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Weak gravitational lensing is one of the most powerful taolstudy the mass and the mass
distribution of galaxy clusters. However, the mass-she&gfederacy transformation has lim-
ited its success. We present a novel method for a cluster rmasastruction, which combines
weak and strong lensing information on common scales andasam consequence break the
mass-sheet degeneracy. We apply the method to ground-hageduality multi-colour data
of RX J1347-1145, the most X-ray luminous cluster to date. The very deeftittolour data
analysis reveals many additional arc candidates in additonvhat was previously known for
this cluster. The combined strong and weak lensing reaect&n confirms that the cluster is
indeed very massive. If the redshift and identification @& thultiple-image system as well as
the photometric redshift estimates of the source galaxdes fior weak lensing are correct, the
projected enclosed cluster mas#fié< 360 h*kpc) = (1.2+0.3) x 10'*M,. With higher resolu-
tion (e.g. HST imaging data) more reliable multiple imagimigprmation can be obtained and the
reconstruction can be improved to accuracies greater thahig/currently possible with weak or
strong lensing techniques.
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1. Introduction

Clusters of galaxies have long been recognised as exckllmratories for many cosmological
studies. In particular, reliable mass-estimates are itapbsince they provide constraints on the
structure formation paradigm. We use a combined strong @ak \\ensing mass reconstruction to
determine the mass and the mass distribution of clusterse®émstruct the gravitational potential,
since it locally determines both the lensing distortiorr (feeak lensing) as well as deflection (for
strong lensing). The method extends the idea from [1]. lt&hf@ature is that we extend the weak
lensing treatment to the critical parts of the cluster ameadly include strong lensing information.
In addition we use redshift information of the individualckground sources and the source(s)
being multiply imaged. Without the redshift informatiohgtmethod would suffer from the mass-
sheet degeneracy transformation of the (scaled) surfase deasityk given byk — k' = Ak 4 (1—

M), whereA is an arbitrary constant. At present this degeneracy ginesod the main limitations
to measure the cluster masses accurately by using grawightiensing, however by including the
redshift measurements to our method, it can be broken altpus to accurately measure the cluster
mass and mass-distribution. We test this using simulatmmasapply the method to observational
weak and strong lensing data of the cluster RX J134I45. In these proceedings we only briefly
describe the method and the results, the full work can bedfaufR] and [3].

2. Thecluster massreconstruction method

We generate weak and strong lensing mock catalogues ugrggh-resolution N-body sim-
ulation by Volker Springel. We construct the catalogues tbitow the quality of the data we use
in the next section (i.e. number density, redshift distidny errors on ellipticity measurements) as
closely as possible. The two different types of cataloghes have the spatial and redshift distri-
bution equal to the | and R-band catalogues of RX J13UI45. We generate a quadruply imaged
system at a redshift of = 1.76 and use as the strong lensing constraints for the recotistn.
The image positions and the original surface mass dengjitgn@p (for the cluster at a redshift of
Zg = 0.4) are given in Fig. 1a, and the reconstruckeid given in Fig. 1b.

From the reconstructed maps we determine the projectedwiags a radius of 15 (34th~1 kpc)
around the cluster centre to I6&.0+0.1) x 10'®M,, which is very close to the input value of
Ms(< 340h~1 kpc) = 0.99 x 10'°M.,,. The error has been estimated from the variance of mass de-
terminations from different mock catalogues. The resuitsasthat our method isffectively able
to break the mass-sheet degeneracy and is, as a consecai@ede, reproducing the cluster mass
also at radii different from the Einstein radius of the chust

Unfortunately we can not resolve the mass subclumps préaséin¢ simulation. This is due
to the fact that the number density of background sourcasnisahd the internal smoothing scale
(i.e. the average distance between two source galaxiegygs;l with a number density of
100arcmin? galaxies that can be used for weak lensing the clumps cansilg essolved.

3. Cluster massreconstruction of RX J1347—1145

Due to its record holding, the most X-ray luminous clustenn to date has been the subject
of many studies in the X-rays and optical as well as at radim)rfrequencies. Unfortunately
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Figurel: Left: The surface mass densiyfor a fiducial source ats — ) of the simulated cluster used to
generate mock catalogues. The stars in the left panel ddmimage positions of a four-image system at
Zs = 1.76 we use for the reconstructioRight: The reconstructed-map (for a fiducial source at — ).

studies based on X-ray properties, SZ-effect, velocitgalision measures, strong and weak lensing
have yielded discrepant results for the mass estimate.

Encouraged by the success of the tests of our cluster mamsstaaction method, we apply
it to VLT/FORS data on the field of.8 x 3.8 arcmirf in UBVRI bands. Using these we estimate
the photometric redshifts of the source galaxies. In asiditive use K-band data from ISAAC to
improve the photometric redshift estimates for the stramging candidates.

Thus far, five arcs have been reported in the cluster. Uniataly, these five arcs (see details
in [3]) do not belong to the same multiple image system. Hawéwo of them do have the same
colours and we consider them to belong to the same multiphged system. Based on the colours
and surface brightness of the images in the field we find alplessandidate counter image which
we include in the analysis. Using 6 filters for the redshitedmination of the two arcs and 5 filters
for the counter image (it is located at the edge of the K-bamabjes and therefore the photometry
is not reliable) we find all three images are consistent witimdp at a redshift ofs ~ 1.76. In the
course of this work we found many new arc candidates, forildetee [3].

The cluster RX J13471145 is at the redshifty = 0.451 and the weak lensing data consist
of Ng = 210 galaxies from |- andNg = 145 galaxies from R-band respectively. The resulting
surface mass density maps are given in Fig. 2. We determinerttiosed mass within a radius of
1/5 (corresponding to 360! kpc at the cluster redshift) of the cluster to lé< 360h~tkpc) =
(1.2+0.3) x 10"°M,.,.

The resulting mass from the strong and weak lensing massasgaation is higher than, but
marginally consistent with X-ray measurements for thegmtad enclosed mass ([4]; M.Gitti, pri-
vate communication). However since the cluster is mostjikea merger process the south-east
guadrant is excluded (the surface brightness profile israhdted by averaging data only in the
other three quadrants) from the X-ray determination of theter mass. Therefore if there is some
extra mass present in the excluded quadrant (as suggestadt lnyass maps), the mass estimate
obtained in this way from X-rays could be underestimated.alfe extrapolate our mass estimate
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to larger radii (assuming an isothermal profile) and theqmtaid mass is consistent with the previ-
ous weak-lensing results. It is however significantly laian the mass estimate obtained by the

velocity dispersion measurement.
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Figure2: The surface mass densitymaps obtained from combined strong and weak lensing récation
of the cluster RX J13471145.L eft panels show the reconstructions using I-band data andédasries on
theright we use the R-band data. The 10 brightest cluster memberéogiedas white circles.

4. Conclusions

Our main conclusions are the following. (1) A combined sty@md weak lensing mass re-
construction shows that the most X-ray luminous clustendeed very massive. If the redshift
and identification of the multiple-image system, as wellresredshifts used in weak lensing data,
are correct we determine the enclosed cluster mass witi3%pc to M(< 360h~tkpc) =
(1.2+0.3) x 10M,,. (2) The mass reconstruction shows a south-east mass iextecempatible
with the X-ray measurements (see e.g. [4]).

The method has shown great potential for the future. If highlity data is used, the combi-
nation of strong and weak lensing offers a unique tool to piwrithe masses of galaxy-clusters as
well as their profiles and accurately test predictions withie CDM framework.
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