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ABSTRACT

We describe a search for submillimeter emission in the iticimf one of the most distant, luminous galaxies
known, HerMES FLS3 at = 6.34, exploiting it as a signpost to a potentially biased regibthe early Uni-
verse, as might be expected in hierarchical structure fdiomanodels. Imaging to the confusion limit with
the innovative, wide-field submillimeter bolometer came&&UBA-2, we are sensitive to colder and/or less
luminous galaxies in the surroundings of HFLS3. We use theehiium Simulation to illustrate that HFLS3
may be expected to have companions if it is as massive asedaibut find no significant evidence from the
surface density of SCUBA-2 galaxies in its vicinity, or theblors, that HFLS3 marks an over-density of dusty,
star-forming galaxies. We cannot rule out the presence stiycheighbours with confidence, but deeper 450-
pm imaging has the potential to more tightly constrain theshéfts of nearby galaxies, at least one of which
likely lies atz> 5. If associations with HFLS3 can be ruled out, this coulddeh as evidence that HFLS3 is
less biased than a simple extrapolation of the Millennium@Bation may imply. This could suggest either that
it represents a rare short-lived, but highly luminous, phagshe evolution of an otherwise typical galaxy, or
that this system has suffered amplification due to a foragta@ravitational lens and so is not as intrinsically
luminous as claimed.
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1. INTRODUCTION

Dust extinction and a profusion of less luminous fore-
ground galaxies makes it difficult to select high-redsHiftau
luminous star-forming galaxiesg > 10'?L ) at rest-frame
ultraviolet/optical wavelengths. Although extinction nigt
an issue at radio wavelengths, an unfavourdbleorrection
works against detecting the highest redshift examplgs 3.
Since the advent of large-format submillimeter (submm)-cam
eras such as the Submillimeter Common-User Bolometer Ar-
ray (SCUBA -t Holland et al. 1999), however, it has been pos-
sible to exploit thenegative kcorrection in the submm wave-
band to select dusty, star-forming galaxies (submm-satect
galaxies, or SMGs) almost independently of their redshift
(e.glFranceschini etial. 1991; Blain & Longair 1993).

The scope of this field has been substantially expanded
by Herschel (Pilbratt et al.. 2010) which has surveyed ap-
proximately a hundred square degrees of extragalacticosky t
the confusion limit at 50@m (as defined by Nguyen etlal.
2010), with simultaneous imaging at 250 and 350, us-
ing the SPIRE instrument_(Griffin etlgl. 2010). A SPIRE
image of theSpitzer First Look Survey (FLS) field, ob-
tained as part of théderschel Multi-Tiered Extragalactic
Survey (HerMER? —[Qliver et al.[2012), led to the discov-
ery of IHERMES S350J170647.8+584623 (hereafter HFLS3
— |Riechers et al. 2013; Dowell et/al. 2014) as an unusu-
ally red SPIRE source witlSsp < Szs0 < Sso0, 1-€. With
its thermal dust peak within or beyond the 506t band
(see alsa_Coxetal. 2011; Combes et al. 2012; Rawle et al.
2014). Some of these “500m risers” are in fact due to
synchrotron emission from bright, flat-spectrum radio quas
(e.g.lJenness etlal. 2010), but HFLS3 does not exhibit such
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http://arxiv.org/abs/1403.0247v2

2 ROBSON ET AL

T i i ‘
SCUBA-2 BSOum « _ .
4= . : TN L ] \ ~ » |
L | - - - . L] -
™ - - .
o « o o P
‘ = " . .

24 B ® v . e : 2d ) '.. . -
— 8- e .
% - - 4 * Yoy '. . \'. » A ; %
o . - # [3)
S $ - ’ . »r & - S
. & ® . é =
. L. e e p e N .
8 -‘ 3} Ll | < 8
[ ® . e o Y. . [
Pl | . .. - . " ‘. - P L ] <

ol - .W - » L ’ ’ |

2% LR A
L] e i
. Yorl »
“Te 2 w 1 Mpc f
. il = e _ Tt o—F Z21%
SCUBA-2 450um ‘ at 2—6;34 IPACS 160um ot 2=6.34
4 2 0 -2 4 4 5 5 ) )
A R.A. (arcmin) A R.A. (arcmin)

Figurel. Left: SCUBA-2 imaging at 85@m, with 450- and 85Q:m sources marked by red squares and white circles, resplgcfior the 67.2 arcmwhere
ogso < 1.5 mJy bearmil. The negative bowl around HFLS3 is a typical artifact of thering procedures employed here. The FWHM of the SCUBA-@nte
are shown as solid ellipsefight: Three-color representation of the data obtained using BRItR250, 350 and 500m for the same field around HFLS3,
superimposed with blue PACS 160n contours. Several of the SCUBA-2 8nfn sources are associated with green SPIRE sources — thds8Hiits peaking
at 350um, consistent witlz ~ 2; others have no obvious SPIRE counterparts and may liexatderably higher redshifts. The region over which PAC$#igity

is better than half the best is outlined in blue. Positioniiot 1.4-GHz sources from the 1.3”-resolution,o ~ 11uJy beam?® Karl G. Jansky Very Large Array
imaging described in_Riechers et al. (2013) are marked he (adio catalog covers onfy25% of the region shown, hence the detection rate is unrexhbrk
N is up; E is left; offsets fronavogog = 17:06:47.8 2000 = +58:46:23 are marked.

powerful AGN-driven radio emission. Panchromatic spectra Hersche] and our reduction of those data. Il 83 we ana-
line observations place HFLS3 at 6.34 via the detection lyze the surface density of SCUBA-2 galaxies in the field,
of H,O, CO, OH, OH, NHs, [CI] and [CiI] emission and  and their color, and discuss whether there is any evidence
absorption lines. Its continuum spectral energy distitbut  that HFLS3 inhabits an over-dense region of the Universe, as
(SED) is consistent with a characteristic dust temperafigre  might be expected in hierarchical structure-formation mod
=56K, and a dust mass oflix 10° M. Its infrared luminos-  els (e.g. Kaufman et al. 1999; Springel e al. 2005). We finish
ity, Lir = 2.9 x 1013L, suggests a star-formation rate (SFR) With our conclusions in[84. Throughout, we adopt a cosmol-
of 29004t M, yrt for alChabrier[(2003) initial mass func-  0gy withHo = 71km $* Mpc™, Qp = 0.27 and2, = 0.73, so
tion, where the lensing magnification suffered by HFLS3 due 1” equates to 5.7 kpc at= 6.34.
to a foreground galaxy less thafi away has been estimated
to be in the rangg. = 1.2-1.5(Riechers et al. 2013, although 2. OBSERVATIONS AND DATA REDUCTION
Cooray et al. 2014 estimatg =2.24+0.3). Py :

It is expected that the most massive galaxies found at very 2.1 SCL_JBA 2 ?magmg and catalogues
high redshifts grew in (and thus signpost) the densest peaks Data were obtained simultaneously at 450 and /850
in the early Universe, making them useful tracers of distantin 2011 September 23-24 and 2012 March 14 (project
proto-clusters. Above ~ 6, such sources may also con- M11BGTO01) using SCUBA-2 on the 15-m James Clerk
tribute to the rapid evolution of the neutral fraction of the Maxwell Telescope (JCMT). The observations were taken
Universe, during the so-called ‘era of reionisation’, and t With the constant speenlaisy pattern, which provides uni-
the earliest phase of enrichment of the interstellar medium form exposure-time coverage in the centraid&meter re-
galaxies, less than 1 Gyr after the Big Bang. They may alsogion of a field, and useful coverage over'.12A total of
host the highest redshift quasars. In the submm regime, to6.9 hr was spent integrating on HFLS3. Observing conditions
explore distant galaxies and their environments we have ob-were good or excellent, with precipitable-water-vapoelsv
served radio galaxies and quasars, typically detectingifac typically 1 mm or less, corresponding to a 225-GHz optical
~ 2-4x over-densities of submm companions around thesedepth of 0.05. The data were calibrated in flux density agains
signposts (e.d. lvison etlal. 2000; Stevens &t al. 2003,;2010the primary calibrators Uranus and Mars, and also secondary
Robson et dl. 2004; Priddey et al. 2008). Here, we continuesources CRL 618 and CRL 2688 from the JCMT calibrator list
this tradition, targeting the most distant known submmxala  (Dempsey et al. 2013), with estimated calibration uncestai
HFLS3 atz = 6.34, with the 10,000-pixel SCUBA-2 bolome- ties amounting to 5% at 83m and 10% at 45pm.
ter camera (Holland et Al. 2013), which is more sensitivatha _ The data were reduced using the Dynamic Itera-
Herschelto cold dust in high-redshift galaxies. tive Map-Maker within the STARLINK SMURF package

In §2 we describe our SCUBA-2 observations of the field (Chapin etal. 2013) called from therAc-DR automated

surrounding HFLS3, after its discovery with SPIRE aboard pipeline (Cavanagh etial. 2008). The chosen recipe accdunte
for attenuation of the signal as a result of time-seriesfilte
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and removed residual low-frequency noise from the map us-
ing a jack-knife method. The maps were made using inverse-
variance weighting, with "1 pixels at both wavelengths, be-
fore application of a matched filter (elg. Chapin et al. 2011)
The map-maker used a ‘blank field’ configuration file, opti-
mized for faint, unresolved or compact sources. This applie

a high-pass filter with a spatial cutoff of 200corresponding gg&ggggjgggg-g;;ggigﬁ-g BNy Vs
to about 0.8 Hz for a typical scanning speed of"183. This S2FLS850J170621.93+584826.8 3914 6.5
removes the majority of low-frequency (large spatial scale S2FLS850J170646.64+584816.0 6510 55
noise, while the remainder is removed using a Fourier-space S2FLS850J170647.80+584735.0 .9409 53
hitening filter. This is derived from the power spectrum of S2FLS850J170701.41+584318.0 .57 14 53
w g - ’ : p p S2FLS850J170625.54+584725.9 3613 4.8
the central 9region of a jack-knife map, produced from two S2FLS850J170642.92+584456.0 7410 4.6
independent halves of the total dataset. S2FLS850J170717.24+584535.8 8513 4.6
This filtering attenuates the peak signal of sources in the S2FLS850J170659.77+584859.0 6%12 46

, h itude of this effect. the pineline S2FLS850J170723.05+584719.7 1614 45

map. To estimate the magnitu ct, pip S2FLS850J170642.00+585004.0 4512 4.5
re-makes each map with a fake 10-Jy Gaussian added to the S2FLS850J170630.54+585015.9 2614 4.4
raw data, offset from the nominal map centre by &®avoid S2FLS850J170710.97+584811.9 4513 4.2
contamination by any target at the map centre. The amplitude o e e o a3 43
of the fake Gaussian in the output map is measured to deter- SOFLS850 J170638.27+585009.0 3513 4.2
mine a correction factor. The standard flux conversion facto S2FLS850J170710.54+584403.9 1615 4.1
(FCF), as determined from observations of primary and sec- ggFL§g5831787(2)61-2?5242%4-8 4311-5 4-3
ondary calibrators, is then multiplied by this factor (1 o o0 o e se s 4515 40
_1.15 at 85Q and 450m, r(_espectlv_ely) and applied to the _flnal S2FLS850J170614.39+584458.7 0&15 4.0
image to give a map calibrated in Jy beaniThe maps with S2FLS850J170641.49+585039.0 .3513 4.0
the fake Gaussian are also used to form the point spread func- S2FLS850J170637.26+584616.0 .9310 3.9
ion (PSF) for the matched filter since they reflect the eiffect o0 03820 oeas0.0 2513 38
tion ( Yy S2FLS850J170654.87+584614.0 .330.9 3.8

point-source transfer function of the map-maker.

The SCUBA-2 850- and 45pm images shown in Fig. 1 S2FLS450 J170647.80+584620.0 39.8£55 7.3
reach noise levels of 0.9 and 5.0 mJy behver the cen- S2FLS450J170701.05+584715.0 2969 4.3
tral 3-diameter regions, yielding detections of HFLS3 at ap- gg:ﬁtgjégjggggé-fg:ggig;i-g -g% gg ‘3‘-;
proximately the 41- and é-levels, respectively. At 850m, SOFLS450 J170658.59+45844190 3378 3.9
the central 67.2arcminof the map has a noise level of S2FLS450J170711.99+584734.9 8489 3.9

1.5mJybeartt or better. The astrometry of the SCUBA-2

Tablel

Sources detected at 850 and 480 near HFLS3.

IAU name

S/mJy?

S/N

850um:

450pm:

@ Deboosted flux densities; errors exclude 5 and 10% calibrati
uncertainties at 850 and 450n, respectively.
b HFLS3.

images was found to be accurate to better tHabylstacking
at the positions of 3.6#m and 1.4-GHz sources in the field.
Following [Geach et al.| (2013), we create a catalogue of
sources from the 450- and 8%0n images by searching peats), using the 70- plus 160w parallel mode and the
for peaks in the beam-convolved signal-to-noise ratio maps 110- plus 160um parallel mode for one orthogonal cross-
recording their coordinates, flux densities and local nizige scan pair each. In the 70-, 110-, and 160-bands, the
els. We then mask a regiorbk the beam size and thenrepeat r.m_s. sensitivities at the position of HFLS3 are 0.67, Qar@l
the search. Above a signal-to-noise level of 3.75 the coRtam 1 35 mJy beart, respectively. Data reduction and mosaicing
nation rate due to false detections is below 5%. We adopt thisyyere carried out using standard procedures. The absolute flu
as our detection threshold, listing the 26 sources with B80-  gensity scale is accurate to 5%. The 188-PACS image,
flux density uncertainties below 1.5mJy in Table 1, alongsid the only one potentially useful in the context of faint, dist
450-um sources selected from the same area at the same sigyg|axies, is shown in Fig] 1.
nificance threshold. _ The 250-, 350- and 50pm flux densities S50, Szs0 and
We calculate our completeness levels and flux boosting fol- 5. 4t the positior& of the 19 SMGs discussed iR &P.1 were
lowing|Geach et al! (2013), who followed Weifs et al. (2009), determined using beam-convolved SPIRE maps. None of our
injecting 10 artificial point sources into a map with the same SMGs lie near bright SPIRE sources so we expect the uncer-
noise properties as the real image. We correct for false posi tainties associated with these flux densities should beeclos
tives using the jack-knife map. to the typical confusion levelsy 6 mJy (where hereafter we

. . adoptocens in each SPIRE band from Nguyen et'al. 2010).
2.2. Herschel imaging

The acquisition and reduction of 16.8hrs bflerschel 3. RESULTS, ANALYSIS AND DISCUSSION

SPIRE and (shallow) PACS data for the FLS field (OD159, HFLS3 dominates the submm sky in the 67.2-arémin
164) as part of HerMES is described in detail by Oliver et al. (8 Mpc®) region we have mapped at 86t with SCUBA-
(2012). The SPIRE data, which are confusion limited, are 2, being three times brighter than the next-brightest submm
shown as a three-color image in Hig. 1. emitter (Fig[1; Tabl€]l). At 450m, HFLS3 is the brightest
We have obtained much deeper data from PACS SMG in the region, despite the peak of its SED having moved
(Poglitsch et al. 2010) via a 3.9-hr integration as part @Fpr  beyond that filter; it is one of two sources detected formally
grammeoT2_DRIECHER 3 (OD1329) (see_Riechers et al.
2013, for further details). Observations were carried aut o
2013 January 01 in mini-scan mapping modex(45 re-

25 positions are known tepes = 2.2 even for the least significant SMGs,
a small fraction of the beam-convolved SPIRE point spreadtfan.



4 ROBSON ET AL

30 [ LENN B B | LENN B B | LENN B B | T 1 T T | LENN B B | LENN B B ]
i Ty = 56K g
2.5 -
= I
o .
o 3 L
-~ ] L w
20 -
T i
[H] 3 L
o 8 E woof
8 - \ ~ 1.5 =0 ]
° B F
= nooor
0 \ 3 »—1—4
L \ L
z \ - .
S F @ 450um \ 3 or
[ m 850um \\f r
— — Geach et al. (2013) Y i ]
—— Coppin et al. (2006) 0'5_ i
— | — | PY [ ]
I ' g
: 0.0 L S e
1 10 0.0 0.5 1.0 1.5 2.0 2.5 3.0
SV (m‘]y) SSEO/SSOO
Figure2. Source counts in several flux density bins at 450 and:860n 980 B e B B B S B B

the 67.2-arcmifiregion around HFLS3, excluding HFLSS3 itself, relative to
those found in typical blank fields by Coppin et al. (2006) &ehch et al.
(2013). We see no indication of a strong excess of submmemsicross the
field, compared to blank-field counts, which suggests thene iover-density 2.5
of SMGs on~ 1.5-Mpc scales around HFLS3. The raw counts, uncorrected
for incompleteness, are shown as open symbols.

T, = 35K .

at both 450 and 850m. Perhaps unsurprisingly, there are no

sources in common between the SCUBA-2 and PACS images.
We see no evidence for an over-density of SMGsah5-

Mpc scales around the position of HFLS3 in either our 450 or

850-:m maps (FiglL).

3.1. Number counts relative to blank fields 10

Although no obvious cluster of submm emitters is visible
near HFLS3 in Fig. 11, we must ask whether the entire 8-Mpc
field might be over-dense in SMGs? HigJ. 2 shows the density o5
of sources brighter thaB, at 450 and 85@m — extracted
at the 3.75s level and corrected for incompleteness using

SBSO/SSOO
(o]
LI B B B L B Sy B B B B B S S B B B B B BN R B B

the analysis discussed in 8P.1, excluding HFLS3 itself a-rel 00
tive to the source density seen in typical blank-field susyey 0.0 0.5 1.0 1.5 2.0 2.5 3.0
where the same techniques have been used to construct cat- S350/ Ss00

alogues and Co,rreCt for mcompleteness (Coppin e,t al. 2006'Figure3. Submm color-color plots for HFLS3 and its neighbouring SMGs
Geach et al. 2013). The only hint of an over-density comes adapted froni vison et Al (2012) ahd Swinbank et/al_(20I&)r sources
in the 850xm bin at 5 mJy, but a2 2-0 deviation is not un- with flux densities below twice the confusion noisecdns, [Nauyen et al.
usual when plotting seven points. Simplifying matterspthe 2010), we show limits based on the measured flux density (#emegative)

. . . plusocons. The colored backgrounds indicate the typical redshifhefgub-
by taklng Only one Iarge bin above our detection threshold atset of 10 model SEDs that fall in each pixel, where in tiog panel we have

850um, we find 26 sources (25 if. we ignore HFLS3) against adopted the dust temperature of HFLS3% 56 K), a flat redshift distribution
an expectation of 20 from_Coppin et al. 2006 — on the face from z=0-7, afla3 distribution from 1.5-2.0 (for HFLS3; = 1.924-0.12),

of it, a ~1-0 over-density. When we take into account the and 10% flux density errors. HFLS3 is the star symbol. Therdreo is
' ; ; H 7 _typical for sources detected at 350, 500 and 880 Those sources with-
errors associated with the Coppin et .al. 2006 counts, We eX-J qetections at 350 and 50 are plotted arbitrarily aBss0/Ss0 = 1.5,

pect to see 26 (25) sources in a random field of the same sizghside a rectangular box; some could be considerably rethder this. Of
13% (19%) of the time, so the result obtained intuitivelynfro  those detected in both 350 and 508, S2FLS J170621.93+584826.8 is the

studying Fi is confirmed — any excess is statistically un- reddest inSsso/Sseo. A handful are as red as HFLS3 Byso/Sso0, €.9-
ying gDZ y y S2FLS J170647.80+584735.0, which is a 5. 3CUBA-2 source with no

ponvmc_ln_g.. No 5|gn|f|cant over-densny of SMGs is apparent SPIRE counterpart. Despite its relatively hi@ify HFLS3 is the reddest of
in the vicinity of HFLS3, at least not on Mpc scales at flux the sources detected in the three bands, though we noteetiderrobjects
densities above the JCMT confusion limit. may exist amongst the SPIRE-undetected SMGs. [Gher plot shows a
flat 3 distribution from 1.5-2.0 andly = 35K, illustrating howTy influences
. . . - the colors of an SMG. Comparing the redshift constraintsnflmth panels
3.2. Redshift constraints for sources in the field makes it clear that nothing can be usefully concluded atimiikely red-
The K-correction in the submm waveband means our shifts from the far-infrared colors unless there are indelpat constraints on

SCUBA-2 maps are sensitive to SMGs across a very wide"® dusttemperature.
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redshift range, reducing the contrast of any potentiattting
around HFLS3. However, with SCUBA-2, SPIRE and PACS
photometry in hand, we are able to crudely constrain thé/ike
redshifts of the galaxies detected in the field surrounding
HFLS3, using their far-infrared/submm colors. Hi§. 3 shows
color—color plots for HFLS3 and its neighbouring SMGs, de-
signed to exploit information from SCUBA-2 at 8@ to
constrain the redshifts of galaxieszat 2 (lvison et al. 2012),
probing their colors across the rest-framel 001:m bump
seen in the SEDs of all dusty, star-forming galaxies. The col
ored backgrounds in the upper and lower panels of{Fig. 3 in-
dicate the typical redshift of the subset of’ fdodel SEDs
that fall in each pixel, where we have adopted a flat redshift
distribution ¢ = 0-7), a flat distribution for the spectral de-
pendence of the dust emissivity € 1.8-2.0, centered on the

B measured for HFLS3) and 10% flux density uncertainties.
For the upper panel of Fif] 3 we adopt the dust temperature of
HFLS3 (Tq = 56 K).

We concentrate only on those galaxies detected by SCUBA-
2, since SPIRE-detected galaxy with a typical SED in the
vicinity of HFLS3 could not have evaded detection at 850
Despite its relatively higfiy, HFLS3 is the reddest source de-
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tected in the three bands used to make[Hig. 3.
For SMGs with SPIRE flux densities belowRnr, we plot

limits based on the measured flux density (zero, if negative)
plusocont. We have placed those sources without detections

at 350 and 50@m atSss0/Ss00 = 2, arbitrarily; some could be
considerably redder than this 8350/ S50, but we cannot con-
strain this color reliably with the relatively shalloMerschel

data at our disposal. Several SMGs may also be as red as

HFLS3 in S50/ Ss00, perhaps redder. One particularly inter-
esting example is S2FLS850J170647.80+584735.0, & 5.3-
SCUBA-2 source with no significant SPIRE emission. With
S850/S500 > 0.9, this SMG likely lies az > 5, with a lowerTy
and luminosity than HFLS3.

Figure 4. Sgso/Suso VersusSyooo/ Seso, ratios for which deep, relatively un-
confused and unbiased data can be obtained from the grooveting tens
of square arcminutes. The observed colors of HFLS3 are shbhencolored
background indicates the typical redshift of the subset®frhodel SEDs
that fall in each pixel, where we have adopted the same duatneders as
Fig.[3. Inset: Same plot, having changed orily, to 35K, illustrating the
degeneracy between redshift afd Sgs0/ S50 < 0.3 suggestz < 2 for all
but the warmest dustsso/Sus0 2 1 suggestz x, 5, with dust much cooler
than 35K unlikely at these redshiftS;o00/ Sss0 Offers less insight.

By necessity this comparison will be crude. We
therefore selected the implementation of the Bowerlet al.
(2006) galaxy-formation recipe in the Millennium Simula-
tion (Springel et all 2005) and searched the 6.2 output

The lower panel of Figll3 shows the effect of lowering for galaxies with a total baryonic mass in excess & 3
Tq, illustrating an issue long-known to hamper studies of jqiiy . consistent with the combined mass of gas and stars
this kind: far-infrared/submm colors are sensitive only to ggtimated for HFLS3 (Riechers ei al. 2013). By adopting a

(1+2)/Tq (Blain1999), i.e. redshift an® are degenerate. AS  ota| paryonic mass cut we are less sensitive to detailseof th
a result, our current data does not allow us to conclude with g4y1y star-formation histories of galaxies in the model.

certainty that the environment surrounding HFLS3 contains

other luminous, dusty starbursts; neither can we rule it out

Single-dish imaging of this field at 450, 850, 1100 and
2000um is possible from the ground, reachingo~ 2.5 mJy
andoogo~ 0.1 mJy over tens of arcmirwith existing facili-
ties in a few tens of hours. Would these data be capable of fur
ther constraining the redshifts of the SMGs discoveredhere
Fig.[4 showsSss0/ Sys0 VersusSyooo/ Ssso and we see that the
latter color offers little insight. Fo8ss0/Sis0< 0.3 we can rule
outzz 2 for all but the warmest dus8sso/Si502 1 suggests
z> 5, even forTy = 35K, with significantly cooler dust un-
likely in this redshift regime. Deeper 450m imaging would
therefore be useful.

3.3. Predictions from the Millennium Simulation

We find just one galaxy in the.3x 108 Mpc® volume at
z= 6.2 with a total baryonic mass above8k 10" M. All its
baryonic mass is in stars; it hosts & 203-M,, black hole and
is the central galaxy of a6 10'%-M, halo, 4x more massive
_than the next most massive galaxy’s halo within the volume,
and the optimal environment to find merging galaxies accord-
ing to the simulations af Hopkins etlal. (2008). Another 16
galaxies are spread across-d.7-comoving-Mpc-diameter
region around the most massive galaxy, but most of these
are dwarf galaxies with baryonic massgsl0°M,. Inside
a sphere with an angular size dfdameter, centered on the
1.3 x 10'-M, galaxy, only two galaxies have total baryonic
masses of 15% of the mass of HFLS3 (we choose this limit
as the faintest submm emitters in this field have @B0flux

Is the field surrounding HFLS3 less over-dense in submmdensities of around 15% that of HFLS3); the next most mas-
sources than expected for such a massive galaxy living in asive galaxy has half this mass. The total masses of these two
biased environment at high redshift, similar to those found companion galaxies in stars and gas are approximately 3 and

around high-redshift radio galaxies and radio-loud qusaar

z=2-4 (e.gl_Stevens etlal. 2003, 2004)? The answer to thisand 25.0. The HFLS3 clone is predicted to h&vgy

question may have implications for the potential gravitadil
amplification suffered by HFLS3 (see §1) or for investiggtin
the potential presence of a buried AGN and its role in support
ing its high IR luminosity.

4 x 10'°Mg, and their predictedyega magnitudes are 23.5
a=225
for a distance modulus of 49.0, about a magnitude fainter tha
observed.

From this simple theoretical comparison, we thus expect
2+ 2 detectable galaxies in the vicinity of HFLSS if, as ex-
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pected, their starburst lifetimes are a significant fracid Stockholm Observatory (Sweden); Imperial College London,
the time available at this early epoch. This is consistettt wi RAL, UCL-MSSL, UKATC, Univ. Sussex (UK); and Cal-
the fact that some high-redshift SMGs do have submm-brighttech, JPL, NHSC, Univ. Colorado (USA). This development
companions (e.g. GN 20 — Daddi et al. 2009) while others has been supported by national funding agencies: CSA
have Lyman-break galaxies nearby but no submm-bright com-(Canada); NAOC (China); CEA, CNES, CNRS (France);
panions (e.g. AzZTEC-3|—Capak etlal. 2011). ASI (Italy); MCINN (Spain); SNSB (Sweden); STFC, UKSA
Having found no clear evidence for or against the level of (UK); and NASA (USA). The JCMT andHerschel data
over-density expected in simulations, we can draw no strongused in this paper can be obtained from the JCMT archive
conclusions regarding the likely gravitational amplifioat (www.jach.hawaii.edu/JCMT/archive) and théierschel

suffered by HFLSS, or for the likely fraction of its lumindgi
provided by a buried AGN.

4. CONCLUSIONS

We have detected the most distant, dusty starburst galaxy,

HFLS3, at high significance with SCUBA-2. We detect an-
other 29 dusty galaxies within an area of 67.2 arésar-

rounding HFLS3, most of them likely at lower redshift. We
find no compelling evidence, from surface density or color,

for an over-density of SMGs around HFLS3, although ap-

plying similar selection criteria to theoretical modelggasts

that a modest excess could be expected, as is found for som

other high-redshift SMGs (e.g. GN 20— Daddi etial. 2009).

Database in Marseille, HeDaM, (hedam.oamp.fr/HerMES),
respectively.
Facilities: JCMT, Herschel
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