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ABSTRACT

We derive photometric redshifts from 17-band optical to mid-infrared photometry of 78 robust
radio, 24-pm and Spitzer IRAC counterparts to 72 of the 126 submillimetre galaxies (SMGs)
selected at 870 um by LABOCA observations in the Extended Chandra Deep Field-South
(ECDF-S). We test the photometric redshifts of the SMGs against the extensive archival
spectroscopy in the ECDF-S. The median photometric redshift of identified SMGs is z = 2.2
=+ 0.1, the standard deviation is o, = 0.9 and we identify 11 (~15 per cent) high-redshift (z >
3) SMGs. A statistical analysis of sources in the error circles of unidentified SMGs identifies
a population of possible counterparts with a redshift distribution peaking at z = 2.5 £ 0.2,
which likely comprises ~60 per cent of the unidentified SMGs. This confirms that the bulk of
the undetected SMGs are coeval with those detected in the radio/mid-infrared. We conclude
that at most ~15 per cent of all the SMGs are below the flux limits of our IRAC observations
and thus may lie at z 2 3 and hence at most ~30 per cent of all SMGs have z = 3. We
estimate that the full Sg70 .m > 4 mJy SMG population has a median redshift of 2.5 £ 0.5. In
contrast to previous suggestions, we find no significant correlation between submillimetre flux
and redshift. The median stellar mass of the SMGs derived from spectral energy distribution
fitting is (9.1 £ 0.5) x 10'° Mg although we caution that the uncertainty in the star formation
histories results in a factor of ~5 uncertainty in these stellar masses. Using a single temperature
modified blackbody fit with 8 = 1.5, the median characteristic dust temperature of SMGs is
37.4 £ 1.4K. The infrared luminosity function shows that SMGs at z = 2-3 typically have
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higher far-infrared luminosities and luminosity density than those at z = 1-2. This is mirrored
in the evolution of the star formation rate density (SFRD) for SMGs which peaks at z ~ 2.
The maximum contribution of bright SMGs to the global SFRD (~5 per cent for SMGs with
Sg70 um 2, 4 mJy or ~50 per cent extrapolated to SMGs with Sg70,;m > 1 mJy) also occurs at

z~2.

Key words: galaxies: evolution — galaxies: high-redshift — galaxies: starburst — submillimetre:

galaxies.

1 INTRODUCTION

Observations in the millimetre and submillimetre wavebands pro-
vide a uniquely powerful route to survey the distant Universe for
intense dust-obscured starbursts (Blain & Longair 1993). This is
due to the negative K-correction arising from the shape of the spec-
tral energy distribution (SED) of the dust emission in the rest-frame
far-infrared (FIR), which results in an almost constant apparent flux
for sources with a fixed luminosity at z ~ 1-8.

Over the past decade, a series of ever larger surveys in the submil-
limetre and millimetre wavebands have mapped out a population of
sources at mJy-flux limits with a surprisingly high surface density
(e.g. Smail, Ivison & Blain 1997; Barger et al. 1998; Hughes et al.
1998; Eales et al. 1999; Bertoldi et al. 2000, 2007; Coppin et al.
2006; Knudsen, van der Werf & Kneib 2008; Weil} et al. 2009;
Austermann et al. 2010). The mJy fluxes of these sources imply
FIR luminosities of >10'> L), if the sources are at cosmologi-
cal distances, z 2 1, classifying them as ultraluminous IR galaxies
(ULIRGsS; Sanders & Mirabel 1996). Their high surface density is
far in excess of that expected from a ‘no-evolution’ model, suggest-
ing very strong evolution of the population: o (1 + z)* (Smail et al.
1997; Blain et al. 1999). If this results from the strong luminos-
ity evolution of starburst galaxies [as opposed to obscured active
galactic nuclei (AGNs); Alexander et al. 2005; Laird et al. 2010],
then a significant fraction of the massive star formation (and metal
production) at high redshift may be occurring in this population.

To confirm this evolution and understand the physical processes
driving it requires redshifts for the submillimetre galaxies (SMGs).
Due to the coarse spatial resolution of the submillimetre and mil-
limetre maps with which the SMGs are identified, combined with
their optical faintness (in part due to their high dust obscuration),
it has proved challenging to measure their spectroscopic redshift
distribution (e.g. Barger, Cowie & Sanders 1999; Chapman et al.
2003a, 2005).

In fact, spectroscopic redshifts are not necessary to map the broad
evolution of the SMG population; cruder photometric redshifts can
be sufficient, if they are shown to be reliable. Various photometric
redshift techniques have therefore been applied in an attempt to
trace the evolution of SMGs, using their optical/near-/mid-IR or
FIR/radio SEDs (e.g. Carilli & Yun 1999; Smail et al. 2000; Ivison
etal. 2004; Pope et al. 2005, 2006; Aretxaga et al. 2007; Ivison et al.
2007; Clements et al. 2008; Dye et al. 2008; Biggs et al. 2011).

Both the spectroscopic and photometric analyses suggest that the
bulk of the SMG population lie at z > 1, with an apparent peak at z ~
2.2 for the subset of SMGs which can be located through their uly
radio emission (Chapman et al. 2005). Nevertheless, there are signif-
icant disagreements between the different studies (see e.g. Chapman
et al. 2005; Clements et al. 2008; Dye et al. 2008), which may arise
in part due to differing levels and types of incompleteness in the
identifications and biases in the redshift measurements. The most
serious of these is the incompleteness due to challenges in reliably

locating the correct SMG counterpart. They are typically identified
through statistical arguments and physical correlations based on ra-
dio, mid- or near-IR emission (e.g. Ivison et al. 1998, 2000, 2005;
Smail et al. 1999; Pope et al. 2005; Bertoldi et al. 2007; Hainline
et al. 2009; Biggs et al. 2011), but these locate only ~60-80 per
cent of SMGs. The expectation is that the SMGs whose counterparts
are missed could potentially include the highest redshift (and thus
the faintest in the radio and mid-IR) examples, biasing the derived
evolution (Ivison et al. 2005; Dannerbauer et al. 2010). Attempts to
address this incompleteness through time-intensive submillimetre
interferometry have located a small number of previously unidenti-
fied SMGs (e.g. Dannerbauer et al. 2002; Wang et al. 2007; Younger
et al. 2007, 2009; Dannerbauer, Walter & Morrison 2008), but the
nature and redshifts of this unidentified subset of SMGs remain
critical issues for studies of the population as a whole.

In this paper, we use optical, near- and mid-IR photometry to
study SMGs detected in the Extended Chandra Deep Field-South
(ECDF-S) by the Large APEX BOlometer CAmera (LABOCA;
Siringo et al. 2009) on the Atacama Pathfinder EXperiment (APEX;
Giisten et al. 2006) 12-m telescope as part of the LABOCA ECDF-S
Submillimetre Survey (LESS; Weil} et al. 2009). The LESS mapped
the full 30 x 30-arcmin?> ECDF-S at 870 um to a noise level of
Og70um ~ 1.2mly beam™!, for a beam with the angular resolu-
tion of 19.2 arcsec. 126 SMGs were detected at >3.7¢ significance
(equivalent to a false-detection rate of ~4 per cent, Weil} et al.
2009) and robust or tentative radio, 24-um or IRAC mid-IR coun-
terparts are identified to 93 (75 robust and 18 tentative) SMGs
(Biggs et al. 2011). Here, we determine photometric redshifts for
the 90 of these SMGs with detectable optical and near-IR counter-
parts (72 robust and 18 tentative) in the new and archival multiband
photometry of the ECDF-S (described in Section 2). The LESS
is an ideal survey for this purpose because of its panoramic, deep
and uniform submillimetre coverage and extensive auxiliary data,
including the spectroscopy of sufficient SMG counterparts to ade-
quately test our photometric redshifts. In addition, the large size of
the survey allows us to statistically measure the redshift distribution
of the SMGs that we are unable to locate directly, in order to test
if their redshift distribution differs significantly from the identified
population.

The layout of this paper is as follows. In Sections 2 and 3, we
derive multiband photometry from new and archival observations,
while in Section 4, we describe the photometric redshift estimates
and tests of their reliability. The photometric redshifts, SED fits, ab-
solute H-band magnitudes, IR luminosities, dust temperatures and
star formation rates (SFRs) of SMGs are presented and discussed
in Section 5 and we give our conclusions in Section 6. Throughout
this paper, we use deboosted submillimetre fluxes from Weif et al.
(2009), J2000 coordinates and A cold dark matter (ACDM) cosmol-
ogy with Qy = 0.3, Q5 = 0.7 and Hy = 70 km s~! Mpc~!. All pho-
tometry is on the AB magnitude system, in which23.9m 5 = 1 pJy,
unless otherwise stated.
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2 SAMPLE SELECTION

In this paper, we consider the optical and IR counterparts to 126
SMGs in the ECDEF-S detected at >3.70 (Weil} et al. 2009) and
identified by VLA radio, MIPS (Rieke et al. 2004) 24-pm and
IRAC (Fazio et al. 2004) emission (Biggs et al. 2011). Following
convention and Biggs et al. (2011), we consider robust counterparts
as those with a corrected Poissonian probability of being unasso-
ciated with the submillimetre source (p; Downes et al. 1986) of
p < 0.05 in one or more of the radio, 24-um or IRAC data sets,
or p = 0.05-0.10 in two or more; tentative counterparts are those
with p = 0.05-0.10 for only one of the three identification criteria.
According to these definitions, Biggs et al. (2011) identified robust
counterparts to 75 LESS SMGs and tentative counterparts to a fur-
ther 18 SMGs. Only three of these robust counterparts, and none
of the tentative counterparts, are undetected in our optical and IR
imaging (Section 3).

Six of the SMGs have multiple robust counterparts; of these
four SMGs (LESS 2, LESS 27, LESS 49 and LESS 74) have two
counterparts, which as we will show in Section 4.1, having pho-
tometric redshifts consistent with them being at the same distance
and thus possibly physically associated. The choice of the precise
counterpart for the SMG is therefore irrelevant for these sources as
their physical interpretation is not dependent upon this. However,
the other two SMGs (LESS 10 and LESS 49) each has two robust
counterparts with photometric redshifts and SEDs that suggest they
are not physically associated. In these cases, from the information
currently available, it is not possible to determine which of the two
counterparts is the source of the submillimetre flux, or whether the
LABOCA detection is a blend of the emission from two galaxies.
To avoid bias, we have included all of the multiple counterparts in
our analysis, but we note that their small number means that their
inclusion does not significantly affect our results.

3 OPTICAL AND INFRARED DATA

SMGs typically have faint optical and near-IR counterparts (e.g.
Ivison et al. 2002), so we require deep photometry for accurate
photometric redshift estimates. The ECDF-S was chosen for this
survey because it is an exceptionally well-studied field and as such
we are able to utilize data from extensive archival imaging and
spectroscopic surveys. For completeness and uniformity, we only
consider surveys that cover a large fraction of the ECDF-S rather
than the smaller and deeper central Chandra Deep Field-South
(CDF-S) region. Therefore, we utilize the MUItiwavelength Sur-
vey by Yale-Chile (MUSYC; Gawiser et al. 2006) near-IR survey
for U- to K-band imaging (Taylor et al. 2009b), and the Spitzer
IRAC/MUSYC Public Legacy in ECDF-S (SIMPLE) imaging for
Spitzer IRAC data (Damen et al. 2011). We also include U-band
data from the deep GOODS/VIMOS imaging survey of the CDF-S
(Nonino et al. 2009); although this covers only ~60 per cent of
LESS SMGs, it is valuable for galaxies that are undetected at short
wavelengths in the shallower MUSYC survey.

In addition, we have carried out deep near-IR observations in
the J and K, bands with the HAWK-I (Pirard et al. 2004; Casali
et al. 2006; Kissler-Patig et al. 2008) at the ESO-VLT (ID: 082.A-
0890, PI: N. Padilla). The ECDF-S was covered with a mosaic
of 16 pointings in each band, with a total exposure time of 0.75
and 1.1h per pointing in the J and K bands, respectively. The
median seeing is 0.7 arcsec in J and 0.5 arcsec in K. Data reduction
has been performed using an upgraded version of the official ESO
pipeline for HAWK-I; customized calibration has been obtained

© 2011 The Authors, MNRAS 415, 1479-1508
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from observations of photometric standard stars. More details and
catalogues will be published in Zibetti et al. (in preparation).

For accurate photometric redshifts, we require consistent pho-
tometry in apertures which sample the same emitting area in each
of the 17 filters. For consistency between surveys and to ensure that
all detected SMG counterparts are included in this study, we extract
photometry from the available survey imaging rather than relying
on the catalogued sources. SMGs are typically brighter at mid-IR
than optical wavelengths due to their high redshifts and extreme
dust obscuration. Therefore, we use SEXTRACTOR (Bertin & Arnouts
1996) to create a source list from a combined image of the four
IRAC channels, which is weighted such that a given magnitude re-
ceives equal contributions from all of the input images. Real sources
are required to have at least four contiguous 0.6 x 0.6 arcsec? pixels
with fluxes at least 1.5 times the background noise. In addition, we
visually check the area within 15 arcsec of each LABOCA source
to ensure that no potential SMG counterparts are missed.

We next use APPHOT in IRAF to measure the fluxes in 3.8-arcsec-
diameter apertures for each of the four IRAC bands. We then cut
the catalogues to >30 based on the background noise and fi-
nally apply aperture corrections as derived by the SWIRE team
(Surace et al. 2005) to obtain total source magnitudes. The res-
olution in the U- to K-band imaging is better than the IRAC
(full width at half-maximum < 1.5arcsec compared to ~2 arcsec
for the IRAC) and so we convolve each U- to K-band image to
match the 1.5-arcsec seeing of the worst band. We next use Ap-
PHOT to measure photometry in 3-arcsec-diameter apertures at the
positions of the IRAC-selected sources. In all cases, we only al-
low APPHOT to re-centroid the aperture if centroiding does not cause
the extraction region to be moved to a nearby source, as flagged
by RAF’s CIER parameter when the centroid shift >0.5 arcsec. We
have not performed any deblending of the photometry but exami-
nation of the images suggests that fewer than ~10 per cent of the
SMG counterparts are affected. We note here that the photometric
extraction process is not restricted to SMGs and yields photometry
(which allows us to calculate consistent photometric redshifts) for
IRAC-selected sources throughout the ECDF-S.

Finally, to ensure equivalent photometry between the IRAC and
optical to near-IR filters, we create simulated IRAC images of point
sources. Using these images, we calculate that the correction be-
tween the measured IRAC total magnitudes and the photometry
extracted from 3-arcsec-diameter apertures on 1.5-arcsec-seeing
images is —0.014 + 0.017 mag, and as such we do not apply
any systematic corrections to the IRAC magnitudes at this stage.
In Section 4.1, we calibrate the photometry prior to photometric
redshift calculation in a process which corrects for small residual
offsets. A summary of our photometry is presented in Table 1.

The median number of photometric filters per SMG counterpart
is 15 and we require detections in at least three photometric filters in
order to calculate photometric redshifts. Our final sample therefore
contains 78 detected counterparts to the 72 robustly identified SMGs
with sufficient detectable optical to IR emission. In Section 5.2, we
show that the exclusion of the additional 21, tentatively identified,
counterparts does not bias our results.

We employ the spectroscopy of the ECDF-S to calibrate our
photometry with the SED templates (Section 4.1) and test our pho-
tometric redshifts (Section 4.2). We have examined the spectro-
scopic redshift catalogues from many archival surveys (Cristiani
et al. 2000; Croom, Warren & Glazebrook 2001; Bunker et al.
2003; Dickinson et al. 2004; Le Fevre et al. 2004; Stanway et al.
2004; Strolger et al. 2004; Szokoly et al. 2004; van der Wel et al.
2004; Zheng et al. 2004; Daddi et al. 2005; Doherty et al. 2005;
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Table 1. Summary of the photometry employed in this paper.

Filter Aeffective  Detection limit  Reference
(pm) (30'; mag)

MUSYC WFI U 0.35 26.9 Taylor et al. (2009b)
MUSYC WFI U38 0.37 254 Taylor et al. (2009b)
VIMOS U 0.38 28.4¢ Nonino et al. (2009)
MUSYC WFI B 0.46 26.8 Taylor et al. (2009b)
MUSYC WF1 V 0.54 26.7 Taylor et al. (2009b)
MUSYC WFIR 0.66 25.8 Taylor et al. (2009b)
MUSYC WFI [ 0.87 24.9 Taylor et al. (2009b)
MUSYC Mosaic II z 0.91 24.5 Taylor et al. (2009b)
MUSYC ISPLJ 1.25 23.6 Taylor et al. (2009b)
HAWK-1J 1.26 25.7 Zibetti et al. (in
preparation)
MUSYC Sofl H 1.66 23.0 Taylor et al. (2009b)
MUSYC ISPI K 2.13 22.7 Taylor et al. (2009b)
HAWK-I K 2.15 25.3 Zibetti et al. (in
preparation)
SIMPLE IRAC 3.6 um 3.58 24.6 Damen et al. (2011)
SIMPLE IRAC 4.5um  4.53 24.4 Damen et al. (2011)
SIMPLE IRAC 5.8 um 5.79 22.8 Damen et al. (2011)
SIMPLE IRAC 8.0 um 8.05 23.5 Damen et al. (2011)

“The listed depth of the VIMOS U band is that of the central region. The
typical depth in the shallower outskirts is 28.0 mag.

Mignoli et al. 2005; Grazian et al. 2006; Ravikumar et al. 2007;
Kriek et al. 2008; Vanzella et al. 2008; Popesso et al. 2009; Treister
et al. 2009; Balestra et al. 2010, Koposov et al., in preparation).
This search provides robust and tentative spectroscopic redshifts
for ~1800 galaxies with the ECDF-S, including 12 SMGs. A full
analysis of the spectroscopic properties of LESS SMGs, including
the spectroscopy from our own ongoing spectroscopic survey with
the VLT (PID: 183.A-0666, PI: 1. Smail), will be published in full
in Danielson et al. (in preparation).

4 ANALYSIS

4.1 Photometric redshift calculation

We use Hyperz! (Bolzonella, Miralles & Pell6 2000) to calculate the
photometric redshifts of counterparts to LESS SMGs (Biggs et al.
2011). Hyperz compares a model SED to observed magnitudes
and computes x? for each combination of the spectral type, age,
reddening and redshift, and thus statistically determines the most
likely redshift of the galaxy. We use the elliptical (E), Sb, single
burst (Burst) and constant star formation (CSF) spectral templates
from Bruzual & Charlot (1993) which are provided with HyPErz,
and allow reddening (Calzetti et al. 2000) of Ay = 0-5 in steps of
0.2. This combination of templates and Ay was shown by Wardlow
et al. (2010) to be sufficient for calculating photometric redshifts
of SMGs. Redshifts between 0 and 7 are considered and galaxy
ages are required to be less than the age of the Universe at the ap-
propriate redshift. In Section 4.4, we show that the Hyperz-derived
galaxy ages cannot be reliably determined, but we note here that
the requirement for SMGs to be younger than the Universe does
not significantly affect the derived redshifts. Galaxies are assigned
zero flux in any filter in which they are not detected at >3o, with
an error equal to the 1o detection limit of that filter. To ensure that

I'We use Hyperz version 10.0 (http://www.ast.obs-mip.fr/users/roser/
hyperz/)

galaxies at z ~ 2-3 do not have their redshifts systematically un-
derestimated, we have modified the handling of the Lyman « forest
in Hyperz, such that the intragalactic absorption in the models is
increased and three different levels of absorption are considered in
the fitting process. The reliability of the calculated redshifts and the
validity of these settings are tested in full in Section 4.2.

We test for small systematic discrepancies between the photom-
etry and model SEDs prior to using HyPErz to calculate photomet-
ric redshifts of SMGs. This is done by running Hyperz on 1796
galaxies and AGNs with spectroscopic redshifts in the ECDF-S
and requiring a fit at the observed redshift. We then compare the
model and measured magnitudes for each galaxy, and iteratively
adjust the zero-points of the filters with the largest systematic off-
sets. This yields significant offsets for the following filters: VIMOS
U (0.083 mag), MUSYC U (—0.091 mag), U38 (—0.074 mag), R
(0.049 mag), I (0.048 mag), z (0.095 mag), HAWK-1J (0.043 mag),
IRAC 3.6 (0.043 mag) and IRAC 8.0 pm (0.110 mag). The typical
uncertainties in these corrections are £0.02 and the remaining eight
filters have no significant corrections.

The calibrated photometry of the robust LESS SMG counter-
parts is listed in Table 2, and in Table 3, we provide the coordinates,
photometric redshifts, absolute rest-frame H-band magnitudes, FIR
luminosities and characteristic dust temperatures of the SMGs (Sec-
tion 5.7). We also provide the reduced x? of the best-fitting SED at
the derived photometric redshift and the number of filters in which
the SMG was detected and undetected (but observed). We caution
that the reduced x? for galaxies with only a few photometric de-
tections is typically low (<0.5) but the error on the photometric
redshift is typically large, since there are only weak limits on the
SED from the photometry. Therefore, the values of the reduced x?
should be considered in conjunction with the number of photomet-
ric detections when considering the reliability of the photometric
redshifts.

The median reduced 2 of the SMG counterparts is 2.3 (2.1 if only
the galaxies with reduced x2 < 10 are considered). This suggests
that our photometric errors are slightly underestimated and leads
to apparently overly-precise photometric redshift limits. Indeed, we
find that the Hyperz 99 per cent confidence intervals more reliably
represent the 1o errors, yielding ~68 per cent of SMGs with photo-
metric redshifts consistent with the spectroscopic redshifts. Theref-
ore, throughout this paper, we use the Hyperz 99 per cent confidence
intervals on the photometric redshift estimates to represent the 1o
uncertainty. Of the 78 SMG counterparts examined there are eight
with poor fits of the SED to the photometry (indicated with reduced
x2 > 10). Of these, one (LESS 39) is blended in the optical imaging
and two (LESS 66 and LESS 81) lie in stellar haloes. LESS 66 is
also likely to be a quasi-stellar object (QSO), as is LESS 96 (they are
both optically bright, unresolved point sources, with X-ray emis-
sion and broad emission lines in their spectra; see Appendix A),
and another four SMGs with reduced x2 > 10 (LESS 19, LESS 57,
LESS 75 and LESS 111) have excess 8 um flux compared to the
best-fitting SED, which is indicative of an AGN component (see
Section 4.3 for a full discussion). Since we did not include any
QSO or AGN templates in the fitting procedure, it is unsurprising
that these sources are not well represented by the employed SEDs.
We note here that, as we show in Section 4.3, the exclusion of AGN
templates does not bias our photometric redshift estimates.

4.2 Reliability of photometric redshifts

To test the reliability of our photometric redshifts (zpho), We
first compare them to the spectroscopic redshifts (zge.) for 1796

© 2011 The Authors, MNRAS 415, 1479-1508
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Table 2 - continued

HAWK-IJ H MUSYCK  HAWK-IK 3.6 um 4.5 um 5.8 um 8 um

MUSYC J

MUSYC U U38 VIMOS U

Source

19.07 + 0.03
20.95 +0.09

19.79 + 0.08
20.52 £0.11

22.10+£0.19 22.17+0.03 21.07 £0.06 20.43 +0.05

2386 +£0.02 23.60+0.02 2342+0.04 2338 +0.08 23.50+0.13 22.81+0.16 22.95+0.04

25.66 £0.12 25.67+0.13 2586+0.32 25.65+0.52 24.06+020 23.33+0.24

25.14 +0.08 24.80 +0.20

26.83 +0.33
26.37+£0.23
25.94 +0.16
26.42 +0.24

LESS 75

~
&~

20.92 £0.05 20.59 + 0.05

2220+ 0.20

25.56 £ 0.11

>25.40
>25.40
>25.40
>25.40

LESS 78

2516 £0.08 24.84+0.06 2454 +£0.10 23.61+£0.10 23.74+0.16 22.63+0.13 2241+0.03 22.09+0.14 21.24+0.09 21.20+£0.02 20.32+0.04 20.16+0.04 20.32+0.10 20.87+0.07

2418 +£0.03 23.73+0.02 23.39+£0.04 22.79 +0.05
25.10+£0.07 25.03+0.08 24.89 +£0.14 24.43+0.20

LESS79

1991 £0.04 20.11 £0.09 20.61 £0.07

2138 £0.04 22454+0.03 21.49+0.08 20.90+0.07 21.70+0.02 20.18 +0.04

>24.48

25.62 +0.11

LESS 81

Wardlow et al.

22.10+0.03 2143 4+0.07 21.08 £0.06 20.92+0.13 21.10 £ 0.08

2336+ 0.05 22.81 £0.26 21.71 £0.13

>23.64

LESS 84

21.32+0.06 21.07+0.06 21.03+0.14 20.90 +0.07

23.51+£0.06 23.05+0.32 22.00+0.17 22.05+0.04 21.15+£0.06 20.85+0.06 20.73+0.12 21.09 £ 0.08

19.50 + 0.01

25.52+0.11

LESS 87

2542 +£0.10 25.10+£0.08 2498 £0.15 24.27+0.17 2443 +£028 23.25+0.23

26.78 £0.32 >25.40 2598 £0.11

LESS 88

19.43+£0.03 19.07 £0.05 18.59 £0.02
19.84 £ 0.04

19.63 + 0.03

19.59 + 0.01
21.40+£0.02 20.22 +0.04

23.16 £0.05 2244 +0.11

19.76 + 0.02
2149 £0.11

19.77 £ 0.04

19.72+£0.00 19.74 £ 0.01

19.99 + 0.00
24.61 £0.23

21.324+0.10 20.824+0.00 20.62+0.00 20.40 %+ 0.00

21.92+0.00 21.73 +0.01

LESS 96

19.99 +0.08 20.31 £+ 0.05

>23.02

24.64 +0.33 2341 +0.26 2298 +0.04

>26.68 >25.79
25.58 +£0.25

>26.81
27.28+0.13 26.70 £0.29 26.20 £ 0.21

>26.85

LESS 98

21.93+0.10 21.62+0.18 21.55+0.10

>24.48 >23.64 24.33 +£0.10 >22.72
21.29 £ 0.09

2449 +£0.29 2291 +0.17

>24.94

>25.40
>25.40

2043 £0.04 20.13+£0.04 20.17 £0.09 20.92 £ 0.08

21.51+£0.07 21.254+0.07 21.12+£0.14 21.77+£0.12

2693 £0.34 26244022 2598 +0.35 2497 +031

>26.85
>26.85
>26.85

02

LESS

2278 £0.33
21.33+£0.10 21.224+0.02 20.22 +0.04

>23.64

>24.48
2438 £0.27 23.07+0.20 2271 £0.04 21.76 £0.11

17.94 + 0.00

>24.94
24.51 £0.21
18.02 + 0.00

>25.79
>25.79
18.60 = 0.00

>26.68
>26.68
19.11 £ 0.00

>26.81
>26.81
19.64 + 0.00

03

LESS

19.91 £0.08 20.06 £ 0.05

17.84 +0.03

19.83 £ 0.04

17.79 £ 0.01
23.13+0.16 2244+0.12 21.82+0.20 21.72+0.12

>25.40

06

LESS

1735+ 0.00 17.154+0.04 17.00 £0.00 16.99 + 0.00 -

17.41 £ 0.00

20.82 +0.10

08 21.25+0.00 21.00+0.01

25.06 £0.07 25.03 +0.25

21.04 £0.06 20.98+0.06 20.81 +£0.12 20.23 £0.05

2093 £0.05 20.59 +0.05

19.93 +0.03
22.58 £0.12

21.57+£0.12

2227 +£0.04 2275+0.15

23.82+£0.02 2331+0.02 2279+0.02 22.38+0.03

26.98 +0.15
4 25314+0.09 25244029 2498 +0.10 24.52+0.04 24.21+0.04 2387 +£0.06 23.05+0.06 22914007 21.63+0.06 21.62+0.02 20.97+0.05 20.68+0.05 20.67+0.01

20.43 £0.10  21.06 & 0.08
19.86 +0.08 20.10 £ 0.05

21.41 £0.18

19.66 + 0.03

20.93 +0.08

20.56 £0.05 20.31 £0.05 20.53 £0.11

2398 £0.08 23.39+0.17 23.81+0.25

22.79+026 21.77+0.14 21.87£0.03 2099 £0.05 20.70 &+ 0.05

21.60 +£0.09 2147 +0.11

24.30 + 0.08

>25.79 24.09 £0.15 - 22.58 £0.13
2379+ 0.16 23.34+0.25 23.23+0.05

>26.68

>26.81

>25.40

7 26424024

>23.50

2277 £0.34

LESS

LESS

20.74 £0.12  21.33 £ 0.09

19.59 +0.07

24.60 +0.23

>25.79

26.77 £ 030 25.99 +0.18

>26.85 >25.40 -

120

LESS

19.67 + 0.04

19.88 + 0.04

22.86 £0.07 21.96+0.07 21.96+0.03 21.43+0.08 21.20+0.09 21.00+0.02 20.24+0.04

LESS122 24.83+0.06 2470+0.19 2442+0.10 23.774+0.02 2344 +£0.02 23.28+0.03 22.94+0.05

LESS 126

23.84 +£0.07 22.724+0.24 2299 +£0.38 22.24+0.03 21.294+0.06 21.04 £0.06 21.21+0.14 21.68+0.10

>23.64

>24.94

26.61 +0.30 25.87 +0.32

26.87 £0.12 26.32 +0.21

>25.40

>26.85
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Figure 1. Spectroscopic redshift against Az/(1 + z) for robust counterparts
to LESS SMGs. We distinguish between high- and low-quality spectroscopic
redshifts as determined by the flags provided in most archival catalogues, and
highlight the likely QSO (LESS 96; see Appendix A). The median (mean)
Az/(1 + z) for all the SMGs is 0.023 £ 0.042 (0.033 £ 0.094). The inset
plot shows the histogram of Az/(1 + z) for 1796 galaxies and AGNs in the
ECDE-S with spectroscopic redshifts. The distribution is centred on 0.016
=+ 0.002 and has a 1o dispersion of 0.05. We conclude that our photometric
redshifts are a good proxy for spectroscopic redshifts for both samples.

galaxies and AGNs in the ECDF-S and calculate Az = Zspee — Zphot
for each source (here and throughout this paper, errors on median
measurements are from bootstrapping). The histogram of Az/(1 +
2) for these 1796 sources is shown as an inset in Fig. 1; the sample is
centred on Az/(1 4+ z) = 0.016 & 0.002 and has a 1o dispersion of
0.05. We define outliers as sources with |Az|/(1 4 z) > 0.3; the out-
lier fraction for these 1796 field galaxies and AGNs is 0.15. We also
calculate the outlier resistant normalized median absolute deviation
(NMAD) of Az, onmap = 1.48 x median(|Az — median(Az)|/(1
+ z)) = 0.097. These statistics show that our photometric redshifts
are a good proxy for spectroscopic redshift for these sources. We
also note that Hildebrandt et al. (2010) recently performed extensive
testing of the accuracy and reliability of 19 different photometric
redshift codes, including several neural networks and others with
training modes, on galaxies in the GOODS with a median spectro-
scopic redshift z < 1. They found that the performance of Hyperz,
without any training (to calibrate the photometric zero-points; Sec-
tion 4.1), is close to the average of all 19 codes.

However, the median redshift, z = 0.84, of this test sample is
lower than that expected for SMGs and the targets are typically
brighter at optical wavelengths, limiting the usefulness of these
comparisons for the SMGs. Therefore, we next test our photometric
redshift calculation on the 12 robust SMG counterparts with pub-
lished spectroscopic redshifts from archival surveys of the ECDF-S.
Fig. 1 shows spectroscopic redshift against Az/(1 + z) for these 12
SMG counterparts. Quality flags are published in many catalogues
and where possible we distinguish between high- and low-quality
spectroscopic redshifts. The median Az/(1 + z) for SMGs is 0.023
+ 0.042, the mean Az/(1 4+ z) = 0.033 £ 0.094 and onmap =
0.037, suggesting that our photometric redshifts for SMGs are re-
liable. We caution that the SMGs without reliable spectroscopic
redshifts are fainter on average than those with reliable redshifts,
which could also affect the quality of their photometric redshifts.
Although the median R-band magnitude of the SMGs detected in
the MUSYC survey is the same for the counterparts with and with-
out spectroscopic redshifts, all of the 12 SMGs with spectroscopic
redshifts are detected in the MUSYC R band, while only 36 of the
66 SMGs without spectroscopic redshifts are detected. We note that

© 2011 The Authors, MNRAS 415, 1479-1508
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Table 3. The catalogue of 78 robust counterparts to LESS SMGs, their photometric redshift estimates, reduced x?2 of the best-fitting SED and the number of
photometric filters in which the galaxy is observed. We also present the absolute rest-frame H-band magnitudes, the derived FIR luminosities and characteristic
dust temperatures of the SMGs.

SMG“ Short name RA? Dec.” Zphot© szed“’ Filters® My" Lpr® Tp" ID type’
(10"2Lg) (X)
LESS J033314.3-275611  LESS 1 03h33Mm14338  —27°56'1176  2.68%05 14 7[9]  —23.03 <38 <249 M
LESS J033302.5-275643  LESS2a 03M33m2155  —27°56'4477  1.80703; 28  16[1] 2342  <IS <199 M
LESS J033302.5-275643  LESS2b 03"33m268  —27°56'42/6 2277018 11 891  —23.15 30976, 442720 R
LESS J033321.5-275520  LESS3 03"33m21350  —27°55'20/1 3.927033 05 S[10] —24.66 <89 <352 M
LESS J033257.1-280102  LESS6 03"32M57:15  —28°1'1"S 040700 43 16[1] —2029 0.09700F 128704 RM
LESS J033315.6-274523  LESS7 03"33™m15%41  —27°45'2470 2817008 69 16[1] -2550 162753 411735 RM
LESS J033211.3-275210  LESS9 03"32m11535  —27°52'1279 4631010 24 6[9] —2529 203%Y, 48383 RM
LESS J033219.0-275219 LESS10a  03"32™M19%04 —27°52'14/3 2467013 60  12[5] -2346  877%; 345737 R
LESS J033219.0-275219 LESS10b  03"32™19:30 —27°52'19/1 0917007 45  15[2] -2332  0.87)3 186710 R
LESS J033213.6-275602 LESS 11 03"32M13184  —27°55'59'8  2.60T030 32 7[9] —24.04  9.9%% 35975 R
LESS J033248.1-275414 LESS12  03"32M47396 —27°54'1671 3.92)9% 01  6[11] —2406 182%]7% 456775, RM
LESS J033152.6-280320 LESS 14  03"31™5247  —28°3'1876 3.5670%22 08 7091 —2474 32.6%%¢  51.37% RM
LESS J033333.4—275930 LESS15  03"33"33:35 —27°59'2974 1.957395 02  4[8] -2359 <18 <226 M
LESS J033218.9-273738 LESS16  03"32™1870 —27°37'43’5 1097008 41 17[0] 2405  1.2704 208%1% R
LESS J033207.6-275123  LESS 17 03"32m726  —27°5120/1 1557000 1.0 17[0] 2411  6.67]3 32710 RM
LESSJ033205.1-274652  LESS 18 03"32m4287  —27°46'47/4  2.07T008 24 16[1] —2488 13873 40273 RM
LESS J033208.1-275818  LESS 19 03"32m8123  —27°58'1377 2.11701 103 10[6] —22.80 3477 283133 RI
LESS J033316.6-280018 LESS20  03"33"™1677  —28°0'1578  2.807037 22 9[7]  —2428 903M%  124.67]5, RM
LESSJ033147.0-273243  LESS22 03"31M46:90 —27°32/38/8  1.95703% 24 6[4] 2467 104738 36678 RM
LESS J033336.8—274401 LESS24  03"33"36397 —27°43'5871 1.72793% 26  11[2] 2406  4.17%¢ 29.2"3%  RM
LESS J033157.1-275940 LESS25  03"31™56385 —27°59'3879 2.2870% 30 1321 2447 81718 36472%F RM
LESS J033149.7-273432 LESS27a  03"31M49388  —27°34'3074 2.107399 0.1  4[11] -2283 <2 <251 1
LESS J033149.7-273432 LESS27b  03"31™49192  —27°343¢/7 246704 19  7[6] —23.73 <3.1 <281  MI
LESS J033336.9-275813  LESS29  03"33"36388  —27°58'8/8  2.647336 0.1 48] —2413 8415 368740 R
LESS J033150.0-275743  LESS31 03"31M49877  —27°574004  3.63705% 03 6[9] —2430 99790 418783 RI
LESS J033217.6-275230 LESS34  03"32™17%60 —27°52281 0.8670¢% 3.8  17[0] -2353 <03 <156 M
LESS J033149.2-280208 LESS36  03"31M4894  —28°2'1376 2497037 03 7[7] -2458 78755 367753 RM
LESS J033336.0—275347 LESS37  03"33"36:01 —27°53/49’4 3.5270%% 40  11[1] -2495 <69 <373 M
LESS J033144.9-273435 LESS39  03"31™4500 —27°3436¢"3 259700 126 1311 —2425 82738 37713 RM
LESS J033246.7-275120  LESS 40 03"32M46:77  —27°51'20/7  1.907010 3.1 17[0] -2361 105710 397731 RM
LESS J033110.5-275233  LESS41  03"31™10%09 —27°52/36/3 2.747¢3% 00  4[0] -2556  <4.0 <299 1
LESS J033307.0-274801  LESS43 03h33m663  —27°48'179 167107 20 8[9] 2335 <13 <28 Ml
LESS J033131.0-273238 LESS44  03"31M31319 —27°32/38’6 2491090 28  11[0] -—2482 1487} 43072 RM
LESS J033256.0-273317 LESS47  03"32755%99  —27°33'1879 2907043 15 8[6] -2377 <45 <327 Ml
LESS J033237.8-273202 LESS48  03"32m3800 —27°31'59’4 1917038 02 4[] —2457 75733 3503 RM
LESS J033124.5-275040 LESS49a  03"31m24%45 —27°50'37/5 150101 50 12011 -2322 1870 250728 RM
LESS J033124.5-275040 LESS49b  03"31m24%69  —27°50'46’4 331702 07  11(2] 2413 359785 58478 R
LESS J033141.2-274441 LESS50a  03"31M41311 —27°44'4274 0.85701% 23 17[0] —21.91 <03 <159 M
LESSJ033141.2-274441  LESS50b  03"31M40897 —27°44'34’8 2.69703% 7.6  11[5] —2467 151759 456757 RM
LESSJ033243.6-273353  LESS54  03"32m43%62 —27°33'56/6 1.84702 37  7[6] -2335 <16 <241 M
LESSJ033153.2-273936  LESS56  03"31™53%11 —27°39'37/3 246703, 06  9[8] —2438 5173% 343" RM
LESSJ033152.0-275329  LESS57  03"31M51393 —27°532678 2.947011 108  1l1[6] —2426 11.873F  43.673¢ RM
LESSJ033303.9—-274412  LESS 59 03"33m3%62  —27°44'1276 140707 19 13[4 2352 13707 23573¢  RM
LESSJ033317.5-275121  LESS60  03"33"17353 —27°51'27'5 1.647000 51 17[0] —2401  4.07)¢ 318731  RM
LESSJ033236.4—273452  LESS62  03"32m36352 —27°34'5370 1.52702% 08  16[1] —2445 79737 37573 RM
LESSJ033308.5-280044  LESS 63 03"33M849  —28°0'42/8 1397007 25 15[1]  -23.50  1.3%0% 238724 RM
LESSJ033201.0-280025  LESS 64 03h32m0898  —28°0'25'3 419709 19 11[4] 2431 124737 483731 RM
LESSJ033331.7-275406 ~ LESS66  03"33"31302  —27°54'1073 239700 372 14[0] -2578 10008 41.0%3F RM
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Table 3 — continued

SMG* Short name RA? Dec.b Zphot szedd Filters® My' LprS Tp" 1D typei
(10"2Lg) (X)
LESSJ033243.3-275517  LESS 67 03"32m43218  —27°55'1472 227709 32 16(1]  —24.82  11.97)% 428737 RM
LESSJ033144.0-273832  LESS70  03"31™43192  —27°38'3572 2317002 38  17[0] —2448 441719 610732 RM
LESSJ033240.4-273802  LESS72 03"32m40%05  —27°38'875  0.86700% 20  17[0] —2346 05102 192H9 M
LESSJ033229.3-275619  LESS73 03M32m29%28  —27°56'18/9  4.6170% 1.1 8191 —2442 1237137 493792 R
LESSJ033309.3-274809 ~ LESS74a  03"33"9i34  —27°48'1579 184703 09  10[6] —2349 2873 20273 RI
LESSJ033309.3-274809  LESS74b  03"33m9%14  —27°48'16"6 1717929 25  10[6] —2329  3.07% 206731 RI
LESSJ033126.8-275554  LESS75 03"31M2717  —27°55'5079 2467005 332 15001 2539 11573 43.173% RM
LESS J033340.3-273956  LESS78 03"33m40816  —27°39'4877  2.12%03 23 12[1] 2442 8577 392737 R
LESS J033221.3-275623 LESS79  03"32m21361 —27°56'23/1 141703 22 16[1] —23.89 1574 254735 RM
LESS J033127.5-274440  LESS 81 03"31M2754  —27°44'3975 2237013 279 14[1]  —2489 277735 544739 RM
LESS J033154.2-275109 LESS84  03"31m54349  —27°51'5"3 2297005 36  14[3] 2414 4575 34573% 1
LESS J033251.1-273143  LESS 87 033250583 —27°31'4172 3207040 01 5[0]  —24.84 37.003%,  60.1%35 RM
LESS J033155.2—-275345  LESS 88 03"31Mm54581  —27°53/4079 2357000 1.1 16[1]  —2437 11273 44075 R
LESS J033313.0-275556  LESS96 03"33m12562  —27°55/5176 2717095 220 17[0] —2630 160732 49773 RM
LESS J033130.2-275726  LESS98 03"31m29:89  —27°57'2274 1557017 1.0 104 —2440 78738 399744 RM
LESS J033151.5-274552  LESS101  03"31™51353  —27°45'53’1 239703 25  10[71 -2351 3873 33873 R
LESS J033335.6-274020 LESS102  03"33"35i56 —27°40'23"2 1.687043 1.1 11[2] —2434 <13 <249 M
LESS J033325.4-273400 LESS103  03"33"25i37 —27°33'58/5 1.84703 03  5[71 2344 <16 <263 M
LESS J033140.1-275631  LESS106  03"31™4017 —27°56/22"4 1967031 2.1 11[5] —2500 63735 385734 RI
LESS J033316.4—-275033  LESS108  03"33"16351 —27°50'39/3 0207003 63  15[0] —2275 02701 24573 RM
LESS J033122.6-275417 LESS110  03"31™22363 —27°54'17/0 23570} 00  4[0] —23.22 <28 <314 MI
LESS J033325.6-273423  LESS111  03"33m25%21  —27°34'2579  2.6175004 144  13[0] —2449 98734 441739 RM
LESS J033249.3-273112  LESS112  03"32™4885 —27°31'1278  1.817032 07  5[0] —24.02 23™3 285738 RI
LESS J033150.8—274438 LESS114  03"31™51508  —27°44’370 1577008 1.6 17(0] —2461  53%5 368737 RM
LESS J033349.7-274239  LESS115  03"33™49%66 —27°42'34/0 4757335 00  2[0] —2565  <I3.5 <523 1
LESS J033128.0-273925 LESS117  03"31"27%62 —27°39'273 1737037 33  9[4] 2423 573¢ 377727 R
LESS J033121.8-274936  LESS118  03"31m21391 —27°49'3470 2.1771% 17 5[ —2221  28%3%°  318M87 R
LESS J033328.5-275655 LESS120  03"33m28:55 —27°56/5471 1437030 22 13[(3] -2341 2105 292739 RM
LESS J033139.6-274120  LESS122  03"31™39352  —27°41'1974 2087008 52 17[0] —2514 224728 552782 RM
LESS J033209.8—-274102 LESS126  03"32m9%60  —27°41'6’9  2.027017 24 1204 2384 2373 306757 Ml

“The SMG names correspond to those in Weif3 et al. (2009) and Biggs et al. (2011).

bCoordinates are the J2000 position of the optical/near-IR counterpart.

“Since Hyperz was restricted to 0 < z < 7, the five galaxies whose upper redshift limits yield a formal maximum redshift of zm,x = 7 are actually only
constrained in the lower redshift limit. Therefore, throughout this paper, the redshifts of these galaxies are plotted as lower limits.

4The reduced yx? of the best-fitting SED at the derived photometric redshift.

¢The number of photometric filters in which each SMG counterpart was detected (and the number of filters in which the SMG was observed but not detected,
providing a limiting flux).

/My is the absolute magnitude in the rest-frame H band.

8 As discussed in Section 5.7, the FIR luminosity (LgiRr ) is derived from the IR-radio correlation using the radio flux and the photometric redshift of each SMG.
"The characteristic dust temperature (7p) is derived as discussed in Section 5.7 from radio and submillimetre fluxes and the photometric redshift of each SMG.
ID types R, M and I indicate radio, 24-um and TRAC-identified counterparts, respectively (see Biggs et al. 2011 for details).

7As shown in Section 5.1, LESS 20 appears to contain a radio-loud AGN. Therefore, Lrr and T presented here are likely significantly overestimated due to
the AGN contribution to the radio flux, as such LESS 20 is excluded from our studies of the luminosity function, SFR and star formation history of SMGs
(Section 5.7).

a more extensive comparison using a larger sample of SMGs with
redshifts, from the ongoing VLT large programme (Danielson et al.,
in preparation), confirms the results that we derive here.

To assess the level of systematic uncertainties in the derived
photometric redshifts due to the adopted methodology, SED tem-
plates, and/or photometric data, we also use zEBRA (Zurich Ex-
tragalactic Bayesian Redshift Analyzer; Feldmann et al. 2006) to
independently calculate photometric redshifts. Our adopted proce-
dure is similar to that discussed in section 3.2 of Luo et al. (2010).

Briefly, we use zZEBRA to obtain a maximum-likelihood estimate for
the photometric redshifts of individual galaxies or AGNs using an
initial set of 265 galaxies, AGNs and galaxy—AGN hybrid SED
templates. These SED templates were then expanded to 463 tem-
plates during the template-training mode of ZEBRA to best represent
the SEDs of the &2 Ms X-ray sources (Luo et al. 2010), includ-
ing AGNs. Besides the different SED templates used, this method
differs from the HypErz approach described in Section 4.1 in some
additional details such as how the redshift intervals and minimum
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photometric errors are determined (see section 3.2 of Luo et al. 2010
for details).

The zeBra-derived photometric redshifts (Zpnot,check) Were com-
pared to those listed in Table 3 (zpnor); the difference was measured
by 8Zphot = (Zphot,check — Zphot)/(1 + Zphor)- For sources with secure
spectroscopic redshifts, individual |8zpny| values range from ~0.01
to 0.10, indicating that both methods are able to deliver photomet-
ric redshifts to a similar accuracy. For the full sample, the mean
(median) value of §zphe is —0.006 (0.011), with an rms scatter of
0.028, suggesting that the photometric redshifts in Table 3 are fairly
robust. After accounting for the effective 1o errors of the photomet-
ric redshifts, only three (sources LESS 7, LESS 37 and LESS 111)
of the 78 sources have inconsistent Zphor and Zphot,check- AS some
sources have photometry data in addition to those presented in
Table 3, we also tested the effect of including more data points.
The photometric redshifts differ by a mean value of [8zppe| of 0.024
with an rms error of 0.030, after including the WFI R-band data
(Giacconi et al. 2002; Giavalisco et al. 2004) for 25 sources and
the GALEX near-ultraviolet (near-UV) and far-UV data (Morrissey
et al. 2007) for three sources. Given the small difference caused by
the additional data, we consider the consistent aperture photometry
in Table 2 suitable for the purpose of deriving reliable photometric
redshifts.

Finally, we perform two checks of our photometric redshifts
against two independent analyses. Dunlop et al. (2010) have inde-
pendently calculated photometric redshifts for the six LESS SMGs
(five with robust counterparts) in the GOODS-South that were also
detected by the Balloon-borne Large Aperture Submillimeter Tele-
scope (BLAST) at 250 pm (Devlin et al. 2009). Their analysis uses
the photometry from the HST (Byss, Vos» 17755 Z850)> ISAAC on the
VLT (J, H, K) and Spitzer (3.6, 4.5, 5.8 and 8 um), and they use
Hyperz with the stellar population models of Charlot & Bruzual
(e.g. Bruzual 2007), which have a Salpeter initial mass function
(IMF). In all cases, the Dunlop et al. (2010) photometric redshifts
agree within their errors with those presented in Table 3, providing
further confidence that our photometric redshifts are reasonable for
SMGs.

Similarly, Cardamone et al. (2010) recently used photometry in
18 medium bands and 14 broad bands to calculate 32-band pho-
tometric redshifts for ~40000 optically selected galaxies in the
ECDF-S. Nine of these galaxies correspond to robust LESS SMG
counterparts (within 1 arcsec) and the photometric redshifts of seven
out of the nine galaxies are in good agreement with this work. The
outliers are LESS 70, which has a spectroscopic redshift (Danielson
et al., in preparation) that agrees with our photometric redshift, and
LESS 39.

4.3 The effect of AGNs on photometric redshifts

As discussed in Section 4.1, our photometric redshift calculations
are based on fitting stellar templates to the SMG photometry. How-
ever, studies have shown that the 8-pum flux in SMGs with a lumi-
nous AGN component can be dominated by the AGN and therefore
fitting stellar templates may yield misleading results (Hainline et al.
2009, 2011; Coppin et al. 2010b).

We employ two methods to identify potential AGNs in the LESS
SMGs. First, we cross-correlate the LESS SMG counterparts with
the Chandra X-ray catalogues of the CDF-S (Luo et al. 2008) and
ECDF-S (Lehmer et al. 2005). The Lehmer et al. (2005) catalogue
contains ~800 sources detected in a mosaic of Chandra 250-ks
pointings covering the ECDF-S, and the Luo et al. (2008) catalogue
details ~500 sources detected in 2 Ms of Chandra exposure on the
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smaller CDF-S. We use a radius of 1 arcsec to match the Chandra
and LESS counterparts, and find 12 X-ray luminous SMGs — five
in the ECDF-S, three in the CDF-S and four are detected in both
fields, due to an overlap between the observations. Secondly, we
identify nine SMG counterparts (12 per cent of the robust LESS
counterparts) with a large excess of 8-um flux compared to the
best-fitting SED template (Appendix B), which potentially indicates
obscured power-law emission from an AGN [or emission from hot
dust or polycyclic aromatic hydrocarbons (PAHs) powered by star
formation]. In total, this yields 15 SMG counterparts (22 per cent
of the robust LESS counterparts) which may contain AGNSs (six are
both X-ray detected and have an 8-pum exces