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4 Observatoire de Paris, DAEC, Unité assocíee au CNRS, D0173 età l’Universit́e Paris 7, 5 Place J. Janssen, F-92195 Meudon, France
5 Universit́e L. Pasteur, Observatoire Astronomique, 11 rue de l’Université, F-67000 Strasbourg, France
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Abstract. In this paper we identify objectively and analyze
groups of galaxies in the recently completed ESP survey
(23h23m ≤ α1950 ≤ 01h20m and 22h30m ≤ α1950 ≤
22h52m; −40o45′ ≤ δ1950 ≤ −39o45′). We find 231 groups
above the number overdensity thresholdδρ/ρ =80 in the red-
shift range 5000 km s−1 ≤ cz ≤ 60000 km s−1. These groups
contain 1250 members, 40.5% of the 3085 ESP galaxies within
the samecz range.

The median velocity dispersion (corrected for measurement
errors and computed at the redshift of the group) isσESP,median

= 194 km s−1. We show that our result is reliable in spite of the
particular geometry of the ESP survey (two rows of tangent
circular fields of radiusθ = 15 arcmin), which causes most
systems to be only partially surveyed. In general, we find that
the properties of ESP groups are consistent with those of groups
in shallower (and wider) catalogs (e.g. CfA2N and SSRS2). As
in shallower catalogs, ESP groups trace very well the geometry
of the large scale structure. Our results are of particular interest
because the depth of the ESP survey allows us to sample group
properties over a large number of structures.

We also compare luminosity function and spectral properties
of galaxies that are members of groups with those of isolated
galaxies. We find that galaxies in groups have a brighterM∗

with respect to non–member galaxies; the slopeα is the same,

Send offprint requests to: Massimo Ramella (ramella@oat.ts.astro.it)
? based on observations collected at the European Southern Obser-

vatory, La Silla, Chile.
?? Table 1 is available only in electronic form via anonymous
ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-
strasbg.fr/Abstract.html

within the errors, in the two cases. We find that 34% (467/1360)
of ESP galaxies with detectable emission lines are members of
groups. The fraction of galaxies without detectable emission
lines in groups is significantly higher: 45% (783/1725). More
generally, we find a gradual decrease of the fraction of emission
line galaxies among members of systems of increasing richness.
This result confirms that the morphology-density relation found
for clusters also extends toward systems of lower density.

Key words: galaxies: clusters: general – galaxies: distances
and redshifts – galaxies: luminosity function, mass function –
cosmology: observations – cosmology: large-scale structure of
Universe

1. Introduction

The study of groups of galaxies as dynamical systems is inter-
esting not onlyper se, but also because groups can be used to
set constraints on cosmological models (e.g. Frenk et al. 1990;
Weinberg & Cole 1992, Zabludoff et al. 1993; Zabludoff &
Geller 1994, Nolthenius et al. 1994, 1997) and on models of
galaxy formation (Frenk et al. 1996; Kaufmann et al. 1997).
Groups are also interesting sites where to look for interactions
of galaxies with their environment, in order to obtain informa-
tion on galaxy evolution processes (Postman & Geller 1984,
Allington-Smith et al. 1993).

Group catalogs identified in redshift space are increasing
both in number and size (CfA2N, RPG; SSRS2, Ramella et al.
1998; Perseus-Pisces, Trasarti Battistoni 1998; LCRS, Tucker
et al. 1997). At the same time, cosmological n-body simulations
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are reaching the resolution required to allow replication of the
observational techniques for the identification of groups. In par-
ticular, Frederic (1995a,b) uses n-body simulations to evaluate
and compare the performances of commonly used group finding
algorithms.

Among the main properties of groups, the velocity disper-
sion is of particular interest. It is easy to measure and it is well
suited for comparison with the predictions of cosmological n-
body models (Frenk et al. 1990; Moore et al. 1993; Zabludoff et
al. 1993). Distributions of velocity dispersions of nearby groups
are now well determined with rather small statistical uncertain-
ties given the large size of the samples. Ramella et al. 1995 and
Ramella et al. 1996 survey the redshifts of candidate faint mem-
bers of a selection of nearby groups and find that the velocity
dispersion of groups is stable against inclusion of fainter mem-
bers. In other words, the velocity dispersion estimated on the
basis of the fewer original bright members is a good indicator of
the velocity dispersion obtained from a better sampling of the
same group.

In this paper we identify and analyze groups of galaxies in
the recently completed ESP survey (Vettolani et al. 1997). The
ESP group catalog is interesting because of its depth (bJ ≤ 19.4)
and because it samples a new independent region of the universe.
ESP is a nearly bi-dimensional survey (the declination range is
much smaller than the right ascension range), five times deeper
than either CfA2 (Geller & Huchra 1989) or SSRS2 (da Costa
et al. 1994). The volume of the survey is∼ 5 × 104 h−3 Mpc3

at the sensitivity peak of the survey,z ∼ 0.1, and∼ 1.9 × 105

h−3 Mpc3 at the effective depth of the sample,z ∼ 0.16. Even
if the volume of ESP is of the same order of magnitude of
the volumes explored with the individual CfA2, SSRS2, and
Perseus-Pisces samples, it intercepts a larger number of struc-
tures. In fact, the strip geometry is very efficient for the detection
of large scale structures within redshift surveys (de Lapparent
et al. 1988).

In particular we determine the distribution of the velocity
dispersions of groups and show that our result is reliable in
spite of the particular geometry of the ESP survey (two rows of
adjacent circular fields of radiusθ = 16 arcmin, see Fig. 1 of
Vettolani et al. 1997).

An important aspect that distinguishes the ESP group cata-
log from the other shallower catalogs is that we have the spectra
of all galaxies with measured redshift. It is already well known
that emission line galaxies are rarer in rich clusters than in the
field (Biviano et al. 1997). The relation between the fraction of
emission line galaxies and the local density is a manifestation
of the morphology–density relationship observed for clusters
(Dressler 1980), a useful tool in the study of galaxy evolution.
With the ESP catalog we explore the extent of the morphology
density relationship in the intermediate range of densities that
are typical of groups at a larger depth than in previous studies.

We note that preliminary results of a search for groups in
the Las Campanas Redshift Survey (Shectman et al. 1996) have
been presented by Tucker et al. (1997). The properties of these
groups, as distant as ours, are difficult to compare with those
of our ESP groups and with those of shallower surveys because

LCRS a) is a red band survey (ESP and shallower surveys are
selected in the blue band), b) it is not simply magnitude limited,
and c) it does not uniformly sample structures in redshift space.
In particular, the different selection criteria could have a strong
impact on the results concerning the morphology-density rela-
tion, the luminosity segregation, and the possible differences
between the luminosity functions of member and non-member
galaxies.

In Sect. 2 we briefly describe the data; in Sect. 3 we analyze
the effect of the ESP geometry on the estimate of the velocity
dispersion of groups; in Sect. 4 we summarize the group identi-
fication procedure; in Sect. 5 we present the ESP group catalog;
in Sect. 6 we analyze properties of groups that are relevant to a
characterization of the Large Scale Structure (LSS); in Sect. 7
we analyze the properties of galaxies in groups and compare
them to the properties of “field” galaxies (i.e. galaxies that have
not been assigned to groups) and “cluster” galaxies; in Sect. 8
we identify ESP counterparts of ACO and/or EDCC clusters
(Lumsden et al. 1992). Finally, we summarize our results in
Sect. 9.

2. The data

The ESO Slice Project (ESP) galaxy redshift survey is described
in Vettolani et al. (1997). The data of the full sample together
with a detailed description of the instrumental set-up and of the
data reduction can be found in Vettolani et al. (1998). Here we
only briefly describe the survey.

The ESP survey extends over a strip ofα × δ = 22o × 1o

(strip A), plus a nearby area of5o × 1o (strip B), five degrees
West of the main strip, in the South Galactic Pole region (
23h23m ≤ α1950 ≤ 01h20m and22h30m ≤ α1950 ≤ 22h52m

respectively;−40o45′ ≤ δ1950 ≤ −39o45′). Each of the two
strips is covered with two rows of slightly overlapping circular
fields of angular radiusθ = 16 arcmin, the separation between
the centers of neighboring circles being 30 arcmin. Each field
corresponds to the field of view of the multifiber spectrograph
OPTOPUS at the 3.6m ESO telescope that was used to obtain
almost all of the spectra (the MEFOS spectrograph was used in
the last ESP run). Throughout this paper we will assume that the
circular fields are tangent, with an angular radius of 15 arcmin:
this simplification has no consequences on the galaxy sample.
The total solid angle of the spectroscopic survey is 23.2 square
degrees.

The galaxy catalog consists of all (candidate) galaxies
brighter than the limiting magnitudebJ,lim = 19.4 listed in
the Edinburgh–Durham Southern Galaxy Catalogue (Heydon–
Dumbleton et al. 1988, 1989).

The spectra cover the wavelength range 3730Å to 6050Å,
with an average pixel size of 4.5Å. Galaxy redshifts are mea-
sured by cross–correlating sky-subtracted spectra with a set of
8 template stars observed with the same instrumental set-up
used to obtain the galaxy spectra. In this paper we use emis-
sion line redshifts only for galaxies with no reliable absorption
line redshift. The median internal velocity error is of the order
of ∼ 60 km s−1. From a comparison of our 8 templates with
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three SAO radial velocity standard stars we estimate that the
zero–point error should be smaller than∼ 10 km s−1.

The total number of confirmed galaxies with reliable redshift
measurement is 3342. The completeness of strip A and strip B
are estimated to be 91% and 67% respectively.

3. ESP geometry and the measure of velocity dispersions

To all practical purposes, the projection of the ESP survey on the
sky consists of two rows of adjacent circular OPTOPUS fields of
radius 15 arcmin and a separation of 30 arcmin between adjacent
centers. The angular extent of groups and clusters at the typical
depth of the survey (z ' 0.1) are comparable, or even larger,
than the size of the OPTOPUS fields. Therefore, most systems
falling into the survey’s volume are only partially surveyed.

The main effect of the “mask” of OPTOPUS fields is to
hide a fraction of group members that lie within or close to the
strip containing the mask (the OPTOPUS fields cover 78% of the
area of the “un-masked” strip). Because of the hidden members,
several poor groups may not appear at all in our catalog. On
the contrary, our catalog might include parts of groups that are
centered outside the ESP strip. These problems notwithstanding,
we expect to derive useful information on the most important
physical parameter of groups, the velocity dispersion,σcz.

Our estimate of the parent velocity dispersion,σp,
is based upon the sample standard deviationσcz(Nmem).
The sample standard deviation defined asσcz(Nmem) =
√

Σi(czi − 〈cz〉)2/(Nmem − 3/2) is a nearly unbiased esti-
mate of the velocity dispersion (Ledermann, 1984), indepen-
dent of the sizeNmem of the sample. We make the standard
assumptions that a) barycentric velocities of members are not
correlated with their real 3D positions within groups, and that
b) in each group the distribution of barycentric velocities is ap-
proximately gaussian. Because the position on the sky of the
OPTOPUS mask is not related to the positions of groups, its
only effect is to reduce at randomNmem. Therefore, using an
unbiased estimate of the velocity dispersion, the mask has no
effect on our determination of the average velocity dispersions
of groups.

The effect of the mask is to broaden the distribution of the
sample standard deviations. The variance of the distribution of
sample standard deviations varies withNmem approximately
asσ2

cz/2Nmem (Ledermann, 1984). This distribution, propor-
tional to theχ2 distribution, is skewed: even if the mean of the
distribution is unbiased,σcz is more frequently underestimated
than overestimated.

While it is easy to predict the effect of the mask on the
determination of the velocity dispersion of a single group, it is
rather difficult to predict the effect of the mask on the observed
distribution of velocity dispersions of a sample of groups with
different “true” velocity dispersions and different number of
members. In order to estimate qualitatively the effect of the
mask on the shape of the distribution of velocity dispersions,
we perform a simple Monte Carlo simulation.

We simulate a group by placing uniformly at randomNmem

points within a circle of angular radiusθgr corresponding, at the

redshift of the group, to the linear projected radiusRgr = 0.5
h−1 Mpc. This radius is the typical size of groups observed
in shallow surveys (e.g. RPG). We select the redshift of the
group,zgr, by random sampling the observed distribution of
ESP galaxy redshifts.

In order to start from reasonably realistic distributions, we
setNmem and the velocity dispersion,σcz, by random sampling
the relative histograms obtained from our ESP catalog. We limit
the range ofNmem to 3≤ Nmem ≤ 18 and the range ofσcz to
0 ≤ σcz ≤ 1000 km s−1.

We lay down at random the center of the simulated group
within the region of the sky defined by extending 15 arcmin
northward and southward the “un-masked” limits of the ESP
survey. We then assign to each of theNmem points a barycen-
tric velocity randomly sampled from a gaussian with disper-
sionσcz centered onzgr. We compute the velocity dispersion,
σno−mask, of theNmem velocities. Finally, we apply the mask
and discard the points that fall outside the mask. We discard
the whole group if there are fewer than 3 points left within the
mask (Nmem,mask < 3). If the group “survives” the mask, we
compute the dispersionσmask of theNmem,mask members. On
average, 78% of the groups survive the mask (this fraction cor-
responds to the ratio between the area covered by the mask and
the area of the “un-masked” strip). The percentage of surviv-
ing groups depends on the exact limits of the region where we
lay down at random groups and on the projected distribution
of members withinRgr. For the purpose of the simulation, the
fraction of surviving groups is not critical.

We repeat the procedure 100 times forngr = 231 simulated
groups (the number of groups identified within ESP). At each
run we compute the histograms N(Nmem,mask) and N(σmask).

In Fig. 1 we plot the input distribution N(Nmem) –
thin line– together with the average output distribution,
〈N(Nmem,mask)〉ngr/nmask – thick line–. Errorbars repre-
sent± one standard deviation derived in each bin from the
distribution of the 100 histograms N(Nmem,mask); for clar-
ity we omit the similar errorbars of N(Nmem. The factor
ngr/nmask normalizes the output distribution to the num-
ber of input groups. The two histograms in Fig. 1 are clearly
very similar since N(Nmem) is within one sigma from
〈N(Nmem,mask)〉ngr/nmask for all values ofNmem. We point
out here that the similarity between the input and output his-
tograms does not mean that the surviving groups have not
changed. In fact only about 63% of the triplets survive the mask
while, for example, 88% of the groups with 5 members and 98%
of those with 10 members “survive” the mask.

Fig. 2 shows the results of our simple simulation for the ve-
locity dispersion. The thin histogram is the input “true” distri-
bution N(σgr). The dotted histogram is the average “observed”
distribution obtained without dropping galaxies that lie out-
side the OPTOPUS mask, N(σno−mask). This is the distribu-
tion we would observe if the geometry of the survey would
be a simple strip. The third histogram (thick line) is the av-
erage output distribution in presence of the OPTOPUS mask,
〈N(σmask)〉ngr/nmask (errorbars are± one-sigma). The in-
put distribution N(σgr), the distribution N(σno−mask), and the
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Fig. 1. Effect of the “OPTOPUS mask” on N(Nmem): the thin his-
togram is the “true” distribution, the thick histogram is the average
distribution “observed” through the “OPTOPUS mask”, normalized
to the number of input groups. Errorbars represent± one standard
deviation.

distribution 〈N(σmask)〉ngr/nmask are all within one-sigma
from each other. In particular the two distributions we observe
with and without OPTOPUS mask are undistinguishable (at the
99.9% confidence level, according to the KS test). The low ve-
locity dispersion bins are slightly more populated in the “ob-
served” histograms because the estimate of the “true”σcz is
based on smallNmem. Note that in the case of real observa-
tions, some groups in the lowestσcz bin will be shifted again to
the next higher bin because of measurement errors.

Our results do not change if we take into account the slight
dependence ofσcz from Nmem observed within our ESP cata-
log: also in this case the effect of the mask is negligible.

In conclusion, the simulation confirms our expectation that
the OPTOPUS mask has no significant effect on the shape of
the distribution of velocity dispersions.

4. Group identification

We identify groups with the so-called friend-of-friend algorithm
(FOFA; Huchra & Geller, 1982) as described in RPG. We im-
plement here the cosmological corrections required by the depth
of the sample (z ≤ 0.2). Throughout this paper we use Ho =
100 km s−1 Mpc−1 andq0 = 0.5.

For each galaxy in the magnitude limited ESP catalog, the
FOFA identifies all other galaxies with a projected comoving
separation

D12 ≤ DL(V1, V2) (1)

and a line-of-sight velocity difference

V12 ≤ VL(V1, V2). (2)

Fig. 2.Effect of the “OPTOPUS mask” on N(σgr). The thin histogram
is the “real” distribution, the dotted histogram shows the effect of sam-
pling on the input distribution, and the thick histogram is the average
distribution “observed” through the “OPTOPUS mask”, normalized
to the number of input groups. Errorbars represent± one standard
deviation.

HereV1 = cz1 andV2 = cz2 are the velocities of the two
galaxies in the pair. All pairs linked by a common galaxy form
a “group”.

The two parameters DL, VL are scaled with distance in order
to take into account the decrease of the magnitude range of the
luminosity function sampled at increasing distance. The scaling
is

DL = DoR (3)

and

VL = VoR, (4)

where

R =

[

∫ Mlim

−∞

Φ(M)dM/

∫ M12

−∞

Φ(M)dM

]1/3

, (5)

M12 = bJ,lim − 25 − 5 log(dL(z̄12)) − 〈K(z̄12〉 , (6)

andMlim is the absolute magnitude corresponding tobJ,lim

at a fiducial velocityVf . We computedL(z̄12) with the Mattig
(1958) expression, wherēz12 = .5(z1+z2). Finally,〈K(z̄12)〉 is
theK−correction “weighted” with the expected morphological
mix at each redshift as in Zucca et al. (1997).

The scaling is the same for both DL and VL and it is nor-
malized at the fiducial velocityVf = 5000 km s−1, where D0

= DL(Vf ) and V0 = VL(Vf ). In particular, a given value of
D0 corresponds to a minimum number overdensity thresh-
old for groups,δρ/ρ. The luminosity function we use is the
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Fig. 3.The distribution of velocity dispersions, N(σcz), of different ESP
group catalogs obtained for a grid of values of the search parameters
δρ/ρ andV0. Errorbars represent± one standard deviation.

Schechter parametrization withM∗ = −19.61, α = −1.22,
andφ∗ = 0.020 Mpc−3 computed for ESP galaxies by Zucca
et al. (1997).

We do not consider galaxies with velocitiescz ≤ Vf be-
cause the linear extension of the survey in the direction of
the declination is smaller than the typical size of a group for
cz ≤5000 km s−1. We also limit the maximum depth of our
group catalog tocz ≤ 60000 km s−1. Beyond this limit the ac-
cessible part of the luminosity function becomes very small and
the scaling of the FOFA linking parameters excessively large.

The main characteristics of the distribution of galaxies
within the volume of the universe surveyed by ESP (Vettolani
et al. 1997) are very similar to those observed within shallower,
wider angle magnitude limited redshift surveys. For this rea-
son we expect that the conclusions on the fine-tuning of FOFA
reached by Ramella et al. 1989, Frederic 1995a, and RPG will
hold true also for ESP. In particular, RPG show that within the
CfAN2 redshift survey the choice of the FOFA parameters is not
critical in a wide region of the parameter space around (δρ/ρ =
80, V0 = 350 km s−1). With our luminosity function and fidu-
cial velocity, we obtainδρ/ρ = 80 for D0 = 0.26 Mpc, a value
comparable to the D0 value used for CfAN2. It is therefore
reasonable to expect that the same results of the exploration of
the parameter space will hold also for the ESP survey. In order
to verify our expectation, we run FOFA with the following five
pairs of values of the linking parameters selected among those
used by RPG: (δρ/ρ = 80, V0 = 250 km s−1), (δρ/ρ = 80, V0 =
350 km s−1), (δρ/ρ = 80, V0 = 600 km s−1), (δρ/ρ = 60, V0 =
350 km s−1), (δρ/ρ = 100, V0 = 350 km s−1). Based on RPG,
these pairs of values are sufficient to give an indication of the
stability of the group catalogs in the parameter space (DL,VL).

The number of groups in the five cases is Ngroups = 217, 231,
253, 239, and 217 respectively.

We plot in Fig. 3 the observed distributions of the velocity
dispersions of the five group catalogs. We compare the distri-
bution obtained for (δρ/ρ = 80, V0 = 350 km s−1) –thick his-
togram in Fig. 3 – with the other four distributions and find that
the only significant difference (99.9% level, according to the
KS test) occurs with the distribution obtained using the largest
velocity link, V0 = 600 km s−1 (dotted histogram). This value
of the velocity-link produces an excess of high velocity disper-
sion systems. Frederic 1995a, Ramella et al. 1989, and RPG
argue that these high velocity dispersion systems are likely to
include a significant number of interlopers (galaxies with high
barycentric velocity that are not physically related to the group
in real space).

On the basis of the results of our tests, we choose the cat-
alog obtained withδρ/ρ = 80 (D0 = 0.26h−1 Mpc) and V0

= 350 km s−1 as our final ESP group catalog. This choice of-
fers the advantage of a straightforward comparison between the
properties of ESP catalog and those of the CfA2N (RPG), and
SSRS2 (Ramella et al. 1998) catalogs.

5. The group catalog

We identify 231 groups within the redshift limits5000 ≤ cz ≤
60000 km s−1. These groups contain 1250 members, 40.5% of
the 3085 ESPbJ ≤ 19.4 galaxies within the samecz range.

In Table 1 we present our group catalog. For each group we
list the ID number (column 1), the number of members (col-
umn 2), the coordinatesα1950 andδ1950 (columns 3 and 4 re-
spectively), the mean radial velocitycz in km s−1 corrected for
Virgo infall and galactic rotation (column 5), and the velocity
dispersionσcz (column 6). We compute the velocity dispersion
following the prescription of Ledermann (1984) for an unbi-
ased estimator of the dispersion (see previous section). We also
take into account the cosmological expansion of the universe
and the measurement errors according to the prescriptions of
Danese et al. (1980). The errors we associate to the redshifts are
those output by the RVSAO cross-correlation procedure mul-
tiplied by a factor 1.6. This factor brings the cross-correlation
error in rough agreement with the external error estimated from
repeated observations (Vettolani et al. 1998 – here we do not
distinguish between emission and absorption line redshifts).
Table 1 is available only in electronic form via anonymous
ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-
strasbg.fr/Abstract.html.

In the case of 24 groups, the correction ofσcz for the mea-
surement errors leads to a negative value. In column 6 of Table 1
we give the error as an upper limit toσcz for these groups.

Not all galaxies in the region of the sky covered by the
ESP survey have a measured redshift. Of the original target
list, 444 objects are not observed, and 207 objects have a noisy
spectrum, insufficient for a reliable determination of the redshift.
In Table 1 we give, for each group, the ratio of these objects to
the number of members (column 7). In computing these rates,
we assign to each group the objects without redshift whose (α,δ)
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coordinates fall within the angular region defined by the union
of the Nmem circular regions obtained by projecting on the
sky circles of linear radiusDL(czgroup) centered on all group
members. There are groups that are separated along the line-
of-sight but that overlap once projected on the sky. If an object
without redshift lies within the overlap region, we assign the
object to both groups.

There are 67 groups that do not contain any object of the pho-
tometric catalog without measured redshift. On the other hand,
in the case of 51 groups the number of objects without redshift
equals, or exceeds, the number of members. These groups are
mostly triplets and quadruplets. Only 14 out of the 51 (possi-
bly) highly incomplete groups haveNmem ≥ 5. Most of these
groups are located in the relatively small region B of the red-
shift survey (Vettolani et al. 1998), which is the least complete
(completeness level = 71%).

Finally, we estimate that only 8 out of 231 groups are entirely
contained within one OPTOPUS field. By “entirely contained”
we mean that none of the circles of projected linear radiusDL

centered on the member galaxies crosses the edges of the OP-
TOPUS fields.

6. Properties of groups

In this section we discuss properties of ESP groups that can be
used to characterize the LSS and that set useful constraints to
the predictions of cosmological N-body models.

6.1. Abundances of groups and members

The first “global” property of groups we consider is the ratio,
fgroups, of their number to the number of non-member galaxies
within the survey. For ESP we havefESP,groups = 0.13± 0.01,
for CfA2N RPG findfCfA2N,groups = 0.13± 0.01, for SSRS2
Ramella et al. 1998 findfSSRS2,groups = 0.12± 0.01. Clearly
the proportion of groups among galaxies is the same in all three
independent volumes of the universe surveyed with ESP, CfA2N
and SSRS2. Because CfA2N and SSRS2 mostly sample only
one large structure while ESP intercepts several large structures,
our result means that the clustering of galaxies in groups within
the large scale structure is homogeneous on scales smaller than
those of the structures themselves.

We point out that, on the basis of our simple simulation, we
do not expect the OPTOPUS mask to affect the determination
of fgroups.

We now consider the ratio of member to non-member galax-
ies,fmem. Within ESP we havefESP,mem = 0.68±0.02; within
CfAN and SSRS2, the values of the ratio arefCfA2,mem = 0.81
± 0.02 andfSSRS2,mem = 0.67± 0.02 respectively. Quoted
uncertainties are one poissonian standard deviation. According
to the poissonian uncertainties,fESP,mem andfSSRS2,mem are
undistinguishable. The value offCfA2,mem is significantly dif-
ferent from the other two ratios. However, the real uncertainty in
the ratio of members to non-members is higher than the poisso-
nian estimate because the fluctuations in the number of members
is dominated by the fluctuations in the smaller number of groups.

Moreover, the total number of members is strongly influenced
by few very rich systems. In fact, it is sufficient to eliminate
two clusters, Virgo and Coma, from CfA2N in order to reduce
the value offCfA2,mem to fCfA2,mem = 0.70± 0.02, in close
agreement with the ratio observed within ESP and SSRS2.

In conclusion, groups are a remarkably stable property of the
large-scale distribution of galaxies. Once the richest clusters are
excluded, the abundances of groups and of members relative to
that of non-member or“field” galaxies are constant over several
large and independent regions of the universe.

6.2. Distribution of groups in redshift-space

We plot in the top panel of Fig. 4 the cone diagram (α vscz) for
the 3085 ESP galaxies within 5000< cz <60000 km s−1. In the
bottom panel of Fig. 4 we plot the cone diagram of the 231 ESP
groups. Figs. 4 shows that groups trace very well the galaxy dis-
tribution, as they do in shallower surveys (cz . 12000 km s−1).
Note that in Fig. 4 we project adjacent beams, not a strip of
constant thickness.

The topology of the galaxy distribution in redshift space has
already been described by Vettolani et al. (1997) and will be the
subject of a forthcoming paper. The most striking features are
the voids of sizes' 50 h−1 Mpc and the two density peaks at
cz ' 18000 km s−1 andcz ' 30000 km s−1. These features are
also the main features of the group distribution.

In Fig. 5 we plot the redshift distributions of groups (thick
histogram) and galaxies (thin galaxies), divided by the total
number of groups and by the total number of galaxies, respec-
tively. In Fig. 6 we plot number densities of galaxies in redshift
bins. Number densities are computed using then3 estimator of
Davis & Huchra (1982): all the details about the density esti-
mates are given in Zucca et al. 1997. We vary the size of the
redshift bins in order to keep constant the number of galaxies
expected in each bin based on the selection function. The top
panel is for member galaxies, the middle panel is for isolated
and binary galaxies, and the bottom panel is for all ESP galax-
ies. The dashed lines represent the± one sigma corridor around
the mean galaxy density.

It is clear from Fig. 5 that the redshift distributions of groups
and galaxies are undistinguishable (98% confidence level). Not
surprisingly, the number density in redshift bins of members
and all galaxies are highly correlated (Fig. 6a and 6c). More
interestingly, the number density distribution of non-member
galaxies is also correlated with the number density distribution
of all galaxies (Fig. 6b and 6c). In particular, the two density
peaks atcz ' 18000 km s−1 and cz ' 30000 km s−1 of the
number density distribution of all galaxies are also identifiable
in the number density distribution of non-member galaxies, even
if with a lower contrast.

We know from the previous section that groups are a very
stable global property of the galaxy distribution within the vol-
ume of the ESP and within other shallower surveys. Here we
show that a tight relation between non-member galaxies and
groups exists even on smaller scales.
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Fig. 4. Cone diagrams (α –
cz) of ESP galaxies (top
panel) and of ESP groups
(bottom panel). The larger
circles in the cone diagram of
groups mark the ESP counter-
parts of known ACO and/or
EDCC clusters.

Our result is particularly interesting in view of the depth of
the ESP survey and of the number of large structures intercepted
along the line-of-sight.

6.3. The distribution of velocity dispersions

We now discuss the velocity dispersions of ESP groups. Ac-
cording to our simulation in Sect. 2, the effect on the velocity
dispersions of the OPTOPUS mask is statistically negligible.

The median velocity dispersion of all groups is
σESP,median = 194 (106,339) km s−1. The numbers in paren-
thesis are the 1st and 3rd quartiles of the distribution.
Poor groups withNmem < 5 have a median velocity
dispersionσmedian,poor=145 (65,254) km s−1, richer groups

have σmedian,rich=272 (178,399) km s−1. For comparison,
the median velocity dispersions of CfA2N and SSRS2 are
σCfA2N,median =198 (88,368) km s−1 and σSSRS2,median =
171 (90,289) km s−1. We take the values of the velocity dis-
persions for the CfA2 and SSRS2 groups from Ramella et al.
(1997,1998). In order to compare these velocity dispersions with
ours, we correct them for a fixed error of 50 km s−1 (correspond-
ing to an RVSAO error of' 35 km s−1) and multiply them by
√

(Nmem − 1)/(Nmem − 3/2). We note that, because of the
OPTOPUS mask, the comparison of the velocity dispersions of
“rich” and “poor” groups within ESP with those of similar sys-
tems within CfA2N and SSRS2 is not meaningful. A fraction
of ESP “poor” groups may actually be part of “rich” groups.
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Fig. 5.The redshift distributions of groups (thick histogram) and galax-
ies (thin histogram), divided by the total number of groups and by the
total number of galaxies respectively.
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Fig. 6a–c.Number densities of galaxies in comoving distance bins.
The top panelis for members, themiddle panelis for non-members,
and thebottom panelis for all galaxies.The dashed lines represent the
± one sigma corridor around the mean galaxy density.

In Fig. 7 we plot (thick histogram) the distribution of the
velocity dispersions,nESP (σ), normalized to the total number
of groups. Errorbars are one sigma poissonian errors. We also
plot the normalizedσcz distributions of CfA2N and SSRS2.
According to the KS test, differences betweennESP (σ) and

Fig. 7. Comparison between the distribution of velocity dispersions
of ESP groups (thick line) and those of CfA2N (thin line) and SSRS2
groups (dotted line). Each distribution is normalized to the total number
of groups. Errorbars are one sigma poissonian errors.

the other two distributions are not significant (PKS = 0.3 and
0.2 for the comparison between ESP and CfA2N and SSRS2
respectively).

It is interesting to point out thatnCfA2N (σ) andnSSRS2(σ)
do differ significantly (97% level),nCfA2N (σ) being richer of
high velocity dispersion systems (Marzke et al., 1995). Groups
with dispersion velocitiesσcz > 700 km s−1 are rare and the
fluctuations from survey to survey correspondingly high. The
abundance of these highσcz systems is the same within both
ESP and SSRS2 (2%) but it is higher within CfA2N (5%). If
we disregard these few high velocity dispersion systems, the
difference betweennCfA2N (σ) andnSSRS2(σ) ceases to be
significant. From this result we conclude that each survey con-
tains a fair representation of groups.

The distribution of velocity dispersions is an important char-
acteristic of groups because it is linked to the group mass. There-
fore n(σ) constitutes an important constraint for cosmological
models. Furthermore,σcz is a much better parameter for the
classification of systems than the number of members (even
more so in the case of the present catalog where the OPTOPUS
mask affects the number of members much more than velocity
dispersions)

The ESP survey provides a new determination of the shape of
n(σ) in a much deeper volume than those of existing shallower
surveys. We find that, within the errors,nESP (σ) is very similar
to bothnCfA2N (σ) andnSSRS2(σ).
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Fig. 8. One- and two-sigma confidence ellipses (dotted lines) of theα
andM∗ parameters of the Schechter luminosity function of members
(brightestM∗) and non-members (faintestM∗). The solid lines show
the confidence ellipses derived for the total ESP sample considered in
this paper (5000 km s−1

≤ cz ≤ 60000 km s−1).

7. Properties of galaxies in groups

In this section we examine the luminosities and the spectral fea-
tures of galaxies in different environments: the “field”, groups,
and clusters. The dependence of these properties on the envi-
ronment offers insights into the processes of galaxy formation
and evolution and on the dynamical status of groups.

7.1. The luminosity function of members

Here we investigate the possible difference between the lumi-
nosity functions of member and non-member galaxies. We com-
pute the luminosity function with the STY method (Sandage,
Tamman & Yahil 1979). We assume a Schechter (1976) form
for the luminosity function and follow the procedure described
in detail in Zucca et al. (1997).

We find that galaxies in groups have a brighterM∗ with
respect to non–member galaxies; the slopeα does not change
significantly in the two cases. In particular the parameters we
obtain areα = −1.25+0.11

−0.11 andM∗ = −19.80+0.14
−0.13 for the

1250 members, andα = −1.21+0.10
−0.09 andM∗ = −19.52+0.10

−0.10

for the 1835 non–members.
In Fig. 8 we draw (dotted lines) the confidence ellipses of

theα andM∗ parameters obtained in the two cases of member
and non-member galaxies. The two luminosity functions differ
at the2σ level. In Fig. 8 we also plot the confidence ellipses for
the parameters of the total sample (solid lines) derived in the
same volume of ESP where we identify groups.

The fact that galaxies in groups are brighter than non-
member galaxies is a clear demonstration of the existence of

Fig. 9.Fraction ofe.l.-galaxies in the “field”, in poor groups, and rich
groups. The two arrows indicate the fraction ofe.l.-galaxies in the two
richest ACO clusters in our catalog, A2840 (fe = 21%) and A2860 (fe

= 19%)

luminosity segregation in the ESP survey, a much deeper sur-
vey than those where the luminosity segregation has been pre-
viously investigated (Park et al. 1994, Willmer et al. 1998). Our
finding is consistent with the results of Lin et al. (1996), who
find evidence of a luminosity bias in their analysis of the LCRS
power spectrum.

In further support of the existence of a luminosity segrega-
tion, we also find thatM∗ becomes brighter for members of
groups of increasing richness. As before, the parameterα re-
mains almost constant. Only in the case of the richest groups,
Nmem ≥ 10, we find a marginally significant steepening of the
slopeα.

7.2. Emission/absorption lines statistics

One interesting question is whether the environment of a galaxy
has a statistical influence on the presence of detectable emission
lines in the galaxy spectrum. Because emission lines galaxies are
mostly spirals (Kennicutt 1992), the answer to this question is
relevant to the investigation of the morphology-density relation
in systems of intermediate density.

The fraction of ESP galaxies with detectable emission lines
within the redshift range5000 ≤ cz ≤ 60000 km s−1 is 44%
(1360/3085). Of thesee.l.-galaxies , (34± 2)% (467/1360) are
members of groups. The fraction of galaxies without detectable
emission lines,a.l.-galaxies , that are members of groups is
significantly higher: 783/1725 or (45± 2)%. We note that our
detection limit for emission lines correspond to an equivalent
width of about 5Å
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Table 2. Frequency of Emission Line Galaxies in Different Environ-
ments

Ne.l. Na.l. Ntot

“field” 893 942 1835
rich groups 266 549 815
total 1159 1491 2650

We consider three types of environments: a) the “field”, i.e.
all galaxies that have not been assigned to groups, b) poor goups,
i.e. groups with 3≤ Nmem ≤ 4, and c) rich groups with 5≤
Nmem. We find that the fraction ofe.l.-galaxies decreases as
the environment becomes denser. In the “field” the fraction of
e.l.-galaxies isfe = 49%, it decreases tofe = 46% for poor
groups and tofe = 33% for richer groups. In Fig. 9 we plotfe

as a function ofNmem. We also indicate the values offe of the
two richest Abell clusters in our catalog, A2840 (fe = 21%) and
A2860 (fe = 19%).

The significance of the correlation between environment and
fe can be investigated with a 2-way contingency table (Table 2).
For simplicity, we do not consider triplets and quadruplets.

The contingency coefficient is C=0.15 and the significance
of the correlation between environment and frequency of emis-
sion line galaxies exceeds the 99.9% level.

Our result indicates that the morphology-density relation
extends over the whole range of densities from groups to clus-
ters. Previous indications of the existence of the morphology-
density relation for groups are based either on very local samples
(Postman & Geller 1984) or on samples that are not suitable
for statistical analysis (Allington-Smith et al. 1993). Very re-
cently, Hashimoto et al. (1998) also confirm the existence of a
morphology-density relation over a wide range of environment
densities within LCRS.

Examining our result in more detail, we note that the fraction
of e.l.-galaxies ,fe, in triplets and quadruplets is very similar
to the value offe for isolated galaxies. Triplets and quadru-
plets are likely to correspond, on average, to the low-density
tail of groups. Moreover, Ramella et al. (1997) and Frederic
(1995a) estimate that the FOFA could produces a large fraction
of unbound triplets and quadruplets. These “pseudo-groups” di-
lute the properties of real bound triplets and quadruplets with
“field” galaxies, artificially increasing the value offe. This ef-
fect, in our survey, is partially counter-balanced by the triplets
and quadruplets that are actually part of richer systems cut by
the OPTOPUS mask. Considering that rich systems are signif-
icantly rarer than triplets and quadruplets, we estimate that the
value offe we measure for triplets and quadruplets should be
considered an upper limit.

Our catalog also includes ESP counterparts of 17 clusters
listed in at least one of the ACO, ACOS (Abell et al. 1989) or
EDCC (Lumsden et al. 1992) catalogs (Sect. 8, Table 3). For
these clustersfe,clusters = 0.25 (63e.l.-galaxies out of 256
galaxies). The number of members of these systems is not a
direct measure of their richness because of the apparent magni-
tude limit of the catalog and because of the OPTOPUS mask.

However, because they include all the richest systems in our
catalog and because they are counterparts of 2-D clusters, it is
resonable to assume that they are intrinsically rich. We remem-
ber here that Biviano et al. (1997) findfe = 0.21 for their sample
of ENACS clusters.The fact that for ESP counterparts of clus-
ters we find a lower value offe than for the other rich groups
(fe,groups = 0.36 without clusters), further supports the exis-
tence of a morphology-density relation over the whole range of
densities from clusters to the “field”.

Many systems of our catalog are not completely surveyed,
therefore the relationship betweenfe and the density of the envi-
ronment we find can only be considered qualitative. However,
while incompleteness certainly increases the variance around
the mean result, we do not expect severe systematic biases. In
order to verify that incompleteness does not affect our results,
we consider the subsample of 67 groups that contain no ESP
objects without measured redshift. We obtain for this subsam-
ple the same relationship between group richness and fraction
of emission line galaxies we find for the whole catalog.

7.3. Seyfert galaxies

Within ESP we identify 12 Seyfert 1 galaxies and 9 Seyfert 2
galaxies. We identify type 1 Seyferts visually on the basis of the
presence of broad (FWHM of a few103 km s−1) components
in the permitted lines. Our list is complete with the possible
exception of objects with weak broad lines which are hidden in
the noise.

The identification of type 2 Seyferts is not straightforward,
because it is based on line ratios and usually requires measure-
ments of emission lines which fall outside our spectral range:
only the F([O III]λ5007)/F(Hβ) ratio is available from our spec-
tra, and it is therefore impossible to draw a complete diagnostic
diagram (Baldwin et al. 1981, Veilleux & Osterbrock 1987). We
classify tentatively as type 2 Seyferts all emission line galax-
ies withlog(F([O III] λ5007)/F(Hβ)) ≥ 0.7: this threshold cuts
out almost all non-active emission line galaxies, but also many
narrow-line AGN with a medium to low degree of ionization.
Thus the list of possible Seyfert 2 galaxies is almost free of con-
tamination, but should by no means be considered complete.

The origin of the Seyfert phenomenon could be related to the
interaction with close companions (Balick & Heckman 1982,
Petrosian 1982, Dahari 1984, MacKenty 1989), or to a dense
environment (Kollatschny & Fricke 1989, De Robertis et al.
1998). Observational evidence is, however, far from conclusive.
For example, Seyfert 1 and Seyfert 2 galaxies have been found
to have an excess of (possibly) physical companions compared
to other spiral galaxies by Rafanelli et al. (1995). Laurikainen
& Salo (1995) agree with Rafanelli et al. (1995) about Seyfert
2 galaxies, but reach the opposite conclusion about Seyfert 1
galaxies.

In our case, 7 (33%) out of 21 Seyferts are group members.
For comparison, 460 (34%) emission line galaxies (not includ-
ing Seyfert galaxies) are group members and 879 are either iso-
lated or binaries. Clearly, within the limits of our relatively poor
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statistics, we find that Seyfert galaxies do not prefer a different
environment than that of the other emission line galaxies.

In order to test the dependence of the Seyfert phenomenon
on the interaction of galaxies with close companions rather than
with the general environment, we compute for all Seyferts and
emission line galaxies the projected linear distance to their near-
est neighbor, thenn-distance. We limit the search of compan-
ions to galaxies that are closer than 3000 km s−1 along the line
of sight.

We find that the distribution ofnn-distances of the sample
of Seyfert galaxies is not significantly different from that of all
emission line galaxies.

We also consider the frequency of companions at projected
linear distancesd < 0.15h−1 Mpc. We have 7 Seyfert galax-
ies with such a close companion (33%) and 315 (23%) emission
lines galaxies. One of the 7 Seyferts is a member of a binary sys-
tems, the remaining six Seyferts are members of groups. Even
if, taken at face value, the higher frequency of close companions
observed among Seyfert galaxies supports a causal connection
between gravitational interaction and the Seyfert phenomenon,
these frequencies are not significantly different.

We note that members of close angular pairs (θ < 24.6
arcsec) in the original target list for ESP, are more frequently
missing from the redshift survey than other objects (Vettolani et
al. 1998). This bias, due to OPTOPUS mechanical constraints,
could hide a possible excess of physical companions of Seyfert
galaxies.

In order to estimate how strongly our result could be affected
by this observational bias, we identify the nearest neighbors of
Seyfert and emission line galaxies from a list including both
galaxies with redshift and objects that have not been observed.
When we compute projected linear distances to objects that have
not been observed, we assume that they are at the same red-
shift of their candidate companion galaxy. As before, we do not
find significant differences between the newnn-distributions of
Seyferts ande.l.-galaxies .

This result demonstrates that the higher average incomplete-
ness of close angular pairs does not affect our main conclusions:
a) Seyfert galaxies within ESP are found as frequently within
groups as other emission line galaxies, b) Seyfert galaxies show
a small but not significant excess of close physical companions
relative to the other emission line galaxies. We point out again
that the sample of Seyferts is rather small and the statistical
uncertainties correspondingly large.

8. Clusters and rich systems

Within our survey lie the centers of 9 ACO clusters, 5 ACOS
clusters and 12 EDCC clusters. Several entries of the three lists
correspond to the same cluster. Taking into account multiple
identifications, there are 20 clusters listed within one or more
of the three catalogs that lie within ESP.

In our catalog we find at least one counterpart for 17 out of
the 20 clusters. The three clusters that do not correspond to any
of our systems are ACO 2860, ACOS 11, and ACOS 32, all of
Abell richness R = 0. ACO2860 is a very nearby object with

a redshift,z = 0.0268, close to our minimum redshift. ACOS
11 and ACOS 32 are both distance class D = 6 objects that
may be either projection effects or real clusters located beyond
our redshift limit. We select the ESP counterparts among the
groups that are close to the clusters on the sky and that have a
redshift compatible with the distance class and/or magnitude of
the cluster. If more ESP groups are counterparts of a cluster, we
identify the cluster with the richest counterpart.

In Table 3 we list the name (column 1), and the coordinates
(columns 4, 5) of the 17 clusters with ESP counterpart together
with their richness (column 6) and, if available, their redshift
as estimated by Zucca et al. (1993) (column 7). In the case
of clusters listed in both EDCC and ACO or ACOS, we give
the ACO or ACOS identification number. In the same Table 3
we also list the ID number of the cluster counterparts within
our catalog (column 2), their number of members (column 3),
redshift (column 8) and velocity dispersion (column 9).

There are 8 clusters with redshift estimated by Zucca et al.
(1993) The measured redshifts of 6 of these clusters are in good
agreement with the estimated redshift: the difference between
the two redshifts is of the order of 10%, less than the 20% uncer-
tainty on the estimated redshifts. For the remaining 2 clusters,
ACO 2828 and ACO 4068, the estimated redshift is significantly
smaller than our measured redshift. The projection of the fore-
ground systems ESP 175 and ESP 178 within the Abell radius of
ACO 2828 could explain the inconsistency between estimated
and measured redshift for this cluster. In the case of ACO 4068
we do not find any foreground/background system within ESP.
ACO 4068 is very close to the northern declination boundary
of the ESP strip. An inspection of the COSMOS catalog just
outside the boundary of the OPTOPUS field containing ACO
4068 shows that a significant part of this cluster lies outside
our redshift survey and therefore background/foreground pro-
jection could still be the cause of the inconsistency between its
estimated and measured redshifts.

We also note that EDCC163 and ACOS1055 are among
the most incomplete systems in our catalog. In the fields of
EDCC163 (Nmem = 3) and ACOS1055 (Nmem = 9) the number
of objects without redshift is 16 and 63 respectively. We will not
consider these two clusters in what follows.

In panel a) and panel b) of Fig. 10 we plot, respectively,
Nmem andσcz as a function ofcz. As expected, clusters (repre-
sented by large dots) populate the highest part of both diagrams
at all redshifts. In both diagrams, mixed with clusters, there are
also ESP groups that have not been identified as clusters.

The completeness of bidimensional cluster catalogs is an
important issue for cosmology (van Haarlem et al. 1997) since
the density of these clusters and their properties are used as con-
straints on cosmological models (e.g. Frenk et al. 1990, Bahcall
et al. 1997, Coles et al. 1998). It is therefore interesting to deter-
mine whether there are other systems selected in redshift space
that have properties similar to those of the cluster counterparts
but that have escaped 2-D identification.

We limit our search for “cluster-like” groups to the velocity
range 25000< cz < 45000 km s−1. Within this range the selec-
tion function is rather stable and relatively close to its maximum.
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Table 3. Clusters within ESP

ID ESP Nmem α1950 δ1950 R zest zESP σ

(h m s) (o ’ ”) km s−1

E0163 6 3 22 32 40 −40 38 41 0.13535 121
E0169 7 11 22 34 12 −39 50 51 0.06294 282
S1055 21 9 22 39 43 −40 16 07 0 0.02901 102
A4068 88 9 23 57 08 −39 46 59 0 0.07151 0.10261 700
E0435 121 8 00 17 31 −40 40 37 0.15073 334
A2769 126 6 00 21 45 −39 53 49 0 0.15708 0.14020 419
A2771 128 18 00 21 50 −40 26 49 0 0.06260 0.06876 268
A2828 176 5 00 49 10 −39 50 54 0 0.13133 0.19676 468
A2840 183 34 00 52 01 −40 04 19 1 0.10460 0.10618 339
A2852 192 12 00 57 00 −39 54 19 0 0.17581 0.19845 235
E0113 196 16 00 58 21 −40 31 05 0.05449 372
A2857 200 8 01 00 06 −40 12 42 1 0.19092 0.19755 504
E0519 205 43 01 02 36 −40 03 02 0.10637 319
S0127 213 25 01 05 27 −40 21 08 0 0.10498 505
A2874 216 25 01 06 08 −40 36 01 1 0.15812 0.14191 817
E0529 218 17 01 07 40 −40 40 34 0.10483 282
E0546 231 7 01 19 27 −39 53 07 0.11909 424

Fig. 10.Nmem (top panel) andσcz (bottom panel) as a function ofcz.
Large dots are ESP counterparts of 2-D ACO and/or EDCC catalogs.

In our catalog we identify the counterparts of 8 2-D clusters
within this redshift range. Two of the eight clusters are of rich-
ness class R=1 (ACO2840=ESP183 and ACO2874=ESP216).
The minimum number of members of these clusters is 6 and the
lowest velocity dispersion of the 8 clusters is 280 km s−1.

Apart from the counterparts of the 8 clusters, we find 11 ad-
ditional ESP groups that satisfy all three conditions 25000< cz
< 45000 km s−1, Nmem,min ≥ 6, andσcz,min ≥ 280 km s−1.
These groups are' 10% of all groups in this redshift interval
and we list them in Table 4.

Fig. 11. ESP groups (crosses) with 25000 km s−1 < cz <
45000 km s−1 in the σcz– Nmem plane. Large dots are ESP coun-
terparts of 2-D ACO and/or EDCC catalogs, smaller dots are “cluster-
like” groups. The ESP counterparts of ACO and/or EDCC clusters are
labeled with their ESP ID number (Table 1).

In a σcz– Nmem plane, Fig. 11, the eleven “cluster-like”
groups occupy a “transition region” between clusters and
groups. First we note that, in this plane, the two counterparts of
the R=1 ACO clusters (ESP183 and ESP216) are very distant
from the “cluster-like” groups. The same holds true for the only
rich EDCC cluster that is not an ACO cluster, EDCC519. We
conclude that no rich cluster is missing from 2-D catalogs in the
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Table 4. Cluster-like groups

ESP Nmem α1950 δ1950 cz σ
h m s o

‘ ” km s−1 km s−1

48 7 23 26 03 −39 52 45 30231 333
96 8 00 02 04 −40 29 17 29329 386

124 17 00 20 33 −40 33 37 39102 283
130 8 00 23 02 −40 15 47 41898 284
155 9 00 40 39 −40 00 46 39280 349
186 7 00 54 16 −40 25 00 30163 319
190 13 00 55 29 −40 34 41 31033 399
195 8 00 58 10 −40 06 00 31728 305
201 11 01 00 34 −40 03 30 27225 429
203 10 01 02 28 −40 18 29 27298 361
226 12 01 14 57 −39 52 45 36298 432

region of the sky covered by the ESP survey. This conclusion is
reassuring, even if it does not allow us to discuss the problem
of the completeness of rich 2-D clusters in general because it is
based on a small number of objects.

In the case of the more numerous poorer clusters, Fig. 11
shows that several systems could be missing from the 2-D list.
The boundaries of the cluster and group regions in theσcz–
Nmem plane are blurred by the OPTOPUS mask and by the
narrow width of the ESP survey. It is therefore difficult to give
a precise estimate of how many “cluster-like” groups should be
considered “missing” from bidimensional catalogs.

That poor 2-D clusters and “cluster-like” 3-D groups are
probably the same kind of systems is confirmed by the fact that
they have the same fraction ofe.l.-galaxies , a higher value
than it is typical of richer clusters. The 11 “cluster-like” groups
have a total of 110 members, 43 of which aree.l.-galaxies :
fe,cluster−like = 0.39. The 4 poor clusters that haveNmem ≤
17 include 39 members and havefe,poor clusters = 0.41. We
remember here that for all ESP counterparts of clusters we find
fe,clusters = 0.25.

In conclusion, the comparison of ESP systems with ACO,
ACOS and EDCC clusters indicates that the “low mass” end of
the distribution of clusters is poorly represented in 2-D catalogs;
on the other hand, the 2-D catalogs appear reasonably complete
for high mass clusters.

9. Summary

In this paper we search objectively and analyze groups of galax-
ies in the recently completed ESP survey (23h23m ≤ α1950 ≤
01h20m and22h30m ≤ α1950 ≤ 22h52m; −40o45′ ≤ δ1950 ≤
−39o45′). We identify 231 groups above the number over-
density thresholdδρ/ρ =80 in the redshift range 5000 km s−1

≤ cz ≤ 60000 km s−1. These groups contain 1250 members,
40.5% of the 3085 ESP galaxies within the samecz range. The
median velocity dispersion of ESP groups isσESP,median =
194 km s−1 (at the redshift of the system and taking into ac-
count measurement errors). We verify that our estimates of the
average velocity dispersions are not biased by the geometry of

the ESP survey which causes most systems to be only partially
surveyed.

The groups we find trace very well the geometry of the large
scale distribution of galaxies, as they do in shallower surveys.
Because groups are also numerous, they constitute an interesting
characterization of the large scale structure. The following are
our main results on the properties of groups that set interesting
“constraints” on cosmological models:

– the ratio of members to non-members isfESP,mem = 0.68
± 0.02. This value is in very close agreement with the value
found in shallower surveys, once the few richest clusters
(e.g. Coma and Virgo) are neglected.

– the ratio of groups to the number of non-member galaxies
is fESP,groups = 0.13± 0.01, also in very close agreement
with the value found in shallower surveys.

– the distribution of velocity dispersions of ESP groups is not
distinguishable from those of CfA2N and SSRS2 groups.

These results are of particular interest because the ESP group
catalog is five times deeper than any other wide-angle shallow
survey group catalog and the number of large scale features
explored is correspondingly larger. As a consequence, the prop-
erties of ESP groups are more stable with respect to possible
structure-to-structure variations. The fact that the properties of
ESP groups agree very well with those of CfA2N and SSRS2
groups indicates that structure-to-structure variations are not
large and that the properties of groups we find can be consid-
ered representative of the local universe.

As far as the richest systems (clusters) are concerned, we
identify ESP counterparts for 17 out of 20 2-D selected ACO
and/or EDCC clusters. Because the volume of ESP is compara-
ble to the volume of individual shallower surveys, it is not big
enough to include a fair sample of clusters. The variations from
survey to survey in the number and properties of clusters are
large.

Turning our attention to properties of galaxies as a function
of their environment, we find that:

– the Schechter luminosity function of galaxies in groups has a
brighterM∗ (-19.80) with respect to non–member galaxies
(M∗ = −19.52); the slopeα (' 1.2) does not change
significantly between the two cases.

– M∗ becomes brighter for members of groups of increasing
richness. The parameterα remains almost constant; only in
the case of the richest groups we find a marginally significant
steepening of the slopeα.

– 34% (467/1360) of ESP galaxies with detectable emis-
sion lines are members of groups. The fraction of galaxies
without detectable emission lines in groups is significantly
higher: 45% (783/1725).

– the fraction ofe.l.-galaxies in the field isfe = 49%; it
decreases tofe = 46% for poor groups and tofe = 33% for
richer groups. For the ESP counterparts of ACO and/EDCC
clustersfe = 25%.

We conclude that luminosity segregation is at work in the
ESP survey: galaxies in the dense environment of groups are, on
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average, brighter than “field” galaxies. Galaxies in groups are
also less likely to have detectable emission lines in their spectra.
In fact, we find a gradual decrease of the fraction of emission
line galaxies among members of systems of increasing richness:
the morphology-density relation clearly extends over the whole
range of densities from groups to clusters.

As a final note, we identify 12 Seyfert 1 galaxies and 9
Seyfert 2 galaxies. We find that: a) Seyfert galaxies within ESP
are members of groups as frequently as other emission line
galaxies, and b) Seyfert galaxies show a small but not significant
excess of close physical companions relative to the other emis-
sion line galaxies. We point out again that the sample of Seyferts
is rather small and the statistical uncertainties correspondingly
large.
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