N

N

Weak lensing survey of galaxy clusters in the CFHTLS
Deep

Raphael Gavazzi, Genevieve Soucail

» To cite this version:

Raphael Gavazzi, Genevieve Soucail. Weak lensing survey of galaxy clusters in the CFHTLS Deep.
2006. hal-00071677v1

HAL Id: hal-00071677
https://hal.science/hal-00071677v1

Preprint submitted on 23 May 2006 (v1), last revised 6 Nov 2006 (v3)

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00071677v1
https://hal.archives-ouvertes.fr

Astronomy & Astrophysicsnanuscript no. clusters’cfhtls.hyper4288 © ESO 2006
May 23, 2006

Weak lensing survey of galaxy clusters in the CFHTLS Deep™*

R. GavazZi and G. Soucatl

Laboratoire d’Astrophysique de Toulouse-Tarbes, Obseinea Midi-Pyrénées, UMR5572 CNRS & Université Paul Stér, 14 Avenue
Edouard Belin, 31400 Toulouse, France

Received sometime; accepted later

ABSTRACT

O Aims. We present a weak lensing search of galaxy clusters in theydalehe CFHT Legacy Survey Deep. This work aims at building a
mass-selected sample of clusters with well controlledctiele efects. This present survey is a preliminary step toward d@rfiglementation
in the forthcoming 170 dégof the CFHTLS Wide survey.
Methods. We use the deep band images observed under subarcsecond seeing condidi@esform weak lensing mass reconstructions

nd to identify high convergence peaks. Thanks to the dibflaof deepu*g’r’i’zZ exposures, sources are selected from their photometric

© redshifts in the weak lensing analysis. We also use lensinpgraphy to derive an estimate of the lens redshift. Afteisaering the raw
statistics of peaks we check whether they can be assoc@ged¢ar optical counterpart or to published X-ray selectesters.
Results. Among the 14 peaks found above a signal-to-noise detedti@stoldy = 3.5, eight are secure detections with estimated redshift
0.15 < 7z < 0.6 and a velocity dispersion 459 o, < 600 km s*. This low mass range is accessible thanks to the high dewisitsickground
sources. We also use photometric redshifts of sourcestttheesfect of contamination by source-lens clustering for clististection. This

1 latter turns out to play a minor role in our cluster samplengidering the intersection between the shear-selecteectuand XMMLSS

X-ray clusters in the D1 field, we observe that the ICM gas &sthlow-mass cluster3{ ~ 1 — 2 keV) is not hotter than the temperature
inferred from shear, this trend beingfdirent for published massive clusters. A more extended waairlg survey, with higher statistics of

C mass structures will be a promising way to bypass severalegptoblems related to standard detection methods baséw aorinplex physics

O of baryons.
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ll: 1. Introduction Therefore the main physical parameter for a cluster of

Oin th f hi hical ; ) ithite galaxies is its total mass. However most of observationg onl
n the context of hierarchical structure formation withitet .6 a5 indirect access to cluster masses and rather measure

Lambda Cold Dark Matter paradignhCDM), clusters of g, anities like the SZ decrement, X-ray or optibiR lumi-

(O 9alaxies are the very latest structures to assemble. Ty ggities, the line-of-sight velocity dispersion of the ster-
alsp the most exter_lded gravitationally bound systems in mber galaxies or the temperature of the hot gas in the intra
Universe and constitute a key laboratory for cosmology. TR& sier medium (ICM) from X-raye.g. Bahcall et al. 1995;

_é time evolution of clusters as well as their abundance ante8paciperg et al. 1996; Bahcall & Bode 2003; Olsen et al. 1999;
mclusterlng properties are essentially driven bY gravireed  Gaqders & Yee 2000; Romer et al. 2001; Carlstrom et al.
by the CDM mass contené(g. Eke et al. 1996; Haiman et al.2) Hence diiculties arise because one needs well cali-

(&) 2001; Borgani & Guzzo 2001). brated proxies to convert observables into theoreticalgmant

_quantities like mass and because the process of detectiag cl
e-mail: . . P .
; . ters of galaxies with such indirect methods mighffeuvar-
rgavazzi@ast.obs-mip. fr . . .

* Based on observations obtained with MegaPfMegaCam, a ious kinds of se!ectloniﬁacts. Therefor_e any attempt to use
joint project of CFHT and CE/DAPNIA, at the Canada-France-clusters qf gaIames_aﬂTe:lent cosmological probes canno_t af—_
Hawaii Telescope (CFHT) which is operated by the Nationaldech ford making extensive assessments of the assumed calibrati
Council (NRC) of Canada, the Institut National des Scienee @f the scaling laws in the local Universe and at high redshift
I'Univers of the Centre National de la Recherche Scient#i¢@NRS) (e.g. Arnaud & Evrard 1999; da Silva et al. 2004; Arnaud et al.
of France, and the University of Hawaii. This work is basegant on 2005).
data products produced at TERAPIX and the Canadian Astrgnom
Data Centre as part of the Canada-France-Hawaii Telescegacl Gravitational lensing is among the best ways to test biases
Survey, a collaborative project of NRC and CNRS. in the above techniques. The bending of light by intervening
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2 Gavazzi & Soucail: Weak lensing in CFHTLS Deep fields

matter along the line of sight from distant sources to the otdark clumps” (Umetsu & Futamase 2000; Miralles et al.
server only depends on the mass properties of structuras w2002). The practical implementation of a systematic WLCS is
out regards of its nature (baryonic or not, luminous or darkpwever very new. Miyazaki et al. (2002) studied an area of
or dynamical state (relaxed or not, hydrostatic equiliriu). 2.1 ded with Suprime-Cam on Subaru telescope under excel-
Since the early 90's several groups have reported the detect seeing conditions. They report an excess.842.3 con-
tion of a weak lensing signal around massive clusters ofkgalavergence peaks with signal-to-noise- 5. Hetterscheidt et al.
ies. However the broad range of observational configuratiof2005) report the detection ef 5 cluster candidates over a set
(field of view, depth, seeing, ground- or space-based imaget50 disconnected VL/FORS deep images covering diee-
etc) makes diicult a direct comparison of published resultdive area of 0.64 degwhile Wittman et al. (2006) present pre-
For reviews see Mellier (1999) and Bartelmann & Schneidiminary results for the first 8.6 déwf the Deep Lens Survey
(2001). Progresses have been made in this direction witk wéaight detections). Haiman et al. (2004) also make intergst
lensing studies of sizable samples of optically or X-ragstld predictions for future WLCS applications in the LSST survey
clusters (Dahle et al. 2002; Cypriano et al. 2004; Clowe et al In this paper we present a weak lensing analysis of the Deep
2006; Bardeau et al. 2006). fiérent mass estimates globallyCFHT Legacy Surveycovering 4x 1 ded in five optical bands
agree although outliers perturb a simple relation betweeayX (u*g'r’i’z) under subarcsec seeing condition as a pilot analysis
(or dynamical) and lensing mass estimateg( Allen 1998; for the ongoing Wide Survey which will cover 170 de@he
Wu 2000; Arabadijis et al. 2004). This suggests that dyndmigaesent work proposes to carry out weak lensing mass recon-
activity is still important for massive halos and that agjdie structions in the Deep fields and focus on high convergence
ity and projection &ects may complicate both weak lensingeaks in order to shed light on WLCS capabilities. The rela-
and other mass estimates (Metzler et al. 2001; Hoekstra; 200&ly high sample variance of the Deep images prevents any
Clowe et al. 2004; de Putter & White 2005; Gavazzi 2005; Desmological application of WLCSs but the great depth and
Filippis et al. 2005). amount of photometry make us with an excellent laboratory
In parallel, the idea of direct detection of galaxy clusteys for a future application to the Wide data.
their weak lensing signal starts to emerge. By measuringdghe  The paper is organised as follows. In Sect. 2 we briefly re-
herent stretching of distant galaxies by intervening stm&s, view the basics of weak gravitational lensing. In Sect. 3 we
one is able to infer the projected density figlé (the so-called present the data at hand, the specific treatment required for
convergence). Hence high convergence peaks may be iddntifieak lensing signal extraction and photometric redshifis.
as massive clusters of galaxies. This is the idea of a direakw show mass reconstructionse( convergence maps) in Sect.
lensing cluster survey (hereafter WLCS), aimed at building4 inferred from the coherent shear field imprinted on distant
mass-selected cluster sample directly comparable to C2M thackground sources and from the distribution of foreground
ory (through N-body cosmological simulations). On the the@arly-type galaxies. We also measure the statistics of¢ogh
retical side, pioneering analytical predictions basechembass vergence peaks whereas we focus on their properties in Sect.
function of halos have been proposed (Schneider 1996; Krdséy studying the associated optical and X-ray counterparts
& Schneider 1999), but they were not able to properly accoumthen available). We discuss our results in Sect. 6 in the per
for projection dfects (Reblinsky & Bartelmann 1999). In adspective of both cosmology and clusters physics. We resume
dition Bartelmann et al. (2001) showed that WLCSs are veoyr main achievements and conclude in Sect. 7.
sensitive to the details of the clusters density profile. &/l In the following we assume tHeoncordance model’cos-
cently, ray-tracing into N-body cosmological simulatidre’e mological background witlidy = 70 kms*Mpc™?, @, = 0.3
been used to properly address the critical issue of projesti andQ, = 0.7 . All magnitudes are expressed in the AB system.
and clusters’ asphericity (White et al. 2002; Padmanabbain e
2003; Hamana et al. 2004; Tang & Fan 2005) and the way ) ) )
to reduce the fect of noise on cluster detections through afy Basic lensing equations

optimised data filtering procedure (Hennawi & Spergel 200f; this section we briefly summarise the necessary backgroun
Maturi et al. 2005; Starck et al. 2006). A step forward wilbf gravitational lensing and especially the weak lensimgme
also probably be made with simplified analytical models @fhich concerns the present analysis. We refer the readeeto t
the convergence one-point PDF (Taruya et al. 2002; Dasr&yiews of Mellier (1999) and Bartelmann & Schneider (2001)
Ostriker 2005). Under standard observational conditittese for more detailed accounts.

works predict that az ~ 0.2 clusters more massive than The fundamental quantity for gravitational lensing is the
M ~ 5x 10'°M,, can be recovered with a signal-to-noise rgens newtonian potentia#(d) at angular positior which is

tio v = 3. This limit drops toM ~ 2 x 10Mo atz ~ 0.7 . related to the surface mass denglifg) projected onto the lens
Therefore the main targets of WLCSs are massive clustersgidne through

galaxies.
' i i i 4G Dy D
From the pqmt of view .of observatlons, we can mentlon W) = = olDis deG’E(G’)Inla— 9. 1)
a few serendipitous detections of galaxies clusters viakwea 2 Dgs

gravitational lensingd.g. Schirmer et al. 2003, 2004; DahlewhereDo|, Do andDy, are angular distances to the lens, to the
et al. 2003). A few examples have also been found to shaw ;

. : . . source and between the lens and the source respectively. The
up through weak lensing techniques without any clear optica

counterpart and gave support for the existence for the bedca ! http://www.cfht.hawaii.edu/Science/CFHTLS/
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deflection angler = Vy relates a point in the source plafie to infer the éfective convergence experienced by light bundles:
to its image(s) in the image plamethrough the lens equation
B = 0—a(). The local relation betweghandd is the Jacobian

matrixaj; = 8/ @) = le p(IZH) (I;O(I) dl
- (ke 2 (o o)
""“‘5”‘*”»”—( 72 1_K+n)- @ =Sn (T f i W) ) =5 5

The convergence(d) = Z(0) /X is directly related to the sur-

with | (resp,y) the proper (resp. comoving) distaneg¢he scale
face mass density via the critical density (resp.v) proper (resp 9 h

factor ands(r) the density contrast. At this level we clearly see
2 D the projection nature of weak lensing signal. This meanisaha
erit = GD ‘S , (3) givenk-peak can be the result of a singlgpeak €.g.a cluster

T Dallls of galaxies) or the sum of two or more less pronountpéaks

and satisfies the Poisson equation (e.g.groups or filaments aligned along the line of sight...). We
shall turn back to this issue later on.

Ay =11+ 0= 2 4)

The 2-component shearjs= y; + iy, = %((//,11 —yo0) +iy1, 3. The data
in complex notation. An elliptical object in the image plase
characterised by its complex ellipticigydefined from the sec-
ond moments tensd@;; of the surface brightness distributionthe CFHTLS Deep survey is intimately linked to the
as . Supernovae Legacy Survey (SNLS, Astier et al. (2006)) as the
e= Qu1 =~ Qa2 + 21012 (5) share the same data. In practice, for each observed fielddata
Qu+Qxn+2 (Q11Q22 - Qiz)l/2 taken sequentially every 3-4 nights, 6 months per year add in
) o S observing bandgy(,r’,i’, Z). Additionnalu* data are included
ThIS observed ellipticity can be related to the intrinsigéc- ¢ they are not part of the SNLS and do not require time sam-
ity of the sourcees by: pling. Most of the data have a seeing requirement limited to

3.1. Imaging and Photometry

es+g 0.9”. Data acquisition is still under progress at CFHT so the
l+ge Jfor lgh<1 depth of the Deep fields is still improving. Data processag (
e= (6) trometry, photometric calibration, final stacking and protibn
1+9€ of catalogues) is performed at Terapfor the CFHTLS com-
e+g Jfor Jgi > 1 munity. The final data are released regularly by the CADC

The present analysis is based on 2 sets of data released subse

whereg = y/(1 - «) is the so-called reduced shear ande- quently (the details of the release contents can be founten t
notes complex conjugation (Seitz & Schneider 1997; Geiger®erapix Web site). For the weak lensing signal extraction we
Schneider 1998). In the weak lensing regimge-(y <« 1), Eq. used the TO002 data while the deeper images and catalogues
(6) reduces te = es+y. Provided the random orientation of therom the TO003 release were included for the photometrie red
sources reduces the averaged source ellipticity to 23000- shift production.
vides an unbiased estimate for the shedrhe noise associated  The Deep survey is made of four independent patches
to this estimator is due to the scatter in the intrinsic &llipy called D1, D2, D3 and D4. For each field and filter, Table 1
of sources with a typical valuee ~ 0.3 per component. summarizes the main observational properties of the TO802 r

In the equations above we can isolate a geometric tefgase data in terms of coordinates, seeing, exposure tighe an
which linearly scales the lensing quantitiesy, andy and depth. Because of the presence of bright stars, fields bound-
only depends on the distance rab@/Dos. We thus can write aries, defects in the CCDs and gaps between them with low
Y = W(z,%Z)y. (and so forth fork andy) with w(z,z) = signal-to-noise ratios, a substantial part of the imagemact
Dis/Dos®(zs — z) and®(X) is the Heavyside step function. Ifbe used for weak lensing analysis. Hence, the masked regions
sources are not confined in a thin plane, we account for the djgnerally result in a loss of 20% of the field area. Masks are
tribution in redshift by defining an ensemble average dstanvisible on Fig. 1 where stars have been ommitted. Textve
factorW(z) such that: usable area is given in Table 1. The total working area for the

weak lensing analysis is 3.61 deg
f dzs n(Zs)D—
os

W(z) = (W2, Z))z = : (7) 3.2. Shear measurement
f dzsn(z)

The coherent stretching of background sources producdteby t

weak lensing fect is measured usinig band images. From
If we now consider a broad distribution of mass interven-

ing between sources and the observer, we can use the Born &@http://terapix.iap.fr/
proximation for the propagation of light in a clumpy Univers 2 http://cadcwww.hia.nrc.ca/




4 Gavazzi & Soucail: Weak lensing in CFHTLS Deep fields

Table 1. Summary of CFHTLS Deep data, release T0002 (July 2005).tlrighinagnitudes are expressed in AB system and correspond to
50% completeness.

D1 D2 D3 D4
@2000 0 25"5¢  10'00"28  14"19"27F 227 15" 31
62000 —04°29 40" +02° 12 30" +52°40 56" -17 43 56"
Z limit mag 24.9 24.3 24.7 24.9
i’ 259 254 25.9 25.7
r’ 26.1 25.8 26.3 26.3
g 26.3 25.8 26.3 26.3
u 26.4 26.1 25.8 26.2
i’ seeing () 0.91 0.95 0.91 0.87
Area (deg) 0.93 0.89 0.92 0.86

one field to another the depth of the catalogues is slightly-vatected with SExtractor (Bertin & Arnouts 1996) but shape pa-

ing but for better coherence between the fields, we defineameters are calculated willncat®. Because the noise present

common magnitude cut for the selection of background ssurde these measured quantities is important, all these teresser

22 < I’ < 26. In addition, close galaxy pairs with angular sepaimplified to half their trace (se=g. Erben et al. 2001).

rations less thar'3are discarded to avoid blended systems with (E_;) andqg* are measured from field stars. Their spatial

biased ellipticity measurements. Small galaxies with &fhal  variation across the field is fitted by a second order polyagmi

radiusrn smaller than that of stars are also rejected. applied individually to each one of the 36 CCDs composing
The reliability of shear measurements is expected to tie MegaCam focal plane. Stars are selected in the magnitude

comparable to the current cosmic shear survey analysethéker,, plane, as usuafj* is the anisotropic part of the PSF, which

one already performed by Semboloni et al. (2006) in the samg&ubtracted from observed ellipticities. The residuaisstars

fields. Throughout this paper, we report results of sheak anare shown in Fig. 1 . After correction, these latter are csinsi

ysis performed in th& band which presents the best balanagith a o, ~ 0.004 rms featureless white noise. In Sect. 4.1,

between depth and seeing. However we checked that we ganpresent mass reconstructions inferred from the shedr fiel

extract a similar signal in the other noisigr’ andz bands. measured on distant source galaxies. If we perform the same

This has also been assessed by Semboloni et al. (2006) whaéeonstructions on stars, we only get white noise as expecte

port a similar cosmic shear signal in the deep fields using bdtom a correct PSF smearing correction. Its rms-is~ 0.001

r’ andi’ bands. when smoothed with a Gaussian kernel of width 1 arcmin,
Blurring and distortion of stars and galaxies produced lyhich is much below the signal we are interested in (typjcall

instrument defects, optical aberration, telescope ggiditmo- 0.01 < « < 0.5, see below).

spheric seeing and fiierential refraction are corrected using The smearing part of the PSF contained in Biiéerm de-

the Point Spread Function (PSF) of stars over the whole fiefstbnds on the magnitude of the object and on its size as com-

Several correction techniques and control of systematar®r pared to the seeing disk. To optimally extr&t we derived it

have been proposed over the past 10 years¢sgeMellier from an averaged value over its 40 nearest neighbors in the

1999; Bartelmann & Schneider 2001). In the following we us@agnituder, plane. The variance of ellipticities inside this

the most popular KSB method initially proposed by Kaisateighborhood is then used as a weighting scheme for the shear

etal. (1995). Several teams have already demonstratethtbatanalysis. The weight assigned to each galaxy is :

technique can correct systematics down to a lower value than

the very weak cosmic shear signal (van Waerbeke et al. 2005; W= 1 _ pr2 (10)
Heymans et al. 2006). It is therefore well suited for thislgna ' o2 Pr2gl+o?

sis too. The KSB implementation used here is identical tb tha o _ _

of Gavazzi et al. (2004). whereo prevents from overweighting some objects. Itis set to

The observed ellipticity componere®s , are made of the thg 1D intrinsic disp(.arsion.in galaxy glli_pticitiese =0.23 and
intrinsic ellipticity componentss, and linear distortion terms i 1S the observed dispersion of ellipticities over the 40 astr
that express the instrument and atmospheric contamirsati®§ighPors in the magnitude-plane.
and the contribution of gravitational shear to the galaxpel At this level, we have 132,000 (resp. 104,000, 162,000 and

ticity. Each ellipticity component is transformed as: 114,000) galaxies with reliable shape parameters in the D1
(resp. D2, D3 and D4) field leading to a source surface number

€obs = g1 4 P} 595 + Pogds, (9a) density ofn,g = 380 (resp. 30.6, 35.4, 34.5) arcmfn These
pshy* value are much higher than usual ones in weak lensing stud-

with P?, = PS; - PZ?(W‘) , (9b) ies, which turn around 15-20 galaxies arcmiinThe magni-
B tude cut’ < 26 explains these high densities although it makes

difficult an accurate determination of the redshift distributio

whereg is the reduced gravitational sheBf" is thesmear po- : . . )
9 g p of such faint objects. In the following we shall refer to this

larisability, PS" the shear polarisabilitandP? the isotropic cir-
cularization contribution to the final smearing. Sourcesd®- 4 http://www.ifa.hawaii.edu/ kaiser/imcat/
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T
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T
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T
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T
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(det,de2) = 0.038, 0.041
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Fig. 1. Stellar ellipticities in the CFHTLS Deep fields for D1... Drbin left to right. Upper row: polarisation field before and after PSF
anisotropy correction (respectively red upper and lowacklpanels.)Lower row: projection of the stellar ellipticities in thee{, &) plane
before and after PSF anisotropy correction (black crosseéses dots respectively).

source catalogue as CA. Because several galaxies have largdecause we have a bad knowledge of the true redshift dis-
uncertainties on their shape parameters, one should tthiec tribution of sources in catalogue CA, we consider a subsam-
density by considering theffective density which would haveple that we shall refer to as CB for which relialdg val-
been achieved if all uncertainties were limited by the mtri ues are available: good SNR in afig’r’i’Zbands.e. u' < 28,

sic dispersion in source ellipticity. More precisely if wefthe g < 27.5,r" < 27,i’ < 26,7 < 26.5, good SED fitting ? val-

Ner = Xi(0e/0ei)?, the dfective source number density wouldies antznet > 0.11. The use of these sub-catalogues prevents
then bmgfgf = 253 (resp. 20.7, 21.6, 21.0) arcmf This quan- a substantial amount of contamination by catastrophidiéds

tity represents what should be achieved under space-basedfor nearby sources. Catastrophic redshifts corresponiijécts
serving conditions. for which zyno differs from the true redshift due to degenera-
cies in the SED shape. They add noise in the redshift distribu
. . tion which does not correspond to the standard dispersioie va
8.3. Photometric redshifts o, ~ 0.1. This generally occurs at low redshifts 0.1 and in

The large number of filters available in the CFHTLS Deep inthe range # < z < 2.0 due to the lack of spectral features in
ages allows a direct estimate of the redshift of each soutbe UV rest-frame or confusion between the Lyman break and
according to its Spectral Energy Distribution (SED) frorthe 4000A one. libert et al. (2006) recently studied a coriapar
u"g’r’i’z bands. The photometric redshifts were measuré@n between photometric and spectroscopic redshifts iDthe
using the TO003 release catalogues dryperz® software field observed in the course of the VVDS survey and showed
(Bolzonella et al. 2000). that the quality of CFHTLS Deep data provides valuable pho-
tometric redshifts up ta ~ 1.4 for galaxies with g < 24.0.

5 http://webast.ast.obs-mip.fr/hyperz/



counts

6 Gavazzi & Soucail: Weak lensing in CFHTLS Deep fields

5 0x104 T : : : : . whereK(6) = %W is a complex convolution kernel (Kaiser
E unweighted ] & Squires 1993) (hereafter KS93). The shear field is smoothed
2.5x101 |- 7 with a Gaussian filteG(#) « exp(—z"—:z) with s = 1 arcmin.
2,0Xl04§ % The convergence field is consequersnly smoothed by the same
F 1 filter. The resulting convergence maps present correlatestn
15x10% o 7 properties (van Waerbeke 2000).
1.ox104F . o2 02
sor1oth E kn(Pn(@ + 0)) = yr—e exp(—@) . (12)
OO' - . . - 5 Te(4nnpg2)~2 characterises the noise level. We measured a
redshift value 0.0196, 0.0225, 0.0202 and 0.0221 for D1, D2, D3 and
D4, respectively.
1-00F ' ' ' In principle, the convergence computed from Eq. (11) must
be real and its imaginary component should only be due to
r noise and possible residual systematics. We checked this as
A r 1 sumption by rotating the shear field by°4énd found the re-
Q: 010k | constructed maps to be consistent with noise as described by
= : 1 Egq.(12).
L T ] The KS93 inversion in Eq. (11) is done by a direct summa-
i > tion over all sources without pixelling, smoothing and Feur
—— e e ed | transforming the data. This reduces boundary and miekte
O~°1O 5 g o o ~o On mass reconstructions. Several techniques have been pro-

posed so far since the original KS93 method. Most of them are
useful in high shear regions (wheges 1) and for small fields

Fig. 2. Upper panel:Redshift distribution of sources in the sampleof view. However the wide MegaCam images and the complex
CB. Lower panel:Corresponding average distance factor as a funﬁéld eometryv imposed by the masks mak@dilt. time con-
tion of the lens redshiftSolid black:(resp.dashed rejithe weight- 9 yimp y )

ing scheme in Eq. (10) which reduces the contribution oftfdiatant Sumln_g and unnecg_ssary the implementation of more complex
sources is (resp. not) taken into account. techniques. In addition, van Waerbeke (2000) has shown that

noise properties of KS93 method are well controlled and con-
sistent with Eq. (12).

The source number density is significantly decreased by Fig. 3 shows the convergence maps for D1, D2, D3 and
this selection. We end up with a number densigy = 21.9, D4 deduced from the catalogue CA. Contours in units of the
18.8, 206 and 178 arcmin? for D1, D2, D3 and D4 respec- signal-to-noise ratio (SNR o) are overlaid, with- defined as
tively, but we consider that for these catalogues CB, thehiéd 12
estimate is reliable within the standard uncertaintieshaftp- v = SNR= « (4rNbg65)
metric redshifts. Oe

In addition, the weighting scheme we adopted in (10) tenf$ihe present data we detect6 positive peaks with > 3 and
to give less weight to faint sources (which are on averag@mey peaks withy > 4. In order to avoid too much contamination
distant). The weighted redshift distribution of sourceCiB  ,y nojse peaks but to detect as much true peaks as possible, we
is plotted in the upper panel of Fig. 2 and compared 10 th€erefore fix the threshold at = 3.5. The 14 peaks detected
unweighted distribution. Typically the mean redshift isftelil \yithin this limit will constitute our working sample in thest
from 1.15 to 1.11 when accounting for the weighting schemgs the paper. We discuss in more detail the statistics ofethes

Likewise the average dista.nce fac¥h(z) = (Dis/Dos)z, i§ peaks in Sect. 4.2 and their possible association to galasy c
changed (lower panel of Fig. 2), but except for very distafd,s in Sect. 5.

lenses £ > 1) the correction is negligible. An empirical fit of
W(z) for D1 yieldsW(z) ~ exp(-z/0.55-7*+2’/1.2-7'/5.5),

Zlens

W(z) being similar for the other fields. 4.2. Statistics of peaks
Several authors investigated the possibility to use cajarare
4. Mass reconstructions peaks as clusters of galaxies candidates. Simplified acallyt
calculations based on the Halo Mass Function (as infermed fr
4.1. Convergence maps from observed shear the Press-Schechter formalism for instance) provided the fi

%redictions for wide field imaging surveys (Schneider 1996;

From the source catalogue CA defined in Sect. 3, we can in fuse & Schneider 1999). Then thanks to the development of

the shear field/(8) and deduce the associated convergencefield ™~ . . . o ) "
) numerical simulations, quantitative estimates of pragecef-
x(6). They are related by: . . .
fects and cluster selection functions (in terms of mass add r
shift) became available (Reblinsky & Bartelmann 1999; Jain

— * 2
«(0) = fRz K(6 - 9)"y(9)dd, (11) & van Waerbeke 2000; White et al. 2002; Padmanabhan et al.
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Fig. 3. Convergence maps inferred from the ellipticity field of bgiund sources for D1 (top left), D2 (top right), D3 (bottoefit) and D4
(bottom right). Contours levels start at 3vith a 050 arithmetic increase. The Gaussian filtering scale is 1 arcifie 14 peaks with > 3.5

are labeled.

2003; Hamana et al. 2004; Hennawi & Spergel 2005; TangtRat such a filter may not be affieient as an optimised filter
Fan 2005). which would account for the contribution of LSS to the noise
budget and the shape of the dark matter halos we aim at detect-
The practical implementation of a Weak Lensing Clust@fig (Hennawi & Spergel 2005; Maturi et al. 2005). It turns out
Survey (WLCS) requires the control of noise present in okhat a simple Gaussian filter of widélg ~ 1 — 2 arcmin is close
servations, either due to the intrinsic ellipticity of soes or to the optimal linear filter and has been extensively stuitied
to the intervening large scale structures (LSS) along the lisimulations (White et al. 2002; Hamana et al. 2004; Tang &
of sight. Although the so-called “compensated aperturesmasan 2005). In addition a promising multiscale wavelets tech
filter” has early been proposed as aficent filter for peak nique has also been proposed recently (Starck et al. 2086) bu
statistics (Schneider 1996; Kruse & Schneider 1999; Sairmas not been applied to real data yet. Therefore we shall use
et al. 2003, 2004; Hetterscheidt et al. 2005), it has beewsho
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a simple Gaussian filter with scalig = 1 arcmin as already 4.3. Convergence maps expected from light

li nto the m reconstructions of 4.1,
applied onto the mass reconstructions of Sect In order to check the global agreement between the weak lens-

Fig. 4 shows the cumulative number of maxima peaksg mass reconstructions and the distribution of foregdoun
N(> v) as well as the symmetric number of minima peaks fejalaxies, we create fiducial convergence maps from the spa-
the four Deep fields. The latter curve is flipped-t —v) for tial distribution of early-type galaxies since we know ttizy
an easier comparison. The net excess of maximawih# as are fair tracers of the density contrastg. Kaiser et al. 1998;
compared to minima at the corresponding negative threshdehy et al. 2002; Gavazzi et al. 2004).
is visible, thus showing the non-Gaussian nature of the con- The availability of photometric redshifts makes possibke t
vergence field (see also Miyazaki et al. 2002). The staistid¢dentification of such massive galaxies as a function ofteds
significance of this excess is still low due to the large casmghift since the photometric redshift cobigperz also provides
variance in such a small sky coverage. In addition it shoeld bpectral types. We consider in the following a simple refati
kept in mind that CFHTLS Deep fields of view were chosen teetween mass and galaxy densities. We restrict ourselves to
be free of any massive known nearby cluster. bright elliptical galaxies with’ < 23, well below the detec-

tion limit i’ ~ 26. We assume that all the mass in excess of
the background density is in the form of haloes around massiv
E/SO galaxies with a truncated isothermal density profile ef th

1000.0F — — — T T T T T3 three-dimensional and projected forms
E maxima peaks ] M
F minima peaks ----- p(r) :_L
100.0F 4 22 r2(rZ + r2) (13)
& i ] M 2y-1/2
¥ Z(R)_th[R - (R +r1))™?|
— 100¢ 3 respectively. We further assume a truncation radjushich
A F scales as/ri. = (L/L,)Y*with r,, = 264 kpc to roughly mimic
Z the results obtained by Gavazzi et al. (2004) and Hoekstra
1'°§ 3 et al. (2004). The scaling relation between mass and luminos
7 ity is of the formM/M, = (L/L.)’. We use a typical mass
ol M, = 2x 10*2h;;M, with a luminosityL, = 2.2x 10°h;2 L,
o S 4 6 g in the rest-frame’ band.s is left as a free parameter which

snr v we vary from 0 (constant mass) to 1 (constait MThe very
details of the halo density profile used in this analysis is no
Fig. 4. Cumulative counts oN(> v) maxima peaks (solid black) relevant for the purpose of comparing dark matter and galaxy
and corresponding counts df(< —v) minima peaks (dashed blue)distributions at intermediate to large scales. Howevérpaigh
curve per square degree in the Deep survey. The surrounditedd this issue will not be addressed here, it is worth mentioning
lines representd Poisson errors. The excess of positive maxima {§at such comparisong. the so-called galaxy-galaxy lensing,
marginally seen as compared to negative minima, thus slgothie  rovides insightful constraints on the density profile ofosa
non-Gaussianity of the convergence field. (e.g. Hoekstra et al. 2004; Mandelbaum et al. 2005; Hoekstra
et al. 2005). Here we assume an input realistic halo density
profile to infer a convergence-from-light distributien
An extensive study ofx-peaks statistics in the Wide Hence, the sample df.ns lenses at redshif, proper dis-
CFHTLS survey would provide valuable cosmological infortancel;, angular distancB®,;, angular positio®; and luminos-
mation for cosmic shear studies and would help breaking soie L; allows to write the matter density in excess at proper
degeneracies (mainly betwe€p, andog) present in the sheardistancd and angular positiofi in the form
2-point correlation function. Such an analysis is beyoral th Nigne R
scope of the present work but the full implementation of the ;| ) — 5= Z So(l = 1), [Dei(6 - 6))] (_') . (19
k-peaks statistics in the presently released CFHTLS-Wide da = L.

is in progress. It is noteworthy that in order to extract tee avhhereéD is the Dirac distribution and. is the surface den-

y for a characteristic halo of luminosity.. Since we do not
know the exact redshift distribution of sources in sample CA
hich is required to calculaté&/(z) in Eqg. (8), we use the em-

%‘rical redshift distribution found for the source samplB @
Sect. 3.3. In addition, since we cannot consider the lens sam
However, instead of a blind study of the convergence peakse as flux-limited, due to the complex cuts in magnitude and
we propose in the following to fully characterise the stawes  zynot SED fitting x? values (which depend on colour, spectral
responsible for the highest convergence maxima peaks.sbke a&ype, magnitude...), it is dicult to estimate its completeness.
wish to analyse what are they made of, in terms of dark matfEnerefore, we restrict ourselves to a qualitative comparize-
and galaxies contents or false detections. tween convergence maps inferred from shear and from light.

sociated cosmological signal, there is no need to measare
mass or the redshift of the peaks, neither to identify theth wi
clusters (or projected groups, etc...). This is a real atdhpn
of the method compared to cluster physics driven by optic
X-ray or SZ surveys.
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We insert Eq. (14) into Eq. (8) to derive the associated
map, smooth it with the same Gaussian filter as the one applied 4,
onto the noisy data in the previous section and compargthe
maps to the shear-inferreemaps. For each field D1, D2, D3
and D4, we consider two casgs= 1 (mass scales like lumi-
nosity) in Fig. 5 angs = 0 (every galaxy has the same mass)
in Fig. 6. Although a quantitative analysis is not possihle d
to incompleteness and the fact that CA and CB sources sam
ples have dterent redshift distributions, the qualitative global

20

(arcsec)

Radius

@ L s oo e b b

= R S—
agreement between maps is convincing, especially in D1 andd o=~ 1 |
D4 fields which contain the most prominent peaks. - E
Only few low significance-peaks ¢ < 3.5) are associated 8
with k; overdensities whereas most¥ 4) k-peaks match & 10
bright peak. A detailed comparison is done in Sect. 5. £ L w N S S
0.0 0.5 1.0 1.5 2.0 2.5 3.0 5

redshift

5. Properties of v > 3.5 peaks Fig. 7. Increase of shear signal strengtte(equivalent Einstein ra-
In this section we attempt to estimate the redshift, mass aids) as a function of source redshift in the CB source cgtao
luminosity of structure(s) responsible of the #4peaks with SPlit into 10 quantiles around peak CI-02. This allows to dit the
y > 3.5. This significance threshold is rather low so we e)ygns redshifig and Einstein radiuge simultaneously. Contours show
pect a substantial amount of contamination by noise fluctuz-> ‘?md 30 CL regions ar.ound the best fi .andz" P.eak .Cl.' 02
i H th h . t the stai texh|b|ts the expected profile for a cluster with velocity pdission
lons. HOwever th€ purpose, Nere, IS not to Use the SIBISUC _ 545, 100 km st and redshif = 0.28:+ 0.10 with y?/dof = 0.8
of peaks (free from false detections) as a cosmologicaleroly: .,

’ g e hick line).
Instead we are more interested in the intrinsic properfiéiseo
detected peaks and wether they appear close to galaxies over _ ) ) )
densitiesi.e. they are likely due to clusters. So the first stefh€ar function for the unknown lens redstaftand Einstein

in this peak identification is to estimate a redshift, takiey 2diusée by minimising ax*(z, 0) of the form

vantage of the availability of photometric redshifts. Tweth PRy
ods are explored, one which is directly related to the shgar s YA, 6¢) = Z (et,i - W 2—&) (16)
nal dependency on lens redshift and which does not require an ’ i o-ii

explicit identification of the peak with galaxies, and thaeat o )

which is related to the photometric redshift distributidraa  WNerew = w(z, z), o is given by Eq. (10) an; is the

overdensity of galaxies associated with the mass peak ®est@ngential component of ellipticity. The depe;ndencx%)\?wth

from the two approaches are summarised in Table 2. 6e can be easily removed by considering t%h 0 for anyz
so that the trivial solution

5.1. Lens tomography ; 2% % .
The basic principle of the lens tomography and its lens red- g 3 % ()
shift estimate, introduced and already applied by Wittntaal.e el

(2001, 2003) and Hennawi & Spergel (2005), is the following:an be inserted into Eqg. (16) to give

in the case of a real shear peak at redshjfthe source red- )

shift dependency of the shear signal must follow a charseter & ( i (?r"zv )

tic law according tav(z, zs) = Dis/Dos. The shape of the shear Yi(z) = Z — - 7(\; ) (18)
strengthening versus the source redshift allows to infetehs Y i g

redshift. In the following, we apply this technique to esim
the lens redshift of each peak and check whether the shear bedn order to illustrate the method we plot on Fig. 7 the value
havior around peaks is consistent with lensing or is ratheoéthe Einstein radius measured in thezl Quantiles of sources
noise fluctuation. between 1 and 5 arcmin from the centre of the peak CI-02, de-
We measure each shear profile between 1 and 5 arcminuiested withy = 5.5. The increase afg with redshiftz is clear
from the peak centre, using the source catalogue CB for whighd allows an unambiguous identification of the lens retshif
photometric redshifts are availabe. Assuming that therleamss Contours show the 68.3%, 95.4% and 99.3% CL regiong for
distribution at redshiff; follows a Singular Isothermal Sphereandée. The thick curve represents the functignx w(z, z) for

(SIS) profile, the shear is simply the best fit valueg = 0.28+ 0.10 andfe = 10+ 3” leading
p to a velocity dispersiomr, = 600+ 100 km §*. Because of the
¥(0,zs) = W(z, 25)2_';, (15) rather large statistical uncertainties, the detailedalestiape of

the shear profile introduced in thé fit is not much important.
The Einstein radiugg is related to the characteristic clusteHowever for significant peaks in the reconstructed mass maps
velocity dispersion byr, = 1862 km s (6g/1”7)Y2. We fit the redshift estimate directly evaluated from the lensing prtips
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Fig. 5. Convergence maps inferred from the distribution of Eaylyetlens galaxies assuming thdta, o« L (exponenjs = 1 in (14)) for D1
(top left), D2 (top right), D3 (bottom left) and D4 (bottongtit). The Gaussian filtering scale is 1 arcmin. The red castofithe convergence
maps inferred from the observed shear are overlaid for casgrawith Fig. 3. Masked regions are set to zero convergeake.

Fig. 6. Same as Fig. 5 with exponefit= 0, i.e. all lens galaxies have the same halo mass.

of the peaks is a viable method. It could in particular be igglpl bution and corrected for the lack of information in the makke
to any “dark clump” where no bright galaxies can be assogiateegions. The resulting distribution is fitted by a Schechter
with the mass peaks. minosity function of the form
Using lensing tomography for the whole catalogue CB and
the whole Deep fields, it is possible to put constraints on the
lens redshift for 8 peaks as shown in Table 2. If the signal-to
noise ratio is too low ox?/dof > 2, the inferred lens redshift #(m) = 1. 1.0P-AL+a)(m.—m) exp(_100.4(rm—m)) (19)
is systematically set tp = 0.
We also note in Table 2 that peaks exhibit fitted velocity
dispersion values limited to, < 600 km s. There is no mas-
sive cluster witho, > 800 km s* below redshift~ 0.7 in the . .
Deep survey. This is not a surprise as the Deep fields were iW‘Ih afixed sloper = -1 andy = 0.4In10= 0.921.m, and

tially selected for their lack of well identified Abell cluss for ¢+ are left free. 'I:he value of the slope is consistent with that
example. derived from tha” rest frame luminosity function of the local

Universe measured from the SDSS data (Blanton et al. 2003).
We then define the richnegs = ¢.I'(2 + @) as the equivalent
5.2. Optical counterparts number of galaxies with characteristic magnitaden the pro-

jected radiufk = 1 Mpc. For each field, we estimate and sub-

In this section we take advantage of the deep multiband pRye( the hackground in the complementary area after eigud
tometry of the CFHTLS data to check whether an optical COUcjes of radius 5 Mpc around all peaks. Richness is reported

terpart can be assigned to our 14 high convergence peaks Withapie 2. Two examples of magnitude excess are given in the

v>35. _ S bottom panels of Fig. 8.
We first examine galaxies in a circular aperture of 4 arcmin

around each peak. This radius corresponds to a linear stale o At this level it is worth mentioning that CI-02 has a large
200 to 400 kpc for a lens redshift ranging from 0.2 to 0.7 réut broad excess of galaxies in the redshift distributioansp
spectively and is representative of typical core radiusiesl ning betweerz = 0.3 andz = 0.8. It is not possible to isolate a
for rich clusters. Therefore this is the radius within whitle well defined RCS (upper right panel of Fig. 8). CI-02 is likely
most significant density of bright galaxies is expected, tmog projection &ect due to the alignment of several structures
of them being early-type galaxies. We then require that an édong the line of sight. This illustrates the importance af-p
cess of galaxies is present and well localised in the phatomiection efects, even for highly significant detections since Cl-
ric redshift distribution once the backgroungl. distribution 02 has a SNR = 5.5. Therefore the richness of CI-02 cannot
is subtracted. The background is defined in the region beydigiinferred from the data. This is clearly seen in the lowgintri

6 arcmin ofall peaks If a red cluster sequence (RCS) is foun@anel of Fig. 8 where the excess magnitude distribution ts no
in the (’,r’ —i’) colour—magnitude diagram by a visual inspeconsistent with a Schechter luminosity function. Furtheds
tion (see Fig. 8), we also check that thg,r-distribution of the ies on Cl-02 would require spectroscopic information inesrd
bright RCS members.¢. havingi’ < 22) lie at the same red- to distangle the various contributions to shear signalféedint
shift as the whole galaxy excess. redshifts.

8 peaks out of 14 meet these criteria whereas there is N0y, . o -t the optical counterpart of Cl-14 is alsfidi

clear optical associable counterpart for the remainingaikpe cult to characterise. Although it exhibits a clear RCS ashéitl
For each of the former 8-peaks, we define the cluster red-

. . . .~z ~ 0.17 consistent with the XMIWLSS detection (see next
shift as the location of the most prominegpte; excess peak in

. L section), the luminosity function is not well fit by a Schemht
the zpno averaged histogram. The error on the redshift is fOuri’gnction and suggests an additional structure at higheshiéd

by fitting the excess as a Gaussian distribution. We also&lef, 03-05
> ; i : . ~ 0. .5).

the luminosity-weighted optical centre using the brightga
ies (* < 22) in thezynot €XCESS range. Optical centres are less From the new defined centre and photometric cluster red-
than one arcmin away from the convergence peak locationshgft, we re-estimate the lensing velocity dispersion fribra
expected from the spatial resolution of the mass maps. The ghtalogue CB of background sources. In Table 2, we report
served d@fsets are reported in Table 2 in colum(, 6). the new values of the lensing velocity dispersion. They do no

In order to characterise the galaxy content aroxipeéaks change significantly as these global measurements (totd,ma
we also estimate the distribution Bfmagnitudes in a fiducial velocity dispersion, ...) only weakly depend on the pretise
projected radiuR = 1 Mpc in excess of the background districation of the center.
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Fig. 8. Upper panels: (i’,r’ — i) colour-magnitude diagram for CI-07 exhibiting a clear R@St) and CI-02 with no RCS (right). Lower
panels: 1 band magnitude excessg( luminosity function) for the same CI-07 and CI-02 peaksgessively left and right panels). The former
has a distribution which is consistent with a Schechtertionavhereas the latter has not, thus suggesting that C3-82de of several projected
structures along the line of sight (see text).

5.3. Comparison to X-ray data the line of sight whereas optigknsing signal scales like the
S galaxytotal matter density respectively, so projectidieets

The CFHTLS-Deep D1 field is part of the XMMSS surve§.  should be much less frequent in X-ray samples.

We therefore took advantage of the publicly available X-ray

database to cross-correlate our sample-péakgclusters with Concerning the peaks CI-03 and CI-10, which do not ex-

those X-ray detections published in (Valtchanov et al. 2004ibit any optical counterpart, there is no X-ray detections

Willis et al. 2005; Pierre et al. 2006). Therefore, as already pointed out, this confirms that Cl+@8 a

The matching is very good. More precisely, over the sev@-10 are likely false detections due to noise fluctuations.

v > 3.5 peaks detected in D1, four are XMM-LSS clusters with

luminosity 15 10® < Lxpo < 6.5 10" ergs and tempera-  There are 9 publicly available XMMSS clusters in the

ture 1< Tx < 2 keV. However, the most pronounced= 5.5 D1 field of view. 4 of them are part of our weak lensing clus-

D1 peak, namely CI-02, is not part of the XMMSS sample. ter sample although we note thatva= 3.4 peak ata =

This is consistent with the evidence we highlighted abowa¢ tH02" 24™ 31.7° and6 = -04° 13 55" is also part of the
this peak corresponds to a projection of several less n&@ssiMM /LSS sample (XLSSC44 at = 0.26, Tx = 137538

clusterggroups along the line of sight. X-ray detections woulleV). This cluster has been missed by the weak lensing survey
not be as sensitive as optidahsing detections since X-raybecause it does not meet the- 3.5 detection threshold. The
emissivity is the integral of the squared electron dendiipg remaining 4 XMMLSS clusters which are not part of our sam-
ple: XLSSC38 £ = 0.58, Tx unknown), XLSSC114 = 0.05,
6 http://vela.astro.ulg.ac.be/themes/spatial/ Tx = O~64t8:(1)% keV), XLSSC29¢= 1.05,Tx = 4-07:%5 keV)
xmm/LSS/index_e.html, See also http://13sdb.in2p3.fr: and XLSSC5¢ = 1.05,Tx = 3.67'}33 keV) are either very
8080/13sdb/ low or very high redshift clusters for which lensinffieiency
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is low. Therefore it is not surprising that they are missimgur false detections (higheffeciency), the sample completeness of
weak lensing sample. WLCSs turns out to be very low. This has already been pointed
Note also that the peak CI-01, located in D4 and which @t in simulations€.g. White et al. 2002; Hamana et al. 2004;

the strongest peak matches an X-ray detected ROSAT clustdd@nnawi & Spergel 2005).

redshiftz= 0.13 and luminosityt x o5 20] = 145+ 2.5x 10% The theoretical analysis of Hamana et al. (2004) is well

ergs (de Grandi et al. 1999). suited for a direct comparison with our results since the sur

vey area, the smoothing scale, and the noise propertiehare t

] ) same. We found a satisfying agreement when considering thei

6. Discussion Fig. 7 although the sample variance is large.

6.1. Global statistics

The statistics of peaks over the four CFHTLS Deep fields su@'—z' Physical properties of clusters

gest several comments. _ The Deep survey sky coverage is not wide enough for fur-
Our cluster candidates are not very massive systems gy cosmological interpretation of these results. Néxsess

look more like small clusterg large groups havingry ~ it is interesting to study the physical properties of ourashe

500 km s*. The lack of massive clusters is not surprising SiNG&|ected cluster sample. Are weak lensing detectionsdtase

the Deep field of view is only 4 dé@nd the 4 MegaCam fieldsyarg peculiar systems? Such a sample is suitable for theshece

were selected priori as free from already known rich clustersgayy calipration of other cluster detection methods, dafigc

It turns out that half of the > 3.5 convergence peaks (eithekqr cosmological purposes.

with or without an optical counterpart) are in D1 and at réfiish A direct comparison between lensing velocity dispersion

2~ 0.28,1.e.in the redshift range with best lensingieiency. and richness is shown in the upper panel of Fig. 9 for the six

How much of this excess is due to the 10% lower noise Ievelg tems Cl-01. Cl-03. CI-05. Cl-07. CI-08 and Cl-12 for whic
D1 relative to D2, D3, D4 or is pure sample variance (enhanc (flear optical counterpart and measurable richness anelfou

_by the strong spatial clu_steri_ng of galaxy CIUSter_S)? Theda The range of richness and velocity dispersion probed by our
Is our favoured explanation since a 10% change in SNR for Iggmple is quite narrow although a direct linear regressieldy
peaks would not significantly change the ranking of peaks(Ji

[best fit scaling relationr, ~ 258 km s1A%17. However a lin-
Table 2. Atz ~ 0.28, 1deg scale corresponds toh;§ Mpc 9 v

dth . . ¢ the cluster-clust b ear fit of the formo, ~ 81 km s1A%5 (with a slope consistent
andthe cosmic variance ot the ciuster-cluster correlatian- iy, yirjg| equilibrium) also provides a good fit to the data.

tion is still important. Moreover thanks to image depih, thﬁs far as we know there is no published comparison between

large number density of background sources allows toldEt?iEhness and lensing velocity dispersion in the literatifrés

clusters with a velocity dispersion as lowas ~ 500kms. therefore impossible to extend this study either towardsimas

Weak lensing-based clusters surveys (WLCSs) will be fufly lusters or toward groups of galaxies to put tighter coirdisa

ficient in much wider fields of view hosting several massivg .. scaling relation. A detailed comparison betweeh-ric
clusters. Translating the detections we got in the Deepsfie

) . i ess and weak lensing signal is left for a future work (see als
into predictions for the CFHTLS Wide survey suggests that(ﬁsen et al. 2006) gs19 (

detection threshold as high as> 4.5 will be required for se- inthe | lof Fig. 9 | lensi |
cure WLCSs since the noise level due to random source ellligl— dir; peersi(:)\l;/]earnp da)rzera(;/ telr%pe\rlz\;?u?:?o(r:?hrgas/reeDeln)s(%vse oc-
ticities in this shallower survey will be much larger. Thidlw :
y g flysters CI-03, CI-05, CI-07, CI-14 and XLSSC44. More pre-
cisely and following Cypriano et al. (2004), we compare the
lensing velocity dispersion inferred temperatgliens =
umyo of dark matter particles to the X-ray temperature of
be false or inconclusive detections. All the D1 XMIMES clus- hot ICM gas partlcles.JmH is the mean nucleon mass per free
ters that lie in the lensing relevant redshift rangk 9 z < 0.5 elect_ron. For comparison we ta!<e the sgme 0.61 valge as
=, Cypriano et al. (2004). We also include in the comparisoa dat

are detec_ted with a SNR.R 3.4. This red_sh|ft fange 1S there—fr m the study of Bardeau et al. (2006) of 11 X-ray luminous
fore devoid of any massive cluster. An important outcome 0

this analysis is the confirmation that projectidfeets may be fit?osr:etrr?ezz t:e rr?.ze.rgtrt]::gg t/r\;guﬁsbuemstfgl OII]: igirg)r/a(\e/(iig;ipoar-
severe for WLCS purposes. CI-02 which is & 5.5 conver- P qual. 9

gence peak shows up due the contribution of several stesstyfoo °es of gas heatifoling are at work we expect some de-

at different redshifts thus mimicking théfect of a single mas- partures from this relatiofx # Tiens Conversely the mass (and

sive cluster. The optical counterpart of Cl-14 is also uaclethusa" andTeny) of shear-selected clusters may be increased

although it would be natural to associate it with XLSSC41 zti)ty projections of unrfela_lted_ material along Fhe line of sight
Although the statistics is poor for massive clustérg £ 3

z = 0.17. Except CI-02, none of our secure peaks with :
an optical counterpart are unobserved with X-rays. Theeefd€V), the lower panel of Fig. 9 suggests that shear-selected
the completeness of WLCSs is lower than X-ray techniqueSters are well aligned onto the bisecffix = Tiens. In other

for clusters detections. If one aims at reducing the amofint%¥°rd. gas and collisionless particles share the same anoéunt
energy. This behaviour seems to be less true for massive clus

7 See alsthttp://www.cfht.hawaii.edu/ cabanac/SL2S/ ters. For example Cypriano et al. (2004) found thatTgr> 8

with o, ~ 400— 700 km s, which will be investigated with
alternative strong lensing methods (Cabanac et al. Z006)
We found that~ 50% of ourv > 3.5 candidates turn out to




Table 2. Catalogue of convergence pedlkgalaxy clusters in CFHTLS Deep fields.

ID Convergence peak Optical counterpart X-ray counterpart
a 0 v Tvens Ziomo A(a, 6) Zphot OvyJlens A RCS LX,[O.S—Z.O] Tx

J2000 J2000 kns arcsec km's 10" ergs keV

Cl-01 | 22"16"58 -1725 10" 6.2 612757 0.05+012 | (-15,-16) 015+0.04 6185, 407 Y 145+ 022

Cl-02 | 02"24™ 27 -04°50 34" 5.5 60435, 027+013| (12,17) 039+0.22 6483 ? ? X X

Cl-03 | 02"27m 245 -04°32 19" 4.1 53975z  0.36+0.20 (2,1) 026+0.03 51612 5772 Y ~15P 1027331

Cl-04 | 02"25" 245 -04° 10 48" 4.1 587123  0.32+0.17 - - - - N X X

Cl-05 | 02'25"21°5 -04°41'33" 4.0 505+95 021+0.12| (10,18) 023+0.03 42712 19+ Y ~52¢ 2027543

Cl-06 | 14"19" 015 +52°36 43’ 3.8 440+65 000+0.10 - - - - N

Cl-07 | 02"27"40° -04°51'38" 3.8 4748 0.00+£0.18 | (-25,12) 025+0.09 5171% 3710 Y ~65¢ 171798

Cl-08 | 10'01m 215 +0222 58" 3.7 392+91 006=+0.21 | (-10,-43) 062+0.05 34727 437 Y

Cl-09 | 09'59" 4 +02°32 20" 3.7 552208 0.26332 - - - - N

Cl-10 | 02"27 16 -04°07 37" 3.7 380+63 000+0.18 - - - - N X X

Cl-11 | 14" 20" 28 +52°59 22" 3.6 31128 0.00+ 1.00 - - - - N

Cl-12 | 147190 +53°08 44’ 3.6 3533  0.00+021 | (49,-17) 024+0.04 334353 687 N

Cl-13 | 10001 3C¢* +01°53 04" 3.6 536+60 000+ 0.09 - - - - N

Cl-14 | 02'25"29° -04° 1534’ 3.6 492+164 034+0.16 | (-12,28) 017+0.07 48115 ? Y ~24¢ 134702

(a) ROSAT cluster (2216™ 56.25, -17° 25 25.5”) atz = 0.13 (de Grandi et al. 1999),
(b) XMM/LSS cluster az = 0.31 (XLSSC13),
(c) XMM/LSS cluster az = 0.26 (XLSSC25),
(d) XMM/LSS cluster az = 0.29 (XLSSC22),
(e) XMM/LSS cluster az = 0.14 (XLSSC41).
All XMM /LSS data (b,c,d,e) are from (Willis et al. 2005; Pierre e2@D6).
In columnsRCS the flag is seY if a Red Clusters Sequence is found by a simple visual inspedtherwise it isN.

Rows filled with “?” correspond to peaks with an optical carpart for which the richness is meaningless (projectioseséral structures along the line of sight). Rows filled Withare likely

false detections without a reliable optical counterpadwR filled with “X” are in the D1 field part of the XMMLSS survey but not detected in X-rays.

spialy dea@ ST1HAD ul Buisua| Yesp :[1eanos 3 1zzenes)
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ﬁ;ﬁ&‘? ‘1‘%‘ 1 Fig. 10. Average radial shear profile for CI-03, CI-05, CI-07 and

XLSSC44 at similar redshift ~ 0.28 + 0.04 and temperaturéyx ~
1.45 + 0.33 keV. The mean velocity dispersion found by fitting a SIS
profile iso, = 496+ 48 kms ™. There is no significant fierence be-
tween the shear profile measured in source catalogue CA amdeso
catalogue CB witlz,ne: > 0.5. This suggests that clusters members do
not significantly reduce the shear profile and thereféiechdetection
efficiency. Points relative to CB catalogues are shifted rigintiaby
2% for clarity.

[keV]

T\ens

1 10
Ty [keV]

peak statistics. It has been shown that unlensed clusteberem
galaxies may significantly lower the shear profile around-mas
Fig. 9. Upper panel: Correlation between richness and lensing vesive clusters€.g. Broadhurst et al. 2005), and even change its
locity dispersion for CI-01, CI-03, CI-05, CI-07, CI-08 ar@l-12. shape if the contamination is not radially homogeneouss Thi
The dotted red line is a raw linear fit leading to the scaling~ so-called source-lens clusteringfext (hereafter SLC), has
258 km s*A%17 whereas the solid green curve assumes a virial-likgeen studied for large scale weak lensing (Bernardeau 1998;
slope yieldingoy ~ 81kms*A%.  Lower panel: Correlation be- - amana et al. 2002) and its implication for high order stiatis
:j".veen X-ray and lensing-inferred temperati@iens = Mo, (black o e convergence field (skewness and kurtosis). SLC should
lamonds) for CI-03, CI-05, CI-07, Cl-14 and XLSSCA4. Theules presumably be an important concern for a blind weak lensing
of Cypriano et al. (2004) on massive clusters are reportectimpari- . .
son (red stars) as well as those of Bardeau et al. (2006)r(gresses). clugter surveysince the sample (_)f background sourceseshec
The bisectrix line (dotted) represents energy equipartitietween hot Sa”!y Comam'nateq by the galaxies of t.he clusters we am"’}t
ICM gas and dark matter galaxies collisionless fluid. tecting. SLC €ect is stronger for massive cluster lenses (since
richness somehow scales like the mass) and for high redshift
lenses. In order to give some hints on the amount of SLC con-
keV, the gas is hotter than expected by pure gravitational eimination in the present WLCS, we measured the mean radial
fects. This supports the presence di-equilibrium physical shear profile around peaks CI-03, CI-05, CI-07 and XLSSC44
processes (unrelaxed clusters, merging)fasient sources of which have similar propertiesr(, ~ 500 km s, Tx ~ 1.5 keV
gas heating by shocks. Therefore this latter process erBarundz = 0.28) and are secure cluster detections coincident with
the X-ray temperature and luminosity of massive systems. Bray sources from the XMNLSS catalogue. If present we ex-
one has also to consider the possible bias introduced by cqsdct the SLC fect to have a similar strength for all of them. In
ing flows in some X-ray luminous clusters which could act tBig. 10 we show the mean shear profile around the four clusters
opposite way. when considering successively the source catalogue CA (wit
On the other side gas physics dominated by stellar form@ photometric redshift information) and the source capado
tion and AGN processes are expected to dominate for less m@aB- with photometric redshiftg,no: > 0.5 > z = 0.28. In
sive haloes like galaxies and groups arfttemjuilibrium pro- this latter case we expect no contamination. Fig. 10 shoats th
cesses to be unsignificant. If present these astrophysigales there is no significant éierence between these two shear pro-
of gas heatingooling are below the measurement errors of thfdes. Both of them are consistent with a Singular Isothermal
present work. Sphere profile with velocity dispersian, = 496+ 48kms?.
Thanks to the availability of photometric redshifts for &he overall amplitude of the shear profile suggests thatgtie r
large sample of background lensed sources it is possiblestift distributions of CA and CB catalogues are quite simila
test whether cluster members decrease shear signal and bidigcause then.: > 0.5 cut in CB is balanced by lower limiting



Gavazzi & Soucail: Weak lensing in CFHTLS Deep fields 15

magnitude cuts. Since these four clusters are charaatenfst
the bulk of ourk-peaks catalogue we can argue that SLC ef-
fect is kept at a low level in our analysis. However we expect
this dfect to be more pronounced in the shallower Wide sur-
vey containing massive afat higher redshift haloes (Hamana
etal. 2002). More quantitative predictions are beyond tops

of this analysis and should be addressed with numerical-simu
lations with associated mock galaxy catalogues.

6.3. Merits of lens tomography

It is instructive to compare redshift estimates arisingnfro
lens tomography and from a direct excess of deflecting galax-
ies (.e. cluster members identified fy their photometric red-
shift). It is not a surprise that most WLCSs detections peak a
(Zomo) = (Zphoy = 0.25 because is corresponds to the redshift
range in which gravitational lensing is modtieient for the
source population we are considering. o
In Fig. 11 we plot the comparison between these two reﬁg

Ztomo

Fig. 11.Comparison between lens tomography and direct photomet-
ric redshift methods to estimate the redshift of the 3.5 «x-peaks.

ly those peaks with an clear optical counterpart are degun the
jure. Cl-02 az,, = 0.39 is present although it might be the projec-

shift estimates for the 8 clusters having a well identifietia@® (o, of several structures along the line of sight (thus amation the
counterpart (namely clusters CI-01, CI-02, CI-03, CI-0B0T, proad error bar).

Cl-08, CI-12 and CI-14). Although the statistic is quite $ma
and errors orgeme are large, there is a rough correlation be-
tween both redshifts which is very encouraging. In additien
see in table 2 that among the five peajs with no tomographic
redshift @omo = 0) four are likely false detections with no —
optical counterpart. Therefore tomography ca help elitiriga
such cases although for some other false detectien€{-03)
tomography provides a redshift estimate.

In order to improve this correlation, it will be important
to improve the quality of photometric redshifts, espeyi&ir
the distant background sources. It is not clear how much the
catastrophic redshifts in the CB catalogue perturb len©tgpm —
raphy, but certainly for precision tomographic redshifti-es
mates it will be important to increase the number of filtens fo
photometric redshifts, especially in infrared bands (Boklla
et al. 2000). In addition, it is noteworthy that our sample is
made of low mass clusters{ ~ 500 kmst), for which lens
tomography does not provide valuable redshifts. For massiv
clusters, like those expected in the CFHTLS-Wide survey, th
method will greatly gain in accuracy and reliability (Hemna
& Spergel 2005). -

7. Conclusion

In this work we attempted to analyse the weak lensing signal i
the 4 ded images of the CFHTLS Deep fields. We resume the
main points of this analysis

— For a proper signal extraction we payed special attention to

peaks as a test for the non gaussianity of the convergence
field.

We looked for an excess of galaxies around these peaks
in order to check the validity of our galaxy cluster detec-
tions. We found that half of the > 3.5 cluster candidates
are likely false or inconclusive detections without anyacle
optical counterpart. However projection$aeets are impor-
tant even at high significance detection thresholds (see the
case of CI-02 and CI-14).

Our sample of secure detections is essentially made of low
mass clusters with velocity dispersio ~ 500 km s*. For

the D1 field, we also compared the X-ray and lensing prop-
erties of the intersection of our sample and the XMBIS
cluster survey and found a good sample matching. An inter-
esting comparison between lensing and X-ray temperatures
shows that our shear-selected clusters settle well on the bi
sectrixTx = TiensWhereas more massive published systems
suggest non-gravitational gas heating.

We used lens tomography arourgbeaks to estimate the
deflector redshift as well as its velocity dispersion. Te thi
end we made an extensive use of photometric redshifts in
the sample of background sources. In practice, the bene-
fit of using tomography is rather low here because we are
working on low mass systems. For massive clusters the use
of a tomographic matched filter will increase the sensitivit

of WLCS at high redshift (Hennawi & Spergel 2005).

The Source-Lens Clusterindgtect (contamination of the
background source catalogue by foreground unlensed clus-

the removal of residual systematics and got a large sample ter members) does not significantlffect our detections.
of distant lensed sources, thanks to the exceptional depth Thjs might not remain true for shallower surveys nor for

of the images. We then used standard KS93 inversion tech-

nique to infer the projected surface mass density the
convergence field) and focused on maxima peaks with a

higher redshift clusters.

Although the field area of the CFHTLS Deep survey is not

signal-to-noise ratio > 3.5. We found 14 such peaks andvide enough for cosmological application, we have demon-
discussed the possibility to use the statistics of maxinstrated that CFHTLS image quality is well suited for WLCSs
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as it is the case for cosmic shear signal extraction (Sembol8ernardeau, F. 1998, A&A, 338, 375
et al. 2006). The full implementation of this technique te thBertin, E. & Arnouts, S. 1996, A&AS, 117, 393
CFHTLS Wide survey is on-going and will provide us wittBlanton, M. R., Hogg, D. W., Bahcall, N. A., et al. 2003, ApJ,
a few hundred shear-selected clusters. The large sky agera 592, 819
will balance the lower density of background sources as coBelzonella, M., Miralles, J.-M., & Pello, R. 2000, A&A, 363
pared to the Deep fields and will clearly favor the detection 476
of higher mass systems with velocity dispersion in the ran@ergani, S. & Guzzo, L. 2001, Nature, 409, 39
700- 1200 km . In addition half of this survey (the W1 re-Broadhurst, T., Takada, M., Umetsu, K., et al. 2005, ApJ, 619
gion) will also be covered by the XMMSS survey. This will ~ L143
give the necessary calibration of scaling relations betwmeass Cabanac, R. A., Alard, C., Dantel-Fort, M., et al. 2006, in
and direct observables for clusters of galaxies to be useftas preparation
ficient cosmological probes. A more detailed comparisoh wiCarlberg, R. G., Yee, H. K. C., Ellingson, E., et al. 1996, ApJ
the performances of ongoing other clusters survey teclesiqu 462, 32
(optical, SZ with Planck) will also become possible. The lowarlstrom, J. E., Holder, G. P., & Reese, E. D. 2002, ARA&A,
completeness of WLCSs is balanced by the well controlled40, 643
selection function of WLCSs since they require cosmoldgic@lowe, D., De Lucia, G., & King, L. 2004, MNRAS, 350, 1038
simulations with relatively low resolution and essengiatio Clowe, D., Schneider, P., Aragbn-Salamanca, A., et al6200
gas physics. A&A, 451, 395
The opposite approach is also possible. We mentionedGypriano, E. S., Sodré, L. J., Kneib, J.-P., & Campusan&.,.L.
Sect. 4.2 that it would be more interesting to use the segist 2004, ApJ, 613, 95
of xk-peaks as a test of the non Gaussianity of the convergedesSilva, A. C., Kay, S. T., Liddle, A. R., & Thomas, P. A. 2004,
field. This contains complementary information on cosmelog MNRAS, 348, 1401
ical parameters relative to the cosmic shear 2-point caticel Dahle, H., Kaiser, N., Irgens, R. J., Lilje, P. B., & MaddoxJS
function. Likee.g.the skewness it helps breaking the observed2002, ApJS, 139, 313
degeneracy betwee@,, and og with shear correlation func- Dahle, H., Pedersen, K., Lilje, P. B., Maddox, S. J., & Kaiser
tions. In this respect it is not necessary to check whethdir in - N. 2003, ApJ, 591, 662
vidual peaks are real or false detections nor to assign aifedsDas, S. & Ostriker, J. P. 2005, astro/ph12644
and mass with expensive follow-up for each convergence.peBle Filippis, E., Sereno, M., Bautz, M. W., & Longo, G. 2005,
Both WLCSs (with cluster identifications) and rawpeaks  ApJ, 625, 108
statistics are complementary applications of weak gréwital de Grandi, S., Bohringer, H., Guzzo, L., et al. 1999, Ap#,51
lensing. They both will soon provide new insightful consita 148
on the evolution of large-scale structure driven by Darktetat de Putter, R. & White, M. 2005, New Astronomy, 10, 676
and perhaps giving important clues on the behaviour of Dagke, V. R., Cole, S., & Frenk, C. S. 1996, MNRAS, 282, 263
Energy as a function of redshift. Erben, T., Van Waerbeke, L., Bertin, E., Mellier, Y., &

i Schneider, P. 2001, A&A, 366, 717
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