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Cluster cosmology
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Three essential tools are required for cluster cosmological:

 an efficient method to identify clusters over a wide redshift range 

 a robust observable estimator of the cluster mass

 a method to compute the selection function
(or equivalently the survey volume within which clusters are found)

ESA medium mission with the aim of 
estimate the DE EoS measuring the 
cosmological Weak Lensing and the galaxy 
clustering

Launch:  2020

Galaxy clusters are “additional 
cosmological probes” for Euclid
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The Euclid mission

Forecast on constraints from galaxy
cluster in the photometric Euclid survey
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Selection function of cluster photometric survey 

These counts have been obtained integrating the 
LF of Lin+03 down to the limiting magnitude 
HAB = 24, as a function of redshift for clusters of 
different masses.

Evolution with z: no redshift evolution of φ⋆ and 
α. For M⋆ redshift evolution we assume a 
passive evolution over the full cluster mass range.

3σfield where σ field is the rms of the field 
counts within the same radius, and within 
the adopted 3∆zp cut

Number N500,c of cluster galaxies within r500,c 

 log(M200,c/M⊙ ) = 14.5

 log(M200,c/M⊙ ) = 14.0

 log(M200,c/M⊙ ) = 13.5
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Non-cluster members are all those galaxies 
that are more than 3∆zp away from the mean 
cluster redshift.
Euclid required accuracy of ∆zphot ≡ 
0.05(1+zcl), (Euclid phot+ground-based 
data). 



  

Selection function of cluster photometric survey 

These counts are calculated down to the limiting 
magnitude HAB = 24, as a function of redshift for 
clusters of different masses

3σfield where σ field is the rms of the field 
counts within the same radius, and within 
the adopted 3∆zp cut

Number N500,c of cluster galaxies within r500,c  log(M200,c/M⊙ ) = 14.5

 log(M200,c/M⊙ ) = 14.0

 log(M200,c/M⊙ ) = 13.5

5 σ galaxy overdensity

3 σ galaxy overdensity
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Number of clusters

Euclid will detect
 ∼ 2 105 objects at 0.2 ≤ z ≤ 2, 
 ∼ 4 104 objects at z > 1 
for the 5σ selection function. 

By lowering the detection threshold 
down to 3σ, these numbers rise up to an 
order of magnitude.
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   Lima & Hu '05
Sartoris+10
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Self – calibration method:  
Probability of assigning a mass  
Mobs to a  cluster of Mtrue is a 
lognormal distribution

 where:

Nuisance Parameters

Cluster number density



  

Cluster power spectrum 

Averaged cluster power 
spectrum

Comoving volume element

Cluster mass function convolved with the 
observable mass scaling relation

Majumdar & Mohr '03 Sartoris+12
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Cluster power spectrum



  

Cluster power spectrum 

Averaged cluster power 
spectrum

Comoving volume element

Cluster mass function convolved with the 
observable mass scaling relation
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Cluster redshift space distosrtion contribution to 
w0-wa constraitns for a wide X-ray survey 
(WFXT)

Cluster power spectrum



  

The statistical methods and the constraints  on DE
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We need to know the bias evolution 
at 1% level

Simple parametrization of the 
nuisance parameters

Known scatter 
evolution

Known bias 
evolution

Known scaling 
relation at z=0
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Knowledge of the 
observable mass 

relation 

Impact of scaling relations

No prior
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Projected mass profiles from different analyses
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MACS1206

MACS 0416

 Umetsu+12  Biviano+13 Balestra,BS+15

Strog lensing (Grillo+14)

X-ray Chandra archival shallow data 

Weak lensing (Umetsu+14)

Dynamic (Yellow+grey)



Projected mass profiles from different analyses
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MACS1206

MACS 0416

 Umetsu+12  Biviano+13 Balestra,BS+15



  

Observable- mass scaling relation calibration

Euclid has the potential to calibrate the 
mean
mass, and hence scaling relations bias, to 
1% out to z=1, and
to 10% out to z=1.6 for clusters of 
M

200,c
 = 1.5 × 1014 M⊙ .

Errors expected on the mean mass of clusters in bins of ∆ log M200,c = 0.2 and ∆z = 0.1. 

 M200,c/M⊙  = 3. × 1014 

 M200,c/M⊙  = 2. × 1014  

 M200,c/M⊙  = 1.5 × 1014  

E
rr

or
 

At lower mass systems because their 
larger number compensates for
their lower individual S/N 
measurements.

sartoris@oats.inaf.itBarbara Sartoris+ arXiv:1505.02165 



  

Observable- mass scaling relation calibration

Number of cluster galaxies with spectroscopic  
redshifts available in stacks of clusters in bins of ∆ 
log M = 0.2 and ∆z = 0.1, as a function of redshift.

The estimate is done only for clusters
with a mass limit above that required for a 
minimum of 5 members with
redshift.  → This requirement stops the red curve  log(M200,c/M⊙) = 14.6 

 log(M200,c/M⊙ ) = 14.2

 log(M200,c/M⊙ )= 14.4

500 gal

The statistical noise in the velocity 
dispersion estimate of a sample of ∼ 500 
cluster members  translates into a 30% 
statistical noise in the mass estimate. 
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5 σ galaxy overdensity

3 σ galaxy overdensity
log(M200,c /Mo) = 13.9
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Impact of selection function



  

Relative FoM for number counts in the 3σ Euclid photometric cluster selection, as a 
function of the limiting redshift zmax of the survey, i.e. the ratio between the FoM evaluated 
over 0.2z zmax and the FoM evaluated over 0.2 z 2.0.
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Impact of high redshift clusters 



  

Constraints  on deviation from GR
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Constraints  on deviation from GR
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Constraints  on Non-Gaussianity
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Constraints  on Neutrino mass
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