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Abstract. As part of the Herschel Multi-tiered Extragalactic Survey we have investigated the
rest-frame far-infrared (FIR) properties of a sample of more than 4800 Lyman Break Galaxies
(LBGs) in the Great Observatories Origins Deep Survey North field. Most LBGs are not detected
individually, but we do detect a sub-sample of 12 objects at 0.7 < z< 1.6 and one object at
z=2.0. The LBGs have been selected using color-color diagrams; the ones detected by Herschel
SPIRE have redder colors than the others, while the undetected ones have colors consistent
with average LBGs at z > 2.5. The spectral energy distributions of the objects detected in the
rest-frame FIR are investigated using the code CIGALE to estimate physical parameters. We
include far-UV (FUV) data from GALEX. We find that LBGs detected by SPIRE are high
mass, luminous infrared galaxies. It appears that LBGs are located in a triangle-shaped region
in the Apyv vs. LogLruv = 0 diagram limited by Aryv = 0 at the bottom and by a diagonal
following the temporal evolution of the most massive galaxies from the bottom-right to the top-
left of the diagram. This upper envelop can be used as upper limits for the UV dust attenuation
as a function of Lryv. The limits of this region are well explained using a closed-box model,
where the chemical evolution of galaxies produces metals, which in turn lead to higher dust
attenuation when the galaxies age.
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1. Introduction

The safest way to estimate the total star formation rates (SFRs) of galaxies is to
consider the energy budget involving FUV and far-infrared (FIR) measurements (e.g.,
Buat et al. 1996). A small number of individual Lyman Break Galaxies (LBGs) have been
detected in the FIR/submm range (e.g. Chapman et al. 2009, Siana et al. 2009). Since
we have so little information, we need to observe these galaxies selected at lower redshift
and examine their dust emission. Burgarella et al. (2007) detected dropout galaxies at
z ~ 1 at 24 um with Spitzer. But, the dust luminosities were estimated from the rest
frame 12 pm flux density which is far from the peak of the dust emission, and therefore
could easily have biased SFR values.

We observe in the FIR a sample of LBGs at 0.7<z< 1.6 (FUV dropouts) and at
1.6 <2< 2.8 (near-UV or NUV dropouts). We use the SPIRE instrument Griffin et al.
(2010) on Herschel Pilbratt et al. (2010) with observations from HerMES Oliver et al.
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(2010)7. This is the first opportunity to estimate directly the dust luminosity (or upper
limits) of unlensed LBGs from FIR data. More information can be found in Burgarella
et al. (2011).

2. LBG samples

We cross-correlate the LBG samples defined in FUV and NUV using GALEX with the
HerMES multi-wavelength catalog in GOODS-North from Roseboom et al. (2010) over
19 x 12/, i.e., 0.063 deg®. Within this region we have 260 low-z LBGs and 1558 high-z
in UV and among them, the final 0.7 < z < 1.6 HerMES LBG sample contains 12 objects
and the 1.6 < z < 2.8 sample contains 1 object.

3. SED fitting

Dust luminosities, L, and other parameters are estimated using CIGALE (Noll et al.
2009, http://www.oamp.fr/cigale) for the LBGs detected with SPIRE. This code per-
forms a Bayesian analysis to estimate parameter by fitting models to the UV-to-submm
SEDs. One can select among two single stellar population libraries and several IR mod-
els/templates. An AGN component can also be added to estimate the AGN fraction but
fagy should only be used in a qualitative way above fagn ~ 0.3, since the number of
AGN models used is limited. The parameters of the dust attenuation law can be modified
and CIGALE allows for two separate stellar populations with a multiphase dust treatment.
Individual SEDs with the best models selected by CIGALE are shown in Fig. 1 for the
five LBGs with radio data and for one higher redshift (z = 1.9) LBG. Fig. 1 shows that
CIGALE is able to fit the SEDs from the FUV to the radio successfully.

4. Dust attenuation of Lyman Break Galaxies

For the LBGs not detected by Herschel, we can estimate log(Lir) by using whatever
limit provides the lowest value from the three SPIRE bands and therefore the lowest
limit for the dust attenuation in the FUV. As above, Lyyy is estimated from rest-frame
FUV measurements. Finally, from log(Lig /Lryv) we can estimate Apyy. Fig. 2 suggests
that the maximum level of attenuation depends on Lyyy — the most UV-luminous LBGs
yield a lower maximum Apyy than less UV-luminous ones. This is true for upper limits
as well as for detections. The two higher redshift lensed LBGs detected in FIR or in sub-
mm (the “Cosmic Eye”, Siana et al. 2009 and ¢B58, Siana et al. 2008) also comply with
this upper boundary, if we correct for the amplification. As do the two unlensed LBGs
MMBS8 (Chapman et al. 2000) and MMD11 (Chapman & Casey 2009). Of course, most of
the upper limits should populate the area below the observational limits but none would
prevent us from detecting LBGs that would have larger FUV dust attenuations than the
one suggested by the present data for a given Lpyy.

Reddy et al. (2010) find that UV-faint galaxies at z ~ 2.5 are less attenuated than UV-
bright galaxies. However, their figure 13 shows that we cannot exclude that part of their
detections are similar to ours, i.e. with Apyy decreasing with increasing Lryy. In Fig. 2
we overplot the mean relation from Reddy et al. (2010), modified to match our diagram
using the Burgarella et al. (2005) calibration of log(Lir /Lruv) into Apyy. Carilli et al.
(2008) and Ho et al. (2010) estimate the UV dust attenuation by comparing radio-based
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Figure 1. Observed spectral energy distributions of LBGs superimposed on best fit models
(Sy [mJy] vs. log A[pm]). Note that J123633.24620834.9 very likely hosts an AGN, as suggested
by the ciGALE SED fitting.

star formation rates to UV-based ones using a stacking analysis. We show in Fig. 2, the
two points corresponding to different log Lryy .

One explanation for this relates to the bimodal UV+IR luminosity function. Higher
luminosities are expected to be rarer, which translates into a less populated upper-right
part of Fig. 2.

To further understand the origin of this effect, we build a simple closed box model
assuming several exponentially decreasing star formation histories ¥(t) = ¥, e~t/7 with
7 = 0.1, 1 and 10 Gyr. We assume a mass of cold gas M,,s that forms stars following
a Salpeter initial mass function, and thus produce heavy elements and dust (Burgarella
et al. 2011). My,s evolves as follows:

dMyas fdt = —U(t) + E(t), (4.1)

where E(t) is the mass ejected by stars at the end of their lifetime.

The models overplotted in Fig. 2 show that this simple closed box model follows the
same trend as the LBGs in the diagram. The initial mass of gas is set to log(Mgas/Mg) =
10.5 to explain the low redshift LBGs and log(Mgas/Me) = 11.0 (not plotted) for the
high redshift LBGs.

https://doi.org/10.1017/51743921311023015 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311023015

316 D. Burgarella et al.

6.00
+ 1BG1_250um
- = =Upper imits 2207
L]
5.00 18G2_250um
= = =Upper imits 7=16

== Ldust scale
% Cosmic Eye & cB5B lensed
B MMS, MMD11, Cosmic Eye & cB58
—&— Closed Box, tau=0.1
~@ Closed Box, taus1
~8— Closed Box, tau=10

4.00

3300

Reddy et al, ('10)
2.00 i
—19G borders
1.00
A
e I
9.000 10.000 11.000 12.000 13.000 14.000

Log Ly

Figure 2. The relationship between attenuation and UV luminosity for LBGs. Green boxes are
those detected up to 24 ym and red diamonds are those detected by Herschel. The two big red
stars are the two high redshift LBGs (the Cosmic Eye and ¢B58) as observed, while the big
red squares are the same sources after correcting for the amplification plus two unlensed ones.
The blue dots, green boxes and red triangles are the closed-box models, plotted as a function
of time (over 0-13 Gyrs) from the top-left to the lower right part of the diagram. The vertical
scale provides the values of Lir in steps of 0.1dex. The two crosses linked by a dashed line are
radio-based measurements. Finally, the orange shaded area corresponds to the models of Reddy
et al. (2010). The bottom line of this figure is that for our LBG sample, the maximum dust
attenuation appears to decline with increasing Lgu,s: that corresponds to the upper branch of
Reddy et al. (2010).
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