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ABSTRACT

Context. Due to observational constraints, dark matter deternonatin nearby clusters based on weak lensing are still egtsem
rare, in spite of their importance for the determinationlakter properties independent of other methods.

Aims. We present a weak lensing study of the Coma cluster (redsbif24) based on deep images obtained at the CFHT.

Methods. After obtaining photometric redshifts for the galaxies im field based on deep images in thig(1x1 ded), and in the B,

V, R and | bands (4&52’), allowing us to eliminate foreground galaxies, we gppéak lensing calculations on shape measurements
performed in ther image.

Results. We derive a map of the mass distribution in Coma, as well agdtal shear profile, and the mass and concentration
parameter at various radii. We obtdityoo = 5.1753x 10" h;iM,, andcyeo = 5.0732, in good agreement with previous measurements.

257
Conclusions. With deep wide field images it is now possible to analyze neahlsters with weak lensing techniques, thus opening a

broad new field of investigation.
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1. Introduction sume the'‘concordance model'cosmological background with
Ho = 70 kmsMpc™?, Qn = 0.3 andQ, = 0.7, for which

Although weak lensing studies are of great importance iR Co: o, the sky corresponds to a transverse scale#s kpc. Al
mology, in particular concerning various aspects of thdwnamagnitudes are in the AB system.

sis of large scale structures in the universgy( Mellier 1999;
Bartelmann & Schneider 2001; Schneider 2006), dark magter d
terminations in clusters based on weak lensing have been Iién .

ited to relatively distant objects, usually with redshiisger <+ Data analysis

than ab_out 0.15. Th[s is m_air_lly dge to the fact that the clulg'-l' Cluster membership & background sources

ter lensing strength is maximized if the angular diametsr di

tance to the foreground cluster is about half that of the badWultiband imaging for this cluster was obtained at CFHT,Hbot
ground source galaxies, and to the requirement of large fieéfdthe inner parts made of two CFH12k camera pointings in
images, in order to cover the full cluster in a single exp®VRI bands resulting in about 0.54 degoverage and with
sure. Very few low redshift clusters have been analyzed uMegacam (k 1 ded fov) in theu* band (see Adami et al. 2006,
til now in detail through weak lensing: Abell 3667 at redshif2007, 2008, for a detailed description of these data).

0.055 (Jdire et al. 2000), and clusters observed in the shallow We were able to estimate photometric redshifts of all sairce
Sloan Digital Sky Survey (Sheldon et al. 2001), including@o down toR < 23 in the area covered by the CFH12k images
(Kubo et al. 2007). We present here a weak lensing study of tfxdami et al. 2008). This allowed us to separate the popu-
Coma cluster atcoma = 0.024 based on deep exposures in sevation of faint background sources from nearby objects with
eral bands obtained with the CFH12k and MegapMegacam  z,,, < 0.04 and to eliminate the bulk of the cluster members that
large cameras at the Canada France Hawaii Telescope. Tlzipl‘jald bias the weak lensing studs.§. Medezinski et al. 2007).
J2000 location of the brightest cluster galaxy NGC 4874 pdami et al. (2008) used the same technique to discriminate b
RA=12:59:35.67, DEE+27:57:33.7 . In the following we as- tweenz < 0.2 andz > 0.2 galaxies. Here, we push the limit
to znot = 0.04 to increase the number of background sources
* Based on observations obtained with MegaPrvegiaCam, ajoint although a more conservative cut a @vould not produce no-

_|c|)_rc|)ject of ?CFFHHTT)a”ﬂ_ ClEnE',LDAPNItAEI %t iﬂe ﬁiﬂadé}'gragma‘{‘l’a”ticeable changes given the small number of added objects.
elescope which is operated by the National Res Ci ; ; . Lo ; .

(NRC) of Canada, the Institut National des Sciences de Vehsiof the . This pth(())tsordeet?g%redshlft se%aratg){lhlst p055|blfe only @ Itth
Centre National de la Recherche Scientifique (CNRS) of Fraand Innermost . owever we foun atnone or our results

the University of Hawaii. This work is also partly based ottadprod- P€low could be significantly biased due to the extreme preva-
ucts produced at TERAPIX and the Canadian Astronomy Datar€enlence of distant sources in the faint end of the magnitudetsou
as part of the Canada-France-Hawaii Telescope Legacy Bunml- (& factor~ 10— 20) despite some incompletenesstiodr: 24.5 .
laborative project of NRC and CNRS. We thus apply a magnitude selection23 u* < 25 everywhere
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in the field but we complementthe selection by removingthe fe  Based on mock images designed to simulate Megacam data
objects in the inner regions that are known to b < 0.04. for the CFHTLS survey and kindly made available to us by

A clear advantage of lensing by nearby deflectors is that tBRe Rowe, we were able to assess the reliability of our shear me
geometric distance fact@r_s/Ds (e.g. Bartelmann & Schneider surements, especially for the isotropic part of the PSF smea
2001), which is the ratio of angular distances between deflecing effect. These simulations are similar to STEP2 simulations
and sourceD s and to the sourc®s, is almost constant and (Massey et al. 2007) as they capture the complex shape of
close to unity for most of the faint background sources. Givesources by the use of shapelet models. Following notatittheo
the low redshift of Coma, even a sourcezat 0.2 will experi- STEP shear measurement project (Heymans et al. 2006; Massey
ence lensing fects withD, s/Ds ~ 0.87. In order to check this et al. 2007), residual additive calibration errors are fbtmbe
small redshift dependance, we used the CFHTLS-deep photos 0.003 and multiplicativem < 0.05, which is significantly
metric redshifts (llbert et al. 2006) measured in four iretegient  Smaller than the statistical errors present in our datat{stzav).
1 ded fields to infer the redshift distribution of sources having Because redder bands are usually used for weak lensing stud-
235 < u* < 25. The mean and median photometric redshiftes, we checked that PSF-corrected ellipticities of céotrpects
are 0.87 and 0.92 respectively and the sample contains & negleasured in both Megacaui-and CFH12k+ bands are consis-
gible amount of low redshiftz < 0.04) galaxies. We estimatetent. This is found to be the case with great accuracy as shiown
the mearw = (D_s/Ds) averaged over the whole populatiorFig. 1. We checked that the ellipticityftiérences —e,- (for both
of sources to b& ~ 0.962. This is the value we will considercomponents 1 and 2 taken together or considered indiviguall
below for further weak lensing mass calibrations. does not correlate with eithey., u* magnitude] magnitude or

rne theu*-band half light radius.

e,=(1.009+0.026)e,

0.6[TTT 2.3. Convergence map
0.4 o From the source catalogue, we can infer the shearfi@pand
L ] deduce the associated convergence fiéfd which is the pro-
0.2 . jected surface mass density expressed in units of theadriten-
. B ] Sity Zeit = ¢2(47G)~1Ds/(DLDys). HereDs/Dys is replaced by
5 —ool ] the source population average inverge Which leads to a crit-
2 r ] ical densityZ¢;ir = 1.69x 10°hzgMo/ kpc.
—osl = Shear and convergence are related by:
-0.4— o - «(6) = f K(6 - 9)*y(9)d%9, (1)
= — R2
-0.6 cilvr el i b e
-0.6 -04 -02 -0.0 0z 04 06 K(0) = 2@y IS @ complex convolution kernel (Kaiser &

€ €

Squires 1993). The shear field is smoothed with a Gaussian

Fig. 1. Corrected ellipticities of galaxies measured in Megacarand  G(6) o exp(<5) with 65 = 170" ~ 80hg kpc. The conver-

CFH12kd bands in the inner parts of the field. A close consistancy A e on :
found withe = (1009 0.026)g, with a~ 0.7 correlation coficient. Fence field is smoothed by the same filter. The convergence map

presents correlated noise properties (van Waerbeke 20@@) ¢
acterised bynyg ~ 11 arcmin?, the number density of back-
ground sources. By bootstrapping the orientation of bamkgd
sources, we estimated this noise level terhe- 0.0134 with lit-
2.2. Shear measurement tle variation over the field (except near edges and maskegtitbri

. stars).
In Adami et al. (2009), we presented measurements of the sys-_l_% | of Fia. 2 sh h q
tematic orientation of faint Coma cluster galaxies. The lsma e top panel of Fig. 2 shows the reconstructed convergence

size of these galaxies required a careful deconvolutiorhef ¢map 1x 1deg field of view with contours showing & 5o
Point Spread Function (PSF) smearirfieet which was done S|_gn|f|can<_:e central p_eak along Y\Ill'[h various substructu‘fh_e

with the same procedure we use here. It is based on the K%’Qh physical resolution ot 80h7; kpc that is made possible
technique (Kaiser et al. 1995) and the pipeline has beeriemppl y the vicinity of Coma sor_newhat balanpes the low associated
to ground-based imaging from CFH12k and Megacam camel§8Sing €ficiency. The position of the brightest cluster galax-
(e.g.Gavazzi et al. 2004; Gavazzi & Soucail 2007). We used the> withr < 14 is shown as red crosses. For comparison we
u* channel to measure shapes because it is the one with lar show In th_e 'OWef. Paﬂe' of Fig. 2 the Ium|n05|w-we|ghte
spatial coverage, and also the most homogeneous since theliand luminosity distribution coming from bright< 19 clus-
ages in the other bands are built from two adjacent poinIingggr members that lie on the Red Sequence defined by the rela-
The medianu* band seeing FWHM is”’D2. Despite this rela- Ion 072 < (g—r) + (r — 14)+ 0.035< 0.87. The convergence

tively poor value, we were able to successfully correct fsFp Contours are overlaid. For this latter study we used the raore
sme);rpi)ng y tended SDSS DR7 photometry, which is better suited for inves

The quality of PSE anisotrony corrections can be seen in t igation of the bright end of the luminosity functibrThis panel
q y Py o shows contours of X-ray emissivity in excess of a smooth

left panels of Fig. 1 in Adami et al. (2009). The good overalf :

image quality is reflected in the raw and corrected ellifigsiof mode profile (Neumann et al. 2003).
stars. The low scatter in the corrected ellipticitie®028 rms, is
also a good assessment of the controled systematics. ! http://cas.sdss.org/astro/en/tools/
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component of the ellipticity field. In the absence of systéma
PSF correction residuals, this rotated shear profile sHmitohn-
sistent with zero at all scales. This is what we observe.
10
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Fig. 3. Top panel:Radial shear profile measured in Coma as a
function of projected distance. The best-fit NFW profile igiov
laid. Bottom panelB-mode shear profile showing the negligi-
ble residuals in the rotated shear component.

We attempted to fit a radial shear profile as predicted by the
NFW mass density profile of the form

p(r) = Ps(r/rs)_l 1+ I'/rs)_2 €))

coming from cosmological simulations (Navarro et al.
1997). The corresponding lensing quantities were derived
by Bartelmann (1996). The two relevant quantities that
we fit are the masdM,go: enclosed in the radius,goe in
which the mean density is 200 times the critical density
pcrit @and the concentration paramet®poc = r200¢/fs- This
Fig. 2. Top panelConvergence map for the Coma cluster. Gredmplies thatps = pci2°c%/[In(1+c) - c/(1+0)]. Fig. 4
contours represent signal-to-noise ratios o21..5, corre- shows the constraints we obtain on these two parameters.
sponding tox = 0.01, 0.02,...0.05. Red crosses represent thdlarginal distributions yield the following constraifts
bright cluster members lying on the red sequenc®ottom Maooc = 5.1733 x 10"*h7iM, and Caooc = 5.0732, which
panel: Gray-scale view of the luminosity distribution of clus-corresponds to,qgc = 1.8j8-gMpc. Fig. 4 also shows the mass-
ter red sequence members with the overlaid contours in greedncentration relation and itsrldispersion that were recently
The blue dotted contours show the excess X-ray emissioreoveeported by Maccio et al. (2008) assuming WMAP5 cosmo-
smoothB-model X-ray emissivity map (Neumann et al. 2003). logical parameters (Komatsu et al. 2008). The two-dimeraio
contours are in good agreement with these predictionsngaki

. . the conditionalp(czoodM200) from Maccio et al. (2008) as a
3. Radial mass profile prior oncypo, We marginalize again over the poorly constrained
We now investigate the azimuthally-averaged tangentiahsh co/ncentratgrl paraznefr and obtain constr%r;ts on the mass
profiley:(R) which is simply related to the azimuthally-average§'2o0c = 9735 X 10" hz5Mo or againrzooc = 2.253 Mpc .

projected surface mass density proBi®) by the relation In order to allow a comparison with other mass estimates in
the literature, we calculate the virial magk;, = M1goc and the

Yerityt(R) = AZ(R) = M(< R)/(nR?) - X(R), (2) corresponding concentratian, = Cigoe Since a density con-

_ trastAyi;r ~ 100 is better suited for the assumed cosmology. All
where we h_ave def|r_1ed the frequently used rescaled st®argyr results regarding bottMbooe C200d and My, Cvir) as well
andM(< R) is the projected mass enclosed by radus ~as correspondinggoc andry;; values are given in Table 1

We measure the I‘adlal Shear prOfI|e aVera.ge N CIrCU|aI‘ annul These resu|ts are in good agreement W|th mass estimates in
centered on the peak of the convergence nefi@:59:39.007, the literature. Kubo et al. (2007) performed a weak lensiagsn
6=+27:57:55.93) which is only 40east of NGC 4874i.e.in estimate of Coma based on the much shallower SDSS data — re-
the direction of NGC 4889, which are reSpeCtlve|y the b@ht Su|ting in nbg ~ 1arcmin‘2 — but extending out te :I_[]_h;(:)L Mpc
and second brightest member galaxies. Fig. 3 shows thel radia
shear profiley(R) out to the edge of the Megacam field of view 2 Assuming a flat uniform prior in loyl00.betwen 13 and 16 and on
(~1 Mpc). The bottom panel of this figure shows the same pres.. between 0.01 and 20 to infer respectively the marginal Pi{E)s
file once galaxies are rotated by’48hich is the curl or B-mode and p(Mzgo0)

DEC (J2000)

1 s n 1 i 1 e et
195.5 195 194.5
RA (J2000)
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Table 1. Summary of mass estimates with and without priors dhe position of NGC 4889, confirming the existence of a mass

the mass-concentration relation (Maccio et al. 2008). concentration around this galaxy. Other substructurablgis
X-rays and in the optical (e.g. the NGC 4911 group) do not show

no prior prior p(c|M) up in the convergence map, indicating that we are dealinly wit

Maooe/ 10% h7g Mo 5.1j‘§‘;§ 9.7% low mass systems.

C200¢ 5.0i83g 3.5f8;g The south-west extension of the convergence map is more

r200¢/ hzg Mpc 18753 2273 puzzling. It does not match the light distribution. The gosu

Mr/10%hoMo 617580 1117537 G8 and G9 from Adami et al. (2005) explain part of this exten-

Cuir 6-7f§1§ 49044 sion, but are not luminous enough to fully account for thissa

i/ g Mpe 257 367 concentration. Another explanation would be massive lav re

shift structures (in order to stillfeciently induce a weak lensing
_ +3.6 5p-1 _ signal and to be spread largely enough over the sky) but that
Thety r;epoﬁ 3 maSMz_o()cg 8*1317&11'9:( 10 :17;?'\?.@ T}nd €O\ yould not belong to Coma. The SDSS data used by Gott et al.
ferlt ra.tﬁn n e><:;200ct - ot at aré s all. IS |)(za y C?ns's' (2005) exhibit such @ ~ 0.08 “Great Wall”, probably not lumi-
ent with our estimates. In addition, an earlier X-ray sty nous enough though to explain the south west mass concentra-
tion. Moreover, the magnitude limit of the SDSS spectrogdsp

” . , X Kot very deep, leaving room for other possible large scalest

I(<|nem_|§1rt]|cs&a\r/(\a/r?lsol|gggog a”greemelntlvggg OErITaSE T\;I)"mra'tures not appearing in the SDSS sample. This will have to be
e.g. The ite ; Geller et al. ; Lokas amon__ . - : . ]
2003). Note however that these latter authors report a mncconﬂrmed by a more detailed knowledge of the immediate back

tration parametec,; ~ 9, slightly larger that our best-fit vaIuesround of the Coma cluster (Adami et al. in preparation).
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