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Abstract. We study the spatial distribution of loose groups from the Las Campanas Redshift Survey, comparing it with the
supercluster-void network delineated by rich clusters of galaxies. We use density fields and the friends-of-friends (FoF) algo-
rithm to identify the members of superclusters of Abell clusters among the Las Campanas loose groups. We find that systems of
loose groups tend to be oriented perpendicularly to the line-of-sight, and discuss possible reasons for that. We show that loose
groups in richer systems (superclusters of Abell clusters) are themselves also richer and more massive than groups in systems
without Abell clusters. Our results indicate that superclusters, as high density environments, have a major role in the formation
and evolution of galaxy systems.
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1. Introduction

The first evidence that the large scale structure of the Universe
forms a web-like network of galaxy systems was obtained in
the 1970’s (J˜oeveer & Einasto 1978; Tarenghi et al. 1978). In
the supercluster-void network, superclusters of galaxies with
characteristic dimensions of up to 100h−1 Mpc 1 are the largest
relatively isolated density enhancements in the Universe. As
commonly accepted, superclusters are formed by perturbations
of the same wavelength in the initial density field (Einasto et al.
2001 and references therein).

Superclusters have mainly been studied using the data on
rich clusters of galaxies (Einasto et al. 2001, and references
therein). Properties of superclusters (their shapes and orienta-
tions) have been studied by West (1989), Plionis et al. (1992),
Jaaniste et al. (1998) and Kolokotronis et al. (2002). Already
early studies of the fine structure of nearby superclusters and
of the distribution of matter in low density regions between su-
perclusters (Lindner et al. 1995 and references therein) showed
that superclusters have a complicated structure, where clusters
and groups of galaxies are connected by filaments of galax-
ies. Superclusters may also contain hot gas (Kull & B¨ohringer
1999; Bardelli et al. 2000; Rines et al. 2001; Rose et al. 2002).

At present several deep galaxy surveys are publicly avail-
able. Among these surveys are the ESO Slice Project survey
(ESP, Vettolani et al. 1997), the Las Campanas Redshift Survey
(LCRS; Shectman et al. 1996), the 2 degree Field Galaxy
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1 h is the Hubble constant in units of 100 km s−1 Mpc−1.

Redshift Survey (2dF, Colless et al. 2001) and the Sloan Digital
Sky Survey (SDSS, York et al. 2000). These surveys can be
used to study the structure of a large number of superclusters
in more detail and on larger scales than hitherto possible.

The catalogue of loose groups of galaxies extracted from
the LCRS (LCLGs, Tucker et al. 2000, hereafter TUC) gives
us an opportunity to study the spatial distribution and intrin-
sic properties of loose groups on large scales, up to redshifts
z ≈ 0.15. In the LCRS, galaxies have been observed in 6 thin
slices; thus, in order to use this survey to study the 3D structure
of the Universe, it is necessary to analyse this survey together
with data on rich clusters of galaxies, e.g. Abell clusters. Such
a combined analysis of the spatial distribution of loose groups,
Abell clusters, and superclusters of Abell clusters enables us to
exploit the deep slices to study the fine structure of superclus-
ters and the hierarchy of the structures in the Universe.

In the present paper we found populations of LCLGs in
superclusters of Abell clusters, using density fields and the
friends-of-friends (FoF) analysis of the LCRS. We studied the
properties of these systems and the distribution of LCLGs with
respect to the supercluster-void network, traced by Abell clus-
ters. We also studied the properties of LCLGs in systems that
contain no Abell clusters.

In the next section we describe our LCLG and Abell clus-
ter samples. In Sect. 3 we identify LCLGs that belong to su-
perclusters. Then we study the properties of superclusters and
the distribution of LCLGs with respect to the supercluster-void
network. In the last two sections we give a discussion and sum-
mary of our results.
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2. Observational data

2.1. LCRS loose groups

The LCRS (Shectman et al. 1996) is an optically selected
galaxy redshift survey that extends to a redshift of 0.2
and is composed of six slices, each covering an area of
roughly 1.5◦ × 80◦. Three of these slices are located in the
Northern Galactic Cap and are centred at the declinations
δ = −3◦,−6◦,−12◦; the other three slices are located in the
Southern Galactic Cap and are centred at the declinations
δ = −39◦,−42◦,−45◦. The thickness of slices is approximately
7.5 h−1 Mpc at the survey’s median redshift. Altogether, the
LCRS contains redshifts for 23 697 galaxies within its official
photometric and geometric boundaries.

The survey spectroscopy was carried out using a 50 fibre
multiobject spectrograph with the nominal apparent magnitude
limits for the spectroscopic fields 16≤ R ≤ 17.3, and a 112 fi-
bre multiobject spectrograph with a larger range of apparent
magnitudes (15≤ R ≤ 17.7). Therefore, the selection criteria
varied from field to field, often within a given slice.

Using the FoF percolation algorithm, TUC extracted the
LCLG catalogue from the LCRS. The linking lengths were
chosen so that each group is contained within a galaxy num-
ber density enhancement contour ofδn/n = 80. When extract-
ing these LCLGs, great care was taken to account for the radial
selection function, the field-to-field selection effects inherent
in the LCRS, and the boundary effects due to the fact that the
LCRS is composed of six thin slices. As the derived proper-
ties of the LCLGs in the 50-fibre fields do not differ substan-
tially from the derived properties of the LCLGs in the 112-fibre
fields, the selection effects were successfully eliminated.

The LCLG catalogue contains 1495 groups in the redshift
range of 10 000≤ cz≤ 45 000 km s−1. This is one of the first
deep, wide samples of loose groups; as such, it enables us for
the first time to investigate the spatial distribution and proper-
ties of groups in a large volume.

2.2. Abell clusters and superclusters

We use Andernach & Tago’s (1998) recent compilation of
data on rich clusters of galaxies (Abell 1958 and Abell et al.
1989). From this compilation we selected clusters of all rich-
ness classes out to the redshiftz= 0.13; we, however, excluded
clusters from the generally poorer supplementary (or “S”) cat-
alogue of clusters compiled by Abell et al. (1989). Our fi-
nal Abell cluster sample contains 1665 clusters, of which
1071 have measured redshifts for two or more galaxies. Using
this sample of Abell clusters Einasto et al. (2001) compiled a
catalogue of superclusters of Abell clusters (“Abell superclus-
ters”) and a list of X-ray clusters in superclusters. In the present
paper we use this catalogue as a reference to study supercluster
membership of LCLGs. The X-ray data were also taken from
the lists by Schwope et al. (2000, hereafter RBS) and by de
Grandi et al. (1999). Information on radio clusters has been
taken from Ledlow & Owen (1995).

Fig. 1.Multiplicity function of LCLGs showing the fraction of groups
in systems with at least 2 members as a function of the neighbour-
hood radius. Bold lines: solid line – sliceδ = −3◦, dotted line –
slice δ = −6◦, dashed line – sliceδ = −12◦. Thin lines: solid line:
sliceδ = −39◦, dotted line – sliceδ = −42◦, and dashed line – slice
δ = −45◦. Note the difference between the sliceδ = −6◦ and other
slices.

3. Las Campanas Loose Groups and superclusters

Einasto et al. (2001) identified superclusters of Abell clusters
(“Abell superclusters”) using the FoF algorithm with linking
the lengthR = 24 h−1 Mpc that corresponds approximately to
an overdensity contour of 2. This radius was chosen by study-
ing the spatial distribution of rich clusters of galaxies. This list
helps us to identify Abell superclusters that cross the LCRS
slices. Using the same linking length to search for members
of superclusters among the loose groups links almost 90−95%
of groups (Fig. 1). At the other extreme, by simply identifying
as supercluster members those loose groups that are located
around rich clusters in a sphere of radiusR = 6 h−1 Mpc, as
done by Einasto et al. (2003a), we miss the outer members of
superclusters. Thus we have used additional methods to deter-
mine the system membership. We identified systems of loose
groups and then searched for those systems that belong to Abell
superclusters as described in the following two subsections.

3.1. The FoF approach

To identify systems of loose groups we applied the FoF al-
gorithm to LCLGs from the each Las Campanas slice sepa-
rately using a wide range of linking lengths (or neighbour-
hood radii). Figure 1 shows the fraction of LCLGs in systems
with at least 2 member groups as a function of the neighbour-
hood radius. This figure shows that at a neighbourhood radius
R = 6 h−1 Mpc, 50%–60% of groups belong to such systems.
We chose this radius,R = 6 h−1 Mpc, as our linking length to
identify systems of LCLGs. The same radius was used to search
for populations of loose groups around rich clusters in Einasto
et al. (2003a). A more detailed analysis of the multiplicity func-
tions shows that at this neighbourhood radius richer systems
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(with at least 8 member groups) start to form. This was one of
the reasons to use the neighbourhood radiusR= 6 h−1 Mpc.

Figure 1 shows that the multiplicity function of groups from
the δ = −6◦ slice differs from the multiplicity functions for
groups in other slices. This may be due to the selection effects,
as in the case of this slice all-but-two fields were observed with
the 50-fibre spectrograph, and the selection effects that may de-
crease the number of groups are stronger. Another possibility
is that this slice crosses a region dominated by voids and thus
the number of groups in this slice and the number of superclus-
ters crossed by this slice is smaller (see also Table 1). To check
the first possibility we recalculated the multiplicity functions,
using the neighbourhood radiusR in units of the dimensionless
radius,r = R/R0, whereR0 = [3V/(4πN)]1/3 is the Poisson ra-
dius (the radius of a sphere which contains one particle),N is
the number of particles in the sample, andV is the volume of
the sample. The multiplicity function of the sliceδ = −6◦ still
differed from the multiplicity functions of other slices. Thus
this difference may be at least partly caused by peculiarities of
the large scale distribution of groups in this slice.

Using the FoF technique, we occasionally find that some
LCLGs, which appear to be associated with an Abell superclus-
ter remain isolated even at the linking lengthR = 6 h−1 Mpc.
Thus, to link these quasi isolated LCLGs to the supercluster,
we could use either a variable linking length which would link
these LCLGs to the supercluster system, or we could use an-
other approach to determine system membership.

3.2. The density field approach

As another method to identify systems of loose groups and
to determine membership of LCLGs within Abell superclus-
ters we shall use the density field of the Las Campanas Survey
slices calculated from the LCRS galaxy distribution. Details of
these calculations will be published elsewhere (Einasto et al.
2003c). Here we shall only briefly outline the method.

To calculate the density field we formed a grid of cell size
1 h−1 Mpc and used Gaussian smoothing (Einasto et al. 2003b).
The thickness of the LCRS slices is only 1.5◦; thus we cal-
culated 2-dimensional density fields. To take into account the
thickness of the slice, the smoothed density field was divided
by the thickness of the slice at the location of a particular cell
in real 3D space. In this way the map of the density field is
reduced to that of a planar sheet of constant thickness.

To identify superclusters of galaxies we used the smooth-
ing lengthσsm = 10 h−1 Mpc. Numerical simulations have
shown that this smoothing length is suitable for selecting
supercluster-size density enhancements (Frisch et al. 1995; see
also Basilakos et al. 2001).

The number of superclusters has a maximum for all slices
at the relative threshold density∆0 = 1.5 (Einasto et al. 2003b).
The relative density∆ is expressed in units of the mean density
(∆ ≡ ρ/〈ρ〉), averaged over the whole observed area covered by
a particular slice. For lower∆0 superclusters merge; for higher
∆0 fewer high-density regions are counted. Our analysis shows
that superclusters are still separated at limiting densities around

∆0 = 2.0. This value,∆0 = 2.0, defines compact and rather rich
superclusters.

The density contrast in the large scale environment of su-
perclusters (in the regions around Abell clusters that belong
to superclusters) varies around∆0 = 2.0. Therefore, in order
to identify populations of loose groups that belong to super-
clusters, we use a variable threshold density limit to determine
superclusters. In addition, we use the value of the overdensity
in superclusters as one of the quantitative characteristics of the
systems (Table 1).

In Table 1 we list superclusters, which intersect LCRS
slices. In total we find 19 systems, 16 of which belong to Abell
superclusters and 3 of which are relatively isolated. We denote
the sample of loose groups in Abell superclusters as LCLG.scl,
and the sample of loose groups in high-density systems without
Abell clusters (LG superclusters) as LCLG.lgs.

The colour figures and the three-dimensional dis-
tribution of LCLGs, rich clusters and superclusters
can be seen at the home page of Tartu Observatory
(http://www.aai.ee/∼maret/cosmoweb.html) and via
EDP Sciences (http://www.edpsciences.org).

4. Systems of Las Campanas Loose Groups

4.1. Approximation by the ellipsoid of concentration

Superclusters (Einasto et al. 2001) are not regular systems with
well-defined boundaries but aggregates of quite sparsely dis-
tributed clusters, groups and galaxies with some central con-
centration. To find the boundaries of such superclusters and to
study their shape and orientation we approximate the spatial
distribution of objects (clusters, groups, galaxies) in superclus-
ters by a 3-dimensional ellipsoid of concentration. For such an
ellipsoid we can find the centre, volume and principal axes.
Although in most cases our superclusters do not form a regu-
lar body, these parameters help us to describe the density and
alignments of the elements of large-scale structure.

In the present study we use the classical mass ellipsoid (see
e.g. Korn & Korn 1961):

3∑

i, j=1

(
λi j

)−1
xi xj = 5, (1)

where

λi j =
1

Ncl

Ncl∑

l=1

(
xl

i − ξi
) (

xl
j − ξ j

)
, (2)

is the inertia tensor for equally weighted groups,Ncl is the total
number of groups, andξi = 1

Ncl

∑Ncl

l=1 xl
i determines the Cartesian

coordinates of the centre of mass of the system.
The formula determines a 3-dimensional ellipsoidal surface

with the distance from the centre of the ellipsoid equal to the
rms deviation of individual objects in the corresponding direc-
tion. This method can be applied for superclusters withN ≥ 5.
The problems related to the stability of the method and the in-
fluence of observational errors have been discussed in Jaaniste
et al. (1998).
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Table 1.The data about loose groups in superclusters of Abell clusters and in rich systems without Abell clusters.

NSCL RA D NAbell NALC NX NLCLG ∆ a b/a (ar)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Slice δ = −3◦

88 10.3 175 5 - 23 3.5 22.9 0.49 79
98 11.5 180 3 1 6 1.3 11.1 0.18 84

100 11.3 280 9 3 23 2.6 68.7 0.45 12
126 12.9 240 7 4 3 7 5.8 26.6 0.32 88
155 15.2 280 2 1 3 1.5

slg1 14.6 170 8 2.2 10.2 0.32 67
Slice δ = −6◦

88 10.1 160 5 1 6 4.4 9.2 0.29 64
100 11.3 281 9 1 3 1.6
267 11.9 348 4 1 4 4.1

Slice δ = −12◦

88 10.2 169 5 1 1 2 0.9
119 12.6 272 6 1 1 15 4.3 21.0 0.20 87
141 13.9 198 4 1 1 7 2.7 12.9 0.38 62
156 15.1 308 2 1 10 2.5 27.1 0.36 40
274 13.8 248 2 1 3 3.0

slg2 11.6 219 8 3.3 9.3 0.86 31
Slice δ = −39◦

5 0.3 328 5 2 4 2.2
8 0.6 182 3 1 2 2.6
9 23.5 275 25 4 14 2.4 49.6 0.41 53

22 0.9 335 6 1 2 1.0
23 1.1 216 2 2 11 1.8 26.4 0.33 72
37 2.0 287 5 1 1 1.6
48 3.4 180 35 4 24 4.2 47.5 0.58 21

220 23.9 144 3 1 3 1.7
Slice δ = −42◦

9 23.3 252 25 1 2 3.7
37 2.0 289 5 2 2 1.2
48 3.4 180 35 1 9 4.8 20.4 0.29 55

182 21.5 205 6 4 18 2.5 34.0 0.37 30
222 0.2 255 2 2 4 3.2

Slice δ = −45◦

48 3.4 190 35 4 2 14 4.3 25.5 0.47 63
182 21.6 188 6 1 5 2.1
183 21.2 270 2 2 9 2.5 25.1 0.29 2
197 22.6 252 11 2 6 2.3 14.4 0.26 64
206 22.9 342 4 1 4 3.6

slg3 1.3 250 8 3.0 9.35 0.67 79

The columns in the table are as follows:
Column (1): The supercluster number from the catalogue of superclusters of Abell clusters by Einasto et al. (2001).
Columns (2): The RA of the supercluster (hours).
Columns (3): The distance to the supercluster (inh−1 Mpc).
Columns (4): The number of Abell clusters in the supercluster.
Column (5): The number of Abell clusters in the part of supercluster inside the LCRS slice.
Column (6): The number of X-ray clusters among Abell clusters in this part of the supercluster that is inside LCRS slice.
Column (7): The number of LCLGs in the supercluster region.
Column (8): The maximum relative density in the supercluster region,∆, in units of the mean density.
Column (9): The length of the largest semiaxisa of the ellipsoid of concentration of LCLG superclusters (inh−1 Mpc).
Column (10): The ratio of semiaxisb/a of the ellipsoid of concentration.
Column (11): The angles between line-of-sight and the large semiaxisa of LCLG superclusters (in degrees).
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Fig. 2. The angle between the line-of-sight and the large semiaxes of
the LCLG superclusters (Table 1). The diagonal corresponds to the
uniform distribution.

In the case of contemporary deep surveys as the LCRS,
where the galaxies with measured redshifts cover only a nar-
row slice, the shape of the ellipsoid strongly depends on the
parameters of the survey. For a thin layer it is possible to use
a 2D approximation, ignoring the third coordinate (in our case,
the declination). Since the geometry of slices is far from a
plane-parallel sheet we shall use the 3D algorithm to approxi-
mate the shapes of systems. In this way we get 3D objects that
correspond to the 3D “slices” cut from the larger 3D superclus-
ters (Abell superclusters).

In Table 1 we present some parameters of the ellipsoid of
concentration for all systems composed of at least 6 LCLGs.
In Fig. 2 we plot the distribution of angles between the line-
of-sight and the large semiaxes of the LCLG superclusters
(Table 1). The diagonal corresponds to a uniform distribution.
The systems are moderately elongated (the mean axes ratio 3:1)
and show a tendency to be oriented perpendicularly to the line
of sight. The same tendency has been found for Abell super-
clusters (Jaaniste et al. 1998).

4.2. LCLGs and Abell superclusters

Here we describe shortly the most prominent Abell superclus-
ters crossed by the LCRS slices.

The most prominent Abell supercluster crossed by the
Northern LCRS slices is the supercluster SCL126 in the di-
rection of the Virgo constellation (Fig. 3). Four Abell clusters
of total seven member clusters of this supercluster are located
in the Las Campanas sliceδ = −3◦ within a sphere of a diame-
ter of about 10h−1 Mpc. Three of these four clusters are strong
X-ray sources. The fifth X-ray cluster in this supercluster is
Abell 1750, but it is located outside the slice. This cluster is a
merging binary cluster (Donelly et al. 2001). Four Abell clus-
ters in this supercluster are radio sources. Such a concentration
of rich optical, X-ray, and radio clusters in one supercluster in
a very small volume makes SCL126 one of the most unusual

Fig. 3.The distribution of Abell clusters (open circles), Las Campanas
Loose Groups (triangles) and LCRS galaxies (stars) in the region
of the supercluster SCL126 along line-of-sight, with shape ellipses.
Open circles denote Abell clusters, triangles – LCLGs, stars – LCRS
galaxies.

superclusters currently known. There are three LCLGs in the
central area of the supercluster. All these groups are unusually
rich. Table 1 shows that the local density in the area of this
supercluster is the largest in the whole survey,∆ > 5.

Another rich supercluster in this slice is the superclus-
ter SCL100 with 9 member Abell clusters (the supercluster
Leo A). The members of this supercluster are very close to
the LCRS slices being located almost all in one plane. Three
member clusters lie in the sliceδ = −3◦, and one in the slice
δ = −6◦. Altogether there are 26 loose groups from the LCRS
in this supercluster. However, the properties of this superclus-
ter differ from those of SCL126. There are no X-ray clusters
among these clusters. One cluster, Abell 1200, is a radio source.
The distances between the Abell clusters in this supercluster are
quite large, and this supercluster resembles rather a filament of
clusters. Table 1 shows that this filament-like supercluster is
located almost along the line-of-sight.

A part of the Sextans supercluster (SCL 88) is seen in
all three Northern slices. The Abell cluster members of the
Sextans supercluster closest to the LCRS slices are A978 (the
sliceδ = −6◦), and A970 (the sliceδ = −12◦, this is an X-ray
cluster). In the sliceδ = −3◦ 23 groups form a system that is
an extension of this supercluster. The groups themselves in this
extension are relatively poor – the richest loose group here has
NACO = 29, being poorer than Abell clusters of richness class
R= 0.

Another supercluster, seen in the sliceδ = −12◦, is the su-
percluster SCL119. Its member cluster Abell 1606 is an X-ray
source and is associated with three loose groups.

The most prominent supercluster crossed by all Southern
LCRS slices (and one of the richest superclusters known) is
the Horologium-Reticulum supercluster (SCL48), 47 LCLGs
being associated with this supercluster (Fig. 4). This superclus-
ter contains two X-ray clusters and a number of APM clusters
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Fig. 4. The distribution of Abell clusters and Las Campanas loose
groups in the region of the supercluster SCL48 (the Horologium-
Reticulum supercluster) in supergalacticYX (upper panel) and
YZ (lower panel) coordinates in Mpc. Filled circles denote Abell clus-
ters, open circles – LCLGs from the sliceδ = −39◦, crosses – LCLGs
from the sliceδ = −42◦, and×’s – LCLGs from the sliceδ = −45◦.
The Abell numbers of the richest Abell clusters in this supercluster are
given (see text).

(Einasto et al. 2002b). One concentration of Abell clusters and
LCLGs in this supercluster is centred on the very rich Abell
cluster A3135 (the richness classR = 2, the sliceδ = −39◦)
that is associated with 7 loose groups. Another concentration of
clusters in the Horologium-Reticulum supercluster is crossed
by the sliceδ = −45◦. The richest Abell cluster in this region
is Abell 3112, an X-ray and radio source. However, the richest
concentration of LCLGs in this slice is located around another
member cluster of this supercluster, Abell 3133 (the richness
classR = 0). A third concentration of groups and clusters in
this supercluster is located around the Abell cluster 3128 (Rose
et al. 2002) at the distance of about 40h−1 Mpc from the clus-
ter Abell 3135. This concentration, however, lies outside the

boundaries of the LCRS slices. All these concentrations are
connected by filaments of galaxies, groups and clusters that
surround underdense regions (see also Rose et al. 2002).

Another very rich supercluster crossed by the LCRS slices
is the Sculptor supercluster (SCL9). There are five Abell clus-
ters in the region of the LCRS slices from this supercluster, 4 in
the sliceδ = −39◦ and 1 in the sliceδ = −42◦. Altogether there
are 16 loose groups near these rich clusters in this supercluster.

The supercluster SCL23 in the sliceδ = −39◦ consists of
two Abell clusters, Abell 2860 (a radio source) and Abell 2911.
There are 11 LCLGs in this region. This supercluster is seen
in the ESP survey as a very strong density enhancement in
the galaxy distribution (Vettolani et al. 1997). This super-
cluster separates two voids, each of which have diameters of
about 100h−1 Mpc. On opposite sides of these voids are the
Horologium-Reticulum and the Sculptor superclusters.

The Southern slicesδ = −42◦ andδ = −45◦ cross the super-
cluster SCL182. All 6 member Abell clusters of this superclus-
ter are located in these slices. The cluster A3809 is an X-ray
source.

4.3. Rich systems of loose groups only

Rich systems (superclusters) of LCLGs (Table 1) contain at
least 8 LCLGs for the linking length 6h−1 Mpc and have no
Abell clusters.

One system consisting of 8 loose groups is located in the
slice δ = −3◦ in the void separating the Abell superclusters
SCL 88 (Sextans), 126, and 155.

Another such high-density system of loose groups is lo-
cated in the sliceδ = −12◦ at a distance of about 220h−1 Mpc.
The closest Abell cluster to this system is Abell 1317, that lies
at a distance of about 15h−1 Mpc from the richest group in this
system, LCLG-12 092. This supercluster has a “spider-like”
appearance.

In the sliceδ = −45◦ there is a system of 8 loose groups
located between voids at a distance of about 250h−1 Mpc.
An about 100h−1 Mpc void separates this system from the
Horologium-Reticulum supercluster. There are some galaxy
systems in this void, but no rich clusters or superclusters. This
system resembles the Great Wall, a rich filament of galaxies
and groups of galaxies connecting superclusters.

The existence of supercluster systems that contain only
LCLGs and separate huge voids of diameter of about
100h−1 Mpc agrees with the earlier findings by Einasto et al.
(1997) and Frisch et al. (1995). These earlier studies found that
huge voids in the supercluster-void network are of similar size,
about 100h−1 Mpc, but the properties of void walls range from
those of poor superclusters to very rich superclusters contain-
ing tens of rich (Abell) clusters.

5. Properties of LCLGs in different systems

Let us now compare the properties of LCLGs in Abell su-
perclusters with the properties of LCLGs in rich systems of
LCLGs containing no Abell clusters (LCLG.scl and LCLG.slg,
respectively; the sample LCLG.slg includes also the outer
members of SCL88 in the sliceδ = −3◦).
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Table 2.Median and upper quartile (in parentheses) values of LCLG properties.

Sample Ngroup Nobs NACO σlos log Mvir log Ltot

km s−1 h−1M� h−2L�
(1) (2) (3) (4) (5) (6) (7)
LCLG.scl 204 4.5 (8.0) 15.5 (25.0) 215 (290) 13.45 (14.05) 11.15 (11.65)
LCLG.slg 47 4.5 (7.5) 9.5 (15.2) 175 (280) 13.25 (13.70) 10.95 (11.20)

LCLG.all 1495 4.0 (5.5) 16 (25.0) 164 (270) 13.20 (13.75) 11.10 (11.45)

The columns are as follows:
Column (1): Sample identification (see text).
Column (2):Ngroup, the number of LCLGs in the sample.
Column (3):Nobs, the observed number of LCRS galaxies in groups.
Column (4):NACO, the group Abell counts.
Column (5):σlos, the group rms line-of-sight velocities (in units of km s−1).
Column (6):Mvir , the virial mass of a group (in units ofh−1 M�).
Column (7):Ltot, the total group luminosity in the LCRSR-band (in units of solar luminosity (h−2 L�)).

Several physical properties have been calculated for each
group in the LCLG catalogue (TUC). These include the ob-
served number of group member galaxiesNobs, the line-of-sight
velocity rmsσlos, the virial massMvir , the total luminosityLtot,
and the Abell countsNACO. We refer to TUC for details of how
these properties were estimated. In Table 2 we give the values
of these properties for loose groups from different systems, as
well as for the total sample of LCLGs.

Two measures of a group’s richness are its observed num-
ber of galaxies,Nobs, and its Abell count,NACO, calculated tak-
ing into account the selection effects (see TUC). We see that if
we use these estimated Abell counts as a measure of the group
richness, loose groups in Abell superclusters tend to be richer
than loose groups in systems without Abell clusters. Only the
two richest groups in the sample of systems of loose groups,
LCRS.slg, have the Abell counts larger than 30 – this popula-
tion consists of intrinsically poor loose groups. In contrast, in
the population of loose groups in Abell superclusters the mean
Abell countNACO = 20 and more than 15% of loose groups
haveNACO larger than 30. The richest group in this sample has
the Abell countNACO = 120, equivalent to a richness class
R= 2 cluster.

Additionally, let us take as an example the Abell superclus-
ter SCL222 that consists of two Abell clusters and is probably
completely embedded within the LCRS sliceδ = −42◦. In this
supercluster alone there are 4 loose groups, and three of them
are richer thanNACO = 30 – richer than any group from the
sample of loose groups from systems without Abell clusters.
This may indicate that, although the local density of groups
is rather high in the systems without Abell clusters, all loose
groups in these systems are intrinsically poor. This is a hint
that the absence of Abell clusters in these systems is due to the
poorness of individual groups in these region and not due to
possible incompleteness in the Abell catalogue.

The Kolmogorov-Smirnov test shows that the differences in
the distribution of group richnesses between the two samples
are statistically significant at the 90% confidence level.

The rms line-of-sight velocity of loose groups,σlos, in the
Abell superclusters is about 1.2 times larger than that of loose
groups from systems without Abell clusters (LCRS.slg). There

are no loose groups in this population with the rms velocity
larger thanσlos = 425 km s−1. The Kolmogorov-Smirnov test
shows that the differences in the distribution of group rms ve-
locities between the two group samples are statistically signifi-
cant at the 99% confidence level.

Comparison of virial masses of loose groups,Mvir , shows
that loose groups in Abell superclusters have masses that are
about 1.6 times larger than masses of loose groups in sys-
tems without Abell clusters. The Kolmogorov-Smirnov test
shows that the differences in the distribution of group virial
masses between the two samples are statistically significant at
the 75% confidence level.

The total luminosities of groups,Ltot, show that loose
groups in Abell superclusters are about 1.6 times more lumi-
nous than loose groups in systems without Abell clusters. The
Kolmogorov-Smirnov test shows that the differences in the dis-
tribution of group luminosities between the two samples of
groups are statistically significant at the 95% confidence level.

In order to study how far the environmental enhancement of
loose group properties extends, we calculated for loose groups
in Abell superclusters the distance to the nearest Abell cluster.
In Fig. 5 we plot the rms line-of-sight velocities of loose groups
in superclusters against the distance to the nearest Abell clus-
ter in a supercluster. This figure shows a decrease in the ve-
locity dispersions of loose groups with an increase in the dis-
tance to the nearest Abell cluster. Enhancement of properties
of loose groups extends quite far from Abell clusters, up to
about 15−20 h−1 Mpc. At distances larger than approximately
20h−1 Mpc (in our sample these loose groups are distant mem-
bers of the supercluster SCL 48, the Horologium-Reticulum
supercluster), this phenomenon becomes weaker.

The loose groups from an outer population of the super-
cluster SCL88 in the sliceδ = −3◦ lie at distances of about
16 h−1 Mpc from the nearest Abell cluster in this supercluster
(this Abell cluster is seen in the LCRS sliceδ = −6◦). The
nearest Abell cluster to the loose groups in the LCRS.slg1 sys-
tem is located at a distance of about 30h−1 Mpc. Likewise, the
nearest Abell clusters to the loose groups in the LCRS.slg2 and
LCRS.slg3 systems are at distances of about 15h−1 Mpc and
about 35h−1 Mpc, respectively. Thus, groups not belonging to
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Fig. 5. The rms line-of-sight velocities of loose groups in Abell su-
perclusters against the distances from the nearest Abell cluster in a
supercluster. The open circle represents LCLG-12 163, that is located
at an end of a filament centred on an Abell cluster from SCL119.

superclusters or those groups which are outer members of su-
perclusters do not show environmentally enhanced properties
as do the inner members of superclusters.

To summarise, these results extend the environmental en-
hancement of mass, velocity dispersion, and luminosity of
loose groups in the vicinity of rich clusters of galaxies found
by Einasto et al. (2003a) to the loose groups within Abell su-
perclusters. This effect is absent in systems which contain no
rich clusters. We found indications that this effect is also absent
in the case of loose groups from outer parts of superclusters.

6. LCLGs and the supercluster-void network

The large scale distribution of Abell clusters and superclus-
ters was described in Einasto et al. (1997). In particular, it was
shown that 75% of very rich superclusters are located in the
so-called Dominant Supercluster Plane (DSP) that crosses the
Local Supercluster Plane at almost right angles and consists of
chains of superclusters and voids between them. Let us now
study the distribution of LCLGs with respect to Abell super-
clusters and the Dominant Supercluster Plane.

Figure 6 shows the distribution of Abell clusters and the
location of the LCRS slices with respect to the supercluster-
void network. The Las Campanas slices cross several rich su-
perclusters in the Dominant Supercluster Plane: the Sculptor
supercluster and the Horologium-Reticulum supercluster in the
Southern sky, and the Leo A supercluster in the Northern sky.
The Southern slice atδ = −39◦ goes almost through the DSP.
Of the Northern slices, the slice atδ = −3◦ is closest to
the DSP; the other Northern slices cross the voids between su-
perclusters. The Northern slice atδ = −6◦ crosses the region
most devoid of galaxies and galaxy systems. This may be one
of the reasons why the number of LCLGs in this slice is much
smaller than the number of groups in other slices.

7. Discussion

7.1. Selection effects

The LCRS observations were performed in a fixed apparent
magnitude interval and therefore galaxies fainter or brighter
than the survey limits are not included in the survey. Thus
groups consisting of faint galaxies can be detected only in the
nearest regions of the survey. With increasing distance, groups
containing fainter galaxies gradually disappear from the sam-
ple. This effect was discussed in detail in Einasto et al. (2003a)
and in Heinämäki et al. (2003). In Fig. 7 we show the distance-
dependent selection effect for loose groups from different sys-
tems. Figure 7 shows that this distance-dependent selection
effect affects loose groups from different systems in a simi-
lar way.

In addition, in Fig. 8 we plot the maximum relative super-
cluster densities from Table 1 against the distances of super-
clusters. This figure shows that there is no distance-dependent
bias for supercluster densities. This means that the selection ef-
fects have been taken into account properly when determining
the density field superclusters.

Einasto et al. (2003a) and Hein¨amäki et al. (2003) dis-
cussed several selection effects that could affect the properties
of loose groups. We analysed the properties of loose groups
in high density regions around rich clusters and showed that
selection effects cannot artificially enhance the properties of
loose groups in high density regions.

In Einasto et al. (2003a), Einasto et al. (2003b) and Einasto
et al. (2003c) we discuss also several other distance-dependent
selection effects. Our analysis of properties of groups in a wide
range of environments (not just in high density environment of
superclusters) shows that groups of lower luminosity tend to
be located in lower density environment (as shown earlier by
Lindner et al. 1995) at all distances.

7.2. Sizes and orientations of superclusters

Table 1 shows that the lengths of the largest semiaxes of super-
clusters as determined by LCLGs are of order of 25h−1 Mpc.
This value is close to the minor semiaxes of Abell superclus-
ters determined using triaxial ellipsoids (Jaaniste et al. 1998).
This estimate of the sizes of superclusters is in accordance
with the scales found in the power spectrum of galaxies. At
scales of about 30−60h−1 Mpc the power spectrum of galaxies
from deep surveys indicate a possible presence of a “wiggle”
– an excess near these scales and a minimum at larger scales
(Silberman et al. 2001; Percival et al. 2001). Gramann & H¨utsi
(2001) interpreted this scale as a scale that corresponds to a size
of a typical supercluster (Jaaniste et al. 1998).

The orientation of superclusters with respect to the line-of-
sight has an excess of systems oriented perpendicular to the
line of sight. In Jaaniste et al. (2003) we found a similar ten-
dency of orientations in the case of superclusters of LCLGs
determined using the FoF method and a neighbourhood radius
R = 12 h−1 Mpc. In a recent study of the 2dF survey Peacock
et al. (2001) found evidence of recessional velocities caused by
a systematic infall of galaxies into superclusters. Our results on
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Fig. 6.Upper panel: the Abell clusters in equatorial coordinates. Filled circles show the Abell clusters located in superclusters of richness 8 and
more members, open circles mark the Abell clusters in less rich superclusters. Solid lines show the location of the LCRS slices, dashed lines –
the location of the Dominant Supercluster Plane. Lower panels show intersections of supercluster ellipsoids with the LCRS slices

the orientations of superclusters may be evidence of the same
effect.

Moreover, the supercluster SCL126 in the direction of the
Virgo constellation can be interpreted as an example of such
infall. In this case the ellipsoids calculated using data on Abell
clusters, loose groups and individual galaxies were shown
above (Fig. 3). In all cases the ellipsoid with the axes ratio
about 1:4 is located perpendicularly to the line of sight. Jaaniste
et al. (1998) found that this is one of the flattest and thinnest
superclusters, being located almost perpendicularly with re-
spect to the line of sight. This may be an evidence of the
“squashing effect” of infalling galaxies into superclusters be-
fore turnaround or beginning of the relaxation (Kaiser 1987),
accompanied by merging and other processes that cause X-ray
and radio radiation from clusters in this supercluster (Sect. 4).

7.3. Individual superclusters

The LCRS slices are, in general, too thin to contain completely
a whole supercluster, as traced by Abell clusters. However,
the core region of the supercluster SCL126 is located in the
slice δ = −3◦. In this region the concentration of Abell and
X-ray clusters and Las Campanas loose groups and galaxies in
very high. Superclusters like SCL126 may be detected though
the Sunyaev-Zeldovich effect in surveys like the forthcoming
Planck mission.

Fig. 7. Luminosities of LCRS loose groups from superclusters of
Abell clusters (filled circles) and from systems without Abell clusters
(open circles) (in units of solar luminosityh−2 L�) versus the distances
of the groups (inh−1 Mpc).

Such a high concentration of clusters has been observed
so far only in a very few superclusters. Among them are the
Shapley supercluster (Bardelli et al. 2000) and the Aquarius
supercluster (Caretta et al. 2002). A very small number of such
a high density cores of superclusters is consistent with the
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Fig. 8. Maximum relative densities in superclusters (Table 1) versus
the distance of a supercluster. Filled circles correspond to superclus-
ters of Abell clusters, open circles – to systems without Abell clusters.

results fromN-body calculations which show that such high
density regions (the cores of superclusters that may have started
the collapse) are rare (Gramann & Suhhonenko 2002).

In the case of the Horologium-Reticulum supercluster
(SCL48) the LCRS data trace rather well two of the three con-
centrations of galaxies determined in this supercluster, using
data on rich clusters (see also Rose et al. 2002).

The supercluster SCL100 is also located almost inside the
sliceδ = −3◦. However, in contrast to SCL126, the local den-
sity in the region of this supercluster is not high. With its elon-
gated shape this supercluster resembles a filament. Such long
filament-like superclusters have also been detected inN-body
calculations (Faltenbacher et al. 2002).

7.4. Large scale structure

In Jaaniste et al. (2003) we compared the smoothed den-
sity field of the Las Campanas Redshift survey calculated by
Einasto et al. (2003c) using data on galaxies, with intersections
of supercluster ellipsoids in the same regions. The intersection
ellipses coincided well with the densest regions of the density
field. In other words, the superclusters can be well traced using
both the LCRS data and the Abell cluster data.

We note that the LCRS slices cross the supercluster-void
network at such an angle that the 120h−1 Mpc scale that
characterises the distribution of rich clusters and superclusters
(Einasto et al. 1994) is not clearly expressed, and we see a
smaller scale (of about 100h−1 Mpc) as an excess in the corre-
lation function of LCRS (Tucker et al. 1997) instead.

7.5. Properties of groups in superclusters

We showed that loose groups in Abell superclusters are more
massive and luminous and have larger velocity dispersions than
loose groups in systems without rich clusters. Our study ex-
tends the environmental enhancement of the mass and rich-
ness of loose groups in the vicinity of rich clusters of galaxies

described in Einasto et al. (2003a) to larger scales up to about
15−20h−1 Mpc from rich clusters in superclusters.

These results are in accordance with those by Einasto et al.
(2003b) who used a larger sample of groups and clusters from
the Sloan survey to show that groups and clusters in high den-
sity environments have higher luminosities than those in low
density environments.

Our results describe one aspect of the hierarchy of sys-
tems in the Universe, earlier characterised using the sizes of
voids determined by different objects (Lindner et al. 1995;
Arbabi-Bidgoli & Müller 2002).

Several recent studies of the correlation function of nearby
groups of galaxies show that properties of groups of galaxies in
high density regions are different from properties of groups on
average (Giuricin et al. 2001; Girardi et al. 2000; Merchan et al.
2000). Stronger clustering is an indication that these groups
could be located in the high density regions of superclusters
(Einasto et al. 1997; Tago et al. 2002).

Additionally, several studies of clusters of galaxies have
provided evidence that properties of rich clusters depend on
their large scale environment (Einasto et al. 2001; Plionis &
Basilakos 2002; Schuecker et al. 2001; Chambers et al. 2002;
Novikov et al. 1999) up to a distance of about 20h−1 Mpc. This
distance is close to the so-called “pancake scale” (Melott &
Shandarin 1993), and corresponds to the mean thickness of su-
perclusters (Einasto et al. 1994, 1997; Jaaniste et al. 1998). This
distance is also close to that up to which the environmental en-
hancement of loose groups hase been detected in the present
study.

Suhhonenko (2002) has demonstrated using different
N-body simulations that in simulated superclusters more mas-
sive clusters are located in the central regions of superclusters.

Gottlöber et al. (2002) and Faltenbacher et al. (2002)
analysed high-resolution simulations of formation of galaxies,
groups, and clusters and found a significant enhancement of the
mass of haloes in the environment of other haloes. This effect
is especially significant at scales below 10h−1 Mpc. Therefore,
environmental enhancement of the halo mass is a direct evi-
dence for the process of the hierarchical formation of galaxy
and cluster haloes.

8. Conclusions

We studied the Las Campanas loose groups in superclusters of
Abell clusters. We described the superclusters that are crossed
by LCRS slices, and the large-scale distribution of the LCLGs
in the supercluster-void network.

Our results show that the orientation of superclusters, as de-
termined by LCLGs, has an excess of systems oriented perpen-
dicularly to the line-of-sight. The Las Campanas loose groups
in superclusters are richer and more massive than loose groups
in systems that do not belong to superclusters. The data about
galaxies, loose groups and rich clusters show that the super-
cluster SCL126 has a very high density core containing several
X-ray clusters. This supercluster is located almost perpendicu-
larly in respect to the line-of-sight. We assume that this may be
due to infall of galaxies into the supercluster.
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Our study indicates the importance of the role of superclus-
ters as high density environment which affects the properties
(formation and evolution) of galaxy systems.
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