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Abstract. We have analyzed the projected galaxy distributions We constructed composite clusters from the COSMOS and
in a subset of the ENACS cluster sample, viz. in those 77 clBNACS data, taking special care to avoid the creation of artificial
tersthat have z 0.1 and R o > 1 and for which ENACS and cusps (due to ellipticity), and the destruction of real cusps (due
COSMOS data are available. For 20 % of these, the distributitmnon-perfect centering). When adding the galaxy distributions
of galaxies in the COSMOS catalogue does not allow a relialite produce a composite cluster, we either applied no scaling
centre position to be determined. For the other 62 clusters, afethe projected distances, scaling with the core radii of the
first determined the centre and elongation of the galaxy distindividual clusters or scaling withygy, which is designed to
bution. Subsequently, we made Maximum-Likelihood fits to theke differences in mass into account. In all three cases we find
distribution of COSMOS galaxies for 4 theoretical profiles, twthat the King profile is clearly preferred (at more than 95 %
with ‘cores’ (generalized King- and Hubble-profiles) and twoonfidence) over the NFW profile (over the entire aperture of
with ‘cusps’ (generalized Navarro, Frenk and White, or NFV§ core-radii). However, this ‘preference’ is not shared by the
and de Vaucouleurs profiles). brightest (M, < -18.4) galaxies. We conclude that the brighter
We obtain average core radii (or characteristic radii for trgalaxies are represented almost equally well by King and NFW
profiles without core) of 128, 189, 292 and 1582 kpc for fits witprofiles, but that the distribution of the fainter galaxies clearly
King, Hubble, NFW and de Vaucouleurs profiles respectivelghows a core rather than a cusp.
with dispersions around these average values of 88, 116, 191Finally, we compared the outer slope of the galaxy distri-
and 771 kpc. The surface density of background galaxieshigtions in our clusters with results for model calculations for
about 4 10° gals arcsec? (with a spread of about 2 10), various choices of fluctuation spectrum and cosmological pa-
and there is very good agreement between the values foundrfimeters. We conclude that the observed profile slope indicates
the 4 profiles. There is also very good agreement on the outielow value for{2,. This is consistent with the direct estimate
logarithmic slope of the projected galaxy distribution, whicbf ), based on thé‘L"i-ratios of the individual clusters.
is that for the non-generalized King- and Hubble-profile (i.e.
Bring = Brubble = 1, With the corresponding values for the twaey words: galaxies: clusters: general — galaxies: kinematics
other model-profiles). and dynamics — cosmology: observations — cosmology: large-
We use the Likelihood ratio to investigate whether the obsejeale structure of the Universe
vations are significantly better described by profiles with cusps
or by profiles with cores. Taking the King and NFW profiles as
‘model’ of either class, we find that about 75 % of the clusters are
better fit by the King profile than by the NFW profile. However]. Introduction
for the individual clusters the preference for the King profil
is rarely significant at a confidence level of more than 90 %
When we limit ourselves to the central regions it appears trf

the signifance increases drastically, with 65 % of the cluste X . .
g Y ° ssentially zero near the cluster centre. The core radius which

showing a strong preference for a King over an NFW rofilg. . . .
9 gp 9 P the characteristic scale of the distribution, was sometimes

At the same time, about 10 % of the clusters are clearly betldr ded as the dist hich | tes d
fitted by an NFW profile than by a King profile in their centre >0 regarced as tne distance which more or 1ess separates dy-
namically distinct regions in a cluster. From the kinematics of

ntil fairly recently, the projected galaxy density in rich galaxy
&Jsters was generally described by King or Hubble profiles. In
ese profiles, the logarithmic slope of the mass distribution is

Send offprint requests t€. Adami the galaxy population it appears that in clusters the relaxation
* Based on observations collected at the European Southern ObtE€ is significantly shorter than the Hubble tiroaly in the
vatory (La Silla, Chile) very central region within at most a few core radii (see e.g. den

** http:/;www.astrsp-mrs.frivww/enacs.html Hartog and Katgert 1996).
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The concept of cores in clusters has been seriously chiélypin 1996) to reflect the details of the formation scenario, and
lenged, on observational grounds (e.g. Ber3onry 1986) in particular the value of the density parameter of the universe.
and as a result of numerical simulations. Navarro, Frenk ahmdaddition, this slope is unlikely to be constant in time but is
White (1995, 1996) found e.g. that the equilibrium density pr@xpected to get steeper with decreasing redshift. For that reason,
files of dark matter halos in universes with dominant hierait-is important to study both the characteristics of the density
chical clustering all have the same shape, which is essentigdipfiles of rich clusters and their dependence on redshift.
independent of the mass of the halo, the spectrum of initial den- In this paper, we investigate the projected galaxy distribu-
sity fluctuations, or the values of the cosmological parametetigns for a sample of 62 rich and nearby £z0.1) clusters.
This ‘universal’ density profile (NFW profile hereafter) does ndthese clusters are taken from the volume-limited ENACS (ESO
have a core, but has a logarithmic slope of —1 near the certiearby Abell Cluster Survey) sample 0fRo > 1 clusters (see
which, at large radii, steepens to —3, and thus closely resemldag Katgert et al. 1996 (paper 1), Mazure et al. 1996 (paper I1),
the Hernquist (1990) profile except for the steeper slope of tB&iano et al. 1997 (paper IlI), Adami et al. 1998 (paper 1V),
latter at large radii of —4. Katgert et al. 1998 (paper V) and de TheffeKatgert 1998

Navarro, Frenk and White (1997) argue that the appardpaper VI)). In Sect. 2, we first describe the sample of clusters
variations in profile shape, as reported before, can be understtit we used, and the data on which we based our analysis. In
as being due to differences in the characteristic density (or maSsgt. 3, we discuss the results of Maximum-Likelihood fitting
of the halo, which sets the linear scale at which the transitiohprofiles with and without a core, to the individual galaxy dis-
of the flat central slope to the steep outer slope occurs. Theputions taken from the COSMOS catalogue. In Sect. 4 we
also argued that the existence of giant arcs in clusters requidestuss the galaxy density distribution for composite clusters
that the mass distributions in clusters does not exhibit a flat cg@OSMOS and ENACS), in which the individual clusters are
in the centre. In other words: if clusters have cores, the lensicgmbined. In Sect. 5 we discuss the constraints provided by the
results require that the core radii are very small, at least quiteater slope of the density distributions for the parameters of the
bit smaller than the values usually quoted. formation scenario and in Sect. 6 we present the conclusions.

It is not clear that galaxy clusters should have cores; after
all, the dynamical structure of galaxy clusters is quite different
from that of globular clusters, for which Michie & Bodenheime?- The data
(1963) and King first prloposed densit'y profiles with cores, 511 The galaxy catalogues
particular the King profile (see e.g. King 1962). On the other
hand, the X-ray data for clusters are quite consistent with thethis paper we use both COSMOS and ENACS data. The
existence of a core in the density distribution. More specificallgOSMOS data, i.e. photometric galaxy catalogues that were
it was argued recently by Hughes (1997) that the NFW profitébtained from automatic scanning of UK Schmidt Illa—J survey
would induce a temperature gradient. The existence of suchlates with the Edinburgh plate-scanning machine, were kindly
gradient in the Coma cluster can be excluded at tig 88nfi- provided by Dr. H.T. MacGillivray. As described in paper V, the
dence level. Similarly, the galaxy surface density in clusters@SMOS data that we used are of two kinds: the well-calibrated
generally found to be consistent with a King profile. For galaxyart around the Southern Galactic Pole (the so-called EDSGC,
clusters, little use has been made of the de Vaucouleurs profiée e.g. Heydon-Dumbleton et al. 1989), and the slightly less
to describe the galaxy density, even though the latter was foumelll-calibrated remainder. In paper V, we compared the COS-
to arise quite naturally in N-body simulations of the collapse 810S and ENACS photometry and found only a small differ-
isolated galaxy systems (e.g. van Albada 1982). ence in the calibration quality of the two COSMOS subsets. We

In view of the claimed universality of the NFW profile founddid not find evidence for systematic magnitude offsets between
in the simulations, it seems useful to have a closer look at tthe two COSMOS subsets, nor for differences in completeness.
projected distribution of the galaxies in clusters. After all, therom a comparison with the ENACS galaxy catalogues, which
NFW profile refers to the total gravitating mass, and it is not olare based on completely independent scanning with the Leiden
vious that the galaxy distribution should have exactly the sar@servatory plate-measuring machine, we concluded that the
shape as the distribution of total mass; although in numerical &@SMOS catalogue is 90% complete to a nominal limit gf m
periments no strong biasing between dark and luminous mateil9.5.
in clusters was seen (e.g. van Kampen 1995). In this respect, it The galaxy catalogues that resulted from the ENACS spec-
is noteworthy that Carlberg et al. (1997) find that the combin#&scopic survey are described in papers | and V. Very briefly,
galaxy density profile of 16 high-luminosity X-ray clusters atedshifts were obtained for 5634 galaxies in 107 ACO clus-
a redshift of~0.3 closely follows the NFW profile. More pre-ter candidates, mostly in the southern hemisphere. As shown
cisely, the logarithmic slope in the central region is consisteint paper I, the ENACS allowed us to construct a complete,
with the value of —1 of the NFW and Hernquist profiles, whilgolume-limited sample of 128 rich (R0 > 1) clusters, out to
the outer slope is consistent with both —3 (the NFW value) aadedshift of 0.1, when we combine ENACS data for about 80
—4 (the Hernquist value). clusters with literature data for about 50 clusters. In paper V, we

The outer slope of the density profile was found by sevetave shown the magnitude distributions of the galaxy samples
authors (e.g. Crone et al. 1994, Jing et al. 1995, and Walter dadwhich we obtained ENACS spectroscopy. Comparison with
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the magnitude distributions of the COSMOS galaxies shows thé®. The parameters will be determined with robust statistical
ENACS samples to be more or less complete o between estimators (Beers et al. 1990).
about 18 and 19, with quite a few redshifts for fainter galaxies,
viz. down tom, ~ 19.5.
3. The density profiles of the individual clusters

2.2. The cluster sample 3.1. The Maximume-Likelihood fits

The overlap of the ENACS dataset with that part of the CO$ve derived the characteristics of the projected galaxy distri-
MOS dataset that was available to us yields a sample of fftions for the individual clusters using Maximum-Likelihood
clusters. These clusters were not selected according to particeiai(hereafter MLM fits, see e.g. Sarazin 1980 for a description
criteria, and we therefore expectthemto be a representative ssfthe method). We have made MLM fits for different types
set of the total ENACS sample. To this sample, we have addgithrofile as follows. Define (x, ) as the theoretical, normal-
the cluster A2721, for which we use redshift data from Collegged density profile with which one wants to compare the data.
& Hewett (1987), Colless (1989) and Teague et al. (1990). Note that we scaled the amplitude of the model to reproduce the
Because we want to study density profiles, we are reluctyiserved number of galaxies.
to use clusters with clear signs of substructure, as for the latter aThe probability that this assumed profile ‘produces’ a galaxy
scale length and the inner and outer slopes of the density proiffi{q)osition (%.Yx) is thusco (zy, y). Consequently, the com-
do not have well-defined meanings. In addition, it is not at alined probability that the assumed profile will ‘produce’ galax-
trivial to define a meaningful centre for systems that appegs in the positions (xy) (with k=1...N) that they actually have
irregular in projection. is:
In order to give a visual overview of the galaxy distributions N
in the 77 clusters in the sample, we have used the COSMOS L:kljl o(zk, yx)
data to produce adaptive-kernel maps for all 77 clusters; these e model-parameters which produce the best fit between
are shown in Figs. 1 and 2. the data and the model are found from a maximization of the
The contour maps in these figures are based on surface dg@iihood L. The combined probability, L, for all galaxies to
sities calculated as the sum of normalized gaussian kernel fuRgge their actual positions assuming the model to be correct, is
tions at the positions of the galaxies with dispersionshat ajways less than unity. For that reason, in practice, one usually
are adapted to the local galaxy density (e.g. Silverman 198fynimizes the positive parameter —2In(L) w.r.t. the parameters
In Figs. 1 anl 2, it is fairly easy to distinguish clusters withof the assumed profile. This yields the values of the parame-
single density peaks, clusters with multiple density peaks thats for which the model is most likely to have generated the
can be clearly separated and/or identified with systems at diﬁﬂrgalaxies at their observed positions. The great advantage of
ent redshifts, and irregular clusters. By using different symbajgs method is that it does not require the data to be binned. In
for systems with different redshifts (see papers I and IV), it igjdition, it uses all information that is available.
possible to recognize clusters which consist of several ‘single’ o minimization of —2In(L) was done with the two mini-

peaks at different re_dshifts. About_two-thirds of the cluste_rs Mization methods in the MINUIT package: SIMPLEX (Nelder
our sample show as'”g'e peak, Wh”('_} about10%was Cons'deg?ﬂllead, 1965) and MIGRAD (Fletcher 1970). We use the same
|rregular_. We have d_eflned the stu@ed area for each cIuste(S?étegy as described in paper IV to obtain convergence. Viz., we
the'maX|maI area without a clear sign of substructure and wi{te S|MPLEX to approach the optimal values and MIGRAD to
a single density peak. Afterwards, we have checked that thesne those and get reliable error estimates. When MIGRAD

areas comprise more than 5 King core radii (i.e. with a radiyigy not converge, we adopted the SIMPLEX value without error
greater than 500 kpc). estimates.

. 'T‘Ta.b'e 1, we give our verdict on the cha_racter ofthe galaxy We used the following model profiles for the 2D galaxy
distribution, as well as some other information, for the 62 Clua'stributionS'
ters in Fig. 1 for which a central position could be determined i d Ki dekt(r) — 1 3
reliably (see Sect. 3). The 15 clusters for which no reliable po9c ' a'#€d fing mode (r) = oo(igrzy)” + o,
sition could be obtained are shown in Fig. 2; those could not bgeneralized Hubble modet(r) = o¢( 1+1L )28 + oy,
used in the following analysis. It should be noted that Table : B 1
has 2 entries for AO151, while the cluster A3559 (in the regio-;generahzed NFW mode(r) = oo 7o (1+50)* )’ + o,
of the Shapley concentration) was discarded because it did notNote that the 2-D model profile that we refer to as NFW is
show a clear maximum in the galaxy distribution. Note also tha@t an exact 2-D version of the 3-D profile described by NFW.
our verdict ‘regular’ in Table 1 does not imply that the clustdpstead, itis a pseudo NFW profile, with a relation between 3-D
does not have substructure, as projection may hide substrucfiitd 2-D outer logarithmic slopes as for the King and Hubble
along the line-of-sight. profiles, (becausénrw ~ §6King), and with an inner slope of

The mean redshift of the systems in Table 1 is about 0.07:/3 which mimics the *flattering” due to projection.
(practically equal to that of the total ENACS sample). In thegeneralized de Vaucouleurs modefr) = oge ?e)" ™
following analysis we will adopt{, = 100 km/s/Mpc andy

+0p.
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Fig. 1. Adaptive-kernel maps of projected galaxy density from the COSMOS catalogue. Coordinates are in arcsec with respect to the cluster
centre. Different groups of redshift are indicated as follows: nearest group on the line of sight: circles, 2nd group: squares, 3rd: triangles, 4th:
crosses, 5th: asterisks and 6th: stars. We have indicated the area we use for the 29 clusters involved in the COSMOS composite clusters. For
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Fig. 1. (continued)
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Fig. 1. (continued)

As the actual clusters are not necessarily axi-symmetric, th8559 and A3921. These clusters could therefore not be used
models have 7 free parameters: two parameters for the posifionMLM fits for the four profiles.

of the centre (¥, o), two parameters to describe deviations from - 1 gyerage uncertainty in the central position as given by
symmetry (ellipticity e and position angle), two parameters ne fits is about 30 kpc. This is not too different from, but some-
that specify the profile (rand ) and, finally, the background ¢ smaller than the measured offsets between fitted positions
densityo, (assumed constant within the aperture of each clugsq |iterature X-ray centres or literature positions of cD galax-
ter). ies as given in Table 2. Except for the clusters A0514, A3009
In principle, an MLM solution could have been made for aftnd A3128, which are either double-peaked or irregular, and
7 parameters simultaneously. However, we have separated®p@rt from A3825 all offsets are smaller than 100 kpc, and the
solution for the central position and the elongation and positiGf{veight average measured offset between fitted positions and
angle, from the solution of the background density and the pr="@Y Or €D positions is 51 kpc.
file parameters,rands. More precisely: we used a King profile  In Table 3 and Fig. 3, we show a comparison with the more
with r. = 100 kpc,3 = 1.0, and we assumed a value tgrof homogeneous ROSAT sample of X-ray centres (preliminary
3 107° galaxies per square arcsec to make an MLM fit fgr xcentres kindly provided by H. Bohringer). The biweight average
Yo, €, andp. As mentioned previously, this fit did not converg®ffset between fitted positions and X-ray centres is 78 kpc. If
for 15 clusters, viz. for A0295, A0303, A0420, A0543, A2354ye ignore the clusters with an atypical offset of more than 150
A2361, A2401, A2569, A2915, A2933, A3108, A3264, A3354%pc, we obtain 69 kpc. The clusters that we considered atypi-
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Fig. 2. Adaptive-kernel maps of projected galaxy density from the COSMOS catalogue for the 15 clusters for which the centre could not be
determined reliably. Coordinates are in arcsec with respect to the cluster centre. The different groups of redshift are characterized by a different
symbol: nearest group on the line of sight: circles, 2nd group: squares, 3rd: triangles, 4th: crosses, 5th: asterisks and 6th: stars.

cal are A0380 which is a clear double-peaked cluster, A3809 The values of the ellipticities are mostly quite small, and
which is irregular, A2871 which exhibits clearly a very atypicadven indistinghuisable from 0.0 for quite a few of the clusters.
difference of 449 kpc, A0524 and A2799. We have checked thlis might seem to be in contradiction to other results on the
internal accuracy of the ROSAT centres by using the X-ray majongation of clusters (e.g. Plionis et al. 1991, and de Theije et
of A0119 (kindly provided by D. Neumann). We estimate thatl. 1995). However, it must be appreciated that our ellipticities
this error is about 20” (11 kpc) for A0119. However, we deareapparentellipticities, i.e. not corrected for the effect of the
we a very regular cluster and the error is probably underestperture, and that they refer to the central regions only (about 5
mated compared to the other clusters. Another way to estimiiag core radii: i.e. a radius of slightly more than 500 kpc).

the global error of the ROSAT centres is to compare with other

literature positions (X-ray or cD). We find a mean offset of 31

kpc (see Table 3), greater than the 11 kpc obtained for A0119.
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Table 1. Parameters of the 62 clusters for which a reliable centr
sition was obtained. Col.(1) cluster name, col.(2) ENACS redst
the group, col (3) type of galaxy distribution (O: regular single
1: multimodal, 2: irregular), cols.(4) and (5) centre position, cc
ellipticity (when available) and col (7) direction of the major axi:
ellipticity available and not equal to 0), counted anti-clockwise
6=0.

frequency
N

ACO z type a 5 e )
2000.0

0013  0.094 0 00:13:34.53  -19:29:38 0.32 -16
0087  0.055 0 00:43:00.73  -09:50:37  0.00
0118 0.115 1 00:55:21.47  -26:23:24  0.00
0119 0.044 0 00:56:20.13  -01:15:51  0.00
0151  0.041 0 01:08:50.07  -15:25:05 0.14  -25
0151  0.053 2 01:08:52.73  -15:56:51  0.00
0168  0.045 0 01:15:14.87 00:15:23  0.00
0229 0.113 0 00:14:34.47 00:01:21 050 -45
0367  0.091 0 02:36:35.20  -19:22:16  0.05 70
0380 0.134 1 02:44:23.33  -26:13:58 0.12 -43
0514  0.072 1 04:48:15.13  -20:27:26  0.28 -25
0524  0.078 0 04:57:47.87  -19:43:11

0978  0.054 1 10:20:24.33  -06:29:53  0.04 0
1069  0.065 0 10:39:47.93  -08:40:46  0.00
2353 0.121 0 21:34:27.33  -01:36:15

2362 0.061 0 21:39:03.33  -14:21:10 0.23 -2
2383  0.058 0 21:52:10.00 -21:09:35

2426 0.098 0 22:14:35.33  -10:21:51  0.00
2436  0.091 2 22:20:31.33  -02:46:57 0.21 28
2480 0.072 0 22:46:10.67  -17:41:22 0.08 -52
2644  0.069 0 23:41:02.00 00:05:30 0.29 -20
2715 0.114 0 00:02:48.60  -34:40:57  0.00
2717  0.049 2 00:03:07.73  -35:56:50  0.00
2721 0.120 0 00:06:12.53  -34:43:12  0.00
2734  0.062 0 00:11:22.93  -28:50:55  0.00
2755  0.095 0 00:17:39.20  -35:11:57  0.07 27
2764  0.071 0 00:20:29.53  -49:14:14  0.00
2765  0.080 0 00:21:31.53  -20:45:55  0.00
2778  0.102 1 00:29:08.67  -30:17:28  0.00
2799  0.063 0 00:37:24.13  -39:09:01  0.17 5
2800 0.064 0 00:37:58.67  -25:05:17  0.37 35
2854  0.061 0 01:00:47.20 -50:32:38 0.54 -68
2871  0.122 0 01:08:08.07 -36:45:30  0.00
2911  0.064 0 01:26:08.00 -37:57:26  0.00
2923 0.061 0 01:32:28.80  -31:04:41  0.00
3009 0.120 2 02:21:33.53  -48:28:43

3093 0.081 0 03:10:54.93  -47:23:53

3094 0.071 1 03:12:36.67  -27:08:05  0.00
3094  0.065 1 03:11:23.13  -26:54:21  0.00
3111 0.083 0 03:17:49.00 -45:43:38  0.02 30
3112 0.075 0 03:17:58.53  -44:14:21  0.30 73
3122  0.068 0 03:22:14.00 -41:19:14  0.00
3128 0.078 1 03:30:37.87  -52:31:51  0.00
3141  0.075 0 03:36:54.27  -28:04:20 0.44 50
3151 0.064 0 03:40:07.80  -28:41:27

3158  0.060 0 03:43:04.60 -53:38:40  0.00
3194  0.105 0 03:59:07.20  -30:11:24

3202  0.059 0 04:00:55.53  -53:41:17  0.13 49
3223  0.060 1 04:08:05.80 -31:03:20  0.27 61
3341 0.038 2 05:25:34.20 -31:36:35  0.06 41
3528 0.054 0 12:54:24.07  -29:02:05

3703 0.074 2 20:39:52.67 -61:19:34

3705  0.090 2 20:42:04.00 -35:13:07 0.65 35
3733  0.039 0 21:01:34.67  -28:02:42 0.49 35
3744  0.038 1 21:07:26.00 -25:24:36  0.00
3744  0.038 1 21:07:09.33  -25:01:56

3764  0.075 0 21:25:47.33  -34:42:44 035 -28
3781  0.057 0 21:35:27.33  -66:49:14

3806 0.076 2 21:46:24.00 -57:17:28 0.22 -15
3806 0.076 2 21:48:09.33  -57:17:15

3809 0.062 2 21:47:17.33  -43:52:54  0.00
3822 0.076 1 21:54:03.33  -57:50:27  0.00
3825 0.075 0 21:58:26.00 -60:22:03  0.00
3827  0.098 0 22:01:52.00 -59:56:42  0.00
3864 0.102 1 22:19:47.33  -52:27:05  0.00
3897  0.073 0 22:39:10.67 -17:20:14  0.00

1 1 1
0] 100 200 300
shi1ft(Kpc)

Fig. 3. The histogram of the offsets between the X-Ray ROSAT and
the fitted centres. The two clearly atypic values for AO380 and A2871
are not shown.

Table 2. Literature positions for 17 clusters with either X-ray or cD
centre position. Col.(1) cluster name, cols.(2) and (3) literature centre,
col.(4) distance between literature and fitted centre in kpc, col.(5) type
of literature centre (X or cD)

ACO « é dist.  type
2000.0 (kpc)

0119 00:56:17.80  -01:15:23 27 X
0151  01:08:50.59  -15:24:26 22 cD
0168  01:15:08.44 00:17:11 88 X
0514  04:48:30.35  -20:32:09 413 X
1069  10:39:44.29  -08:41:25 58 X
2426  22:14:31.45  -10:22:27 87 X
2734  00:11:21.56  -28:51:15 22 cD
2911  01:26:05.51  -37:57:54 35 cD
2923  01:32:21.40  -31:05:31 88 cD

3009 02:22:06.88  -48:33:49 664 cD
3112  03:17:56.95  -44:13:59 a7

3128  03:30:50.85  -52:30:31 485 X
3158  03:42:56.64  -53:38:04 63 X
3528 12:54:23.54  -29:01:24 34 X
3806  21:46:21.77  -57:17:11 19 cD
3825  21:58:40.28  -60:19:57 162 X
3827  22:01:57.88  -59:56:18 52 X

3.2. The values of.f 5 and o,

Using the fitted values ofyx vy, e, andp we subsequently made
MLM fits for r., 8 andoy,, for the 62 clusters in Table 1, for
each of the 4 profiles, for which the solution @f, ¥, e, andy
converged.

In Tables 4 to 7, we give the values qf 5 and o, for all
clusters in the sample of 62, i.e. for all clusters with a reliable
centre position, for each of the model profiles. For some of
the clusters, one or more of the MLM fits did not converge
for one or more of the parameters. In those cases we give the
SIMPLEX values without error estimates. The error estimates
obtained for each of the 3 parameters, as given by MIGRAD are
also given in Tables 4 to 7, in which we also give the values of
=2In(L). As is well known, the magnitude of this parameter (the
maximum likelihood for the particular model profile with the
best-fit parameters) cannot be used to make a statement about the
absolute probability that a given observation is indeed induced
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Table 3.ROSAT X-ray centre positions for 28 clusters. Col.(1) clustefable 4. Fitted parameters for the King models and contrast (last col-
name, cols.(2) and (3) ROSAT centre, col.(4) distance between ROSANN).
and fitted centre in kpc, col.(5) distance between ROSAT and previous

literature centre in kpc (when available). ACO 7. (kpc) Jé] o —2In(L) c
0013 6818  0.97:0.11 8.71.0 2397.90 0.504
ACO a 5 dist.  dist. ROSAT/Lit 0087 11812 1.06£0.15 3.0t0.6 1624.15  0.346
2000.0 (kpc) (kpc) 0118  118-44  1.04£0.07 9.1H1.3 1622.29  0.262
0119 5514  1.07:0.10 4.5-0.2 6963.61  0.510
0013  00:13:38.23  -19:30:08 75 0151 569 1.18:0.15 4.6t0.4 3999.36  0.646
0119  00:56:14.60 -01:15:44 47 40 0168 16442 1.010.28 4.2+0.9 2179.73  0.454
0151 01:08:50.47 -15:24:33 18 4 0229 43 0.97 9.0 839.70 0.784
0367 02:36:39.34  -19:23:09 94 0367 128:21  1.23t0.13  3.4:0.7 2043.15 0537
0380  02:44:05.69  -26:11:17 501 0380 496:86  1.02£0.22  2.0t0.2 1753.21  0.976
0524  04:57:57.19  -19:43:58 150 0514 9Gt25 1.04-0.14 5.4t1.1 2358.88  0.547
0978  10:20:28.72  -06:31:14 75 0524 95t23  1.04:0.09 1.H05 149557  0.823
1069  10:39:44.81  -08:41:01 42 22 0978 44+12  0.94-0.15 3.5-0.3 3564.50 0.648
2426  22:14:32.38  -10:22:12 61 25 1069 21965 1.03£0.29  3.6:1.0 2704.82  0.465
2717 00:03:11.14  -35:55:21 74 2353  163t40 0.96t0.12 2.9+1.6 1839.96  0.519
2734 00:11:20.28  -28:51:31 44 21 2362  116:32  1.040.28  4.6:1.2 1636.26  0.256
2755  00:17:34.90  -35:11:09 97 2383 8619  0.95:0.12 3.H-0.6 2304.33  0.517
2764  00:20:34.10  -49:13:40 72 2426 135:26  0.84:0.08 5.7:0.9 5044.65 0.579
2799  00:37:29.47  -39:06:18 152 2436 7937  1.00:0.19  7.06-0.9 1195.09 0.318
2871  01:07:49.37  -36:43:44 449 2480 10428  1.09t0.33  4.8:0.9 1434.17  0.309
2911  01:26:04.56  -37:58:36 71 38 2644 76t22  1.00:0.14  3.3:0.8 1249.19  0.846
3093  03:10:55.15  -47:24:31 40 2715 236 1.00 3.0 2639.96  0.594
3112  03:17:58.27  -44:14:16 7 25 2717  146:40 0.99+0.11 3.2t04  4859.57  0.470
3122 03:22:18.19  -41:21:29 136 2721  286:34  0.96t0.08 3.5:1.0 6146.76  0.696
3158  03:42:54.82  -53:38:08 120 22 2734  105:22  1.00t0.11  3.6t0.4 5277.62 0567
3194  03:59:08.16  -30:11:36 25 2755 4910 1.040.07 9.5:0.9 3842.01 0.754
3341  05:25:32.66  -31:35:56 24 2764 1022 1.06£0.13 5.6£0.9 3514.23 0.511
3744  21:07:13.49  -25:26:54 122 2765 6622  0.98:0.19 2.9-0.4 1757.98  0.661
3806  21:46:27.00 -57:16:47 60 81 2778 98-26  1.0H0.13 4.H-0.7 1746.72  0.577
3809  21:46:57.72  -43:54:33 224 2799 46t11  0.94:0.33  4.5-05 2022.80 0514
3822  21:54:09.62 -57:51:15 105 2800 99t25  1.0H-0.14  4.0t0.6 2050.76  0.282
3825  21:58:27.26  -60:23:56 113 2854 6717  1.010.10  2.6£0.7 1517.14  0.643
3827  22:01:55.90  -59:56:57 76 2871 13930 1.06£0.22 2.1H0.8 2306.66  0.796

2011 10928  1.13:0.30 8.8:0.9 284287 0.268
2923 142+19 1.33t0.18 2.140.6 1110.31 0.914

3009 4533  0.99:0.20 7.4£05 162365 0.230

3093 6921 1.00:0.12 5716  1544.33 0.457

3094 12730 1.040.16 5.7-0.8  2907.21 0.458

by the underlying continuous probability function described by3111 ~ 9926  1.00:003  4.2£04  5842.78  0.591
. . 3112 22929 1.02+0.28 3. A1.8 2277.64 0.502

the particular profile. 3122  156:20 0.97:0.07 3.2£05  6535.82  0.564
. A ; 3128 362229 1.08:0.08 3.H05 12479.20  0.500

As a check on the ‘meaning’ of the error e_st_lr_nates fromy7 76032 097010 130+ 164693  0.870
MIGRAD, we have generated about 150000 artificial clusters3iss  102:15 095:0.07 4507 744685  0.639
H H H 194 54t 7 1.02+0.23 7.0:1.3 1306.30 0.601

for which the totgl n_umber of gaIaX|es,_ the ratio between th§202 6471 099014 36010 165264 0657
number of galaxies in the cluster and in the background, angb23  154-39 101012 3.0t1.6 263248 0.674
r.- and g-values for the 4 model profiles were chosen in thel2;l  S=12 099303 2208 223958 0400
ranges spanned by the observations. To each of the artificiatos  99t28 0.98:020 6.72.3 999.64  0.639
. ; 733 3711 102015 3109 118378  0.659

clusters a MLM fit was made in the same manner as for' thers,  Joilo 1101023 42006 233998 0188
observed clusters. The errors in the parameters of the fits tosa  s9t16 1.31018 55:0.7 175489 0556
o 13781 232:71 1.010.21 2.6:1.5 1580.22 0.520

the artifical clusters depend somewhat on the type of profll<§806 524030 10012 1115 205374 0688
and on the assumed parameters, but globally, the results candses  106:33 1.00:0.23 14413, 353392  0.669
; 3809 36558  1.00:0.23 2512 525167 0.708
summarized as follows. o . 3822 242632 1.04:0.11 8.4k11  7313.07 0.282
The background density is recovered with an average a®825 10826 0.97t0.12 8.8:1.0 380211 0.245

. 27 102+17 1.06£0.09 5.0t1.6 2646.64 0.707
curacy of about 25% (with actual errors between about 10 an%ﬁ97 76 101 10 102879  0.498

40%), with a slightly better result for the King and Hubble pro-
files than for the NFW and de Vaucouleurs profiles (which is not
surprising). Almost identical percentage errors are found.for r
In general 3 is slightly better known, with an average error ofour model profiles. However, from linear regressions between
about 15% (with actual errors between about 5 and 25%). Aslividual values we find, in our dataset, that:
can be seen from Tables 4 to 7, the errors given by MIGRAD argy, = (0.62 £ 0.07)r.z + (18 £ 53)
essentially always in the ranges found for the artificial clusters.,; = (0.28 & 0.04)r. y py + (36 £ 51)

The average values of and the dispersion around the mean. ;- = (0.06 & 0.01)7r.4.1 + (27 £ 70)
are 128+ 88,189 116, 292+ 191 and 1582 771 kpc, for the For 3, the average values and dispersions around the mean
King, Hubble, NFW and de Vaucouleurs profiles respectivelgre 1.02+ 0.08, 1.03+ 0.07, 0.61+ 0.05 and 7.6+ 0.5, for the
There are no general relations for the four values ofhat King, Hubble, NFW and de Vaucouleurs profiles respectively.
one obtains by fitting an arbitrary galaxy distribution with th&ince s is closely related to the asymptotic logarithmic slope
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Table 5. Fitted parameters for the Hubble models. Table 6. Fitted parameters for the NFW models.
ACO  r. (kpc) B op =2In(L) ACO re (kpc) 8 op =2In(L)
0013  122t14 097011  53t13  2399.12 0013  128-63 0.64£0.07  8.4k1.1  2399.69
0087 18351 1.02:0.25  1.5:0.6  1624.63 0087  324:35 0.68:0.13  2.8:0.7  1625.99
0118  135:33 1.0H0.25 10.6:1.4  1623.69 0118 169134 0.58:0.13 10.6:1.8  1624.48
0119  73t10 1.14£0.10  4.0:0.9  6965.28 0119  146:25 0.70E0.10  4.0:0.6  6965.88
0151 9416  1.19£0.17  7.5:1.0  4001.52 0151 11228 0.68:0.14  45k1.1  4000.93
0168  178:28 0.98:0.14  1.7419  2182.01 0168  21G:39 0.56:0.10  1.0:04  2179.72
0367 162t26  1.23:0.14  2.6£12  2043.29 0367  286:44 0.6200.11 1409  2043.92
0380 55695 0.98:0.24  0.6:2.0  1754.17 0524  14#55 0.62£0.05  0.2:0.6  1497.56
0514 11733 1.06:0.15  6.3t2.1  2359.08 0978 9450  0.64£0.07  3.3t0.3  3564.57
1069  41%65 1.03:0.19  1.H1.3  2705.29 1069  28H34 0.6H0.09  4.9:1.1  2707.30
2353  198-32 0.93:0.04  0.8:1.2  1838.87 2353  32&175 0.59:0.07  2.6:1.0  1838.57
2362 25%28 1.05-0.13 1107  1636.31 2362 24849 055010  3.0:1.0  1636.39
2383  88:33 0.99:0.21  2.H16  2303.26 2383  143:86 0.66£0.08  3.3:0.6  2301.49
2426 25322 1.010.36  7.0t0.9  5048.38 2426  458:185 0.63:0.07  5.0k1.1  5044.38
2480 272 1.01 35 143584 2436  193:192 0.66£0.17  7.0:1.2  1195.58
2644 11833 0.970.35  1.3:t05  1251.32 2480  430:50 0.60£0.09  4.0:0.8  1436.00
2715  106:25 0.99-0.25  5.8:1.3  2642.28 2644  106:37 0.55£0.06  2.5-04  1251.34
2717 156£23  1.00:0.29  2.74:0.9  4850.71 2717  458:238  0.58:0.06  1.8:0.6  4859.71
2721  264c42 097046  5.0:15  6148.75 2721 649 0.55 2.0  6150.09
2734 137 0.92:0.14 37  5277.09 2734 25335 0.53:0.11  3.0k1.2  5276.62
2755 54-7  0.99-0.20  7.115  3842.10 2755 17363 0.670.07  59-1.1  3841.34
2764  126:25 1.010.12  6.6:1.9  3514.66 2764  356:46  0.610.09  55:06  3515.77
2799 4815 1.02:0.10  5.4:0.9  2024.67 2765 14796 0555008  2.0:0.6  1757.89
2800 8726  1.0H0.25 46 205223 2778  390:239  0.70:0.09  2.8:1.0  1746.35
2854  70+11 1.13:0.16  2.0:0.9  1517.04 2799  296:52  0.670.12  27A40.6  2022.63
2871  142:17  0.99-0.14  0.9:0.5  2308.41 2800  266:43  0.59£0.09  2.A1.0  2052.00
2923  96+19 1.0%0.11  0.2:1.8 111455 2854  156:35  0.69£0.07  2.H0.7  1516.08
3094 300 1.07 3.4  2908.45 2871  226:75 0.57:0.05  05:1.0  2310.69
3111 1823 1.0%0.15  0.H0.7  5846.81 2011 39248  0.59£0.05  6.3:0.3  2844.33
3112 24865 1.010.18  50:09  2277.91 2923 12343  0.63:0.06  0.2-0.6  1115.98
3122 319 1.19 16  6534.76 3009 95 0.61 7.4 1623.92
3128 52039 1.010.25  1.H1.2  12480.05 3093 362 0.62 3.0  1543.66
3158 10412 0.87:0.18  4.2t1.3  7445.38 3094 247121 0.570.09  6.0:1.0  2909.27
3202 13239 1.18:0.18  3.#15  1653.53 3111 144:66  0.530.04  4.H05  5848.95
3223 21424  1.0H020  2.0t1.0  2632.55 3112 45557 057010  6.6:1.7  2279.49
3341 13319 111019  1.6:1.1  2240.54 3122 339 0.53 7.1 6535.54
3733 84t15 1.0%0.11  3.415 118551 3128 966 0.59 2.7 12484.70
3744 15822  0.96:0.20  1.H0.5  2340.79 3158  430:151 0.63:0.07  3.3k1.1 744227
3764  9m12 1.13t029  6.741.0  1760.46 3194  100:54  0.65£0.09  6.5k1.6  1308.37
3781 29%75 1.02:0.30  1.1#0.8  1579.93 3202 34841 0.69:0.06  4.8:0.8  1652.14
3806  200:38  1.040.19 10.5:2.2  2959.95 3341 275190 0.610.04  3.6:1.0  2240.44
3806  284:31 1.0450.13  3.0:6.9  3535.88 3528 168 0.57 23 3143.42
3822 37861 1.06:0.23  6.6:0.9  7313.49 3705 340:205 0.66£0.08  3.8:3.3 995.70
3825  244£50 097010  7.0£20  3803.01 3733 9929  0.64:0.09  3.8:1.0 118551
3827  119-13  1.04-0.08  4.3t0.7  2646.25 3744  202:133 0.670.12  3.9-07 234255

3764 106t39  0.68£0.07 5.4t1.0 1757.60
3781 849598  0.69:0.15 3.5k1.1 1578.26
3806 671492 0.55-0.11 10.6t2.6 3534.19
3809 541334  0.54:0.09 5.2£0.9 5254.24

of the profile, there are predictions for the relations between thg#2? 18181 061£005 4424  2647.14

values ofg for the four profiles. As can be easily deduced from

the four expressionsin Sect. 3.1, one would expectihat Gk,

Bnrw =0.678k andBa.v =8 Bk . Itis clearthattheserelations  We give also in Table 4 the value of the contrast C for each

are, to within the errors, obeyed by the observed average valgggster. This parameter is defined as the fraction of the observed

for the four profiles. From inspection of Tables 4 to 7, it igalaxies in a pencil beam that is really in the clustetV},

clear that it is not very meaningful to make linear regressiopsthe number of objects of the line of sight and\Vi§.;, is the

between individuap3-values because the distributions®for estimated number of background galaxies, we have

each profile type are quite narrow compared to the estimated ¢' = (N,,; — Nyer)/Niot

errors in the individuap-values. This parameter has been used in paper IV to select the more
The values of the average backgrounds are#2.8), contrasted clusters, in order to see a narrower Fundamental

(3.7£2.6), (4.0£2.3) and (3.8:1.7) times 10° galaxies per Plane.

square arcsec for the King, Hubble, NFW and de Vaucouleurs

rofiles respectively. For this parameter, the prediction is cleal o
'I[Dhat it shoulpd be idgntical forlihe four fits, aspis indeed the cag)é& The distribution of backgrounds on the sky

to within the errors. Linear regressions between the individuphe average backgroundg as given in Sect. 3.2 are in very

values of the background density give: good agreement for the four different profiles used, as was to
opr = (0.8 0.12)7;, 1 + (-1.6+ 1.6)107°. be expected. The mean of the four values is about? tfils
opr = (0.80£ 0.1y, y oy + (1.5 1.7)107° arcsec 2, and this mean refers to a magnitude limjt raf 19.5.

opx = (0.70£ 0.19)p, 4. + (1.94 2.3)107°. For the same limit, Colless (1989) predicted a background of
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Table 7. Fitted parameters for the de Vaucouleurs models.

ACO re (kpc) B op —2In(L)

0013 1441379  7.46-0.87 5.4:1.4 2399.25
0087 691 7.32 3.3 1626.20
0118 2961778  7.42:1.59 6.5£2.5 1623.77
0119 861210  7.6Qt0.76 3.8£0.3 6969.06
0151 573t260 7.78:0.94 3.8£ 05 4001.32
0168 103%104  7.45-0.60 5.0:0.7 2179.82
0367 1535580  7.7Gt0.83 1.40.8 2043.87
0380 4762 7.03 2.6 1755.37
0514 1752304  7.6Gt0.78 6.4£1.5 2359.24

o
0524 1146403 8.92:0.74  0.9£0.5  1497.69 270
0978 458200 7.82:0.86  3.4:0.3  3564.55
1069 1365411 7.5H:0.89  4.5:0.9  2708.09
2353  119%&582 7.06:0.90 3.0:0.9  1837.85
2362 1721304 8.05:0.92 4.1:0.3  1636.56
2383  1184:576  7.95:0.96  2.70.7  2301.50
2426 1272 7.50 6.4  5045.18
2436  1438:1060 8.72:2.17  7.0t1.3 119554
2480 1161286 7.52:0.58  4.6:1.1  1436.05
2644  1074:311  7.78:0.79  2.5£0.8  1251.41
2717 1971841 659:0.72  2.6t0.7  4859.83
2721 28791043 642051  2.3t13  6149.83
2734 1932:298  7.89:0.70  3.6t05  5277.25
2755 2072655 9.24:0.69  4.0t1.3  3842.03 180°
2764 3165379 7.87055 5.0t1.3  3515.44
2765 146@£840  7.62£1.11  2.0:0.6  1757.91 Fig. 4. The distribution on the sky of the directions towards the 95 clus-
2778 1263 7.51 2.8  1746.40 . _
2799 787L255  7.56:0.33  3.3L0.8  2022.67 ters with b<-30° (see paper Il). For 57 clusters a background density is
2800 1712213 7.80:0.83  3.1:0.8  2051.98 known (circles) and the other 38 clusters for which no background den-
2854 802:266  7.82:0.72  1.20.7  1516.30 sity is known are indicated by crosses. The size of the circles reflects
2871 1608 7.84 04  2310.71 :
2011 2213266 7.18:0.22 6.4t14  2844.38 the background density.
2923 735:207  8.12:0.57  3.0t0.3  1116.00
3009 2302 7.61 6.9  1623.90
3093 1028 6.99 36  1543.57
3094 1406 7:52 54 2909.06 much less complete. Each ENACS pencil beam is indicated by
3111 162352 7.09:043  4.0t05  5848.64 } . X .
3112 2914-309  7.69-0.78  6.2t1.7  2279.38 a circle, and the size of the circle correlates with the valug, of
8122 1655338  7.68:050 3106  6537.58 as found in the fit of a King profile. The clusters witkti80°
3128 1055202 7.510.57 5804  12494.90 . ] .
3141 1971640 7.52-0.62 1.9+3.1 1672.27 for which no COSMOS data were avallable, or for which no
3158 1721255  7.51:0.58 4103 744336 reliable centre positions could be determined are indicated by
3194 1278 7.71 43  1308.64
3202 1454:289  7.66£0.54  4.0t1.4  1652.45 crosses.
3341 1290768  7.69:1.17  2.8:0.9  2240.12 ; ; ;
3705 1311710 768104 s9i38 996 19 _ As can be seen from Fig. 4, therg is some structure in the
3733 1454:158  7.83:0.82 2.4#1.3 118571 distribution of the background values, in the sense that large val-
3764 491235 7.1G:059  4.0t0.3  1757.42 ;
3781 16001226 801182 4300 157849 ues ofoy, appear to cluster on scales of about 20 degrees, which
3806  2162t956 7.08:1.48  13t1.9  3534.43 corresponds about to 100 Mpc for z=0.1. However, around the
3825 092010  7.510.59  7.9:1.2  3804.20 south galactic pole, both high and low background values oc-

3827 2292£327  8.34:0.25 3.5£2.9 2646.07

cur, and this is also the case around B38°, b ~ —46°. The
latter concentration of high backgrounds corresponds to a su-
percluster mentioned in paper I; another, at255°, b ~ —54

3 10°° gals arcsec?. Lilly et al. (1995) and Crampton et al.corresponds to the Horologium-Reticulum supercluster (Lucey
(1995) found, from CFRS data, 5.6 10 gals arcsec? and et al., 1983), that was also mentioned in paper I.

Arnouts et al. (1996) and Bellanger et al. (1995), using Sculptor

data, found a bagkg_r_ound den_sity of 2PQgals arcsec? for 3.4. Which profile fits best?

nearly the same limiting magnitude.

These values from the literature vary between about 2 andBe MLM technique does not provide an absolute estimate of
10-° as do the values of the backgrounds found here. Given the probability that a distribution of galaxies is ‘produced’ by a
large variation in our data for what is supposed to be a uniforeertain type of profile. However, it does allow a comparison of
magnitude limit, one wonders what is the cause of this variatidhg relative merits of different profiles, through tlieelihood
and whether there are correlation between backgrounds fouatio statistic (see, e.g. Meyer 1975). If there are two alternative
in neighbouring directions. hypotheses that we are testing on a single data-setikéie

In Fig. 4, we show the values of, in galactic coordinates hood ratiostatistic allows one to estimate the probability that
for the clusters with k-30°. In the cone thus defined, we havéhe hypothesis with the lowest likelihood is false, under the as-
backgrounds for two-thirds of the ENACS clusters withcz sumption that the hypothesis with the highest likelihood is true.
0.1. We have notincluded the clusters with430°, as for those In practice, one computes the statistie In(L; /L2) from
the availability of COSMOS data for the ENACS clusters ithe values of-21n L given in Tables 4 to 7, for the different
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density profiles, taking one of the values of the likelihood fountdntalizing, although we realize full well that by themselves
for a given data-set as a refererce and comparing that to the none of the likelihood ratios except one or two really indicate a
likelihood L, found for the same data-set and a different profilbighly significant preference for the King profile over the NFW
For large samples, the statisti® In L, / L, has ay? distribu- profile. However, it cannot be excluded that the King profile in
tion with n degrees of freedom, whereequals the number of fact provides a better fit for a majority of our clusters, but that
parameters not restricted by the null hypothesis. the limited statistical weight of the data for most of our clusters,
In the present case, the parameters that are fixed for all desren taken by themselves, prevents a significant demonstration
sity profiles (i.e. the centre position, the ellipticity and positionf that fact. The fact that the King profile is preferred over the
angle) do not contribute to the degrees of freedom of the distrildiFW profile in the central regions is quite interesting, because
tion, andn = 3 because the core-radius (or characteristic radiusyjs result is obtained with smaller numbers of galaxies.
rc, the slope3, and background density, are estimated inde- By combining the galaxy distributions for many clusters
pendently for the different profiles. Note that the central densitye have increased the statistical weight, in an attempt to get a
is nota free parameter, as it is constrained by the normalizatiorore significant answer to the question if certain model profiles
implicit in the MLM technique. fit better than others, and particularly if galaxy distributions in
In general, the likelihoods obtained from the fitting of thelusters have cores or central cusps.
King profile are higher than those obtained from the fitting of
the other profiles: in 37/45, 34/50 and 38/51 cases, respectively, . .
comparing the King profile with the Hubble, NFW and de Vaug—")i' The construction of the composite clusters
couleurs profiles. However, according to tlilkelihood ratio The combination of the galaxy distributions of many clusters to
statistic the differences in the likelihood values obtained froproduce what we will refer to as a composite cluster, requires a
fitting different profiles to the same cluster data-set, are genktof care. In order not to smooth (or produce) possible cusps,
ally not statistically significant (Fig. 5). and to avoid artefacts as aresult of differences in sampling or due
If we set a 95 % significance level for rejection, and take the the superposition of elongated, imperfectly centered galaxy
King profile as our null hypothesis, we do not reject the Hubbdistributions, we have used the following procedures.
profile as inferior to the King profile for any of the clusters. For  First, we must account for the fact that different clusters
one cluster, A3528, the King profile provides a significantlgave different ‘sizes’. If one were certain that all clusters obey
better fit than the NFW profile, and for two clusters (A3128 antle same type of projected galaxy density profile, with differ-
A3141)the de Vaucouleurs profile isrejected. There is, howevent ‘core radii’ to be sure, one could simply put the projected
no cluster for which the Hubble, the NFW or the de Vaucouleutistances between the galaxies in all clusters on the same scale,
profile provides a significant better fit than the King profile. by using the core radius to scale all projected distances before
Most of the individual cluster density profiles, considereddding the galaxy distributions. However, one can also make
on the entire available area, do not allow us to select one of #nease for scaling by, the radius within which the average
four model profiles as the clear favorite and reject the othedgnsity is 200 times the average density in the universe. Ac-
However, in most cases the likelihood of the fit is highest whesording to Navarro, Frenk and White (1997), scaling wildy r
the King model is used. This may well be an indication that otgikes into account differences in mass. In the present discussion,
inability to choose a particular model profile is due more to linwe have produced composite clusters without scaling. Only for
ited statistics than to a fundamental problem with the selectitite comparison between the composite clusters, i.e. for getting
of a best-fitting profile. Moreover, we know that the shapes ah indication which profile best fits the composite clusters (see
the four profiles are very similar in the outer parts of the cluSect. 4.4), we have applied scaling.
ters, beyond 1 or 2 King core radii. The differences between for A second result of the differences in characteristic scale is
example a King and an NFW profile occur mainly in the verghat the observations of the various clusters do not cover the
central parts of the clusters. same aperture, when expressed in core radius. To correct for
We have re-computed the statistiQ In(L,/L;) inside a this, we have applied a slightly modified version of the method
square of 2 King core radii for the King and NFW profiles. Injevised by Beers and Tonry (1986), and by Merrifield & Kent
general, the differences between the fits are more significan{i989). The essence of that method is that one adds a model
the inner regions: 32 out of 50 clusters show a better fit for thentribution to the observed data in the area where a particular
King profile at a confidence level of 9§ while only 6 out of cluster does not contain data, based on its relative contribution
50 yield a better fit for the NFW profile at the same confidenge the area where it does contribute. In practice, we combine
level. This again seems to point to the existence of a core itha& galaxy distributions of the clusters, beginning with the clus-
large fraction of clusters of galaxies. ter with the largest and second largest core radii. We add some
galaxies to the second largest cluster in the area where this clus-
ter does not have data, according to the density profile that was
fitted to the central region. For this ‘extrapolation’ we used the
The resultin Sect. 3.4, viz. that the likelihood ratios for the Kinging-profile fit, but as all model profiles that we used have es-
and NFW profile fits, when taken at face value, all indicate thag¢ntially the same outer logarithmic slope, the result would have
the King profile provides a better fit than the NFW profile is quiteeen identical had we used e.g. the NFW profile fit. This process

4. Density profiles of composite clusters
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Fig. 5. Distributions of—21n L, / L, for the comparison between King and Hubble profiles (left), between King and NFW profiles (centre), and
between King and de Vaucouleurs profiles (right). Negative values indicate that the first profile is preferred. We alsd’si{mn@8ash) and
75 % (short dash) significance levels. We note that for the right histogram, A3141 is out of the range with a value of -25.72.

is repeated for all remaining clusters in order of decreasing core
radius.

In this method there is an evident problem with the back-
ground. When we "reconstruct” the profile as described above
the background galaxies are implicitly, and approximately take
into account. The reason for this is that the galaxies that
added in the outer regions of the smaller clusters, are added i
proportion to the total number of galaxies, i.e. cluster members
plusbackground galaxies. This causes the background to be not
exactly ‘conserved’. However, it is not simple or even possi-
ble to do much better without redshift information. To estimate
the background effect, we will build a composite cluster (see

Sect. 4.3) with only ENACS galaxies, for which the membeFig. 6. Superposition of 4 elliptical clusters with different orientations
ship is clear from the redshift. of the major axes. The intensity of the shading is proportional to the

number of contributing clusters.

4.1.1. The effect of cluster elongation o _ ) _ N
distributed orientations will cause the outer densities to be un-

We have taken the elongation of the clusters into account tigrestimated with respect to the inner ones, which may produce
‘circularizing’ the individual galaxy distributions by increasingan artificial cusp (see Fig. 6).

all projected distances orthogonal to the major axis by the ap- We have checked the importance of the ellipticity correc-
propriate factor, thus ‘expanding’ the distribution parallel to thigon by constructing two artificial composite clusters. Both are
minor axis. For this correction we used the ellipticities frorthe superposition of 50 ‘perfect’, artificial King-profile clus-
Table 1. Even though the ellipticities of most of our clusterters, each containing 100 galaxies in a 1200 kpc square aper-
are not very large, this correction may be important because thee (without background). We assuméd= 1.0 and selected
superposition of elliptical galaxy distributions with randomly,. from a uniform distribution in the (50,150)-kpc interval.
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Log(radius) (kpe) Fig. 8. Superposition of the profiles calculated for composite clusters
Fig. 7. The two artificial composite clusters, each built from 50 ‘perfecthat were built from artificial clusters with NFW-profiles with true
King-profile clusters of 100 galaxies. The profile indicated by circldntres (solid line), with moderate centre shifts (40 kpc: short-dashed
is the result of taking the observed ellipticity distribution, but withoutn®) and large centre shifts (125 kpc: long-dashed line).
applying a correction for ellipticity. The profile indicated by crosses is
the resuIF of adding 50 clusters which are all practically round, makirll(g\ger than 40 kpc, 65 kpc, 85 kpc, 125 kpc and with arbitrary
a correction for ellipticity unnecessary. Errors are shown as dashed an - . . . -
solid lines. orientation. The profiles for the two first artificial composite
clusters are shown in Fig. 8, from which we conclude that there
is indeed a smoothing due to the position errors, but it is very
One composite cluster was made with an ellipticity distributiogimall. Therefore it is very unlikely that our results are seri-
which mimics the observed one. l.e., we assumed 35 clusteisly influenced by it. Actually, a 2-D Kolmogorov-Smirnov
to havee uniformly distributed in the interval (0.0,0.1) and theest indicates that the two artificial composite clusters are indis-
other 15 uniformly in the interval (0.25,0.75). We assumed ptinguishable at a level of about 99%, but this result refers to the
sition angles to be randomly distributed betweérafid 360, whole area, and not just the central part of the clusters. In order
which is fully consistent with the observations. For the firsb quantify the effect of larger shifts, we have compared the
composite cluster, no correction for ellipticity was applied, thguality of the NFW and King profile fitting for the 5 composite
galaxy distributions were simply summed. clusters through the likelihood ratio statistic (see Sect. 3.4). We
For the second artificial composite cluster we also used fiid that the first 3 clusters (shifts of 0, 40 and 65 kpc), are sig-
clusters, again witl = 1.0 and ¢, from a uniform distribution nificantly better fitted by a NFW profile than by a King profile
in the (50,150)-kpc interval. However, in this case, all ellipticat the 9% confidence level. A shift of 85 kpc provides also a
ities were drawn uniformly from the range (0.0,0.1). In Fig. Hhetter fitting for a NFW profile but only at the confidence level
we show the profiles of the two artificial composite clusters. Asf 95%. Finally, for shifts of 125 kpc, we have a slightly better
expected, the composite cluster with the real ellipticity distrfitting for a King profile, even if the difference is not signifi-
bution, and without correction for ellipticity, has a#2xcess in cant. This shows that even if we attribute the entire difference
the very centre compared to the artificial cluster built from abetween our isodensity centres and the ROSAT centres to errors
most round clusters. Adding 15 elongated clusters thus indu@e®ur centre positions (which is certainly an overestimation),
a small but significant cusp. those errors are not likely to have destroyed a potential cusp.

4.1.2. The effect of centering errors 4.2. The COSMOS composite cluster

Whereas neglecting the ellipticity correction produces an arfier the construction of the composite cluster based on COS-
ficial cusp, errors in the central position will tend to destroy (f10S data, we have used the 29 clusters that we also used in
not totally, at least partly) a real cusp in a composite cluster, asr analysis of the Fundamental Plane of clusters (Adami et al.
argued by Beers and Tonry (1986). The magnitude of this effd@98). This subset of 29 clusters was selected from the sample
depends fairly strongly on the ratio of the position errors ard 62 clusters in Table 1 on the basis of the regular character
the core radii. We have tested the effect of errors in the centrfethe galaxy distribution. For these 29 clusters, we have indi-
position for our dataset, using again ‘perfect’, artificial NF\Weated in Fig. 1 the areas that we used in the construction of the
profile clusters. We use 50 perfectly circular clusters with 1@®mposite cluster. It can be seen that these are free from evident
galaxies each. The characteristic radii are uniformly distributedbstructures. In order to quantify this fact, we have applied a
in the range (250,300) kpc. Dressler-Shectman test inside these areas. At a confidence level
We produce five composite clusters, the first with perfeof 5%, there are only 4 clusters among the 29 which show signs
centering and the other with random shifts of the real centreksubstructures: viz. A1069, A2644, A3122 and A3128 %14
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of all the galaxies). If we exclude the Emission Line Galaxit L ]
only A1069, A2644 and A3128 show substructure. The cont
bution of these clusters is certainly minor and we considered ~ ™°[
composite cluster essentially free from substructures. A31
which is classified as multimodal, is included as its main pe
is well-defined. The 29 clusters all have a redshift smaller th
0.1 and at least 10 redshifts in the area within 5 King co
radii. In principle, the latter requirement is not important for tr -
present discussion, but if one adds the 15 regular clusters fi
Table 1 with less than 10 redshifts, the total number of galax
increases by only 13%.

From the 29 clusters with 4735 galaxies, we have cc
structed a composite cluster; in doing so we added 2505 gala: |
in the outer parts of the smaller clusters (see Sect. 4.1), tot ) S — \
duce a cluster with 7240 COSMOS galaxies. The area wh ' Log(radius)
we fit the models on the composite cluster has a radius of €. ) o _
kpc, which is similar to that of the area over which the profiIer'g' 9. The projected density in the composite COSMOS cluster that
of the individual clusters were fitted. For the present disc was produced by scaling all projected distances with the core radii of

. . . . e individual clusters, so the horizontal scale gives he dots give
sion no scaling of projected distances was performed. Altho observed values in bins which contain 20 galaxies each. The dashed

the dispersion of the characteristic scales is not very large (§88s indicate the > interval on either side of the observed values. The
Sect. 3.2), the superposition of galaxy distributions with diffefgil-drawn curves represent the King and an NFW profile.
ent scales may affect the profile of the composite cluster. For

example, adding clusters with identical types of profile with
small and large core radii might produce a cluster which dosSect. 3.2. The agreement is also good if we compare with the
not have the same profile as the individual clusters from whichegerage values for the subsample of the 29 clusters used here
was built. When discussing the question of which type of profitather than for the total sample. For the 29 clusters, the average
best fits the observations (see Sect. 4.4) we will therefore alsdues of3 and . and the value ofo,; are 1.04:-0.08, 115-67
discuss results for composite clusters for which the constitutikge, 1.17-0.56 10°2 for the King-profile fits and 0.6£0.05,
clusters were scaled before adding them. 276+181 kpc, 1.13-0.55 1072 for the NFW-profile fits.
In Fig. 9 we show the result for the COSMOS composite If we restrict the fits to the central region (radius: 300 kpc)
cluster, for which all projected distances were scaled with tbéthe composite cluster (924 galaxies), we obtamn1.02 and
King and NFW characteristic radii of the individual clusters:. = 106 kpc for the King profile and = 0.55, . = 272 kpc
we take the value predicted with the regression line between thethe NFW profile. These values for the central region agree
King and NFW radii. We note here that the relation betwedretter with the values for the individual clusters; this may be
these two radii is well defined (see Sect. 3.2). The profile wpartly due to the fact that the addition of galaxies in the outer
calculated in radial bins which each contain 20 galaxies. Thegions of the clusters hardly affect the central region. But the
dashed lines indicate thedl.range around the observed valuegelative importance of errors in the assumed centre positions or
(the dots). The two full-drawn curves represent the best Kiirgthe core radii determinations is probably larger.
and an NFW fits. It is clear that the observed values within r  We have also made a composite cluster from those 14 clus-
(log r < 0) indicate a flat profile. In Sect. 4.4 we will discussers for which a central position is available from ROSAT, using
the result of a formal test of which of the two model profile beshe latter centre rather than ours. We fit both a King and a NFW
represents the three composite clusters. Looking at this figyseofile in a more central area (radius: 200 kpc) and find a better
one may already get some idea about the outcome of that tefitfor the King profile at the 95% confidence level. The use of
Using the MLM method we fitted both a King and an NFWhe ROSAT centres does not change our conclusion about which
profile to the (unscaled) composite COSMOS cluster. These fit®file fits best.
give: f = 1.00+0.02, r, = 89 + 5 andoy, = 2.00+0.03 103
for the King profile, and? = 0.56 + 0.01, r. = 318 + 34 and
o, = 1.44 £ 0.05 103 for the NFW profile. The value of
of 0.56+0.01 for the NFW-profile is somewhat lower than thén principle, the ENACS data could have been used to make
value one would predict on the basis of thi®r the King-profile independent solutions fog. and 3 for the individual clusters.
fit, using the expected relation between the {#® Imposing Because the ENACS data allow us to select cluster members
8 = 0.67 for the NFW profile, the fit is worse but we obtainhrough their redshifts, the backgrounds would, by definition,
o, = 1.70 103, which is closer to the value found in the King-be zero. However, the ENACS data are limited to the central
profile fit. This shows tha# ando, are correlated. regions of the clusters, and redshifts are not available down tothe
The values ofy, 5 ando,, for the composite cluster are glob-magnitude limit of the COSMOS data. Therefore, the number
ally consistent with the average values found for the 62 clusteffENACS galaxies in a cluster is, in general, too small to make

-2.5F

4.3. The ENACS composite cluster



78 C. Adami et al.: The ESO nearby Abell cluster survey. VII

a reliable fit. By combining the ENACS data for all 21 clustersioderate cusp. The likelihood ratio for thgg-scaling applies
among the 29 for which the ENACS data cover a rectangultara composite of the 7 clusters in which the data extend out to at
area of at least 400 kpc to a side we have constructed an ENAE&st 0.75 4y (this cluster contains 1092 COSMOS galaxies).
composite cluster with 388 galaxies.

MLM fits to this composite cluster yield = 1.00 + 0.05
and . = 91 + 12 for the King profile and3 = 0.51 £ 0.03,
r. = 274 4+ 61 for the NFW profile. When we impose=0.67 Finally we calculate likelihood ratios for different ranges of ab-
for the NFW-profile fit leads to a value of the likelihood that isolute magnitude. The reason for this is that e.g. Carlberg et
a factor 5 worse than the maximum likelihood. It is likely thaal. (1997) claim the existence of a central cusp for the bright
the lower value of3 is, at least partly, due to the fact that thgalaxies in clusters. We use the COSMOS composite cluster
size of the aperture is fairly small compared to the value.of and we fit King and NFW profiles in the central 300 kpc (ra-
for the NFW-profile fit. dius), for different magnitude ranges. We define the following

Although the statistical weight of the ENACS compositd intervals of absolute magnitude, which contain 200 galax-
cluster is much less than that of the COSMOS composite clusteg each: (-22.4,-18.78), (-18.77,-18.03), (-18.02,-17.48) and (-
the results of the 2-parameter, rather than 3-parameter, fit pt@-47,-16.89). The likelihood ratios in these intervals are, +1,
vide strong support for the profile parameters found in Sect. 4-8, —8 and —4, respectively. It is clear that the preference for a
King profile is certainly not shared by the brightest galaxies.

We have tried to estimate the magnitude for which the galaxy
profile seems to change character. Taking narrower intervals,
Using the COSMOS composite cluster, we have again addresadith contain 50 galaxies each, we find that for absolute mag-
the question posed in Sect. 3.4. We use three different versioitades brighter than -18#0.2 the likelihood ratio (or rather
of the composite cluster: one without scaling (as in Sect. 4.2)21n(L,/Ls)) is about 0, while fainter than -18#D.2 we ob-
one in which all projected distance are scaled with the valuestain values between -4 and -8. That bright and faint galaxies do
r. for the individual clusters as derived in Sect. 3.2 (and giverot have the same distribution is not totally new. E.g., Biviano
in Tables 4 to 7), and one in which we scaled with the indivict al. (1996) and Dantas et al. (1997) find that the faint and the
ual values of §y9. The latter were calculated from the ENACSoright galaxies in the Coma cluster and in A3558 respectively,
velocity dispersions, following e.g. Carlberg et al. (1997). Fdrave different distributions. The bright galaxies are very con-
all three composite clusters we have made fits with a King- andntrated around a few specific positions while the distribution
an NFW-profile model. of the faint ones is smooth, and without a cusp.

We thus derived three values for the likelihood ratio
—2In(L1/Ly). These are -17, -17 and -10 for unscaled, 1y Comparison with results in the literature
scaled andy-scaled composite clusters, respectively. Allthree
values are negative, and thus indicate a preference for the Kirgm the discussions in Sect. 3.4 and Sect. 4.4 we conclude that
profile over the NFW profile. The formal associated significantke COSMOS and ENACS data are better fitted by a King profile
levels are 99, 99 and 95 percent. So, at face value, the resulfafmore generally: a profile with a core) than by an NFW profile
Sect. 3.4 is confirmed and amplified: that the majority of oor rather: a profile with a cusp). In other words: our data seem
clusters are indeed better explained by King profiles than tiysuggest a logarithmic slope in the central cluster region that

4.5. The effect of absolute magnitude

4.4, Which profile best describes the observations?

NFW profiles. is flatter than —1. Admittedly, this conclusion is based primarily
The following caveats must, however, be remembered am the composite clusters, and therefore we cannot be sure that
connection with this conclusion. the conclusion is true for all of the individual clusters as well.

First: there is a small smoothing effect due to the errorsin i the other hand, the results of the discussion in Sect. 3.4
centre positions, which we cannot quantify very well (using tieaiggest that the conclusion may well be valid for most of the
best-fit centres is the best that we can do). Secondly, our seladividual clusters. In addition, there is some evidence that the
tion of clusters is certainly not unbiased: we have used the mtinsically brighter galaxies have a more cusped profile than
regular clusters (which in general are among the most masdive fainter ones.
ones). This could produce a sample of well-evolved clusters, In the literature there are several results that seem to be at
which need not be typical of the total rich cluster population a&lds with our first conclusion. Beers and Tonry (1986) argue
far as the galaxy density profile is concerned. Thirdly, the as-g. for the presence of cusps and Carlberg et al. (1997) con-
sumption underlying the composite clusters, namely that whelnded that the CNOC clusters at a redshift0d.3 have galaxy
properly scaled , all clusters have the same profile, may well hensity profiles that are quite consistent with the NFW profile.
a simplification. Finally, the likelihood ratio for the two fits toBoth conclusions are based on composite clusters, and as we
the composite clusters withgy-scaling is least indicative of a discussed in Sect. 4.1 several details of the construction of a
preference for a King profile over an NFW profile. This may beomposite cluster influence the destruction of cusps or their ar-
just a statistical effect, but it might also be an indication that thigicial production. Neither Beers and Tonry, nor Carlberg et al.
absence of scaling, or thg scaling, cause some smoothing duseem to have taken the elongation of the clusters into account.
to incorrect combination of profiles which, intrinsically, have &s we found in Sect. 4.1.1, that may be (partly) responsible for
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Table 8.3 values for different redshifts from the present study and tiae Vaucouleurs-profile fits (certainly for the individual clusters).

study of Lubin & Postman (1996). We therefore conclude that this result is quite robust.
. Quite a few numerical simulations have appeared in the lit-
redshift 0.0&0.05  0.3:0.1  0.6:0.1 0.2 erature from which the average present-day slope of the density

B 1.02:0.08 0.730.17 0.74:0.17 0.68& 0.40 profiles that is predicted as a function of the initial fluctuation
spectrum, the cosmological parameters etc., can be estimated.
In the following, we compare our result ferwith predictions
obtained by Walter and Klypin (1996), Jing et al. (1995), Crone

the appearance of a small cusp. On the other hand, it is ast,c?l' (1994) and by Navarro, Frenk and White (1995).

possible (if not likely) that the differences are largely due to ghifalter and Klypin (1996) simulate a mixed HCDM model _With
fact that our galaxy samples extend to fainter absolute magﬁiCD,M = 06 andQ, = 0.3. The size of the S|mulat|o_n
tudes. We note here that the limiting magnitude of the CN X is between 400 and 500 Mpc and they use the Harrison-

survey (Carlberg et al., 1997) matches well with the valuegivgr?ldOVit’Ch fluctuation spectrum. We will refer to it as the

in Sect. 4.5 for which the King and NFW profiles become equitiCPMwk model.

alent. Navarro, Frenk and White (1995, 1996) simulate a CDM model
Therefore, the apparent disagreement may be largely Y\@_Lh Q= 10 The size of the simulation box is 180 Mpc. We
solved by our second conclusion, viz. that the brighter galaxi&dl refer to it as the CDMnfw model.
have a more cusped distribution than the fainter ones. Incideig et al. (1995) simulate seven scenarios, in 128 Mpc boxes.
tally, this latter conclusion would also seem to indicate that f&ach model gives more than 50 clusters which is very similar
our clusters, the errors in the centre positions are indeed suffi-our real sample. The fluctuation spectrum is the Harrison-
ciently small that they do not erase the cusp in the distributidgldovit'ch one. The models are: a standard CDM model with
of the brighter galaxies. Qq = 1 (SCDM), three flat models witkyy = 0.1, 0.2 and 0.3
The values that we find for. mre consistent with the results(With A = 0.9, 0.8 and 0.7, respectively) (FIO1, FIO2 and FI03)
obtained by Girardi et al. (1995) and Bahcall (1975). Our val@?d three open models wifty = 0.1, 0.2 and 0.3, and\ = 0
for 3 is only moderately consistent with that obtained by LubifPP01, Op02 and Op03).
& Bahcall (1994), who found 0:80.1. This discrepancy may Crone et al. (1994) simulate three models with = 0.1 and
be due to the fact that these authors fit their profile in the ou®2 using different fluctuation spectra: P°, k and K. The
regions (500 to 1500kpc), which may contain substructure. models are three standard CDM ones (SCDMc0, SCDMc1 and
Our values of y andg are local (z< 0.1), and our? value SCDMc2), three flat universes with, = 0.2 and A = 0.8
can be compared with estimates for other epochs. RecentlyF102c0, FI02¢c1 and Fl02c2), three open universes Wifh=
Lubin and Postman (1996) have studied 79 distant clusters frérh (Op01c0, Op0lcl and Op01c2) and three open universes
the Palomar Distant Cluster Survey (PDCS) with estimated rewith €25 = 0.2 (Op02c0, Op02c1 and Op02c2).
shifts between 0.2 and 1.2, where the precision of the redshift All four groups fit 3-D power laws 273> to the outer re-
estimation was 0.2. They foungd + 50 kpc and3 = 0.7 using gions of the clusters, at the present-epoch which corresponds
a King profile. Because they have estimated the backgroundraty well to the redshift range of our clusters. Their values
1.2 Mpc from the centre, their estimate @fis probably not are transformed to 2-D values, as follow$ip = 253’%‘1.
very accurate, and we do not consider the difference betwafs compare these 2-D model values with our observed mean
their and our value for.rto be really significant. Bap = 1.02 + 0.08 for the King-profile fit in Fig. 10.
If one accepts the formal error bars férthe difference in e find that only fairly low values of), produce average
the3 values for distant and nearby clusters would be significaltilues for3,p that are similar to the observed value; this is
If the differences between the valuesidre real, this indicates in agreement with other recent results@f However, not all
a change of the outer slope of the density profile with redshigiv-Q, models produce the observed valuedeh. Taking the
(Table 8), in a way that is consistent with global ideas about ggsults in Fig. 10 at face value, it would seem that not only needs
increase of the concentration of the clusters with cosmologigg| to be small (a few tenths), but it is also not likely that we
time. According to commonly adopted formation and accretigieed to invoke a flat Universe (i.e. a non-zero valueMprThe
scenarios for clusters of galaxies, young clusters have a flaiify exception to this general conclusion seems to be the flat
density profile than older, more evolved clusters. model with§), = 0.2 and a fluctuation spectrum Pg&°.

It should be realized that the conclusion tliat, is best
predicted by lowf), models (and possibly mostly open models
)is based on aratherincomplete range of models. In other words:
From the analysis in Sect. 3.2, Sect. 4.2 and Sect. 4.3 it is clasr cannot exclude models that have not yet been calculated or
that the outer slopes of the galaxy distributions of the indivighublished. E.g. it is too early to firmly exclude HCDM models
ual (and composite) clusters are all very much consistent witlith other fluctuation spectra than the one calculated by Walter
a value of 1.0, for King- and Hubble-profile fits. In additionand Klypin. On the other hand, the data in Fig. 10 seem to
there is satisfactory consistency with thealues for NFW-and suggest that fop the influence of the fluctuation spectrum is

5. Profile slope3 and £2¢
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Fig. 10.Numerical model values and observed values¥ofhe 2 straight lines define the range permitted with the invividual clusters.

quite limited, so our conclusion of a loly model (most likely 1500 L”éfj , with the value most probably in the range 1100 to

open) is probably quite robust. 2200. This yields an estimate 6f, on the basis of our sample
This value o2, from the outer slope of the projected galaxyf 29 local ENACS clusters of 0.2& 0.19. This value is thus

distribution can be compared to direct estimateQobased on quite consistent with the low2, value that we obtained from

cluster masses and luminosities and the field luminosity denstpe outer slopes of the projected galaxy distributions.

Theideais quite simple: one estimates the cosmological volume o ) . .

which contains the same mass as that contained in the cluster,The uncertainty in the ‘dynamica}, estimate is to a large

from a comparison of the luminosity density in the field and tHeXtent due to the large spreadjhratios for our clusters. It ap-

total luminosity of the galaxies in the cluster. This yields theears that the individual values & correlate moderately well

average mass density which yields through division by the With velocity dispersion, in accordance with the result in paper

critical densityp... In practice, the method amounts to calculatV. Expressed i, we find: Q = (3.9+1.1) 102 ¢,/100 +

ing the ratio of thel ratio in cluster to the critical! ratio in (8+157)10°°. If we use the relation between luminosity, scale

the field, and this result does not dependin A recent ap- factor and velocity dispersion that we derived in paper IV we

plication of the method was discussed by Carlberg et al. (1998tain:Q, = (3.2+:0.5) 10 * ¢, % R~°'?, whichiis totally con-

for their sample of 16 clusters at a redshifte0.3. sistent. It thus appears that there is a significant dependence on
We have determined luminosities and velocity dispersiof§/Ster velocity dispersionin the determinatiorffrom clus-

for our sample of 29 ENACS clusters discussed in paper ﬁ@r% ratios, which could easily produce a serious bias towards

The luminosities and dispersions are calculated in an apertlligh values.

of five core radii. We derive_d the proj(_acted virial masses (e.g. ¢ course, we have assumed in this analysis that in clus-

Perea et al. 1990) and obtained teratios for the 29 clusters. 1o g light traces mass. Actually, this assumption is not really

The values Of% of the 29 clusters range from about 100 t@emonstrated, but is commonly used, for example in Carlberg

1000; the average value is 454, the median is 390 and the rolaisl. (1996). One might wonder how this assumption could af-

bi-weight estimate of the mean is 420, in good agreement wittt our last), estimate. However, for the low, clusters, the

the value given by e.g. Bahcall et al. (1995). The local criticatesent estimate is in good agreement with that based on the
% ratio in the field was determined by e.g. Efstathiou et alope of the density profiles, and that gives some confidence
(1988) and Loveday et al. (1992), who find a best estimatetbft a possible bias is probably quite small.
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6. Conclusions with r.., as well as with 4yq. In all three cases we find that the

. . o . King profile provides a better fit to the data than the NFW pro-
We have studied the projected galaxy distributionsin 77 clustes "4t confidence levels of more than 95 %. Interestingly, this
from the ESO Nearby Abell Cluster Survey. The present Sam@?eference is not shared by the brighter galaxies.

is an unbiased subset of the volume-limited ENACS sample, and Finally.

thus forms arepresentative locak®.1) sample of rich (Rco  that 3 is very close to 1.0), in combination with several results

> 1), optically selected clusters. We used both COSMOS apd, humerical models to conclude that the density parameter
ENACS data to test the character of the projected galaxy dist- is jikely to be considerably smaller than unity. In addition,
butions. In particular, we have investigated whether the galay, 4yaijlable models indicate that the Universe probably has an
dlst.rlbutlons in rich clusters have cusps or cores in their centgﬂen geometry (i.e. no closure throulyfs indicated). This low
regions. implied value ofQ, is fully consistent with a direct determina-

We have made maximum Likelihood fits to the observaghn based on thé! ratios of our clusters.
distribution of COSMOS galaxies to solve for the position and
the elongation of the clusters. For 15 of the 77 clusters, no fcknowledgementsThe authors thank Harvey MacGillivray, Hans
liable centre could be determined and these clusters were B@fringer and Doris Neumann for providing data. AM, AB, CA and
considered further. Using the positions and elongations, we shl- acknowledge financial cgntrlbutlons from the French PNC,. from
sequently solved for each of the 62 remaining clusters the thtygu' from IGRAP, from Leiden Observatory and from Marseilles-

. . .Provence University.
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