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Planck and High Redshift Clusters

• Simulation by Gonzales-Nuevo of 1sq deg region including protocluster 
(top left) motivated by Granato et al (2004) dusty protocluster models.

350 μm Sky: Planck & Herschel



Planck & Herschel Surveys
• Negrello et al. 2005 

predict 100 - 10000 
clumps per steradian 
detectable by Planck 
and Herschel

• Would detect 
appreciable numbers 
of these objects in 
HerMES (110 + 270 
sq. deg.) and H-ATLAS 
(570 sq. deg.) surveys

• Working with 
‘followup’ data to 
ERCSC that already 
exists

Fluxes and densities 
accessible to Herschel Key 

Programme Surveys



Planck ERCSC Sources 
in HerMES

• Expect three classes of sources to be detected by 
Planck in these fields:

• Bright nearby galaxies

• Appear as bright sources in HerMES

• High latitude cirrus

• Appear as extended diffuse emission in HerMES

• Candidate protocluster ‘clumps’

• Appear as overdensities of less bright sources



Example Planck Sources
250 micron images of HerMES Planck Sources



Example Planck Sources
250 micron images of HerMES Planck Sources
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Results Summary

• For 4 well studied HerMES fields (XMMLSS, 
Bootes, Lockman-SWIRE, CDFS-SWIRE) find:

• 16 Planck Sources

• 12 foreground sources (galaxies + Mira)

• 4 clumps in ~90 sq. deg. => 1 per 22.5 sq. deg.

• Not all HerMES fields yet included

• No cirrus sources in this list

Clements et al., MNRAS in press
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Herschel & Planck 
Analysis

• Sources are overdensities of dusty galaxies

• Colours in Herschel and Planck suggest 
high redshift (z>~1)

• Exactly what would be expected for the 
proposed dusty protoclusters



Followup

• Plentiful ancillary data exist for the CDFS 
and Bootes clumps

• Near IR J & K imaging for the EGS and 
Lockman clumps were obtained at TNG

• Allows us to look for evidence of cluster in 
CMD or in photo-z distribution



Results: Red Sequences

Black = field, red = in Planck beam

HerMES: Clusters of Dusty Galaxies 11

Figure 6. Colour-magnitude diagram and red sequence for the EGS (left) and Lockman-SWIRE (right) clumps. Black crosses are all
detected objects in the field, red boxes are objects inside the Planck beam and selected as red sequence galaxies according to the technique
explained in section 5.1.1. The dashed and dotted lines show the fit to the RS and its scatter, including photometric errors. Vertical bars
in the lower region of each plot show the average colour error at each magnitude interval. Magnitudes in the AB system.

Figure 8. Colour-magnitude diagram and red sequence for the
Boötes clumps in the (3.6µm− 4.5µm) colours. Black crosses are
all detected objects within 10′ of the Planck clump, red boxes
are objects inside the Planck beam and brighter than the com-
pleteness magnitude in the 4.5µm band. The dashed and dotted
lines show the fit to the RS and its scatter. Vertical bars in the
lower region of the plot show the average colour error at each
magnitude interval. Magnitudes in the AB system.

the colours of the ISCS clusters, suggesting a redshift of
0.94±0.09. See Fig. 9.

5.2 Photometric Redshift Analysis

Photometric redshifts are calculated for all objects in the
Boötes and CDF-S fields, using the wide photometric cov-
erage from the optical to the IRAC bands. We use the pub-
licly available code EAZY (Brammer, van Dokkum & Coppi
2008), which was specifically developed to address situations
where spectroscopic coverage is not available for direct com-
parison and calibration. We tested the code against simu-
lated catalogues to obtain an independent assessment of the
intrinsic error on our photo-z. We also find that the default

Figure 9. Colour-magnitude diagram and red sequence for the
CDF-S clump in the i − 3.6µm colours. Black crosses are all de-
tected objects within 10′ of the Planck clump, red boxes are ob-
jects inside the Planck beam and brighter than the completeness
magnitude in the 3.6µm band. The dashed and dotted lines show
the fit to the RS and its scatter. Vertical bars in the lower re-
gion of the plot show the average colour error at each magnitude
interval. Magnitudes in the AB system.

templates provided with EAZY provide the best photomet-
ric redshifts. Where K-band photometry is available (i.e. for
the Boötes clump), a K-band prior is favoured over an R-
band prior, as it reduces the fraction of wrong identifications.
A complete treatment of the tests done and their results will
be shown in Braglia et al. (in prep.).

After calculating photo-z’s for all objects in each field,
we look for 3D overdensities (i.e. a significant peak in pho-
tometric redshift space, matched to a clustering of objects
on the plane of the sky) of objects inside the regions covered
by the Planck clumps. Peaks in photometric redshift space
are identified by comparison of the distribution of redshifts
along the line of sight of the clump and in the larger field,
to track the effect of large-scale structure (walls and fila-

c© RAS, MNRAS 000, 1–??

EGS: z~0.8
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Figure 6. Colour-magnitude diagram and red sequence for the EGS (left) and Lockman-SWIRE (right) clumps. Black crosses are all
detected objects in the field, red boxes are objects inside the Planck beam and selected as red sequence galaxies according to the technique
explained in section 5.1.1. The dashed and dotted lines show the fit to the RS and its scatter, including photometric errors. Vertical bars
in the lower region of each plot show the average colour error at each magnitude interval. Magnitudes in the AB system.

Figure 8. Colour-magnitude diagram and red sequence for the
Boötes clumps in the (3.6µm− 4.5µm) colours. Black crosses are
all detected objects within 10′ of the Planck clump, red boxes
are objects inside the Planck beam and brighter than the com-
pleteness magnitude in the 4.5µm band. The dashed and dotted
lines show the fit to the RS and its scatter. Vertical bars in the
lower region of the plot show the average colour error at each
magnitude interval. Magnitudes in the AB system.

the colours of the ISCS clusters, suggesting a redshift of
0.94±0.09. See Fig. 9.

5.2 Photometric Redshift Analysis

Photometric redshifts are calculated for all objects in the
Boötes and CDF-S fields, using the wide photometric cov-
erage from the optical to the IRAC bands. We use the pub-
licly available code EAZY (Brammer, van Dokkum & Coppi
2008), which was specifically developed to address situations
where spectroscopic coverage is not available for direct com-
parison and calibration. We tested the code against simu-
lated catalogues to obtain an independent assessment of the
intrinsic error on our photo-z. We also find that the default

Figure 9. Colour-magnitude diagram and red sequence for the
CDF-S clump in the i − 3.6µm colours. Black crosses are all de-
tected objects within 10′ of the Planck clump, red boxes are ob-
jects inside the Planck beam and brighter than the completeness
magnitude in the 3.6µm band. The dashed and dotted lines show
the fit to the RS and its scatter. Vertical bars in the lower re-
gion of the plot show the average colour error at each magnitude
interval. Magnitudes in the AB system.

templates provided with EAZY provide the best photomet-
ric redshifts. Where K-band photometry is available (i.e. for
the Boötes clump), a K-band prior is favoured over an R-
band prior, as it reduces the fraction of wrong identifications.
A complete treatment of the tests done and their results will
be shown in Braglia et al. (in prep.).

After calculating photo-z’s for all objects in each field,
we look for 3D overdensities (i.e. a significant peak in pho-
tometric redshift space, matched to a clustering of objects
on the plane of the sky) of objects inside the regions covered
by the Planck clumps. Peaks in photometric redshift space
are identified by comparison of the distribution of redshifts
along the line of sight of the clump and in the larger field,
to track the effect of large-scale structure (walls and fila-

c© RAS, MNRAS 000, 1–??

Lockman: z~2.0



Photo-z

Bootes: z~2.3CDFS: z~1.1



Cluster Ages
• Can use results on these high z starforming 

clusters to examine aspects of cluster evolution

Colour vs redshift for 2 clumps & ISCS clusters compared to 4 different 
current ages

Clements et al. in press; Braglia et al. in prep
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Figure 16. The mean I-3.6µm colour of the red-sequence for
the CDF-S and Boötes clumps (red squares). Different tracks for
galaxies with different formation redshifts are shown (see legend).
The cyan triangles mark the mean colour of the RS for a selection
of clusters from the ISCS survey (Eisenhardt et al. 2008).

6.4 Extending the Clump Search

While there is clearly considerable potential in using Planck,
and improved catalog releases such as the 2013 Planck
Catalog of Compact Sources (PCCS, Planck Collaboration,
2013), to search the entire sky for the kind of dusty galaxy
clusters discovered here, a common factor among all the
models of such objects in Negrello et al. (2005) is that their
number counts are quite steep, and that many more such
objects are likely to be found at fainter fluxes. The even-
tual Planck sensitivity to these objects is unlikely to reach
much below the sensitivities achieved here, thanks to the ef-
fects of confusion in the large Planck beams. However, sur-
veys with Herschel, including HerMES, H-ATLAS and the
HeLMS extension to HerMES (270 sq. deg coverage of part
of the Stripe 82 region of SDSS (Oliver et al., 2012)), and
others, mean that over 1000 sq. deg. of sky will eventually be
covered by SPIRE to considerably greater depth than Planck

can achieve in comparable bands, and with much higher an-
gular resolution. These Herschel maps can be searched for
fainter dusty galaxy clusters than can be found by Planck,
or for structures that are not well matched in angular size to
the Planck beam, using a variety of techniques, ranging from
simple smoothing, to wavelet transform methods. Indeed,
our current analysis includes a serendipitous demonstration
of this capability. Figure 13 shows our adaptively smoothed
source density map of the CDF-S region. In addition to the
Planck clump we also highlight an additional structure to its
north east. This is prominent at 250µm where it appears as a
significant overdensity. Its position matches that of a known
z=0.67 galaxy cluster RCSJ033414-2824.6 (Gilbank et al.,
2007). This cluster is not associated with a Planck ERCSC
source. While a detailed analysis of this system is beyond
the scope of the present paper, this detection clearly demon-
strates the ability of Herschel to uncover lower luminosity
clumps than can be detected by Planck. Pointed observa-
tions with Herschel and other instruments are also begin-
ning to find similar objects. Rigby et al. (2013) have found
evidence for Herschel source overdensities around z∼2 to 4
radio galaxies, consistent with the presence of star forming

galaxies clusters comparable to those discussed here. Addi-
tionally, Valtchanov et al. (2013) have found similar evidence
for Herschel sources associated with the z=2.156 Spiderweb
galaxy, while Noble et al. (2013) have used a combination
of Herschel and SCUBA2 data to suggest the presence of
a z∼ 3 grouping of star forming galaxies behind the z=0.9
supercluster RCS231953+00. Far-IR/submm observations,
whether using Planck, Herschel or other data sets, thus seem
poised to provide major new insights into the history of star
formation in dense environments at high redshift.

7 CONCLUSIONS

We have investigated the nature of Planck ERCSC sources
that lie in ∼90 sq. deg. of sky observed by Herschel as part of
the HerMES survey. Of the 16 ERCSC sources that lie in this
area we find that four are not associated with nearby dis-
crete objects. Instead they are associated with local overden-
sities of Herschel sources, forming clumps of objects whose
Herschel colours suggest they lie at z>>0. We investigated
the nature of these sources by examining archival multifre-
quency data or through observations in the near-IR. This re-
veals evidence from both photometric redshift analysis and
from the presence of red sequence galaxies that the Planck

clumps and associated Herschel sources are clusters of galax-
ies at redshifts ∼1—2. The far-IR emission in these systems,
which leads to their detection in the large, 5 arcmin., Planck
beams as compact sources, and as an overdensity of sepa-
rate sources by Herschel, results from several of the cluster
members experiencing contemporaneous bursts of star for-
mation. A starbursting phase such as this has been suggested
by Granato et al. (2004) and others as an important stage
in the formation and evolution of galaxy clusters and of the
galaxies within them. This phase has hitherto been difficult
to uncover. The combination of Planck and Herschel obser-
vations, as demonstrated here, and analysis of Herschel data
on its own, are capable of detecting such sources and thus
providing a new tool for testing models of galaxy and galaxy
cluster formation and evolution. We use the ancillary data
available for two of our clusters to determine the formation
epoch of their constituent galaxies, confirming that we are
identifying young clusters in the process of formation. We
also compare the star formation rate uncovered in our clus-
ters, to other clusters in the literature. Between redshifts of
∼1 and 2 we find that the cluster star formation rate density
is roughly constant, but at lower redshift, star formation in
clusters rapidly falls.

Our analysis is so far based on a relatively small num-
ber of Planck clumps shown to be galaxy clusters. There is
considerable potential for this work to be expanded to large
sample sizes using both the larger areas being covered by the
H-ATLAS and HeLMS surveys with Herschel, and through
followup observations of the sources in the all-sky Planck

survey. This work will provide important new insights into
the evolution of clusters and cluster galaxies.
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H-ATLAS Clumps
• Herranz et al. 2012 identify 1 clump in H-ATLAS 

GAMA fields

• Associated with z=3.26 lensed galaxy G12H29 in Fu 
et al. 2012
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8. Description of the proposed programme and attachments

Description of the proposed programme (continued)

If this source is confirmed as a genuine z=3.25 dusty protocluster then it will provide ideal future targets for
ALMA, o↵ering new insights into star and galaxy formation in a dense environment at high redshift. More
broadly, validating the reality of this high redshift candidate dusty protocluster will demonstrate the e↵ectiveness
of Planck in finding such objects. We were fortunate that this particular object lies in the H-ATLAS survey
region where complementary Herschel data was already available. A conservative search of the Planck ERCSC
finds at least 10 sources with similar Planck colours to this object. Since the Planck ERCSC is not optimised for
finding such sources there is the possibility that we are just seeing the brightest and most distinct such objects
in the ERCSC. With the G12H29 cluster confirmed we can refine search methods to produce a larger sample
and open a new approach to studying galaxy formation at high redshift.
We require 30 hours of LABOCA observations to study this unusual and potentially very important object.
References: Hughes et al., 1998, Nature, 394, 241; Smail et al., 1997, ApJ, 490, L5; Puget et al., 1996, A&A, 308, L5; Fixsen et al., 1998, ApJ., 508, 123; Farrah,

D., 2006, ApJ, 641, L17; Granato et al., 2004, ApJ, 600, 580; Magliocchetti et al., 2007, MNRAS, 375, 1121; Stevens et al., 2010, MNRAS, 405, 2623; Capak et

al., 2011, Nature, 470, 233; Gobat et al., 2011, A&A, 526, 133; Pilbratt et al., 2010, A&A, 518, L1; Negrello et al., 2010, Science, 330, 800; Eales et al., 2010,

PASP, 122, 499; Planck Coll., 2011, arXiv:1101.2041

Attachments (Figures)

Fig. 1: Left: Herschel 3 Colour image of region around G12H29. Colours are: blue - 250µm; green - 350µm;
red - 500µm. Colour scale chosen so that objects that are red/white are likely to lie at z⇠3. The brightest
white/red object in this image is the z=3.25 galaxy G12H29, likely lensed by a foreground galaxy. The white
circle is centred on the Planck source and has the 5’ diameter of the Planck 857GHz beam. Single red pixels are
an artefact of the current processing and are rejected in analysis. Right: Herschel colours of detected objects in
this region compared to model SED colour tracks for two star-forming galaxy templates. Black dots are sources
with no redshift, red is the z=3.25 source G12H29. The template SEDs go from z=0 to z=4.5. Also shown is
the 350/500 colour of the Planck source.

Fig 3: CO spectrum of G12H29 from CARMA showing redshift measurement using CO 3-2 yielding a redshift
of 3.259.

- 3 -
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Figure 2. Three colour SPIRE image of the 400 ×400 arcsec region around the lensed z = 3.26 source HATLAS12-00. Blue = 250µm,
Green=350µm and Red=500µm, overlaid by contours, at levels of 3, 4, 5, 6 and 7 σ from nthe submm observations, with LABOCA in
blue and SCUBA2 in red. Note that those sources brightest at 870 or 850µm µm are associated with the reddest SPIRE sources.

al. (2012), is accounted for, the lensed source itself is found
to have similar properties to the companions revealed in the
submm (see Table 1).

We derive the far-IR luminosity of these sources, and
thus their star formation rate, using a template fitting
method, under the assumption that all these sources lie at
z = 3.26. This approach calculates the likelihood of the ob-
served fluxes for three different template SEDs: M82 star-
burst, Arp220 starburst (both taken from Pearson & Khan,
2009) and a young, heavily obscured, starburst (taken from
Rowan-Robinson et al. 2010). The far-IR luminosity of a
source is given by the rest-frame 8-1000µm luminosity of
the best fitting template. These values, and the derived star
formation rate assuming the Kennicutt SFR-LFIR relation
(Kennicutt, 1998) are given in Table 4, along with details
of the best fitting template. The template fitting routine is
also capable of deriving a photometric redshift estimate for
the sources by assessing the likelihood of the observational
data given both the template SED and the source redshift.

For the eleven sources classified as good, with both re-

liable detections and reasonable SPIRE data, the best fit
photometric redshifts range from 2.57 to 4.44, with seven
being compatible with a redshift close to that of the lensed
source. The expected number of field sources in this sam-
ple of ’good’ objects is ∼4, so this number of sources with
redshifts matching the lensed source is fully consistent with
the idea that the over density of sources we have found is a
result a cluster, or some other kind of large scale structure,
associated with the lensed source.

We therefore conclude that HATLAS12-00 and the
submm sources associated with it may make up a cluster
of ultra- and hyperluminous infrared galaxies (U/HLIRGs),
forming stars at a total rate of 10000—13000M!/yr. This is
a very high star formation rate suggesting that this is an ex-
ceptional object, but nevertheless comparable to the HLIRG
& ULIRG system at z=2.4 recently described by Ivison et al.
(2013), which has a total star formation rate of 6340 M!/yr.
Given that we know there is a foreground cluster or group
at z∼1 in front of these sources, members of which are re-
sponsible for the lensing of HATLAS12-00 (Fu et al., 2012),

c© RAS, MNRAS 000, 1–??

Is the clump at z=3.26?
• Submm observations provide extra fluxes 

for sources around G12H29 

Herschel & Submm colours 
suggest Submm detections at 

similar z to lens

H-ATLAS: A Candidate z=3.26 Cluster of Star-Forming HLIRGs 11

Figure 3. 250µm/350µm vs. 350µm/500µm flux ratios of SPIRE
sources within 5 arcminutes of the lensed source HATLAS12-00
compared to the colours expected for star forming galaxies as a
function of redshift. The submm detected sources (all good rated
sources and the one marginal with a reasonable SPIRE detection)
are indicated with a red colour, with HATLAS12-00 having the
smallest error bars. Black symbols denote SPIRE sources detected
within the submm fields that do not have a > 4σ submm detec-
tion. Note that the submm detected sources are in general redder
than the bulk of the SPIRE sources, and have colours compara-
ble to those of the lensed z = 3.26 source itself. A few SPIRE-
only sources have similarly red colours. The Planck 857GHz (ie.
350µm) to 545GHz (ie. 550µm) colour is shown as a horizontal red
line, giving the colour of the clump as a whole. The Planck colour
is also comparable to that of the lensed source. Colour tracks are
also shown as lines for two template SEDs. These cover the red-
shift range from z = 0 to z = 4.5. Dots along these lines occur at
intervals of 0.5 in redshift.

Above z ∼ 1, the SFRD of clusters for the clusters con-
sidered here is roughly constant from z ∼ 1.5 to z ∼ 3;
HATLAS12-00 appears to lie below the trend outlined by
the observations of Stevens et al. (2010), however one must
note that our LABOCA observations are detecting only the
most intense star-forming galaxies in this object. There may
be other, lower LFIR, sources associated with this object
that would add to its integrated star formation rate if we
had deeper observations. Below z ∼ 1 the observed SFRD
in clusters drops rapidly to very low levels, as expected for
older clusters with an evolved galaxy population, where star-
formation is mostly quenched. Clusters known to be under-
going a merger have higher SFRD even at lower redshift
(in particular Cl0024), while clusters in a state of kinematic
relaxation (e.g. MS0541) show a relatively early quenching
of their SFR (cf. e.g. Mahajan, Raychaudhury & Pimbblet
2012).

5.4 Alternatives to a Cluster

While the photometric redshift analysis and Herschel-
submm colours of these sources are all consistent with most
of the submm-detected sources lying at the same redshift as
HATLAS12-00, there are other interpretations that must be
considered. Firstly, there is the possibility that the submm

Figure 4. 250µm/350µm vs. 350µm/850µm flux ratios of the
sources detected in the submm classified as good, compared to
colour tracks as a function of redshift for star forming galaxies.
All these sources have colours similar to the lensed z = 3.26
source HATLAS12-00, which is the source in this figure with the
smallest error bars, consistent with them all lying at a similar
redshift. Template colour tracks are also shown, similar to those
in Fig. 3.

Figure 6. Identification of LABOCA 2 with an IRAC source.
Greyscale is the IRAC 4.5µm image, blue contours are from the
SMA, white circle is the LABOCA beam at the position of the
source, cyan circle is the SCUBA2 beam at the position of the
matching source. The IRAC source identified with the submm
object is clear once the SMA data is considered.

sources are associated with the z∼1 lens and clump of SDSS
sources noted by Herranz et al. (2013) and studied by Fu
et al. (2012) in the context of the gravitational lensing of
HATLAS12-00. While some of the bluer Herschel sources
might be related to these foreground structures, the submm
sources discussed here would be quite exceptional if they
were at z∼1 rather than at z∼3. They would still be ultralu-
minous, with LFIR ∼ 1012L!, but this luminosity would be
coming from dust at a temperature of ∼17K, implying dust
masses ∼ 1010M!. While we do not yet have a good charac-
terisation of the dust properties of generic galaxies at z∼1,
this would make these objects among the coldest that have
been found by the H-ATLAS survey out to z=0.5 (Dunne et
al., 2011), and with such high dust masses that their space

c© RAS, MNRAS 000, 1–??
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Figure 3. 250µm/350µm vs. 350µm/500µm flux ratios of SPIRE
sources within 5 arcminutes of the lensed source HATLAS12-00
compared to the colours expected for star forming galaxies as a
function of redshift. The submm detected sources (all good rated
sources and the one marginal with a reasonable SPIRE detection)
are indicated with a red colour, with HATLAS12-00 having the
smallest error bars. Black symbols denote SPIRE sources detected
within the submm fields that do not have a > 4σ submm detec-
tion. Note that the submm detected sources are in general redder
than the bulk of the SPIRE sources, and have colours compara-
ble to those of the lensed z = 3.26 source itself. A few SPIRE-
only sources have similarly red colours. The Planck 857GHz (ie.
350µm) to 545GHz (ie. 550µm) colour is shown as a horizontal red
line, giving the colour of the clump as a whole. The Planck colour
is also comparable to that of the lensed source. Colour tracks are
also shown as lines for two template SEDs. These cover the red-
shift range from z = 0 to z = 4.5. Dots along these lines occur at
intervals of 0.5 in redshift.

Above z ∼ 1, the SFRD of clusters for the clusters con-
sidered here is roughly constant from z ∼ 1.5 to z ∼ 3;
HATLAS12-00 appears to lie below the trend outlined by
the observations of Stevens et al. (2010), however one must
note that our LABOCA observations are detecting only the
most intense star-forming galaxies in this object. There may
be other, lower LFIR, sources associated with this object
that would add to its integrated star formation rate if we
had deeper observations. Below z ∼ 1 the observed SFRD
in clusters drops rapidly to very low levels, as expected for
older clusters with an evolved galaxy population, where star-
formation is mostly quenched. Clusters known to be under-
going a merger have higher SFRD even at lower redshift
(in particular Cl0024), while clusters in a state of kinematic
relaxation (e.g. MS0541) show a relatively early quenching
of their SFR (cf. e.g. Mahajan, Raychaudhury & Pimbblet
2012).

5.4 Alternatives to a Cluster

While the photometric redshift analysis and Herschel-
submm colours of these sources are all consistent with most
of the submm-detected sources lying at the same redshift as
HATLAS12-00, there are other interpretations that must be
considered. Firstly, there is the possibility that the submm

Figure 4. 250µm/350µm vs. 350µm/850µm flux ratios of the
sources detected in the submm classified as good, compared to
colour tracks as a function of redshift for star forming galaxies.
All these sources have colours similar to the lensed z = 3.26
source HATLAS12-00, which is the source in this figure with the
smallest error bars, consistent with them all lying at a similar
redshift. Template colour tracks are also shown, similar to those
in Fig. 3.

Figure 6. Identification of LABOCA 2 with an IRAC source.
Greyscale is the IRAC 4.5µm image, blue contours are from the
SMA, white circle is the LABOCA beam at the position of the
source, cyan circle is the SCUBA2 beam at the position of the
matching source. The IRAC source identified with the submm
object is clear once the SMA data is considered.

sources are associated with the z∼1 lens and clump of SDSS
sources noted by Herranz et al. (2013) and studied by Fu
et al. (2012) in the context of the gravitational lensing of
HATLAS12-00. While some of the bluer Herschel sources
might be related to these foreground structures, the submm
sources discussed here would be quite exceptional if they
were at z∼1 rather than at z∼3. They would still be ultralu-
minous, with LFIR ∼ 1012L!, but this luminosity would be
coming from dust at a temperature of ∼17K, implying dust
masses ∼ 1010M!. While we do not yet have a good charac-
terisation of the dust properties of generic galaxies at z∼1,
this would make these objects among the coldest that have
been found by the H-ATLAS survey out to z=0.5 (Dunne et
al., 2011), and with such high dust masses that their space
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Figure 5. SED fits derived from the template fitting code compared to the observed data from SPIRE and LABOCA, under the
assumption that the sources are at a redshift of 3.26, ie. matching that of the lensed source H12-00. Only those sources ranked as good,
and thus with goo photometric coverage are plotted.

it is possible that some of the companions to HATLAS12-
00 are also lensed. Examination of IRAC images at 3.6 and
4.5 µm of this field (Cooray et al., private communication),
however, shows that there are no IRAC sources close to the
companions that are as bright as the IRAC sources responsi-
ble for the lensing of HATLAS12-00. We thus conclude that
any lensing magnification of the companions by foreground
sources is small, and certainly much less than the factor of
8 magnification of HATLAS12-00 itself.

5.2 Cross Identifications

SMA observations of sources LABOCA 2, 3, 4 & 5 have
found a source corresponding to LABOCA 2, with a flux
of 4.2±1mJy (a 4.2 σ detection). The locations of this
SMA source is well matched to the LABOCA and SCUBA2
positions (see Fig. 6). The non-detections for LABOCA 4
and 5, and a marginal (3σ) detection of LABOCA 3, with
flux 3.9±1.3 mJy, are compatible with their expected fluxes
based on the SED templates fitted to them in Fig. 5 and
Section 5.1 - we would at best only have expected to de-
tect them at ∼ 3σ given the noise achieved at the SMA.
The position for the SMA counterpart to LABOCA 2 is co-
incident with a source in our Spitzer warm 3.6 and 4.5µm

images of this field (see Fig. 7). The properties of this cross
identification are summarised in Table 5. Examination of
SDSS images at the position of this source fails to find any
optical counterpart, implying that the i-band magnitude of
the source is fainter than the 21.3 magnitude i-band limit of
SDSS. The red [3.6]-[4.5] colour of this object is consistent
with it lying at high redshift, similar to that of the z=3.26
lensed source. Model SEDs calculated with ExGAL (Man-
cone & Gonzalez, 2006) using the Bruzual & Charlot (2003)
stellar evolution models suggest that a galaxy at z=3.26 that
formed at z=3.5 will have [3.6]-[4.5] ∼0.5. The identification
for LABOCA 2 has [3.6]-[4.5] = 0.8±0.07, so is somewhat
redder than this prediction. Higher redshifts for the source
than z∼3.26 and different formation histories cannot pro-
duce significantly redder colours, while lower redshifts only
produce bluer colours. We thus think it likely that dust ob-
scuration, as well as redshift and formation history, is likely
contributing to the red colour of this source. The tentative
SMA detection of LABOCA 3 also has a plausible IRAC
identification nearby with a colour of [3.6]-[4.5] = 0.5±0.2.
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Submm photo-z fits all consistent with 11 companions 
lying at same z as lensed source: z=3.26



The SFRD of Clusters
• Compare with 

field SFR density 
evolution again

• Evolution from 
high z to z~1.2 
match, but 
cluster SFRD 
drops at lower z

• What happens at 
higher z?

Field SSFR from Hopkins et al. 2006 (blue) 
and Bouwens et al. 2011(orange)



More to Come!



Conclusions

• Combining Planck & Herschel allows the 
discovery of ‘clumps’ of dusty galaxies

• Appear to be high z clusters with many 
members going through simultaneous 
starbursts, some involve lensing

• Clusters found in this way at higher z than 
conventional searches allow


