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Abstract. We describe the weak lensing methodology we have applied to multi-colour CFH12k imaging of a homogeneously-
selected sample of luminous X-ray clusters at z ∼ 0.2. The aim of our survey is to understand the variation in cluster structure
and dark matter profile within rich clusters. The method we describe converts a fully reduced CFH12k image into constraints
on the cluster mass distribution in two steps: (1) determination of the “true” shape of faint (lensed) galaxies, including object
detection, point spread function (PSF) determination, galaxy shape measurement with errors; (2) conversion of the faint galaxy
catalogue into reliable mass constraints using a range of 1D and 2D lensing techniques. Mass estimates are derived indepen-
dently from each of the three images taken in separate filters to quantify the systematic uncertainties. Finally, we compare the
cluster mass model to the light distribution of cluster members as derived from our imaging data. To illustrate the method, we
apply it to the well-studied cluster Abell 1689 (z = 0.184). In this cluster, we detect the gravitational shear signal out to ∼3 Mpc
at >3-σ significance. The two-dimensional mass reconstruction has a ∼10-σ significance peak centered on the brightest clus-
ter galaxy. The weak lensing profile is well fitted by a NFW mass profile with M200 = 14.1+6.3

−4.7 × 1014 M�, and c = 3.5+0.5
−0.3

(χ2 = 0.33), or by a power law profile with q = 0.75 ± 0.07 and θE = 14.′′6 ± 0.′′3 (χ2 = 0.64). The mass-to-light ratio is found
to be almost constant with radius with a mean value of M/LR = 150 h (M/L)�. We compare these results to other weak lensing
analyses of Abell 1689 from the literature and find good agreements in terms of the shear measurement as well as the final mass
estimate.
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1. Introduction

Clusters of galaxies are the most massive collapsed structures
in the Universe. They are located at the nodes of the filamen-
tary cosmic web, as mapped by the SDSS and 2dF redshift
surveys. These massive systems are the focus of both theoreti-
cal (e.g. Eke et al. 1996; Bahcall et al. 1997; Viana & Liddle
1998) and observational studies. The aim is to better under-
stand cluster formation and evolution and thus it is important
to quantify their physical properties as precisely as possible
(e.g. mass distribution, mass density profile, importance of sub-
structure, etc.). Different techniques such as galaxy dynamics,
X-ray emission, the Sunyaev-Zeldovich effect or gravitational
lensing, are available to probe the physical properties of clus-
ters. Gravitational lensing is a particularly attractive method as
it is directly sensitive to the total mass distribution irrespective
of its physical state (see the review by Mellier 1999).

Although the study of a single cluster can be instructive,
we need to study homogeneous samples of massive clusters in
order to better understand cluster physics, test theoretical pre-
dictions and to constrain the cosmological and physical param-
eters governing the growth of structure in the Universe. Indeed,
clusters are expected to show some variation in their proper-
ties, in particular in the amount of substructure and their merger
history, which can be directly probed by measuring their mass
distribution. Thus to obtain a representative view of the proper-
ties of clusters, a fair and statistically-reliable sample of cluster
needs to be studied.

In order to obtain a better understanding of the mass dis-
tributions on small and large scales in clusters, we have se-
lected a sample of 11 X-ray luminous clusters (Czoske et al.
2003; Smith et al. 2005) identified in the XBACs sample (X-ray
Brightest Abell-type Clusters: Ebeling et al. 1996). All these
clusters have X-ray luminosities of LX ≥ 8 × 1044 erg s−1 in
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the 0.1–2.4 keV band, and all lie in a narrow redshift slice at
z ∼ 0.2 (from zA2218 = 0.171 to zA1835 = 0.253). As XBACS
is restricted to Abell clusters (Abell et al. 1989), it is X-ray
flux-limited but not truly X-ray selected. However, a compari-
son with the X-ray selected ROSAT Brightest Cluster Sample
(BCS: Ebeling et al. 1998, 2000) shows that ∼75% of the
BCS clusters in the redshift and X-ray luminosity range of our
sample are in fact Abell clusters. Hence, our XBACs sample
is, in all practical aspects, indistinguishable from an X-ray
selected sample.

Using the CFH12k wide field camera (Cuillandre et al.
2000) mounted at the Canada-France-Hawaii Telescope
(CFHT), we imaged all 11 clusters in our sample in the B, R
and I bands. In the present paper we present the weak lensing
methodology we have applied to analyse these images, using
our observations of Abell 1689 as a test case.

The first step of any weak lensing work is to correct the
observed galaxy ellipticities for any observational smearing:
circularization or anisotropy due to the point spread function
(PSF). The classical approach to do this is the so-called KSB
method (Kaiser et al. 1995), implemented in the  soft-
ware (see also Luppino & Kaiser 1997; Rhodes et al. 2000;
Kaiser 2000). The basic idea is to relate the “true” ellipticity
of the background sources to the observed ellipticity through
polarizability tensors, which include the smearing effect of the
PSF, possibly with anisotropic components. In practice these
can be computed through the combination of the second or-
der moments of the light distribution of the galaxies and the
PSF itself. However, in this paper we will use an inverse ap-
proach through a maximum likelihood or Bayesian estimate
of the source galaxy shape convolved by the local PSF (this
method was first proposed by Kuijken 1999). Both the galaxy
shape and the local PSF are modeled in terms of sums of el-
liptical Gaussians. This approach is implemented in the soft-
ware I2S which has been developed by Bridle et al.
(2001). The main advantage of I2S is that it provides
estimates of the uncertainties of the recovered parameters of
the sources and these uncertainties can then be included in the
mass inversion.

In the weak lensing limit, the ellipticities of background
galaxies give an unbiased estimate of the shear field induced
by the gravitational potential of the foreground cluster. The es-
timate is inherently noisy due to the shape measurement errors
and the intrinsic ellipticities of the galaxies. Several methods
have been proposed to reconstruct the mass density field (or
the potential) of the foreground structure from the measured
shear field. Non-parametric methods are usually best to pro-
duce a mass-map, necessary to identify mass peaks. They can
also be used to estimate the cluster mass profile by means of
the aperture mass densitometry method (Fahlman et al. 1994;
Schneider 1996). On the other hand parametric methods are
best to constrain the cluster mass profile and total mass by fit-
ting a radial shear profile to the galaxy ellipticities.

To illustrate the various methods and techniques used, we
apply our procedure to one particulary well-studied cluster
from our sample, Abell 1689. Abell 1689 at z = 0.184 is
one of the richest clusters (R = 4) in the Abell catalog.
Abell 1689 is a powerful cluster lens and has been studied

by various groups using different lensing techniques (Tyson
et al. 1990; Tyson & Fischer 1995; Taylor et al. 1998; Clowe &
Schneider 2001; King et al. 2002). It has also been studied in
X-rays using Chandra (Xue & Wu 2002) and XMM-Newton
(Andersson & Madejski 2004). The central structure of this
cluster is complex: from the redshift distribution of 66 clus-
ter members Girardi et al. (1997) find evidence for a superpo-
sition of several groups along the line of sight to the cluster
center which explains the extraordinarily high velocity disper-
sion of 2355+238

−183 km s−1. Czoske (2004) has recently obtained
a new large dataset of more than 500 cluster galaxy redshifts
in this cluster, which will help elucidate the galaxy distribution
Abell 1689. Preliminary analysis of these data shows that the
large scale distribution of galaxies in and around Abell 1689
is in fact rather smooth and that significant substructure seems
confined to the very center of the cluster. Thus, even though
the cluster has clear substructure, it may still be reasonable to
model the large-scale mass distribution of the cluster with sim-
ple models, such as the “universal” mass profile proposed by
Navarro et al. (1997) (NFW).

This paper is organized as follows: Sect. 2 briefly presents
the observations of Abell 1689 used in this paper and gives
a summary of the data reduction procedure and the conver-
sion of the reduced data into catalogues that can be used in
the weak lensing analysis. In Sect. 3 we present the measure-
ment of galaxy shapes and correction for PSF anisotropy using
I2S. In Sect. 4 we convert the galaxy shape measure-
ments into two-dimensional shear maps and radial shear pro-
files. Section 5 explains how we model the lensing data using
both 1D and 2D techniques. In Sect. 6 we compare the pro-
jected mass to the light distribution in the cluster. Finally in
Sect. 7 we discuss our method and results. In a separate paper
(Bardeau et al. 2005, in prep.) we will present a more exten-
sive analysis of the mass distribution in Abell 1689 combining
weak and strong lensing mass measurements.

We assume H0 = 70 km s−1 Mpc
−1

, Ωm = 0.3, ΩΛ = 0.7.
At z = 0.18, 1′′ corresponds to 3.09 kpc (and 1′ to 185 kpc).

2. Observations and cataloging

We observed Abell 1689 with the CFH12k camera through the
B, R and I filters (Fig. 1 shows the R-band image) between
30 May and 2 June 2000. The camera consists of 12 CCD chips
of 2k × 4k pixels with a total field of view of 42′ × 28′ at a
pixel scale of 0.′′205. The log of the observations of Abell 1689
(αJ2000 = 13h11m30s, δJ2000 = −01◦20′28′′) is summarized in
the first part of Table 1.

2.1. Data reduction

For a detailed description of the data reduction see Czoske
(2002). Here we just give a brief outline. Pre-reduction of the
CFH12k data was done in a standard way using the 1

1 IRAF is distributed by the National Optical Astronomy
Observatories, which are operated by the Association of Universities
for Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
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Fig. 1. The full 42′ × 28′ CFH12k R-band image of Abell 1689. The thick contours represent the number density of bright galaxies selected
in the R-band: the first contour corresponds to 5 objects per square arcmin, increased by steps of 5 units. The maximal density is 36.5 galaxies
arcmin−2 in the cluster center. The thin contours represent the mass density reconstruction with LE2 and an ICF of 180′′ (see Sect. 4.2
for more details). Contour levels are respectively 2, 3, 5, 7 and 9σ, while the peak value corresponds to a mass density of 1100 h70 M� pc−2.
North is to the top, East to the right.

Table 1. Observing log for Abell 1689. We indicate the number of detections in each filter (B, R or I), their number density (expressed
in arcmin−2, in parenthesis), and the magnitude cuts for galaxy classification. Estimated average redshifts z̄ and β̄ = 〈Dls/Ds〉, with their
standard deviations, are given for the faint galaxy catalogues (see Sect. 3.3 for details).

Filter B R I
Date of observation May 30/June 2, 2000 May 30/June 2, 2000 May 30/June 2, 2000

Number of exposures 4 5 5

Exposure time (s) 3600 3000 3000

Seeing 0.91′′ 0.85′′ 0.88′′

Completeness mag 24.9 24.3 22.6

PSF anisotropy 0.032 ± 0.012 0.071 ± 0.019 0.064 ± 0.028

Number of detections 34 669 (28.6) 41 067 (33.9) 28 805 (23.7)

Stars 2223 (1.8) 3488 (2.9) 2397 (2.0)

Galaxies 25 823 (21.3) 30 189 (24.9) 21 145 (17.4)

Others 6623 (5.5) 7390 (6.1) 5263 (4.3)

Bright galaxies B < 22.0 1171 (1.0) R < 21.1 2166 (1.8) I < 19.3 950 (0.8)

Faint galaxies 22.5 < B < 25.4 20 186 (16.7) 21.6 < R < 24.7 22 794 (18.8) 19.8 < I < 23.3 14 382 (11.8)

Other galaxies 22.0 < B < 22.5 21.1 < R < 21.6 19.3 < I < 19.8

or B > 25.4 4466 (3.7) or R > 24.7 5229 (4.3) or I > 23.3 5813 (4.8)

Faint galaxies z̄ 1.02 ± 0.42 1.06 ± 0.42 0.82 ± 0.35

Faint galaxies β̄ 0.70 ± 0.08 0.69 ± 0.08 0.65 ± 0.07

package  (Valdes 1998) for bias subtraction and flat-
fielding using twilight sky images.

Fringing in the I band images was removed by subtracting
a correction image constructed from eight science images from
different fields taken during the same night, after masking any

objects detected in the images. The appropriate scaling for the
fringe correction was determined interactively.

Weak lensing applications demand precise measurements
of the shapes of faint galaxies and therefore precise relative
astrometric alignment of the individual dithered exposures of
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the field (∼6′′ in our case). A transformation is needed between
each chip of the input image and a common astrometric output
grid which has to account for the position of the chip in the
focal plane, rotation, variations in the height (and possibly tilt)
of the chip surface with respect to the focal plane, as well as any
optical distortion induced by the telescope and camera optics.
Fourth order polynomials were found to be sufficient to model
these effects. The method that we have developed follows the
approach described by Kaiser et al. (1999).

We use Digital Sky Survey (DSS2) images to define the
external reference frame for observations, but then minimize
the rms dispersion of the transformed object coordinates from
all the exposures rather than the deviations between the trans-
formed object coordinates from the corresponding DSS coor-
dinates for each individual exposure. This approach ensures
optimal relative alignment of the transformed exposures. The
resulting rms dispersion of the transformed coordinates is of
order 0.′′01, corresponding to 0.05 of a CFH12k pixel, for usu-
ally	100 objects per chip.

The input images are resampled onto the output grid with
pixel size 0.′′205 (the median effective pixel scale of the
CFH12k camera) using the software  (Version 1.21).
Pixel interpolation uses the 3 kernel which preserves
object counts, without introducing strong artifacts around im-
age discontinuities (Bertin 2001). Fields with a large number
of exposures (≥10) were averaged after rejecting outliers, those
with fewer exposures median combined.

The images were photometrically calibrated on fields of
standard stars taken from the list of Landolt (1992) with ad-
ditional photometry by Stetson (2000). Atmospheric extinction
was determined from sequences of science images spanning a
sufficient range in airmass to allow accurate determination of
the extinction coefficient.

2.2. Object detection

With the reduced and calibrated images in hand, the weak
shear information must be extracted from the photometric cat-
alogues. The analysis of the images involves a number of steps
that we describe in detail below. These various steps are con-
trolled in (as much as possible) an automatic way using dif-
ferent  scripts which allow a simple and easy handling of
catalogues and can easily call external programmes.

In the present paper we first treat the images taken in the
three filters B, R and I independently. Differences between
the results obtained from the three datasets are expected due
to a number of effects. Different seeing in the images affects
the accuracy of the measurement of galaxy shapes and hence
the accuracy of the derived shear fields. Different photometric
depths of the images will change the number density of faint
background galaxies and thus again the accuracy of the shear
measurements. Finally, the images sample different wavebands
of the observed galaxies, which has an effect on the contrast
between cluster and background galaxies if these are selected
based on magnitude alone. This independent approach allows

2 http://www-gsss.stsci.edu/dss/dss_home.htm,
http://cadcwww.dao.nrc.ca/dss/

us to assess the uncertainties introduced by the listed effects.
Of course it is desirable to eventually combine the information
present in the three images in an optimal way so as to arrive at
definitive measurements of the physical properties of the clus-
ter. A first attempt at this combination is implemented here but
will be discussed in more detail in a forthcoming paper.

The first step is to construct a master photometric catalogue
of each individual image. For this purpose and to automate
the procedure as much as possible we have used 
(Bertin & Arnouts 1996) in a two-pass mode. A first run is
made to detect bright objects, with a detection level of 5σ
above the background. The average size (full width at half max-
imum, FWHM) of the point spread function (PSF) is then eas-
ily determined from the sizes of stars. The saturation level of
the image is also determined in this run. These parameters are
then fed into a second  run with a lower detec-
tion level (1.5σ with a minimum size of 5 connected pixels
above the threshold). This second output catalogue corresponds
to the working catalogue. The total number of objects detected
in each image is given in Table 1. The photometry was com-
puted using the _ method of .

2.3. Star catalogue

The second step is to extract a star catalogue from the full cat-
alogue which will then be used to estimate the local PSF. We
select stars by a number of criteria. First we locate objects in
the magnitude – µmax diagram (Fig. 2a) where µmax is the cen-
tral surface brightness of the objects. Stars, for a given flux,
have the highest peak surface brightness (provided they do not
saturate the CCD). Hence they populate the “star”-region of
Fig. 2a, limited to a maximum value of the peak surface bright-
ness by the saturation of the detector, and to a lower value,
where galaxies start to overlap the star sequence.

We use an additional cut in FWHM indicated in Fig. 2b:
objects with FWHM > seeing + 1 pixel are excluded from the
star catalogue. Note that very compact objects (in the upper-
right part of Fig. 2a) correspond to cosmic rays or noise defects
in the overlapping region between chips. They are rejected and
are put in the “others” catalogue (see Table 1).

Finally, the star catalogue is cleaned one last time (see
Sect. 3.1) once the star shapes are adequately measured by
2.

2.4. Galaxy catalogues

The third step in our analysis is to compute the galaxy cata-
logues that will be used to identify the faint lensed galaxies
and the bright galaxies that are likely to be part of the cluster
and which will be used to calculate the cluster luminosity.

Galaxies are selected from the Magnitude–µmax diagram
(see Fig. 2a). First, as for the stars, saturated galaxies are ex-
cluded. We checked that none of the brightest galaxies in the
cluster core are affected by this cut which only affects lower
redshift galaxies. Furthermore, we applied two additional cuts:
galaxies must have a  _ parameter
lower than 0.8 (this removes faint stars or faint compact
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Table 2. Best fit results for the Abell 1689 R-band shear profile. For the SIS, the results are given in terms of Einstein radius (θE) and velocity
dispersion σlos. For the Power Law, θE is again the Einstein radius and q the logarithmic slope. Finally for the universal NFW profile, c is the
concentration parameter and r200 the virial radius. M200 is the 2D-projected mass inside r200 in units of 1012 h−1

70 M� and θE is the derived Einstein
Radius. (a) refers to the fit results from Clowe & Schneider (2001); (b) from King et al. (2002). The numbers in italics assume zs = 1.06.

SIS σ1D (km s−1) θE(′′) χ2

998 ± 68 22.4 ± 3.0 1.98 (1)

(a) 1028 ± 35 23.8 ± 1.6

Pow q θE(′′) χ2

0.75 ± 0.07 14.6 ± 0.3 0.637 (2)

(b) 0.88 18.0

NFW c r200 (h70
−1 Mpc) M200 (1012 M�) θE(′′) χ2

3.5+0.5
−0.3 1.99 ± 0.25 1410+630

−470 2.6+1.4
−0.2 0.334 (2)

(a) 6.0 1.83 1030 9.7

(b) 4.8 1.84 1070 5.3

5.1.1. The singular isothermal sphere model

This is the simplest mass profile used in lensing inversion. It is
essentially given by the following equations:

ρ(r) =
σ2

2πGr2
(7)

κ(θ) = γ(θ) =
θE

2θ
(8)

θE =
4πσ2

c2

DLS

DS
, (9)

where σ is the velocity dispersion of the cluster. Note that once
the cluster centre is fixed, this profile depends has only one
free parameter (θE or equivalently σ), so only one degree of
freedom is available in the fits.

5.1.2. The power law model

The Power Law model is a generalization of the SIS model,
where the slope of the mass density profile is a free parameter
(Schneider et al. 2000).

γ(θ) =
q
2

(
θ

θE

)−q

(10)

κ(θ) =
2 − q

2

(
θ

θE

)−q

(11)

where q is the slope of the Power Law (q = 1 for the
SIS model). Once the cluster centre is fixed, this model pro-
vides two degrees of freedom for fitting.

5.1.3. The NFW profile

The NFW profile is derived from fitting the density profile
of numerical simulations of cold dark matter halos (Navarro
et al. 1995, 1997). This theoretically-motivated profile is
becoming increasingly popular in weak lensing analyses of
clusters (Kneib et al. 2003) as it appears to give a reasonable
description of the observed shear profiles. The mass density
profile can be expressed as

ρ(r) =
δcρc

(r/rs)(1 + r/rs)2
(12)

where δc =
200

3
c3

ln(1 + c) − c/(1 + c)
(13)

and ρc =
3H2(z)

8πG
· (14)

rs is the scale radius, H(z) the Hubble parameter and c = r200/rs

the concentration parameter which relates the scale radius to
the virial radius r200. This density profile is shallower than the
SIS near the center but steeper in the outer parts. Similarly as
the power law model, once the centre is fixed, it has two de-
grees of freedom: M200 for the normalization of the mass and rs

for the scale radius, or equivalently r200 and c. The details of
the analytic expressions for the shear and convergence of the
NFW profile can be found in King et al. (2002).

5.2. Weak lensing fit

Each of the three models presented above is fitted to the data
with a least square minimization over the parameter space of
the models. The χ2 value is then:

χ2 =
1
N − 1

N∑

k=1

(
εt

k − gmodel(xk)

σk

)2
, (15)

where N is the number of data bins, and σk is the error on the
tangential ellipticity. The error is computed in each bin as the
mean error on the tangential ellipticity (εt), weighted by the
number Nk of galaxies in the bin used to do the measurement:
σk = 〈σεt〉k/√Nk.

The data in the outer regions at r > rmax, where the annuli
reach the borders of the field, are excluded. In practice, only
the area where the tangential shear is greater than radial shear
is included in the fits. Furthermore, as explained in Sect. 4.3,
we also exclude the central part of the cluster. In the case of
the R-band observations of Abell 1689, the fitted range corre-
sponds to radii from rmin = 70′′ to rmax = 1100′′.

Table 2 summarizes the results of the fits, and Fig. 12a dis-
plays the resulting best-fit models. The lower quality of the
fit by the SIS profile is easy to understand as it depends on
one parameter only, contrary to the other two which are repre-
sented by two parameters. Moreover, the value of the Einstein
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where κ̄(r) is the mean dimensionless surface mass density in-
side radius r.

5.3. The aperture mass densitometry method

Instead of fitting analytical formulae, we can directly integrate
the measured reduced shear to determine the relative mass
profile within the cluster. This direct method has been devel-
oped by Fahlman et al. (1994) and is called “Aperture Mass
Densitometry” (AMD). The function ζ(r1, r2) is defined as the
difference between the average convergences (or mean pro-
jected mass densities) inside the radius r1 and within the an-
nulus between r1 and r2:

ζ(r1, r2) = κ̄(r < r1) − κ̄(r1 < r < r2) (17)

=
2

1 − (r1/r2)2

∫ r2

r1

γt

1 − κ(r)
d ln r. (18)

The reconstructed mass inside the radius r < rmax is then

Mζ (r) = πr2 Σc ζ(r, rmax), (19)

where rmax is the maximum radius for which we can measure
the shear or the radial limit of the data. In the case of our ob-
servations of Abell 1689, we choose rmax ∼ 1100′′, the maxi-
mum radius where annuli lie entirely within the field of view.
Regarding Eq. (17), Mζ (r) is only a lower limit to the true mass
M(r) = πr2 Σc κ̄(r) and should not be considered as an absolute
mass determination.

The AMD mass profile is shown in Fig. 12 with the mass
profiles derived by fitting the various analytical models. As ex-
pected, we find that the mass estimated from AMD is always
lower than the parametric mass estimates.

6. Light distribution and mass-to-light ratio

6.1. 2D light distribution

The catalogue of “bright” galaxies is expected to be dominated
by cluster members, although it may also contain other bright
galaxies within the field of view. Thus a density map (light den-
sity or number density) derived from this catalogue can trace
the morphology of the cluster and any associated structures in
its vicinity. In the case of Abell 1689, no galaxy over-densities,
other than the main cluster component, are associated with any
prominent peaks in the lensing mass distribution (Fig. 1).

We therefore focus on the distribution of light around the
cluster centre assuming that the observed over-density is due
to cluster members. First in order to build a quantitative light
density map or its radial profile, it is necessary to statistically
correct the catalogue for the field contamination. Fortunately,
the CFH12k images are large enough so that at radii beyond
600′′ from the cluster centre (2 Mpc at the cluster redshift)
we can assume that the galaxy density is close to the “field”
density. The mean number and light densities are therefore cor-
rected by subtracting their minimal values estimated in the area
600′′ < R < 1200′′.

Furthermore in order to estimate the total luminosity of the
cluster and its radial profile, it is necessary to correct for the

Table 3. The photometric parameters of the luminosity function in B,
R and I filters for our adopted cosmology: H0 = 70 km s−1 Mpc−1,
Ωm = 0.3 and ΩΛ = 0.7. The distance modulus is m − M = 39.70
or equivalently the luminosity distance is DL = 872 Mpc, at zA1689 =

0.18. 1/(1 − C) is the correction factor applied to the integrated lu-
minosity of the catalogues to determine the total luminosity of the
cluster.

B R I

k-correction 1.06 0.16 0.16

M∗ − 5 log h70 –20.47 –21.83 –21.54

α 1.30 1.20 1.25

m∗ (z = 0.18) 20.29 18.03 17.32

1/(1 −C) 1.28 1.11 1.27

magnitude limit of the catalogue, corresponding to a cut in the
cluster luminosity function (LF). The incompleteness factor C
is estimated as follows, the cluster LF is assumed to follow the
standard Schechter luminosity function (Schechter 1976):

φ(L) =
dN
dL
=
φ∗

L∗
( L

L∗
)−α

e−L/L∗ . (20)

Therefore the luminosity integrated in the catalogue down to a
luminosity Linf is

Lcat =

∫ +∞

Linf

L φ(L) dL (21)

= φ∗L∗
[
Γ(2 − α) − Γ(2 − α, Linf/L∗)

]
(22)

so the fraction of the luminosity not taken into account when
integrating within the magnitude limits of the catalogues is
written as

C =
Γ(2 − α, Linf/L∗)
Γ(2 − α)

(23)

and the total luminosity is Ltot = Lcat/(1 −C).
For the three bands used in this study, we need to estimate

the two main parameters of the Schechter luminosity functionα
and L∗. These parameters depend on the choice of filters, on the
mix of galaxy types, and on the cosmological model. The best
multi-colour luminosity function determinations are presently
those from the Sloan Digital Sky Survey (SDSS) early re-
lease data (Blanton et al. 2001), although they correspond to
a field LF. The SDSS photometric system (u, g, r, i, z) is trans-
formed to the CFH12k (Johnson) system by applying the trans-
formations of Fukugita et al. (1996). In this paper we use the
parameters of the LF summarized in de Lapparent (2003) and
applied to a Sbc galaxy. Therefore the absolute magnitude M∗
in the R filter is −21.83 in the adopted cosmology and the
slope is αR = 1.20. This includes also the k-correction at
redshift 0.18, computed with the galaxy evolutionary code by
Bruzual & Charlot (2003).

Finally, the correction factors 1/(1 − C) are applied to Lcat

to obtain the total integrated magnitude for the B, R and I cat-
alogues, with the magnitude ranges defined in Sect. 2.4. The
precise values derived are summarized in Table 3.
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or deducing the relative profile directly with the non-parametric
Aperture Mass Densitometry method. Both methods are found
to be consistent. We also show a 2D mass reconstruction us-
ing the 2 software (Marshall et al. 2002) and applying
it to the three images taken through the three filters. Finally
we compute the M/L ratio as a function of radius, again in
the three photometric bands. The three filters are used inde-
pendently for most of the processing steps in order to confirm
the significance of the results (comparison of shear profiles and
mass maps). They give quantitatively consistent results, further
demonstrating the robustness of our method. The images in the
three filters are used jointly to estimate the background galax-
ies’ redshift distribution and so provide a correct normalization
of the mass determination.

We apply this method to the well-known cluster Abell 1689
as a test-case. We find only one significant mass peak in the
mass reconstructions, corresponding to the cluster itself. This
is consistent with preliminary results from a large spectro-
scopic survey of Abell 1689 and its outskirts (Czoske 2004),
which shows that the environment of this cluster is remark-
ably smooth and quiet. We also compare our results to pre-
vious work by Clowe & Schneider (2001) who used an inde-
pendent data set and the methods from Kaiser et al. (1995) and
Kaiser & Squires (1993) for their galaxy shape measurements
and mass reconstruction. Within the errors both reconstructions
agree very well. The same is true for the M/L determination,
which is consistent with previous findings. Moreover we are
able to build a M/L profile which in the case of Abell 1689
shows a near constant behaviour at large radius with a possible
decrease close to the center. This suggests that mass traces light
at least in the outskirts of the cluster. The drop of M/L in the
cluster centre may be due to an underestimate of the mass in
the centre, due to increasing contamination of the background
galaxy catalogue by cluster members diluting the lensing sig-
nal. The flat M/L profile in the infall region of the cluster in-
dicates that the association between mass and light has already
been achieved outside the cluster and the effect of the cluster
environment on the mass-to-light ratio of infalling galaxies and
groups is minor. This supports the picture of a hierarchical
assembly of clusters.

For the results presented here we did not make use of
the colour information available from multi-band imaging to
separate cluster from background galaxies which makes our
results directly comparable to those of Clowe & Schneider
(2001). However Clowe (2003) presented an updated mass re-
construction for Abell 1689, this time using colours derived
from our CFH12k images. The colour information resulted in
an improved removal of cluster galaxies from his background
galaxy catalogue, increasing both r200 and c for his best-fit
NFW model and better agreement of the weak lensing mass
profile with that derived from strong lensing. We will include
colour selection of the different galaxy catalogues in a forth-
coming paper aimed at comparing in great detail all the mass
estimates at different scales in Abell 1689: velocity distribution
of the galaxies, X-ray mass maps, strong lensing in the center of
the cluster and weak lensing at larger scales. Provided the dy-
namics of the cluster is well understood this should give a con-
sistent picture of its mass distribution and components. This is

the main goal of the pan-chromatic survey which is conducted
by our group on intermediate redshift X-ray clusters.

Finally, we will present a global study of our results based
on the application of the present methodology to the whole
cluster catalogue, with a discussion of the statistical properties
of such clusters. A better understanding of the global properties
of the mass distribution in rich clusters of galaxies will provide
profound insights into the growth of structure in the Universe.
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