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ABSTRACT

O] 20 May 2010

U TheHerschel Lensing Survey (HLS) takes advantage of gravitational lensing by massive galaxy clusters to sample a population of high-redst

galaxies which are too faint to be detected above the confusion limit of current far-irifnalbedllimeter telescopes. Measurements from 100—
_C- . 500um bracket the peaks of the far-infrared spectral energy distributions of these galaxies, characterizing their infrared luminosities and

formation rates. We introduce initial results from our science demonstration phase observations, directed toward the Bullet cluster (1IE0657-

1 ' By combining our observations with LABOCA 87fn and AzTEC 1.1 mm data we fully constrain the spectral energy distributions of 19 MIPS

24um-selected galaxies which are located behind the cluster. We find that their colors are best fit using templates based on local galaxies
systematically lower infrared luminosities. This suggests that our sources are not like local ultra-luminous infrared galaxies in which vigorous <
formation is contained in a compact highly dust-obscured region. Instead, they appear to be scaled up versions of lower luminosity local gala
with star formation occurring on larger physical scales.

Key words. Infrared: galaxies — Submillimeter: galaxies — Galaxies: evolution — Galaxies: high-redshift — Galaxies: clusters: general
Gravitational lensing:strong

1. Introduction 100-50Q:m, sampling the rest-frame peak of the FIR emission

Luminous (and ultra-luminous) infrared galaxies ((U)LIRGS utto a redshift of = 4.

are a population of massive star-forming galaxies which con-
tain significant amounts of dust, absorbing the ultraviolet emis-

sion from newly formed stars within them and re-radia_tin_g this The depth of submm maps is ultimately limited by confusion
energy at far-infrared (FIR) wavelengths. The FIR emission ghie resulting from a high density of sources relative to the an-
these sources is therefore strongly correlcated with their leygliar resolution of the telescope. Gravitational lensing by mas-
of star formatlor]J activity (e.g. EenrlLlcutthlJQ@l)(ltzefr l;]/IIPdS sive galaxy clusters provides the only means to sample an abun-
measurements from 24-16M bracket the peak of the dustyani“nopulation of intrinsically faint or high-redshift infrared
emission from nearby (U)LIRGS. Therefore, MIPS observationfry galaxies which lie below this limit. Thelerschel Lensing
have_ be_en very successful in charac;tenzmg the spectral en vey (HLS) (Egami et al. 20110) will target40 galaxy clus-
d|str|but|on§ (SEDs) E.ind star formation rates (SFRs) of the I5¢ yith PACS and SPIRE to compile the first significant submm
cal population (e.d. Rieke etial. 2009). Similar measurementsatgiog of these galaxies. In this letter we present initial re-
FIR/submillimeter (submm) wavelengths are required t0 COQyis from our science demonstration phase observatiohs: 8
strain the SEDs of their higher redshift counterparts. Togeth®rpacg maps and 1% 17’ SPIRE maps centered on the Bullet
_the PACS|(Poglitsch et al. 20 10.) and SPIRE (fariet al..2010) cluster (1E0657-56). Details of these observations are presented
instruments on-boarderschel (Pilbratt et al. 2010) provide sen-i, [Egami et al. [(2010). This is a unique target because of its
sitive measurements of this population at five wavelengths frcgﬂon'g lensing botential and the richness of existing ancillary
. ) . . ata. We present the FIR properties of 19 MIPS:24selected
* Herschel is an ESA space observatory with science mstrumen&lilI : . :

. L , ; Jalaxies which are located behind the Bullet cluster. We com-
provided by E.urope.an-lfed Prmgg)il Igvesngator cor&sqrtlah.and Wiohre the shapes of their SEDs with those of local (U)LIRGS, and
important participation from . Data presented in this pap ) T . /-
were analyzed using “Theerschel Interactive Processing Environmentcompare their measured IR luminosities with predictions which
(HIPE),” a joint development by theerschel Science Ground SegmenteXxtrapolate this quantity from the observed MIPSu4 flux.
Consortium, consisting of ESA, the NASHerschel Science Center, Subsequent uses of MIPS in the text refer to the MIP&r24
and the HIFI, PACS, and SPIRE consortia. band.
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Fig. 1. The most highly magnified galaxy in our sample, HLS18, is the same LIRG first detected by Wilsoh et al. (2008) with AzTE(
at 1.1 mm.Left panel: 1.5x2’ thumbnails of the source at a variety of wavelengths highlight the importance of multi-wavelength
data to guide the interpretation of the lower resolution maps. IRAC data reveal three lensed images of the galaxy indicated v
white circles, although only emission from the two brightest images is detected ldetlsehel maps.Right panel: [Rieke et al.
(2009) SED template fit to the source. The fluxes include the contribution from both of the brightest images of the galaxy, indicat
by the two left-most circles in the thumbnails. The data points have not been de-magnified rhél@4is plotted for reference,
although it was not used in the fit. The best-fit modified blackbody is shown with a dotted line and is consistent with previol
estimates (Wilson et &l. 2008; Gonzalez et al. 2009; Rex et all 2009).

2. Data and source catalog ysis. Finally, we constrain our work to sources witt3-o- detec-

The PACS and SPIRE observations of the Bullet cluster w figns in at least twdHerschel bands. We are thereby left with a

e . e . . .
reduced using thelerschel Interactive Processing Environmen_éfgﬂlifets_ P15 significant background galaxies with spectroscopic

(HIPE). Small deviations from the standard pipeline are dis-

cussed i Egami et Al (2010). We also present the analysis of 4 additional galaxies selected

because of photometric redshift (photo-z) estimates suggesting
they are atzyhe > 1.5, and which are detected in LABOCA
2.1. Source selection 870um (Johansson etal. 2010) and AzTEC 1.1 mm maps of

: .. ... the field (Wilson et al. 2008). We have calculated photo-z's for
PACS and SPIRE data provide unprecedented sensﬂmﬂesmagse SOUrces using two rr?ethods: one based or? IRAC colors

FIR/submm wavelengths. Nonetheless, the precise idemiﬁC""t'(T‘f’H{arez-Gonzéllez etlal. 2005) and the other on the FIR—-mm col-
of IR galaxies based solely dterschel maps is complicated due rs (Hughes et al. 2002; Aretxaga et al. 2003). When the two es-

to relatively large beam sizes leading to confusion noise in t fh : ; ;
L ates disagree we have chosen the value which yields the low-
SPIRE bands. We have therefore constructed an initial cata g 9 y

ith th i fIR in th 'on based 2 fit to our SED templates. Including these galaxies in our
with the positions of IR Sources in the region based on SECUfgyis allows us to take advantage of the substantial correla-
(> 10-v) detections in the higher resoluti®itzer MIPS 24um

. tion between SPIRE maps and longer wavelength sutonmm
:ae?rgr }Eigngéslng;“nTag‘rgi?%'ge%cg;{eégﬁgsr;g;h; 1'maps of the field. These results demonstrate the strength of com-
the field. We select the positioﬁs for our photometry from thblnlng such data sets to identify a potentially higher redshift

; S . Ealaxy population.The positions of our selections, along with
MIPS catalog in an fort to minimize the &ect of Eddington corresponding MIPS anHerschel photometry can be found in

bias which artificially boosts the flux of sources selected frofﬁble{] (included in the online supplementary material)
confused submillimeter maps because of the steep underlying '

number counts. A proper statistical treatment of tHieat will
be presented in the more comprehensive analysis of this fieldviz. photometry
preparation.

In order to identify a subset of these initial sources whicHerschel photometry for these galaxies is measured by simulta-
lie behind the Bullet cluster, we have compiled all of the spedeously fitting the PSF at the positions of all of the ¢ 04IPS
troscopic redshift information for galaxies in the field obtainegources identified in our original catalog using routines included
thus far. A description of these redshift catalogs and our methitidhe IRAF package DAOPHOT. To ensure the maps are aligned
of association with the MIPS positions is given in Rawle ét alp the same astrometry smaffgets are applied to the PACS data
(2010). A histogram of the redshifts reveals a large group based on the results of stacking the @0 map on the MIPS
Bullet cluster members at~ 0.3, as well as a smaller cluster ofpositions and to the SPIRE data based on the results of stacking
galaxies located just beyondat 0.35 (Rawle et al. 2010). We the 25Qum map on the MIPS positions. The 50® map is also
have therefore chosen a lower limit pf> 0.40 to select back- corrected for contamination from the Sunyaev-Zel'doviffeet
ground field galaxies. With these criteria we assemble a sutfised on fits to the data presented in Zemcov et al. (2010) before
catalog of 50 MIPS-selected galaxies which are spectroscop@rforming photometry.
cally confirmed to be located behind the Bullet cluster. In many In cases where multiple MIPS galaxies fall within half the
cases one SPIRE beam contains more than one MIPS galaxyodéam size at the corresponding waveband, we approximate the
these instances we are sometimes able to use the PACS regmisition of the group by the average of the counterparts weighted
tion to identify the dominant source of the SPIRE emission. Hy their 24um signal-to-noise. We then take an iterative ap-
this is not possible we exclude the source from our present amaeach; fitting at the positions of the brightest sources first,
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Fig. 2. Left panel (a): SED template fits to HLS11, a redshift- 1 LIRG. The data points have been de-magnified by a factor of
1.4 based on our lensing models of the foreground cluster. Although both the R09 and the CEO1 templates predict the IR lumino
based on observed 24n emission to within a factor of 2, the 24n-predicted SEDs do not provide reasonable fits to the FIR—
mm data.Right top panels (b & c): The IR luminosity of the best-fit template as it corresponds to the local population is plotted
as a function of the actual IR luminosity of each galaxy. The SEDs of our sample are better fit by templates corresponding
systematically lower luminosity local galaxigRight bottom panels (d & €): The 24um-predicted IR luminosity is plotted as a
function of the actual IR luminosity of each galaxy. Both template families predict reasonable values for the luminosities of tt
galaxies in our sample, except in the cases of the ULIRIBRer-LIRGS aiz > 1.5. Note that HLS11 & HLS18 (Fid.]1) fall on the
trend line even though their SED shapes show significant deviation in (b) & (c).

removing them from the map, fitting at the positions of thd. Results
next tier, and so on until we have reached the &eise level
of the observation. This method is similar to that outlined iRigure[1 shows the most highly magnified galaxy in our sample,
Pérez-Gonzalez etlal. (2010), although we force the algorittfirst reported as a strongly lensed IRAC source (Bradac et al.
to fit the PSF at the MIPS positions rather than allowing for aiB006; Gonzalez et al. 2009) and independently found to be the
re-centering. brightest submiimm source in the field (Wilson etlel. 2008;
Rex et all 2009; Johansson etlal. 2010). Multiple images of the
galaxy are indicated with white circles. The right panel shows
our SED fit to the sum of the fluxes from the brightest of the two
images. SPIRE data indicate a 288 flux density which is 30%
Our analysis includes LABOCA 87dn and AzTEC 1.1 mm lower than that measured in the BLAST data (Rex et al. 2009),
photometry for our sources when itis®f3-o- significance. Four although the measurements are consistent within the uncertain-
of our objects have LABOCA counterparts withifi listed in the  ties. TheSpitzer InfraRed Spectrograph (IRS) spectrum of this
photometric catalog from Johansson etlal. (2010). In these casesrce confirms that it is at redshift= 2.79 (Gonzalez et al.
we use the deboosted flux given in the catalog for our analysis2010), consistent with published photo-z estimates similar to the
order to obtain photometry for the remaining sources, we maanes used for the four sources in our sample which lack spec-
sure the flux in an aperture of 4@t the MIPS position in order troscopic redshift information. At that redshift, our model in-
to get the total flux from the beam. This method is not the sard&ates a magnification of 50 due to gravitational lensing by
as that used in Johansson etlal. (2010), although it gives con#ig foreground cluster. This value is lower than other estimates
tent results for the 17 sources presented therein. In the case oftfesented in the literature (elg. Gonzalez etial. (2010) suggest
four sources chosen, in part, due to bright long-wavelength emésmagnification of~ 100). We note that this value should be
sion, we identify clear associations between the MIPS souriteated as a lower limit since there is likely to be additional local
and a significant, individual AZTEC source. In these cases Wemsing from nearby objects. We derive an observed IR lumi-
use the deboosted flux from the AzTEC catalog. For the othewsity of 28 x 10™ Ly based on the template SED fitting (see
sources the AzTEC fluxes are measured at the MIPS positidredow for a detailed discussion of this SED fitting procedure).
from a PSF-convolved map. In the instances where there if\dopting our estimated lower limit for the magnification of the
counterpart (within 8) in the AzTEC catalog, the fierence be- source indicates an intrinsic IR luminosity gf 5 x 10" Lg
tween the flux at the MIPS position and the deboosted pointhich is consistent with calculations previously reported in the
source flux is< 10%. literature (Wilson et all 2008; Gonzalez etial. 2009; Rex et al.
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2009;| Gonzalez et al. 2010), apart from the assumed magnifiedict reasonable values for the luminosities of the galaxies in
cation factor. The detection of such an intrisically faint galaxy isur sample, except in the cases of the ULIRB#er-LIRGS at

not possible without gravitational lensing, clearly demonstratirg> 1.5. The left panel of Fid.]2 shows a closer inspection of the
the power and promise of our strategy. SED fits, revealing that although the predicted IR luminosities
are consistant with the measured values, the SED templates se-
lected based solely on observed2d emission typically peak

at shorter wavelengths, and do not provide good fits to the FIR—
The galaxies in our sample span a redshift range4® @ z < mm data.

3.24. Knowing their redshifts, we can derive their apparent IR

luminosities. We use the lensing models described in Paraficz .

et al. (in prep.) to correct for the magnification of each sourée Conclusion

due to gravitational lensing by the foreground cluster and c&lje have presented the fitderschel analysis of galaxies located
culate the galaxies’ intrinsic properties. In our discussion of IRehind the Bullet cluster. We find that their colors are best fit us-
properties, we adopt nomenclature similar to that in Riekelet glg templates based on local galaxies with systematically lower
(2009), defining the total IR luminosity (iz) as the luminosity |R juminosities. This suggests that our sources are not like lo-
in the rest-frame wavelength range= 5-100Qum. The red- c3| ULIRGS in which vigorous star formation is contained in a
shifts, magnifications, and de-magnified IR luminosities of eaglympact highly dust-obscured region. Instead, they appear to be
source are listed in takilé 2. We assuml‘eGDMlcosmology with  scaled up versions of lower luminosity local galaxies with star
Qm=0.3,Q4 = 0.7, andHy = 70km s“Mpc™ for our calcula-  formation occurring on larger physical scales. A more compre-
tions. g . i hensive analysis of the field in preparation will combine our full
We use g¢* minimization routine to fit the SED templatescatalog of sources with LABOCA and AzTEC data to compile
presented in Rieke etial. (2009) (R09), as well as those presergegrger sample of these galaxies. By studying their relationship

iniChary & Elbaz|(2001) (CEO1). These templates are based@Nocal star-forming galaxies we can better understand the pro-
data from local galaxies and each is designated by a luminosifysses that govern their evolution.

class corresponding to the total infrared luminosities of the local

(U)LIRGS for which it provides the best fit. The left panel of

Fig.[2 shows an example of the template fits to a galaxy in oliable 2. Source properties.
sample. The solid lines show the best-fit R0O9 template (in blue)

3.1. SED properties

and CEOQ1 template (in red) to the FIR-mm data, excluding the ID z Mag  RO9 I3k [Lo]
24um point. The dotted lines show the respective fits to only the HLS01 0.61 1.1 2.6e-11
observed 24m point. The SED fits to the remaining galaxies in HLS02 227+1,4.1] 1.00 4.0el2
our sample are shown in Fidgs. 3 dad 4 (included in the online HLS03 0.72 1.0 3lell
supplementary material). HLso4 082 = 10 = 4lell
In general we find that the templates provide good fits to HLSOS °167;,16%) 116  16el3
the FIR-mm data in our galaxy sample and that the IR lumi- :tggg 02(-3%:1,1-8_;4 iil f'geﬁ
nosities derived using the best-fit templates from both R09 and HLSO08 043 12 2'4§10
CEO1 agree within a &= spread of 15%. We also find that the HLSO8 0.82 11 83e11
galaxies in our sample are best fit by templates with system- HLS10 0.60 1.1 31e11
atically lower luminosity classes. The top right panels (b & c) HLS11 1.07 1.4 8.3e11
of Fig.[d illustrate this trend. The luminosity class of the best- HLS12 3.24 113 3.5el1
fit template to each galaxy is plotted as a function of the ac- HLS13 229%1,3.1%] 123 4.2el12
tual luminosity for the R09 templates in (b) and the CEO1 tem- HLS14 0.57 1.1 6.0e-10
plates in (c). Although we find a large scatter in the luminosity HLS15 1.17 11 4.7e11
classes of best-fit SEDs, both template families show the same HLS16  0.45 14 25ell
general trend. This is because the SEDs of our galaxies peak at :tgg (2)"7‘8 i-514b g;gﬂ
longer wavelengths than local galaxies of comparable luminosi- HLS19 071 11 1112

ties. Therefore their spectral shapes more closely resemble those
Of IOWer |uminOSity (U)LIRGS in the |Oca| uniVerse. The I‘esul'[ a |RAC photo.z’ FIR-mm photo.z_ Adopted value in bold.

supports evidence that high-redshift submm galaxies are coolérLower limit due to unquantified local lensing by nearby objects.
than local galaxies with similar IR luminosities, suggesting the

star formation within them is occurring on more extended phys-

ical scales (e.g. Chapman etlal. 2004).

The discrepancy between the FIR SED shapes of our SOUrgB&owiedgements. We thank Ben Weiner and David Elbaz for their valuable
and those of local counterparts with similar luminosities impli@®mments and help with our computations. This work is based in part on ob-
that a blind application of the local template SED models migkgrvations made withlerschel, a European Space Agency Cornerstone Mission
not accurately predict ther,r and hence the SFRs of higher I‘ed‘-""th significant part|C|pat|_on by NASA. Support for this work was provided by
shift submm galaxies. However, other studies basederchel NASA through an award issued by JRlaltech.
data show that théqg predicted by observed 24n emission
is in good agreement with that measured from the FIR data {8gferences
galaxies atz < 1.5 (Elbaz et all 2010). The bottom right pan- _
els of Fig[2 confirm this trend. The IR luminosity derived fron»i\regz{ga'\,ﬂl.,gughesa D(-;H-v CIhaP'R' E' L.’tEtI az'b%%()i '\S'Nﬁzgséé”;‘zy 759
24,mis plotied as a funciion of the actual IR luminosity for th@r0s M- Clowe, b, Coreales A, i1, oo 2006, Apn 662 837
RO9 templates in (d) and the CEO1 templates in (e). Although thess1, 732
RO9 fits show a slightly higher deviation, both template familieshary, R. & Elbaz, D. 2001, ApJ, 556, 562



M. Rex et al.: The far-infrarggubmillimeter properties of galaxies located behind the Bullet cluster

Egami, E. et al. 2010, A&A, this volume
Elbaz, D. et al. 2010, A&A, this volume
Gonzalez, A. H., Clowe, D., Bradac, M., et al. 2009, ApJ, 691, 525

1

Gonzalez, A. H., Papovich, D., Brada¢, M., & Jones, C. 2010, ApJ, submitted )

Griffin, M. et al. 2010, A&A, this volume

Hughes, D. H., Aretxaga, |., Chapin, E. L., et al. 2002, MNRAS, 335, 871
Johansson, D., Horellou, C., Sommer, M. W., et al. 2010, arXiv:1003.0827
Kennicutt, Jr., R. C. 1998, ApJ, 498, 541

Pérez-Gonzalez, P. et al. 2010, A&A, this volume

Pérez-Gonzalez, P. G., Rieke, G. H., Egami, E., et al. 2005, ApJ, 630, 82
Pilbratt, G. et al. 2010, A&A, this volume

Poglitsch, A. et al. 2010, A&A, this volume

Rawle, T. et al. 2010, A&A, this volume

Rex, M., Ade, P. A. R., Aretxaga, |., et al. 2009, ApJ, 703, 348

Rieke, G. H., Alonso-Herrero, A., Weiner, B. J., et al. 2009, ApJ, 692, 556
Wilson, G. W., Hughes, D. H., Aretxaga, |., et al. 2008, MNRAS, 390, 1061
Zemcov, M. et al. 2010, A&A, this volume

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Steward Observatory, University of Arizona, 933 N. Cherry Ave,
Tucson, AZ 85721, USA; e-mailtrex@as.arizona. edu
Departamento de Astrofisica, Facultad de CC. Fisicas, Universidad
Complutense de Madrid, E-28040 Madrid, Spain

California Institute of Technology, Pasadena, CA 91125, USA

Jet Propulsion Laboratory, Pasadena, CA 91109, USA

Instituto Nacional de Astrofisic®ptica y Electronica (INAOE),
Luis Enrique Erro No.1, Tonantzintla, Puebla, C.P. 72840, Mexico
Department of Astronomy, University of Florida, Gainesville, FL
32611-2055, USA

NASA Herschel Science Center, California Institute of Technology,
MS 100-22, Pasadena, CA 91125, USA

Onsala Space Observatory, Chalmers University of Technology, SE-
439 92 Onsala, Sweden

Laboratoire d'Astrophysique de Marseille, CNRS - Université Aix-
Marseille, 38 rue Frédéric Joliot-Curie, 13388 Marseille Cedex 13,
France

Institute for Computational Cosmology, Department of Physics,
Durham University, South Road, Durham DH1 3LE, UK

Herschel Science Centre, ESAC, ESA, PO Box 78, Villanueva de la
Cafada, 28691 Madrid, Spain

Laboratoire d’Astrophysique de Toulouse-Tarbes, Universite de
Toulouse, CNRS, 14 Av. Edouard Belin, 31400 Toulouse, France
Observatoire de Paris, LERMA, 61 Av. de I'Observatoire, 75014
Paris, France

Geneva Observatory, University of Geneva, 51, Ch. des Maillettes,
CH-1290 Versoix, Switzerland

UK Astronomy Technology Centre, Science and Technology
Facilities Council, Royal Observatory, Blackford Hill, Edinburgh
EH9 3HJ, UK

Institute for Astronomy, University of Edinburgh, Blackford Hill,
Edinburgh EH9 3HJ, UK

Max-Planck-Institut fur extraterrestrische Physik, Postfach 1312,
85741 Garching, Germany

Institut d’Astrophysique de Paris, CNRS and Université Pierre et
Marie Curie, 98bis Boulevard Arago, F-75014 Paris, France
Department of Astronomy, University of Padova, Vicolo
dell'Osservatorio 3, 1-35122 Padova, Italy

School of Physics and Astronomy, University of Birmingham,
Edgbaston, Birmingham, B15 2TT, UK

Sterrewacht Leiden, Leiden University, PO Box 9513, 2300 RA
Leiden, the Netherlands

Center for Astrophysics and Space Astronomy, University of
Colorado, Boulder, CO 80309, USA

Nobeyama Radio Observatory, National Astronomical Observatory
of Japan, Minamimaki, Minamisaku, Nagano 384-1305 Japan
Institute of Astronomy, University of Tokyo, 2-21-1 Osawa, Mitaka,
Tokyo 181-0015, Japan

Research Center for the Early Universe, School of Science,
University of Tokyo,7-3-1 Hongo, Bunkyo, Tokyo 113-0033, Japan
Department of Physics, lllinois Wesleyan University,Bloomington,
IL 61702-2900, USA

Department of Physics & Astronomy, University of Pennsylvania,
209 South 33rd Street, Philadelphia, PA 19104, USA

Department of Astronomy, University of Massachusetts, 710 North
Pleasant Street, Amherst, MA 01003, USA



M. Rex et al.: The far-infrarggubmillimeter properties of galaxies located behind the Bullet clu&dstine Material p 1

Table 1. Flux densities measured from the MIPS athetschel maps. The 50Q@m map was corrected for SZ contamination before
extracting the photometry. These measurements have not been corrected for the amplification due to gravitational lensing.

1D RA Dec FIU)@4 FlUX]_OO FlUX]_eO FlUX250 FlUX350 FlUX500
[deg] [deqg] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy]
HLSO01 104.72828 -55.88917 040.01 21.1+25 10.¢: 3.5 <78
HLS02 104.46419 -56.02209 049.01 10.1+ 2.4 16.2 3.5 14.4- 4.0
HLS03 104.48783 -56.03070 089.02 9.0+ 2.4 9.5 3.4 <78
HLSO04 104.45727 -55.91533 089.01 . . 18.6+ 2.8 13.2 3.6 <78
HLS05 104.60260 -55.92013 0¥D.02 75413 164451 168.926.2 120.64.1 58444
HLSO06 104.64300 -55.90990 04W0.01 9.9%1.2 28.4 2.4 44.6- 2.8 39.&x 3.5 25240
HLSO07 104.60545 -55.89051 029.01 7.:13 7821 8.228 < 84P <78
HLSO08 104.63628 -55.98351 0.189.003 2.41.1 4.6:2.1 <6.0° < 8.4° <78
HLS09 104.55591 -55.87279 069.02 e e 23.2+ 2.6 12935 <78
HLS10 104.54350 -55.98005 053.02 16414 22621 13.% 2.4 < 8.4° <78
HLS11 104.56008 -55.95848 04D.01 7.41.1 1521 33.k 2.7 36.% 3.5 18.& 4.1
HLS12 104.62997 -55.94386 0.046.003 < 2.4° 4.3+2.1 7.825 11434 <7.8°
HLS13 104.60567 -55.94490 028.01 2911 5.5 2.0 10.% 25 19.6:35 <78
HLS14 104.64689 -55.88658 0.186.004 3.@1.2 4421 <6.0° < 8.4° <78
HLS15 104.73730 -55.88516 04®.02 . . 111+ 2.7 15.3 3.8 1124 3.7
HLS16 104.58575 -55.93920 083.02 25313 51.325 47.% 2.6 24.(x 3.6 10.2 3.7
HLS17 104.64463 -56.00850 0+D.02 2412 56.%34 49.2- 3.4 35.5% 3.7 17.9 3.7
HLS18,2 104.65471 -55.95193 0.49.01 7.:1.2 245 2.1 65.3 2.8 98.6- 3.9 101.4 4.0
HLS18&? 104.65861 -55.95057 0.260.01 3.&1.1 14.6: 2.5 <6.0° < 8.4° <78
HLS19 104.59877 -55.87833 140.03 40.9+ 2.9 21.64.0 9.4 3.7

& Multiple images of the highly lensed galaxy (Gonzalez &t al. 2009).
b Upper limits correspond to statisticak3noise levels of each map.
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Fig. 3. SED template fits to HLS1-HLS9. The data points have been de-magnified according to our lensing models of the foregrot
cluster. These magpnification factors can be found in table 2. The solid lines show the best-fit R09 template (in blue) and CE
template (in red) to the FIR—mm data, excluding the:@dpoint. LABOCA 87Qum and AzTEC 1.1 mm data are used to constrain
these fits when the detection is »f3-o- significance. However, only the MIPS aktérschel data are shown in the figure. The
dotted lines show the respective fits based solely on the obseryed péint. Although both the R09 and the CEO1 templates
generally predict reasonable values for the IR luminosity based on obserygd @sission, the 24m-predicted SEDs typically

do not provide reasonable fits to the FIR—-mm data.
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Fig. 4. SED template fits to HLS10-HLS19. The data points have been de-magnified according to our lensing models of the fo
ground cluster. These magnification factors can be found in fable 2. The solid lines show the best-fit R09 template (in blue)
CEO1 template (in red) to the FIR—-mm data, excluding thar4point. LABOCA 87Qum and AzTEC 1.1 mm data are used to
constrain these fits when the detection is@&-o significance. However, only the MIPS ahidrschel data are shown in the figure.

The dotted lines show the respective fits based solely on the obseruetd 2dint. Although both the R09 and the CEO01 templates
generally predict reasonable values for the IR luminosity based on obserygd @sission, the 24m-predicted SEDs typically

do not provide reasonable fits to the FIR—-mm data.
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