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Abstract. In this paper we identify objectively and ana-
lyze groups of galaxies in the recently completed ESP sur-
vey (23723™ < ajg50 < 01720 and 22"30™ < ajg50 <
22/52mM: —40°45" < 61950 < —39°45"). We find 231 groups
above the number overdensity threshold dp/p =80 in the
redshift range 5000 km s < ¢z < 60000 km s~! . These
groups contain 1250 members, 40.5 % of the 3085 ESP
galaxies within the same cz range.

The median velocity dispersion (corrected for measure-
ment errors and computed at the redshift of the group) is
OESP,median = 194 km s~ . We show that our result is
reliable in spite of the particular geometry of the ESP sur-
vey (two rows of tangent circular fields of radius 8 = 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 shal-
lower 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.

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

Observatory, La Silla, Chile.

Osservatorio Astronomico di Roma, via Osservatorio 2, 00040 Monteporzio Catone (RM), Italy

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 brighter M™* with respect to non-member galax-
ies; the slope « is the same, 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 frac-
tion 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 foa clusters also extends toward systems of lower
density.

Key words: Galaxies: clusters: general - distances and
redshifts - luminosity function, mass function; Cosmology:
observations - large—scale structure of the Universe

1 Table 1 is available only in electronic form via
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1. Introduction

The study of groups of galaxies as dynamical systems is
interesting not only per 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 information on galaxy evo-
lution processes (Postman & Geller 1984, Allington-Smith
et al. 1993).

Group catalogs identified in redshift space are in-
creasing 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, cos-
mological n-body simulations are reaching the resolution
required to allow replication of the observational tech-
niques for the identification of groups. In particular, Fred-
eric (1995a,b) uses n-body simulations to evaluate and
compare the performances of commonly used group find-
ing algorithms.

Among the main properties of groups, the velocity dis-
persion is of particular interest. It is easy to measure and
it is well suited for comparison with the predictions of cos-
mological n-body models (Frenk et al. 1990; Moore et al.
1993; Zabludoff et al. 1993). Distributions of velocity dis-
persions of nearby groups are now well determined with
rather small statistical uncertainties given the large size of
the samples. Ramella et al. 1995 and Ramella et al. 1996
survey the redshifts of candidate faint members of a selec-
tion of nearby groups and find that the velocity dispersion
of groups is stable against inclusion of fainter members. 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 galax-
ies in the recently completed ESP survey (Vettolani et al.
1997). The ESP group catalog is interesting because of its
depth (by < 19.4) and because it samples a new indepen-
dent 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 x 10* h~3 Mpc? at the
sensitivity peak of the survey, z ~ 0.1, and ~ 1.9 x 10°
h=3 Mpc? at the effective depth of the sample, z ~ 0.16.
Even if the volume of ESP is of the same order of mag-
nitude of the volumes explored with the individual CfA2,
SSRS2, and Perseus-Pisces samples, it intercepts a larger
number of structures. 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 ve-
locity dispersions of groups and show that our result is
reliable in spite of the particular geometry of the ESP sur-
vey (two rows of adjacent circular fields of radius 6 = 16
arcmin, see Figure 1 of Vettolani et al. 1997).

An important aspect that distinguishes the ESP group
catalog from the other shallower catalogs is that we have
the spectra of all galaxies with measured redshift. It is al-
ready 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 den-
sity 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 partic-
ular, the different selection criteria could have a strong
impact on the results concerning the morphology-density
relation, the luminosity segregation, and the possible dif-
ferences between the luminosity functions of member and
non-member galaxies.

In section 2) we briefly describe the data; in section 3)
we analyze the effect of the ESP geometry on the estimate
of the velocity dispersion of groups; in section 4) we sum-
marize the group identification procedure; in section 5) we
present the ESP group catalog; in section 6) we analyze
properties of groups that are relevant to a characterization
of the Large Scale Structure (LSS); in section 7) we ana-
lyze 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” galax-
ies; in section 8) we identify ESP counterparts of ACO
and/or EDCC clusters (Lumsden et al. 1992). Finally, we
summarize our results in section 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 instru-
mental 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 of axd = 22°x1°
(strip A), plus a nearby area of 5° x 1° (strip B), five de-
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grees West of the main strip, in the South Galactic Pole
region ( 23h23m < Q1950 < 01h20m and 22h30m < 1950 <
22"'52™ respectively; —40°45" < d1950 < —39°45'). Each
of the two strips is covered with two rows of slightly over-
lapping circular fields of angular radius § = 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) galax-
ies brighter than the limiting magnitude b = 19.4
listed in the Edinburgh—Durham Southern Galaxy Cata-
logue (Heydon—-Dumbleton et al. 1988, 1989).

The spectra cover the wavelength range 3730A to
6050A, with an average pixel size of 4.5A. Galaxy redshifts
are measured by cross—correlating sky-subtracted spectra
with a set of 8 template stars observed with the same in-
strumental set-up used to obtain the galaxy spectra. In
this paper we use emission line redshifts only for galaxies
with no reliable absorption line redshift. The median in-
ternal velocity error is of the order of ~ 60 km s~! . From
a comparison of our 8 templates with three SAO radial
velocity standard stars we estimate that the zero—point
error should be smaller than ~ 10 km s~ .

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 Dis-
persions

To all practical purposes, the projection of the ESP sur-
vey 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 ap-
pear 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 ex-
pect to derive useful information on the most important
physical parameter of groups, the velocity dispersion, o,

Our estimate of the parent velocity dispersion, oy, is
based upon the sample standard deviation o.,(Nmem)-
The sample standard deviation defined as 0., (Npmem) =
VEi(ezi— < ¢z >)2/(Npem — 3/2) is a nearly unbiased
estimate of the velocity dispersion (Ledermann, 1984),
independent of the size Nyjenm 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 distribu-
tion of barycentric velocities is approximately 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 random N,ep,. 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 distribu-
tion of the sample standard deviations. The variance of
the distribution of sample standard deviations varies with
Nimem approximately as 02, /2Npem (Ledermann, 1984).
This distribution, proportional to the x? distribution, is
skewed: even if the mean of the distribution is unbiased,
0¢» 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 random
Nmem points within a circle of angular radius 6, corre-
sponding, at the redshift of the group, to the linear pro-
jected radius R, = 0.5 h~! Mpc. This radius is the typical
size of groups observed in shallow surveys (e.g. RPG). We
select the redshift of the group, 24, by random sampling
the observed distribution of ESP galaxy redshifts.

In order to start from reasonably realistic distribu-
tions, we set Nyemm and the velocity dispersion, o., , by
random sampling the relative histograms obtained from
our ESP catalog. We limit the range of Nyem to 3 <
Npem < 18 and the range of 0., to 0 < 0., < 1000 km
s™h.

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 the Nyem
points a barycentric velocity randomly sampled from a
gaussian with dispersion 0., centered on z4,.. We compute
the velocity dispersion, 0,6 _mask, Of the Nyem 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 (Noem, mask < 3)-
If the group “survives” the mask, we compute the disper-
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sion opmask Of the Npem mask members. On average, 78%
of the groups survive the mask (this fraction corresponds
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 dis-
tribution of members within R,,. For the purpose of the
simulation, the fraction of surviving groups is not critical.

We repeat the procedure 100 times for ng, = 231 simu-
lated groups (the number of groups identified within ESP).
At each run we compute the histograms N(Npem mask)
and N(omask)-

In Figure 1 we plot the input distribution N(Nyem )
—thin line- together with the average output distribution,
<N(Nmem,mask)> Ngr/Nmask — thick line-. Errorbars rep-
resent &+ one standard deviation derived in each bin from
the distribution of the 100 histograms N(Ny,em, mask); for
clarity we omit the similar errorbars of N(N,,epm,. The fac-
tor ngr/Mmask normalizes the output distribution to the
number of input groups. The two histograms in Figure 1
are clearly very similar since N(N,er, ) is within one sigma
from <N(Nmem,mask)> Ngr/Mmask for all values of Nyem
. We point out here that the similarity between the input
and output histograms 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.

Figure 2 shows the results of our simple simulation
for the velocity dispersion. The thin histogram is the
input “true” distribution N(og,.). The dotted histogram
is the average “observed” distribution obtained without
dropping galaxies that lie outside the OPTOPUS mask,
N(0no—mask)- This is the distribution we would observe if
the geometry of the survey would be a simple strip. The
third histogram (thick line) is the average output distri-
bution in presence of the OPTOPUS mask, <N(0mask)>
Ngr/Mmask (€rrorbars are + one-sigma). The input dis-
tribution N(og,), the distribution N(0pno—mask), and the
distribution <N(0mask)> Ngr/Mmast are all within one-
sigma from each other. In particular the two distributions
we observe with and without OPTOPUS mask are undis-
tinguishable (at the 99.9% confidence level, according to
the KS test). The low velocity dispersion bins are slightly
more populated in the “observed” histograms because the
estimate of the “true” o, is based on small N,,., . Note
that in the case of real observations, some groups in the
lowest 0., 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 of o, from Ny,e, observed within our
ESP catalog: 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.

120

100 % —

40 — —

20 — —

Fig. 1. Effect of the “OPTOPUS mask” on N(Npem): the
thin histogram 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.

4. Group Identification

We identify groups with the so-called friend-of-friend al-
gorithm (FOFA; Huchra & Geller, 1982) as described in
RPG. We implement here the cosmological corrections re-
quired by the depth of the sample (z < 0.2). Throughout
this paper we use H, = 100 km s~! Mpc~! and ¢g = 0.5.

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

D1y < Dp(V1,Va) (1)

and a line-of-sight velocity difference

Viz < VL(V1,V2). (2)

Here V7 = cz1 and Vo = cz9 are the velocities of the
two galaxies in the pair. All pairs linked by a common
galaxy form a “group”.

The two parameters Dy, , V1, are scaled with distance
in order to take into account the decrease of the magnitude
range of the luminosity function sampled at increasing dis-
tance. The scaling is

Dy = D,R (3)

and
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Fig. 2. Effect of the “OPTOPUS mask” on N(og4,). The
thin histogram is the “real” distribution, the dotted histogram
shows the effect of sampling 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.

Vi =V,R, (4)

where

lim 12 1/3
R= /M @(M)dM//M @(M)dM] . (5)

— 00

Mis = bj)lim — 25 — 510g(d/L(512))— < K(Elg >, (6)

and Mj;,, is the absolute magnitude corresponding to
by iim at a fiducial velocity Vy. We compute dr,(z12) with
the Mattig (1958) expression, where z12 = .5(21 + 22). Fi-
nally, < K(z12) > is the K—correction “weighted” with
the expected morphological mix at each redshift as in
Zucca et al. (1997).

The scaling is the same for both Dy and V and it
is normalized at the fiducial velocity V; = 5000 km s~!
, where Do = Dp(Vy) and Vo = Vi(Vy). In particu-
lar, a given value of Dy corresponds to a minimum num-
ber overdensity threshold for groups, dp/p . The luminos-
ity function we use is the Schechter parametrization with
M* = —19.61, @« = —1.22, and ¢* = 0.020 Mpc—3 com-
puted for ESP galaxies by Zucca et al. (1997).

We do not consider galaxies with velocities cz < Vy
because the linear extension of the survey in the direc-
tion of the declination is smaller than the typical size of
a group for cz <5000 km s~ . We also limit the maxi-
mum depth of our group catalog to cz < 60000 km s—!
. Beyond this limit the accessible 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 galax-
ies 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 reason 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 sur-
vey the choice of the FOFA parameters is not critical in
a wide region of the parameter space around (dp/p = 80,
Vo = 350 km s=! ). With our luminosity function and
fiducial velocity, we obtain dp/p = 80 for Dy = 0.26 Mpc,
a value comparable to the Dy 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: (dp/p =
80, Vo = 250 km s™1 ), (0p/p = 80, Vg = 350 km s~ !
), (6p/p = 80, Vo = 600 km s~ ), (6p/p = 60, Vg =
350 km s71 ), (6p/p = 100, Vo = 350 km s~! ). Based on
RPG, these pairs of values are sufficient to give an indica-
tion of the stability of the group catalogs in the parameter
space (Dz, ,V1 ). The number of groups in the five cases
is Ngroups = 217, 231, 253, 239, and 217 respectively.

We plot in Figure 3 the observed distributions of the
velocity dispersions of the five group catalogs. We com-
pare the distribution obtained for (6p/p = 80, Vo = 350
km s~! ) —thick histogram in Figure 3 — with the other
four distributions and find that the only significant dif-
ference (99.9 % level, according to the KS test) occurs
with the distribution obtained using the largest velocity
link, Vo = 600 km s~! (dotted histogram). This value of
the velocity-link produces an excess of high velocity dis-
persion 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 (galax-
ies 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
catalog obtained with dp/p = 80 (Dp = 0.26 h~! Mpc)
and Vg = 350 km s~ ! as our final ESP group catalog.
This choice offers the advantage of a straightforward com-
parison between the properties of ESP catalog and those
of the CfA2N (RPG), and SSRS2 (Ramella et al. 1998)
catalogs.
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Fig. 3. The distribution of velocity dispersions, N(o¢:), of
different ESP group catalogs obtained for a grid of values of
the search parameters dp/p and Vy. Errorbars represent £ one
standard deviation.

5. The Group Catalog

We identify 231 groups within the redshift limits 5000 <
cz < 60000 km s~! . These groups contain 1250 members,
40.5 % of the 3085 ESP b; < 19.4 galaxies within the same
cz range.

In Table 1 we present our group catalog. For each
group we list the ID number (column 1), the number
of members (column 2), the coordinates a1950 and d1950
(columns 3 and 4 respectively), the mean radial veloc-
ity cz in km s™! corrected for Virgo infall and galactic
rotation (column 5), and the velocity dispersion o., (col-
umn 6). We compute the velocity dispersion following the
prescription of Ledermann (1984) for an unbiased esti-
mator of the dispersion (see previous section). We also
take into account the cosmological expansion of the uni-
verse and the measurement errors according to the pre-
scriptions of Danese et al. (1980). The errors we associate
to the redshifts are those output by the RVSAO cross-
correlation procedure multiplied by a factor 1.6. This fac-
tor brings the cross-correlation error in rough agreement
with the external error estimated from repeated observa-
tions (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.uq
strasbg.fr/Abstract.html.

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

Not all galaxies in the region of the sky covered by the
ESP survey have a measured redshift. Of the original tar-
get 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 (a, d) coordinates fall within the
angular region defined by the union of the Ny, circular
regions obtained by projecting on the sky circles of linear
radius Dy (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 with-
out 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 photometric 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 quadru-
plets. Only 14 out of the 51 (possibly) highly incomplete
groups have Ny,em > 5. Most of these groups are located
in the relatively small region B of the redshift survey (Vet-
tolani et al. 1998), which is the least complete (complete-
ness level = 71%).

Finally, we estimate that only 8 out of 231 groups are
entirely contained within one OPTOPUS field. By "en-
tirely contained” we mean that none of the circles of pro-
jected linear radius Dy, centered on the member galaxies
crosses the edges of the OPTOPUS 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 use-
ful 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 ra-
tio, fgroups, of their number to the number of non-member
galaxies within the survey. For ESP we have frsp groups
= 0.13 £ 0.01, for CfA2N RPG find fcra2n,groups = 0.13
£ 0.01, for SSRS2 Ramella et al. 1998 find fssrs2,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. Be-
cause CfA2N and SSRS2 mostly sample only one large
structure while ESP intercepts several large structures,
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Fig. 4. Cone diagrams (« — cz) of ESP galaxies (top panel) and of ESP groups (bottom panel). The larger circles in the cone
diagram of groups mark the ESP counterparts of known ACO and/or EDCC clusters.
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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 simula-
tion, we do not expect the OPTOPUS mask to affect the
determination of fgroups-

We now consider the ratio of member to non-member
galaxies, frmem. Within ESP we have frspmem = 0.68
+ 0.02; within CfAN and SSRS2, the values of the ratio
are fcng)mem = 0.81 £ 0.02 and fSSRSZ,mem = 0.67 £
0.02 respectively. Quoted uncertainties are one poissonian
standard deviation. According to the poissonian uncer-
tainties, fEspmem and fsgrs2,mem are undistinguishable.
The value of fora2,mem is significantly different from the
other two ratios. However, the real uncertainty in the ra-
tio of members to non-members is higher than the pois-
sonian 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 of fcofa2mem
to foraz,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 Figure 4 the cone diagram
(v vs cz) for the 3085 ESP galaxies within 5000 < cz <
60000 km s~! . In the bottom panel of Figure 4 we plot the
cone diagram of the 231 ESP groups. Figures 4 shows that
groups trace very well the galaxy distribution, as they do
in shallower surveys (cz < 12000 km s=! ). Note that in
Figure 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~! Mpc and
the two density peaks at cz ~ 18000 km s~! and cz ~
30000 km s~! . These features are also the main features
of the group distribution.

In Figure 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, respectively. In Figure 6 we plot number densi-
ties of galaxies in redshift bins. Number densities are com-
puted using the ng estimator of Davis & Huchra (1982):
all the details about the density estimates are given in

0.1 — —

N(cz)

0.05 — —

O | ‘ | | ‘ | |
0 2x10* 4x10%

cz (km s1)

6x10%

Fig. 5. The redshift distributions of groups (thick histogram)
and galaxies (thin histogram), divided by the total number of
groups and by the total number of galaxies respectively.
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Fig. 6. Number densities of galaxies in comoving distance
bins. The top panel is for members, the middle panel is for
non-members, and the bottom panel is for all galaxies.The
dashed lines represent the + one sigma corridor around the
mean galaxy density.
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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 Figure 5 that the redshift distribu-
tions of groups and galaxies are undistinguishable (98 %
confidence level). Not surprisingly, the number density in
redshift bins of members and all galaxies are highly corre-
lated (Figure 6a and 6¢). More interestingly, the number
density distribution of non-member galaxies is also corre-
lated with the number density distribution of all galaxies
(Figure 6b and 6¢). In particular, the two density peaks at
cz ~ 18000 km s~! and cz ~ 30000 km s~! 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 volume 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.

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

6.3. The Distribution of Velocity Dispersions

We now discuss the velocity dispersions of ESP groups.
According to our simulation in section 2, the effect on the
velocity dispersions of the OPTOPUS mask is statistically
negligible.

The median velocity dispersion of all groups is
OESPmedian = 194 (106,339) km s~' . The numbers in
parenthesis are the 1st and 3rd quartiles of the distribu-
tion. Poor groups with N,em < 5 have a median veloc-
ity dispersion oyedian,poor=145 (65,254) km s=! | richer
groups have omedian.ricn=272 (178,399) km s~! . For com-
parison, the median velocity dispersions of CfA2N and
SSRS2 are ocfa2N median =198 (88,368) km s~! and
055RS2,median = 171 (90,289) km s™! . We take the val-
ues of the velocity dispersions for the CfA2 and SSRS2
groups from Ramella et al. (1997,1998). In order to com-
pare these velocity dispersions with ours, we correct them
for a fixed error of 50 km s~! (corresponding to an
RVSAO error of ~ 35 km s~! ) and multiply them by
V(Nimem — 1)/ (Npem — 3/2). We note that, because of
the OPTOPUS mask, the comparison of the velocity dis-
persions of ”rich” and ”poor” groups within ESP with
those of similar systems within CfA2N and SSRS2 is not
meaningful. A fraction of ESP ”"poor” groups may actually
be part of "rich” groups.

In Figure 7 we plot (thick histogram) the distribution
of the velocity dispersions, ngsp(c), normalized to the to-
tal number of groups. Errorbars are one sigma poissonian
errors. We also plot the normalized o, distributions of
CfA2N and SSRS2. According to the KS test, differences
between ngsp (o) and the other two distributions are not
significant (Pxs = 0.3 and 0.2 for the comparison between
ESP and CfA2N and SSRS2 respectively).

0.4 p

+ — ESP .
CIfAZN i

0.3 SSRSZ2

0.2

0.1

Fig. 7. Comparison between the distribution of velocity dis-
persions of ESP groups (thick line) and those of CfA2N (thin
line) and SSRS2 groups (dotted line). Each distribution is nor-
malized to the total number of groups. Errorbars are one sigma
poissonian errors.

It is interesting to point out that ncrasn(c) and
nssrs2(o) do differ significantly (97% level), ncfaan (o)
being richer of high velocity dispersion systems (Marzke
et al. , 1995). Groups with dispersion velocities o., > 700
km s~! are rare and the fluctuations from survey to sur-
vey correspondingly high. The abundance of these high o,
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 between
noraen (o) and nggrs2(o) ceases to be significant. From
this result we conclude that each survey contains a fair
representation of groups.

The distribution of velocity dispersions is an important
characteristic of groups because it is linked to the group
mass. Therefore n(o) constitutes an important constraint
for cosmological models. Furthermore, o, is a much better
parameter for the classification of systems than the num-
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ber 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(o) in a much deeper volume than those of
existing shallower surveys. We find that, within the er-
rors, ngsp(o) is very similar to both ncyason(o) and

nssrs2(0).

7. Properties of Galaxies in Groups

In this section we examine the luminosities and the spec-
tral features of galaxies in different environments: the
“field”, groups, and clusters. The dependence of these
properties on the environment offers insights into the pro-
cesses of galaxy formation and evolution and on the dy-
namical status of groups.

7.1. The Luminosity Function of Members

Here we investigate the possible difference between the
luminosity functions of member and non-member galax-
ies. We compute 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 brighter M*
with respect to non—-member galaxies; the slope « does
not change significantly in the two cases. In particular

the parameters we obtain are a = —1.257011 and M* =
—~19.80%512 for the 1250 members, and o = —1.2179-49

and M* = —19.5210-10 for the 1835 non—members.

In Figure 8 we draw (dotted lines) the confidence el-
lipses of the a and M™* parameters obtained in the two
cases of member and non-member galaxies. The two lu-
minosity functions differ at the 20 level. In Figure 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 exis-
tence of luminosity segregation in the ESP survey, a much
deeper survey than those where the luminosity segrega-
tion has been previously 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 lumi-
nosity bias in their analysis of the LCRS power spectrum.

In further support of the existence of a luminosity seg-
regation, we also find that M™* becomes brighter for mem-
bers of groups of increasing richness. As before, the pa-
rameter o remains almost constant. Only in the case of
the richest groups, Npmem > 10, we find a marginally sig-
nificant steepening of the slope a.

-0.80

-1.00 *

-1.20

-140 [ “‘\. ’ N
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-20.20 -20.00 -19.80 -19.60 -19.40
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Fig. 8. One- and two-sigma confidence ellipses (dotted lines) of
the a and M™ parameters of the Schechter luminosity function
of members (brightest M*) and non-members (faintest M™).
The solid lines show the confidence ellipses derived for the total
ESP sample considered in this paper (5000 km s~ < cz <
60000 km s~ ).

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. Be-
cause emission lines galaxies are mostly spirals (Kennicutt
1992), the answer to this question is relevant to the inves-
tigation of the morphology-density relation in systems of
intermediate density.

The fraction of ESP galaxies with detectable emission
lines within the redshift range 5000 < cz < 60000 km g1
is 44% (1360/3085). Of these e.l.-galaxies , (34 £ 2)%
(467/1360) are members of groups. The fraction of galax-
ies 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 5 A

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 < Nyerm < 4,
and c¢) rich groups with 5 < Ny, - We find that the
fraction of e.l.-galaxies decreases as the environment be-
comes denser. In the “field” the fraction of e.l.-galaxies is
fe = 49%, it decreases to f. = 46% for poor groups and
to fe = 33% for richer groups. In Figure 9 we plot f. as
a function of Nyem - We also indicate the values of f. of
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Fig. 9. Fraction of e.l.-galaxies in the “field”, in poor groups,
and rich groups. The two arrows indicate the fraction of
e.l.-galaxies in the two richest ACO clusters in our catalog,
A2840 (fe = 21%) and A2860 (f. = 19%)

the two richest Abell clusters in our catalog, A2840 (f, =
21%) and A2860 (f. = 19%).

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

Table 2. Frequency of Emission Line Galaxies in Different
Environments

N&l. Na.L Ntot
“field” 893 942 1835
rich groups 266 549 815
total 1159 1491 2650

The contingency coefficient is C=0.15 and the signif-
icance of the correlation between environment and fre-
quency of emission line galaxies exceeds the 99.9% level.

Our result indicates that the morphology-density rela-
tion extends over the whole range of densities from groups
to clusters. 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 recently, Hashimoto et al. (1998)
also confirm the existence of a morphology-density rela-
tion over a wide range of environment densities within
LCRS.

Examining our result in more detail, we note that the
fraction of e.l.-galaxies , f., in triplets and quadruplets is
very similar to the value of f. for isolated galaxies. Triplets
and quadruplets 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 quadru-
plets. These “pseudo-groups” dilute the properties of real
bound triplets and quadruplets with “field” galaxies, arti-
ficially increasing the value of f,. This effect, in our survey,
is partially counter-balanced by the triplets and quadru-
plets that are actually part of richer systems cut by the
OPTOPUS mask. Considering that rich systems are sig-
nificantly rarer than triplets and quadruplets, we estimate
that the value of f. we measure for triplets and quadru-
plets should be considered an upper limit.

Our catalog also includes ESP counterparts of 17 clus-
ters listed in at least one of the ACO, ACOS (Abell et al.
1989) or EDCC (Lumsden et al. 1992) catalogs (section
8, Table 3). For these clusters fe ciusters = 0.25 (63 e.l.-
galaxies out of 256 galaxies). The number of members of
these systems is not a direct measure of their richness be-
cause of the apparent magnitude 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 remember here
that Biviano et al. (1997) find f. = 0.21 for their sample
of ENACS clusters.The fact that for ESP counterparts of
clusters we find a lower value of f. than for the other rich
groups (fe groups = 0.36 without clusters), further sup-
ports the existence of a morphology-density relation over
the whole range of densities from clusters to the “field”.

Many systems of our catalog are not completely sur-
veyed, therefore the relationship between f. and the den-
sity of the environment we find can only be considered
qualitative. However, while incompleteness certainly in-
creases the variance around the mean result, we do not
expect severe systematic biases. In order to verify that in-
completeness does not affect our results, we consider the
subsample of 67 groups that contain no ESP objects with-
out measured redshift. We obtain for this subsample 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 few 10% km s~!)
components in the permitted lines. Our list is complete
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with the possible exception of objects with weak broad
lines which are hidden in the noise.

The identification of type 2 Seyferts is not straight-
forward, because it is based on line ratios and usually re-
quires measurements of emission lines which fall outside
our spectral range: only the F([O IIIJA5007)/F(HS3) ratio
is available from our spectra, and it is therefore impos-
sible to draw a complete diagnostic diagram (Baldwin et
al. 1981, Veilleux & Osterbrock 1987). We classify ten-
tatively as type 2 Seyferts all emission line galaxies with
log(F([O TIT]A5007)/F(HS)) > 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 ioniza-
tion. Thus the list of possible Seyfert 2 galaxies is almost
free of contamination, but should by no means be consid-
ered complete.

The origin of the Seyfert phenomenon could be related
to the interaction with close companions (Balick & Heck-
man 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 mem-
bers. For comparison, 460 (34%) emission line galaxies
(not including Seyfert galaxies) are group members and
879 are either isolated or binaries. Clearly, within the lim-
its of our relatively poor 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 phe-
nomenon on the interaction of galaxies with close compan-
ions rather than with the general environment, we com-
pute for all Seyferts and emission line galaxies the pro-
jected linear distance to their nearest neighbor, the nn-
distance. We limit the search of companions to galaxies
that are closer than 3000 km s—! along the line of sight.

We find that the distribution of nn-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 pro-
jected linear distances d < 0.15h~% Mpc. We have 7
Seyfert galaxies with such a close companion (33%) and
315 (23%) emission lines galaxies. One of the 7 Seyferts is a
member of a binary systems, 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 gravita-
tional interaction and the Seyfert phenomenon, these fre-
quencies are not significantly different.

We note that members of close angular pairs (6 < 24.6
arcsec) in the original target list for ESP, are more fre-

quently missing from the redshift survey than other ob-
jects (Vettolani et al. 1998). This bias, due to OPTO-
PUS 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 near-
est 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 lin-
ear distances to objects that have not been observed, we
assume that they are at the same redshift of their can-
didate companion galaxy. As before, we do not find sig-
nificant differences between the new nn-distributions of
Seyferts and e.l.-galaxies .

This result demonstrates that the higher average in-
completeness 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 galax-
ies, 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 clus-
ters 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 cor-
respond 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 red-
shift 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 counter-
part.

In Table 3 we list the name (column 1), and the coordi-
nates (columns 4, 5) of the 17 clusters with ESP counter-
part together with their richness (column 6) and, if avail-
able, 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 iden-
tification number. In the same Table 3 we also list the
ID number of the cluster counterparts within our catalog
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Table 3. Clusters within ESP

1D ESP  Nmem 1950 01950 R Zest ZESP o
Gmn e ki 5~
E0163 6 3 223240 -40 38 41 0.13535 121
E0169 7 11 223412 -3950 51 0.06294 282
S1055 21 9 223943 -401607 O 0.02901 102
A4068 88 9 235708 -394659 0 0.07151 0.10261 700
E0435 121 8 001731 -40 40 37 0.15073 334
A2769 126 6 002145 -395349 0 0.15708 0.14020 419
A2771 128 18 002150 -402649 0 0.06260 0.06876 268
A2828 176 5 004910 -395054 0 0.13133 0.19676 468
A2840 183 34 005201 -400419 1 0.10460 0.10618 339
A2852 192 12 005700 -395419 0 0.17581 0.19845 235
EO0113 196 16 0058 21 -40 31 05 0.05449 372
A2857 200 8 010006 -401242 1 0.19092 0.19755 504
E0519 205 43 010236 -40 03 02 0.10637 319
S0127 213 25 010527 -402108 O 0.10498 505
A2874 216 25 0106 08 -40 36 01 1 0.15812 0.14191 817
E0529 218 17 01 0740 -40 40 34 0.10483 282
E0546 231 7 011927 -395307 0.11909 424

(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 clus-
ters are in good agreement with the estimated redshift:
the difference between the two redshifts is of the order of
10%, less than the 20% uncertainty on the estimated red-
shifts. For the remaining 2 clusters, ACO 2828 and ACO
4068, the estimated redshift is significantly smaller than
our measured redshift. The projection of the foreground
systems ESP 175 and ESP 178 within the Abell radius of
ACO 2828 could explain the inconsistency between esti-
mated 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 north-
ern declination boundary of the ESP strip. An inspec-
tion 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 projection
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 (Npem = 3) and ACOS1055 (Nppem =
9) the number of objects without redshift is 16 and 63 re-
spectively. We will not consider these two clusters in what
follows.

In panel a) and panel b) of Figure 10 we plot , respec-
tively, Npem and oc, as a function of cz . As expected,
clusters (represented 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.
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Fig. 10. Npem (top panel) and o.. (bottom panel) as a func-
tion of cz . Large dots are ESP counterparts of 2-D ACO
and/or EDCC catalogs.
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Fig. 11. ESP groups (crosses) with 25000 km s™" < ¢z < 45000
km s~ ! in the 0cs — Nomem 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).

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 proper-
ties are used as constraints on cosmological models (e.g.
Frenk et al. 1990, Bahcall et al. 1997, Coles et al. 1998).
It is therefore interesting to determine whether there are
other systems selected in redshift space that have proper-
ties similar to those of the cluster counterparts but that
have escaped 2-D identification.

We limit our search for ” cluster-like” groups to the ve-
locity range 25000 < cz < 45000 km s~ . Within this
range the selection function is rather stable and rela-
tively close to its maximum. In our catalog we identify
the counterparts of 8 2-D clusters within this redshift
range. Two of the eight clusters are of richness class R=1
(ACO2840=ESP183 and ACO2874=ESP216). The mini-
mum number of members of these clusters is 6 and the
lowest velocity dispersion of the 8 clusters is 280 km s~ .

Apart from the counterparts of the 8 clusters, we find
11 additional ESP groups that satisfy all three condi-
tions 25000 < cz < 45000 km s~ | Npem,min = 6, and
Oczmin > 280 km s™! . These groups are ~ 10% of all
groups in this redshift interval and we list them in Table
4.

In a 0., — Nimem plane, Figure 11, the eleven ” cluster-
like” groups occupy a ”transition region” between clusters

Table 4. Cluster-like Groups

ESP Nmem 1950 51950 cz g
h m s o kms™! kms?

48 7 232603 -395245 30231 333

96 8 000204 -4029 17 29329 386
124 17 002033 -40 33 37 39102 283
130 8 002302 -40 1547 41898 284
155 9 004039 -40 00 46 39280 349
186 7 005416 -40 2500 30163 319
190 13 005529 -40 34 41 31033 399
195 8 005810 -40 06 00 31728 305
201 11 010034 -4003 30 27225 429
203 10 010228 -4018 29 27298 361
226 12 011457 -395245 36298 432

and groups. First we note that, in this plane, the two coun-
terparts 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 clus-
ter is missing from 2-D catalogs in the 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-
ure 11 shows that several systems could be missing from
the 2-D list. The boundaries of the cluster and group re-
gions in the 0., — Nyem plane are blurred by the OPTO-
PUS mask and by the narrow width of the ESP survey. It
is therefore difficult to give a precise estimate of how many
7 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 of e.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 are e.l.-galaxies : fe ciuster—tike = 0.39. The 4 poor
clusters that have N,,erm < 17 include 39 members and
have fe poor clusters = 0.41. We remember here that for all
ESP counterparts of clusters we find fe ciusters = 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 repre-
sented 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
galaxies in the recently completed ESP survey (23723™ <
1950 S 01h20m and 22h30m S 1950 S 22h52m’
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—40°45" < b1950 < —39°45"). We identify 231 groups
above the number overdensity threshold dp/p =80 in the
redshift range 5000 km s™! < ¢z < 60000 km s~! . These
groups contain 1250 members, 40.5 % of the 3085 ESP
galaxies within the same cz range. The median velocity
dispersion of ESP groups is ogspmedian = 194 km g1
(at the redshift of the system and taking into account
measurement errors). We verify that our estimates of the
average velocity dispersions are not biased by the geom-
etry 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 shal-
lower surveys. Because groups are also numerous, they
constitute an interesting characterization of the large scale
structure. The following are our main results on the prop-
erties of groups that set interesting “constraints” on cos-
mological models:

— the ratio of members to non-members is fEspmem =
0.68 £ 0.02. This value is in very close agreement with
the value found in shallower surveys, once the few rich-
est 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 properties of ESP groups are more
stable with respect to possible structure-to-structure vari-
ations. The fact that the properties of ESP groups agree
very well with those of CfA2N and SSRS2 groups indi-
cates 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 comparable to the volume of individual shallower sur-
veys, it is not big enough to include a fair sample of clus-
ters. 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 brighter M* (-19.80) with respect to non—
member galaxies (M* = —19.52); the slope a (~ 1.2)
does not change significantly between the two cases.

— M* becomes brighter for members of groups of increas-
ing richness. The parameter a remains almost con-

stant; only in the case of the richest groups we find
a marginally significant steepening of the slope «.

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

— the fraction of e.l.-galaxies in the field is f. = 49%;
it decreases to f. = 46% for poor groups and to fe.
= 33% for richer groups. For the ESP counterparts of
ACO and/EDCC clusters f, = 25%.

We conclude that luminosity segregation is at work
in the ESP survey: galaxies in the dense environment
of groups are, on average, brighter than “field” galax-
ies. Galaxies in groups are also less likely to have de-
tectable emission lines in their spectra. In fact, we find
a gradual decrease of the fraction of emission line galax-
ies 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 emission line galaxies. We point out again that
the sample of Seyferts is rather small and the statistical
uncertainties correspondingly large.
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