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ABSTRACT

Aims. We present a weak lensing search of galaxy clusters in thegg4aldhe 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
and to identify high convergence peaks. Thanks to the dibflaof deepu*g'r’i’Z 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@sholdy = 3.5, nine are secure detections with estimated redshift
Z 0.1 < 7z < 0.7 and a velocity dispersion 459 o, < 700 km s*. This low mass range is accessible thanks to the high desisiigckground
sources. Considering the intersection between the sleésoted clusters and XMM-LSS X-ray clusters in the D1 fielé, observe that the
(O ICM gas in these low-mass clustefBx(~ 1 — 2 keV) is not hotter than the temperature inferred from shiéés trend being dierent for
; Ppublished massive clusters. A more extended weak lensivg)suwith higher statistics of mass structures will be anpising way to bypass
several of the problems related to standard detection mdsthased on the complex physics of baryons.

-
O Key words. Gravitational lensing — Galaxies: clusters: general — Qdegy: Large-scale structure
(7))
—

@ 1. Introduction have an indirect access to cluster masses and rather measure
guantities like the SZ decrement, X-ray or optibHR lumi-

-In the context of hierarchical structure formation withiret nosities, the line-of-sight velocity dispersion of the ster-

I\Lamb_da Cold Dark Matter paradigm\CDM), clusters of member galaxies or the temperature of the hot gas in the intra
[N~ galaxies are the very latest structures to assemble. Treey lister medium (ICM) from X-raye.g. Bahcall et al. 1995:
O also the most extended gravitationally bound systems in ﬁrlberg et al. 1996; Bahcall & Bode 2003; Olsen et al. 19,99;

Universe and constitute a key laboratory for cosmology. T@adders & Yee 2000: Romer et al. 2001: Carlstrom et al.
time evolution of clusters as well as their abundance antibetpazooz) Hence diiculties arise because one needs well cali-

o E:)Iusy:ericr:lgl\p/)lroperties are esselglt(ially dlrivlegngté)./nggviWrsed | brated proxies to convert observables into theoreticalgmant
o 23(;(; 1('38 mzszconte;g(()gl. eetal ; Haiman et a ‘gquantities like mass and because the process of detectiag cl
! » porgan uzz0 )- ters of galaxies with such indirect methods mighfisuvar-

Therefore the main physical parameter for a cluster s kinds of selectionféects. Therefore any attempt to use

C galaxies is its total mass. However most of observationg oRlysters of galaxies asfient cosmological probes cannot af-
Send @print requests to Raphaél Gavazzi, e-mail: ford makm_g extensive assessments of the assum(_ad cairh)ra_tl
gavazzi@physics.ucsb.edu of the scaling laws in the local U_nlverse and at high redshift

joint project of CFHT and CEMAAPNIA, at the Canada-France-2005).

Hawai Telescope (CFHT) which is operated by the Nationai h Gravitational lensing is among the best ways to test biases
Council (NRC) of Canada, the Institut National des Scienee d 9 9 Yy

I'Univers of the Centre National de la Recherche Scientdi(DNRS) in the above techmques. The bendlr.lg of light by intervening
of France, and the University of Hawaii. This work is basegant on Matter along the line of sight from distant sources to the ob-
data products produced at TERAPIX and the Canadian Astrgno@€rver only depends on the mass properties of structurs wit
Data Centre as part of the Canada-France-Hawaii Telescegacy Out regards of its nature (baryonic or not, luminous or dark)
Survey, a collaborative project of NRC and CNRS. or dynamical state (relaxed or not, hydrostatic equilitriu).




2 Gavazzi & Soucail: Weak lensing in CFHTLS Deep fields

Since the early 90's several groups have reported the detiect seeing conditions. They report an excess.8f42.3 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 image&50 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 Inthis 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 dynadmigaiesent work proposes to carry out weak lensing mass recon-

activity is still important for massive halos and that agjitie 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&Ily high sample variance of the Deep images prevents any

Clowe et al. 2004; de Putter & White 2005; Gavazzi 2005; Dmsmological 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 measuringdhe  The paper is organised as follows. In Sect. 2 we briefly re-

herent stretching of distant galaxies by intervening stmas, view the basics of weak gravitational lensing. In Sect. 3 we

one is able to infer the projected density fielé (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 redshifts.

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 C[@M thackground sources. We also measure the statistics of bigh ¢

ory (through N-body cosmological simulations). On the the@ergence peaks whereas we focus on their properties in Sect.

retical side, pioneering analytical predictions basechemtass 5 by studying the associated optical and X-ray counterparts

function of halos have been proposed (Schneider 1996; Kr{aden available). We discuss our main achievements and con-

& Schneider 1999), but they were not able to properly accowlude in Sect. 6.

for projection dfects (Reblinsky & Bartelmann 1999). In ad-  In the following we assume tHeoncordance model’tos-

dition Bartelmann et al. (2001) showed that WLCSs are vemyological background wittly = 70 kms*Mpc™?, Q, = 0.3

sensitive to the details of the clusters density profile. M@ andQ, = 0.7 . All magnitudes are expressed in the AB photo-

cently, ray-tracing into N-body cosmological simulatidresse metric system.

been used to properly address the critical issue of projesti

and clusters’ asphericity (White etal. 2002; Padmanabban e 3 Basic lensing equations

2003; Hamana et al. 2004; Tang & Fan 2005) and the way

to reduce the féect of noise on cluster detections through ali this section we briefly summarise the necessary backgroun

optimised data filtering procedure (Hennawi & Spergel 2008f gravitational lensing and especially the weak lensimgme

Maturi et al. 2005; Starck et al. 2006). A step forward wilwhich concerns the present analysis. We refer the readbeto t

also probably be made with simplified analytical models éeviews of Mellier (1999) and Bartelmann & Schneider (2001)

the convergence one-point PDF (Taruya et al. 2002; Dasf@ more detailed accounts.

Ostriker 2006). Under standard observational condititrese ~ The fundamental quantity for gravitational lensing is the

works predict that az ~ 0.2 clusters more massive tharlens Newtonian potentiak(6) at angular positior® which is

M ~ 5x 1013M,, can be recovered with a signal-to-noise rd€lated to the surface mass densify) projected onto the lens

tio v = 3. This limit drops toM ~ 2 x 10*M, atz ~ 0.7 . Plane through

Therefore the main targets of WLCSs are massive clusters of 4G Dy Djs P ,
galaxies. y(0) = Z Du fd 0'X(@)Inle -6, (1)

From the point of view of observations, we can mem'ovr\‘/hereDoh Dos andDjs are angular distances to the lens, to the

a few s_erendipitqus detections of galaxies clusters viskweg, oo and between the lens and the source respectively. The
gravitational lensingd.g. Schirmer et al. 2003, 2004; Dahledeflection angler = Vy relates a point in the source plafe

et al. 2003). A few examples have also been found to Sh%\’its image(s) in the image plaethrough the lens equation

up through weak lensing techniques without any clear obti%i: 06— a(6). The local relation betweghandé is the Jacobian
counterpart and gave support for the existence for the bedcamatrixa” = 9B,/ 96,

“dark clumps” (Umetsu & Futamase 2000; Miralles et al.
2002). The practical implementation of a systematic WLCS is aij = &) — i = ( l-k-v1 -7 . @)
however very new. Miyazaki et al. (2002) studied an area of ' -v2  l-k+m

2.1 ded with Suprime-Cam on Subaru telescope under excel! http://www.cfht.hawaii.edu/Science/CFHTLS/
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The convergence(6) = 2(0) /X is directly related to the sur- the projection nature of weak lensing signal. This meansatha
face mass density via the critical density givenk-peak can be the result of a singlgpeak €.g.a cluster
) of galaxies) or the sum of two or more less pronount:péaks
¢ _Deos (3) (e.g.groups or filaments aligned along the line of sight...).

47G DO| D|s ’

and satisfies the Poisson equation

crit =

3. The data
Ay =1+ Y0 =2 4)

The 2-component shearys= y1 + iy = 2(¥ 11— ¥.22) + iy 1 o .
in complex notation. An elliptical object in the image plare The CFHTLS Deep survey is intimately linked to the

characterised by its complex ellipticigydefined from the sec- Supernovae Legacy Survey (SNLS, Astier et al. 2006) as they

ond moments tensdp;; of the surface brightness distributiors"a€ the same data. In practic_e, for each observed f|e|adnta_
as taken sequentially every 3-4 nights, 6 months per year and in

Q11— Qoo +2iQ12 4 observing bandgy(,r’,i’, Z). Additionalu* data are included
€= 5 \1/2 ) but they are not part of the SNLS and do not require time sam-
Qui + Qa2+ 2 (QuQez - Q) pling. Most of the data have a seeing requirement limited to
This observed ellipticity can be related to the intrinsiqpéic- 0.9”. Data acquisition is still under progress at CFHT so the

3.1. Imaging and Photometry

ity of the sourcess by: depth of the Deep fields is still improving. Data processamsg (
e+ trometry, photometric calibration, final stacking and protibn
1 > — ,for jgi<1 of catalogues) is performed at Terapfor the CFHTLS com-
98 munity. The final data are released regularly by the CADC
e= (6) L
1+0€, The present analysis is based on 2 sets of data released subse

,for jgl>1 quently (the details of the release contents can be founden t
Terapix Web site). For the weak lensing signal extraction we
whereg = y/(1 - «) is the so-called reduced shear ande- used the TO002 data while the deeper images and catalogues
notes complex conjugation (Seitz & Schneider 1997; Geigerf€om the TO003 release were included for the photometrie red
Schneider 1998). In the weak lensing regimge-(y <« 1), Eq. shift production. The shear analysis (see below) was ajread
(6) reduces te@ = es + y. Provided the random orientation ofperformed on the TO002 data release at the time of TO003 data
sources reduces the averaged source ellipticity to 29000- release. Since thié band images did not gain much depth be-
vides an unbiased estimate for the shedrhe noise associatedtween T0O002 and T0003, the weak lensing analysis, which is
to this estimator is due to the scatter in the intrinsic &llity based on shape measurements of galaxies and is not sensi-
of sources with a typical valug. ~ 0.3 per component. tive to magnitude completeness, remained almost unchanged
In the equations above we can isolate a geometric te@onversely the gain in exposure time and limiting magnisude
which linearly scales the lensing quantitiesy, andy and for other filters was extremely useful for photometric rattsh
only depends on the distance rab@/Dys. We thus can write (see Sect. 3.3).
Y = W(Z,Z)y~ (and so forth fork andy) with w(z,z) = The Deep survey is made of four independent patches
Dis/Dos®(zs — z) and®(X) is the Heavyside step function. Ifcalled D1, D2, D3 and D4. For each field and filter,
sources are not confined in a thin plane, we account for the diable 1 summarises the main observational properties of the
tribution in redshift by defining an ensemble average di=anT0002T0003 release data in terms of coordinates, seeing, ex-

e+

factorwW(z) such that: posure time and depth. Because of the presence of bright star
o0 D fields boundaries, defects in the CCDs and gaps between them
Is . . . . . .
f dzs n(zs)D— with low signal-to-noise ratios, a substantial part of tmages
z 0s

L (7) cannot be used for weak lensing analysis. Hence, the masked
f dzs n(z) regions generally result in a loss of 20% of the field area. In
0 Fig. 1, holes in the distribution of stars reveal the masked r

If we now consider a broad distribution of mass interve/@ions. The &ective usable area is given in Table 1. The total
ing between sources and the observer, we can use the Born’fking area for the weak lensing analysis is 3.61%deg
proximation for the propagation of light in a clumpy Univers
to infer the éfective convergence experienced by light bundleg: 2. Shear measurement

W(z) = (W(Z, Zs))2, =

The coherent stretching of background sources producdteby t

ke (0) = fIH M d weak lensing fect is measured usinig band images. From
0 Zerit(l) (8) one field to another the depth of the catalogues is slightly-va

_SQ Ho\2 [ A W § o(f(x)0. x) ing but for better coherence between the fields, we define a

"2 m(?) j(; he W) fx) aly) common magnitude cut for the selection of background ssurce

with | (resp,y) the proper (resp. comoving) distaned¢he scale 2 http://terapix.iap.fr/
factor ands(r) the density contrast. At this level we clearly see® http://cadcwww.hia.nrc.ca/
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Table 1. Summary of CFHTLS Deep data, release T0O003 (T@00Q03 fori’ band). The limiting magnitudes correspond to
50% completeness and are expressed in AB system. Seeingssired in TO002 releaseimages.

D1 D2 D3 D4

2000 02'25"5¢  10°00" 28 141927 22715 3T
02000 —04° 29 407 +02° 12 30" +52°4056" -174356”
4 25.0 24.9 25.1 25.0

i’ 25.925.9 25.425.7 25.926.2 25.726.0
r’ 25.0 26.0 26.4 26.4
g 26.4 26.2 26.6 26.3
u 26.5 26.1 25.9 26.5

i’ seeing () 0.91 0.95 0.91 0.87
Area (ded) 0.93 0.89 0.92 0.86

D1 D2 D3 D4

U TN 7F A AP

7

N
Ay
RN

SV

N A ML e EACR R O MR OV 72

B e o LTI B S o
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e e T e e L

SR IS TSTRET

G by sty C el e e i P T Tl S TR SN ETAR S LTI R PO B T S S RN ety KV RIS WIS M) STt
D1 D2 D3 D4

02
2

o )

<ele2> = 0010, 0.002 <el.e2> = ~0.005, 0.000 <ele2> = ~0.028,-0.003 <el.ez> = ~0.013,-0.009
<ele2> = ~0.000,-0.000 <el.e2> = 0.000,-0.000 <ele2> = ~0.000, 0.000 <ele2> = 0.000,-0.000

(deLde) = 0035, 0.041 (de1de2) = 0.027, 0.038 (del.de) = 0.026, 0.033 (de1.de2) = 0033, 0.041
(del.de2) = 0.008, 0.004 (de1.de2) = 0.004, 0.004

(del.ce2) = 0.003, 0.003 (de1.de2) = 0.004, 0.004

01
0.1
0.1
0.1

Fig. 1. Stellar ellipticities in the CFHTLS Deep fields for D1... Debin 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 crosseésexd dots respectively).

22 < i’ < 26. In addition, close galaxy pairs with angular sepavhich presents the best balance between depth and seeing.
rations less tharn'3are discarded to avoid blended systems witHowever we checked that we can extract a similar signal in the
biased ellipticity measurements. Small galaxies with &fhal  other noisierg’,r’ andZ bands. This has also been assessed
radiusry, smaller than that of stars are also rejected. by Semboloni et al. (2006) who report a similar cosmic shear
The reliability of shear measurements is expected to bignal in the deep fields using bathandi’ bands.
comparable to the current cosmic shear survey analyses likeBlurring and distortion of stars and galaxies produced by
the one already performed by Semboloni et al. (2006) amstrument defects, optical aberration, telescope ggiditmo-
Hoekstra et al. (2006) who found similar results with indespheric seeing and firential refraction are corrected using
pendent pipelines in the same fields. Throughout this papte Point Spread Function (PSF) of stars over the whole field.
we report results of shear analysis performed initheand Several correction techniques and control of systematarer
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have been proposed over the past 10 years dsgeMellier At this level, we have 132,000 (resp. 104,000, 162,000 and
1999; Bartelmann & Schneider 2001). In the following we uskl4,000) galaxies with reliable shape parameters in the D1
the most popular KSB method initially proposed by Kaisdresp. D2, D3 and D4) field leading to a source surface num-
etal. (1995). Several teams have already demonstratethtbatber density ofn,g = 38.0 (resp. 30.6, 35.4, 34.5) arcmfn
technique can correct systematics down to a lower value thBEmese values are much higher than the usual ones in weak lens-
the very weak cosmic shear signal (van Waerbeke et al. 2001 studies, which turn around 15-20 galaxies arcrhihe
Heymans et al. 2006). It is therefore well suited for thislgna magnitude cut’ < 26 explains these high densities although
sis too. The KSB implementation used here is identical tb thtimakes dfficult an accurate determination of the redshift dis-
of Gavazzi et al. (2004). tribution of such faint objects. In the following we shall-re
The observed ellipticity componerﬁeg:’sl’2 are made of the fer to this source catalogue as CA. Because several galaxies
intrinsic ellipticity components’, and linear distortion terms have large uncertainties on their shape parameters, onddsho
that express the instrument and atmospheric contamirsationrrect this density by considering thfeztive density which
and the contribution of gravitational shear to the galatpel would have been achieved if all uncertainties were limitgd b

ticity. Each ellipticity component is transformed as: the intrinsic dispersion in source ellipticity. More preely if
we defineNet = 3i(0e/0ei)?, the dfective source number den-
& = &+ P! g5 + PSIC (92) ity would then beif = 25.3 (resp. 20.7, 21.6, 21.0) arcmin
psh* This quantity represents what could be achieved under deep
with Pzﬁ = Pzg - Pi@‘(m) ﬁ, (9b) space-based observing conditions.
Vi

Fig. 2 illustrates the féect of our weighting scheme (Eq.

whereg is the reduced gravitational sheBf™ is thesmear po- 10) in the magnitude distribution of sources. The weighting

larisability, P the shear polarisabilitandP” the isotropic cir- Scheme giciently down-weights objects fainter thah~ 24

cularisation contribution to the final smearing. Sourcesde- 2nd most of the signal is carried by galaxies brighter than
° sl : :

tected with SExtractor (Bertin & Arnouts 1996) but shape ph-~ 2°- Actuallyi” = 24 is the magnitude above which shape

rameters are calculated willncat®. Because the noise presen easurement errors start to increase above the intrinsitesc

in these measured quantities is important, all these tersser °f Source ellipticities.

simplified to half their trace (se=g. Erben et al. 2001).

PSh)* andqg* are measured from field stars. Their spatial

P ST 71 1 T T 1 T T T T T
variation across the field is fitted by a second order polyagmi 0 CA unweighted ‘
applied individually to each one of the 36 CCDs composing - - CA weighted
the MegaCam focal plane. Stars are selected in the magnitude

rn plane, as usuafy® is the anisotropic part of the PSF, which

T T T T

4
is subtracted from observed ellipticities. The residuaistars " 10 g
are shown in Fig. 1. After correction, these latter are cziaat I
with a o, = 0.004 rms featureless white noise. In Sect. 4.1, § L
we present mass reconstructions inferred from the shedr fiel 10°

measured on distant source galaxies. If we perform the same
reconstructions on stars, we only get white noise as exgecte
from a correct PSF smearing correction. Its rms is~ 0.001
when smoothed with a Gaussian kernel of width 1 arcmin, 102 B R S A S
which is much below the signal we are interested in (typycall 16 18 20 22 24 26 28
0.01 < « < 0.5, see below). I' band magnitude

The smearing pgrt of the PSF c_ontalned Inmete_rm de- Fig. 2. i’ band magnitude distribution of background sources. For
pends on the mggnltqde of the quect and on its Slze_as CCEfﬁ'rity we represent the whole magnitude distribution @itgh the
pared to the seeing disk. To optimally extr&et we derived ca catalogue only contains galaxies in the range<22 < 26 . The
it from an averaged value over its 40 nearest neighboursd#shed red line illustrates th&ective change in magnitude distribu-
the magnitudery, plane. The variance of ellipticities inside thigion of lensed sources when accounting for the weightingsehof
neighbourhood is then used as a weighting scheme for the steg (10). The weights are normalised so as to conserve thleniom-
analysis. The weight assigned to each galaxy is : ber of objects.

T T T

=527 3 (10)

3.3. Photometric redshifts

whereo prevents from over-weighting some objects. Itis s , . . .
to the 1D intrinsic dispersion in galaxy ellipticities, = 0.23 eIlhe number of filters available in the CFHTLS Deep images al-

and o is the observed dispersion of ellipticities over the 46“’.\’5 a direct estimate O.f the rgdshn‘t of each s/o/l.J,rce acogrdi
nearest neighbours in the magnitugelane. to its Spectral Energy Distribution (SED) froumg'r’i’Z bands.
We used the publicly available catalogue of photometric red

4 http://www.ifa.hawaii.edu/ kaiser/imcat/ shifts recently carried out by llbert et al. (2006) for whitte
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accuracy has been extensively assessed against speptcosco
dat&. In some cases llbert et al. used additional non-CFHTLS
data in other photometric bands to improve the precision of : ‘
their photometric redshifts. We refer the reader to thiskwor sE M
for further accounts. Here we briefly mention that photoietr Eo ;

.77 ————
6; T unweighted <26
E ! weighted <26

! unweighted <24 - - - -

redshifts have been checked to be reliable enough for our pur % 4£ ],

pose down td’ ~ 25. The authors mention that the accuracy is . ‘

reduced at redshifine; > 1.5. < 3F ]
In the following we use llbert et al. (2006) photometricred- S £

shifts in three distinct ways, each of them requirinffetient 2*
precision Orgphot. E

o b b b o o b

— To estimate the redshift distribution of the whole sample e _
of background galaxies CA, we use photometric redshifts oo ‘0‘5‘ - lo‘ 7 ‘5‘ - ‘2‘0‘ - ‘;5 ‘ ‘3‘0‘7"‘
down toi’ < 26 which is a rather faint limit for accurate ’ ’ ’ redshift ’ ’
photometric redshifts. However the magnitude-dependent
weigthing scheme of Eq. (10) means that the net contribolg. 3. Redshift distribution of sources brighter thién= 26. Thin
tion of lensed sources peaks’at 24 and drops quickly for Solid black:(resp.thick solid red the weighting scheme in Eq. (10)
fainter objects (see Fig. 2). Fig. 3 shows that the Weighté@‘i‘:h _reduces the contribution _of faint-distan_t source&ésp. _not)
redshift distribution of’ < 26 sources is close to that of th¢2ken into account. For comparison the unweighted redsisiftibu-
unweighted distribution of < 24 galaxies for which pho- _tlon ofi’ < 2_4 sources is showfulashed blue)This Igtter dls_Erlbutlon

- . o is renormalised to the same total number of objects ad’the 26
tometric redshifts are accurate. In addition we see on t 'z§mple.
figure that 80% sources are at redshift belo% Therefore

the relatively degraded precision of photometric redshift

beyondz = 1.5 is not an important concern for the deProperties (van Waerbeke 2000).

W
)]

termination of the redshift distribution of CA. The mean o2 02
weighted redshift of sources & = 0.92 (whereas it is Kn(PNn(P + 0)) = u > p(——z). (12)
47Tnb995 493

Zs = 1.01 if weights are neglected).

— In Sect. 5.1 we will need to know the redshift of backy.(47n,462)-1/2 characterises the noise level. We measured a
ground sources individually. We discuss there tfiea of value 0.0196, 0.0225, 0.0202 and 0.0221 for D1, D2, D3 and
changing the limiting magnitude or redshift of our samplepg, respectively.

— In Sect. 52, we |dent|fy the Optical Counterpart of struetu In principle’ the convergence Computed from Eq (11) must
detected by weak lensing. We use the photometric redshjt real and its imaginary component should only be due to
distribution of the bright galaxies presentin the struet$ nojse and possible residual systematics. We checked this as
a proxy for the structure redshift itself. In this case wed Wigumption by rotating the shear field by°4&nd found the re-
consider bright’ < 23 lens galaxies for which photometricconstructed maps to be consistent with noise as described by
redshift are very accurate,/(1+2) ~ 0.03downtoz~ 1.5 Eq, (12).

(Ilbert et al. 2006). The KS93 inversion in Eq. (11) is done by a direct summa-
tion over all sources without pixelling, smoothing and Reur
transforming the data. This reduces boundary and midiekts

4. Mass reconstructions on mass reconstructions. Several techniques have been pro-
posed so far since the original KS93 method. Most of them are
4.1. Convergence maps from observed shear useful in high shear regions (wheges 1) and for small fields

From the source catalogue CA defined in Sect. 3, we can inf]c view. However the wide MegaCam images and the complex

%rld eometry imposed by the masks maki&dlilt, time con-

the shear field/(#) and deduce the associated convergence fie\ 9 y1mp y the . '

) suming and unnecessary the implementation of more complex
k(). They are related by:

technigues. In addition, van Waerbeke (2000) has shown that
noise properties of KS93 method are well controlled and con-
«(0) = fz K(0 - #)"y(#)d*d, (11) sistent with Eq. (12).
R Fig. 4 shows the convergence maps for D1, D2, D3 and

whereK (6) = 01:&)2)2 is a complex convolution kernel (KaiserP4 deduced_ from_the catalogue CA. Contours in gnits of the
& Squires 199§) (hereafter KS93). The shear field is smoothel@nal-to-noise ratio (SNR o) are overlaid, with defined as

with a Gaussian filte66(6) « exp—;—;) with 65 = 1 arcmin. _sNRe X a > 13
The convergence field is consequently smoothed by the same V= T o 7 Nog 05 (13)

filter. The resulting convergence maps present correlatesgn In the present data we deteci6 positive peaks with > 3 and

5 http://terapix.iap.fr/article.php?id_article=586 5 peaks withv > 4. In order to avoid too much contamination
orhttp://cencos.oamp. fr/cencos/CFHTLS/ by noise peaks but to detect as much true peaks as possible, we
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Fig. 4. Convergence maps inferred from the ellipticity field of bgiund sources for D1 (top left), D2 (top right), D3 (bottoefit) and D4
(bottom right). The shear field is estimated by smoothingethpticity field of sources galaxies selected in catalo@4e Then, Eq.(11) is used
the converty into thex field. The largest masked regions are visible as fuzzy0 regions. Contours levels start at %ith a 050 arithmetic
increase. The Gaussian filtering scale is 1 arcmin. The 1Kspeith v > 3.5 are labeled.

therefore fix the threshold at = 3.5. The 14 peaks detected4.2. Statistics of peaks
within this limit will constitute our working sample in thest ) ] o
of the paper. We discuss in more detail the statistics ofethezeVveral authors investigated the possibility to use caareze

ters in Sect. 5. calculations based on the Halo Mass Function (as inferoed fr

the Press-Schechter formalism for instance) provided the fi
predictions for wide field imaging surveys (Schneider 1996;
Kruse & Schneider 1999). Then, thanks to the development of
numerical simulations, quantitative estimates of pragecef-
fects and cluster selection functions (in terms of mass add r
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shift) became available (Reblinsky & Bartelmann 1999; Jain

& van Waerbeke 2000; White et al. 2002; Padmanabhan et al. 1000.0F ‘ T ‘ 3
2003; Hamana et al. 2004; Hennawi & Spergel 2005; Tang & . e ma gggg: 77777 1
Fan 2005). 100.0 ]
The practical implementation of a Weak Lensing Cluste?an ,
Survey (WLCS) requires the control of noise present in cbsep, 100k i
vations, either due to the intrinsic ellipticity of soureedo the B
intervening large scale structures (LSS) along the lineghfts 2~ 1
Although the “compensated aperture mass filter” has eady be = Lok i
proposed as anfigcient filter for peak statistics (Schneider F E
1996; Kruse & Schneider 1999; Schirmer et al. 2003, 2004; i LR
Hetterscheidt et al. 2005; Schirmer et al. 2006), it has been o1l . o

@

shown that such a filter may not be d@8a@ent as an optimised 0 2 4 6
filter which would account for the contribution of LSS to the sar v

noise budget and the shape of the dark matter halos we aim

at detecting (Hennawi & Spergel 2005; Maturi et al. 2005). ftig- 5. Cumulative counts oN(> v) maxima peaks (solid black)
turns out that a simple Gaussian filter of width~ 1-2 arcmin 2nd corresponding counts &f(< —v) minima peaks (dashed blue)
is close to the optimal linear filter and has been extensivélyVe Per square degree in the Deep survey. The surroundbterd

studied in simulations (W_h_ite etal. ZQQZ; Hamfina etal. 20 : :;i:]e;{;ssggfazogsrgg a?ggr; :an?itzeﬁfi n(i)rfng(,)im: ?@ﬁa 1S
Tang & Fan 2005). In addition a promising multiscale Wa“e'eﬁon-Gaussianity of the convergence field.

technique has also been proposed recently (Starck et &) 200

but has not been applied to real data yet. Therefore we shall

use a simple Gaussian filter with scale= 1 arcmin as already

applied onto the mass reconstructions of Sect. 4.1. 5. Properties of v > 3.5 peaks

Fig. 5 shows the cumulative number of maxima peal(g his section we attempt to estimate the redshift, mass and
N(> v) as well as the symmetric number of minima peaks fqfminosity of structure(s) responsible of the 24eaks with
the four Deep fields. The latter curve is flippedt —v) for 5 35 This significance threshold is rather low so we expect
an easier comparison. The net excess of maximawmat# as 5 gypstantial amount of contamination by noise fluctuations
compared to minima at the corresponding negative threshQlg tocus on the physical properties of the detected peaks and
is visible, thus showing the non-Gaussian nature of the cqggt whether they can be associated to galaxies over-gensit
vergence field (see also Miyazaki et al. 2002). The stadibticre first step in this peak identification is to estimate amét)s
significance of this excess is still low due to the large C@SM5king advantage of photometric redshifts. Two methodszre
variance in such a small sky coverage. In addition it shoeld Bisred, one which is directly related to the shear signabdep
keptin mind that CFHTLS Deep fields of view were chosen i@ency on lens redshift and which does not require an explicit
be free of any known massive nearby cluster. identification of the peak with galaxies, and the other wlisch

related to the identification of a localised over-densitytia

_The theoretical analysis of Hamana et al. (2004) is welhotometric redshift distribution of galaxies. Resulsnrthe
suited for a direct comparison with our results since the siy, approaches are summarised in Table 2.

vey area, the smoothing scale, and the noise propertiehare t
same. We found a satisfying agreement when considering thei
Fig. 7 although the sample variance is large. 5.1. Lens tomography

An extensive study ofx-peaks statistics in the Wide The basics of lens tomography are the following: in the cdise o
CFHTLS survey would provide valuable cosmological infor@ real deflector at redshift, the shear signal must increase in a
mation for cosmic shear studies and would help breaking sofftaracteristic way as a function of the source redshiftatiog
degeneracies (mainly betwegy, andos) present in the shear 0 thew(z, z5) = Dis/Dos term. Early applications can be found
2-point correlation function. Such an analysis is beyorel ti Wittman et al. (2001, 2003) and Hennawi & Spergel (2005).
scope of the present work but the full implementation ofithe The shape of the shear increase versus the source redshift al
peaks statistics in the presently released CFHTLS-Wideidat|ows to derive the lens redshift. In the following, we appiist
in progress. It is noteworthy that in order to extract theoass technique to estimate the lens redshift of each peak andkchec
ated cosmological signal, there is no need to measure the nmisether the shear behaviour around peaks is consistent with
or the redshift of each peak, neither to identify them witsel the lensing hypothesis or is rather a noise fluctuation.
ters (or projected groups, etc...). However, instead ofiadbl ~ We measure the shear profile around each peak between
counting exercise of convergence peaks, we propose in the fbo and 5 arc minutes from the centre, using sources having
lowing to characterise the structures responsible for ifjledst i’ < 26 and their individual photometric redshifts. Assuming
convergence maxima peaks. that the lens mass distribution at redshjffollows a Singular



Gavazzi & Soucail: Weak lensing in CFHTLS Deep fields 9

40

30

20 20

MW%

10

Einstein Radius (arcsec)
Einstein Radius (arcsec)

T S H S S B P P B
0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.5 1.0 15 2.0 2.5 3.0
redshift redshift

@ Lo bbb oo ool

o

S [T T T R T I T I T[T
o [T T I I R I T T I T I T

=]
o

Fig. 6.Increase of shear signal strengtie (equivalent Einstein radius) as a function of source retlahsund peak CI-02. The source catalogue
is split into 10 quantiles. Contours show 1, 2 ana &L regions around the best fit andz. Peak CI-02 exhibits the expected profile for a
cluster with velocity dispersioe, = 760+ 110 km s* and redshifty = 0.52:314 with y2/dof = 0.6 (thick line). Theeft paneluses photometric
redshifts of sources down i6 = 26 whereas theight panelis limited byi’ < 24.5, showing that including faint sources does ndéet our

analysis in a statistically significant way.

Isothermal Sphere (SIS) profile, the shear is simply 1752 leading to a velocity dispersian, = 760+ 110 km s™.
p Because of the rather large statistical uncertainties]étailed
(0, Z) = W(Z"ZS)Z_Z' (14) radial shape of the shear profile introduced in gHefit is

not much important. For significant peaks in the reconsdict
The Einstein radiugg is related to the characteristic clustemass maps a redshift estimate directly evaluated from tiee le
velocity dispersion byr, = 1862 km s (6g/1”)Y2. We fit the ing properties of the peaks is a viable method. It could in par
shear function for the unknown lens redshiftand Einstein ticular be applied to any putative “dark clump” where no htig

radiusfg by minimising ay?(z, 6g) of the form galaxies can be associated with the mass peaks.
6o \2 The right panel of Fig. 6 shows that limiting the analysis
22, 0g) = Z (et»i - Wiz_ei) (15) to brighter sources (includinig < 24.5 photometric redshifts)
XA, 0) = 4 o2 does not make significant changes. We checked that thisois als

' * true for other peaks. This suggests that, even if photometri

wherew; = W(z, z;), oe; is given by Eq. (10) aney; is the redshift ofi’ > 24.5 galaxies may dier larger uncertainties,
tangential component of ellipticity. The depezndency%fNith the efect on lens tomography, and lensing in general, is negli-
0e can be easily removed by considering téﬁt: 0foranyz gible. This is due to the saturation of the cuig/D,s at high

if O satisfies Z; and to the weighting scheme (Eq. 10), as already mentioned
23 :(‘r‘ﬁ" in Sect. 3.3. Table 2 presents the constraints-pandz given
O = 7W2a (16) by tomography for the 14 peaks. Most of them have fitted ve-
2i 7o locity dispersion values limited i@, < 700 km §*. There is no

el

massive cluster witlr, > 800 km s* below redshift~ 0.7 in
the Deep survey. This is not a surprise as the Deep fields were
initially selected for their lack of well identified Abell asters

It can be inserted into Eq. (15) to give

5 egi (Zi 2(',2 ) for example. In addition we observed that if the signal-tise
Xx(2) = Z = T w (A7) ratio is too low or tomography provides a bg#fdof > 2, then
v 2 022, the inferred lens redshift is systematicaly= 0. Two peaks

i (Cl-04 and CI-12) are such that tomography fails in constrai
In order to illustrate the method we plot on the left pancﬁlI

¢ Ei h I ¢ the Ei . - - th ﬁf lens redshift and velocity dispersion. However this isym
of Fig. 6 the value of the Einstein radius measured in the 0 be attributed to the fact that these two peaks are narse fl

z; quantiles of sources between 1 and 5 arcmin from the C§faions rather than being produced by real galaxy clusters
tre of the peak CI-02, detected with= 5.5. The increase of

0 with redshiftz is clear and allows an unambiguous iden-

tification of the lens redshift. Error bars come from the ®sat 5 2. Optical counterparts

in observed (measuremetintrinsic) ellipticities as determined

by Eqg. (10). Contours show the 68.3%, 95.4% and 99.3% Clere again we use photometric redshifts to check whether an
regions forz andée. The thick curve represents the functiomptical counterpart can be assigned to our 14 high convesgen

e X W(z,z) for the best fit valueg; = 0.52'511 and6: = peaks withv > 3.5.
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Fig. 7. Photometric redshift distribution of galaxies around @ngence peaks with a candidate optical counterpart. Trengtashed curve is
the lens redshift as constrained by tomography (Sect. $hbjying a remarquable agreement wagh, excesses for the most significant peaks.
The total number of galaxies in the peaks should not be segaheress since we did not correct for the presence of magkshenincreasing
incompleteness asincreases.

We first examine galaxies in a circular aperture of 2 arcmaorresponding statistical uncertainty. Distributiona ba seen
around each peak. This radius corresponds to a linear [@iysin Fig. 7. The tomographig probability distribution function
scale of 400 to 860 kpc for a lens redshift ranging from 0&f Sect. 5.1 (marginalised over velocity dispersion) isrtayeed
to 0.7 respectively. Therefore this is the radius within ethi for comparison. We see a remarquable agreement for the most
the highest density of bright galaxies is expected, mogiaft significant peaks.
being early-type galaxies. In addition, most of these dalx  The peculiar case of Cl-14 deserves a special attention. Cl-
are localised in a narrow range of photometric redshiftseong, clearly exhibits a bimodal distribution that lens toreggry
the backgroundsnordistribution is subtracted. The backgroungs ynable to reveal, probably because of the low detecticei.le
is defined in the region beyond 6 arcminaif peaks In this The first excess is a ~ 0.15, and isd = 75" away from
preliminary step we only consider galaxies brighter tfa®  the convergence peak location. It is consistent with an XMM-
23 and with a best fit SED template type T of type earlier tharss detection at a similar redshift (see Sect. 5.4). Howtaeer
the spectral typd& = 44°. second peak, at redshift= 0.57, is much closer to the conver-

9 peaks out of 14 meet this criterion whereas there is §@nce peaksd(= 14”) although it does not match an XMM-
clear optical associable counterpart for the remaining@kpe |SS peak. It is likely that both components may contribute to
(rOWS filled with dashes in Table 2) For each of the former[ﬂe overall convergence. This is a clear examp|e of the pro-
k-peaks, we define the cluster redshift as the location of ttion efects already mentioned at the end of Sect. 2. In the
most prominentyne excess peak. We iteratively apply & 4 following we will consider separately these two compongnts
clipping to remove outliers and get a reliable redshift asd ijabeled Cl-14a for the ~ 0.15 peak and CI-14b for the fur-

6 The best-fit galaxy modéerl given by Ilbert et al. (2006) there- thest one. _ _ _ _ _ _
fore excludes starbusts and Irregular galaxies for whidbtgrhetric We also define the luminosity-weighted optical centre using
redshifts are less reliable. the bright galaxiesi{ < 23) in theze €xcess range. Optical
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Table 2. Catalogue of convergence pedlgalaxy clusters in CFHTLS Deep fields.

ID Convergence peak Optical counterpart(s) X-ray counterpart

a 0 v Ovlens Ziomo A, 9) Zphot Ovlens A LX[O,S—Z,O] Tx
J2000 J2000 km$ arcsec kmg 10" ergs keV

Cl-01 | 22"16"58° -172510° 6.2 680% 016930 | (-8,1) Q1392%7 600%, 565 14502

Cl-02 | 02'24m 27 0450 34" 55 76012 05291 | (34,13) 0497001 683113 69

Cl-03 | 022724 -04°32 19" 4.1 68018 03501 | (2-11) 0286992 61188 27¢ | ~15° 102912

Cl-04 | 02"25"24° -04°10 48" 4.1 4609 0.00192 - - - - X X

Cl-05 | 02'25" 215 -04° 41 33" 4.0 46015 006920 | (27,38) 0269994 457716 215 | ~52° 20294

Cl-06 | 14"19m"01° +52°36 43" 3.8 490120 009918 | (-1,2) 0533090 @54132 19>

Cl-07 | 02'27"40° -04°51'38" 3.8 5701% 022917 | (-25,11) 02920°% 521711 337 ~65¢ 1717973

Cl-08 | 10'01m21° +02°22 58" 3.7 6352 044918 | (-3-27) 07350012 41631 15613

Cl-09 | 09'59m 42 +02°32 20" 3.7 6802 04791 - - - -

Cl-10 | 02'27m16° -04°07 37" 3.7 480% 0.16912 - - - - X X

Cl-11 | 14'20m 28 +5259 22’ 3.6 400179 03595 - - - -

Cl-12 | 14"19" 02 +5308 44’ 3.6 33010 000793 | (42,-14) 02960923 40114 357

Cl-13 | 10'01™30C° +01°53 04" 3.6 530%%, 0.18711 - - - -

Cl-14 | 02"25" 2% -04°15 34" 3.6 46010 016990 | (23,72) 015390 28914 2014 | ~24° 13492

(3,-10) 05699%%2% 47918 25 X X

Notes:(a) ROSAT cluster (2216™ 56.25, -17° 25 255”) atz = 0.13 (de Grandi et al. 1999), (b) XMM-LSS clusterz¢ 0.31 (XLSSC13),
(c) XMM-LSS cluster az = 0.26 (XLSSC25), (d) XMM-LSS cluster &= 0.29 (XLSSC22), () XMM-LSS cluster at= 0.14 (XLSSC41).
All XMM-LSS data (b,c,d,e) are from (Willis et al. 2005; Pieret al. 2006). Rows filled with “—~" are likely false detect®without a reliable
optical counterpart. Rows filled with “X” are in the D1 fieldpaf the XMM-LSS survey but not detected in X-rays. CI-02 &tpof D1 but
lies in a region lost by the XMM-LSS survey (due to high flarees). The second component of Cl-14 is not detected by the XMI@ as it
may be hidden by the foregrouzd= 0.14 component.

centres are less than one arcmin away from the convergeanea lost in masked regions. Cl-14a and Cl-14b are considere
peak location, as expected from the spatial resolution ef ttndependently.
mass maps. The observefiets are reported in columiva, 6) The correlation between lensing velocity dispersion and
of Table 2. From the new defined centre and the present clusi€fness is shown in Fig. 8 for the eight systems CI-01, GI-02
photometric redshift, we re-estimate the lensing velodisy Cl-03, CI-05, CI-06, CI-07, CI-08, Cl-12 and the Cl-14 which
persion (central part of Table 2). The velocity dispersioiSl- g it into its two componants. We also add a peak with snr
14a and b are fitted simultaneously. Although they are sYight, _ 3 4 a5 itis part of the XMM-LSS cluster sample (see Sect.
correlated, we can deblend the system. and put cgnstraintsS(__)@_ The range of richness and velocity dispersion probed b
both components. In any case, Cl-14b is the dominant conffjjr sample is quite narrow so it isflieult to put tight con-
bution to the convergence peak. straints on the scaling relation between these quanthidis-

In order to relate lensing velocity dispersion and the excegar regression yieldsr, ~ 251 km §*A%2L, The slope is how-
of foreground galaxies we measure the numb@f M, < Mo ever poorly constrained.
galaxies in a fiducial physical radi&p = 1.43 Mpc and a slice
0Zphot = +0.10, with Mg = -20 in the rest-frame’ band.
The most distant of our peaks beingzat 0.74, the sample
of photometric redshifts that will be close to completeviat
corresponds td ~ 235, which is a conservative limit for ac- _ 2
curate photometric redshifts. Their contribution to the L. M(< Ro) = 1y Ro/G . (19)
luminosity function is very low anyway. Assuming a luminos-
ity function with slopex, the total luminosity in the aperture iSg.o 1 the data we find = 96+ 7 km S1AY2 (solid green line
of Fig. 8). Combining Eqg. (18) and Eq. (19), this translatée i
ar’ band mass-to-lightratid/L, = 168+24h;o(M/L) inside
the aperturdy. Thez = 0.74 peak CI-08 slightly departs from
this relation but this could partly be due evolution of galax
with g = 10°4M--Mo) gnd assuming = —1.09, M, = —21.21 ies luminosities. In addition, weak lensing mass estimfes
(Blanton et al. 2003). This procedure limits the impact o basuch high redshift clusters are particularly sensitivéntohigh
photometric redshifts as compared to a simple summationretishift sources. Since the accuracy of photometric rédshi
galaxies luminosities. Because photometric redshiftsimre more hazardous at > 1.5 the lensing-inferred velocity disper-
perfect, we need to subtract a background contributionfisic sion of this cluster is more uncertain. Otherwise DL ratio
evaluated using galaxies outsid®R, of all peaksin the cor- is consistent with recent estimates (&g. Yee & Ellingson
responding redshift slice. We also compensate for the amert2003; Popesso et al. 2006; Bardeau et al. 2005).

For our assumed isothermal mass profile, the projected
mass enclosed in radil® is:

I'2+a,0)

Laper =L.
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Fig. 8. Correlation between richness and lensing velocity dispers Fig. 9. Comparison between lens tomography and direct photometric
for CI-01, CI-03, CI-05, CI-06, CI-07, CI-08, CI-12, Cl-14nand redshift methods to estimate the redshift of the 3.5 k-peaks. Only
XLSSC44. The dotted red line is a raw linear fit leading to tteding those peaks with a clear optical counterpart are includéderfigure.

oy ~ 251 km sA%2L If we assume a constant mass-to-light ratio, wRed diamonds represent the 4 most significant 4 peaks whereas
find oy = (95+ 7)AY2kmsti.e. M/L, = 168+ 24h;, (M/L), (solid Blue squares code for the remaining 4 lower snr peaks. Dusto i
green ling. complexity Cl-14 is not included in this figure.

5.4. Comparison to X-ray data

] The CFHTLS-Deep D1 field is part of the XMM-LSS survey
5.3. Merits of lens tomography We therefore took advantage of the publicly available X-ray
database to cross-correlate our sample-péakgclusters with

It is instructive to compare the_ redshi_ft arising from leons t 4, /e X-ray detections published in (Valtchanov et al. 2004
mography %omo) and the redshifipnet given by an excess of Willis et al. 2005; Pierre et al. 2006).

foregrounq galaxigsi.(e. _cluster mempers identified by their The matching is very good. Over the seven 3.5 peaks
photometric redshift). It is not a surprise that most WLCBS dygtecteq in D1, four are XMM-LSS clusters with luminosity
tections peak alzomo) = (Zphot? = 0.25 because is corresponds g 143 < |, < 6.5 10 ergs and temperature 4 Ty < 2
tq the redshift range in whlc_h gravitational Ignsmg is mEBt | ./ However the most pronounced= 5.5 D1 peak, namely
cient for the source population we are considering. CI-02, is not part of the XMM-LSS sample because it falls in
In Fig. 9 we plot the comparison between these two red-region lost by the X-ray survey (pointing G12, Pierre et al.
shift estimates for the 8 clusters having a well identifietagd 2006). Peaks CI-04 and CI-10 do not exhibit any optical coun-
counterpart (namely clusters CI-01, CI-02, CI-03, CI-0%; Cterpart and are not detected in X-ray either. This confirmas th
06 CI-07, CI-08, CI-12). CI-14 was discarded due to its appaCl-04 and CI-10 are likely false detections due to noise fiuct
ent complexity. Although the statistic is quite small antbes ations.
0N Zomo are large, there is a remarquable agreement betweenThere are 9 publicly available XMM-LSS clusters in the D1
both redshifts for the high signal-to-noise systems, whh field of view in the classes C1-€24 of them are part of our
very encouraging. In addition we already pointed out that Gheak lensing cluster sample although we note that=a 3.4
04, for which tomography fails in giving a lens redshift, mas peak atr = 02" 24™ 31.75 ands = —04° 13 55" is also part of
optical (nor X-ray) counterpart and is likely a false dei@tt the XMM-LSS sample (XLSSC44 at= 0.26,Tx = 1~37i8€2
Tomography helps eliminating such cases. keV). This cluster has been missed by the weak lensing sur-
In order to improve this correlation, it will be important to/8Y because it does not meet the- 3.5 detection threshold.
improve the quality of photometric redshifts, especiatiythe !ts Iensing velocity dispersion isyens = 466'193kms™. The
faintest background sources. It is not clear how much theseatr€maining 4 XMM-LSS clusters which are not part of our sam-
trophic redshifts in the source catalogue perturb lens tpao Ple: XLSSC38 £ = 0.58, Tx unknown), XLSSC114 = 0.05,
phy, but certainly for accurate tomographic redshift eatis Tx = 0.64'0 57 keV), XLSSC29 ¢ = 1.05,Tx = 4~07f_fli£ keV)
it will be important to increase the number of filters for ptiot @nd XLSSC5 £ = 1.05, Tx = 36793 keV) are either very
metric redshifts, especially in infrared bands (Bolzaamell al. 10w or very high redshift clusters for which lensingieiency
2000). In addition, it is noteworthy that our sample is maﬁe 07 http://vela.astro.ulg.ac.be/themes/spatial/
low mass clustersof, ~ 400~ 600 km s*). For more massiVe yum/1.5S/index_e.html, see also http://13sdb.in2p3. fr:
clusters, like those expected in the CFHTLS-Wide survey, tBege,/13sdb/

method will greatly gain in accuracy and reliability (Hemna 8 4 additional C3-class clusters could be added to this listhmir
& Spergel 2005). detection and physical properties are more hazardous
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is low. Therefore it is not surprising that they are missimgir taminated by projectionfiects: Cl-14b seems to dominate the
weak lensing sample. lensing signal whereas the nearby Cl-14a dominates theX-ra
Note also that the peak CI-01, located in D4 and which sgnal.

the strongest peak matches an X-ray detected ROSAT cluster a

redshliftz =013 and luminositytxo.5-20] = 145+ 2.5 x 10% 6. Discussion and conclusion

ergs-. (de Grandi et al. 1999).
In this work we attempted to analyse the weak lensing signal
in the 4 ded images of the CFHTLS Deep fields. For a proper

— — - signal extraction we payed special attention to the remafval
o this work o residual systematics and got a large sample of distantdense

Cypriano et al.04 o . .
- *BIF L I sources, thanks to the exceptional depth of the images. & th
?’F% r g

10 F Bardeau et al.06
used standard KS93 inversion technique to infer the pregect

PR |

~ L surface mass density€.the convergence field) and focused on
S L i maxima peaks with a signal-to-noise ratio- 3.5. We found
- - i 14 such peaks and discussed the possibility to use thetisgtis

2 of maxima peaks as a test for the non-Gaussianity of the con-
e

vergence field. The lack of massive clusters is not surgisin
since the Deep field of view is only 4 degnd the 4 MegaCam
fields were selected priori as free from already known rich
clusters. It turns out that half of the> 3.5 convergence peaks
(either with or without an optical counterpart) are in D1 ad
redshiftz ~ 0.28,i.e.in the redshift range with best lensinfiie
ciency. How much of this excess is due to the 10% lower noise
Fig. 10.Correlation between X-ray and lensing-inferred tempeeatulevel in D1 relative to D2, D3, D4 or is pure sample variance
kg Tiens = My o2 (black diamonds) for CI-03, CI-05, CI-07, CI-14 and(enhanced by the strong spatial clustering of galaxy ats)j?e
XLSSC44. The results of Cypriano et al. (2004) on massivetets The latter is our favoured explanation since a 10% change in
are reported for comparison (red stars) as well as those wieBa SNR for D1 peaks would not significantly change the ranking
etal. (20(_)6) (g_reen crosses). The bisectrix line (dotteppersents_en- of peaks in Table 2. Az ~ 0.28, 1deg scale corresponds to
ergy equipartition between hot ICM gas and dark mattgalaxies 151 ppe and the cosmic variance of the cluster-cluster cor-
collisionless fluid. relation function is still high.
Looking for excesses of galaxies around convergence peaks

We now compare lensing velocity dispersion and X-raye found that~ 35% of oury > 3.5 candidates turn out to
temperature for the five D1 XMM-LSS clusters CI-03, Clpe false or inconclusive detections. Our cluster candidate
05, CI-07, Cl-14 and XLSSC44. More precisely and followingot very massive systems but look more like small clusters
Cypriano et al. (2004), we compare the lensing velocityelisp large groups having 40& o, < 600kmst. Most of them
sion inferred temperatulgTiens = My o2 of dark matter par- lie at redshift~ 0.3 although we found a clear detection at
ticles to the X-ray temperature of hot ICM gas particles, is  z = 0.74. All the D1 XMM-LSS clusters that lie in the lens-
the mean particule weight per free electron. Itis set to éimees ing relevant redshift range D < z < 0.6 are detected with a
valuey = 0.61 as Cypriano et al. (2004). We also include iSNRv > 3.4. The completeness of WLCSs is however lower
the comparison data from the study of Bardeau et al. (2006)th&n X-ray techniques for clusters detections. If one aitns-a
11 X-ray luminous clusters at= 0.2. Under the assumption ofducing the amount of false detections (highfficgency), the
energy equipartition these temperatures would be equadrf sample completeness of WLCSs turns out to be very low. This
gravitational sources of gas heatlogoling are at work we ex- has already been pointed out in simulatioagy( White et al.
pect some departure from this relatibR # Tiens Conversely 2002; Hamana et al. 2004; Hennawi & Spergel 2005).
the mass (and thus, andTiens) of shear-selected clusters may Projections fects were observed in at least one of our de-
be increased by projections of unrelated material alongjriee tections (CI-14). The other systems turn out to have lensing
of sight. inferred mass (or velocity dispersion) properties coesist

Although the statistics is rather poor, Fig. 10 suggests thaith their optical M/L; ~ 170h7o(M/L),) and X-rays ¢2 o
shear-selected clusters are well aligned onto the bigelbir=  Tiens = Tx) counterparts.
Tiens Gas and collisionless particles share the same amount ofWe used lens tomography aroukgbeaks to estimate the
energy. This behaviour seems to be less true for massive clisflector redshift as well as its velocity dispersion. Tosthi
ters. For example Cypriano et al. (2004) found thatTfer> 8 end we made an extensive use of photometric redshifts in
keV, the gas is hotter than expected by pure gravitational #fie sample of background sources. With accurate photanetri
fects. This supports the presence df-equilibrium physical redshifts, tomography can improve weak lensing cluster sur
processes (unrelaxed clusters, merging). veys capabilities since it helps distinguishing real dustand

The low redshift component of ClI-14 (Cl-14a) has beemoise fluctuations. The agreement between tomographic red-
used for Fig. 10 although it should be considered with cauticshifts and photometric redshifts of cluster members is rema
Both lensing and X-ray properties of this cluster may be coguable for the most significant peaks.

PR |

1 10
Ty [keV]
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Although the field area of the CFHTLS Deep survey is nétstier, P., Guy, J., Regnault, N., et al. 2006, A&A, 447, 31
wide enough for cosmological application, we have demoBahcall, N. A. & Bode, P. 2003, ApJ, 588, L1
strated that CFHTLS image quality is well suited for WLCSBahcall, N. A., Lubin, L. M., & Dorman, V. 1995, ApJ, 447,
as it is the case for cosmic shear signal extraction (Sembolo L81+
et al. 2006). The full implementation of this technique te thBardeau, S., Kneib, J.-P., Czoske, O., et al. 2005, A&A, 434,
CFHTLS Wide survey is on-going and will provide us with 433
a few hundred shear-selected clusters. The large sky aef@ardeau, S., Soucail, G., Kneib, J. P., et al. 2006, in pejwar
will balance the lower density of background sources as coBartelmann, M., King, L. J., & Schneider, P. 2001, A&A, 378,
pared to the Deep fields and will clearly favour the detection 361
of higher mass systems with velocity dispersion in the ran@artelmann, M. & Schneider, P. 2001, Phys. Rep., 340, 291
700- 1200 km . Given our findings for the Deep fields, weBertin, E. & Arnouts, S. 1996, A&AS, 117, 393
can forecast that a detection threshold as high 3s4.5 will  Blanton, M. R., Hogg, D. W., Bahcall, N. A., et al. 2003, ApJ,
be required for a robust WLCS in the shallower Wide survey. 592, 819
This will be done at the expense of finding intermediate maBslzonella, M., Miralles, J.-M., & Pell6, R. 2000, A&A, 363
structures withr, ~ 400— 700 km s2. 476

In addition half of this survey (the W1 region) will also beéBorgani, S. & Guzzo, L. 2001, Nature, 409, 39
covered by the XMM-LSS survey. This will give the necessa@arlberg, R. G., Yee, H. K. C., Ellingson, E., et al. 1996, ApJ
calibration of scaling relations between mass and direstob 462, 32
ables for clusters of galaxies to be used fig€ient cosmologi- Carlstrom, J. E., Holder, G. P., & Reese, E. D. 2002, ARA&A,
cal probes. A more detailed comparison with the performsnce 40, 643
of ongoing other clusters survey techniques (optical, Sth wiClowe, D., De Lucia, G., & King, L. 2004, MNRAS, 350, 1038
Planck) will also become possible. The low completeness Gfowe, D., Schneider, P., Aragbn-Salamanca, A., et al6200
WLCSs is balanced by their well controlled selection fumeti  A&A, 451, 395
since one needs cosmological simulations with relatively | Cypriano, E. S., Sodré, L. J., Kneib, J.-P., & Campusané,.L.
resolution and essentially no gas physics. 2004, ApJ, 613,95

The opposite approach is also possible. We mentionedda Silva, A. C., Kay, S. T., Liddle, A. R., & Thomas, P. A. 2004,
Sect. 4.2 that it would be more interesting to use the sizgist MNRAS, 348, 1401
of k-peaks as a test of the non Gaussianity of the convergeahle, H., Kaiser, N., Irgens, R. J., Lilje, P. B., & Maddox,JS
field. This contains complementary information on cosmelog 2002, ApJS, 139, 313
ical parameters relative to the cosmic shear 2-point caticel Dahle, H., Pedersen, K., Lilje, P. B., Maddox, S. J., & Kajser
function. Likee.g.the skewness it helps breaking the observedN. 2003, ApJ, 591, 662
degeneracy betwee@,, and og with shear correlation func- Das, S. & Ostriker, J. P. 2006, ApJ, 645, 1
tions. In this respect it is not necessary to check whettdir inDe Filippis, E., Sereno, M., Bautz, M. W., & Longo, G. 2005,
vidual peaks are real or false detections nor to assign aifeds ApJ, 625, 108
and mass with expensive follow-up for each convergence.pedk Grandi, S., Bohringer, H., Guzzo, L., et al. 1999, Ap#,51

Both WLCSs (with cluster identifications) and raweaks 148
statistics are complementary applications of weak gréwital de Putter, R. & White, M. 2005, New Astronomy, 10, 676
lensing. They both will soon provide new insightful consita Eke, V. R., Cole, S., & Frenk, C. S. 1996, MNRAS, 282, 263
on the evolution of large-scale structure driven by Darktetat Erben, T., Van Waerbeke, L., Bertin, E., Mellier, Y., &
and perhaps giving important clues on the behaviour of DarkSchneider, P. 2001, A&A, 366, 717
Energy as a function of redshift. Gavazzi, R. 2005, A&A, 443, 793
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