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Abstract. We have studied the properties of Las Campanas Loose Groups (Tucker et al. 2000) in the neighbourhood of rich
(Abell, APM and X-ray) clusters of galaxies. These loose groups show strong evidence of segregation measured in terms of the
group richness and the group velocity dispersion: loose groups in the neighbourhood of a rich cluster are typically 2.5 times
more massive and 1.6 times more luminous than groups on average, and these loose groups have velocity dispersions 1.3 times
larger than groups on average. This is evidence that the large-scale gravitational field causing the formation of rich clusters
enhances the evolution of neighbouring poor systems, a phenomenon recently established in numerical simulations of group
and cluster formation.
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1. Introduction

On large scales galaxies and clusters form filamentary super-
clusters, leaving the space between these filamentary structures
almost devoid of galaxies. Superclusters and voids form an ir-
regular pattern, which we call the supercluster-void network
(Einasto et al. 2001 and references therein). The fine struc-
ture of superclusters, as well as the distribution of matter in
low density regions between superclusters, can be studied us-
ing catalogues of galaxies and of poor systems of galaxies
(Lindner et al. 1995). Early wide-field catalogues of galax-
ies and groups, however, contained only nearby objects (see
references in Tucker et al. 2000, hereafter TUC). This has
changed recently: several deep surveys of galaxies are now
available and can be used for studies of the large scale struc-
ture of the Universe in greater detail and on larger scales than
ever before. Among these surveys are the ESO Key Program
Survey (Vettolani et al. 1997), the Las Campanas Redshift
Survey (LCRS; Shectman et al. 1996), the 2 degree Field
Galaxy Redshift Survey (2dFGRS) (Colless et al. 2001) and
the Sloan Digital Sky Survey (York et al. 2000). On the basis of
these and other surveys several deep catalogues of groups have
been compiled recently: a catalogue of groups from the ESO
Key Program Survey (Ramella et al. 1999), CNOC2 groups
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(Carlberg et al. 2001), and groups from the publicly available
data of the 2dFGRS survey (Merchan & Zandivarez 2002).

In this paper, we investigate the environments surrounding
the Las Campanas Loose Groups (LCLGs), a catalogue of 1495
loose groups extracted from the LCRS survey (TUC). This cat-
alogue provides an opportunity to study the space distribution
and the properties of loose groups on large scales, out to dis-
tances of 450h−1 Mpc.

Rich clusters of galaxies represent high density enhance-
ments in the distribution of galaxies. Therefore, using sam-
ples of rich clusters and of neighbouring loose groups, we can
study the possible influence of high density environments on
the properties of loose groups. In order to pursue this study,
we have investigated properties of LCLGs in the vicinity of
rich clusters of galaxies, including clusters from the Abell and
APM catalogues, X-ray clusters, and even a set of the richest
groups from the LCLG catalogue itself. We have then com-
pared the properties of these dense-environment LCLGs with
those of typical LCLGs1.

In the next section we describe the samples used. In Sect. 3
we extract samples of loose groups near rich clusters, and in
Sect. 4 we will study the properties of these loose groups. In
the last section we will discuss and summarise of our results.

1 The three-dimensional distribution of LCLGs and rich clusters
can be seen by visiting the home page of the Tartu Observatory
(http://www.aai.ee/∼maret/cosmoweb.html).
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2. Observational data

2.1. LCLGs

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

Survey spectroscopy was first carried out via a 50 fibre
multiobject spectrograph, and the nominal apparent magnitude
limits for the spectroscopic fields were 16.0 ≤ R ≤ 17.3.
Partway through the survey, the spectrograph was upgraded to
112 fibres, which permitted a selection of galaxies over the
somewhat larger range of apparent magnitudes of 15.0 ≤ R ≤
17.7. For the sake of efficiency, each LCRS spectroscopic field
was observed only once; fields which were observed with the
50-fibre spectrograph were not re-observed. Therefore, the se-
lection criteria varied from field to field, often within a given
slice.

Using a friends-of-friends percolation algorithm, TUC ex-
tracted the LCLG catalogue from the LCRS. The linking length
parameters were chosen so that each group is contained within
a galaxy number density enhancement contour ofδn/n = 80.
In extracting these LCLGs, great care was taken in order to ac-
count for both the radial selection function and the field-to-field
selection effects inherent in the LCRS. This care is evident in
that the derived properties of the LCLGs in the 50-fibre fields
do not differ substantially from the derived properties of the
LCLGs in the 112-fibre fields (see TUC for details).

The LCLG catalogue contains 1495 groups in a 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 space distribution and properties
of groups in a large volume.

2.2. Abell-class groups from the LCLG catalogue

We chose the first sample of rich clusters from the LCLG cat-
alogue itself. TUC have calculated an estimate of the Abell
countsNACO for each group. Among these groups we choose
those loose groups withNACO ≥ 30, which corresponds to an
Abell richness class ofR= 0.

However, this sample may be affected by selection ef-
fects. The study of the mass function of LCLGs (Hein¨amäki
et al. 2003) shows that the sample of loose groups from TUC
is complete in the case of groups with masses exceeding
1013.5−1014 M�. Thus in order to obtain a complete sample of
Abell-class groups from the LCLG list, we excluded from the
sample of Abell-class groups all groups with masses less than
1013.8 M�, leaving 56 Abell-class LCLGs.

The advantage in using this sample is that these clusters
have been determined in the same way as the other groups

in the catalogue. Thus, their measured properties can be eas-
ily compared with those of other LCLGs without the need
to contend with various unknown inter-catalogue systematics.
Furthermore, all the neighbours of Abell-class loose groups
from the LCLG list are true neighbours, and not mere posi-
tional coincidences between rich clusters and loose groups.

2.3. Abell clusters and superclusters

We use Abell’s catalogue of rich clusters (Abell 1958; Abell
et al. 1989), exploiting Andernach & Tago’s (1998) recent com-
pilation of all published redshifts for Abell cluster galaxies.
This compilation contains all known Abell clusters with mea-
sured redshifts, based on redshifts of individual cluster galax-
ies, and redshift estimates of clusters according to the formula
derived by Peacock & West (1992), for both Abell catalogues
(Abell 1958; Abell et al. 1989). We omitted from the compi-
lation all supplementary, or S-clusters, but included clusters of
richness classR = 0 from the main catalogue. From the gen-
eral Abell cluster sample we selected all clusters with mea-
sured redshifts up tozlim = 0.13; beyond this limit the fraction
of clusters with measured redshifts becomes small. Our sample
contains 1663 clusters, 1071 of which have measured redshifts.
We consider that a cluster has a measured redshift if at least one
of its member galaxy has a measured redshift. In cases where
the cluster has less than three galaxies with measured redshifts,
and the measured and estimated redshifts differ by more than
a factor of two (| log(zmeas/zest)| > 0.3), the estimated redshift
was used. In this compilation the redshifts of Abell clusters in
the region of the LCRS were corrected taking into account the
redshift data from the LCRS itself. As a result, in the present
study only one Abell cluster has no measured redshift, and this
cluster (Abell 2031) is located outside the LCRS borders.

Note that some Abell clusters matched to LCLGs by TUC
are absent from our list. TUC used an angular separation crite-
rion to match Abell clusters with LCLGs (∆θ < 12 arcmin),
whereas physical separation criteria are used here (∆s <
6 h−1 Mpc, as described in the next section). However, the main
reason for the absence of some clusters is that loose groups
were determined in a narrower redshift range than the whole
survey (10 000≤ cz≤ 45 000 km s−1, while the whole survey
extends up to redshifts of about 60 000 km s−1). Nearby and
distant clusters that fall within the survey boundaries were of
course not included in the present study. Note also that some
of the rich clusters that have nearby LCLGs are actually lo-
cated outside of the borders of LCRS slices. Altogether there
are 64 Abell clusters used in the present study, 34 of them are
of richness classR= 0.

The sample of Abell clusters is described in more detail by
Einasto et al. (2001), where we present an updated catalogue
of superclusters composed of Abell clusters.

2.4. X-ray selected cluster samples

We also use X-ray clusters found in the ROSAT All-sky Survey
(RASS, Trümper 1993). On the basis of RASS, several cata-
logues of X-ray selected galaxy clusters have been prepared.
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In the present paper we shall use these samples of X-ray
clusters for which the sample volumes are intersected by
LCRS slices:

1. Clusters from the all-sky ROSAT Bright Survey of high
galactic latitude RASS sources. A detailed description of
the data is given in Voges et al. (1999), and the catalogue
of X-ray clusters, AGNs, galaxies, small groups of galaxies
and other objects is described in Schwope et al. (2000). We
shall refer to this sample as the RBS sample;

2. A flux-limited sample of bright clusters from the Southern
sky (de Grandi et al. 1999; see also Guzzo et al. 1999 and
Borgani & Guzzo 2001).

All 14 X-ray clusters in the present study have measured red-
shifts. For details we refer to Einasto et al. (2001).

2.5. APM clusters

The APM cluster catalogue (Dalton et al. 1997; hereafter D97)
was derived from the APM galaxy catalogue (Maddox et al.
1996), which itself was extracted from plates scanned by the
Automatic Plate Measuring (APM) Facility.

The D97 APM cluster catalogue contains 957 clusters, of
which 374 have measured redshifts. The redshifts of APM
clusters in the region of LCRS were corrected taking into ac-
count the redshift data from LCRS. In Einasto et al. (2002)
we analysed selection effects in the APM catalogue and found
that in the case of APM clusters with estimated redshifts, their
space density is artificially enhanced at distances of about
300−350h−1 Mpc due to selection effects. This property may
affect our present analysis. Therefore we decided to use in
the present study only those APM clusters with measured
velocities.

The APM cluster catalogue contains clusters which are typ-
ically poorer than clusters in the Abell catalogue, and have a
higher space density. The APM clusters with measured red-
shifts are less affected by projection effects than Abell clusters
(see Einasto et al. 2002). In what follows below, 55 APM clus-
ters provide an additional hunting ground for LCLGs.

For consistency with TUC and our earlier studies of super-
clusters we calculated distances to groups and clusters using
the following formula (Mattig 1958):

r =
c

H0q02

q0z+ (q0 − 1)(
√

1+ 2q0z− 1)

1+ z
; (1)

wherec is the velocity of light,H0 is the Hubble constant,
andq0 is the deceleration parameter. As in TUC we useH0 =

100 h km s−1 Mpc−1, and q0 = 0.5. Modern data suggest
a model with cosmological constant, which gives about 10%
larger distances than the high-density model used previously.

3. Populations of LCLGs around rich clusters

To extract samples of loose groups near rich clusters we
searched for LCLGs in spheres around rich clusters using a
wide range of neighbourhood radii.

The lower limit of the search radius is determined by the
virial radii of the rich clusters and the harmonic radii of the

Fig. 1. The estimate of virial radii of Abell clusters (inh−1 Mpc),
against the richness values of these clusters. Open circles: clusters
with virial radii from literature (see text). Dots: estimate of virial radii
for Abell clusters in our sample.

loose groups. For most rich clusters in our samples virial radii
are not available. It is possible to estimate virial radii of clusters
using the data about their velocity dispersions (Carlberg et al.
1996) or richness (Mazure et al. 1996). However, the scatter
of such estimates is very high; moreover, these estimates are
only (relatively) reliable for clusters of richness classR ≥ 1,
whereas about half of the Abell clusters in our samples are of
richness classR= 0.

Thus, we used another approach. We applied virial radii for
some Abell clusters in our sample determined by Girardi et al.
(1998). These radii are plotted against cluster richness values
in Fig. 1. We estimated virial radii for other clusters in our
sample using these data and cluster richness values, keeping
in mind that we only need estimates of these radii in order to
estimate the lower limit of search radius for loose groups near
rich clusters. Figure 1 shows that neighbours closer than ap-
proximately 1.6 h−1 Mpc should not be included into our sam-
ple. The three richest Abell clusters have larger virial radii es-
timates, but these clusters do not have very close neighbours
among loose groups (the closest neighbour group is located at
a distance of 2.7 h−1 Mpc from the centre of one of these clus-
ters). We used this limit, 1.6 h−1 Mpc, in the case of all samples
of rich clusters. Additionally, we checked the harmonic radii
of loose groups. The loose groups included into our sample all
have harmonic radii less than half the distance between a rich
cluster and the loose group.

An upper limit of the search radius is determined by the
large scale distribution of LCRS galaxies and loose groups in
the region of rich clusters. When we increase the search radius,
then at certain radii we begin to include into our sample loose
groups that are separated from rich clusters by voids. Thus if
we simply increase the search radius we obtain populations of
groups that actually may not be related to rich cluster. If we
want to study the loose groups in the neighbourhood of rich
clusters at large radii, we should analyse the region of each
cluster individually, and take into account the large scale distri-
bution of galaxies and groups. For the present study we found
that an appropriate upper limit for the radius of the neighbour
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search is 6h−1 Mpc. By using a search radius of 6h−1 Mpc
we obtain a population of loose groups that surround rich clus-
ters and lie within the same high density regions (i.e., within
the same superclusters). In some cases, rich clusters within a
search radius of 6h−1 Mpc are actually located outside of the
borders of LCRS slices.

Additionally, we checked for possible line-of-sight align-
ments between loose groups and rich clusters using the follow-
ing test. For a given rich cluster, we searched within a narrow
cone for any neighbors within a±6 h−1 Mpc line-of-sight dis-
tance from the cluster’s location. If there were neighbours in
this cone, then in order to be included into the final list of neigh-
bours the distance between the rich cluster and a loose group
had to be at least 3.2h−1 Mpc (i.e., twice the original search
radius limit described above). With this procedure, the largest
number of neighbours excluded from the initial sample – 20 –
was among the neighbours of APM clusters. According to the
loose group richnesses and velocity dispersions, fifteen of these
loose groups were possible matches with the APM clusters. In
the case of Abell clusters there were six neighbours excluded
in this way, which were probable matches between Abell clus-
ters and loose groups (taking into account the parameters of
those groups). Around X-ray clusters, as a result of this test we
excluded three neighbours from the final sample. And finally,
we excluded seven neighbours of Abell-class loose groups lo-
cated along a line-of-sight with these groups. This procedure
excluded all the groups within 2h−1 Mpc of the centre of a rich
cluster.

In this way we have defined our samples of loose groups
which neighbour rich clusters. To aid our analysis, we have also
defined for each of these test samples a corresponding compar-
ison sample consisting of all those loose groups which donot
neighbour a rich cluster. We excluded from these comparison
samples all loose groups that are within±6 h−1 Mpc of a rich
cluster.

We denote samples of LCLGs as follows:

– The sample of groups around Abell-class LCLGs is de-
noted by LCLG.LG (the corresponding comparison sample
by LCLG.cmp.LG);

– The sample of groups around Abell clusters is denoted
by LCLG.Abell (the corresponding comparison sample by
LCLG.cmp.Abell);

– The sample of groups around APM clusters is denoted
by LCLG.APM (the corresponding comparison sample by
LCLG.cmp.APM);

– The sample of groups around X-ray clusters is denoted
by LCLG.X (the corresponding comparison sample by
LCLG.cmp.X).

The lists of LCLGs around Abell, APM and X-ray clusters are
given in Tables A.1, 1 and 2.

4. Properties of LCLGs in the vicinity of rich
clusters

Next, we compare the properties of LCLGs in the cluster envi-
ronment with the average properties calculated for the compar-
ison samples for each sample under study.

Table 1.The list of LCLG systems around APM clusters.

NAPM α δ D NLCLG Near
(1) (2) (3) (4) (5) (6)

Slice δ = −39◦
53 00 20 −38 21 328.1 8, 9 N

160 01 15 −38 13 218.6 39 N
162 01 15 −36 51 213.2 37 N
172 01 23 −39 43 242.6 44
173 01 23 −38 11 223.9 46, 49
413 03 32 −39 15 172.4 116, 117, 122 N
415 03 32 −38 57 177.9 111, 114, 122, 123
414 03 32 −39 34 287.0 115
654 21 15 −39 47 163.9 169 N
677 21 30 −38 47 365.4 171, 174 N
800 22 34 −39 23 207.6 198 N
873 23 13 −39 13 186.2 223, 228 N
914 23 35 −38 30 300.0 239 N
944 23 53 −39 42 284.5 249, 251, 256 N
947 23 57 −39 46 281.9 249, 256 N

Slice δ = −42◦
44 00 16 −42 03 258.4 16

139 01 01 −43 07 153.1 41, 42, 44
184 01 29 −41 12 245.2 51 N
189 01 30 −42 26 242.6 50 N
360 03 14 −42 55 183.4 92, 95 N
365 03 15 −42 16 177.9 92, 100 N
387 03 20 −41 30 183.4 95
443 03 43 −41 21 169.6 105, 106, 110
630 21 03 −42 43 300.0 140, 141
644 21 12 −42 50 215.9 148, 150
673 21 28 −43 30 292.3 156
688 21 34 −41 19 185.9 165
878 23 15 −42 38 315.4 234
877 23 14 −42 57 268.9 238
956 23 59 −44 07 116.7 261, 5 N

Slice δ = −45◦
19 00 11 −45 21 375.6 10 N

139 01 02 −43 08 153.1 32 N
185 01 28 −44 32 345.7 57
238 02 06 −45 01 289.6 75, 78, 81
289 02 43 −45 26 271.5 95, 101
351 03 12 −44 47 315.3 111 N
362 03 14 −45 40 202.4 112 N
366 03 15 −45 14 213.2 114
369 03 16 −44 50 215.9 114 N
374 03 16 −44 25 205.1 112, 113 N
433 03 39 −45 51 188.8 115, 119, 120, 124, 125
450 03 46 −45 40 197.0 124, 129, 130
509 04 30 −46 13 191.5 151 N
642 21 10 −44 46 284.5 165
650 21 14 −45 09 261.1 167 N
651 21 14 −45 41 188.9 159, 173
653 21 15 −45 28 271.5 169
657 21 16 −45 32 276.8 169
659 21 18 −45 43 271.5 169
709 21 44 −44 07 178.0 184 N
757 22 09 −45 44 328.1 198 N
812 22 41 −45 35 253.2 217, 219, 221, 223 N
814 22 42 −45 21 253.2 217, 219, 221, 223
825 22 47 −45 35 147.6 228, 229 N
844 22 58 −44 16 242.6 230, 235
915 23 37 −46 15 191.6 250, 254 N
956 23 59 −44 07 116.7 263

Columns are given in Table A.1.
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Table 2.The list of LCLG systems around X-ray clusters.

NRBS α δ D NLCLG NAbell

(1) (2) (3) (4) (5) (6)

Slice δ = −3◦

1193 12 56 −1 29 238.3 174 A1650
1197 12 56 −3 55 236.7 172 A1651
1205 13 00 −2 15 231.9 172, 174, 176 A1663

Slice δ = −12◦

851 10 15 −10 27 168.6 7, 8 A 970
1020 11 38 −12 05 323.5 94 A1348
1151 12 42 −11 43 264.9 143, 144, 147 A1606
1337 13 59 −10 55 198.1 218 A1837

Slice δ = −39◦

521 04 14 −38 06 143.9 141, 142, 143, 147 nA

Slice δ = −42◦

469 03 45 −41 12 172.2 105, 106, 110 A0384
1990 23 18 −42 10 252.1 236, 237 A3998

Slice δ = −45◦

459 03 40 −45 41 191.3 115, 120, 127 nA
1782 21 43 −44 08 177.7 187 A3809
Rx31 03 12 −45 36 206.7 112 A3104

Columns are given in Table A.1.

In the LCLG catalogue several physical properties have
been calculated for each group (TUC, Sect. 4). These include
the observed number of group member galaxiesNobs, the har-
monic radiusRh, the line-of-sight velocity dispersionσlos,
the virial massMvir , the total luminosityLtot, and the Abell
countsNACO.

Each of these properties highlights a different physical as-
pect of groups. Thus, it is useful to analyse how several of these
properties differ between a sample of groups in high-density
environments and for the comparison sample. We refer to TUC
for details of how these properties were estimated for the LCLG
catalogue. Now let us analyse the properties of loose groups in
more detail.

The results of our calculations are shown in Table 3, where
we give the median and upper quartile values of the properties
of groups from various samples. The cumulative distributions
of the properties of loose groups are plotted in Figs. 2–7. We
have also estimated the statistical significance of our results
with the Kolmogorov-Smirnov test (Table 4).

First, consider the distribution of observed group richness
values (number of galaxies) shown in Fig. 2. In most cases, an
LCLG near a rich cluster typically has a larger observed group
membership than loose groups from the comparison catalogue.
Note that the differences between the test and the comparison
samples are larger for the upper quartiles (Table 3).

The observed membership of loose groups, however, is
fraught with selection effects. A better measure of a group’s
richness is its Abell countNACO. To first order, the measured
Abell counts for LCLGs should be independent of selection ef-
fects (see TUC). When using the Abell counts as the measure
of group richness, a LCLG near a rich cluster tends to be richer

than a typical loose group drawn from the comparison sample
(Fig. 3).

Figure 4 shows that the harmonic radii of loose groups in
the neighbourhood of rich clusters are somewhat larger than
those of loose groups on average in the comparison sample.
The largest differences occur between loose groups around
Abell-class LCLGs and the smallest differences in the case of
loose groups around Abell and APM clusters.

Figure 5 shows that the velocity dispersion of loose groups
in the neighbourhood of rich clusters is about 1.3 times larger
than that in the comparison samples (these groups are “hotter”).
The upper quartile values for velocity dispersions of groups in
the neighbourhood of X-ray clusters are especially large.

Figure 6 shows the distribution of masses of loose groups
in the vicinity of rich clusters. This figure shows the presence
of a strong mass segregation – loose groups in the vicinity of
rich clusters have masses that are, on average, about 2.5 times
larger than mean masses of loose groups.

Figure 7 shows that loose groups in the neighbourhood
of Abell-class loose groups and in the neighbourhood of
Abell clusters are 1.6 times more luminous than loose groups
from comparison samples. In the case of loose groups around
X-ray clusters the upper quartile values show a large difference
between dense-environment groups and the comparison sam-
ple. The smallest differences are found for loose groups around
APM clusters.

Next let us check whether the properties of loose groups
around rich clusters depend on the properties of the rich clus-
ters themselves.

First, we consider the richness of Abell and APM clusters.
In Fig. 8 we plot the masses of loose groups around Abell clus-
ters against the Abell cluster richnesses (the results for APM
clusters are similar, but to avoid overcrowding they are not
shown). Figure 8 shows no clear dependence on the cluster’s
richness. We obtain a similar result if we plot group properties
other than mass.

In Fig. 9 we show the masses of loose groups around Abell-
class loose groups against the masses of these Abell-class loose
groups themselves. Again, this figure shows no clear depen-
dence of a loose group’s mass on the mass of the nearby Abell-
class group.

Summarising, these figures demonstrate a strong environ-
mental enhancement of the mass and the richness of loose
groups in the vicinity of rich clusters of galaxies. The differ-
ences between properties of loose groups in the neighbour-
hood of rich clusters and those of loose groups away from
rich clusters are minimal in the case of loose groups around
APM clusters. This may be due to the fact that APM clusters
are themselves poorer than rich clusters from the other sam-
ples. Somewhat lower confidence levels in the statistical signif-
icance of the differences between samples in the case of loose
groups around X-ray clusters (Table 4) are likely due to the
small number of loose groups in this sample. Finally, we note
that, although loose group properties do appear to depend on
proximity to rich clusters, they do not appear to depend on the
richness of rich clusters themselves.
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Table 3.Median and upper quartile (in parentheses) values of LCLG properties.

Sample Ngroup Nobs NACO Rh σlos log Mvir log Ltot

h−1 Mpc km s−1 h−1 M� h−2 L�
(1) (2) (3) (4) (5) (6) (7) (8)

LCLG.LG 95 4.5 (7.0) 19.5 (28.0) 0.65 (0.89) 235 (295) 13.65 (14.00) 11.35 (11.65)

LCLG.cmp.LG 1340 4.0 (5.5) 15.5 (25.5) 0.46 (0.75) 175 (275) 13.20 (13.75) 11.15 (11.35)

LCLG.Abell 96 5.5 (9.5) 18.5 (30.0) 0.51 (0.78) 215 (300) 13.55 (13.90) 11.25 (11.60)

LCLG.cmp.Abell 1379 4.5 (5.5) 16.5 (24.5) 0.46 (0.76) 180 (265) 13.25 (13.75) 11.15 (11.45)

LCLG.X 24 6.0 (10.0) 15.0 (30.0) 0.54 (0.80) 225 (400) 13.65 (14.15) 11.15 (11.75)

LCLG.cmp.X 1465 4.5 (5.5) 15.5 (25.5) 0.46 (0.77) 180 (265) 13.25 (13.75) 11.15 (11.45)

LCLG.APM 85 4.5 (7.5) 14.5 (26.0) 0.55 (0.81) 210 (295) 13.55 (13.90) 11.15 (11.55)

LCLG.cmp.APM 1377 4.5 (5.5) 16.5 (24.5) 0.46 (0.77) 180 (265) 13.25 (13.75) 11.15 (11.45)

Endnotes:the columns are as follows:
Column 1:sample identification, given in Sect. 3.
Column 2: Ngroup, the number of LCLGs in the sample.
Column 3: Nobs, median value of the observed number of LCRS galaxies in groups.
Column 4: NACO, median value of the group’s Abell counts.
Column 5: Rh, median value of the harmonic radius of the groups, in units ofh−1 Mpc.
Column 6:σlos, median value of the group line-of-sight velocity dispersions, in units of km s−1.
Column 7: Mvir , median value of the group’s virial mass, in units ofh−1 M�.
Column 8: Ltot, the median value of the total group luminosity in the LCRSR-band, in units of solar luminosity (h−2 L�).

Fig. 2. The distribution of the observed group membership (observed numbers of galaxies) for LCLGs near a rich cluster. In all three panels,
thedashed linerepresents the distribution for groups from comparison sample (see text; in the middle panel the comparison sample for loose
groups around X-ray clusters is not plotted since it almost coincides with the comparison sample for Abell clusters).Left panel: solid line:
LCLGs around Abell-class LCLGs (NACO ≥ 30). Middle panel: LCLGs around Abell clusters (thin solid line) and X-ray clusters (bold solid
line). Right panel: LCLGs around APM clusters (thesolid line).

Fig. 3. Distribution of Abell counts for LCLGs around rich clusters. Panels and lines are as in Fig. 2.
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Fig. 4. Distribution of harmonic radii (inh−1 Mpc) for LCLGs around rich clusters. Panels and lines are as in Fig. 2.

Fig. 5. Distribution of velocity dispersions,σlos (km s−1) for LCLGs around rich clusters. Panels and lines are as in Fig. 2.

Fig. 6. Distribution of masses (h−1 M�) for LCLGs around rich clusters. Panels and lines are as in Fig. 2.

5. Discussion and conclusions

We have analysed the properties of loose groups from the
LCRS in high density regions as determined by the location of
rich optical and X-ray clusters. Our study demonstrates an en-
vironmental enhancement of some characteristic properties of
these groups: they are richer, more massive, and more luminous
than typical loose groups on average. Now we shall discuss the
confidence of our results. First we consider selection effects.

5.1. The properties of loose groups and selection
effects

There are two main selection effects in the LCRS: in appar-
ent magnitude, and an almost random selection due to the

limited number of fibres used in the survey (see also TUC;
Doroshkevich et al. 2001; Hein¨amäki et al. 2003).

LCRS observations were performed in a fixed apparent
magnitude interval and therefore the absolute magnitude inter-
val of observed galaxies depends on the distance of the galaxy
– galaxies fainter or brighter than this interval are not included
in the survey. Thus groups consisting of faint galaxies occur
only in the nearest regions of the survey. With increasing dis-
tance, groups containing fainter galaxies gradually disappear
from the sample. This effect is seen in Fig. 10 where we plot
the total luminosity of loose groups against distances of these
groups for two samples: the total sample of LCLGs and the
sample containing only those loose groups around Abell-class
groups (for other samples of loose groups in the environment
of rich clusters the distribution is similar).
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Fig. 7. Distribution of luminosities (in units of solar luminosityh−2 L�) for LCLGs around rich clusters. Panels and lines are as in Fig. 2.

Table 4.Confidence levels of the statistical significance of the Kolmogorov-Smirnov tests.

Sample Ngroup Nobs NACO Rh σlos log Mvir log Ltot

(1) (2) (3) (4) (5) (6) (7) (8)

LCLG.LG 95 75% 99% 99% 98% 99% 99%

LCLG.Abell 96 99% 90% 75% 75% 97% 95%

LCLG.X 24 99% 75% 70% 85% 80% 70%

LCLG.APM 85 90% 65% 75% 90% 90% 65%

Endnotes:the columns are as follows:
Column 1:sample identification, given in Sect. 3.
Column 2: Ngroup, the number of LCLGs in the sample.
Column 3:KS statistical significance forNobs.
Column 4:KS statistical significance forNACO.
Column 5:KS statistical significance forRh.
Column 6:KS statistical significance forσlos.
Column 7:KS statistical significance forMvir .
Column 8:KS statistical significance forLtot.

Fig. 8. Masses of LCLGs around Abell clusters (sample LCLG.Abell,
masses are in units ofh−1 M�), against the richnesses of these Abell
clusters.

This figure shows that this effect is similar both for loose
groups around rich clusters and for the total sample of loose
groups. However, galaxies in low density environments tend to
be fainter (Hamilton 1988; Einasto 1991; Lindner et al. 1995;
Norberg et al. 2001; Zehavi et al. 2002), and thus at a given dis-
tance the probability that a galaxy may not be observed in the

Fig. 9. Masses of LCLGs around Abell-class loose groups (sample
LCLG.LG), against the masses of these Abell-class groups (in units
of h−1 M�).

LCRS window of apparent magnitudes is higher in low density
regions. Thus loose groups in the high density environments
studied in the present paper are probably less affected by the
luminosity selection effect than loose groups on average.

However, Fig. 10 shows that there are no loose groups in
the neighbourhood of rich clusters among the nearest groups
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included in the comparison sample. Could it be possible that
the environmental effect we study in the present paper is simply
a selection effect due to the luminosity-distance relation?

To clarify this problem we choose both samples of loose
groups around rich clusters and comparison samples from three
distance intervals: 150−400 h−1 Mpc, 200−400 h−1 Mpc, and
250−400 h−1 Mpc. Then we derived the distribution of the
properties of these distance-limited samples. In Table 5 we give
the median and upper quartile values of the properties of groups
from these distance intervals in the case of loose groups around
Abell-class groups (sample LCLG.LG). Figure 11 shows the
cumulative distribution of masses of groups for samples of
loose groups around Abell-class loose groups, and for corre-
sponding comparison samples from different distance intervals.
In the case of loose groups around other rich clusters the results
are similar.

Table 5 and Fig. 11 show clearly that the selection effect
due to the luminosity-distance relation does not change our
main conclusion: properties of groups in the neighbourhood of
rich clusters are enhanced in comparison with the properties of
loose groups on average.

The Kolmogorov-Smirnov test shows that the differences
between the samples are statistically significant. For example,
the distributions of masses for samples from distance interval
250−400h−1 Mpc are different at the 95% confidence level.

Another selection effect in the LCRS is due to different
number of fibres used during redshift measurements: depend-
ing on the field, 50 or 112 galaxies were measured for red-
shifts, but the actual number of galaxies in the magnitude win-
dow is larger, and the sample is diluted. Dilution decreases not
only the number of galaxies in systems but also the number of
groups as the number of galaxies in the group may fall below
the critical value of 3 used in the group search (see Hein¨amäki
et al. 2003). In high-density environments this effect may be
stronger than in low-density environments. When compiling
the list of loose groups, TUC attempted to take this effect into
account. However there is no simple and obvious way to cor-
rect for this selection effect for very poor groups.

Recently, Doroshkevich et al. (2001) analysed selection ef-
fects in the LCRS catalogue and concluded that selection ef-
fects are stronger in low density environments; in high density
environments these effects may serve merely to decrease the
observed richnesses of galaxy systems.

5.2. The local number density test for loose groups

So far the populations of loose groups were selected in the high
density environments determined by the neighbourhood of rich
clusters of galaxies. Now we check the possibility that loose
groups in all high density regions (and not just in the neigh-
bourhood of rich clusters) are richer, have higher velocity dis-
persions and so on. For that we select loose groups from high
density environments as determined by the number density of
loose groups themselves.

The local density around loose groups can be determined
by the number density of neighbours around loose groups in a
spheres of a given radius. We searched for close neighbours for

Fig. 10.Luminosities of LCRS loose groups from total sample of the
LCLGs (dots) and from the sample of groups near Abell-class loose
groups (open circles) (in units of solar luminosityh−2 L�) against
group’s distances (inh−1 Mpc).

Fig. 11. Distribution of masses (h−1 M�) for LCLGs around Abell-
class loose groups (bold lines), and for loose groups from comparison
samples (thin lines). Solid lines: samples from distance interval 150–
400h−1 Mpc, short-dashed lines: samples from distance interval 200–
400 h−1 Mpc, and long-dashed lines: samples from distance interval
250–400h−1 Mpc.

each loose group (independently of its richness) in spheres of
increasing radius. In a sphere of radius of 2h−1 Mpc 75 loose
groups have altogether 86 neighbours. This number is compa-
rable with the number of loose groups around each rich cluster
sample. We denote this sample as LG.2. In a sphere of radius of
3 h−1 Mpc already 350 groups have altogether 388 neighbours.
We denote this sample as LG.3. Due to the large number of
neighbours already in a 3h−1 Mpc sphere we did not use still
larger search radii. This actually means that the local number
density in the case of these test samples is even higher than in
the case of loose groups around rich clusters.
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Table 5.Median and upper quartile (in parentheses) values of LCLG properties.

Sample Ngroup Nobs NACO Rh σlos log Mvir log Ltot

h−1 Mpc km s−1 h−1M� h−2 L�
(1) (2) (3) (4) (5) (6) (7) (8)

LCLG.LG.150 95 4.5 (7.0) 19.5 (28.0) 0.65 (0.89) 235 (295) 13.65 (14.00) 11.35 (11.65)

LCLG.LG.200 65 4.5 (7.0) 23.5 (32.5) 0.74 (0.99) 235 (280) 13.65 (14.00) 11.35 (11.65)

LCLG.LG.250 57 4.5 (7.0) 23.5 (32.5) 0.62 (1.05) 225 (290) 13.70 (14.05) 11.40 (11.65)

LCLG.cmp.LG.150 1223 4.0 (5.5) 16.0 (25.0) 0.46 (0.75) 175 (265) 13.25 (13.70) 11.15 (11.35)

LCLG.cmp.LG.200 930 4.5 (5.5) 16.5 (25.5) 0.47 (0.80) 185 (265) 13.25 (13.75) 11.25 (11.35)

LCLG.cmp.LG.250 639 4.5 (6.0) 17.5 (26.0) 0.50 (0.87) 185 (275) 13.35 (13.80) 11.25 (11.45)

The columns are as in Table 3. The lower distance limit is shown in the name of the sample.

Table 6.Median values of the properties of loose groups from samples
LG.2, LG.3 and LG.23.

Sample LG.2 LG.3 LG.23 LCLG.cmp

Ngroup 86 388 302 1495

Nobs 4.0 4.0 4.0 4

NACO 11.0 13.0 14.0 16

Rh (h−1 Mpc) 0.37 0.44 0.46 0.58

σlos (km s−1) 145 170 185 164

log Mvir (h−1M�) 13.00 13.20 13.30 13.20

log Ltot (h−2L�) 11.05 11.10 11.00 11.10

Moreover, in our samples of loose groups in the neigh-
bourhood of rich clusters, there are no neighbours with centres
closer than 2h−1 Mpc to the centre of a rich cluster. Thus, in
order to generate a test sample that most closely resembles the
samples of loose groups around rich clusters, we used a sam-
ple of neighbours from a shell with inner radius 2h−1 Mpc and
outer radius 3h−1 Mpc. This sample is denoted as LG.23, and
there are 302 loose groups in this sample. We note that the dis-
tance distribution of groups from these samples is close to that
of loose groups in the neighbourhood of rich clusters. There
are only 7 loose groups with distances less than 140h−1 Mpc
among them.

Then we derived the cumulative distributions of the proper-
ties of loose groups from the samples LG.2, LG.3 and LG.23.
In Table 6 we give the median values of the properties of groups
from these regions of high local number density. The corre-
sponding values for the total sample of the LCLGs are given
for comparison (sample LCLG.cmp). Table 6 shows that loose
groups from the highest density regions, if the local density is
determined by the number density of loose groups themselves
independently of their richness, have smaller or comparable
parameters when we compare them with parameters of loose
groups on average. For the present study the main conclusion
from this test is: the properties of loose groups in dense aggre-
gates of loose groups of all richnesses, including the poorest
loose groups, are comparable to those for the LCLGs on aver-
age, and are not enhanced as are the properties of loose groups
in the environment of rich clusters.

In addition, properties of loose groups may be affected by
a selection effect related to possible spurious members which
may lead to an artificial increase of the richnesses, the velocity
dispersions and so on. The tests above do not show the presence
of this effect for loose groups from the highest density regions.
We also studied the properties of loose groups that are located
in the lowest density regions. Loose groups from the lowest
density regions can be found using the local number density
around loose groups, in analogy with the previous test. Our cal-
culations show that some loose groups from the lowest density
regions really have very high velocity dispersions, masses and
so on – a hint that the properties of these groups are affected by
spurious non-member galaxies. Thus, this selection effect may
change the properties of loose groups from the lowest density
environments, but not from the high density environments.

Therefore the analysis of various selection effects do not
show any indications that selections could cause the artificial
enhancement of the properties of loose groups in high density
regions in the neighbourhood of rich clusters.

However, selection effects present in the LCRS sample are
complicated. It is possible that some of them have not been
fully taken into account. Furthermore, this sample of loose
groups is probably not complete. Therefore, as a next step, we
plan to study the properties of galaxy groups in high density
regions using the Sloan Digital Sky Survey (York et al. 2000).

5.3. Comparison with other studies

Several recent studies of the correlation function of nearby
groups of galaxies indicate that the properties of groups of
galaxies in high density regions are different from the proper-
ties of groups on average. For example, Giuricin et al. (2001),
Girardi et al. (2000), and Merchan et al. (2000) all concluded
that groups with larger velocity dispersions and masses are
more strongly clustered than groups with lower velocity dis-
persions and masses. 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).

Other studies have also shown that the properties of groups
of galaxies in superclusters may differ from the properties of
groups in low density environments. For example, groups in
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superclusters may be X-ray sources (Rines et al. 2001; Bardelli
et al. 2000; Kull & Böhringer 1999).

Using an earlier version of the LCRS loose group cata-
logue, Hashimoto et al. (1998) have shown that galaxies in
massive loose groups show a smaller star formation rate than
do galaxies in less massive loose groups. Recently Martinez
et al. (2002) and Dominguez et al. (2002) have also shown this
effect using a catalogue of loose groups extracted from the 2dF
galaxy redshift survey. They suggest that galaxy populations in
more massive groups are more evolved than average popula-
tions due to their evolutional history: these galaxies are merger
remnants as expected in hierarchical models for galaxy forma-
tion. In the future it would be interesting to check the possible
connection between their findings and our results.

The studies of the properties of rich clusters of galaxies
have also shown evidence that the properties of clusters de-
pend on the large scale environment. Loken et al. (1999) have
shown that massive cooling flow clusters are located in high
density regions. Additionally, X-ray clusters and clusters with
significant substructures (both optical and X-ray clusters) are
located preferentially in high density environments (Einasto
et al. 2001; Plionis & Basilakos 2002; Schuecker et al. 2001).

Recently the phenomenon of environmental enhancement
has been investigated theoretically using numerical experi-
ments. Faltenbacher et al. (2002) and Gottl¨ober et al. (2002)
have analysed large simulations of the hierarchical formation
of galaxies, groups and clusters. They studied the average
mass of galaxy and group size dark matter halos in the en-
vironment of other galaxies or groups, thereby establishing a
clear environmental effect extending up to 10h−1 Mpc. These
authors employed the so-called mark correlation functions (de-
fined in the cited papers) that generalize the cumulative mass
functions employed in the present study. The enhanced masses
of neighboring halos are connected with early merging pro-
cesses giving rise to these halos. Therefore, the environmen-
tal enhancement of the halo masses is a direct evidence for the
process of the hierarchical formation of the galaxy and cluster
halos in a network of filaments that connects high density knots
of the cosmic mass density.

In the present paper we have analysed deep samples of
groups of galaxies and showed that the properties of loose
groups in high density environment of rich clusters of galax-
ies differ from those of groups on average – observational evi-
dence of an environmental enhancement of group properties in
the gravitational field of neighbouring rich clusters.
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Appendix A

Table A.1.The list of LCLG systems around Abell clusters.

NAbell α δ D NLCLG Near
(1) (2) (3) (4) (5) (6)

Slice δ = −3◦

1098 10 45 −3 40 297.1 50, 51
1200 11 09 −2 53 294.6 71
1248 11 21 −3 56 319.7 85
1308 11 30 −3 42 178.2 88, 92, 94, 101, 106
1386 11 48 −1 40 283.7 125 N
1399 11 48 −2 49 253.1 122, 127, 128
1404 11 49 −2 32 251.6 128, 134 N
1651 12 56 −3 55 236.7 172
1658 12 58 −3 10 237.3 172, 174, 176
1663 13 00 −2 15 231.9 174, 176
1729 13 21 −3 06 316.9 185
2045 15 11 −2 34 284.0 277, 278, 281

Slice δ = −6◦

930 10 04 −5 23 235.9 4
978 10 18 −6 16 154.8 10, 13, 14

1009 10 22 −5 32 275.9 16
1214 11 14 −5 20 281.4 42
1448 12 00 −6 33 347.9 70, 72
1482 12 08 −5 18 221.5 75, 78

Slice δ = −12◦

970 10 15 −10 27 168.6 7, 8 N
1309 11 30 −11 34 281.6 80, 85
1348 11 38 −12 05 323.5 88, 94
1606 12 42 −11 43 264.9 142, 144
1754 13 29 −11 24 224.2 185
1796 13 47 −11 40 245.2 200, 203
1837 13 59 −10 55 198.1 212, 213, 218
2031 15 09 −11 00 −308.2 270, 271 N

Slice δ = −39◦

2717 00 01 −36 14 141.7 255 N
2767 00 20 −38 24 328.3 8, 9
2772 00 22 −38 16 327.3 9
2799 00 35 −39 24 180.9 18
2856 00 59 −38 56 336.1 28, 29
2860 01 01 −40 03 214.8 33
2911 01 23 −38 14 218.8 43, 48
2960 01 57 −38 16 286.8 57
3135 03 32 −39 10 178.2 106, 111, 122, 123
3142 03 34 −39 58 186.7 123
3145 03 36 −38 11 199.2 120
3984 23 12 −38 04 261.5 225, 226, 227
4008 23 27 −39 36 158.1 236
4021 23 35 −38 23 296.1 239, 241
4029 23 41 −38 33 284.2 244
4068 23 57 −39 45 284.5 249

Slice δ = −42◦

2718 00 01 −42 13 343.7 6
3122 03 20 −41 31 182.6 95
3756 21 12 −42 49 215.9 148, 150
3772 21 26 −42 58 198.4 151
3775 21 28 −43 32 291.5 156 N
3920 22 46 −41 11 345.9 212
3998 23 18 −42 10 252.1 236, 237
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Table A.1.continued.

NAbell α δ D NLCLG Near
(1) (2) (3) (4) (5) (6)

Slice δ = −45◦

3102 03 12 −44 49 319.7 110
3104 03 12 −45 36 206.7 113
3111 03 16 −45 55 218.3 114
3112 03 16 −44 25 211.6 114
3133 03 31 −46 07 198.4 120
3749 21 06 −46 01 189.1 159
3754 21 12 −45 41 273.8 157
3757 21 15 −45 27 267.6 167
3809 21 43 −44 08 177.7 184
3908 22 42 −45 18 252.1 217, 219, 223
3910 22 43 −46 15 252.9 219, 221 N
3963 23 01 −44 35 200.0 236, 240
3970 23 03 −45 29 345.4 239

Endnotes:the columns in Tables 5.3, 1 and 2 are as follows:
Column 1:Number of the cluster from Abell catalogue (Table 5.3),
from APM catalogue (Table 1) and from the RBS catalogue (Table 2;
Rx– number from the catalogue by de Grandi et al. 1999).
Column 2 and 3:the right ascension (in HH MM format) and declina-
tion (in DD MM format, equinox 1950) of rich cluster.
Column 4:distance of rich cluster, in units ofh−1 Mpc.
Column 5:LCLG catalogue numbers of loose groups around clusters.
Column 6:Tables 5.3 and 1: indexN (for Near) for those clusters that
have close groups among LCLGs, but which themselves are located
outside of LCRS slice boundaries. Table 2: the Abell number of the
X-ray cluster (nA – non-Abell cluster).
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