared

galaxy LFs, and estimate total IR LFs (based on the mid-IR

SED fitting) from the entire AKARI NEP field. Unless oth-

erwise stated, we assume a cosmology with (h,Ωm,ΩΛ) =

(0.7,0.3,0.7).

2 Data

To rectify the situation and to fully exploit the AKARI’s space-

based data, we carried out an optical survey of the AKARI NEP

wide field (PI:Goto) using Subaru’s new Hyper Suprime-Cam

(HSC; Miyazaki et al. 2018) in five optical bands (g,r, i,z, and

y, Oi et al. 2018 submitted). The HSC has a field-of-view (FoV)

of 1.5 deg in diameter, covered with 104 red-sensitive CCDs. It

has the largest FoV among optical cameras on 8m-class tele-

scopes, and can cover the AKARI NEP wide field (5.4 deg2)

with only 4 FoV (Fig.1). The 5 sigma limiting magnitudes are

27.18, 26.71, 26.10, 25.26, and 24.78 mag [AB] in g,r,i,z, and

y-bands, respectively. See Oi et al. (2018, submitted) for more

details of the observation and data reduction.

Subaru telescope does not have u∗-band capability, while it

is critically important to accurately estimate photometric red-

shifts (photo-z) of low-z galaxies. Therefore, we obtained u∗-

band image of the AKARI NEP wide field using the Megaprime

camera of Canada France Hawaii Telescope (PI:Goto, Goto
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Fig. 1. HSC three color (g,r, i) composite image of the NEP wide field (5.4 deg2). The AKARI NEP wide data exist within the white circle.

et al. 2017). Combining the optical six bands, we have obtained

accurate photo-z in the AKARI NEP field (Oi et al. 2018, sub-

mitted). To the detection limit in L18W filter (18.3 ABmag,

Kim et al. 2012), we have 5078 infrared sources.

In addition to the AKARI’s 9 mid-IR bands, in the AKARI

NEP field, there exit archival deep Spitzer (IRAC1,2,3,4 and

MIPS24, Nayyeri et al. 2018) and WISE (W 1,W 2,W 3, and

W 4) images as well. By combining all available mid-IR bands,

in total we used 18 mid-IR bands, which are one of the most

comprehensive mid-IR data sets for thousands of galaxies.

3 Analysis

To compute LFs, we use the 1/Vmax method, following Goto

et al. (2010b, 2015). Uncertainties of the LF values include

fluctuations in the number of sources in each luminosity bin,

the photometric redshift uncertainties, the k-correction uncer-

tainties, and the flux errors. To estimate errors, we used Monte

Carlo simulations from 1000 simulated catalogs. Each sim-

ulated catalog contains the same number of sources. These

sources are assigned with a new redshift, to follow a Gaussian

distribution centered at the photo-z with the width of ∆z/(1+

z) (∼ 0.060, Oi et al. in preparation). A new flux is also as-

signed following a Gaussian distribution with the width of flux

error. For total infrared (TIR) LF errors, we re-performed the

SED fit for the 1000 simulated catalogs. Note that total in-

frared luminosity is estimated based on mid-IR SED fitting al-

though we have intensive 18-band filter coverage in mid-IR, as

explained in Section 4.3. We ignored the cosmic variance due

to our much improved volume coverage. All the other errors
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Fig. 2. Restframe 8µm LFs based on the AKARI NEP wide field. The blue

diamonds, the purple triangles, the red squares, and the orange crosses

show the 8µm LFs at 0.28 < z < 0.47,0.65< z < 0.90,1.09< z < 1.41,

and 1.78 < z < 2.22, respectively. AKARI’s MIR filters can observe rest-

frame 8µm at these redshifts in a corresponding filter. Error bars are esti-

mated from the Monte Carlo simulations (§3). The dotted lines show analytic

fits with a double-power law. The smaller data points at the faint ends are

adopted from the NEP deep field, where AKARI data are deeper (Goto et al.

2015), and are included in the fit. Vertical arrows show the 8µm luminos-

ity corresponding to the flux limit at the central redshift in each redshift bin.

Overplotted LFs are Babbedge et al. (2006) in the pink dash-dotted lines,

Caputi et al. (2007) in the cyan dash-dotted lines, Huang et al. (2007) in

the dark-yellow dash-dotted lines, Fu et al. (2010), in the dark green dash-

dotted line, and Kim et al. (2015) in the bright green dash-dotted line. Best-fit

parameters are presented in Table 1.

described above are added to the Poisson errors for each LF bin

in quadrature.

4 Results

4.1 The 8µm LF

We first present monochromatic 8µm LFs, because the 8µm lu-

minosity (L8µm) has been known as a good indicator of the TIR

luminosity (Babbedge et al. 2006; Huang et al. 2007; Goto et al.

2011a).

An advantage of AKARI is that we do not need k-correction

because one of the continuous filters always convert the rest-

frame 8µm at our redshift range of 0.28 < z < 2.22. Often in

previous work, SED based extrapolation was needed to estimate

the 8µm luminosity. This was often the largest uncertainty. This

is not the case for the analysis present in this paper.

To estimate the restframe 8µm LFs, we followed our previ-

ous method in Goto et al. (2015) as we briefly summarize below.

We used sources down to 80% completeness limits (Kim et al.

2012). Galaxies are excluded when SEDs were better fit to QSO

Fig. 3. Restframe 12µm LFs based on the AKARI NEP wide field.

Luminosity unit is logarithmic solar luminosity (L⊙). The blue diamonds,

the purple triangles, and the red squares show the 12µm LFs at 0.15< z <

0.35,0.38< z < 0.62, and 0.84< z < 1.16, respectively. The smaller data

points at the faint ends are adopted from the NEP deep field, where AKARI

data are deeper (Goto et al. 2015), and are included in the fit. Vertical arrows

show the 12µm luminosity corresponding to the flux limit at the central red-

shift in each redshift bin. Overplotted LFs are Pérez-González et al. (2005)

at z=0.3, 0.5 and 0.9 in the dark-cyan dash-dotted lines, Toba et al. (2014)

at 0< z <0.05 based on WISE in the dark green dash-dotted lines, Rush

et al. (1993) at 0< z <0.3 in the light green dash-dotted lines, and Kim et al.

(2015) at 0< z <0.3 in the pink dash-dotted line. Note Rush et al. (1993) is

at higher redshifts than Toba et al. (2014). Best-fit parameters are presented

in Table 1.

templates (2% from the sample).

We corrected for the completeness using Kim et al. (2012)

(25% correction at maximum, with our selection to the 80%

completeness limits). Four redshift bins of 0.28< z <0.47,

0.65< z <0.90, 1.09< z <1.41, and 1.78< z <2.22, were used,

following our previous work. Then, the 1/Vmax method was

used to compensate for the flux limit.

The resulting restframe 8µm LFs are shown in Fig. 2. The

arrows show the flux limit at the median redshift in bin. We

performed the Monte Carlo simulation to obtain errors. They

are smaller than in our previous work (Goto et al. 2010b, 2015)

thanks to the improved area coverage. The faint end marked

with smaller data points are adopted from the NEP deep field,

where AKARI data are deeper (Goto et al. 2015).

Various previous studies are shown with dashed lines for

comparison. Compared to the local LF, our 8µm LFs show

strong evolution in luminosity up to z ∼ 0.9. Interestingly, the

8µm LFs peaks in the 3rd bin (z∼1), then declines toward z∼2.
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4.2 12µm LF

Next, we show 12µm LFs. The 12µm luminosity L12µm) is

also known to correlate well with the TIR luminosity (Spinoglio

et al. 1995; Pérez-González et al. 2005). AKARI’s advantage

still holds in not needing extrapolation based on SED models.

The L15,L18W and L24 filters cover the restframe 12µm at

z=0.25, 0.5, and 1, respectively. Our analyses are the same with

the 8µm LF; down to the 80% completeness limit in each filter,

completeness correction, and the 1/Vmax method.

Fig. 3 shows the results. Various previous studies are shown

in dash-dotted lines. Our 12µm LFs show steady evolution with

increasing redshift. Similar to the 8µm LF, the evolution be-

comes less evident between the two higher redshift bins.

4.3 Total IR LFs estimated from mid-IR SED fit

We take full advantage of 18-band mid-IR coverage in SED-

fitting to estimate LTIR. Although we have extensive photo-

metric coverage in mid-IR, we caution readers that estimation of

the LTIR involves extrapolation to the far-IR wavelength range

based on the SED models, and thus invites associated uncer-

tainty, as we further discuss in Section 5.

Using photo-z, we use the LePhare code to find the best-fit

SED to derive LTIR. Templates used are Lagache et al. (2003).

Note that here, in addition to the AKARI’s 9 mid-IR bands,

we also used Spitzer (IRAC1,2,3,4 and MIPS24, Nayyeri et al.

2018) and WISE (W 1,W 2,W 3, and W 4) bands as well, i.e.,

we used 18 mid-IR bands in total.

The L18W flux (Matsuhara et al. 2006) are used to apply the

1/Vmax method, because it is a wide, sensitive filter (but using

the L15 flux limit does not change our main results). We used

Lagache et al. (2003)’s models for k-corrections to compute

Vmax/mim. We used redshift bins of 0.2< z <0.5, 0.5< z <0.8,

0.8< z <1.2, and 1.2< z <1.6.

We show LTIR LFs in Fig. 4. For clarity, we separated LFs

in four different panels at each redshift bin. For a local bench-

mark, we overplot one of the most accurate local IR LFs based

on 15,638 IR galaxies from the AKARI all sky survey (Kilerci

Eser & Goto 2018). The TIR LFs show a strong evolution com-

pared to local LFs, but again turns over at z > 1.2. As in the

case of 8µm LFs, the LF of the highest redshift bin is smaller,

or comparable to the next bin at the lower redshift.

It seems there are significant variations among previous

studies plotted in various dash-dotted lines. AKARI’s TIR LFs

are at least consistent with one of the previous studies. Note

that the redshift ranges are not completely matched, therefore,

some variations are expected. Possible differences between our

mid-IR based measurements and far-IR based measurements are

further discussed in Section 5.

4.4 Total IR Luminosity density, ΩIR

Using LFs in previous sections, we next compute the IR lu-

minosity density, to estimate the cosmic star formation density

(Kennicutt 1998).

4.4.1 Total IR Luminosity Density from L8µm LFs

First, we estimate Total IR Luminosity Density from L8µm LFs.

To do so, we need to convert L8µm to the total infrared lumi-

nosity.

L8µm and LTIR have been reported to correlate well (Caputi

et al. 2007; Bavouzet et al. 2008). Using a large sample of 605

galaxies in the AKARI far-IR all sky survey, Goto et al. (2011b)

derived the best-fit relation as

LTIR(L⊙) = (20± 5)× νL0.94±0.01
ν,8µm (±44%). (1)

LTIR is from AKARI’s far-IR photometry in 65, 90, 140,

and 160 µm, and the L8µm measurement is from AKARI’s 9µm

flux. Due to the improved statistics and the use of far-IR wave-

lengths (140 and 160µm), this equation is superior to its precur-

sors.

The conversion, however, has been the largest source of error

in estimating LTIR values from L8µm. Reported dispersions are

37, 55 and 44% by Bavouzet et al. (2008), Caputi et al. (2007),

and Goto et al. (2011b), respectively. It should be kept in mind

that the restframe 8µm is sensitive to the star-formation activity,

but at the same time, it is where the SED models have strong

discrepancies due to the complicated polycyclic aromatic hy-

drocarbon (PAH) emission lines. Possible SED evolution, and

the presence of (unremoved) AGN will induce further uncer-

tainty. A detailed comparison of different conversions is pre-

sented in Fig.12 of Caputi et al. (2007), who reported a factor

of ∼5 differences among various models.

In addition, the above conversion is estimated using local

star-forming galaxies, and thus, could be different for starburst

or high redshift galaxies.

For example, Nordon et al. (2012) reported that the main-

sequence galaxies tend to have a similar L8µm/LTIR regardless

of LIR and redshift, up to z∼2.5, and L8µm/LTIR decreases

with increasing offset above the main sequence, possibly due

to a change in the ratio of PAH to LTIR. Murata et al. (2014)

also reported that L8µm/LTIR is constant at below the main se-

quence, while it decreases with starburstiness at above the main

sequence, concluding that starburst galaxies have deficient PAH

emission compared with main-sequence galaxies. Also Elbaz

et al. (2011) showed that L8µm/LTIR is different for starbursts.

Kim (2018) reported that L8µm/LTIR with increasing LTIR or

increasing redshift up to z=0.9. A possible evolution with red-

shift was also discussed in Rigby et al. (2008); Huang et al.

(2009). These results caution us that the single conversions

from monochromatic IR luminosity to LTIR are not likely to

work at all redshifts for galaxies with different starburstiness.
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Fig. 4. The TIR LFs from the SED fit. The top panel shows results from all the redshift bins. The succeeding panels show one redshift bin at a time for clarity.

Vertical arrows show the luminosity corresponding to the flux limit at the central redshift in each redshift bin. The smaller data points at the faint ends are

adopted from the NEP deep field, where AKARI data are deeper (Goto et al. 2015), and are included in the fit. We overplot z=0 IR LF based on the AKARI

FIR all sky survey in the black dash-dot line (Goto et al. 2011a; Kilerci Eser & Goto 2018). Overplotted previous studies are taken from Le Floc’h et al. (2005)

in the dark-green, dash-dotted line, Magnelli et al. (2013) in the dark-red, dash-dotted line, Huynh et al. (2007) in the dark-yellow, dash-dotted line, Gruppioni

et al. (2013) in the pink, dash-dotted line at several redshifts as marked in the figure. Best-fit parameters are presented in Table 1.
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In addition, Shivaei et al. (2017) reported metallicity and

stellar mass dependence of L7.7µm/LTIR, indicating a paucity

of PAH emission in low metallicity environments. They pro-

posed separate L7.7µm/LTIR conversions at above and below

log(M∗/M⊙) = 10. Ciesla et al. (2014) also found a weaken-

ing of the PAH emission in galaxies in low metallicities and,

thus, low stellar masses, suggesting PAH are destroyed in low

metallicity environment by the UV radiation field which prop-

agates more easily due to the lower dust content. The effect

is most notable at log(M∗/M⊙) < 8.5, or at log(M∗/M⊙) <

9.5. However, we note that most of our sample galaxies have

log(M∗/M⊙) > 10 and 12+log (O/H)∼8.6 (Oi et al. 2017),

where dependencies are less significant.

On the other hand, Bavouzet et al. (2008) stacked 24µm

sources at 1.3 < z < 2.3 in the GOODS fields to conclude that

the correlation is valid to link L8µm and LTIR at 1.3< z < 2.3.

Takagi et al. (2010) also showed that local L7.7µm vs LTIR re-

lation holds true for IR galaxies at z∼1 (see their Fig.10). Pope

et al. (2008) showed that z ∼2 sub-millimeter galaxies lie on

the relation between LTIR and LPAH,7.7 that has been estab-

lished for local starburst galaxies. The S70/S24 ratios of 70µm

sources in Papovich et al. (2007) are also consistent with the

local SED templates.

We further test this issue using our data in Section 5.

4.4.2 Total IR Luminosity Density from L12µm LFs

L12µm is also reported to correlate with LTIR (Chary & Elbaz

2001; Pérez-González et al. 2005). Due to the same reasons as

L8µm (improved statistics, and availability of 140 and 160µm),

we use the following conversion (Goto et al. 2011b).

LTIR(L⊙) = (17± 4)× νL0.96±0.01
ν,12µm (±25%). (2)

This conversion agrees well with the one given by Spinoglio

et al. (1995). We caution readers again here for the use of a

single conversion for varieties of galaxies with different SFR

at different redshifts. Results should be interpreted with this

uncertainty in mind.

4.4.3 Integration to TIR density

The derived total LFs are multiplied by LTIR and integrated to

measure the TIR density ( ΩTIR). We first fitted an analytic

function to integrate.

Following our previous work, we use a double-power law.

With the lowest redshift LF, we first fit the normalization (Φ∗)

and slopes (α,β). At higher redshifts, statistics are not enough

to fit 4 parameters (Φ∗, L∗, α, and β) at the same time.

Therefore, we had to fix slopes and normalizations to those of

the lowest redshift bin. Only L∗ is the free parameters at the

higher-redshifts. This is a common exercise with the limited

depths of the current IR data (Babbedge et al. 2006; Caputi et al.

2007). Previous work also found a stronger evolution in lumi-

nosity than in density (Pérez-González et al. 2005; Le Floc’h

et al. 2005).

Dotted-lines in Figs. 2 to 4 show results of the fits. We

integrate the double power laws outside the luminosity range to

estimate ΩTIR. Fig. 5 shows ΩIR derived from the TIR LFs

(red circles), 8µm LFs (brown stars), and 12µm LFs (pink filled

triangles).

At the first glance, ΩIR from 8µm and TIR LFs are consis-

tent with each other. On the other hand, ΩIR from 12µm LFs

are ∼50% larger, although error bars are touching each other.

This could be due to the evolution on the L12µm/L8µm ratio

from local values. We further discuss this point in Section 5.

We also note that ΩIR from 12µm is sensitive to the faint-end

slope of 12µm LFs. In Fig. 3, we obtained steeper faint-end

slopes than those of L8µm or LIR LFs. This is one of the rea-

sons why ΩIR from 12µm LFs are larger. However, even with

AKARI’s sensitivity, the observation might not be deep enough

to reliably measure the faint-end slope of 12µm LFs, possibly

because 12µm does not contain as luminous emission lines as

in the case of 8µm. Much deeper observations are awaited to

clarify the issue.

Next, as indicated in LFs in previous sections, ΩIR increases

at z < 1.2, then decreases at z > 1.2. Both 8µm and TIR LFs

have shown the turnover at z > 1. Although this needs to be

confirmed with more accurate data, we might have witnessed

the turnover of the CSFH around z∼2. This may be qualita-

tively consistent with previous reports by Herschel that the dust

attenuation peaks and declines at z>1.2 (Gruppioni et al. 2013;

Burgarella et al. 2013).

This is an interesting implication, but it is unfortunate that

our error bars are too large to draw significant conclusions. As

we mentioned in the introduction, mid-IR is a relatively unex-

plored wavelength range. At the same time, however, it means

that mid-IR has a great room to be explored. Only 65cm di-

ameter telescope, AKARI, revealed comparable results on ΩIR

to those from 3m Herschel telescope in far-IR. This is be-

cause mid-IR detectors are still more sensitive than far-IR. If

larger aperture mid-IR telescopes become available in the fu-

ture, such as SPICA (Roelfsema et al. 2018) and James Webb

Space Telescope (Gardner et al. 2006), mid-IR is a good wave-

length range to invest, having extinction-free advantage in IR,

and yet more sensitive than far-IR (for typical SEDs).

5 Discussion

In the previous section, in addition to LTIR measurement, we

converted L8µm and L12µm into LTIR. However, the conver-

sions are based on local star-forming galaxies. It is uncertain

whether it holds at higher redshift or not, including starburst

galaxies. The conversion using a single relation might be too
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Fig. 5. The evolution of the TIR luminosity density based on TIR LFs (red

circles), 8µm LFs (stars), and 12µm LFs (filled triangles). Overplotted

dot-dashed lines are estimates from the literature: Le Floc’h et al. (2005),

Magnelli et al. (2009), Pérez-González et al. (2005), Caputi et al. (2007),

Gruppioni et al. (2013), Rodighiero et al. (2010), and Babbedge et al. (2006)

are in cyan, yellow, green, navy, dark green, orange, and pink, respectively.

The purple dash-dotted line shows the UV estimate by Schiminovich et al.

(2005). The pink dashed line shows the total estimate of IR (TIR LF) and UV

(Schiminovich et al. 2005). The open triangles are low-z results from Kilerci

Eser & Goto (2018); Toba et al. (2014) in TIR, 8µm and 12µm, respectively.

Numerical values are presented in Table 2.

simple, in the presence of multiple components of dust at differ-

ent temperatures, with different star-formation rates, and metal-

licities.

Following the results in the literature discussed in Section

4.3, in this section, we compare LTIR estimated from L8µm

and L12µm from equations 1 and 2 in three overlapping redshift

ranges in Fig.6 using our data. One can immediately notice that

the relation deviates at logLTIR >12 (or equivalently at z > 1).

The median offset is the largest for the highest redshift bin with

dex −0.14. Therefore, we caution readers that the conversions

in equations 1 and 2 may not be valid at logLTIR >12, and

that the possible inconsistency in Figs. 4 and 5 between mid-

and far-IR measurements could be the result of the change in

the SED, rather than incorrect measurements on either. In this

sense, the mid- and far-IR measurements should be complimen-

tary, and are both important. Having AKARI’s superior mid-IR

data, it is our important task to exploit both data to investigate

mid-to-far IR SED evolution, and reveal physical origins be-

hind them. Our attempt on this is in preparation (Kim et al. in

preparation).

Fig. 6. Comparison of LTIR estimated from L8µm and L12µm using equa-

tions 1 and 2, respectively, in three overlapping redshift ranges between 8µm

and 12µm LFs redshift bins. Median offset for the highest redshift bin is dex

-0.14.

6 Summary

Previously AKARI NEP wide field lacked deep optical pho-

tometry, and thereby, accurate photo-z, despite the presence of

space-based 9-band mid-IR photometry from AKARI. To rec-

tify the situation, we have obtained deep optical 5-band imag-

ing covering the entire 5.4 deg2 of the NEP wide field, using the

new Hyper Suprime-Cam mounted on the Subaru 8m telescope.

Combined with the CFHT u-band imaging we have also taken,

for the first time, we used all of the AKARI’s data over the 5.4

deg2.

In addition to AKARI’s continuous 9-band mid-IR filter cov-

erage (2.4, 3.2, 4.1, 7, 9, 11, 15, 18, and 24µm), we combined

with archival WISE (4 bands) and Spitzer (5 bands) data. In to-

tal, we have the 18-band mid-IR photometry, which is the most

complete mid-IR photometry to date for thousands of galaxies.

We presented restframe 8µm, 12µm LFs at 0.35<z<2.2. We

also estimated total infrared LFs through SED fitting to the 18-

band mid-IR data. Thanks to the large area coverage, the bright-

ends are better-determined. The resulting LFs are consistent

with our previous work (Goto et al. 2010b, 2015), but with much

reduced statistical errors thanks to the new HSC and AKARI

data. It is interesting to note that ΩIR becomes smaller at z >

1.2, possibly suggesting the turnover of the CSFH.

Until recently the mid-IR SED studies were limited to a

small number of bright galaxies with mid-IR spectra (e.g.,

Spitzer IRS). Our work demonstrated that such studies can be

done with photometry only, once enough filter coverage such as

AKARI’s becomes available, paving the way to statistical stud-

ies of mid-IR SEDs in the future.
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Table 1. Best fit parameters for 8,12µm and TIR LFs

Redshift LF L∗ (1010L⊙) Φ∗(10−3Mpc−3dex−1) α β

0.28<z<0.47 8µm 1.8+0.1
−0.2 1.6+0.2

−0.1 1.56+0.03
−0.24 2.6+0.1

−0.1

0.65<z<0.90 8µm 3.3+0.2
−0.2 1.6 1.56 2.6

1.09<z<1.41 8µm 4.1+0.2
−0.2 1.6 1.56 2.6

1.78<z<2.22 8µm 1.4+0.3
−0.2 1.6 1.56 2.6

0.15<z<0.35 12µm 8.2+4.0
−0.6 1.5+0.3

−0.3 1.9+0.1
−0.1 2.8+0.5

−0.1

0.38<z<0.62 12µm 18+1
−2 1.5 1.9 2.8

0.84<z<1.16 12µm 32+2
−1 1.5 1.9 2.8

0.2<z<0.5 Total 5.3+1.1
−1.1 2.9+0.3

−0.3 1.4+0.1
−0.2 2.7+0.4

−0.4

0.5<z<0.8 Total 17+1
−2 2.9 1.4 2.7

0.8<z<1.2 Total 28+2
−2 2.9 1.4 2.7

1.2<z<1.6 Total 20+6
−9 2.9 1.4 2.7

Table 2. TIR luminosity density as a function of redshift as in Fig. 5.

z ΩTIR(L⊙Mpc−3/108)

0.35 2.1± 1.8

0.65 6.8± 3.2

1.00 11.2± 5.3

1.40 7.9± 0.9

z ΩTIR8µm (L⊙Mpc−3/108)

0.48 3.5± 1.9

0.77 7.6± 3.2

1.25 7.5± 3.4

2.00 2.1± 1.9

z ΩTIR12µm (L⊙Mpc−3/108)

0.25 2.6± 1.4

0.50 6.6± 1.3

1.00 12.1± 2.4
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