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•  Combined	
  with	
  geometrical	
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  DE/	
  modified	
  gravita.on	
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strated that future SZE surveys might constrain
the variation of the dark energy equation of state
w(z). Hu & Kravtsov (10) examined the ef-
fects of cosmic variance on cluster surveys as well
as including the effects of imprecise knowledge
of a larger number of cosmological parameters.
Levine, Schulz & White (11) examined an X–ray
cluster survey, showing that a sufficiently large
survey allows one to measure cosmological pa-
rameters and constrain the all–important cluster
mass–observable relation simultaneously. This
raises the exciting possibility that cluster surveys
are self–calibrating– that the redshift distribu-
tion contains enough energy to solve for cluster
structure and cosmology simultaneously! An im-
portant caveat to this work is that the authors
assumed that the evolution of cluster structure
was perfectly known. In a more recent work, Ma-
jumdar & Mohr (12) show that if one allows for
our imprecise knowledge cluster structural evo-
lution with redshift, the constraint on the dark
energy equation of state w evaporates. In ad-
dition, we show that if one incorporates followup
measurements– perhaps from X–ray, SZE or weak
lensing– into the survey one can recover the pre-
cise constraints on w. These calculations under-
score the importance of incorporating informa-
tion from multiple observables into future cluster
surveys. Ongoing calculations by several groups
will undoubtedly provide additional insights into
how to optimize cluster surveys, but today it ap-
pears that high yield cluster surveys are as vi-
able a means of studying dark energy as first sug-
gested.

2. Prospecting for Clusters

Galaxy clusters are dark matter dominated ob-
jects with baryon reservoirs in the form of an intr-
acluster medum (ICM) and a galaxy population.
Clusters can be found through the light the galax-
ies emit, the gravitational lensing distortions the
cluster mass introduces into the morphologies of
background galaxies, the X–rays emitted by the
energetic ICM, the distortion that the hot ICM
introduces into the cosmic microwave background
spectrum (SZE), and the effects that the ICM has
on jet structures associated with active galaxies

Figure 1. The cluster redshift distribution for a
4000 deg2 SZE survey proposed for the South Pole
is sensitive to the dark energy equation of state w.
Three models with different w are shown (above)
and statistical differences quantified (below).

in the cluster. These methods are largely com-
plementary, each having different strengths. It
appears that X–ray and SZE signatures of clus-
ters are higher contrast observables than are weak
lensing or galaxy light. That is, massive galaxy
clusters are more prominent relative to the jum-
ble of lower mass halos and large scale filaments
when viewed with the SZE and X-ray; projection
effects are a far more serious concern when using
galaxy light or weak lensing signatures. Studies of
the highest redshift galaxy clusters will likely be
done with the SZE, because of the redshift inde-
pendence of the spectral distortion in the CMB.
Further work has to be done to develop optimal
means of applying each of these observables and
combining them to create the highest fidelity pic-
ture of the cluster population and its evolution.

Figure 1 contains the redshift distributions for
one proposed SZE survey from the South Pole
(PI: Carlstrom). Redshift distributions for w =
−1, w = −0.8 and w = −0.6 are shown to demon-
strate the effects of this parameter on the survey.
In the lower panel the statistical “distance” be-
tween these models is shown, illustrating sensitiv-
ity near the peak in dN/dz at z = 1/2 and again
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slice of the survey. Additional calculations are needed to
examine how well this very promising approach will work
in future cluster surveys.

Here we look at another way to improve constraints on
the equation of state of dark energy. We show how one may
use the redshift averaged cluster power spectrum P̄cl(k),
derived from the correlated positions of galaxy clusters
in the survey, to tighten the constraints on cosmological
parameters. Because the sky position and the redshift (al-
ready needed to measure the redshift distribution) for each
cluster gives us enough information to construct P̄cl, one
essentially gets the cluster power spectrum without further
observational effort. The amplitude and shape of the clus-
ter power spectrum depends on the underlying dark matter
power spectrum and the bias of the tracers, which is re-
lated to the mass of the halo (Mo & White 1996; Sheth &
Tormen 1999) in the same way as the mass function of the
halos. Thus, a measure of biased cluster power spectrum
essentially provides an indirect measurement of the mass
of the cluster tracers . This additional information is es-
sential in constraining the evolution of the mass-observable
relation, which is key to obtaining tight cosmological con-
straints from the cluster redshift distribution. In addition,
the shape of the cluster power spectrum provides an addi-
tional constraint on the matter density because of its effect
on the transfer function.

Moreover, an advantage of P̄cl over any spatial correla-
tion, ξ(r), studies is in the respective uncertainty analy-
sis. For P̄cl, one can assume, for an initial Gaussian field,
the statistical fluctuation to be mainly uncorrelated (Feld-
man et al. 1994). However, P̄cl is similar to ξ(r) in the
sense that both exhibit different parameter degeneracies
than those from using dN/dz and hence combining power
spectrum constraints with the cluster redshift distribution
helps in tightening parameter constraints. The aim of this
paper is to examine the complementarity of the redshift
distribution and cluster power spectrum that can be ob-
tained in any high yield cluster surveys. We show that by
combining these two analyses, dramatic improvement on
w-constraints can be realized even in the face of uncertain
evolution of the cluster mass–observable relation.

The paper is arranged in the following way. In §2 we
describe the basic formalism and then in §3 we describe
three representative surveys and our method of estimat-
ing parameter constraints. In §4 we present our results
and finally conclusions are drawn in §5.

2. PRELIMINARIES

2.1. Cluster Redshift Distribution

To begin, we estimate the redshift distribution of de-
tectable clusters within a survey solid angle ∆ΩM ,

dN

dz
= ∆Ω

dV

dzdΩ
(z)

∫ ∞

0
f(M, z)

dn(M, z)

dM
dM (1)

where dV /dzdΩ is the comoving volume element,
(dn/dM)dM is the comoving density of clusters of mass
M , and f(M, z) is the redshift dependent cluster selection
function for the survey. In this analysis we take f(M, z)
to be a step function at some limiting mass Mlim, which
corresponds to the mass of a cluster that lies at the sur-
vey detection threshold. In a real survey the selection
function will depart from a step function, and this has

been examined elsewhere (Holder et al. 2000; Lin & Mohr
2003). We use the cluster mass function dn/dM deter-
mined from structure formation simulations (Jenkins et al.
2001). Sample dn/dz plots can be found in MM03.

For an X-Ray survey, the mass-observable relation takes
the form of bolometric flux - mass relations and we use

fx(z)4πd2
L = AxMβx

200E
2(z) (1 + z)γx (2)

where fx is the observed flux in units of erg s−1cm−2,
dL is in units of Mpc, M200 in units of 1015M⊙ is the
mass enclosed within a radius r200 having a overdensity of
200 with respect to critical and H(z) = H0E(z). where

E2(z) = ΩM (1 + z)3 + Ωk(1 + z)2 + Ω3(1+w)
E . We con-

vert M200 to M(z), the halo mass appropriate for our
mass function at redshift z using a halo model (Navarro
et al. 1997, hereafter, NFW). Following MM03, the pos-
sibility of non-standard evolution of the mass–observable
relation is included through the parameter γx. In our fidu-
cial model we take γx = 0 to be consistent with the ob-
served weak evolution in the luminosity–temperature re-
lation (Vikhlinin et al. 2002), and we choose βx = 1.807
and log Ax = −3.926 (Reiprich & Böhringer 2002).

For an SZE survey, the corresponding SZE flux-mass
relation is given by

fsz(z, ν)d2
A = f(ν)fICMAszM

βsz

200 E3/2(z) (1 + z)γsz (3)

where f(ν) is the frequency dependence of the SZE dis-
tortion, fsz is the observed flux in mJy, M200 is in units
of 1015M⊙, fICM = 0.12 (e.g Mohr et al. 1999) and dA is
in units of Mpc (see Diego et al. 2001). For our fiducial
model, we use the mass - temperature relation for clus-
ters having T > 3KeV (Finoguenov et al. 2001), to get
log Asz = 16.47, βsz = 1.68 and γsz = 0 to model stan-
dard structure evolution. Note that in determining the
estimated uncertainties on cosmological parameters, we al-
low the normalization of these mass–observable relations
to be free to vary. Finally, we impose a minimum cluster
mass of 1014h−1 M⊙ on all surveys.

2.2. The Cluster Power Spectrum

The power spectrum of future high yield surveys pro-
vides a different probe of the background cosmological
model. Taken alone, the constraints from cluster power
spectrum are far weaker than those from dN/dz alone.
However, when combined with other measures of cosmo-
logical parameters, the power spectrum studies can give
very powerful constraints. While in most cases, people
have studied the power spectrum for galaxy surveys, the
cluster power spectrum holds similar promise because clus-
ters are highly biased when compared to galaxies, making
it possible to obtain similar statistical uncertainties with
far smaller samples. Another important issue that con-
trasts the cluster power spectrum, Pcl(k), from that of
galaxies is the fact that the bias, b(M, z), for clusters can
be determined from large scale N-body simulations and
theoretical calculations (Mo & White 1996; Sheth & Tor-
men 1999). In addition, cluster masses are related to sim-
ple observables, making it possible to directly connect the
bias of the cluster power spectrum to these same observ-
ables. The same physics of gravitational collapse of dark
matter dominated halos underlies the theoretical and nu-
merical predictions of the bias–mass relation and the mass
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•  Large	
  sky	
  coverage,	
  Strong	
  sta.s.cs,	
  sampling	
  the	
  high	
  z	
  tail	
  	
  

	
  Analy.cal	
  es.mated	
  selec.on	
  func.on	
  of	
  the	
  photometric	
  catalog	
  nearly	
  flat:	
  	
  
	
  All	
  ΛCDM	
  clusters	
  	
  with	
  M>	
  2	
  1014	
  M¤	
  detected	
  at	
  3σ	
  up	
  to	
  z=2:	
  
	
  60000	
  clusters	
  of	
  which	
  18000	
  with	
  z>1	
  

	
  
Ø  Needs	
  an	
  op.mized	
  cluster	
  finder	
  (purity	
  &	
  completness)	
  with	
  well	
  

controlled	
  selec.on	
  func.on	
  
	
  
•  Calibra.on	
  of	
  the	
  mass-­‐observable	
  rela.on	
  and	
  scaaer:	
  

Ø  	
   State	
  of	
  the	
  art	
  WL	
  mass	
  es.mates	
  
Ø  	
   Mul.wavelength	
  Synergy	
  for	
  scaling	
  rela.ons:	
  	
  e-­‐Rosita,	
  Athena+,	
  

Planck,…	
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  ac.vity	
  in	
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Science	
  Working	
  Group	
  	
  Clusters	
  of	
  Galaxies	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ~	
  120	
  members	
  (2014)	
  
	
  
Leads:	
  	
  L.	
  Moscardini	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  	
  J.	
  Weller	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  	
  	
  	
  	
  J.	
  Bartlea	
  	
  

	
   	
   	
  Fix	
  the	
  science	
  objec.ves	
  	
  
	
   	
   	
  Requirements:	
  pipeline	
  products	
  and	
  performances	
  

	
   	
   	
   	
  Final	
  science	
  analyses	
  
	
  
Workpackages: 	
  	
  hap://euclid.roe.ac.uk/projects/cgswg/wiki/	
  

	
   	
   	
  w	
  Sample	
  Selec.on	
  	
  (A.	
  Gonzalez,	
  A.	
  Iovino,	
  L.	
  Moscardini)	
  
	
   	
   	
   	
  w	
  Mass	
  Modelling	
  (A.	
  von	
  der	
  Linden,	
  M.	
  Meneghek,	
  H.	
  Hoekstra)	
  
	
   	
   	
   	
  w	
  Likelihood	
  (S.	
  Borgani,	
  J.	
  Weller)	
  
	
   	
   	
   	
  w	
  Sta.s.cs	
  on	
  Cluster	
  Samples	
  (J.	
  Weller,	
  J.	
  Bartlea,	
  L.	
  Moscardini)	
  
	
   	
   	
   	
  w	
  Mass-­‐Observable	
  Rela.on	
  (J.	
  Bartlea,	
  A.	
  Biviano,	
  S.	
  Maurogordato)	
  
	
   	
   	
   	
  w	
  Valida.on	
  (S.	
  Bardelli,	
  A.	
  Stanford/M.	
  Brodwin)	
  
	
   	
   	
   	
  w	
  Astrophysics	
  of	
  galaxy	
  clusters	
  (S.	
  Mei,	
  G.	
  de	
  Lucia)	
  
	
   	
   	
   	
  w	
  External	
  Data	
  (T.	
  Reiprich,	
  P.	
  Rosa.,	
  J.B.	
  Melin)	
  

	
  
Requirements	
  Task	
  force	
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  SGS:	
  OU-­‐LE3	
  WP	
  Clusters	
  of	
  Galaxies	
  
	
  

	
  Implementa.on:	
  Leads:	
  A.	
  Biviano	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  S.	
  Maurogordato	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ~	
  65	
  members	
  (2014)	
  
	
  Valida.on:	
  Leads.:	
  	
  R.	
  Pello	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  T.	
  Giannantonio	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ~	
  25	
  members	
  (2014)	
  

	
  
	
  Tasks:	
  	
  Implement/validate	
  algorithms	
  

	
  
Ø  Cluster	
  detec.on	
  &	
  Selec.on	
  Func.on	
  
Ø  Mass	
  proxy	
  es.mates:	
  richness	
  –	
  velocity	
  dispersion	
  –	
  WL	
  aperture	
  masses	
  
Ø  Cluster	
  Clustering	
  

More	
  on:	
  hap://euclid.roe.ac.uk/projects/oule3-­‐clus-­‐impl/wiki	
  



I-­‐	
  Cluster	
  detec.on	
  and	
  selec.on	
  func.on	
  

	
  Photometric	
  catalog 	
   	
   	
   	
  	
  	
  Spectroscopic	
  catalog	
  

	
  

	
   	
   	
   	
   	
   	
  	
  Weak	
  lensing	
  
Sartoris	
  et	
  al.	
  2015	
  

Bergé	
  et	
  al.	
  2010	
  	
  



	
  
The	
  Euclid	
  Cluster	
  Finder	
  Challenge	
  

OU-­‐LE3	
  CG	
  WP	
  
	
  	
  	
  

	
  Objec.ve:	
  	
  	
  	
  	
  
	
  to	
  set	
  in	
  place	
  a	
  procedure	
  to	
  compare	
  different	
  cluster	
  finder	
  algorithms	
  
developed	
  in	
  the	
  context	
  of	
  the	
  Euclid	
  mission	
  

	
  
	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  NOT	
  to	
  select	
  one	
  algorithm	
  among	
  the	
  others	
  (at	
  this	
  stage)	
  

	
  
	
  Par.cipants:	
  
	
  S.	
  Farrens,	
  A.	
  Iovino,	
  A.	
  Biviano,	
  S.	
  Maurogordato,	
  C.	
  Adami,	
  F.	
  
Bellagamba,	
  C.	
  Benoist,	
  A.	
  Cappi,	
  O.	
  Cuccia.,	
  F.	
  Durret,	
  S.	
  Farrens,	
  A.	
  
Gonzalez,	
  A.	
  Iovino,	
  R.	
  Licitra,	
  S.	
  Mei,	
  M.	
  Roncarelli,	
  S.	
  Bardelli,	
  J.G.	
  
Bartlea,	
  C.	
  Baugh,	
  S.	
  Borgani,	
  A.	
  Merson,	
  L.	
  Moscardini,	
  M.	
  Vannier	
  

	
  

	
  	
  
	
  

	
  
	
  
	
  



The	
  Euclid	
  Cluster	
  Finder	
  Challenge	
  

	
  
Main	
  steps	
  (2013-­‐2014)	
  

•  	
  Defini.on	
  of	
  a	
  protocol	
  for	
  comparing	
  the	
  cluster	
  finders	
  (WG	
  led	
  by	
  A.	
  Iovino)	
  
•  	
  Test	
  of	
  the	
  proper.es	
  of	
  mocks	
  (WG	
  led	
  by	
  A.	
  Cappi)	
  
•  	
  Prepara.on	
  of	
  the	
  mocks	
  for	
  the	
  challenge	
  (A.	
  Cappi)	
  
•  	
  Set	
  up	
  of	
  a	
  secured	
  plaqorm	
  in	
  Nice	
  to	
  exchange	
  the	
  data	
  
•  	
  Cluster	
  finder	
  algorithms	
  are	
  run	
  on	
  the	
  mocks	
  	
  
•  	
  First	
  results	
  presented	
  at	
  Nice	
  SWG/OULE3	
  mee.ng,	
  17/12/2013	
  
•  	
  Analysis	
  of	
  the	
  results	
  by	
  the	
  TAG,	
  document	
  issued	
  April	
  10th	
  2014	
  
•  	
  Results	
  presented	
  at	
  the	
  Marseille	
  Euclid	
  consor.um	
  mee.ng	
  May	
  5th	
  2014	
  
•  	
  Second	
  Cluster	
  Finder	
  	
  Challenge	
  ungoing	
  
•  	
  Analysis	
  of	
  Second	
  CFC	
  at	
  the	
  Sesto	
  Euclid	
  mee.ng	
  July	
  5-­‐10,	
  2014	
  
•  	
  EC	
  document	
  «	
  Results	
  from	
  the	
  analysis	
  of	
  the	
  1st	
  round	
  of	
  the	
  Cluster	
  Finder	
  

Challenge	
  »	
  	
  
	
  	
  	
  

	
  



The	
  algorithms	
  

	
  Need	
  to	
  cover	
  a	
  wide	
  variety	
  of	
  methods,	
  density-­‐based	
  and	
  using	
  the	
  
proper.es	
  of	
  galaxies	
  in	
  clusters.	
  

	
  
	
  7	
  codes	
  challenging:	
  	
  

•  Op.mal	
  filtering	
  –	
  F.	
  Bellagamba	
  &	
  M.	
  Roncarelli	
  	
  	
  	
  	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (CFC	
  1&2)	
  
•  Wavelet	
  Z-­‐Phot	
  Cluster	
  Finder	
  –	
  C.	
  Benoist 	
   	
  	
  	
   	
   	
   	
  	
  (CFC	
  1&2)	
  
•  Friends	
  of	
  Friends	
  –	
  S.	
  Farrens 	
   	
   	
   	
   	
   	
   	
   	
  	
  (CFC	
  1&2)	
  
•  Wavelet	
  adap.ve	
  –	
  A.	
  Gonzalez	
   	
   	
   	
   	
   	
   	
   	
  	
  (CFC	
  1&2)	
  
•  Voronoi-­‐Delaunay	
  tessella.on	
  –	
  A.	
  Iovino-­‐	
  O.	
  Cuccia. 	
   	
   	
  	
  (CFC	
  1)	
  
•  Galaxy	
  overdensi.es	
  +	
  Red	
  Sequence	
  –	
  R.	
  Licitra	
  &	
  S.	
  Mei	
  	
  	
  	
   	
  	
  (CFC	
  1&2)	
  
•  Z-­‐phot	
  Tomography	
  –	
  C.	
  Adami	
  &	
  F.	
  Durret 	
   	
   	
   	
   	
  	
  (CFC	
  2)	
  



The	
  mocks	
  

	
  Parent	
  catalog:	
  Euclid	
  500	
  ☐2	
  light	
  cone	
  	
  limited	
  to	
  H≤24.1	
  provided	
  by	
  
the	
  Durham	
  group	
  (C.	
  Baugh	
  &	
  A.	
  Merson)	
  	
  Millenium	
  +	
  SAM	
  	
  (Merson	
  et	
  
al.	
  2013)	
  

	
  
	
  	
  	
  	
  	
  	
  	
  4	
  subsets	
  100	
  ☐2	
  (prepared	
  by	
  A.	
  Cappi):	
  	
  

	
  	
  2	
  ‘blind’	
  test	
  catalogs:	
  no	
  informa.on	
  on	
  real	
  halos	
  
	
  	
  2	
  calibra.on	
  catalog:	
  contains	
  informa.on	
  about	
  real	
  halos	
  	
  
	
  	
  'good':	
  σ(zphot)=	
  0.03	
  (1+z),	
  5%	
  catastrophic	
  
	
  	
  'bad':	
  	
  	
  σ(zphot)=0.05	
  (1+z),	
  10%	
  catastrophic	
  	
  

	
  
	
  No	
  spectroscopic	
  informa.on	
  is	
  used	
  at	
  the	
  moment	
  



The	
  challenge	
  

	
  Each	
  cluster	
  finder	
  developper	
  is	
  asked	
  to	
  run	
  his/her	
  algorithm	
  in	
  a	
  
limited	
  .mescale	
  on	
  the	
  test	
  catalogs	
  (taking	
  advantage	
  of	
  the	
  calibra.on	
  
catalog)	
  and	
  to	
  provide	
  his/her	
  catalog	
  of	
  detected	
  halos	
  providing:	
  

•  Observed	
  cluster	
  centre	
  (RAobs,	
  Decobs,	
  zobs)	
  
•  S/N	
  of	
  detec.on	
  
•  Numerosity	
  	
  
•  Es.mate	
  of	
  an	
  internal	
  mass	
  proxy	
  

	
  A	
  Tes.ng	
  Algorithm	
  Group	
  is	
  then	
  charged	
  of	
  the	
  comparison	
  of	
  different	
  
algorithms	
  (J.	
  Bartlea,	
  C.	
  Benoist,	
  A.	
  Biviano,	
  S.	
  Borgani,	
  A.	
  Cappi,	
  S.	
  
Farrens,	
  A.	
  Iovino,	
  S.	
  Maurogordato,	
  L.	
  Moscardini)	
  in	
  close	
  connec.on	
  
with	
  the	
  cluster	
  finder	
  developpers.	
  	
  



Selec.on	
  Func.on:	
  Purity	
  and	
  Completness	
  

	
   	
  	
  
	
  When	
  matching	
  the	
  observed	
  halos	
  catalog	
  with	
  the	
  parent	
  	
  real	
  halo	
  catalog	
  
(with	
  a	
  mass	
  cut	
  above	
  some	
  threshold)	
  ,	
  one	
  can	
  define:	
  

	
  
	
  	
  	
   	
  	
  Purity	
  	
   	
   	
   	
  P	
  =	
  Nmatch	
  /	
  Nobs	
  
	
  	
   	
  	
  Completness	
   	
   	
  C	
  =	
  Nmatch	
  /	
  Nreal	
  	
  
	
  
Ø  Completness	
  is	
  mass	
  dependent	
  (should	
  specify	
  the	
  mass	
  threshold	
  for	
  	
  

matching)	
  
Ø  Purity	
  is	
  very	
  challenging	
  to	
  es.mate	
  as	
  it	
  depends	
  of	
  the	
  mass	
  threshold	
  of	
  

the	
  	
  observed	
  sample,	
  not	
  known	
  a	
  priori	
  –	
  Requires	
  the	
  use	
  of	
  a	
  mass	
  proxy	
  	
  

	
  Here,	
  the	
  minimum	
  mass	
  threshold	
  inves.gated	
  is	
  M>10	
  13	
  Msol	
  and	
  only	
  
halos	
  with	
  >=	
  5	
  members	
  are	
  considered.	
  	
  



Completness	
  as	
  a	
  func.on	
  of	
  redshiL	
  

Matched	
  with	
  halos	
  M>10	
  14	
  Msol	
  	
  	
  
	
  

Farrens,	
  Iovino,	
  Biviano,	
  Maurogordato	
  et	
  
al.	
  ,	
  2014,	
  Results	
  of	
  Cluster	
  Challenge	
  2	
  
	
  



Purity	
  as	
  a	
  func.on	
  of	
  redshiL	
  

Wavelet	
  

Op.mal	
  Filtering	
   Red	
  Sequence	
  

	
  	
  	
  WAZP	
  

FOF	
  
Farrens,	
  Iovino,	
  Biviano,	
  Maurogordato	
  et	
  
al.	
  ,	
  2014,	
  Results	
  of	
  Cluster	
  Challenge	
  2	
  
	
  

Tomography	
  



Completness	
  (Mass-­‐redshiL	
  plane)	
  

Matched	
  with	
  halos	
  M>10	
  14	
  Msol	
  	
  	
  

Wavelet	
   Voronoi	
   Wavelet	
  

Op.mal	
  Filtering	
   Red	
  Sequence	
   FOF	
  

Farrens,	
  Iovino,	
  Biviano,	
  Maurogordato	
  et	
  
al.	
  ,	
  2014,	
  Results	
  of	
  Cluster	
  Challenge	
  2	
  
	
  



Purity	
  (Nobs-­‐redshiL	
  plane)	
  

Matched	
  with	
  halos	
  M>10	
  13	
  Msol	
  	
  	
  
	
  

Wavelet	
   Voronoi	
   Wavelet	
  

Op.mal	
  	
  Filtering	
   Red	
  Sequence	
  	
   FOF	
  

Farrens,	
  Iovino,	
  Biviano,	
  Maurogordato	
  et	
  al.	
  ,	
  
2014,	
  Results	
  of	
  Cluster	
  Challenge	
  2	
  
	
  



Accuracy	
  on	
  redshiL	
  

Farrens,	
  Iovino,	
  Biviano,	
  Maurogordato	
  et	
  al.	
  ,	
  
2014,	
  Results	
  of	
  Cluster	
  Challenge	
  2	
  
	
  



Detec.on:	
  Next	
  future	
  

§  Set-­‐up	
  of	
  the	
  procedure	
  to	
  compare	
  the	
  performances	
  of	
  	
  cluster	
  
detec.on	
  from	
  photometric	
  samples	
  is	
  done	
  

	
  
§  Several	
  runs	
  of	
  CFC	
  are	
  scheduled	
  in	
  future	
  (March	
  2015	
  –	
  End	
  2015,	
  

algorithms	
  to	
  be	
  given	
  for	
  valida.on	
  in	
  2016)	
  

§  Refined	
  matching	
  using	
  memberships	
  
§  Fully	
  automated	
  analysis	
  (ungoing	
  at	
  Lagrange,	
  M.	
  Vannier	
  &	
  P.F.	
  Rocci)	
  
§  Extended	
  to	
  use	
  the	
  spectroscopic	
  informa.on	
  
§  Common	
  challenge	
  with	
  cluster	
  finders	
  from	
  Weak	
  Lensing	
  	
  
§  Realis.c	
  zphots	
  errors	
  
§  Introduce	
  masking	
  
	
  
URGENT	
  NEED	
  	
  for	
  wide-­‐angle	
  mocks	
  (>	
  5000	
  deg2)	
  reproducing	
  the	
  proper.es	
  of	
  
galaxies	
  in	
  clusters	
  (counts,	
  luminosity	
  func.ons,	
  	
  density,	
  velocity	
  distribu.on	
  and	
  
colors)	
  up	
  to	
  z=	
  2	
  	
  
	
  

	
   	
   	
  Strong	
  impact	
  on	
  the	
  selec.on	
  of	
  the	
  cluster	
  finder	
  	
  
	
   	
   	
  and	
  on	
  the	
  resul.ng	
  	
  cluster	
  catalog	
  

	
  

	
  



II	
  –	
  Mass	
  proxies	
  

Ø  Determine	
  the	
  mass-­‐observable	
  rela.on	
  and	
  its	
  uncertain.es	
  for	
  various	
  
observables	
  

Ø  Need	
  to	
  minimize	
  sta.s.cal	
  and	
  systema.c	
  	
  errors:	
  direct	
  impact	
  on	
  the	
  
cosmological	
  constraints	
  	
  

•  Richness,	
  from	
  cluster	
  finders	
  or	
  external	
  (C.	
  Benoist,	
  F)	
  
•  Luminosi.es	
  	
  in	
  NIR	
  bands	
  
•  Stellar	
  Masses	
  
•  Velocity	
  dispersion	
  
•  Reconstructed	
  Masses	
  from	
  weak	
  lensing	
  (A.	
  Leonard,	
  UK)	
  
	
  	
  	
  	
  	
  	
  Joint	
  WP	
  with	
  WL	
  



III-­‐	
  Cluster	
  Clustering	
  

	
  Joint	
  WP	
  with	
  Galaxy	
  Clustering	
  led	
  by	
  F.	
  Marulli	
  (I)	
  
	
  
Ø  Cluster	
  Clustering	
  used	
  together	
  with	
  	
  number	
  counts	
  to	
  constrain	
  

cosmology	
  

•  2-­‐pt	
  and	
  3-­‐pt	
  cluster	
  correla.on	
  func.on	
  
•  Cluster	
  power	
  spectrum	
  and	
  bi-­‐spectrum	
  
•  Covariances	
  matrices	
  

	
  

Detec.on	
  of	
  BAOs	
  in	
  clusters	
  in	
  SDSS	
  
Veropalumbo,	
  Marulli,	
  Moscardini	
  et	
  al.	
  2014	
  



SWG:	
  Cosmological	
  constraints:	
  
σ8	
  -­‐	
  Ωma6er	
  

Sartoris	
  et	
  al.	
  2015	
  (SWG)	
  

From	
  counts	
  only:	
  
ΔΩm=0.016	
  and	
  Δσ8=0.009	
  
Adding	
  power	
  spectrum:	
  
ΔΩm=0.003	
  and	
  Δσ8=0.006	
  
A	
  further	
  large	
  improvement	
  
assuming	
  to	
  know	
  the	
  scaling	
  
rela.on.	
  
Planck	
  priors	
  not	
  important	
  	
  	
  	
  
	
  

68	
  per	
  cent	
  contour	
  levels	
  



SWG:	
  Cosmological	
  constraints:	
  
dark	
  energy	
  equaKon	
  of	
  state	
  

Sartoris	
  et	
  al.	
  2015	
  (SWG)	
  

w(a)=w0+wa(1-­‐a)	
  

€ 

FoM =
1

det Cov pi, p j( )[ ]

Cortesy	
  Lauro	
  Moscardini	
  



SWG:	
  Cosmological	
  constraints:	
  
dark	
  energy	
  equaKon	
  of	
  state	
  

Sartoris	
  et	
  al.	
  2015	
  (SWG)	
  

w(a)=w0+wa(1-­‐a)	
  

€ 

FoM =
1

det Cov pi, p j( )[ ]

The	
  importance	
  of	
  Euclid	
  	
  	
  
high-­‐z	
  clusters:	
  
only	
  20%	
  of	
  the	
  total	
  FoM	
  is	
  from	
  
z<1,	
  50%	
  is	
  reached	
  @	
  z=1.4.	
  
	
  

Cortesy	
  Lauro	
  Moscardini	
  



Conclusions	
  
•  Cosmology	
  with	
  clusters:	
  strongly	
  evolving	
  field	
  in	
  the	
  era	
  of	
  large	
  galaxy	
  surveys	
  	
  

•  Euclid	
  strengths	
  
–  Depth:	
  high	
  z	
  range	
  essen.al	
  for	
  constraining	
  cosmology	
  
–  Large	
  sta.s.cs:	
  both	
  number	
  counts	
  and	
  clustering	
  
–  Calibra.on	
  of	
  the	
  mass-­‐observable	
  rela.on	
  by	
  Weak	
  Lensing	
  (+	
  stacked	
  

velocity	
  dispersions)	
  
Most	
  current	
  works	
  ≈	
  10-­‐15	
  %	
  uncertainty,	
  Weighing	
  the	
  Giants	
  ≈	
  8%,	
  Euclid	
  	
  aims	
  a	
  few	
  %	
  !	
  
	
   	
  key:	
  control	
  of	
  systema.c	
  uncertain.es	
  

	
  
•  Ac.vi.es	
  

–  SWG:	
  First	
  Forecasts	
  for	
  Euclid,	
  other	
  WP	
  ac.vi.es	
  in	
  development	
  
–  Task	
  force	
  on	
  Requirements	
  
–  OU-­‐LE3:	
  	
  

•  Implementa.on:	
  Detec.on:	
  CFC	
  1	
  and	
  2	
  have	
  	
  shown	
  that	
  several	
  codes	
  have	
  good	
  
performances	
  (completness,	
  purity)	
  -­‐	
  Other	
  WPs	
  in	
  progress	
  

•  Valida.on:	
  Methodology	
  in	
  dev	
  (Simula.ons	
  and	
  real	
  data)	
  

	
  
	
  
	
  



Conclusions	
  

URGENT	
  NEED	
  NEW	
  MOCKS	
  with	
  representa.ve	
  proper.es	
  of	
  galaxies	
  in	
  clusters	
  
up	
  to	
  z=2	
  !	
  
	
  
Durham	
  500deg2:	
  Problems	
  with	
  velocity	
  distribu.ons	
  and	
  with	
  colors	
  	
  

	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  impact	
  Red	
  Sequence	
  based	
  cluster	
  finders	
  
	
  
MICE	
  500	
  deg2:	
  Problems	
  with	
  depth	
  (limited	
  at	
  H<22	
  and	
  z=1.4)	
  

	
   	
   	
  	
  	
  Absolute	
  magnitude	
  cut:	
  Mr=-­‐18.9	
  (lack	
  of	
  faint	
  galaxies	
  in	
  low	
  z	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
   	
   	
  	
  	
  clusters)	
  

	
  
Need	
  also	
  Wide	
  Angle	
  (>5000	
  deg2)	
  :	
  	
  cluster	
  clustering	
  &	
  uncertain.es	
  on	
  purity	
  
and	
  completness	
  


