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Abstract. In this paper we identify objectively and analyzevithin the errors, in the two cases. We find that 34% (467/1360)
groups of galaxies in the recently completed ESP survefESP galaxies with detectable emission lines are members of
(23"23™ < aqgs0 < 01720™ and 22"30™ < 19590 < groups. The fraction of galaxies without detectable emission
22/52m: —40°45" < 1950 < —39°45"). We find 231 groups lines in groups is significantly higher: 45% (783/1725). More
above the number overdensity threshélgl p =80 in the red- generally, we find a gradual decrease of the fraction of emission
shift range 5000 kms' < ¢z < 60000kms*. These groups line galaxies among members of systems of increasing richness.
contain 1250 members, 40.5% of the 3085 ESP galaxies witHihis result confirms that the morphology-density relation found
the same:z range. for clusters also extends toward systems of lower density.
The median velocity dispersion (corrected for measurement
errors and computed at the redshift of the group)is pmedaian. K€y words: galaxies: clusters: general — galaxies: distances
=194kms'. We show that our result is reliable in spite of thand redshifts — galaxies: luminosity function, mass function —
particular geometry of the ESP survey (two rows of tangecbsmology: observations — cosmology: large-scale structure of
circular fields of radiug® = 15 arcmin), which causes mostUniverse
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 |ntroduction
in shallower catalogs, ESP groups trace very well the geometry
of the large scale structure. Our results are of particular interé&e study of groups of galaxies as dynamical systems is inter-
because the depth of the ESP survey allows us to sample gré6png not onlyper se but also because groups can be used to
properties over a large number of structures. set constraints on cosmological models (e.g. Frenk et al. 1990;
We also compare luminosity function and spectral properti¥éeinberg & Cole 1992, Zabludoff et al. 1993; Zabludoff &
of galaxies that are members of groups with those of isolateller 1994, Nolthenius et al. 1994, 1997) and on models of
galaxies. We find that galaxies in groups have a brighter galaxy formation (Frenk et al. 1996; Kaufmann et al. 1997).
with respect to non—-member galaxies; the slofie the same, Groups are also interesting sites where to look for interactions
of galaxies with their environment, in order to obtain informa-
Send offprint requests tMassimo Ramella (ramella@oat.ts.astro.it)tlon on galaxy evolution processes (Postman & Geller 1984,

* based on observations collected at the European Southern Obég}ngton'smith et al_' 199_3_)' . . . .
vatory, La Silla, Chile. Group catalogs identified in redshift space are increasing

** Table 1 is available only in electronic form via anonymouBOth in number and size (CfA2N, RPG; SSRS2, Ramella et al.
ftp to cdsarc.u-strashg.fr (130.79.128.5) or via http://cdsweb.4998; Perseus-Pisces, Trasarti Battistoni 1998; LCRS, Tucker
strasbg.fr/Abstract.html etal. 1997). At the same time, cosmological n-body simulations
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are reaching the resolution required to allow replication of the&CRS a) is a red band survey (ESP and shallower surveys are
observational techniques for the identification of groups. In paelected in the blue band), b) itis not simply magnitude limited,
ticular, Frederic (1995a,b) uses n-body simulations to evaluated c) it does not uniformly sample structures in redshift space.
and compare the performances of commonly used group findingarticular, the different selection criteria could have a strong
algorithms. impact on the results concerning the morphology-density rela-
Among the main properties of groups, the velocity dispetion, the luminosity segregation, and the possible differences
sion is of particular interest. It is easy to measure and it is wékktween the luminosity functions of member and non-member
suited for comparison with the predictions of cosmological malaxies.
body models (Frenk et al. 1990; Moore et al. 1993; Zabludoff et In Sect. 2 we briefly describe the data; in Sect. 3 we analyze
al. 1993). Distributions of velocity dispersions of nearby groupke effect of the ESP geometry on the estimate of the velocity
are now well determined with rather small statistical uncertaidispersion of groups; in Sect. 4 we summarize the group identi-
ties given the large size of the samples. Ramella et al. 1995 dicdtion procedure; in Sect. 5 we present the ESP group catalog;
Ramella et al. 1996 survey the redshifts of candidate faint meim-Sect. 6 we analyze properties of groups that are relevant to a
bers of a selection of nearby groups and find that the velocitfiaracterization of the Large Scale Structure (LSS); in Sect. 7
dispersion of groups is stable against inclusion of fainter meme analyze the properties of galaxies in groups and compare
bers. In other words, the velocity dispersion estimated on ttieem to the properties of “field” galaxieisd. galaxies that have
basis of the fewer original bright members is a good indicator nbt been assigned to groups) and “cluster” galaxies; in Sect. 8
the velocity dispersion obtained from a better sampling of tlvege identify ESP counterparts of ACO and/or EDCC clusters
same group. (Lumsden et al. 1992). Finally, we summarize our results in
In this paper we identify and analyze groups of galaxies Bect. 9.
the recently completed ESP survey (Vettolani et al. 1997). The
ESP group catalogis interesting because of its déptki(19.4)
and because it samples a new independent region of the univefsd.N€ data
ESP is a nearly bi-dimensional survey (the declination rangetife ESO Slice Project (ESP) galaxy redshift survey is described
much smaller than the right ascension range), five times deepeyettolani et al. (1997). The data of the full sample together
than either CfA2 (Geller & Huchra 1989) or SSRS2 (da Cosigith a detailed description of the instrumental set-up and of the
etal. 1994). The volume of the survey~s5 x 10* h~*Mpc®  data reduction can be found in Vettolani et al. (1998). Here we
at the sensitivity peak of the survey~ 0.1, and~ 1.9 x 10° only briefly describe the survey.
h—3 MpC3 at the effective depth of the samptes 0.16. Even The ESP survey extends over a Strip@k ) = 22° x 1°
if the volume of ESP is of the same order of magnitude Qétrip A)' p|us a nearby area 6f x 1° (Strip B), five degrees
the volumes explored with the individual CfA2, SSRS2, angllest of the main strip, in the South Galactic Pole region (
Perseus-Pisces samples, it intercepts a larger number of stpg69o3m < o959 < 01720™ and22"30™ < a959 < 22752™
tures. Infact, the strip geometry is very efficient for the detectiqBspectively;—40°45" < 81950 < —39°45'). Each of the two
of large scale structures within redshift surveys (de Lapparefiips is covered with two rows of slightly overlapping circular
etal. 1988). fields of angular radiug = 16 arcmin, the separation between
In particular we determine the distribution of the velocityhe centers of neighboring circles being 30 arcmin. Each field
dispersions of groups and show that our result is reliable darresponds to the field of view of the multifiber spectrograph
spite of the particular geometry of the ESP survey (two rows gPTOPUS at the 3.6m ESO telescope that was used to obtain
adjacent circular fields of radius = 16 arcmin, see Fig. 1 of almost all of the spectra (the MEFOS spectrograph was used in
Vettolani et al. 1997). the last ESP run). Throughout this paper we will assume that the
An important aspect that distinguishes the ESP group cagacular fields are tangent, with an angular radius of 15 arcmin:
log from the other shallower catalogs is that we have the spegtigs simplification has no consequences on the galaxy sample.

of all galaxies with measured redshift. It is already well knowmhe total solid angle of the spectroscopic survey is 23.2 square
that emission line galaxies are rarer in rich clusters than in thegrees.

field (Biviano et al. 1997). The relation between the fraction of The ga|axy Cata|og consists of all (Candidate) ga|axies
emission line galaxies and the local density is a manifestatipAghter than the limiting magnitudey ;;,, = 19.4 listed in
of the morphology—density relationship observed for clusteftse Edinburgh—Durham Southern Galaxy Catalogue (Heydon—
(Dressler 1980), a useful tool in the study of galaxy evolutiomumbleton et al. 1988, 1989).
With the ESP catalog we explore the extent of the morphology The spectra cover the wavelength range 378060504,
density relationship in the intermediate range of densities tl’ﬁth an average pixe| size of zﬁ‘sGa|axy redshifts are mea-
are typical of groups at a larger depth than in previous studiegyred by cross—correlating sky-subtracted spectra with a set of
We note that preliminary results of a search for groups #template stars observed with the same instrumental set-up
the Las Campanas Redshift Survey (Shectman et al. 1996) hg¥ed to obtain the galaxy spectra. In this paper we use emis-
been presented by Tucker et al. (1997). The properties of thegsh line redshifts only for galaxies with no reliable absorption
groups, as distant as ours, are difficult to compare with thogge redshift. The median internal velocity error is of the order
of our ESP groups and with those of shallower surveys becagse. 60 kms!. From a comparison of our 8 templates with
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three SAO radial velocity standard stars we estimate that tteglshift of the group, to the linear projected radfgg. = 0.5
zero—point error should be smaller thanl0 kms1. h~!Mpc. This radius is the typical size of groups observed

The total number of confirmed galaxies with reliable redshiiit shallow surveys (e.g. RPG). We select the redshift of the
measurement is 3342. The completeness of strip A and strig®up, z,,, by random sampling the observed distribution of
are estimated to be 91% and 67% respectively. ESP galaxy redshifts.

In order to start from reasonably realistic distributions, we
setN,,..., and the velocity dispersion.., by random sampling
the relative histograms obtained from our ESP catalog. We limit

To all practical purposes, the projection of the ESP survey on i€ range ofVy,e, 10 3 < Ny»em < 18 and the range of.. to

sky consists of two rows of adjacent circular OPTOPUS fields 8f< .. < 1000kms™'.

radius 15 arcmin and a separation of 30 arcmin between adjacentVe lay down at random the center of the simulated group
centers. The angular extent of groups and clusters at the typk&hin the region of the sky defined by extending 15 arcmin
depth of the SUTVGyZ(Z ()1) are Comparab|e, or even |arger!’10rthward and southward the “un-masked” limits of the ESP
than the size of the OPTOPUS fields. Therefore, most systepévey. We then assign to each of tNg,.., points a barycen-
falling into the survey’s volume are only partially surveyed. tric velocity randomly sampled from a gaussian with disper-

The main effect of the “mask” of OPTOPUS fields is tgiono.. centered on,,.. We compute the velocity dispersion,
hide a fraction of group members that lie within or close to th®o—mask, Of the Ny, velocities. Finally, we apply the mask
strip containing the mask (the OPTOPUS fields cover 78% of tAgd discard the points that fall outside the mask. We discard
area of the “un-masked” strip). Because of the hidden membéhg whole group if there are fewer than 3 points left within the
several poor groups may not appear at all in our catalog. GWSK NVimem,mask < 3). If the group “survives” the mask, we
the contrary, our catalog might include parts of groups that gi@mpute the dispersian,,qsx. 0f the Nyem, mask, members. On
centered outside the ESP strip. These problems notwithstand@igrage, 78% of the groups survive the mask (this fraction cor-
we expect to derive useful information on the most importaf@sponds to the ratio between the area covered by the mask and
physica| parameter of groups, the Ve|ocity dispersmg’ the area of the “un-masked” strip). The percentage of surviv-

Our estimate of the parent velocity dispersion,, ing groups depends on the exact limits of the region where we
is based upon the sample standard deviatQp(N,c, ). lay down at random groups and on the projected distribution
The sample standard deviation defined @s(Nyem) = of members withinR,,.. For the purpose of the simulation, the
\/Zi(czi —(¢2))2/(Npmem — 3/2) is a nearly unbiased esti-fraction of surviving groups is not critical.
mate of the velocity dispersion (Ledermann, 1984), indepen- We repeat the procedure 100 times#gy. = 231 simulated
dent of the sizeV,,.,, of the sample. We make the standargroups (the number of groups identified within ESP). At each
assumptions that a) barycentric velocities of members are féf we compute the histograms Ngem, mask) and N@ask)-
correlated with their real 3D positions within groups, and that In Fig.1 we plot the input distribution NN.cr) —

b) in each group the distribution of barycentric velocities is afhin line— together with the average output distribution,
proximately gaussian. Because the position on the sky of th(Nimem,mask))ngr/Mmask — thick line—. Errorbars repre-
OPTOPUS mask is not related to the positions of groups, #€nt+ one standard deviation derived in each bin from the
only effect is to reduce at randoi¥,,...,. Therefore, using an distribution of the 100 histograms N, cm,mask); for clar-
unbiased estimate of the velocity dispersion, the mask hasifowe omit the similar errorbars of N\.,. The factor
effect on our determination of the average velocity dispersiofig-/mmask NOrmalizes the output distribution to the num-
of groups. ber of input groups. The two histograms in Fig. 1 are clearly

The effect of the mask is to broaden the distribution of théery similar since N¥p.,,) is within one sigma from
sample standard deviations. The variance of the distribution®(Nmem,mask))gr/Mmask for all values ofNy,.,,. We point
sample standard deviations varies with,.,, approximately out here that the similarity between the input and output his-
aso2, /2N em (Ledermann, 1984). This distribution, proporfograms does not mean that the surviving groups have not
tional to they? distribution, is skewed: even if the mean of theéhanged. In fact only about 63% of the triplets survive the mask
distribution is unbiaseds,. is more frequently underestimatedvhile, for example, 88% of the groups with 5 members and 98%
than overestimated. of those with 10 members “survive” the mask.

While it is easy to predict the effect of the mask on the Flg 2 shows the results of our simple simulation for the ve-
determination of the velocity dispersion of a single group, it I§city dispersion. The thin histogram is the input “true” distri-
rather difficult to predict the effect of the mask on the observ&dition Ni,,-). The dotted histogram is the average “observed”
distribution of velocity dispersions of a sample of groups witdlistribution obtained without dropping galaxies that lie out-
different “true” velocity dispersions and different number o$ide the OPTOPUS mask, &{,—nqsx). This is the distribu-
members. In order to estimate qualitatively the effect of tii®n we would observe if the geometry of the survey would
mask on the shape of the distribution of velocity dispersiorfé¢ @ simple strip. The third histogram (thick line) is the av-
we perform a simple Monte Carlo simulation. erage output distribution in presence of the OPTOPUS mask,

We simulate a group by placing uniformly at randdf,e,,,  (N(Trmask))ngr/mask (€rrorbars aret one-sigma). The in-
points within a circle of angular radidg, corresponding, at the put distribution Ng,), the distribution Ng.o—mast), and the

3. ESP geometry and the measure of velocity dispersions
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Fig. 1. Effect of the “OPTOPUS mask” on M..e): the thin his- Fig. 2. Effect of the “OPTOPUS mask” on M(,). The thin histogram
togram is the “true” distribution, the thick histogram is the average the “real” distribution, the dotted histogram shows the effect of sam-
distribution “observed” through the “OPTOPUS mask”, normalizegling on the input distribution, and the thick histogram is the average
to the number of input groups. Errorbars represenvne standard distribution “observed” through the “OPTOPUS mask”, normalized
deviation. to the number of input groups. Errorbars represendne standard
deviation.
distribution (N(c45k))gr /Tmask @re all within one-sigma
from each other. In particular the two distributions we observe HereV; = cz; andV, = ¢z, are the velocities of the two
with and without OPTOPUS mask are undistinguishable (at thalaxies in the pair. All pairs linked by a common galaxy form
99.9% confidence level, according to the KS test). The low va“group”.
locity dispersion bins are slightly more populated in the “ob- The two parameters )V, are scaled with distance in order
served” histograms because the estimate of the “trye”is  to take into account the decrease of the magnitude range of the
based on smalNV,,.,,. Note that in the case of real observaluminosity function sampled at increasing distance. The scaling
tions, some groups in the lowest, bin will be shifted againto is
the next higher bin because of measurement errors.

Our results do not change if we take into account the slig{:l)tL =
dependence af., from N,,.,, observed within our ESP cata-zng
log: also in this case the effect of the mask is negligible.

In conclusion, the simulation confirms our expectation th&t. = VoR, 4)
the OPTOPUS mask has no significant effect on the shape\,\mere
the distribution of velocity dispersions.

D,R 3)

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

— 00

4. Group identification

We identify groups with the so-called friend-of-friend algorithm
(FOFA; Huchra & Geller, 1982) as described in RPG. We imM12 = b1im — 25 — 5log(dr(212)) — (K(Z12) , (6)
plement here the cosmological corrections required by the de

of the sarlnple,(_gl 0.2). Throughout this paper we use, k at a fiducial velocityV’;. We computei, (z:2) with the Mattig
100kms* Mpc™ andgy = 0.5. : T X R
For each galaxy in the maanitude limited ESP catalod. t 1958) expression, whekg, = .5(z1+22). Finally, (K (z12)) is
or each galaxy € mag c ed. catalog, % -~ correction “weighted” with the expected morphological
FOFA identifies all other galaxies with a projected comoving. . .
separation ix at each redshift as in Zucca et al. (1997).
P : The scaling is the same for both,and V;, and it is nor-
D1s < Dp(V4,V3) (1) malized at the fiducial velocity’; = 5000 km s where B
= Dy (Vy) and Vy = V. (Vy). In particular, a given value of
Dy corresponds to a minimum number overdensity thresh-
Vie <V (V1, V3). (2) old for groups,ip/p. The luminosity function we use is the

BHB M is the absolute magnitude corresponding Qi

and a line-of-sight velocity difference
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100 — ‘ ‘ The number of groups in the five cases ig.N,s = 217, 231,
i 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-
i bution obtained fordp/p = 80, Vy = 350 km s!) —thick his-
A togram in Fig. 3 — with the other four distributions and find that
7 the only significant difference (99.9% level, according to the
KS test) occurs with the distribution obtained using the largest
velocity link, Vo, = 600kms! (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
1 argue that these high velocity dispersion systems are likely to
. include a significant number of interlopers (galaxies with high
q barycentric velocity that are not physically related to the group
m in real space).

On the basis of the results of our tests, we choose the cat-
alog obtained withip/p = 80 (Dy = 0.26 =1 Mpc) and
= = I =350kms! as our final ESP group catalog. This choice of-
0 500 1000 1500 fersthe advantage of a straightforward comparison between the

o, (km s) properties of ESP catalog and those of the CfA2N (RPG), and
SSRS2 (Ramella et al. 1998) catalogs.

Fig. 3. The distribution of velocity dispersions, &{(. ), of different ESP
group catalogs obtained for a grid of values of the search parameters
dp/p andVy. Errorbars represent one standard deviation. 5. The group catalog

We identify 231 groups within the redshift Imi00 < cz <

Schechter parametrization withi* = —19.61, o« = —1.22, 60000kms~!. These groups contain 1250 members, 40.5% of
and¢* = 0.020 Mpc—3 computed for ESP galaxies by Zuccahe 3085 ESRP; < 19.4 galaxies within the same: range.
et al. (1997). In Table 1 we present our group catalog. For each group we

We do not consider galaxies with velocities < V; be- list the ID number (column 1), the number of members (col-
cause the linear extension of the survey in the direction oimn 2), the coordinates; 5o andd 950 (columns 3 and 4 re-
the declination is smaller than the typical size of a group fepectively), the mean radial velocity in kms~! corrected for
cz <5000kmst. We also limit the maximum depth of ourVirgo infall and galactic rotation (column 5), and the velocity
group catalog tez < 60000 km s~!. Beyond this limit the ac- dispersiorv... (column 6). We compute the velocity dispersion
cessible part of the luminosity function becomes very small afmllowing the prescription of Ledermann (1984) for an unbi-
the scaling of the FOFA linking parameters excessively largeased estimator of the dispersion (see previous section). We also

The main characteristics of the distribution of galaxigske into account the cosmological expansion of the universe
within the volume of the universe surveyed by ESP (Vettolaahd the measurement errors according to the prescriptions of
etal. 1997) are very similar to those observed within shallow&anese et al. (1980). The errors we associate to the redshifts are
wider angle magnitude limited redshift surveys. For this retiiose output by the RVSAO cross-correlation procedure mul-
son we expect that the conclusions on the fine-tuning of FOREglied by a factor 1.6. This factor brings the cross-correlation
reached by Ramella et al. 1989, Frederic 1995a, and RPG wilfor in rough agreement with the external error estimated from
hold true also for ESP. In particular, RPG show that within thepeated observations (Vettolani et al. 1998 — here we do not
CfANZ redshift survey the choice of the FOFA parameters is ndistinguish between emission and absorption line redshifts).
critical in a wide region of the parameter space aroupd 4= Table 1 is available only in electronic form via anonymous
80, Vo =350kms!). With our luminosity function and fidu- ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-
cial velocity, we obtainip/p = 80 for Dy = 0.26 Mpc, a value strasbg.fr/Abstract.html.
comparable to the P value used for CfAN2. It is therefore  In the case of 24 groups, the correctiorvef for the mea-
reasonable to expect that the same results of the exploratioswfement errors leads to a negative value. In column 6 of Table 1
the parameter space will hold also for the ESP survey. In ordee give the error as an upper limit &Q, for these groups.
to verify our expectation, we run FOFA with the following five  Not all galaxies in the region of the sky covered by the
pairs of values of the linking parameters selected among th&®P survey have a measured redshift. Of the original target
used by RPG:p/p =80, V, =250kms!), (6p/p=80,V, = list, 444 objects are not observed, and 207 objects have a noisy
350kmst), (6p/p=80,V, =600kmst), (6p/p=60,V, = spectrum,insufficientforareliable determination of the redshift.
350kmst), (9p/p =100, Vy =350kms1). Based on RPG, In Table 1 we give, for each group, the ratio of these objects to
these pairs of values are sufficient to give an indication of ttiee number of members (column 7). In computing these rates,
stability of the group catalogs in the parameter spageVlp). we assign to each group the objects without redshift whesg (
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coordinates fall within the angular region defined by the unidvioreover, the total number of members is strongly influenced
of the N,,.., Circular regions obtained by projecting on thdy few very rich systems. In fact, it is sufficient to eliminate
sky circles of linear radiu® 1, (cz4r0up) CENtered on all group two clusters, Virgo and Coma, from CfA2N in order to reduce
members. There are groups that are separated along the lthe-value offc s a2 mem 10 fora2,mem = 0.70% 0.02, in close
of-sight but that overlap once projected on the sky. If an objemgreement with the ratio observed within ESP and SSRS2.
without redshift lies within the overlap region, we assign the Inconclusion, groups are aremarkably stable property of the
object to both groups. large-scale distribution of galaxies. Once the richest clusters are
There are 67 groups that do not contain any object of the plexcluded, the abundances of groups and of members relative to
tometric catalog without measured redshift. On the other harkiat of non-member or“field” galaxies are constant over several
in the case of 51 groups the number of objects without redsH#dtge and independent regions of the universe.
equals, or exceeds, the number of members. These groups are
mostly triplets and quadruplets. Only 14 out of the 51 (pos
bly) highly incomplete groups haw¥,,.,, > 5. Most of these
groups are located in the relatively small region B of the retiVe plot in the top panel of Fig. 4 the cone diagranvé cz) for
shift survey (Vettolani et al. 1998), which is the least completbe 3085 ESP galaxies within 5080cz < 60000 kms!. Inthe
(completeness level = 71%). bottom panel of Fig. 4 we plot the cone diagram of the 231 ESP
Finally, we estimate that only 8 out of 231 groups are entiretyroups. Figs. 4 shows that groups trace very well the galaxy dis-
contained within one OPTOPUS field. By “entirely containedttibution, as they do in shallower surveys (< 12000 km s't).
we mean that none of the circles of projected linear radilys Note that in Fig.4 we project adjacent beams, not a strip of
centered on the member galaxies crosses the edges of the @Rstant thickness.
TOPUS fields. 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
6. Properties of groups the voids of sizes» 50 .~ Mpc and the two density peaks at

In this section we discuss properties of ESP groups that cansé= 18000 kms* andcz ~ 30000km s *. These features are
used to characterize the LSS and that set useful constraintg!g the main features of the group distribution.

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

The first “global” property of groups we consider is the rati@ins. Number densities are computed usingithestimator of
fgroupsu of their number to the number of non-member ga|axi&aViS & Hutha (1982) all the details about the denS|ty esti-
within the survey. For ESP we haye s p,groups = 0.134 0.01, mates_ are given in Zucca et al. 1997. We vary the size of t_he
for CfA2N RPG findfc f aan groups = 0.13=+ 0.01, for SSRS2 redshift bms in orde_r to keep constant the_ number_ of galaxies
Ramella et al. 1998 findlss rs2 groups = 0.124 0.01. Clearly expected in each bin based on the selection function. The top
the proportion of groups among galaxies is the same in all thig@hel is for member galaxies, the middle panel is for isolated
independent volumes of the universe surveyed with ESP, CfA2Rd binary galaxies, and the bottom panel is for all ESP galax-
and SSRS2. Because CfA2N and SSRS2 mostly sample of§: The dashed lines representthene sigma corridor around
one large structure while ESP intercepts several large structuf§, mean galaxy density.
our result means that the clustering of galaxies in groups within Itis clear from Fig. 5 that the redshift distributions of groups
the large scale structure is homogeneous on scales smaller fizghgalaxies are undistinguishable (98% confidence level). Not
those of the structures themselves. surprisingly, the number density in redshift bins of members
We point out that, on the basis of our simple simulation, wad all galaxies are highly correlated (Fig. 6a and 6c). More
do not expect the OPTOPUS mask to affect the determinatigerestingly, the number density distribution of non-member
of fyroups- galaxies is also correlated with the number density distribution
We now consider the ratio of member to non-member galeit all galaxies (Fig. 6b and 6c). In particular, the two density
€S, finem. Within ESP We havézs pmem =0.68+0.02; within  Peaks aicz ~ 18000kms* andcz ~ 30000kms* of the
CfAN and SSRS2, the values of the ratio #g 42 mem = 0.81 number density distribution of all galaxies are also identifiable
+ 0.02 andfssrs2.men = 0.67 + 0.02 respectively. Quoted inthe number density distribution of non-member galaxies, even
uncertainties are one poissonian standard deviation. Accordifigith a lower contrast.
to the poissonian uncertaintieBss p.mem andfs.srs2,mem are We know from the previous section that groups are a very
undistinguishable. The value ¢ ; 42 mem is significantly dif- stable global property of the galaxy distribution within the vol-
ferent from the other two ratios. However, the real uncertainty #ine of the ESP and within other shallower surveys. Here we
the ratio of members to non-members is higher than the pois§BoW that a tight relation between non-member galaxies and
nian estimate because the fluctuations in the number of memiERHPS exists even on smaller scales.
is dominated by the fluctuations in the smaller number of groups.

%TZ. Distribution of groups in redshift-space

6.1. Abundances of groups and members
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Fig.4. Cone diagramso —
cz) of ESP galaxies t¢p
pane) and of ESP groups
(bottom pangl The larger
circles in the cone diagram of
groups mark the ESP counter-
parts of known ACO and/or
22h 30m EDCC clusters.

Our result is particularly interesting in view of the depth ohave o,,cgian ricn=272 (178,399) kms!. For comparison,
the ESP survey and of the number of large structures interceptieel median velocity dispersions of CfA2N and SSRS2 are
along the line-of-sight. OC#A2N, median =198 (88,368) kms! and O0SSRS2,median =
171 (90,289) kms!. 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
We now discuss the velocity dispersions of ESP groups. Aedrs, we correct them for afixed error of 50 km'§correspond-
cording to our simulation in Sect. 2, the effect on the velociipg to an RVSAO error ofv 35 km s t) and multiply them by
dispersions of the OPTOPUS mask is statistically negligible.\/(Nmem —1)/(Nmem — 3/2). We note that, because of the

The median velocity dispersion of all groups i©OPTOPUS mask, the comparison of the velocity dispersions of
OESP.median = 194 (106,339) kms!. The numbers in paren-“rich” and “poor” groups within ESP with those of similar sys-
thesis are the 1st and 3rd quartiles of the distributiotems within CfA2N and SSRS2 is not meaningful. A fraction
Poor groups with N,...,, < 5 have a median velocity of ESP “poor” groups may actually be part of “rich” groups.
diSpersiona edian,poor=145 (65,254) kms!, richer groups

6.3. The distribution of velocity dispersions




8 M. Ramella et al.: The ESP galaxy redshift survey. VI

i . 1 - —  ESP f
| | CTAZN i
SSRS2

0.1 - B ]
~ | i | |
B B
Z - = _
0.05 — |
O Il ‘ Il Il ‘ Il T T () L e P l_:[_l - J .

0 2x104 4x104 6x 104 1500

cz (km s7t)

Fig. 5. The redshift distributions of groups (thick histogram) and galaf29- 7- Comparison between the distribution of velocity dispersions

ies (thin histogram), divided by the total number of groups and by t& ESP groups (thick line) and those of CfA2N (thin line) and SSRS2
total number of galaxies respectively. groups (dotted line). Each distribution is normalized to the total number

of groups. Errorbars are one sigma poissonian errors.
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= E . persion velocities., > 700kms* are rare and the

Soos |, ey 1 fluctuations from survey to survey correspondingly high. The

i 0fF—+—t b t+—+—+——+—+—+—1 abundance of these high. systems is the same within both

7 oa b " 2 ESP and SSRS2 (2%) but it is higher within CfA2N (5%). If

< os g e) 1 we disregard these few high velocity dispersion systems, the

j I AN A 1 difference betweemcaon (o) andngsrs2(o) ceases to be

=02 o f}fij: e :;:f: B 1o A — 3 significant. From this result we conclude that each survey con-

S0l [ e 4 tains a fair representation of groups.

S S e The distribution of velocity dispersions is an important char-
0 200 400 600 acteristic of groups because itis linked to the group mass. There-

Comoving Distance [Mpc] fore n(o) constitutes an important constraint for cosmological

Fig. 6a—c. Number densities of galaxies in comoving distance binglodels. Furthermores,.. is a much better parameter for the
Thetop panelis for members, theniddle panels for non-members, classification of systems than the number of members (even
and thebottom panelis for all galaxies.The dashed lines represent th@ore so in the case of the present catalog where the OPTOPUS
+ one sigma corridor around the mean galaxy density. mask affects the number of members much more than velocity
dispersions)
) _ ) o The ESP survey provides a new determination of the shape of
In Fig. 7 we plot (thick histogram) the distribution of the, ) in a much deeper volume than those of existing shallower

velocity dispersions; s (o), normalized to the total numbergryeys. We find that, within the errorsg s p (o) is very similar
of groups. Errorbars are one sigma poissonian errors. We al§@othnc ; 4o (o) andnss rss ().

plot the normalizedr., distributions of CfA2N and SSRS2.
According to the KS test, differences betweepnsp (o) and
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and M* parameters of the Schechter luminosity function of membéfdd- 9- Fraction ofe.l.-galaxies in the “field”, in poor groups, and rich

(brightestM*) and non-members (fainteaf ). The solid lines show 9rOUPS- The two arrows indicate the fractioredf-galaxies in the two

the confidence ellipses derived for the total ESP sample considere§§R€St ACO clusters in our catalog, A2840 € 21%) and A2860 fc

this paper (5000 km's < ¢z < 60000km§'1). =19%)

7. Properties of galaxies in groups o .
luminosity segregation in the ESP survey, a much deeper sur-

In this section we examine the luminosities and the spectral fe@y than those where the luminosity segregation has been pre-
tures of galaxies in different environments: the “field”, groupsiously investigated (Park et al. 1994, Willmer et al. 1998). Our
and clusters. The dependence of these properties on the efiwéting is consistent with the results of Lin et al. (1996), who
ronment offers insights into the processes of galaxy formati¢ind evidence of a luminosity bias in their analysis of the LCRS

and evolution and on the dynamical status of groups. power spectrum.
In further support of the existence of a luminosity segrega-
7.1. The luminosity function of members tion, we also find that\/* becomes brighter for members of

_ _ . _ groups of increasing richness. As before, the parameter
Here we investigate the possible difference between the lumiains almost constant. Only in the case of the richest groups,

nosity functions of member and non-member galaxies. We conr- . > 10, we find a marginally significant steepening of the
pute the luminosity function with the STY method (Sandagejopea.

Tamman & Yahil 1979). We assume a Schechter (1976) form
for the luminosity function and follow the procedure describ
in detail in Zucca et al. (1997).

We find that galaxies in groups have a brightdr with  One interesting question is whether the environment of a galaxy
respect to non—member galaxies; the slopgoes not change has a statistical influence on the presence of detectable emission
significantly in the two cases. In particular the parameters Wees in the galaxy spectrum. Because emission lines galaxies are

e o N -
?.2. Emission/absorption lines statistics

obtain areo = —1.2570'11 and M* = —19.8070 13 for the mostly spirals (Kennicutt 1992), the answer to this question is
1250 members, and = —1.21700% and M* = —19.52%010  relevant to the investigation of the morphology-density relation
for the 1835 non—members. in systems of intermediate density.

In Fig. 8 we draw (dotted lines) the confidence ellipses of The fraction of ESP galaxies with detectable emission lines
thea and M * parameters obtained in the two cases of membeithin the redshift rang&000 < cz < 60000 kms™! is 44%
and non-member galaxies. The two luminosity functions diff¢t360/3085). Of these[.-galaxies , (34t 2)% (467/1360) are
at the2o level. In Fig. 8 we also plot the confidence ellipses fanembers of groups. The fraction of galaxies without detectable
the parameters of the total sample (solid lines) derived in thaission linesa.l.-galaxies , that are members of groups is
same volume of ESP where we identify groups. significantly higher: 783/1725 or (4% 2)%. We note that our
The fact that galaxies in groups are brighter than nodetection limit for emission lines correspond to an equivalent
member galaxies is a clear demonstration of the existencenadith of about A
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Table 2. Frequency of Emission Line Galaxies in Different EnvironHowever, because they include all the richest systems in our

ments catalog and because they are counterparts of 2-D clusters, it is
resonable to assume that they are intrinsically rich. We remem-
Nea. Nai  Niot ber here that Biviano et al. (1997) firfd= 0.21 for their sample
“field” 893 942 1835 of ENACS clusters.The fact that for ESP counterparts of clus-
rich groups 266 549 815 ters we find a lower value of,. than for the other rich groups
total 1159 1491 2650 (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”.

We consider three types of environments: a) the “field”, i.e. Many systems of our catalog are not completely surveyed,
all galaxies that have not been assigned to groups, b) poor gotiperefore the relationship betwegnand the density of the envi-
i.e. groups with 3< N,,.,, < 4, and c) rich groups with 5 ronment we find can only be considered qualitative. However,
Nyem. We find that the fraction of.l.-galaxies decreases agvhile incompleteness certainly increases the variance around
the environment becomes denser. In the “field” the fraction #f¢ mean result, we do not expect severe systematic biases. In
e.l.-galaxies isf. = 49%, it decreases tfi. = 46% for poor order to verify that incompleteness does not affect our results,

groups and tgf, = 33% for richer groups. In Fig.9 we plgt We consider the subsample of 67 groups that contain no ESP
as a function ofV,...,. We also indicate the values ¢f of the Objects without measured redshift. We obtain for this subsam-

two richest Abell clusters in our catalog, A2840Q € 21%) and Ple the same relationship between group richness and fraction
A2860 (f. = 19%). of emission line galaxies we find for the whole catalog.

The significance of the correlation between environmentand
fe can be investigated with a 2-way contingency table (Table 2) 3 Seyfert galaxies
For simplicity, we do not consider triplets and quadruplets.

The contingency coefficient is C=0.15 and the significandithin ESP we identify 12 Seyfert 1 galaxies and 9 Seyfert 2
of the correlation between environment and frequency of em@alaxies. We identify type 1 Seyferts visually on the basis of the
sion line galaxies exceeds the 99.9% level. presence of broad (FWHM of a few)® km s™') components

Our result indicates that the morphology-density relatidR the permitted lines. Our list is complete with the possible
extends over the whole range of densities from groups to cl@ception of objects with weak broad lines which are hidden in
ters. Previous indications of the existence of the morphologie noise.
density relation for groups are based either on very local samples The identification of type 2 Seyferts is not straightforward,
(Postman & Geller 1984) or on samples that are not suitaigcause itis based on line ratios and usually requires measure-
for statistical analysis (Allington-Smith et al. 1993). Very retents of emission lines which fall outside our spectral range:
cently, Hashimoto et al. (1998) also confirm the existence of&ly the F([O 1I]AS007)/F(H3) ratio is available from our spec-
morphology-density relation over a wide range of environmei@. and it is therefore impossible to draw a complete diagnostic
densities within LCRS. diagram (Baldwin et al. 1981, Veilleux & Osterbrock 1987). We

Examining our resultin more detail, we note that the fractigfassify tentatively as type 2 Seyferts all emission line galax-
of e.l.-galaxies ,f., in triplets and quadruplets is very similafi€s Withlog(F([O 1] A5007)/F(H3)) > 0.7: this threshold cuts
to the value off, for isolated galaxies. Triplets and quadru0ut almost all non-active emission line galaxies, but also many
p|ets are ||ke|y to Correspond, on average, to the |Ow_densﬂ9rr0W-”ne AGN with a medium to low degree of ionization.
tail of groups. Moreover, Ramella et al. (1997) and Frederldus the list of possible Seyfert 2 galaxies is almost free of con-
(1995a) estimate that the FOFA could produces a large fracti@fination, but should by no means be considered complete.
of unbound triplets and quadruplets. These “pseudo-groups” di- The origin of the Seyfert phenomenon could be related to the
lute the properties of real bound triplets and quadruplets wiieraction with close companions (Balick & Heckman 1982,
“field” galaxies, artificially increasing the value ¢f. This ef- Petrosian 1982, Dahari 1984, MacKenty 1989), or to a dense
fect, in our survey, is partially counter-balanced by the triple@lvironment (Kollatschny & Fricke 1989, De Robertis et al.
and quadruplets that are actually part of richer systems cutjo?ﬁ8)- Observational evidence is, however, far from conclusive.
the OPTOPUS mask. Considering that rich systems are sighify example, Seyfert 1 and Seyfert 2 galaxies have been found
icantly rarer than triplets and quadruplets, we estimate that #Bd1ave an excess of (possibly) physical companions compared
value of . we measure for triplets and quadruplets should @ other spiral galaxies by Rafanelli et al. (1995). Laurikainen
considered an upper limit. & Salo (1995) agree with Rafanelli et al. (1995) about Seyfert

Our catalog also includes ESP counterparts of 17 clustérgalaxies, but reach the opposite conclusion about Seyfert 1
listed in at least one of the ACO, ACOS (Abell et al. 1989) d¥alaxies.

EDCC (Lumsden et al. 1992) catalogs (Sect. 8, Table 3). For Inour case, 7 (33%) out of 21 Seyferts are group members.
these clusters, custers = 0.25 (63¢.l.-galaxies out of 256 For comparison, 460 (34%) emission line galaxies (not includ-
galaxies). The number of members of these systems is ndf@Seyfert galaxies) are group members and 879 are either iso-
direct measure of their richness because of the apparent matggd or binaries. Clearly, within the limits of our relatively poor
tude limit of the catalog and because of the OPTOPUS mask.
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statistics, we find that Seyfert galaxies do not prefer a differemtredshift,z = 0.0268, close to our minimum redshift. ACOS
environment than that of the other emission line galaxies. 11 and ACOS 32 are both distance sld3 = 6 objects that
In order to test the dependence of the Seyfert phenomemay be either projection effects or real clusters located beyond
on the interaction of galaxies with close companions rather thamr redshift limit. We select the ESP counterparts among the
with the general environment, we compute for all Seyferts agdoups that are close to the clusters on the sky and that have a
emission line galaxies the projected linear distance to their net@dshift compatible with the distance class and/or magnitude of
est neighbor, then-distance. We limit the search of companthe cluster. If more ESP groups are counterparts of a cluster, we
ions to galaxies that are closer than 3000 krhalong the line identify the cluster with the richest counterpart.
of sight. In Table 3 we list the name (column 1), and the coordinates
We find that the distribution ofin-distances of the sample(columns 4, 5) of the 17 clusters with ESP counterpart together
of Seyfert galaxies is not significantly different from that of alvith their richness (column 6) and, if available, their redshift
emission line galaxies. as estimated by Zucca et al. (1993) (column 7). In the case
We also consider the frequency of companions at projecteficlusters listed in both EDCC and ACO or ACOS, we give
linear distanced < 0.15h~! Mpc. We have 7 Seyfert galax-the ACO or ACOS identification number. In the same Table 3
ies with such a close companion (33%) and 315 (23%) emissiwr also list the ID number of the cluster counterparts within
lines galaxies. One of the 7 Seyferts is a member of a binary sgsir catalog (column 2), their number of members (column 3),
tems, the remaining six Seyferts are members of groups. Evedshift (column 8) and velocity dispersion (column 9).
if, taken at face value, the higher frequency of close companions There are 8 clusters with redshift estimated by Zucca et al.
observed among Seyfert galaxies supports a causal connecti®93) The measured redshifts of 6 of these clusters are in good
between gravitational interaction and the Seyfert phenomenagreement with the estimated redshift: the difference between
these frequencies are not significantly different. the two redshifts is of the order of 10%, less than the 20% uncer-
We note that members of close angular pafts<{ 24.6 tainty on the estimated redshifts. For the remaining 2 clusters,
arcsec) in the original target list for ESP, are more frequentyCO 2828 and ACO 4068, the estimated redshift is significantly
missing from the redshift survey than other objects (Vettolani emaller than our measured redshift. The projection of the fore-
al. 1998). This bias, due to OPTOPUS mechanical constrairgspund systems ESP 175 and ESP 178 within the Abell radius of
could hide a possible excess of physical companions of Seyfé@O 2828 could explain the inconsistency between estimated
galaxies. and measured redshift for this cluster. In the case of ACO 4068
In order to estimate how strongly our result could be affectede do not find any foreground/background system within ESP.
by this observational bias, we identify the nearest neighborsATO 4068 is very close to the northern declination boundary
Seyfert and emission line galaxies from a list including botbf the ESP strip. An inspection of the COSMOS catalog just
galaxies with redshift and objects that have not been observedtside the boundary of the OPTOPUS field containing ACO
When we compute projected linear distances to objects that hd068 shows that a significant part of this cluster lies outside
not been observed, we assume that they are at the same oed-redshift survey and therefore background/foreground pro-
shift of their candidate companion galaxy. As before, we do njetction could still be the cause of the inconsistency between its
find significant differences between the newdistributions of estimated and measured redshifts.
Seyferts anad.l.-galaxies . We also note that EDCC163 and ACOS1055 are among
This result demonstrates that the higher average incompldtee most incomplete systems in our catalog. In the fields of
ness of close angular pairs does not affect our main conclusioBBICC163 (V,,,c., = 3) and ACOS1055X,,,¢., = 9) the number
a) Seyfert galaxies within ESP are found as frequently withof objects without redshift is 16 and 63 respectively. We will not
groups as other emission line galaxies, b) Seyfert galaxies shmmsider these two clusters in what follows.
a small but not significant excess of close physical companions In panel a) and panel b) of Fig. 10 we plot, respectively,
relative to the other emission line galaxies. We point out agaWy,,..,,, ando., as a function ofz. As expected, clusters (repre-
that the sample of Seyferts is rather small and the statistisahted by large dots) populate the highest part of both diagrams
uncertainties correspondingly large. 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

Within our survey lie the centers of 9 ACO clusters, 5 ACOthe density of these clusters and their properties are used as con-

clusters and 12 EDCC clusters. Several entries of the three |B#&ints on cosmological models (e.g. Frenk etal. 1990, Bahcall

Correspond to the same cluster. Taking into account mu|t|rﬂéa| 1997, Coles et al. 1998). Itis therefore interesting to deter-

identifications, there are 20 clusters listed within one or mofine whether there are other systems selected in redshift space

of the three catalogs that lie within ESP. that have properties similar to those of the cluster counterparts
In our catalog we find at least one counterpart for 17 out Bfit that have escaped 2-D identification.

the 20 clusters. The three clusters that do not correspond to anyWe limit our search for “cluster-like” groups to the velocity

of our systems are ACO 2860, ACOS 11, and ACOS 32, all Bnge 25008 ¢z < 45000 km s'*. Within this range the selec-

Abell richnes R = 0. ACO2860 is a very nearby object withtion functionis rather stable and relatively close to its maximum.

8. Clusters and rich systems
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Table 3. Clusters within ESP

ID ESP Nmem Q1950 01950 R Zest ZESP o
(") ' kms™
E0163 6 3 22 3240 —403841 0.13535 121
E0169 7 11 223412 —-395051 0.06294 282
S1055 21 9 223943 —40 16 07 0 0.02901 102
A4068 88 9 235708 —39 46 59 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 —40 26 49 0 0.06260 0.06876 268
A2828 176 5 004910 —395054 0 0.13133 0.19676 468
A2840 183 34 005201 —4004 19 1 0.10460 0.10618 339
A2852 192 12 005700 —3954 19 0 0.17581 0.19845 235
EO0113 196 16 0058 21 —403105 0.05449 372
A2857 200 8 01 00 06 —4012 42 1 0.19092 0.19755 504
EO0519 205 43 0102 36 —400302 0.10637 319
S0127 213 25 0105 27 —402108 0 0.10498 505
A2874 216 25 0106 08 —4036 01 1 0.15812 0.14191 817
E0529 218 17 01 07 40 —4040 34 0.10483 282
E0546 231 7 011927 —395307 0.11909 424
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Fig. 10. Nymem (top pane} ando.. (bottom panglas afunctionotz. Fig.11. ESP groups (crosses) with 25000kms < cz <
Large dots are ESP counterparts of 2-D ACO and/or EDCC catalogg5000kms! in the oo.— Niem 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

In our catalog we identify the counterparts of 8 2-D cluste}gbeleol with their ESP 1D number (Table 1).

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 clustersis 6 and the In a o.,— N,,.., plane, Fig.11, the eleven “cluster-like”

lowest velocity dispersion of the 8 clusters is 280 km.s groups occupy a “transition region” between clusters and
Apart from the counterparts of the 8 clusters, we find 11 agroups. First we note that, in this plane, the two counterparts of

ditional ESP groups that satisfy all three conditions 2500@ the R=1 ACO clusters (ESP183 and ESP216) are very distant

< 45000km s, Nyem min > 6, andoe, min > 280kms~t.  from the “cluster-like” groups. The same holds true for the only

These groups are: 10% of all groups in this redshift intervalrich EDCC cluster that is not an ACO cluster, EDCC519. We

and we list them in Table 4. conclude that no rich cluster is missing from 2-D catalogs in the
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Table 4. Cluster-like groups the ESP survey which causes most systems to be only partially
surveyed.
ESP  Npmem Q1950 51950 cz o The groups we find trace very well the geometry of the large
hms o kms™'  kms™! scale distribution of galaxies, as they do in shallower surveys.

48 7 232603 —395245 30231 333 Because groups are also humerous, they constitute an interesting
96 8 000204 —402917 29329 386 characterization of the large scale structure. The following are

124 17 002033 —-403337 39102 283 our main results on the properties of groups that set interesting

130 8 002302 —401547 41898 284 “constraints” on cosmological models:

122 3 88 gg ig :jg gg gg ggigg 2‘118 — the ratio of members to non-membersfiss p mem = 0.68

190 13 005529 403441 31033 399 + 0.02. This value is in very close agreement with the value

195 8 005810 —400600 31728 305 found in shallower surveys, once the few richest clusters

201 11 010034 —400330 27225 429 (e.g. Coma and Virgo) are neglected.

203 10 010228 —-401829 27298 361 — the ratio of groups to the number of non-member galaxies

226 12 011457 —-395245 36298 432 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

region of the sky covered by the ESP survey. This conclusion is distinguishable from those of CfAZN and SSRS2 groups.

reassuring, even if it does not allow us to discuss the problem These results are of particular interestbecause the ESP group
of the completeness of rich 2-D clusters in general because igégalog is five times deeper than any other wide-angle shallow
based on a small number of objects. survey group catalog and the number of large scale features

In the case of the more numerous poorer clusters, Fig.dlplored is correspondingly larger. As a consequence, the prop-
shows that several systems could be missing from the 2-D ligkties of ESP groups are more stable with respect to possible
The boundaries of the cluster and group regions indhe-  structure-to-structure variations. The fact that the properties of
Nmem plane are blurred by the OPTOPUS mask and by tilESP groups agree very well with those of CfA2N and SSRS2
narrow width of the ESP survey. It is therefore difficult to givgroups indicates that structure-to-structure variations are not
a precise estimate of how many “cluster-like” groups should grge and that the properties of groups we find can be consid-
considered “missing” from bidimensional catalogs. ered representative of the local universe.

That poor 2-D clusters and “cluster-like” 3-D groups are As far as the richest systems (clusters) are concerned, we
probably the same kind of systems is confirmed by the fact thééntify ESP counterparts for 17 out of 20 2-D selected ACO
they have the same fraction efi.-galaxies , a higher value and/or EDCC clusters. Because the volume of ESP is compara-
than itis typical of richer clusters. The 11 “cluster-like” groupsle to the volume of individual shallower surveys, it is not big
have a total of 110 members, 43 of which aré-galaxies : enough to include a fair sample of clusters. The variations from

fe,cluster—iike = 0.39. The 4 poor clusters that had&,... < survey to survey in the number and properties of clusters are
17 include 39 members and hayg,.or ciusters = 0.41. We  |arge.

remember here that for all ESP counterparts of clusters we find Turning our attention to properties of galaxies as a function
fe,clusters = 0.25. of their environment, we find that:

In conclusion, the comparison of ESP systems with ACO, o ] o
ACOS and EDCC clusters indicates that the “low mass” end of the Schechter luminosity function of galaxiesin groups has a
the distribution of clusters is poorly represented in 2-D catalogs; Prighterd/* (-19.80) with respect to non-member galaxies

on the other hand, the 2-D catalogs appear reasonably completd/” = —19.52); the slopea (=~ 1.2) does not change
for high mass clusters. significantly between the two cases.

— M™* becomes brighter for members of groups of increasing
richness. The parameterremains almost constant; only in
9. Summary the case of the richest groups we find a marginally significant

In this paper we search objectively and analyze groups of galax steepening of the slo
AT 0, I I is-
ies in the recently completed ESP surveg23™ < ayoso < 34% (467/1360) of ESP galaxies with detectable emis

sion lines are members of groups. The fraction of galaxies
01720™ and22"30™ < ai950 < 22"52™; —40°45" < §1950 < . o S o
. oY= ’ — oY — without detectable emission lines in groups is significantl
—39°45"). We identify 231 groups above the number over- group 9 y

. o ) higher: 45% (783/1725).
density thresholdp/p =80 in the redshift range 5000kms the fraction ofe.l.-galaxies in the field isf, = 49%: it

| .
< ¢z < 60000kms*. These groups contain 1250 members, decreases tg, = 46% for poor groups and th, = 33% for

0 ; .
40'5./0 of the 3085. ESP gaIaX|es within the sameange. TEe richer groups. For the ESP counterparts of ACO and/EDCC
median velocity dispersion of ESP groupsoigs p,median = clustersf, = 25%

194kms! (at the redshift of the system and taking into ac-
count measurement errors). We verify that our estimates of the We conclude that luminosity segregation is at work in the
average velocity dispersions are not biased by the geometnfE&P survey: galaxies in the dense environment of groups are, on
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average, brighter than “field” galaxies. Galaxies in groups areydon-Dumbleton N.H., Collins C.A., MacGillivray H.T., 1988, in
also less likely to have detectable emission lines in their spectra. Large—Scale Structures in the Universel. W. Seitter, H.W. Duer-
In fact, we find a gradual decrease of the fraction of emission beck and M. Tacke (Springer—Verlag), p. 71.

line galaxies among members of systems of increasing richnd3@ydon-Dumbleton N.H., Collins C.A., MacGillivray H.T., 1989,
the morphology-density relation clearly extends over the whole MNRAS 238, 379.

range of densities from groups to clusters. Huchra J.P., & Geller M.J., 1982, ApJ 257, 423.

As a final note, we identify 12 Seyfert 1 galaxies andggufmann G., Nusser A., & Steinmetz M., 1997, MNRAS 286, 695.

. . . . e nnicutt R.C. Jr., 1992, Apj 388, 310.
Seyfert 2 galaxies. We find that: a) Seyfert galaxies within E dllatschny W., & Fricke K.J., 1989, A&A 219, 34,

are members of groups as frequently as other emission i€ apparent V., Geller M.J., & Huchra J.P., 1988, ApJ 332, 44.
galaxies, and b) Seyfert galaxies show a small but not significagtrikainen E., & Salo H., 1995, A&A 293, 683.
excess of close physical companions relative to the other emisdermann W., 1984Handbook of Applicable Mathemati¢gviley
sion line galaxies. We point out again that the sample of Seyferts and Sons), Vol. VI, part A.
is rather small and the statistical uncertainties correspondinglgH., Kirshner R.P., Shectman S.A., Landy S.D., Oemler AJr., Tucker
large. D.L., & Schechter P.L., 1996 ApJ 471, 617.
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