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ABSTRACT

We present the results of a statistical analysis of structures in the Abell and ACO catalogs of clusters of
galaxies. For both catalogs we have improved upon distance estimates for clusters without measured radial
velocity and we discuss in detail the calibration of the magnitude-redshift relation.

Through a percolation analysis we have obtained catalogs of superclusters at various density excesses: we
analyze their reality and global properties, focusing in particular on the problem of the possible existence of
large peculiar motions of clusters in superclusters. We find (in agreement with recent similar studies) that these
systems do not appear to be preferentially elongated along the radial direction and we derive an upper limit
of ~1000 km s~* for velocity dispersion of clusters in superclusters.

Subject headings: catalogs — galaxies: clustering — galaxies: distances and redshifts

1. INTRODUCTION

With the publication in 1958 of the Abell catalog of galaxy
clusters (Abell 1958, hereafter the Abell catalog) it has become
evident that, like galaxies, rich clusters themselves are not ran-
domly distributed throughout the space, but tend to group
together into larger systems (see Bahcall 1988 for a review).
Several authors have derived catalogs of superclusters and
have studied their properties (e.g., Bahcall & Soneira 1984;
Batuski & Burns 1985a; West 1989; Postman, Huchra, &
Geller 1992). With the recent publication of the southern
extension of the Abell catalog (Abell, Corwin, & Olowin 1989,
hereafter the ACO catalog) a sample of clusters covering
(almost) the whole sky has become available and a comparison
of the selection effects affecting the two catalogs has become
possible (see for example Scaramella et al. 1991; Cappi & Mau-
rogordato 1992).

The aim of the present work is to obtain an all-sky catalog of
superclusters, inside a distance of ~300 h~! Mpc, using the
whole Abell-ACO catalog, through a percolation algorithm
which individuates density enhancements of clusters over the
mean density. After having obtained supercluster catalogs at
various density excesses, we analyze their reality and global
properties, focusing in particular on the problem of the pos-
sible existence of large peculiar motions of clusters in super-
clusters (see Bahcall, Soneira, & Burgett 1986; Soltan 1988;
Huchra et al. 1990; Postman et al. 1992; Rood 1992).

In § 2 we describe the samples and we derive, through a
magnitude-redshift relation, distance estimates for clusters
without measured radial velocities; in § 3 we present our
supercluster catalogs and we describe the method of selection.
In § 4 we analyze the supercluster properties and we compare
them with random catalogs; moreover, we deal with the
problem of peculiar motions in superclusters, through the
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study of both the separations of pairs of clusters belonging to
superclusters and the use of the inertia tensor of each super-
cluster. Finally, in § 5 we summarize our results.

2. THE SAMPLE AND DISTANCE ESTIMATES

2.1. The Abell-ACO Catalog

The Abell catalog of rich clusters of galaxies contains a
total of 2712 clusters north of declination é > —27°. Its
extension (ACO catalog; Abell et al. 1989) contains 1638 clus-
ters south of declination 6 < —17° and completes the sky
coverage. These two catalogs, although similar in many
respects, show however some important differences. A detailed
comparison of the properties of the two catalogs can be found
in Scaramella et al. (1991, hereafter SZVC). Following SZVC
we have eliminated from the ACO catalog all the clusters with
less than 30 members; all these clusters, but one, lie in the
overlap region, thus suggesting that they have been included in
the ACO catalog only because they had been previously found
by Abell and included in the northern catalog. Moreover, we
excluded from our analysis three clusters (A3208, A3833, and
A3897) which are the same objects as A3207, A3832, and
A2462, respectively (see ACO paper). After these exclusions the
ACO catalog lists 1607 clusters.

The percentage of clusters with measured redshift is signifi-
cantly smaller for the clusters of the ACO catalog (245 mea-
sured redshifts out of 1607, corresponding to ~ 15.2%) than for
the clusters of the Abell catalog (829 out of 2712, correspond-
ing to ~30.6%). In compiling our catalog of measured red-
shifts we have heavily relied on the compilation of Struble &
Rood (1991) and on the data of the complete sample (m,, <
16.5) of Postman et al. (1992). In particular, we have paid
attention to correct our data according to Table 2 of Struble &
Rood (1991), which gives a list of redshifts previously assigned
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incorrectly to Abell clusters. These references have been sup-
plemented by additional “sparse” data found in the literature
or through private communications.

2.2. Distance Estimates

In order to study the spatial distribution of the Abell-ACO
clusters, we need distance estimates for clusters without mea-
sured radial velocities. Following what has been done in the
past by various authors and by SZVC, we used the clusters
with measured redshifts to calibrate a magnitude-redshift
relation.

In particular, following SZVC, we have fitted, separately for
the Abell and ACO catalogs, the following relation:

f(z) =log [Dy(z)] + 0.2K(z) = A + Bg(m) + C log (N,), (1)

where D;(z) is the luminosity distance and K(z) is the K-
correction. In the first place we have used for the Abell clusters
K(z) = 1.122z (Postman et al. 1985) and for the ACO ones
K(z) = 4.14z — 0.44z> (Ellis 1983; Shanks et al. 1984; but see
discussion of this point later on). Both relations are appropri-
ate for elliptical and SO galaxies, which are the most likely
morphological types for the brightest members in a rich
cluster; the difference between the two adopted K-corrections
is due to the different plate material used for the search of
clusters in the two catalogs. The quantity g(m) is a function of
the magnitudes corrected for extinction. For the Abell magni-
tudes we have adopted the correction that was originally
applied by Abell; for the ACO catalog we have used the equa-
tion derived by Fisher & Tully (1981). While for the Abell
catalog we have been forced to use g(m) = m,,, m;, being
the only magnitude listed in this catalog, for the ACO cata-
log (which lists m,, m;, and m,,) we have adopted g(m) =
0.5(m3 + my,) (see SZVC). Finally, the last term on the right
side of equation (1), where N, is the number of galaxies of the
clusters as reported in the Abell and ACO catalogs, is a correc-
tion for the so-called Scott effect (see Postman et al. 1985), i.e.,
the fact that richer clusters have systematically brighter M.

The luminosity distance D, has been computed through the
Mattig (1958) expression

D, — & 902+ (o= D/1+2g0z—1) )
L — 2 ’
H, 9o

where we have assumed H, = 100 km s~ Mpc™! and ¢, =
0.5. Different values for g, have small effect (at most a few
percent) at the distances which are of interest here.

Note that, strictly speaking, the coefficient in front of the
K-correction term should be the quantity B and not the theo-
retically assumed value 0.2, so that an iterative procedure
would in principle be more appropriate. However, as long as
the derived value of B differs little from 0.2 (see below), the
difference with respect to the above formula will be a quite
negligible quantity.

We then defined the sample variance estimate as

Nobj

aszample = Z (./;, meas _ﬁ)z/(Nobj - V) ’
i=1

where N,,; is the number of calibrating objects and v is the
number of parameters in the fitted functional relationship (here
v = 3). In fitting the relation we have excluded “discrepant”
clusters, defined as the clusters whose measured redshifts differ
from the estimated ones more than the number of ¢ above
which only 0.25 objects are expected in a Gaussian distribu-
tion. This number of ¢ is 3.61 and 3.29 for the Abell and ACO

1

catalogs respectively, and the excluded clusters are A261, A484,
A536, A2661 (in Abell) and A2539, A2911, A3354, A3593,
A3740, A3742 (in ACO).

After these exclusions we have obtained the following
parameters from the fit

A= —49917 + 0.0830 B = 0.2245 + 0.0055
C =0.1734 + 0.0256
Osampte = 0.1327 N = 825 3)
for the Abell catalog, and
A= —4.5004 + 0.0930 B =10.2001 + 0.0052
C = 0.1453 4+ 0.0355
Osample = 0.1044 N .. = 329 4)

for the ACO catalog.

The errors represent the projections onto the parameter axes
of the 1 ¢ confidence ellipsoid in the (4, B, C) space. Note that
the parameter B differs only by ~12% (in Abell) and ~0.05%
(in ACO) from the theoretical value 0.2, thus justifying the
previous assumption on the coefficient of the K-correction
term. These best-fit parameters are consistent with those
derived by SZVC, although the number of measured redshifts
now available is substantially higher than those used in
SZVC’s analysis.

For what concerns the K-correction term, it is interesting to
note that the inclusion of this term in equation (1), although
requested by the theory, increases by ~10% the sample
variance estimate. This behavior is not a consequence of the
redshift incompleteness: even if we fit relation (1) on the Abell
sample with m;, < 16.5, which is complete in redshift, the case
without the K-correction term still has a smaller 6,pp, -

Equation (1) is correct only if the absolute magnitudes of the
objects which are used in the calibration are constant with
redshift, i.e., can be considered standard candles. In order to
check this assumption, we have plotted the absolute magni-
tudes [M,, for the Abell sample and 0.5(M; + M,,) for the
ACO sample], corrected only for K-dimming, against the mea-
sured redshifts. Although the absolute magnitude, in principle,
should not depend on z, we find that, especially for the Abell
sample, there is a significant correlation between M, and red-
shift, with M, being systematically brighter at higher red-
shifts. This trend is probably due to the combined result of the
presence of the Scott effect, of a Malmquist bias, of errors on
the measurements of faint m,, and possibly of other unknown
selection effects. The existence of this correlation prompted us
to introduce an additional term in equation (1) which empiri-
cally corrects for the observed correlation between absolute
magnitudes and redshift. We then assumed a correction to the
absolute magnitudes which is a linear function of the redshift,
and fitted a new relation:

log [Dy(z)] + 0.2(x + K)z = A" + B'g(m) + C’ log Ny, )

where « is the slope of the absolute magnitude-redshift relation
and K is the linear coefficient of the K-correction term. Hence-
forth we neglect the small contribution of the quadratic term in
the K-correction for the ACO catalog.

The correction to the absolute magnitudes has been
obtained through an iterative procedure. First we have dealt
with the Scott effect, by fitting relation (1) without the K-
correction term and obtaining the parameter for the Scott
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effect correction. Then we have computed the absolute magni-
tudes (corrected only for the Scott effect) and plotted them
versus the redshift (Figs. 1a and 1b). The fact that the observed
trend of the absolute magnitude with redshift is significantly
stronger for the Abell sample suggests that magnitude errors
(whose presence in this catalog was already noticed by Corwin
1974) may be the main reason for the observed relation. The
milder effect seen in the ACO sample is therefore due to the
much more accurate magnitudes, together with the use of an
average of two magnitudes (m; and m,,). Notice also that the
fact that the slope of the absolute magnitude-redshift relation
for the ACO clusters is positive is not due to an opposite
behavior of the correction for the two catalogs: in fact the
slope in Figure 1 corresponds to (K + «) (being the plotted
magnitudes computed without K-correction), and even if « is
negative for both Abell and ACO, in the ACO catalog we have
K > |«], and therefore the slope is positive. This effect can be
seen by comparing the solid lines, which are a linear fit to the
data, with the dashed lines which show the expected relation
between absolute magnitude and redshift induced by the
assumed K-correction only (i.e., o = 0).

After the correction for the Scott effect, we have then substi-
tuted the obtained (K + «) in relation (5), and we have iterated
this procedure, slightly varying (K + «), until the slope of the
absolute magnitude-redshift relation is ~0. The latter condi-
tion is satisfied for (K + o) = —5.15 and +0.5 for the Abell
and ACO catalogs, respectively. By comparing these values
with the originally adopted parameters for the K-correction
(see § 2.2), it results that oy, ~ —6.3 and asco ~ —3.6. The
new absolute magnitude-redshift relations at the end of this
procedure are shown in Figures 2a and 2b. Correspondingly,
the new values of the parameters obtained by fitting relation (5)
are

A" = — 40189 + 0.0562 B’ =0.1644 + 0.0037
C' = 0.1046 + 0.0174
sampte = 0.0899 N, = 825 (6)
for the Abell catalog, and
A = —4.1720 + 0.0838 B = 0.1779 + 0.0047
C’ =0.1253 + 0.0320
=0.0941 Np; = 239 (7

for the ACO catalog. In both cases the “discrepant” clusters
are the same as in the fit of relation (1). Figures 3a and 3b show
zg;, versus z,.. for Abell and ACO catalogs, respectively;
crosses represent the “discrepant ” clusters eliminated from the
fit. In comparing the dispersions 6,y obtained by fitting
equation (5) with those resulting from the fit to equation (1) it is
clear that o,,,,. has decreased for both samples, implying a
better defined fitting relation. This is particularly true for the
Abell sample, whose Osampte has decreased by more than 30%
and is of the same order as that of the ACO sample. For both
samples these new fitting relations appear to hold up to
z~0.2.

Finally, we have analyzed the distributions of the redshift
residuals. Figures 4a and 4b show 10g (Z5;/Zrye) VETSUS Zypye fOT
Abell and ACO catalogs, respectively. In both panels it is
visible, although much more pronounced in Abell, a trend of
the residuals with redshift: the residuals are on average posi-
tive at low redshift and negative at high redshift. Postman et al.
(1985) attributed this distribution of the residuals to contami-

0,
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F16. 1.—Dependence on the redshift of the absolute magnitude M, for the
Abell catalog (a) and 0.5 (M3 + M) for the ACO catalog (b). The magnitudes
are corrected only for Scott effect. Solid lines are linear fits to the data, dashed
lines show the expected relation between absolute magnitude and redshift
induced by the assumed K-correction only (at z = 0 the values of M, = —19
and 0.5(M; + M,,) = —19.5 have been assumed). Crosses (x) represent
“discrepant ” clusters eliminated from the fits.

nation from foreground galaxies either in the redshift meas-
urements (positive residuals at low redshift) or in m;,
measurements (negative residuals at high redshift). Alterna-
tively, we suggest that, although some foreground contami-
nation may well be present in these data, this fact alone is not
the correct explanation for the distribution of the residuals. In
fact, we suggest that the observed trend of the residuals with
Zwe 18 naturally expected any time that residuals (e.g., y,
— Yuue) are plotted versus y,,., where yg, is the result of a
least-square fit of a variable y versus x. In fact, in fitting y
versus x the distribution of the residuals is expected to be flat
when plotted versus yg;, and not versus y,.,. (see Isobe et al.
1990 for a general discussion about linear regression in

T T

. x a) ABELL

-22 -

F1G. 2—Same as Fig. 1 after having applied the (K + «) correction (see
text) to the magnitudes. Solid lines are linear fits to the data. Crosses (x)
represent “ discrepant ” clusters eliminated from the fits.

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1993ApJ...407..470Z

Ny
EI
1
I
;\-I
.8: No. 2, 1993 ALL-SKY CATALOGS OF SUPERCLUSTERS 473
1
:| L T T T T T T 1r T T —
i F ] [
[ [ a) ABELL 1 r b) ACO
[ael} [ L
& ] ]
- el W
u.- hy ‘?:_ r :; ‘.
x X ...'.' v x .'."..‘
o1l x ) .‘e:u ] o1f :.}.{ .-o _-
= G 2% ] - F M . A YT 1
al L \ £ N N7 ) '.-X
. SHT [ e’
®e s [ *ox o o Y *
Ceve ‘." 3 '.:' .
0.01F g 0.01f ; .
T — o * = B—T EE— Y S—T
Ztrue erue

FiG. 3—Plot of z;, vs. z,,,. for the Abell (a) and ACO (b) catalog. Crosses ( x) represent “discrepant ” clusters eliminated from the fit of the magnitude-redshift
relations. Solid lines represent zg;, = z,,..

astronomy). Figures 4c and 4d, where the residuals log (eq. [6] and [7]) to estimate the distance from us of the clusters
(Z53/Z4rue) are plotted versus zg,, clearly demonstrate that this is without measured redshift:
verified for both the Abell and the ACO samples.
D(Mpc) = Ryr = - 90z + (go — (/1 + 290z - 1) ®)
3. SUPERCLUSTERING 0 H, q3(1 + 2) ’
3.1. Separation between Clusters where r is the comoving coordinate distance (computed
Having calibrated the magnitude-redshift relation for Abell through the Mattig 1958 expression) and R, is the scale factor
and ACO catalogs, we have then used the derived parameters at the present time.
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The next step is to compute the comoving distance s which
separates two clusters at redshifts z, and z, and with angular
separation 6. The general method to calculate the distance
between objects separated by arbitrary large redshifts or
angular distances has been derived by Osmer (1981). However,
since approximate expressions (valid only in the low redshift
and/or small angular distance limits) are often used in similar
applications, we briefly describe it here. The main ingredient of
the method is the translation of the coordinate system (in the
Robertson-Walker metric) from the Earth to one of the objects,
using the transformation formula (Weinberg 1972, p. 413, eq.
[14.2.7])

X =X+ a[. /T—kX? —(1—/1- kaz)(Xa;a>:] . 0

where X’ and X are the spatial distance vectors measured from
the new and the old origin respectively, a is the translation
vector as measured from the new origin and k is the curvature
term in the Robertson-Walker metric. The problem of finding
the distance between two clusters simply reduces to translating
the coordinate system on one of the two objects; the distance is
then given by the magnitude of the transformed vector X',
being X the coordinate vector of the second object in the old
system. Note that, being the distances expressed in comoving
coordinates, the derived separation is independent from the
choice of the starting cluster, i.e., the distance computed from
the first to the second cluster is equal to that computed from
the second to the first.

As shown by Osmer (1981), the simplest way to use equation
(9) is to locate each pair of objects in the observer’s (x, y, z)
coordinate frame at (0, 0, r,) and (r, sin 6, 0, r, cos 6), where
r; and r, are the comoving distances of the first and the
second cluster, respectively. With this choice of coordinate
a= (0,0, —r;) and the comoving separation between the two
objects is

s=(r,sin 6,0, r, cos 6) + (0,0, —r,)

x[,/l—kr§+:—2cos9—:—2cos0 l—krf:l. (10)

1 1

Only for g, = 0.5, equation (10) reduces to the standard
Euclidean cosine rule:

Is|=/r?+r3—rrycos 0. an

The comoving separation can then be transformed to a metric
separation in Mpc, at a given time ¢, by multiplying it for the
scale factor R(¢f). In the following, metric separations will be
always referred to the present time.

3.2. Method of Selection

The criterion we adopted to construct our samples of super-
clusters is based on the individuation, through a percolation
algorithm, of cluster density enhancements over the mean
density, at various levels of overdensity f. If in a sphere of
radius r, around a cluster there are N(r < r,) clusters, the local
density 1s

N(r<r,)

4/37tr,3, (12)

nr<r,)=

In the ideal case of a constant cluster density n,, one can define
a local density enhancement as f = (n/n,), where n,, is the mean
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cluster density in the whole sample; it results that in the sphere
of radius r, the overdensity fis given by
N(r<r,)
=—F 13
s 4/3nr3n, (13)

Therefore, a given radius r, will individuate different density
enhancements around different clusters, depending on the local
density. The presence of a single cluster in the sphere of radius
r, individuates the minimum density enhancement

4 -1
fmin = (5 7[7'; nO) (14)
Therefore, for each overdensity f'a percolation radius
4 -1/3
r,= (3 nfn0> (15)

would individuate superclusters with a density enhancement
greater than or equal to f.

Since the observed cluster density is not constant through
the whole sample, but depends on the position in the sky (see
SZVC for a detailed discussion), we have “corrected ” equation
(15) through a selection function

n(b", C) =n, lo—a(cosecIb'll—l)lo—b(sec|C|—1) , (16)

where { =0 — d,, is the zenithal angle, i.e., the difference
between the object declination and the earth latitude of the
telescope site. SZVC derived the parameters ny, a, and b for
both Abell and ACO catalogs (see the parameters for the
volume selection function in their Table 3). Because of the
substantially increased number of measured redshifts now
available for the ACO clusters, we have recomputed the
parameters for the ACO sample; the differences between the
new and the old values are well within the 1 ¢ uncertainties.
Our final adopted parameters for the volume limited samples
are

no = 14.6(+1.2) x 1076 h*> Mpc~3;
a =020+ 0.07;

ny = 25.2(+1.5) x 107¢ k3 Mpc3;
a=032+004; b=0.60+0.18 for ACO.

Therefore for each cluster we use the following variable perco-
lation radius:

b =0.18 + 0.09 for Abell;

4 -1/3
r,= [§ nfn(b", C):| . 17

The fact that, for any given f, r,, being a function of the local
density, is different for different clusters, implies that the con-
struction of the percolation chains is not a unique process; in
fact, given two clusters i and j, separated by a distance r;; and
with r,(i) < r; <r,j), it would happen that the two clusters
are connected in chain when starting from cluster j, while they
are not connected when starting from cluster i. In order to
avoid this ambiguity, we have considered as connected two
clusters only when

r(i) + r,(j
< T D) .
2
Weighting the percolation radius with the inverse of the selec-
tion function may be dangerous in regions where the selection
function becomes excessively small, thus producing very large
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percolation radii. To avoid this problem, we have eliminated
from our analysis those clusters with |b"| < 15°: this implies
the exclusion of A63, A426, A553, A581, A619, A2319 in the
Abell catalog and A3394, A3409, A3410, A3411, A3412, A3463,
A3589, A3602, A3627 in the ACO one. At |b"| = 15° the
average value of the selection function is of the order of 0.25
and 0.10 for the Abell and ACO samples, respectively.

The individuation of superclusters through the presence of
“local” density excesses allows us to use the union of Abell and
ACO catalogs as a single sample: in fact, given f, the variable
percolation radius takes into account the different density of
the two catalogs. The only possible ambiguity is for the clusters
located in the overlap region; we have considered these clus-
ters as being members of the ACO catalog, which in this region
appears to be more complete than the Abell catalog (see
SZVCQ).

3.3. The Superclusters

In order to quantitatively study how the selection of super-
clusters is affected by the assumed value of f, we performed the
analysis for various f, ranging from f> 1.5 to f> 400. The
catalogs for f > 2, 10, 20, 40, 200 are shown in Table 1: column
(1) gives the sequential number of the supercluster, column (2)
the identification number of the supercluster in the f> 2
catalog and column (3) its members; the numbers in italic
denote clusters with estimated redshift. Columns (4) and (5), (6)
and (7), (8) and (9), and (10) and (11), are the same as columns
(2) and (3) for f > 10, 20, 40, 200, respectively. The last two
columns give the correspondence of our superclusters with
those of Postman, Huchra, & Geller (1992, hereafter code
PHG) and Cappi & Maurogordato (1992, hereafter code CM).
Table 1 gives also, for each value of f; two values of r,, (in h™*
Mpc) which represent the percolation radius corresponding to
n(", {) = n, for the Abell and ACO catalogs, respectively:
these values represent the lower limit to r,, being n, the
maximum value that the selection function can assume. Notice
that a direct comparison between our supercluster catalogs
and those of Bahcall & Soneira (1984), for similar f values, is
not possible: in fact, they derived for each cluster a radius r,,
which individuates a given f, but they considered two clusters
as connected if their distance is less than 2r,,, instead of 1r,, as
in our standard percolation procedure. Therefore their values
of f are significantly higher than ours and, on average, must be
scaled down by a factor ~ 8 in order to be comparable to our
density excesses.

The total number of superclusters in our f > 2 catalog is 69,
significantly higher than the number of superclusters listed by
PHG (23 superclusters) and CM (24 superclusters). Most of the
difference is due to the larger areas (and volumes) used in our
analysis. In the overlap area the agreement between our
catalog and the PHG and CM ones is fairly good. Comparing
the three catalogs at f > 2 (although the CM catalog is at
f = 1.9) we see that there is only one PHG supercluster (PHG3)
and two CM superclusters (N2 = PHG3 and N6) which do not
appear in our list: we find both these superclusters at a slightly
lower density excess.

Vice versa, there are some superclusters which appear in our
catalog and are not present in PHG and/or CM lists, even if
their coordinates and distance are within the limits of PHG
and/or CM catalogs. This is mainly due to the fact that in the
percolation procedure we use also clusters with estimated red-
shift; secondly, in regions near the boundaries (both in coordi-
nates and in distance) of the PHG and/or CM samples the
exclusion of clusters just outside the limits can lead to a loss of
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superclusters; finally, especially for low |b" |, our variable per-
colation radius can produce superclusters which PHG and/or
CM miss.

Although a significant number of the listed superclusters has
most of the members with measured redshift, there still is a
non-negligible fraction of possible supercluster members
whose redshift has been estimated through the relations given
in § 2. Since the statistical significance of these systems is obvi-
ously related to the percentage of members with measured
redshift, in the following we will apply our tests both on all the
superclusters and only on those with more than 70% of the
members with measured redshift.

Our supercluster catalogs have been obtained using clusters
of all richness classes, with the only constraint of |b"| > 15°.
We have also limited our catalogs to superclusters with mean
distance (computed as the average of single cluster distances)
smaller than 300 h~! Mpc, because for greater distances the
Abell-ACO catalog is incomplete and the percentage of mea-
sured redshifts decreases significantly. Because of this limit, it is
possible to lose superclusters in going from high to low f: this is
the case for supercluster 46 in Table 1, which is in the f> 10
catalog (with a distance of 286.82 h~! Mpc) but at /> 2 col-
lects new more distant members, so that the mean distance
goes over the limit. For f> 100 we have listed superclusters
with two or more members; for lower density excesses we have
listed only superclusters with three or more members. Because
of this choice, it is possible that a supercluster with two
members, which appears in the catalogs at high f; is not present
in the lists at lower density excesses.

Considering in particular the f > 2 catalog, we summarize in
Table 2 some properties of each supercluster. Columns (1)
through (7) give the identification number, the mean o- and
d-coordinates and the mean distance of the supercluster com-
puted as the average of single cluster coordinates, the number
of clusters and the number of galaxies, which is simply the sum
of the number of galaxies (as listed in the Abell-ACO catalog)
of each cluster, and the percentage of clusters in each super-
cluster with measured redshift. The last three columns give the
maximum extension (in A~ ! Mpc) in «, §, and distance, respec-
tively. These extensions have been computed as the difference
between the maximum and the minimum value of the three
coordinates of all the members, without taking into account
the supercluster shape, and therefore they represent only an
indicative value of the supercluster dimensions.

3.4. Specific Superclusters

There are several studies in the literature dealing with super-
cluster identifications (and their reality), mostly confined to the
northern Abell sample. The first studies to use a well defined
density enhancement criterion are those by Thuan (1980) and
Bahcall & Soneira (1984), however limited, because of the small
number of available redshifts, to small volumes or rich clusters.
Batuski & Burns (1985a) provided a large list of candidate
superclusters from the Abell catalog, but in their study a fairly
large (30 h~! Mpc) percolation radius has been used. This can
lead to the artificial linking of independent systems and to
excessively huge superclusters. It must be stressed that the
physical significance of every supercluster here as well as in all
the other supercluster catalogs must be confirmed through the
detection, in redshift space, of bridges or clouds of galaxies
connecting the different clusters. This up to now is limited to a
few well studied superclusters, as the Hercules Supercluster or
the Perseus-Pisces (which, however, does not appear in the
present list due to its low Galactic latitude).
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TABLE 2

gu GLOBAL PROPERTIES OF THE SUPERCLUSTERS AT f > 2
1
?‘: (distance)¢c (A®),ax (Ad)max (A distance),,,,
SC {aDsc {sc (Mpc) cl Near Zmeas (Mpc) (Mpc) (Mpc)
1/2......... 0"02m58° 31°42'40" 296.4 3 139 33% 12.8 5.3 359
2/2..0...... 029 14 —24 2916 181.6 11 528 100 493 239 409
32......... 106 35 7 0409 128.7 7 356 100 26.3 46.4 18.5
4/2......... 053 00 —11 5200 156.4 3 171 100 18.2 16.6 5.8
S/2..ciieni. 053 18 —0 2640 190.1 3 130 100 11.9 129 18.2
6/2......... 130 50 16 4207 189.1 8 388 100 475 21.7 30.0
T/2......... 148 57 —21933 260.9 11 501 27 39.5 41.7 319
8/2......... 309 56 —24 2330 190.7 4 200 100 5.7 26.8 8.7
9/2......... 542 40 —254530 123.0 4 239 100 15.1 223 302
10/2......... 545 00 —21 2540 259.8 3 194 33 15.2 8.6 20.9
11/2......... 8 48 48 78 54 36 299.3 5 265 0 353 389 278
12/2......... 8 38 34 27 58 00 238.7 3 140 100 5.0 8.7 29.0
13/2......... 93725 —50536 143.5 S 262 100 40.8 320 269
14/2......... 10 18 42 —70750 162.3 6 279 100 232 16.3 26.2
15/2......... 10 26 45 39 5240 267.8 3 163 0 18.7 154 49
16/2......... 10 39 43 91345 1022 4 141 100 16.6 20.3 222
17/2......... 12 57 14 —31 5000 434 6 249 100 35.6 10.8 33.1
18/2......... 11 16 29 29 3900 97.5 5 213 100 6.8 233 13.1
19/2......... 11 27 16 -3 5839 150.2 3 133 100 13.8 1.3 20.9
20/2......... 11 49 19 55 5334 167.6 7 384 100 18.1 24.1 350
21/2......... 11 39 52 12 2359 234.5 4 204 100 16.8 179 2.1
22/2......... 11 47 13 —12445 259.2 4 211 25 6.9 16.4 8.7
23/2......... 12 25 00 14 2110 227.6 6 343 100 325 38.8 475
24/2......... 13 25 32 —32 3236 137.9 25 1856 88 321 55.1 100.3
25/2......... 13 45 16 —26 1300 298.5 3 215 33 10.7 23 5.0
26/2......... 13 44 09 3 4040 2222 3 215 100 10.8 11.2 3.7
27/2......... 13 52 09 27 4620 2135 3 173 100 24.7 6.6 140
28/2......... 1352 13 24 26 30 181.0 6 399 100 10.6 363 15.0
29/2......... 1525 14 304012 206.0 10 626 100 328 32.1 442
30/2......... 1508 11 64420 223.1 3 172 100 1.8 6.9 13.1
312......... 16 06 05 26 0237 102.7 8 489 100 19.9 45.5 30.5
32/2......... 16 14 45 51 1700 168.0 3 142 100 36 14.8 17.6
33/2......... 17 41 17 76 24 50 165.2 6 276 100 17.7 27.6 42.7
34/2......... 18 40 03 69 2424 2539 5 268 100 17.9 89 16.3
35/2......... 21 44 21 —17 06 00 172.8 5 271 100 13.8 17.7 20.9
36/2......... 21 52 38 —6 5920 165.1 3 139 100 16.2 6.3 124
37/2......... 21 56 17 —10 5324 2339 5 324 100 24.5 99 19.9
38/2......... 22 39 24 —17 4040 203.6 3 123 100 11.8 12.8 10.3
39/2......... 23 13 40 —11 2448 2282 5 301 100 40.7 24.2 20.5
40/2......... 23 10 44 —21 3430 2352 4 238 75 6.9 14.2 132
41/2......... 2325 25 14 3345 118.6 4 165 100 13.2 19.9 45
42/2......... 23 35 21 20 4520 2711 3 161 33 74 11.2 14.1
43/2......... 2333 24 22 4540 1725 3 133 100 1.1 20.8 132
44/2......... 05229 —49 0324 73.6 5 211 100 16.1 24.7 309
45/2......... 23 58 20 —62 5340 286.0 3 147 33 9.5 18.8 130
46/2......... 040 46 —29 0330 263.0 4 232 25 12.8 2.5 13.1
47/2......... 058 51 —49 1000 185.7 4 205 75 112 9.5 74
48/2......... 318 43 —50 0140 181.1 18 1063 78 246 534 54.8
49/2......... 343 48 —325315 204.2 4 169 0 16.7 27.1 22.5
50/2......... 350 34 —534920 1119 3 160 100 6.7 53 235
51/2......... 341 6 —330320 2779 3 212 0 8.5 24 1.6
52/2......... 344 19 —33 1800 235.6 4 190 0 12.1 9.3 215
53/2......... 409 50 —63 5200 282.9 3 136 0 11.1 9.6 104
54/2......... 438 44 —34 4807 288.4 9 466 11 370 39.2 47.1
55/2......... 6 37 39 —51 0736 142.8 5 232 60 24.1 134 383
56/2......... 10 02 56 —331520 210.5 3 211 0 21.7 2.6 25.7
57/2......... 11 13 48 —320220 286.7 3 105 0 154 11.3 7.6
58/2......... 11 48 58 —314030 2244 4 198 0 18.8 228 25.1
59/2......... 12 04 36 —-323220 294.9 3 110 0 20.2 5.7 204
60/2......... 12 54 28 —31 5540 220.0 3 135 33 279 18.3 9.9
61/2......... 16 08 16 —83 0740 231.6 3 103 33 52 5.2 23.1
62/2......... 19 55 09 —54 46 40 1532 3 202 100 7.8 129 314
63/2......... 20 31 09 —370920 54.0 3 141 100 12.5 209 9.9
64/2......... 20 30 05 —351942 250.7 10 740 60 13.6 20.5 37.8
65/2......... 21 15 53 —43 4130 237.2 4 151 25 12.7 10.2 358
66/2......... 2126 16 —43 0740 289.0 3 189 0 4.1 33 13.0
67/2......... 21 51 38 —55 4700 2143 9 567 89 329 36.0 23.2
68/2......... 2312 29 —73 0848 2742 5 171 20 24.8 15.2 329
69/2......... 23 44 34 —38 5340 279.8 3 140 33 20.6 6.7 9.6
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In the following we will briefly describe some of the richest
superclusters in Table 2. The superclusters are referred to with
their numbers in the f > 2 catalog (column [2] of Table 1).

SC 2/2 through SC 7/2 are part of the large Pisces-Cetus
supercluster identified by Tully (1986) at a percolation radius
240 h~! Mpc (see also Tully et al. 1992). This supercluster, at
the density contrast considered here, is split into several parts.
SC 2/2 and SC 7/2 are quite rich (11 clusters each); however,
for most of the SC 7/2 clusters the radial velocities are only
estimated. SC 3/2 represents the distant edge of a roughly
spherical void with a diameter of ~40 h~! Mpc (Batuski &
Burns 1988).

SC 20/2 represents the core of the Ursa Major supercluster
as identified by Tully (1987).

SC 24/2 is the so-called Shapley Concentration,® first
pointed out by Scaramella et al. (1989) and described in detail
by Raychaudhury (1989) and Vettolani et al. (1990). This
cluster complex is the richest supercluster known. It is domi-
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nated, at high density, by some dense cores: SC 25/200 with
three members at ~120 h~! Mpc, SC 21/200 with three
members at ~160 h~! Mpc, and SC 8/40 with eight members
at ~140 h~! Mpc. At low density contrast (f > 2) these three
cores connect to each other through a large cloud of clusters,
reaching a total number of 25 members. The Shapley Concen-
tration will be discussed elsewhere (Bardelli et al. 1993, in
preparation) with many new redshift data in the region.

SC 29/2 is the Corona-Borealis Supercluster, whose central
region has been studied in detail by Postman, Geller, &
Huchra (1988).

SC 31/2 is the well-known Hercules supercluster consisting
of two cores, identified at high density contrast (f > 200),
which merge into a single unit at low contrast (f > 2). The
reality of this complex, not only in terms of cluster association
but also as enhancement and segregation of intracluster gal-
axies in redshift space has been amply demonstrated (see
Freudling, Haynes, & Giovanelli 1988, 1992).

SC 41/2 and SC 43/2, at ~120 h~! Mpc and 170 h~! Mpc,
respectively, are the central part of the large filament in
Perseus-Pegasus studied by Batuski & Burns (1985a, b). It is
worth noting that the extension of this filament toward smaller
distances is essentially due to the redshift of A71 adopted by
Batuski & Burns (z = 0.0219): in fact, if one assumes, as we do,
that the redshift of A71 is 0.0717 (Klypin & Kopylov 1983) the
Perseus-Pegasus filament splits into two different super-
clusters. Clearly, measurements of a large number of galaxies in
this cluster as well as in the intracluster field are needed to
assess the reality of the Perseus-Pegasus complex.

SC 48/2 is the Horologium-Reticulum Supercluster first
pointed out by Lucey et al. (1983) and Chincarini et al. (1984),
who studied the density excess of galaxies noticed by Shapley
(1935) in this region. This supercluster extends roughly in
north-south and represents the largest cluster complex in the
southern Galactic hemisphere.

4. SUPERCLUSTER ANALYSIS

4.1. General Properties

Before applying statistical tests to these superclusters, we
have to check their completeness, reliability, and stability. In
order to check the completeness of our catalogs, we have

! Actually Shapley (1930) did not realize that the whole region is an excep-
tionally high cluster density region, but pointed out the exceptionality of one
of the cores (SC 21/200) in terms of galaxy density contrast.

Distance (in Mpc)

F1G. 5—a) Density of superclusters (at f> 2) in 10 shells of constant
volume. The 1 ¢ error bars represent standard Poissonian errors. (b) Percent-
age of clusters with measured redshift as a function of the distance in the
Abell-ACO catalog.

analyzed the density of superclusters in 10 shells of constant
volume, which we report in Figure Sa for f> 2. From this
figure it is clear that the density of superclusters in our catalog
decreases significantly for distances larger than ~240 h~!
Mpc; a similar trend is visible also for the other catalogs with
different f thresholds. The most likely explanation for this trend
is the decreasing percentage of measured redshifts at large dis-
tances (Fig. 5b). The typical 20% uncertainty in the estimated
redshifts introduces a spread in the radial distribution of clus-
ters, thus leading to a loss of recognized superclusters at large
distances.

The reliability of our superclusters has been checked by con-
structing random catalogs of clusters with a uniform volume
density and the same selection functions as the Abell and ACO
catalogs; these catalogs have then been searched for super-
clusters in exactly the same way as the real data. A comparison
between the supercluster lists obtained from the real data and
from the average of 100 quasi-random catalogs, with the
appropriate selection function, is shown in Figure 6. The four
panels of this figure show the supercluster multiplicity func-
tion, i.e., the distribution of the number of superclusters with a
given number of members, for different values of overdensity
(f = 200, 20, 10, 2). For all the values of f, the real catalog yields
a larger number of superclusters with high richness than do the
random catalogs. In particular, at high density excesses
(f> 100) only few binary superclusters are found in the
random catalogs, while the real data show not only a large
number of binary systems, but also triplets. The difference
between real and random data becomes even more evident at
intermediate density enhancements (5 < f < 100), where the
richness range of the real superclusters increases, while the
random systems are substantially triplets at most. For lower
density excesses (f < 2) the number of random triplets becomes
comparable with that found in the real data, thus suggesting
that there is a high probability that, at these density excesses, a
triple system is a random association. In fact, almost all triple
systems in the catalog at f > 2 do not have any correspondence
at higher density enhancements (see Table 1). On the contrary,
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F1G. 6.—Multiplicity function (i.e., number of superclusters with a given number of members) for superclusters at f > 200, 20, 10, 2. Black histograms represent the

results for the average of 100 random catalogs.

almost all triple superclusters found at high density excesses, at
f = 2 are evolved into richer systems. From this comparison, it
is clear that a triplet found only at f > 2 has a high probability
of not being physically bound, but a triple system which is
already present at high density excesses is likely to be the
physical core of a richer supercluster.

Finally, we note two superclusters (the Shapley Concentra-
tion and the Horologium-Reticulum complex) which stand out
as exceptionally rich concentrations at f> 2. The Shapley
Concentration is already evident at the highest density
excesses: the only two superclusters with three members at
f = 200 are in the core of this system, which rapidly grows as f
decreases, until it reaches the number of 25 members for f'> 2.
At this density excess also the Horologium-Reticulum complex
is very prominent: it has only four members at f> 10 but
rapidly grows to 18 members at f > 2. These two systems are
the richest superclusters of our sample and both lie in the
southern hemisphere: for this reason in the following we will
analyze not only the total sample, but also the Abell and ACO
samples separately, in order to better individuate possible dif-
ferences between the two catalogs.

The third “ global ” property of our superclusters we checked
is their stability or robustness. Because of the way the perco-
lation algorithm works, it is possible that two physically unre-
lated superclusters are merged together in a single structure in
virtue of the presence of a single cluster in-between the two
concentrations. To check for this possibility, for each super-
cluster with N, > 4 members we have run N, times the perco-
lation algorithm by excluding each time one of the members. In
the ideal case in which a supercluster would be completely
insensitive to the exclusion of any one of its members, a super-

cluster with N members would appear at the end of this
procedure N, times, each time with N; — 1 members. Figure 7
shows the resulting histogram of AN for the catalog at /> 2,
where AN is the difference between the number of clusters in
the original supercluster and the number of clusters still found
to be members of the supercluster after eliminating one of the
members. If a supercluster breaks into two or more pieces, we

153
S
T
Il

Number of sub-superclusters
T
1

1 R - L — . 3
0 2 4 8 8 10

AN
FiG. 7—Check for the stability of superclusters: AN is the difference
between the number of members in a given supercluster and the number of
members in the greatest sub-supercluster obtained after having eliminated one
of the members (see text for details).
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have considered AN as the difference between N and the
number of members of the richest resulting group. From the
large peak at AN = 1 we conclude that most of the systems are
largely insensitive to the exclusion of any one of their members.
The only interesting exception is the Shapley Concentration,
which is totally insensitive to whatever exclusion except for
that of A3577, which causes a separation of the supercluster
into two substructures of 17 and seven members, respectively.

The fraction of clusters belonging to superclusters as a func-
tion of f is shown in Figure 8 for Abell and ACO samples
separately: this fraction steadily increases as f'decreases and for
f= 1.5 about half of the clusters lie in superclusters. Notice
that this fraction for the ACO sample is always higher than
that of the Abell one, in particular for high density excesses
(larger than 10). This behavior is mostly due to the presence of
the Shapley Concentration in the ACO sample. In the same
figure we also show the average percentage of clusters in super-
clusters resulting from 100 random catalogs: this fraction
FR (SC) not only is always lower than that of the real data, but
also decreases more rapidly as f increases and can be very well
approximated by FR(SC) ~ 0.59/7 185 for 5 <f< 40. Note
that the different slope with respect to that given for the same
function by Bahcall and Soneira [FR(SC) ~ 6.8f '] is due to
the fact that the superclusters in our catalog have N > 3,
while theirs have N, > 2; moreover their density excesses
must be scaled down by a factor ~ 8 in order to be comparable
to ours (see § 3.3). If we include in our catalog also super-
clusters with two members, the above relation becomes
FE(SC) ~ 0.77f°°%, in good agreement with that of Bahcall
and Soneira (FR(SC) ~ 0.85f 1), obtained after having scaled
down their f.

By subtracting the percentage of clusters in superclusters in
the random data from the average (observed) values in the
Abell and ACO catalogs, we obtain 24 + 3%, 24 + 2%, and
20 £+ 2% for f > 1.5, 2, and 5. Taken at their face value, these
numbers suggest that for f < 5 the percentage of clusters in
superclusters, depurated by the random contamination, is con-
sistent with being constant.

Finally we notice that, although the fraction of clusters in
superclusters is quite high at small values of f, the fraction of

1 — - T

0.01}

Fraction of clusters in superclusters

o
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Fi1G. 8—Fraction of clusters belonging to superclusters as a function of f:
(circles) Abell superclusters; (squares) ACO superclusters; (triangles) average of
100 random catalogs. The 1 o error bars represent standard Poissonian errors.
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divided into three richness classes; (circles) R = 0, (squares) R = 1, (triangles)
R > 2. The 1 o error bars represent standard Poissonian errors. For clarity of
representation squares and triangles have been slightly shifted with respect to
the abscissa. (a) Abell catalog; (b) ACO catalog.

the total volume occupied by these systems is still very small
(Bahcall & Soneira 1984; Tully 1987), reaching about the 2%
valueatf > 1.5.

It is also interesting to study the percentage of clusters in
superclusters as a function of richness. Figure 9 is the same as
Figure 8, but with clusters divided into three richness classes
(circles: R = 0; squares: R = 1; triangles: R > 2). From this
figure there is a suggestion that, on average, the richer the
clusters are, the higher is their probability of being members of
superclusters (for f > 5). The only exception (even if within the
1 ¢ error bar) is the R = 0 class for the Abell sample, whose
probability of being members of superclusters appears to be
higher than the R = 1 class at high density excesses (f > 20).

4.2. Velocity Dispersion in Superclusters

The possible existence of peculiar motions in superclusters is
of great interest for galaxy formation theories and for the
determination of the amount of dark matter in these systems.
In 1986 Bahcall, Soneira, and Burgett, examining the distribu-
tion of cluster pairs in the angular and radial direction, claimed
the existence of a strong elongation along the line-of-sight
direction, corresponding to a velocity broadening of ~ 2000
km s~ ! among cluster pairs. But in 1988 Soltan has demon-
strated that the Bahcall and Soneira sample is dominated by
the Corona-Borealis supercluster, which is elongated along the
line-of-sight direction and substantially enhances the mean
amplitude of cluster pair elongations in the radial direction.
The latter result has been confirmed also by Huchra et al.
(1990) and by Postman et al. (1992).

In order to reveal the possible existence of anisotropies in
the orientation of the superclusters we have analyzed the dis-
tribution of the separations between pairs of clusters belonging
to superclusters. We have divided these separations into three
components, along the right ascension (Aa), declination (AJ),
and distance (AR) directions, and we have studied the scatter
diagrams Ao—AR, Ad—AR and Aa—AJ for all pairs of clusters
which are members of superclusters. If peculiar velocities in
superclusters are negligible and if the sample is not dominated

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1993ApJ...407..470Z

JC D407 47072

A

[TO03AQY: - 2407~ J4702

r

484 ZUCCA, ZAMORANI, SCARAMELLA, & VETTOLANI

(AW PR P

20 40 60 80

s
&
2]
E
®
o

20 40 60 80

T T T T

5
;

| FIE P FWWY TR
TS TN FUWE FUY i

20 40 60 80

UL B B L B

¥ FRTE VY FRTE FETh

LLELI NLLELE SRS BLALALSS I

4

T T T T

80 f) ACO

W FEWY P FEWY P
NN FUNY ENNY CUNE SWT

\
20 40 60 80 20 40 60 80 20 40 60 80
S S RAS S ———
80 g) ACO 80 h) ACO
without S.C. without S.C.

60

e FRWE PR NUTY P

S o Lo}
\Y
N
%»
\
\

20 40 60 80
Ao — AR

20 40 60 80
A6 — AR

W SR FUTE SUEE FU N
W NN PR ST W

Aax —

FiG. 10—Contour diagrams of the separations of pairs of clusters belonging to superclusters: the data are binned in square cells of 5 h~! Mpc and slightly
smoothed. In first column Ax (x-axis) vs. AR ( y-axis), in second column AJ (x-axis) vs. AR ( y-axis), and in third column A« (x-axis) vs. Ad ( y-axis) for the Abell (a—c)
and ACO (d-f) catalogs and for the ACO catalog without the Shapley Concentration (g—i). The dashed curve, which represents an arc of a circle with radius of 50 h~*
Mpc, has been plotted to help recognizing the deviations of the data from a circular symmetric distribution.

by structures elongated in a given direction, these scatter dia-
grams should be symmetric.

In Figure 10 we show, through a contour level representa-
tion, the distribution of the pair separations for the Abell (Figs.
10a-10c) and ACO (Figs. 10d—10f) samples at f> 2. For the
Abell superclusters there is no evidence of a preferred orienta-
tion; on the contrary, the ACO diagrams show a strong elon-
gation in the line-of-sight direction. This effect could in
principle be interpreted as a consequence of high peculiar
motions of the clusters. However, the ACO sample is domi-
nated by the Shapley Concentration, which is strongly elon-
gated in the radial direction and very rich: ~38% of the total
number of pairs of clusters in superclusters of the ACO sample
derive from clusters in this concentration. Therefore, we have
repeated the diagrams for the ACO sample without the
Shapley Concentration (Figs. 10g—10i): in these figures the
elongation has almost completely disappeared, thus confirm-
ing that the strong effect seen in Figures 10d—10f was a conse-
quence of the presence of a very rich system elongated in the
radial direction rather than a proof of high peculiar motions in
each supercluster.

However, velocity dispersion of clusters in superclusters may
exist, and therefore we have tried to quantify it through the
histograms of the pair separations N(Aa), N(Ad), and N(AR)
that we show in Figure 11 for the Abell (Figs. 11a, 11b) and
ACO (Figs. 11c, 11d) samples. Once again, there is a clear
excess of large AR and small Ax and Ad for the ACO pairs:
excluding the Shapley Concentration (Figs. 11e, 11f) this effect

is strongly reduced. Notice also that the Ao and Ad distribu-
tions are consistent with each other in the Abell sample (a K-S
test gives a probability of 49% that they are extracted from the
same distribution), but this is not the case for the ACO super-
clusters, neither from the complete sample (P = 4 x 10~ 5) nor
without the Shapley Concentration (P = 5 x 10~4). This effect
is mainly related to the Horologium-Reticulum complex,
whose extension in the § direction is about twice of that in the
o direction. Again, being this supercluster very rich, it strongly
contributes to the total number of pairs. Excluding also this
system from the ACO sample (Figs. 11g, 11h), the Aa and Ad
distributions become consistent with each other (P = 64%).
However a lack of small AR is still evident in these distribu-
tions. This lack can be a consequence of the fact that a non-
negligible number of clusters in superclusters, especially for the
ACO catalog, do not have measured redshift; the increased
uncertainty in the estimated redshifts may well increase the
intrinsic AR distribution. Indeed, eliminating from the analysis
all the superclusters with less than 70% of members with mea-
sured redshifts, the difference between the AR and the angular
(Aa and AJ) distributions almost disappears. The final results
for the total catalog of superclusters with at least 70% of
members with measured redshift, excluding the Shapley Con-
centration and the Horologium-Reticulum complex, are
shown in Figures 11iand 11;.

In order to quantify and/or set limits on the velocity disper-
sion within superclusters, we have convolved the observed dis-
tributions of Ax and Ad, which are unperturbed by peculiar
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motions, with a Gaussian velocity distribution. We have then
varied the width Av of the Gaussian velocity distribution and
determined the range of Av for which these convolved distribu-
tions are consistent with the distribution observed in the radial
direction. Table 3 lists, for each sample, the range of velocity
dispersions which are acceptable (at 5% level) according to a
K-S test. This table summarizes and quantifies the results seen
in Figure 11 and qualitatively discussed above. For the Abell
sample the distributions of radial and angular separations are
consistent with each other even without any velocity broaden-
ing; on the contrary, the ACO sample seems to require a high
velocity dispersion to match the two distributions. However, as
discussed above, this difference appears to be induced by the
orientation of two particularly rich superclusters and disap-
pears after having eliminated them. The final result for the
total catalog (Abell + ACO), and using only superclusters with
at least 70% of members with measured redshifts, is that the
best estimate for the velocity dispersion is ~500 km s~! and
no velocity dispersion is still consistent with the data; the 2 ¢
upper limit for the velocity dispersion is of the order of 1000
km s~ ! (as found by Huchra et al. 1990; Postman, Huchra, &
Geller 1992; Nichol et al. 1992). Moreover, if part of the
elongation of superclusters is due to a geometrical effect (i.e., to
their intrinsic shape), this upper limit should be lowered further
on.

From these considerations it is clear that the previous
analysis suffers an intrinsic bias: the richer a supercluster is, the
higher is its weight. Therefore a single, rich supercluster orient-

TABLE 3

RANGES OF VELOCITY DISPERSIONS FOR CLUSTERS IN SUPERCLUSTERS
(K-S PROBABILITY >5%)

RANGE OF VELOCITY DISPERSION

(km s™')
SAMPLE N(Aa)-N(AR) N(AS)-N(AR)

Abell complete ...................... 0-1100 0-800
ACOcomplete ...................... 1600-2100 1200-1900
ACO without S.C. .................. 1000-1700 200-1300
ACO without S.C.& H.R. ......... 600-1600 700-1600
ACO (> 70% Zpeas)

without SSC.& HR. ............. 0-1300 0-1300
Total (>70% z,,.,s)

without SC.& HR. ............. 0-1000 0-1000

NoT1es.—S.C. = Shapley Concentration; H.R. = Horologium-Reticulum
complex.

ed along the line of sight might lead to the erroneous conclu-
sion that all superclusters are elongated in the radial direction.
An alternative method to study the possible elongation along
the radial direction is that of analyzing the global shape and
orientation of all the superclusters, independently of their rich-
ness. This can be done, following West (1989), by studying the
inertia tensor of each supercluster, under the hypothesis that
these systems are ellipsoids. In order to make this assumption
more realistic, the following analysis was restricted to only
those superclusters with five or more members. Because of the
small number of clusters per supercluster, the derived shapes
are especially sensitive to contributions from “peripherical ”
clusters. In order to reduce this bias, the components of the
inertia tensor were computed (following West 1989) as
Nt x;x;

1 ij = 21: r_z ’ (19)
where x; and x; are the spatial coordinates of a given cluster in
a supercluster (with N_; members) and r is its distance from the
supercluster centre. Diagonalization of the above matrix yields
the three eigenvectors which correspond to the principal axes
and give information on their directionality. Then we have
computed the angles ¢,, ¢,, and ¢;, defined as the angles
between the vector which connects the Earth to the centre of a
supercluster and its major, intermediate, and minor axis,
respectively. If superclusters are randomly oriented in space,
then the values of cos ¢, (and cos ¢, and cos ¢5) should be
uniformly distributed between 0 and 1, with a mean of 0.5.
Therefore an excess of values near cos ¢, ~ 1 could suggest
that there is a tendency for superclusters to be oriented prefer-
entially along the line of sight. Correspondingly, there should
be an excess of values near cos ¢, ~ 0 and cos ¢; ~ 0, always
under the assumption that superclusters are ellipsoids.

In Figures 12a-12¢ we report the distributions of cos ¢,
cos ¢,, and cos ¢5 for the total sample of superclusters at
f> 2. Although there seems to be a suggestion of an excess
towards cos ¢, ~ 1, it is not statistically significant. According
to a K-S test there is a probability of ~16% that the observed
distribution of cos ¢, is obtained from a uniform distribution
(P ~ 3% for cos ¢, and P ~ 31% for cos ¢;). These probabil-
ities increase to ~20%, ~15%, and ~47% for cos ¢, cos ¢,,
and cos ¢ 3, respectively, if we consider only superclusters with
more than 70% of members with measured redshift (Figs. 124,
12e¢). Therefore, also from this test we conclude that there is no
evidence that superclusters are preferentially elongated along
the radial direction.
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a supercluster.

Finally, we note that the use of a variable percolation radius
does not influence our results: we have repeated the perco-
lation procedure with constant radii and the resulting super-
clusters exhibit the same properties we have derived above.

5. SUMMARY

The principal aim of this work has been the construction of
an all-sky catalog of superclusters of Abell-ACO clusters at
consistent overdensity thresholds, and the study of their
properties. The main results can be summarized as follows:

1. We have calibrated a magnitude-redshift relation to
assign distance estimates to clusters without measured radial
velocity. In particular, we have studied the influence of errors
in the original magnitudes and we have taken them into
account in our relations, which are reported in equations (6)
and (7) for the Abell and ACO catalogs, respectively.

2. We have generated supercluster catalogs at various
density excesses f through a percolation algorithm, taking into
account also the selection function of the Abell and ACO cata-
logs.

3. Ranging from high to low f, superclusters steadily evolve
from dense cores of few members to richer structures. In partic-

ular, two superclusters (the Shapley Concentration and the
Horologium-Reticulum complex) stand out as exceptionally
rich concentrations. Comparisons with random catalogs estab-
lish the physical reality of both the binary (and triple) systems
found at high fand the richer structures which appear at lower
density excesses.

4. We have studied the distributions of the separations of
pair of clusters belonging to superclusters. If there are peculiar
motions of clusters in superclusters the distribution of radial
separations should be broadened with respect to that of the
projected separations. In the ACO sample there seems to exist
such an evidence, but this effect is strongly reduced after
having excluded from the sample the Shapley Concentration,
which is very rich and elongated in the radial direction. After
having eliminated “peculiar” superclusters from our sample,
we derived an upper limit of ~ 1000 km s~ for velocity disper-
sion in superclusters.

5. We have studied the inertia tensor of each supercluster
and from its eigenvectors we have derived the orientation of its
principal axes. Also from this analysis there is no strong evi-
dence for superclusters to be elongated preferentially along the
line of sight.
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