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COSMOLOGY WITH GALAXY CLUSTERSCOSMOLOGY WITH GALAXY CLUSTERS
The study of the evolution of high redshift galaxy clusters is a 

decisive and complementary technique, since it has been found that 
the behaviour of the cluster mass function is a powerful tool for the 

accurate estimate of cosmological parameters [2-4], such as the 
amplitude of density perturbations σ

8
, the matter density of the 

universe Ω
m
 and the w-parameter in the dark energy equation of state.
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THE THE 400d CLUSTER SURVEY400d CLUSTER SURVEY
A robust estimate of cosmological parameters is strongly 
dependent on the selection of the sample of clusters of 
galaxies. The homogeneity and statistical completeness 

criteria are fundamental to obtain a good sample of 
objects in order to obtain reliable cosmological 

parameter estimates.

Our 36 galaxy clusters of the 400d cosmological cluster 
sample are a homogeneous, complete and flux-limited 

high-redshift (0.35 ≤ z ≤ 0.89)  subsample of the 
serendipitous survey based on ROSAT PSPC 

observations [1].

First cosmological results based on X-ray mass 
estimates were obtained by Vikhlinin et al. [5-6], but a 

cross-check by means of a complete weak 
gravitational lensing analysis of the same sample is 
needed in order to correct for possible biases on the 
X-ray measurements due to the high redshifts and to 

the use of scaling relations as proxies of mass. 

Combining X-ray and weak lensing mass estimates it 
is possible to obtain more precise mass models, free of 

assumptions on the connection between dark and 
ordinary matter that are instead needed in the X-ray 

approach [7].

REFERENCES

WEAK LENSING CLUSTER MASSES

[4] Mantz et al., 2014, MNRAS 440, 2077

[5] Vikhlinin et al., 2009a, ApJ 692, 1060 

[6] Vikhlinin et al., 2009b, ApJ  692, 1033

Fig. 5 - Left: preliminary mass map (convergence map) of one of the objects of the 400d sample: CL1003+3253 (z=0.42). 
Color becomes redder as the convergence (κ) increases. Despite a diluted shear catalog, it is possible to detect the signal of the 

cluster, in the center of the frame. Right: contours of the mass map overlaid on the optical r'-band image of the same object.

A complete coverage in the X-ray 
band for all the objects of this
cosmological sample has been 

obtained by dedicated Chandra X-
ray satellite pointings in the 

framework of the Chandra Cluster 
Cosmology Project (CCCP) [1-5-

6], as well as XMM-Newton 
observations have been obtained 

for some of the clusters.
Moreover, first cosmological 

results based on X-ray masses were 
obtained by Vikhlinin et al. [5].

OBSERVATIONSOBSERVATIONS

An optical follow-up for about 2/3 of 
the 400d cosmological sample has 

been obtained by means of the major 
wide-field cameras: 

Megacam@MMT, WFI@ESO/MPG, 
MegaCam@CFHT, 

IMACS@Magellan, 
SuprimeCam@Subaru, 

FORS1@VLT, ACS/WFPC2@HST. 
A first comparison between WL and 
X-ray masses have been shown by 

Israel et al. for a small subset of 
objects [8-11].

X-ray Optical
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Fig. 1 - RGB images of the IMACS@Magellan (top four) and 
MegaCam@CFHT (bottom four) galaxy clusters.

Full data reduction has just been completed using the THELI 
pipeline.

Fig. 2 – Point spread function (PSF) anisotropy correction for the galaxy cluster 
CL1003+3253, with a polynomial of 7th order. The first row of plots shows how 

observed stars ellipticities can be modelled in order to correct for PSF distortion. The 
lower three plots shows how the single sources are distributed and oriented in the 
observed image, in the model and after correction respectively (from left to right).

Fig. 4 – Test of the shear catalogs. The auto-correlation of the 
shear of stars in each field has been tested using the code for 

second order correlation functions Athena [15]. Both plots show 
the auto-correlation of the cluster field CL1003+3253, after 

different modelings with seven different anisotropy polynomial 
orders. The parent plot shows also the trend before any 

correction, while a detailed view on the after-correction trends is 
shown in the inner plot. For high enough polynomial orders the 

stellar shear-shear correlation is consistent with zero.
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THE 400d FOLLOW-THE 400d FOLLOW-UPUP PROJECT PROJECT
● Data reduction of the 8 IMACS and MegaCam 
clusters by means the THELI pipeline [12] (Fig. 1)

● KSB technique [13] applied in order to obtain good 
shear catalogs (Fig. 2)

● Sanity checks on the shear catalog (Fig. 4)

● Foreground/background sources selection with color-
color-magnitude diagram method [14] (Fig. 3)

● Aperture mass (S/N) maps and convergence maps 
(Fig. 5)

● Shear profiles fitting with NFW model and mass 
determination for all clusters

● New comparison of weak lensing with X-ray masses 
with a significantly increased statistics                         
( 8 megacam@MMT + 4 MegaCam@CFHT +              
4 IMACS@Magellan + 6 WFI@MPG/ESO )

● Scaling relations and their evolution at high-z
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Fig. 3 – Color-color 
calibration for the 4 
MegaCam clusters. 
Top panel: in red is 

shown the 
COSMOS catalog, 
used as a reference 

catalog first for 
color-color 

calibraton, and then 
to assign the  photo-

zs for 
foreground/backgro

und separation of 
the lensing catalog.

Bottom panel: the 
internally-calibrated 

 MegaCam stellar 
locus (blue 

diamonds) is first 
stretched (yellow 

triangles) and then 
shifted (black 

squares), in order to 
match the reference 

catalog (red 
crosses).
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This work shows that a number of tests and checks This work shows that a number of tests and checks 
for verifying and exploit weak lensing data at their for verifying and exploit weak lensing data at their 
best (from raw data to cluster masses), can be used best (from raw data to cluster masses), can be used 
on a homogeneous, statistically complete and flux on a homogeneous, statistically complete and flux 

limited X-ray selected galaxy cluster sample. limited X-ray selected galaxy cluster sample. 

We apply them in our analysis on the 400d We apply them in our analysis on the 400d 
Cosmological Cluster Sample, suitable for high Cosmological Cluster Sample, suitable for high 
precision cosmology, X-ray/WL masses cross-precision cosmology, X-ray/WL masses cross-

checks and scaling relations at high-zchecks and scaling relations at high-z
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