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Abstract

Galaxy clusters are important tools to study the matter distribution in the Universe. A range of techniques has been used to obtain the clusters mass such as X-rays, Sunyaev—Zel'dovich effect and Weak
Lensing (WL). The only direct mass estimator that can be constructed from photometric data alone is WL, which also has the advantage of being insensitive to the dynamical state of the cluster and is a
direct probe of the total mass. To perform WL measurements a high quality imaging survey is mandatory, which is the case of CFHT Stripe 82 (CS82) survey. The CS82 survey covered an area of ~ 170
square degrees on the SDSS Stripe 82 region in the i-band to a depth of mag AB 23.5 and mean seeing of ~ 0.6”. In this work we focus on the WL measurements - stacking the tangential shear profiles -
around galaxy clusters, which allows one to obtain high signal-to-noise profiles even for low mass clusters. In our analysis, the shear measurements of galaxies were computed with the Lensfit code and
the cluster detection was made using the redMaPPer algorithm. We fit the derived mean radial profiles by models such as the Navarro-Frenk-White and Einasto ones.

Introduction

The Cold Dark Matter (CDM) model of the structure formation has a number of predictions for galaxy
clusters which can be tested observationally, e.g. the dark matter distribution, the halo mass func-
tion, cluster clustering, etc. However, to perform these tests we need precise measurements of
the galaxy cluster masses. Actually, most of the techniques rely on physical assumptions, such as
virial equilibrium, to perform a mass measurement. The WL effect has been shown a great tool
to probe the dark matter in clusters, since it is sensitive to all mass associated with the cluster. In
practice, the clusters have different properties (e.g. mass, shape, redshift) so that, we can use the
technique of the stacking WL to have an average estimate of the mass with a higher significance
than we would have by the mass measurements of individual clusters. In this work we performed
a stacking WL analysis of the CS82 galaxy clusters in order to obtain a mass-observable relation
for these clusters.

Aims

1. To measure the stacked tangential shear profile for the CS82 clusters.

2. To perform the profile-fitting using realistic models: Navarro-Frenk-White (NFW), Baltz-Marshall-
Oguri (BMO) and Einasto.

Methodology

In this work, to obtain a good estimate of the cluster masses we used the data from the CFHT
Stripe 82 survey (CS82). First, we detected the objects, then we applied the Lensfit [1] code to
measure the shear components of the sources. The clusters were detected with the redMaPPer
[2] code and we computed the average tangential profile in rings around the center of these lenses.
Finally, we performed a profile-fitting to the average tangential profile to determine the mass and
concentration to them.

The CFHT Stripe 82 survey

CS82 is an i-band survey in 170 deg2 of the Sloan Digital Sky Survey (SDSS) Stripe 82 that was
specially designed for weak lensing measurements. It has an excellent image quality with mean
seeing ~ 0.6” and completeness magnitude of ~ 23.5 in the i-band. The survey detected around
17 million objects.

Sources: shear components with Lensfit

From the detection catalog we obtained the source catalog through Lensfit [1]. The code relieson a
Bayesian method to measure the shape of galaxies through a model-fitting approach. In practice,
Lensfit starts by measuring the PSF, then generates a model, convolves with the PSF and cor-
rects the distortion and finally determines the likelihood of the fit. Lensfit computes the posteriori
likelihood to the ellipticities by
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Using the prior and the likelihood Lensfit compute the mean ellipticity
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The unbiased shear is given by
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Lenses: cluster detection with redMaPPer

The clusters in CS82 were identified by a code based on the presence of the red-sequence —
the red-sequence Matched-filter Probabilistic Percolation (redMaPPer) method [2] — using mag-
nitudes from SDSS in Stripe 82. For the CS82 sample we found 1502 clusters.

Stacking the shear measurements

The shear components obtained from Lensfit are used to compute the tangential and the cross
components in the clustercentric frame. They are given by
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The weak lensing signal is given by the average tangential shear in thin rings of radius R
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where 2, = 4;26 D?lszs' For CS82 we divide the clusters in two bins of redshift and compute the

AX in 8 radial bins from 0.14! to 10h~'Mpc.

Profile-fitting of the average tangential shear

We performed a profile-fitting for the average tangential shear by using the NFW, BMO and Einasto
models. We also provide correction terms for the central mass, miscentering and the 2-halo term.
We then determined the property of the clusters such as mass and concentration to be used in the
mass-observable relations.

Preliminary Results

Here we show the preliminary results we obtained for the two bins of redshift, low-z (0.2 to 0.4)
and high-z (0.4 to 0.6) for the redMaPPer clusters and Lensfit sources in 8 radial bins.
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Figure 1: Average tangential and cross shear profile to low-z and high-z sample, respectively.
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Figure 2: Profile-fitting for the low-z and high-z sample, respectively. The different colors represent the different pro-
files used in the fit. The dotted lines show the contribution of the additional terms, e.g., central point mass, 2-halo,
etc.
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Figure 3: Parameters from the profile-fitting for low-z and high-z sample, respectively. The different colors represent
the different fitted profiles as shown in the previous figure.

Conclusions

« We measured the average tangential shear for CS82 clusters in two redshift bins.

» We performed a profile-fitting for the average tangential shear using the NFW, BMO and Einasto
models and correction terms for the central mass, miscentering and 2-halo term.

* The fit results are inconclusive: it was not possible to distinguish from the models which one is
the best. On one hand there are significant degeneracies due to the large number of parameters.
On the other hand, we are comparing models with different degrees of freedom.

Next Steps

Check if the data allows one to distinguish between models with the same degrees of freedom, i.e.
Einasto and BMO with only 1 and 2-halo terms, or NFW adding miscentering and/or point mass.
Also we want to build mass-observable relations for the CS82 redMaPPer clusters.
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