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Figure 4. (left) The TIR LFs from the SED fit. Vertical arrows show the luminosity corresponding to the flux limit at the central
redshift in each redshift bin. We overplot z=0 IR LF based on the AKARI FIR all sky survey in the black dash-dot line (Goto et al.
2011c; Kilerci Eser & Goto 2017). Overplotted previous studies are taken from Le Floc’h et al. (2005) in the dark-green, dash-dotted
line, Magnelli et al. (2009) in the dark-red, dash-dotted line, and Huynh et al. (2007) in the dark-yellow, dash-dotted line at several
redshifts as marked in the figure.
(right) The evolution of the TIR luminosity density based on TIR LFs (red circles), 8µm LFs (stars), and 12µm LFs (filled triangles).
The blue open squares and orange filled squares are for LIRG and ULIRGs only, also based on our LTIR LFs. 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 Goto et al. (2011c); Huang
et al. (2007); Toba et al. (2014) in TIR, 8µm and 12µm, respectively.

2.9. Total IR LFs

AKARI’s continuous mid-IR coverage is also superior for SED-fitting to estimate LTIR. This is because for star-forming
galaxies, the mid-IR part of the IR SED is dominated by the PAH emission lines, which reflect the SFR of galaxies (Genzel
et al. 1998), and thus, correlates well with LTIR, which is also a good indicator of the galaxy SFR.

After photometric redshifts are estimated using the UV-optical-NIR photometry, we fix the redshift at the photo-z, then
use the same LePhare code to fit the infrared part of the SED to estimate TIR luminosity. We used Lagache et al. (2003)’s
SED templates to fit the photometry using the AKARI bands at >6µm (S7, S9W, S11, L15, L18W and L24).

In the mid-IR, color-correction could be large when strong PAH emissions shift into the bandpass (a factor of ∼3).
However, during the SED fitting, we integrate the flux over the bandpass weighted by the response function. Therefore, we
do not use the flux at a fixed wavelength. As such, the color-correction is negligible in our process (a few percent at most).

Galaxies in the targeted redshift range are best sampled in the 18µm band due to the wide bandpass of the L18W filter
(Matsuhara et al. 2006). Therefore, we applied the 1/Vmax method using the detection limit at L18W . We also checked
that using the L15 flux limit does not change our main results. The same Lagache et al. (2003)’s models are also used for
k-corrections necessary to compute Vmax and Vmin. The redshift bins used are 0.2< z <0.5, 0.5< z <0.8, 0.8< z <1.2, and
1.2< z <1.6.

The obtained LTIR LFs are shown in the left panel of Fig. 4. The uncertainties are estimated through the Monte Carlo
simulations (§2.6). For a local benchmark, we overplot Kilerci Eser & Goto (2017) from the AKARI all sky survey in § 1.
The TIR LFs show a strong evolution compared to local LFs.

2.10. Total IR Luminosity density

One of the important purposes in computing IR LFs is to estimate the IR luminosity density, which in turn is an
extinction-free estimator of the cosmic star formation density (Kennicutt 1998). We estimate the total infrared luminosity
density by integrating the LF weighted by the luminosity. First, we need to convert L8µm to the total infrared luminosity.

A strong correlation between L8µm and total infrared luminosity (LTIR) has been reported in the literature (Caputi et al.
2007; Bavouzet et al. 2008). Using a large sample of 605 galaxies detected in the far-infrared by the AKARI all sky survey,
Goto et al. (2011b) estimated the best-fit relation between L8µm and LTIR as

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

bright galaxies is similar to that derived earlier
for the BGS1 (e.g. Soifer et al. 1987), except
for improved statistics at both low and high in-
frared luminosities, plus the decreased influence
of the Virgo cluster in the all-sky sample as com-
pared to its effect in the smaller BGS1 survey.
The best fit power-laws, φ(L) ∝ Lα, give α =
−0.6 (±0.1) and α = −2.2 (±0.1) below and above
Lir ∼ 1010.5L⊙ respectively.
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Fig. 12.— The infrared luminosity function for the
RBGS, computed using the 1/Vmax method. The space
densities and uncertainties plotted are those listed in Ta-
ble 6; the points represent the center of each luminosity
bin, and each bin has a uniform width of 0.5 in units
of log (Lir/L⊙). The solid lines are linear least-square
fits to the data points below and above the “character-
istic” infrared luminosity L∗

ir
∼ 1010.5L⊙, respectively.

The corresponding power laws, φ(L) ∝ Lα, have α =
−0.6 (±0.1) and α = −2.2 (±0.1).

5. Summary

This paper presents the complete list of ob-
jects in the IRAS Revised Bright Galaxy Sam-
ple, a sample of extragalactic objects selected at
60µm from the IRAS all-sky survey. The observed
slope of −1.49 ± 0.10 in the logN–logSν rela-
tion at 60 µm confirms that the RBGS is statisti-

cally complete down to the limit of S60 = 5.24Jy.
The properties of the RBGS objects were com-
puted using the final release of the IRAS Level
1 Archive and thus the RBGS replaces the ear-
lier BGS samples which were determined using
older versions of the IRAS data products. The
RBGS contains 39 objects which were not present
in the BGS1+BGS2, and 28 objects from the
BGS1+BGS2 have been dropped from the RBGS
because their revised 60µm flux densities are not
greater than 5.24 Jy. Improved methods were used
to measure the total IRAS flux densities of individ-
ual sources, resulting in typical changes of 5-25%
when compared to previous values reported for
the BGS1+BGS2, with changes of up to a factor
of 2 for the faintest sources at 12µm and 25µm.
Better procedures for resolving position uncertain-
ties and resolving cross-identifications with other
galaxy catalogs resulted in name changes for ∼7%
of the previous BGS1+BGS2 compilations. This
work presents the most accurate estimates to date
of the total IRAS flux densities and derived in-
frared luminosities of galaxies in the local Uni-
verse. Basic properties of the RBGS galaxies are
summarized below.

1. The RBGS sample contains a total of 629
galaxies with S60 > 5.24Jy in an area of
37,657.5 square degrees (91.3% of the sky)
covering the entire sky surveyed by IRAS
down to Galactic latitude |b| = 5◦;

2. Extended flux (> 0.77′) at 12µm, (> 0.78′)
at 25µm, (> 1.44′) at 60µm, and (> 2.94′)
at 100µm is detected in 61%, 54%, 48%, and
30% of the galaxies respectively.

3. The mean and median redshift for the en-
tire RBGS sample is z = 0.0126 (cz =
3777km s−1) and z = 0.0082 (cz = 2458km s−1),
respectively. The object with the highest
redshift is IRAS 07251 − 0248(z = 0.0876),
and the object with the largest computed
infrared luminosity in this local sample is
Mrk 231 (Lir = 3.2× 1012L⊙).

4. The bolometric infrared luminosity function,
φ(Lir), for infrared bright galaxies in the Lo-
cal Universe remains best fit by a double
power law, φ(L) ∝ Lα, with α = −0.6 ±
0.1, and α = −2.2 ± 0.1 below and above
Lir ∼ 1010.5L⊙, respectively.
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Figure 11. IR LF of AKARI-SDSS galaxies. The LIR is measured using the
AKARI 9, 18, 65, 90, 140 and 160 µm fluxes through an SED fit. Errors are
computed using 150 Monte Carlo simulations, added by the Poisson error.
The dotted lines show the best-fitting double power law. The green dotted
lines show IR LF at z = 0.0082 by Goto et al. (2011). The dash–dotted
lines are higher redshift results from the AKARI NEP deep field (Goto et al.
2010a).

Figure 12. An IR luminosity histogram of galaxies used to compute Fig. 11.

3.3 IR luminosity function

In Fig. 11, we show IR LF of the AKARI-SDSS galaxies, followed
by Fig. 12, which shows the number of galaxies used to compute
the LF. The median redshift of our sample galaxies is z = 0.031.
Overplotted in green dotted lines is the IR LF of Revised Bright
Galaxy Sample (RBGS) at z = 0.0082 but with re-measured LIR

based on the AKARI six-band photometry (Goto et al. 2011). Our
LF agrees very well with that from the RBGS (Sanders et al. 2003;
Goto et al. 2011). Although it was a concern that the RBGS was
S60 µm selected, the agreement suggests that the selection does not
affect the total IR LF, perhaps because 60 µm is close to the peak of
the dust emission and captures most IR galaxies. Dotted lines show
higher redshift results from the AKARI NEP deep field (Goto et al.
2010a). Our results (open circles) agree with that from z = 0.0082,
and show smooth evolution towards higher redshift. The faint-end
slope of our sample agrees well with immediately higher/lower
redshift LFs.

Table 1. Best double power-law fit parameters for the AKARI LFs.

Sample L∗
IR (L⊙) φ∗(Mpc−3 dex−1) α (faint-end) β (bright-end)

Total 5.7 ± 0.2 × 1010 0.00062 ± 0.00002 1.99 ± 0.09 3.54 ± 0.09

SFG 5.0 ± 0.2 × 1010 0.00043 ± 0.00003 1.8 ± 0.1 3.5 ± 0.3
AGN 4.3 ± 0.2 × 1010 0.0004 ± 0.0001 1.4 ± 0.1 3.1 ± 0.2

Following Sanders et al. (2003), we fit an analytical function to
the LFs. In the literature, IR LFs were fitted better by a double
power law (Babbedge et al. 2006; Goto et al. 2010a,c) or a double
exponential (Pozzi et al. 2004; Le Floc’h et al. 2005; Takeuchi et al.
2006) than a Schechter function, which steeply declines at the high
luminosity and underestimates the number of bright galaxies. In this
work, we fit the IR LFs using a double power law (Babbedge et al.
2006) as follows:

$(L) dL/L∗ = $∗

!
L

L∗

"1−α

dL/L∗, (L < L∗) (2)

$(L) dL/L∗ = $∗

!
L

L∗

"1−β

dL/L∗, (L > L∗). (3)

Free parameters are L∗ (characteristic luminosity, L⊙), φ∗ (normal-
ization, Mpc−3), α and β (faint- and bright-end slopes), respectively.
The best-fitting values are summarized in Table 1. In Fig. 11, the
dashed line shows the best-fitting double power law. The local LF
has a break at L∗ = 5.7 ± 0.2 × 1010 L⊙. Understanding how this
break (L∗) evolves as a function of cosmic time, and what causes
the break, is fundamental to galaxy evolution studies. This work
provides an important benchmark in the local Universe.

3.4 Bolometric IR luminosity density based on the IR LF

One of the primary purposes in computing IR LFs is to estimate
the IR luminosity density, which in turn is a good estimator of the
dust-hidden cosmic SF density (Kennicutt 1998), once the AGN
contribution is removed. The bolometric IR luminosity of a galaxy
is produced by thermal emission of its interstellar matter. In SF
galaxies, the UV radiation produced by young stars heats the inter-
stellar dust, and the reprocessed light is emitted in the IR. For this
reason, in SFG, the bolometric IR luminosity is a good estimator of
the current SFR of the galaxy.

Once we have measured the LF, we can estimate the total IR lu-
minosity density by integrating the LF, weighted by the luminosity.
We used the best-fitting double power law to integrate outside the
luminosity range in which we have data to obtain estimates of the
total IR luminosity density, %IR. Note that outside of the luminosity
range we have data (LIR > 1012.5 L⊙ or LIR < 109,8 L⊙); the LFs
are merely an extrapolation and thus uncertain.

The resulting total luminosity density is %IR = (3.8+5.8
−1.2) ×

108 L⊙ Mpc−3. Errors are estimated by varying the fit within 1σ

of uncertainty in LFs. Out of %IR, 1.1 ± 0.1 per cent is produced
by LIRGs (LIR > 1011 L⊙), and only 0.03 ± 0.01 per cent is by
ULIRGs (LIR > 1012 L⊙). Although these fractions are larger than
z = 0.0081, still a small fraction of %IR is produced by luminous IR
galaxies at z = 0.031, in contrast with the high-redshift Universe.
We will discuss the evolution of %IR in Section 4.1.
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Kullanılan	kızılötesi	galaksiler	

SDSS	DR13 6dFGS	DR3 2MRS

Etkin alan 9,219	(deg2) 13,572	(deg2) 37,000	(deg2)

Optik limit Rpetro ≤ 17.7	
(mag)

bj ≤ 16.75 (mag) Ks	≤ 11.75
(mag)

Kırmızıya	
kayma limiti

0.02	≤ z ≤ 0.3 0.01	≤ z ≤ 0.3 z ≤ 0.3

Galaksi	sayısı 4,705 4,717 6,216	 Toplam:	
15,638

Bugüne	kadar	
yerel	kızılötesi	
parlaklık	
fonksiyonu	için	
kullanılmış	en	
büyük	galaksi	
örneği



En	hassas	yerel	kızılötesi	parlaklık	fonksiyonu
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- Her	bir	parlaklık	aralığında	istatistiksel	
belirsizlikler	önceki	çalışmalara	göre	çok	
daha	küçüktür.	Daha	önceki	çalışmalara	
göre	20	kat	daha	fazla	sayıda	galaksi	
kullanılmış	ve	en	hassas	yerel	kızılötesi	
parlaklık	fonksiyonu	elde	edilmiştir.	

- Daha	önceki	çalışmalarla	uyumlu	bir	
fonksiyon	elde	edilmiştir.

- Daha	uzak	kırmızıya	kayma	değerlerindeki	
toplam	kızılötesi	parlaklık	fonksiyonu	
değişimlerinin	araştırılması	için	güvenilir	
bir	yerel	fonksiyon	olarak	kullanılacaktır.	

Kilerci Eser &	Goto (2018)


