
Publications of the Korean Astronomical Society pISSN 1225-1534

32: 257 ∼ 261, 2017 March eISSN 2287-6936

c©2017. The Korean Astronomical Society. All rights reserved. https://doi.org/10.5303/PKAS.2017.32.1.257

NEP-AKARI: EVOLUTION WITH REDSHIFT OF DUST ATTENUATION IN 8 µm SELECTED GALAXIES

V. Buat1, N. Oi2, D. Burgarella1, K. Malek3,4, H. Matsuhara2, K. Murata2, S. Serjeant5, T. T. Takeuchi6,

M. Malkan7, C. Pearson6, and T. Wada2
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ABSTRACT

We built a 8 µm selected sample of galaxies in the NEP-AKARI field by defining 4 redshift bins with

the four AKARI bands at 11, 15, 18 and 24 microns (0.15 < z < 0.49, 0.75 < z < 1.34, 1.34 < z < 1.7 and

1.7 < z < 2.05) . Our sample contains 4079 sources, 599 are securely detected with Herschel/PACS. Also

adding ultraviolet (UV) data from GALEX, we fit the spectral energy distributions using the physically

motivated code CIGALE to extract the star formation rate, stellar mass, dust attenuation and the AGN

contribution to the total infrared luminosity (LIR). We discuss the impact of the adopted attenuation

curve and that of the wavelength coverage to estimate these physical parameters. We focus on galaxies

with a luminosity close the characteristic L∗
IR in the different redshift bins to study the evolution with

redshift of the dust attenuation in these galaxies.
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1. INTRODUCTION

The strong impact of dust attenuation and the need to

estimate it as accurately as possible has led to numerous

investigations on samples of star forming galaxies. Quite

naturally these studies focused on galaxies selected ei-

ther in their UV rest-frame or from their emission in

recombination lines and whose detection is strongly af-

fected by the attenuation by dust. The aim of the

present work is to perform a complementary study by

starting with an infrared (IR) selection since dust re-

emits the absorbed energy of young stars in this wave-

length range. Most of the star formation in the universe

can be securely measured in IR up to redshift ∼ 2 since

http://pkas.kas.org

dust emission dominates the stellar emission. The ques-

tion we want to answer is: what is the amount of dust

attenuation in these galaxies and how does it compare to

the global evolution of dust attenuation in the universe

and to the trends found in optically selected samples?

2. SAMPLE SELECTION

The infrared space telescope AKARI carried out a deep

survey of the North Ecliptic Pole (hereafter NEP-deep)

with all the filters of the InfraRedCamera (IRC). We

take advantage of the continuous filter coverage in the

mid-IR to build a 8µm rest-frame selection following

the strategy of Goto et al. (2010). Using the S11, L15,

L18W and L24 filters we select galaxies from z = 0.15 to

z = 2.05. The NEP-AKARI field was also observed by
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Table 1
Values of input parameters used for the SED fitting with

CIGALE, see text for details

Parameter Range

E(B − V ) 0.02-1

Attenuation law B12,C00, SMC

IR templates, α 1-3

AGN fraction,fracAGN 0-0.5

Stellar populations

age (old stellar population) tf 2-11 Gyr

e-folding rate τ 1-5 Gyr

age (young stellar population) tySP 50-500 Myr

stellar mass fraction fySP 0.01-0.2

Herschel with the PACS and SPIRE instrument (P.I. S.

Sergeant) and by GALEX (P.I. M. Malkan). Given the

small number of sources detected with SPIRE we only

consider PACS data. UV data are also added to galaxies

with redshift lower than 0.925 in order that the NUV

filter at 230 nm corresponds to rest-frame wavelength

larger than 120 nm. Fluxes at 100 and 160 microns

from the PACS images and at 230 nm in the GALEX im-

ages were measured with DAOPHOT (Mazyed et al., in

preparation). Combining the near to mid IR catalogue

of Murata et al. (2013) with the optical data of Oi et al.

(2014) and with GALEX and Herschel/PACS detec-

tions, we are able to build the UV to IR spectral energy

distributions (SED) of our selected sources. The photo-

metric redshifts are from Oi et al. (2014). The SEDs are

analysed with the SED fitting code CIGALE in order to

measure physical parameters such as dust attenuation,

SFR or stellar masses. The amount of dust attenuation

and its evolution in redshift is then measured for our

selected sources and compared to the results found in

UV selections.

3. FITTING THE SPECTRAL ENERGY DISTRIBU-

TIONS

The spectral energy distributions (SEDs) are fitted with

the new version of the CIGALE code (Code Investigat-

ing GALaxy Emission, http://cigale.lam.fr) devel-

oped with PYTHON. CIGALE combines a UV-optical

stellar SED with a dust component emitting in the IR

and fully conserves the energy balance between the dust

absorbed stellar emission and its re-emission in the IR.

We refer to Burgarella et al. (in preparation) and Bo-

quien et al. (in preparation) for a detailed description of

the new version code. The earlier version of CIGALE is

described in Noll et al. (2009). Here we only describe the

Table 2
Impact of the choice of the attenuation law and of

considering IR data on the SFR and stellar masses (Mstar)

determinations. The first part of the table summarises the

comparison between the 3 different attenuation laws

considered in this work, in the second part of the table the

results of the fits with and without IR data are compared

for each of the 3 attenuation laws

Models log(Mstar) log(SFR)

dex dex

with IR

C00-B12 0.09±0.08 -0.03±0.14

SMC-B12 -0.02 ±0.05 -0.04 ±0.10

C00-SMC 0.11±0.10 0.01 ±0.19

without IR - with IR

C00-C00 -0.03 ±0.11 0.14 ±0.30

B12-B12 -0.06 ±0.14 0.17 ±0.36

SMC-SMC -0.06 ±0.14 0.11 ±0.38

assumptions and choices specific to the current study.

The choice of the models and parameters is the result

of a long process of optimization which will be fully dis-

cussed in Buat et al. (in preparation).

For the star formation we adopt the fiducial model of

Buat et al. (2014) which consists of two stellar popula-

tions: a recent stellar population with a constant SFR

on top of an older stellar population created with an ex-

ponentially declining SFR (e-folding rate τ). Ages of the

older stellar population and young component (tf and

tySP respectively) are free parameters. The two stel-

lar components are linked by their stellar mass fraction

fySP.

We can run CIGALE with different scenarios for the

dust attenuation. Our fiducial attenuation recipe is the

one we obtained by studying high redshift galaxies (Buat

et al. (2012), hereafter B12), it is close to the LMC2 ex-

tinction curve with a UV bump of moderate amplitude

and a rather steep increase in the UV. We also con-

sider the grayer attenuation law of Calzetti et al. (2000)

(hereafter C00) and an SMC extinction curve (hereafter

SMC). The amount of dust extinction is measured with

E(B − V ). The main parameters and the range of the

input values are reported in Table 1.

The templates used for the dust re-emission in the IR

come from Dale et al. (2014) (used without any AGN

contribution). With CIGALE, we can add the contri-

bution of an AGN to the SED. The adopted templates

are those of the Fritz et al. (2006) library. Our fiducial

fits are performed with two models of type 2 AGN with

a low or a high optical depth at 9.7 µm.
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Figure 1. Redshift and luminosity distributions of the sources.

The total IR luminosity LIR is an output of the SED fitting.

The small dots represent the whole sample and the filled

circles the galaxies selected around L∗
IR within each redsfhift

bin. The adopted values of log(L∗
IR) for the 4 redshift bins

are 10.84, 11.6, 12 and 12.35 L�, the bin size is 0.6 dex.

Detection limits at 5σ are reported as a black line.

The reduced χ2
r distribution is found very good: for

93% of the sources the minimum value of χ2
r is lower

than 5, with a similar result for each redshift bin and for

galaxies detected with PACS or not. The AGN fraction

is of the order of 10% on average for the whole sample.

We explore the influence of the adopted attenuation

curve and of the presence or not of IR (≥ 8µm) data

on the determination of the SFR and stellar mass de-

termination. The results are summarized in Table 2. In

IR selected galaxies, the SFR is essentially constrained

by the infrared emission from dust and does not de-

pend much on the attenuation law. The stellar masses

are found larger for the C00 attenuation law. The C00

curve exhibits the steepest increase in the UV and thus

gives the lowest attenuation in the UV and the highest

one in the V band since the total attenuation is con-

strained by LIR. Nevertheless the difference does not

exceed ∼ 0.1 dex.

Omitting or not IR data has large consequences on the

measure of the SFRs whereas the stellar masses remain

unaffected. This variation is due to the uncertainty on

dust attenuation when IR data are missing. The average

difference can reach 50% with a large dispersion (larger

than a factor 2).

4. EVOLUTION OF DUST ATTENUATIOn

Our aim is to measure dust attenuation in galaxies se-

lected in a similar way at different redshifts. The com-

bination of the different IRC filters led us to perform a
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Figure 2. Dust attenuation in the UV (AUV) plotted against

redshift . Red filled circles: present study with the selection

around L∗
IR in each redshift bin. Magenta filled lozenges:

Buat et al. (2007a,b); magenta filled square: Choi et al.

(2006). The blue symbols refer to UV and Hα line selec-

tions. Blue dashed line: Cucciati et al. (2012); blue empty

square: Heinis et al. (2013); blue empty circle: Ibar et al.

(2013) . The global estimates of Burgarella et al. (2013) are

plotted with black crosses and their average fit with a solid

line The dispersion of each measurement is reported with a

vertical bar.

8µm rest-frame selection. In Fig.1, LIR (obtained with

CIGALE) is reported against the photometric redshift

of the sources. We have estimated the detection limit

at 5σ using the flux limits of Murata et al. (2013) for

each IRC filter used to define the sample and the av-

erage ratio between LIR (found by SED fitting) and

the monochromatic luminosity in the IRC filter corre-

sponding to the redshift selection. It is clearly seen that

we cannot follow galaxies with a similar LIR over the

full redshift range since the limit in luminosity increases

sharply with z. We decide to study galaxies sampling

the same domain of the luminosity function at the dif-

ferent redshifts. We select the galaxies dominating the

luminosity function and therefore the luminosity density

at a given redshift. At this aim, we take the total IR

luminosity functions of Magnelli et al. (2013). In each

redshift bin, we select galaxies with an IR luminosity

inside a bin of 0.6 dex centered on the characteristic IR

luminosity L∗
IR corresponding to the transition luminos-

ity of the double power law function. The selection is

also represented in Fig.1. It can be checked that the se-

lected sources lie above the 5σ detection limit (except a

small overlap at the end of the second redshift bin), the

number of selected sources in each bin is 729, 1145, 284

and 24 from bin 1 to bin 4. The variation with redshift
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of the attenuation is plotted in Fig.2.

We can first compare our measurements to other val-

ues already obtained for IR selected galaxies. At z = 0

Buat et al. (2007a) combined GALEX and IRAS data

and derived volume averaged measures of the attenu-

ation. For a luminosity L∗
IR ∼ 1010.5L� (Sanders et

al., 2003) the average UV attenuation AUV = 2.4 ± 0.7

mag. Buat et al. (2007b) measured the attenuation of

Luminous IR Galaxies (LIR > 1011Lodot) at z = 0.7 by

combining Spitzer and GALEX data and found a mean

attenuation of 3.33 mag with a dispersion similar to that

found at z = 0. Choi et al. (2006) also measured dust

attenuation in galaxies of the Spitzer First Look Survey

selected in mid-IR at z = 0.8 by comparing SFR mea-

sured with the strength of emission lines and LIR. We

apply their relation between AV and LIR to the aver-

age value of LIR of our sample at the same redshift and

get AV = 2.33 mag. The visual extinction can then be

translated to an attenuation in the UV continuum as

explained in Buat et al. (2007b) giving AUV = 3.4 mag.

The dispersion is directly measured on Fig.12 of Choi

et al. (2006). All these previous measurements are over-

plotted on Fig.2 and are found consistent with the ones

obtained in the present work which extents the analysis

to higher redshift. The attenuation in the UV for L∗
IR

galaxies is found to increase with redshift from 2.4 mag

at z = 0 to 4.4 mag at z ∼ 2.

We now compare the redshift evolution of the atten-

uation with measurements obtained in samples not se-

lected in IR. Burgarella et al. (2013) measured the global

attenuation in the universe by comparing the IR and UV

luminosity densities. Their result is plotted in Fig.2.

Measures of dust attenuation are also performed in UV

selected samples. Cucciati et al. (2012) derived dust at-

tenuation for each galaxy of their UV selection through

SED fitting (without IR data), the variation they found

is in close agreement with the results of Burgarella et

al. (2013). Heinis et al. (2013) measured the average

attenuation of a UV selection at z ∼ 1.5 in the COS-

MOS field by stacking Herschel/SPIRE images. The

average value found for their whole selection is consis-

tent with the one derived by Cucciati et al. (2012) at

the same redshift (z = 1.5). Ibar et al. (2013) analyzed

the IR properties of galaxies detected in their Hα line

(HIZELS project) at z = 1.46. From a stacking analy-

sis of Spitzer, Herschel and AzTEC images they derived

the average total IR luminosity of their sample and de-

duced a median attenuation of AHα = 1.2± 0.2 mag for

their sample. This attenuation can be translated to the

UV using the recipe of Calzetti (1997). The correspond-

ing value (2.23±0.4 mag) is plotted in Fig.2 and is fully

consistent with the other measures performed in a UV

selection or globally with the luminosity functions.

The amount of attenuation found for our IR selection

is much higher than the values found either in a UV

selection or globally in the universe. When performing

our IR selection we select galaxies dominating the star

formation at the redshifts we consider. These galaxies

are found to experience a dust attenuation much higher

than the average one at work in the universe or found in

UV selected samples: the galaxies dominating the star

formation are not representative of the average attenu-

ation and metal production in the universe.

Dust attenuation is found to depend on the stellar

mass and the relation between these quantities is not

found to significantly evolve with redshift (Ibar et al.,

2013; Kashino et al., 2013; Heinis et al., 2014). We can

use these relations to account for the stellar mass dis-

tributions when we compare dust attenuation from dif-

ferent selections. Let us consider the measure of Heinis

et al. (2013) at z ∼ 1.5: the average stellar mass for

our IR selection in the redshift bin 3 is 1010.9M�. Us-

ing the relation found by Heinis et al. (2014) between

dust attenuation and Mstar, we find that the average

attenuation increases from 1.8 to 3.5 mag, leading to a

value now consistent with the measures obtained in our

IR samples.

The same exercise can be performed for the Hα se-

lected sample. Using the relation of Kashino et al.

(2013) between attenuation and stellar mass for Hα

emitters we find AHα = 1.96 mag which translates to

3.64 mag in the UV again consistent with what is found

for our IR selected samples of similar mass.

Hence the stellar mass appears as the main driver to

reconcile measures of dust attenuation in the different

studies and explain the discrepancies between UV and

IR selections as predicted by the empirical models of

Heinis et al. (2014) and Bernhard et al. (2014).
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