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Dusty	
  protoclusters	
  as	
  FIR	
  sources	
  

l 	
  Cluster	
  galaxies	
  are	
  expected	
  to	
  undergo	
  phases	
  of	
  
strong,	
  simultaneous	
  star-­‐forma%on	
  in	
  the	
  early	
  phases	
  
of	
  cluster	
  life	
  (z	
  ≥	
  1.5)	
  

l 	
  Models	
  predict	
  young	
  
(proto-­‐)clusters	
  as	
  bright	
  FIR/
submm	
  ‘clumps’	
  detected	
  by	
  
Planck	
  
	
  
l 	
  ≥103	
  clumps/sr,	
  SFIR	
  ≥	
  100	
  mJy	
  
	
  
l 	
  Fluxes	
  and	
  densi%es	
  accessible	
  
to	
  Herschel	
  surveys!	
   Negrello	
  et	
  al.	
  2005	
  



Dusty	
  protoclusters	
  as	
  FIR	
  sources	
  

Possible	
  strategy	
  to	
  search	
  for	
  high-­‐z	
  clusters:	
  
	
  
-­‐	
  Select	
  compact	
  sources	
  in	
  Planck	
  
-­‐	
  Compare	
  to	
  Herschel	
  sources	
  
-­‐	
  Iden%fy	
  foregrounds	
  
-­‐	
  Follow-­‐up	
  with	
  mul%-­‐λ	
  data	
  for	
  physical	
  proper%es	
  

350 μm Sky: Planck & Herschel
• Simulation by Gonzales-Nuevo of 1sq deg region including 

protocluster (top left).
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Planck	
  clumps	
  in	
  HerMES	
  fields	
  
l 	
  Select	
  sources	
  from	
  Planck	
  ERCSC,	
  match	
  with	
  HerMES	
  data	
  
l 	
  Expected	
  counterparts:	
  	
  

l  Nearby	
  galaxies	
  (bright	
  foregrounds)	
  
l  Cirrus	
  (bright,	
  extended	
  foregrounds)	
  
l  Overdensi%es	
  of	
  distant	
  galaxies	
  

Herschel	
  250μm	
  
cutouts	
  around	
  
Planck	
  clumps	
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250 micron images of HerMES Planck Sources
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Foreground	
   Foreground	
  

Foreground	
  Foreground	
  



Clumps	
  in	
  HerMES	
  
l 	
  17	
  clumps	
  in	
  4	
  deep	
  HerMES	
  fields	
  
l 	
  13	
  foregrounds:	
  nearby	
  galaxies,	
  1	
  star	
  (o	
  Ce%)	
  
l 	
  4	
  candidate	
  clusters/protoclusters	
  

Bootes

CDFS-SWIRE

EGS

Lockman-SWIRE
Thursday, 9 February 12

Bootes

CDFS-SWIRE

EGS

Lockman-SWIRE
Thursday, 9 February 12

Bootes

CDFS-SWIRE

EGS

Lockman-SWIRE
Thursday, 9 February 12

Bootes

CDFS-SWIRE

EGS

Lockman-SWIRE
Thursday, 9 February 12



FIR/submm	
  colours	
  
Planck	
  and	
  Herschel	
  colours	
  consistent	
  with	
  z≥1	
  galaxies	
  

HerMES: Clusters of Dusty Galaxies Uncovered by Herschel and Planck 5

Figure 3. Planck Colours for Planck Clumps. Planck colours
F857/F545vs.F545/F353 for the Planck clumps shown as black
dots, compared to the Planck colours for generic Planck ERCSC
sources (shown as small red dots) and the sources in the HerMES
fields not identified as clumps (shown as orange dots, exclud-
ing the three sources which are undetected in one of the Planck
bands). ERCSC source colours are only plotted for sources de-
tected at >5σ in the 353 GHz band to ensure that error bars on
the colours are small, and for sources with |b| > 20 to eliminate
sources in the galactic plane. These colours are compared to the
Planck colour tracks as a function of redshift for SED models of
a starbursting (M82) and a quiescent galaxy (M100).

quiescent, cirrus-type galaxy. Only sources with at least a
2σ flux measurement in all three bands are plotted. We also
plot the mean colours for all the sources associated with each
clump. As with the Planck colours, the Herschel colours of
the clump sources are redder than would be expected for low
redshift galaxies, and are broadly consistent with redshifts
∼1 or greater.

The SPIRE 350µm passband is very similar to the
Planck 857GHz band. The Planck fluxes for the clumps at
857GHz can thus, in principle, be directly compared to the
sum of the 350µm fluxes for the associated Herschel sources.
However, all the clump sources have 857GHz fluxes below
∼1.3 Jy. At this flux level, Planck Collaboration (2011d)
note that ERCSC fluxes will be ’flux boosted’, so the Planck
fluxes are likely to be over-estimates of the actual flux asso-
ciated with these sources. Herranz et al. (2012) note a simi-
lar effect in their studies of Planck sources in the H-ATLAS
Phase 1 fields. When we calculate the summed 350µm flux of
Herschel sources contributing to the Planck 857GHz flux of
each clump, and taking the circular gaussian 4.23 arcminute
FWHM Planck beam into account, it is thus not surpris-
ingly that we find summed fluxes 2—3 times lower than the
Planck ERCSC flux.

4 COMPLEMENTARY OPTICAL AND
NEAR-IR DATA

Our analysis of the Planck and Herschel properties of the
clump sources is consistent with the idea that they are z≥1

Figure 5. SPIRE Colours for individual Herschel sources asso-
ciated with the Planck Clumps. Only sources detected with a
S/N>2 in all three SPIRE bands are plotted. Also plotted are
the mean colours for each clump. These are compared to the
SPIRE colour tracks as a function of redshift for SED models of
a starbursting (M82) and a quiescent galaxy (M100).

clusters or protoclusters of dusty galaxies, matching the gen-
eral properties of the sources predicted by Negrello et al.
(2005). Herschel and Planck data, however, can only go so
far in revealing the nature of these objects. Confirmation
that these are genuine galaxy clusters or protoclusters re-
quires observational data at other wavelengths. Ideally this
should include optical spectroscopy so that redshifts can be
determined, but in the absence of that information we can
still make significant progress in understanding these objects
by examining the broadband optical and near-IR proper-
ties of sources associated with the positions of the Planck
clumps. The HerMES survey was designed to take data in
regions of the sky that are well studied at other wavelengths.
The Bootes clump lies within the NOAO NDWFS (Jannuzi
& Dey 1999; Dey et al. 2008), for which there is a wide va-
riety of optical and near-IR data. The same is true of the
CDF-S field, which is also complemented by Spitzer data
from the SWIRE survey (Lonsdale et al., 2003). The EGS
field has also been subject to deep multiwavelength observa-
tions by the AEGIS collaboration (Davis et al., 2007) while
the Lockman field was also observed by the SWIRE survey.
However, the location of the clumps in these two latter fields
is away from the areas where deep multiwavelength data is
available, so new followup data for these objects has been
obtained. In this section we describe the new and archival
data for these fields.

4.1 Archival data

4.1.1 Bootes

The Bootes clump lies within the area covered by the NOAO
Deep-Wide Field Survey (NDWFS, DR3), which provides
deep optical coverage in the BWRI bands. This dataset is
complemented by the z-Bootes survey of Cool (2007), which
provides z-band coverage of the same field, and the Infrared
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Follow-­‐Up	
  &	
  Early	
  Results	
  



Clump	
  Follow-­‐Up	
  -­‐	
  I	
  

l 	
  Detected	
  in	
  all	
  Herschel	
  bands	
  at	
  >5σ	
  
l 	
  Faint,	
  broad	
  IRAC	
  red-­‐sequence	
  
inside	
  Planck	
  beam	
  
l 	
  IRAC	
  colours	
  consistent	
  with	
  z≈2	
  
	
  



l 	
  Archival	
  BRIzJHK	
  +	
  IRAC	
  photometry	
  
l 	
  Peak	
  at	
  zphot=2.05	
  
l 	
  Matches	
  posi%on	
  of	
  clump	
  
l 	
  Possible	
  large-­‐scale	
  structure	
  

Clump	
  Follow-­‐Up	
  -­‐	
  I	
  



l 	
  Significant	
  (>10σ)	
  overdensity	
  
of	
  galaxies	
  at	
  zphot=2	
  inside	
  
Planck	
  beam	
  

l 	
  No	
  foreground	
  overdensi%es	
  

Clump	
  Follow-­‐Up	
  -­‐	
  I	
  



l 	
  Detected	
  at	
  250μm,	
  350μm	
  (>4σ)	
  
l 	
  Faint	
  IRAC	
  red-­‐sequence,	
  consistent	
  
with	
  z	
  ≈	
  1	
  

Clump	
  Follow-­‐Up	
  -­‐	
  II	
  



l 	
  Archival	
  Ugriz	
  +	
  IRAC	
  photometry	
  
l 	
  Peak	
  at	
  zphot=1.14	
  
l 	
  Matches	
  posi%on	
  of	
  clump	
  
	
  
l 	
  z=0.66	
  group	
  detected	
  at	
  250μm	
  

Clump	
  Follow-­‐Up	
  -­‐	
  II	
  



l 	
  Significant	
  (>12σ)	
  overdensity	
  
of	
  galaxies	
  at	
  zphot=1.1	
  inside	
  
Planck	
  beam	
  

l 	
  No	
  fg/bg	
  overdensi%es	
  

Clump	
  Follow-­‐Up	
  -­‐	
  II	
  



l 	
  Detected	
  in	
  all	
  Herschel	
  bands	
  at	
  >5σ	
  
l 	
  SDSS	
  ugriz	
  +	
  dedicated	
  JK’	
  follow-­‐up	
  
l 	
  Well-­‐formed	
  red-­‐sequence	
  
l 	
  Mul%ple	
  overdensi%es	
  inside	
  beam	
  
l 	
  zphot	
  =	
  0.9	
  (nIR	
  colour,	
  SDSS+nIR	
  
photo-­‐z)	
  
	
  

Clump	
  Follow-­‐Up	
  -­‐	
  III	
  



l 	
  Detected	
  in	
  all	
  Herschel	
  bands	
  at	
  >6σ	
  
l 	
  SDSS	
  ugriz	
  +	
  dedicated	
  JK’	
  follow-­‐up	
  
l 	
  zphot	
  =	
  1.8	
  (nIR	
  colour)	
  
	
  

Clump	
  Follow-­‐Up	
  -­‐	
  IV	
  



Star-­‐forma%on	
  rates	
  

l 	
  FIR	
  SED	
  fiong	
  of	
  Herschel	
  sources	
  inside	
  the	
  Planck	
  beam	
  
yields	
  SFRs	
  of	
  several	
  10-­‐100	
  M¤/yr,	
  up	
  to	
  1000	
  M¤/yr	
  
l 	
  Total	
  SFRs	
  of	
  1000-­‐10000	
  M¤/yr	
  	
  
l 	
  Stacking	
  suggests	
  even	
  higher	
  (10-­‐30%)	
  SFRs	
  within	
  
Planck	
  beam	
  

zp	
  =	
  2.05	
   zp	
  =	
  1.15	
  zp	
  =	
  1.8	
   zp	
  =	
  0.9	
  



Star-­‐forma%on	
  rates	
  
Consistent	
  with	
  observa%ons	
  of	
  cosmic	
  SFR!	
  



Summary	
  

l 	
  High-­‐z,	
  dusty	
  protoclusters	
  probe	
  the	
  early	
  phases	
  of	
  cluster	
  
forma%on	
  
	
  
l 	
  Detec%on	
  is	
  feasible,	
  Planck	
  +	
  Herschel	
  provide	
  a	
  reliable	
  
selec%on	
  criterion	
  

l 	
  Does	
  not	
  rely	
  on	
  ICM,	
  SZ,	
  red-­‐sequence,	
  etc:	
  poten%al	
  for	
  
detec%on	
  of	
  protoclusters	
  in	
  assembly	
  
	
  
l 	
  Early	
  results	
  in	
  selected	
  HerMES	
  fields	
  show	
  dusty	
  clusters	
  
at	
  z	
  of	
  1-­‐2,	
  more	
  at	
  higher	
  z	
  under	
  analysis	
  (also	
  in	
  H-­‐ATLAS)	
  
	
  
l 	
  Combined	
  search	
  in	
  HerMES+H-­‐ATLAS	
  (600+	
  sq.deg.)	
  
expected	
  to	
  yield	
  hundreds	
  of	
  clumps	
  






