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Future Prospects 

The recent successes in galaxy cluster cosmological studies 
set the stage for the next generation of experiments.  These 
experiments focus both on scaling up the number the clusters 
and on better control of systematics- particularly on better mass 
calibration. 
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  Halo abundance as cosmological constraints 
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  Cosmological constraints from cluster surveys 
  Future Prospects 
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Overview: Future Prospects   
  The cluster mass calibration challenge 

  There are several future missions that will include cluster cosmology 
as an important driver: 

  Deep multiband optical surveys 
  The Dark Energy Survey 
  HyperSuprimeCam Survey 

  eROSITA all sky X-ray survey 
  EUCLID space based imaging survey 

  These large contiguous surveys offer the possibility to use the 
clustering of the cluster population- attacking many of the problems 
Will has just been discussing 
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Weak Lensing Cluster Masses 
  The cluster survey teams have 

turned to weak lensing mass 
calibration 

  Within SPT we are pursuing 
Magellan Megacam observations 
of a sample of 18 z~0.3-0.4 
clusters together with HST+VLT 
observations of a sample of 14 
z~0.6-1.15 clusters 
  Only first results available 
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SPT CLJ0546-5345 

High et al 2012 



Stacked Weak Lensing Masses 
  Weak lensing masses are not precise 

because: (1) shape noise is high on a 
per galaxy basis, (2) there are limited 
numbers of background source 
galaxies to constrain the shear and (3) 
variations in the large scale structure 
correlated with the cluster and 
projected along the line of sight 

(see Henk’s talk later this week, Gruen et al 2011 and e.g. 
Schneider 2005) 

  By combining weak lensing from a 
large number of clusters with a similar 
observable (i.e. Lx, ξ or Bgc), it is 
possible to beat down these statistical 
and systematic noise sources 
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Rozo et al 2010 

State of the art stacked weak lensing 
calibration in SDSS 

Nclus=5651, 2269, 1021, 353, 55 (low to high) 

Velocity Dispersions for Mass Calibration 
  Velocity dispersions offer noisy 

single cluster mass constraints, but 
like weak lensing they can be 
combined to a robust overall 
calibration (Evrard et al 2008; White 
et al 2010; Saro et al 2012) 

  Subhalo kinematics can be studied 
in simulations 

  Key issues are importance of 
selection (i.e. red sequence) and 
quantifying velocity bias 

  Current literature survey- ~5% 
disagreement on velocity bias 
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Cluster Mass Calibration with Velocity Dispersions 5

FIG. 3.— The relation betweenMvir and the dynamical mass for all the clusters in the sample. For each cluster the dynamical mass is inferred by applying Eq.
2 to the 3D velocity dispersion divided by

√
3 (left panel) and for each of the three projected 1D velocity dispersions (right panel) of all the galaxies extracted

from the De Lucia & Blaizot (2007) database within Rvir from the centre of the cluster. The dashed (dotted) white-black line is the best fit of the relation (plus
and minus one σ) and is virtually indistinguishable from the one-to-one relation (dotted-dashed purple line).

FIG. 4.— The redshift evolution of the logarithmic 1σ scatter for the fol-
lowing quantities: (1) the 3D galaxy velocity dispersion mass estimate scat-
ter (dashed red), (2) the 1D galaxy velocity dispersion mass estimate scatter
(dotted black), (3) a fit to #2 (solid black; Eqn. 3), (4) the scatter of the 1D
velocity dispersion about the 3D dispersion (solid green), (5) the same quan-
tity turned into mass scatter using Eqn. 2 (dashed-dotted blue) and (6) the
expected 1D dispersion mass scatter (#2) obtained by quadrature addition of
#1 and #5, as explained in Sec. 3.1 (dotted-dashed purple; Eqn. 4).

sible systematics affecting the cluster velocity dispersion and
associated dynamical mass estimates when more realistic se-
lection for the member galaxies are taken into account.
We model the selection carried out in real world circum-

stances by following the procedure we have developed for the
South Pole Telescope (SPT) dynamical mass calibration pro-
gram (Bazin et al. 2012). Namely, we preferentially choose
the most luminous red sequence galaxies that lie projected
near the center of the cluster for our spectroscopic sample.
To do this we select galaxies according to their colors, which

are a direct prediction of the adopted semi-analytic model.
In particular, we compute the following color-magnitude di-
agrams for different redshift ranges: g − r as a function of
r for redshift z≤ 0.35, r − i as a function of i for redshifts
0.35 <z≤ 0.75 and i − z as a function of z for redshifts
larger than 0.75 (e.g. Song et al. 2011). We report in Fig. 7
the color-magnitude diagram at different redshifts for all the
galaxies within the virial radius of each cluster. The model
given by Song et al. (2011), which has proven to be a good fit
to the observational data, is highlighted with a dashed black-
red line. As it is shown, the simulated cluster galaxy popula-
tion has a red-sequence flatter than the observational results.
Because the purpose of this work is not to study the evolution
of the cluster galaxy population, but rather to see the effect of
the selection of galaxies on the estimated dynamical mass, we
adopt the following procedure: First we fit the red sequence at
each analysed redshift. Then, we symmetrically increase the
area on color-magnitude space in order to encompass 68% of
the galaxies and iterate the fit. The resulting best fit and corre-
sponding area are highlighted as green continuous and dashed
lines in Fig. 7. Table 2 describes the width in color space used
to select red sequence galaxies at each analysed redshift.
This color selection helps to reduce the interlopers in our

cluster spectroscopic sample. In addition to color selection,
we explore the impact of imposing a maximum projected sep-
arationR⊥ from the cluster center, and we explore varying the
spectroscopic sample size. In all cases we use the Ngal most
massive (and therefore luminous) galaxies in our selected
sample. Table 3 shows the range of Ngal and a = R⊥/rvir
that we explore as well as the sample binning in redshift
and mass. Note that for SZE selected clusters from SPT
or equivalently X-ray selected samples of clusters, once one
has the cluster photometric redshift one also has an estimate
of the cluster virial mass and virial radius from SZE signa-
ture or X-ray luminosity (e.g. Reiprich & Böhringer 2002,
Andersson et al. 2011); therefore, we do in fact restrict our
spectroscopic sample when building masks according to pro-
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sible systematics affecting the cluster velocity dispersion and
associated dynamical mass estimates when more realistic se-
lection for the member galaxies are taken into account.
We model the selection carried out in real world circum-

stances by following the procedure we have developed for the
South Pole Telescope (SPT) dynamical mass calibration pro-
gram (Bazin et al. 2012). Namely, we preferentially choose
the most luminous red sequence galaxies that lie projected
near the center of the cluster for our spectroscopic sample.
To do this we select galaxies according to their colors, which

are a direct prediction of the adopted semi-analytic model.
In particular, we compute the following color-magnitude di-
agrams for different redshift ranges: g − r as a function of
r for redshift z≤ 0.35, r − i as a function of i for redshifts
0.35 <z≤ 0.75 and i − z as a function of z for redshifts
larger than 0.75 (e.g. Song et al. 2011). We report in Fig. 7
the color-magnitude diagram at different redshifts for all the
galaxies within the virial radius of each cluster. The model
given by Song et al. (2011), which has proven to be a good fit
to the observational data, is highlighted with a dashed black-
red line. As it is shown, the simulated cluster galaxy popula-
tion has a red-sequence flatter than the observational results.
Because the purpose of this work is not to study the evolution
of the cluster galaxy population, but rather to see the effect of
the selection of galaxies on the estimated dynamical mass, we
adopt the following procedure: First we fit the red sequence at
each analysed redshift. Then, we symmetrically increase the
area on color-magnitude space in order to encompass 68% of
the galaxies and iterate the fit. The resulting best fit and corre-
sponding area are highlighted as green continuous and dashed
lines in Fig. 7. Table 2 describes the width in color space used
to select red sequence galaxies at each analysed redshift.
This color selection helps to reduce the interlopers in our

cluster spectroscopic sample. In addition to color selection,
we explore the impact of imposing a maximum projected sep-
arationR⊥ from the cluster center, and we explore varying the
spectroscopic sample size. In all cases we use the Ngal most
massive (and therefore luminous) galaxies in our selected
sample. Table 3 shows the range of Ngal and a = R⊥/rvir
that we explore as well as the sample binning in redshift
and mass. Note that for SZE selected clusters from SPT
or equivalently X-ray selected samples of clusters, once one
has the cluster photometric redshift one also has an estimate
of the cluster virial mass and virial radius from SZE signa-
ture or X-ray luminosity (e.g. Reiprich & Böhringer 2002,
Andersson et al. 2011); therefore, we do in fact restrict our
spectroscopic sample when building masks according to pro-

Saro et al 2012 
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Calibrating Scatter is Important 
  The most straightforward way to 

think about scatter calibration is by 
examining relationship of observable 
to a low scatter mass proxy 
(Vikhlinin et al 2009) 

  Alternatively one parametrizes it and 
fits for it along with other nuisance 
parameters 

  Mass scatter from Literature 
  Bgc:  73%+/-18% (Gladders et al 2007) 
  N200: 47%+/-10% (Rozo et al 2010)  
  Lx: 25% (Vikhlinin et al 2009) 
  ξ: 18%+/-12% (Benson et al 2011) 
  Yx: <10% (Kravtsov et al 2007) 
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Conversion to Mass
+

Eddington 
Correction

Conversion to External Observable
+

Intrinsic Scatter + Measurement Uncertainty

Take each percentile of each cluster 
and

 build the distribution of the pulls

Likelihood = p-value of the Kolmogorov-Smirnov Test

(a) (b)

(c)
(d)

(e)

Bazin et al 2012 

P M ξ,θ( )∝P ξ M,θ( )P M( )
Eddington bias (Mortonson et al 2010)  

lnMm = lnMobs +γσ lnM
2

Multi-λ Cluster Studies 
  There are many upcoming opportunities given the multi-wavelength 

survey datasets being acquired over large regions of the sky 

  Multiband Optical/NIR: 
  SDSS, PS1, ESO/VST surveys – similar depths to ~22 mag 
  ESO/KIDS to 24+, DES to 24+, HSC to ~25 
  LSST will go even deeper 
  VISTA NIR surveys underway, WISE already released 

  X-ray All Sky Survey:  eROSITA (30X deeper than RASS) 
  Space based imaging:  EUCLID 

  Deep optical for lensing, deep NIR YJH to 24 mag 
  Large spectroscopic survey beyond SDSS & BOSS pushing forward 
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The Dark Energy Survey 
  5000 deg2  grizY to ~24 
  30 deg2 deep, repeat observations 

  First light September 1, 2012 

  Multi-λ cluster cosmology 
  Optical cluster finding 
  Weak lensing masses for SPT clusters 

  Also: 
  Weak Lensing/Cosmic Shear 
  Baryon Acoustic Oscillations 
  SNe Ia Distances 

Image credit: Roger Smith/NOAO/AURA/NSF 

Blanco 4m on Cerro Tololo, Chile 

DES Science Summary 
Four Probes of Dark Energy 
 
  Galaxy Clusters 

•  ~100,000 clusters to z>1 
•  Synergy with SPT – weak lensing masses 
•  Sensitive to growth of structure and geometry 

  Weak Lensing 
•  Shape measurements of 200 million galaxies  
•  Sensitive to growth of structure and geometry 

  Large-scale Structure (BAO) 
•  300 million galaxies to z = 1 and beyond 
•  Sensitive to geometry 

  Supernovae 
•  30 sq deg time-domain survey 
•  ~4000 well-sampled SNe Ia to z ~1 
•  Sensitive to geometry 

Forecast Constraints on  
DE Equation of State 

Factor 3-5 improvement over  
Stage II DETF Figure of Merit 

Planck prior assumed 
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Updates forecasts coming soon. 

DES Science Working Groups 
Chair: Ofer Lahav 

  Large Scale Structure   (Gaztanaga & Percival) 
  Weak Lensing    (Bridle and Jain) 
  Clusters     (Mohr and Miller) 
  SNe Ia     (Sako and Nichol) 
  Photo-z      (Castander and Lin) 
  Simulations     (Evrard and Kravtsov) 
  Galaxy Evolution    (Thomas and Wechsler) 
  QSO     (Martini and McMahon) 
  Strong Lensing    (Buckley-Geer and Makler) 
  Milky Way     (Santiago and Yanny) 
  Theory and Combined Probes  (Dodelson and Weller) 
  + Spectroscopic Task Force   (Abdalla and Sako) 
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Survey Plans for First Season 

500 sq deg to full DES 
depth (10 tilings) 

Deep SN 
fields 
Shallow SN 
fields 

1200 sq deg to single-
season depth (2 tilings) 

Current 
Footprint 
Revised 
footprint 

SPT area 

1st Season:  Proposed 20 first-half nights for SV and 67.5 nights for 2012B 
Active consideration of equatorial survey -10<δ<10 to support Big-BOSS 
Desire to cover full south galactic cap 
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Strategy for 525 night survey 



Expected Photometric Depths/Seeing 
  Survey strategy: expose for 800s in g/r, 1000s in i/z 

  Characteristic 10σ galaxy depth is ~24 
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DES Overview 

  DES Science Verification data will be released immediately after it 
is acquired (currently mid Nov this year), surveys continues 5 yrs 

  DES fully calibrated catalogs will be released at midpoint of survey 
and one year after the end of the survey 
  Raw and detrended data available one year after acquisition 

  A broad range of science is possible… think of SDSS science but 
over a redshift range extending beyond z=1 
  Timing may be appropriate for starting graduate students 
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e-ROSITA All Sky X-ray Survey 
PI Peter Predehl (MPE) 
  Collecting area of 2 XMM‘s with 1 deg diameter FOV 
  Good angular resolution – <30“ averaged over field 

(similar to ROSAT PSPC pointed data within inner ring) 

  Four year nominal mission 
  Characteristic flux limit is ~2x10-14 erg/s/cm2  

(~30X deeper than ROSAT All Sky Survey w/ CCD spectroscopy) 
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~105 X-ray selected galaxy clusters 
 
DES and PS1 Surveys Enable: 
  * Cluster confirmation 
  * Cluster photo-z’s 
  * Weak lensing mass constraints 

 - Launch 2014 -  

eROSITA Cluster Sample 
  A 50 count limit with characteristic 

exposures one expects 137,000 
systems 

  Rough estimates: 
  7000 with 103 counts 
  700 with 104 counts 
  1000 at z>1 

  Uniform selection possible over 
full sky.  A variety of analyses are 
possible- including cluster power 
spectrum 

  Optical confirmation/redshift 
estimation a sizeable task 
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Forecasts 

  Examine model in h, Ωb, ns, Ωm, σ8, 
fNL plus L-M relation nuisance 
params 

  Examine constraints using different 
reservoirs of information  

  fNL constraints at level of σfNL<10 
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See also Sartoris et al 2012, which examines 
dark energy constraints and their dependence 
on how well one knows the mass-obs relation. 

EUCLID Space Imaging Mission 
  Goal:  determine the underlying 

cause of the cosmic acceleration 
using cosmic shear and galaxy 
clustering 

  Offers tremendous dataset for 
calibration of galaxy cluster 
masses from eROSITA and other 
missions 

  Will (1) image 15000 deg2 with 
Hubble Space Telescope quality 
imaging, (2) deeply image the 
sky in the NIR, (3) measure 
redshifts of 50 million galaxies for 
cluster studies 
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Euclid!
Consortium!

 Euclid Mission Meeting                                                                                      Copenhagen  May 14-18,  2012 

http://www.euclid-ec.org  

Overview  
and  

status 

3rd  Euclid Mission Meeting 

see Laureijs et al 2011, Amendola et al 2012 

EUCLID Cluster Science 
  The EUCLID data will be coupled with deep, multiband ground based 

data to enable photometric redshift estimates for the EUCLID sample 
of galaxies 
  This includes DES, HSC, KIDS, PS2 and ultimately LSST 

  Primary goal of the Cluster SWG in EUCLID  is to use the 
combination of optical cluster finding and shear to extract a large 
cluster sample with well understood completeness and contamination 
  This cluster catalog would enable cluster mass function studies, cluster 

power spectrum studies, cross correlation studies, etc 
  Uniqueness:  Calibration of the mass-obs relation enabled by EUCLID 

HST-like dataset, deep NIR data enables large cluster samples at z>1 

  Legacy value:  precise mass calibration for all existing X-ray/SZE 
cluster samples 
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Summary 
  Cluster mass measurements: 

  Current limits on precision cosmology in X-ray/SZE are mass-observable 
calibration limited 

  Work underway using weak lensing (more on this from Henk) 
  Dispersions provide complementary information 
  Low scatter X-ray observables important, too 

  We are entering a period of large, multi-wavelength imaging and 
spectroscopic surveys 
  “Optical followup” of X-ray/SZE selected cluster samples will be simple query! 
  Low scatter X-ray mass proxies available for ~104 clusters 
  Stacked weak lensing on large samples extending to z~1 will be possible 
  Cluster cosmology is just one of many exciting areas 
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Come join the fun! 



References 
!  Articles from the current literature 
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