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Abstract. We use the 2dF Galaxy Redshift Survey data to compile catelgf superclusters for the Northern and Southern
regions of the 2dFGRS, altogether 543 superclusters dtifesi8 009 < z < 0.2. We analyse methods of compiling supercluster
catalogues and use results of the Millennium Simulatiomtestigate possible selectioffexts and errors. We find that the
most éfective method is the density field method using smoothing ait Epanechnikov kernel of radiu$i8 Mpc. We derive
positions of the highest luminosity density peaks and firdrttost luminous cluster in the vicinity of the peak, this tduss
considered as the main cluster and its brightest galaxy thie galaxy of the supercluster. In catalogues we give egiahto
coordinates and distances of superclusters as determjnpdsiitions of their main clusters. We also calculate thecetgx
total luminosities of the superclusters.

Key words. cosmology: large-scale structure of the Universe — clastégalaxies; cosmology: large-scale structure of the
Universe — Galaxies; clusters: general

1. Introduction through the CMB distortion via the Sunyaev-Zeldovidfeet,

. , ) i which can be detected using new satellites, such as PLANCK.
It is presently well established that galaxies form varieys-

tems from groups and clusters to superclusters. Galaxy sys-Early studies of superclusters of galaxies were reviewed
tems are not located in space randomly: groups and clusteYsO0rt (1983) and Bahcall (1988). These studies were based
are mostly aligned to chains (filaments), and the space leetw@" Observational data about galaxies, as well as on daté abou
groups is populated with galaxies along the chain. The &rg8€arby groups and clusters of galaxies. Classical, relgtiv
non-percolating galaxy systems are superclusters of galaxd®ep all-sky supercluster catalogues were constructedj usi
which contain clusters and groups of galaxies with their sif€ Abell (1958) and Abell et al. (1989) cluster catalogues
rounding galaxy filaments. by Zucca et al. (1993), Einasto et al. (1994, 1997, 2001) and
Superclusters of galaxies have been used for a wide raftfiinkov & Kuneva (1995).
of studies. Superclusters are produced by large-scaldtgens The modern era of the study of various systems of galax-
perturbations which evolve very slowly. Thus the distribot ies began when new galaxy redshift surveys began to be
of superclusters contains information on the large-scat@i published. The first of such surveys was the Las Campanas
density field, and their properties can be used as a cosmoldgalaxy Redshift Survey, followed by the 2 degree Field Galax
cal probe to discriminate betweerfférent cosmological mod- Redshift Survey (2dFGRS) and the Sloan Digital Sky Survey
els. The internal structure of superclusters conservesntd- (SDSS). These surveys cover large regions of the sky and
tion on the galaxy formation and evolution on medium scaleare rather deep allowing to investigation of the distribntof
Properties of galaxies and groups in various supercluster galaxies and systems of galaxies out to fairly large diganc
vironments can be used to study the evolution of galaxies fsam us. Catalogues of superclusters were compiled on the ba
small scales. Superclusters are massive density enhantenss of these new surveys by Einasto et al. (2003a, 2003b; here
and thus great gravitational attractors which distort taekb after EO3a and EO3b), Basilakos (2003), Erdogdu et al. (2004
ground radiation, yielding information on the gravitatifield and Porter & Raychaudhury (2005). These observational stud
ies have been complemented by the analysis of the evolution
Send gprint requests toJ. Einasto of superclusters and the supercluster-void network (Stramd
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Sheth, & Sahni 2004, Einasto et al. 2005b, Wray, Bahcall.et @ble 2. Data on comparison samples
2006).

Sample Ngal o Do Nscl \%
Table 1. The 2dF samples used h~* Mpc 16 (Mpc/h)3
Mill.LA8 8964936 8 5.0 1444 125

Sample dF;gA zeE; Noat  Neot  V Mil.AG 8964936 6 6.3 1802 125
Mill.LA4 8964936 4 7.6 2244 125

2dFN 1475 223  -6.3+2.3 78067 229 12.42 MilLA1 8964936 0.5 8.75 32802 125
2dFS 325 55 -36.0 -23.5 106328 314 18.71 MilLF8 2094187 8 5.0 1734 125
Mill.v8 1336622 8 5.0 1325 125

So far the attention of astronomers has been focused ei-
ther on small compact systems, such as groups and clusters, o
on very large systems — rich superclusters of galaxies. kMod
redshift surveys make it possible to investigate not ongséh

CIaSSiC"?“ sysjtems of ga}laxies, but also galaxy_ systems-of EH this paper we have used the 2dFGRS final release (Colless et
termediate sizes and richness classes of various sizes, fig 5459 2003) that contains 245591 galaxies. This suraey h
poor galaxy filaments i_n large cosmic voids to_rich SUpch_luﬁllowed the 2dFGRS Team and many others to estimate fun-
ters. In the present series of papers we shall discuss ﬂh’ezsncd mental cosmological parameters and to study intringip-pr

of these systems — superclusters of galaxies. We shall esedjy;oo o galaxies in various cosmological environmeng® (s
term "supercluster” for galaxy systems larger than grous a ahav (2004 and 2005 for recent reviews). The survey con-

clusters Which.hav_e a cert:_;lin minimal mean overdens?ty@ft ists of two main areas in the Northern and Southern galactic
smoothed luminosity density field but are still non-pertialp hemispheres within the coordinate limits given in Table ie T

They form_ intermediate-scale galaxy systems between SroURyE sample becomes very diluted at large distances, thus we
and poor fllgments and-the whol.e cosmic vyeb. restrict our sample to a redshift lindt= 0.2; we apply a lower

The main goal of this paper is to compile a new catalogyg,it ; > 0.009 to avoid the confusion with unclassified ob-
of superclusters using the 2dFGRS. To get a representsdive Rcts and stars. In Table Ny is the number of galaxie®lsg

tistical sample we include in our catalogue superclusteai o s the number of superclusters found, aats the volume cov-

richness classes, starting from poor superclusters of titalL o .oq by the sample (in units 10M pc/h)3). These numbers are
Supercluster class, and ending with very rich superclsister | cqq upon version B of the catalogue of groups by Tago et al
the Shapley Supercluster class. In the compilation of &ttat (2006, hereafter T06). This version of the group catalogag w
cally homogeneous and complete sample of superclustersqy, g using the Friend-of-Friend (FoF) method with a lirgin
make use of the possibility to recover the true expected 'i%'ngth, which increased slightly with distance, as suggeby

tal luminosity of galaxy systems, using weights to comp&Sge study of the behaviour of groups with distance (for detai
the absence of galaxies from the sample which are too faiif, T06).

to fall within the observational window of the survey. Theeus . . .
of weights has some uncertainties, so we have to investigfa\te-rhe cata_llogue of groups an_d single galaxies of TO6 gives
errors and possible biases of our procedure to recover the & aII_gaIaX|es equatorial cqordmates (for epoch 200ty
tal luminosity of superclusters. To investigate selectfiacts magmtudes,_the morphological pa.rametelthe _ob_serveq ab-
and biases we shall investigate properties of simulatee!rsuiomte magnitude (and the respectlye Iu_mlnosny |n.80lalsun
clusters based on the catalogue of galaxies of the Millenni 0’?5)’ and the .estlmated tptal !ummosnytot, als_o in Solar
Simulation of the evolution of the structure of the Univebse units. All magnitudes are given in the jphotometric system.
Springe| et al. (2005) In an accompanying paper we shall in- Galaxies were included in the ZdFGRS, if their corrected
vestigate properties of superclusters (Einasto et al. 20@&e- apparent magnitude ltey in the interval frommy = 135 to
after Paper I1). A similar study using the SDSS is in preparfk = 19.45. Actually the faint limitm, varies from field to
tion. field. In calculation of the weights these deviations havenbe
The paper is composed as follows. In the next Sectié®ken into account, as well as the fraction of observed gedax
we shall describe the observational and model data us8Biong all galaxies up to the fixed magnitude limit, this frac-
In Section 3 we shall discuss superclusters in the cdinis typically about 0.9, while in rare cases it might beeo
mic web. In Section 4 we shall discuss selectiofieets Very small. In such cases, to avoid too high values of respec-
and their influence on supercluster catalogues. This secty€ corrections, we have applied the completeness caorect
is based on simulated superclusters using the Millennil®fly when the completeness is higher than 0.5, otherwise we
Simulation. Sect. 5 describes the catalogue itself. In tAgSumedavalue 1,i.e. no completeness correction wagdppli
last section we give our conclusions. The catalogue of For comparison we used simulated galaxy samples of the
superclusters is available electronically at the web-sikillennium Simulation by Springel et al. (2005). Data on com
http://www.aai.ee/~maret/2dfscl.html. parison samples are shown in Table 2 (for details see Sect. 4)

% Data
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Fig. 1. The high-resolution 2-dimensional density field of the Nerh and Southern parts of the 2dF redshift survey. Uppeglpaow the

Northern region, and lower panels the Southern region. firpknels only galaxies and galaxy systems in high-densigyons are shown,
in right panels only galaxies and galaxy systems in low-ifemegions. The threshold density between high- and lowsitg objects is 4.5

in units of the mean density, smoothed on scale’8Vipc. The samples are conical, i.e. its thickness increasisdigtance, thus on large
distance from the observer we see many more systems of galaxi

3. Superclusters in the cosmic web found almost exclusively on the basis of catalogues of rich
o clusters of galaxies by Abell (1958) and Abell et al. (1989).
3.1. Definition of superclusters Only in recent years distant superclusters have been fosind u

ing new deep redshift surveys of galaxies, such as the Las
gampanas Redshift Survey, the 2dF Galaxy Redshift Survey,
Abell (1958, 1961), or as high-density regions in the gala>%/n:jj th: SIc:ar|1 2'&'}2' Sl;ylfu;vei(EOBahEogrt:, Bazs(ljlgléos 2003
distribution, following the pioneering study by de Vauceuts rdogdu et al. and Forter aychaudhury )-

(1953) of theLocal SupergalaxyNearby superclusters have As in previous supercluster searches we are confronted
been found mostly on the basis of combined galaxy and clugith the problem of how to define superclusters. To visual-
ter data (JOeveer, Einasto, Tago 1978, Gregory & Thompsaa the problem we show in Fig. 1 2-dimensional projections
1978, Fleenor et al. 2005, Proust et al. 2006a, 2006b, Raggonef the 2dF Redshift Survey Northern and Southern regions.
al. 2006). Until recently, more distant superclusters Haeen In these plots luminosity density was found using Gaussian

Superclusters have been defined so far eithéiclasters of
clusters” using catalogues of clusters of galaxies, followin
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smoothing with rms scale 08! Mpc, survey volumes were length (neighbour search radius) is used, but the pricenier t
projected onto a great circle through respective regiorteef simplicity is the elimination of faint galaxies from the dysis,
sky, and the regions were rotated in order have symmetrigabrder to get a volume limited galaxy sample.
areas around the vertical axis. Galaxies and galaxy sydtems To overcome these filiculties, the DF method can be used.
cated in dfferent global environments are plotted separatelflere luminosities of galaxies are taken into account, both i
the left panels show only systems located in high-densitir enthe search of galaxy systems, as well as in the determination
ronment, and the right panels show only systems in low-tiensof their properties. The second advantage of the DF method is
environment. High- and low-density regions are defined Iy tkthe possibility to make allowance for completeness andis th
low-resolution density field smoothed with Epanechnikox keway to restore unbiased values of group (and superclustat) t
nel of radius &~! Mpc; a threshold density 4.5 was applied ituminosities.
the mean density units. There exists several variants of the density field method to
The comparison of left and right panels shows the presvestigate properties of the distribution of galaxiessik&kos
ence of a striking contrast between galaxy systems in higth- set al. (2001) compiled a catalogue of superclusters usiag th
low-density regions. Luminous systems in high-densityoeg PSCz flux limited galaxy catalogue, using cell sizes equal to
are fairly compact; they have been conventionally clagsifithe smoothing radius, B~ Mpc and 10h~* Mpc, for galaxy
as superclusters of galaxies. These systems are welldégolatamples of maximal distance 150 and 2#0 Mpc, respec-
from each other. The majority of these high-density systertigely. The use of a fairly large cell size introduces a bias t
are fairly small in size. As we shall see below, these smal sythe density field, which has been corrected. Another vadant
tems contain only 1 — 2 clusters of galaxies and resembletire density smoothing is the use of the Wiener Filteringtech
structure systems like the Local and the Coma Superclustetigue, recently applied to the 2dFGRS to identify supetehss
We see also some very rich superclusters: in the Northern agd voids by Erdogdu et al. (2004). The data are covered by
gion the supercluster SCL126 (Einasto et al. 1997) or tharSloa grid whose cells grow in size with increasing distance from
Great Wall (Nichol et al. 2006 and references therein); andthe observer. Their “target cell width” is set to h6' Mpc at
the Southern region the Sculptor Supercluster SCL9 (Eonashe mean redshift giving a smaller smoothing window for all
etal. 1997). objects closer and a much larger for galaxies farther avaay fr
In contrast, galaxy systems in the low-density region foroms.
an almost continuous network of small galaxy filaments. ain Our goal is to find superclusters of galaxies, poor and rich,
galaxy systems are seen even within large low-density nsgiat all distances from the observer until a certain limiting-d
(cosmic voids). Most importantly, the distribution of geiless tance. To achieve this goal the selection procedure mustebe t
in space is almost continuous: faint galaxy bridges joirugeo same for all distances from the observer. For this reason we
and clusters, and thus it is a matter of convention, whereito ghall use constant cell size and constant smoothing ragars o
the border between superclusters and poorer galaxy systenthe whole sample. Of course, random errors of some quantitie
Traditionally galaxy systems of various scale have been $eerease with distance, but we want to suppress systemasc b
lected from the cosmic web using quantitative methods, suat much as possible. This allows the identification of smalle
as the Friends-of-Friends (FoF) method or the Density Fiedgistems at all distances from the observer.
(DF) method. In the first case neighbours of galaxies or clus- The key element in our scheme is the restoration of the ex-
ters are searched using a fixed or variable search radius. Tgected total luminosity of superclusters as accuratelyoss p
method is very common in searching systems of particles-n raible. This goal can be achieved using the weight for gataxie
merical simulations, where all particles have identicakses. in the calculation of the density field. We have used this ap-
The variant with variable search radius has been succissfproach in estimating total luminosities of superclustdrthe
employed in the compilation of catalogues of groups of galakas Campanas Survey and Sloan Early Data Release (E03a,
ies. For the 2dFGRS such catalogues have been publishedbgb). We shall describe the estimation of expected totai-lu
Eke et al. (2004a) and Tago et al.(T06). The FoF method waasities in the next section.
also used by Berlind et al. (2006) to find groups in the SDSS To apply the DF method the luminosity density field is cal-
survey, by Einasto et al. (1994, 2001) in the compilatiorhef t culated using an appropriate kernel, cell size and smogthin
Abell supercluster catalogues, and by Wray et al. (2006ptb filength. An additional parameter which influences the sample
superclusters in numerical simulations. This method igp&m is the threshold density to separate superclusters fromepoo
and straightforward and especially suitable for volumetkch galaxy systems. It has the same meaning as the linking length
samples, such as the sample of Abell clusters and similar samthe FoF method. This is the key parameter which makes a
ples of simulated dark matter haloes. clear distinction between rich and poor galaxy systemsjtand
The FoF method has the disadvantage that objectdfefdi influence is illustrated in Fig. 1.
entluminosity (or mass) are treated identically. Galaxstems Additionally a certain minimal radius (or volume) of ob-
contain galaxies of very fierent luminosity from dwarf galax- jects must be fixed to avoid the inclusion of noise (too small
ies to luminous giant galaxies. Thus, using the FoF methodsystems) in our sample. And, finally, certain distance Bmit
is difficult to make a clear distinction between poor and riamust be used for the whole sample to restrict the study to a
galaxy systems, if their number density of galaxies is €imil region covered by observations with dstient spatial density
The second problem of the FoF method is the complicationaf objects. The collection of all these selection paranseder
using neighbours: the method is simple if a constant linkirfipes the final sample of superclusters.
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3.2. Calculation of expected total luminosities of L o

galaxies

Due to the selection of galaxies in a fixed apparent magnitu: 0 _ e b
interval the observational window in absolute magnitudhéfés B
toward higher luminosities when the distance of the gakaxi
increases. This is the major selectidteet in all flux-limited
catalogues of galaxies. Due to this selectiffieet the number
of galaxies seen in the visibility window decreases. Whédn ce
culating estimated total luminosities of galaxies (andugs)
we must take thisféect into account.

We regard every galaxy as a visible member of a grot
or cluster within the visible range of absolute magnitudés, y g
and M, corresponding to the observational window of appal 1 : ' L : :

. . 0 100 200 300 400 500 €00

ent magnitudes at the distance of the galaxy. To calcultaé to d [Mpcih]

luminosities of groups we have to find the estimated total .lﬁg. 2. Weights of galaxies to correct observed luminosities fécica

manSIty per one_v_|§|ble_galaxy, taklng _Into account g@” lation of expected total luminosities of superclusters.
outside of the visibility window. This estimated total lumois-

ity is calculated as follows (E03b)
Liot = LobsWML, (1)

where Lgps = Lo10P#Mo-M) js the luminosity of a visible
galaxy of an absolute magnitudié, and

method to select superclusters; 2) investigation of superc
ters in simulated galaxy samples for further analysis cdcel

fow Lo(L)dL tion parameters and possible biases and errors; 3) selaiftio
L= "0 () the final 2dFGRS supercluster catalogue using parameters ch

Ji Le(L)dL : e 9

L1 sen during the preliminary study. In the preliminary phase w

is the luminosity-density weight (the ratio of the expected applied both the FoF and DF methods.

tal luminosity to the expected Iuminasit&/ ir:wthe visibilim'n-l As in the compilation of the group catalogue by T06 we
dow). In the last equatioh; = Lo10°*M-"Y) are the lumi- 4ccept the upper limit of redshift of galaxies used in the su-
nosity limits of the observational window, correspondiadgite percluster search = 0.2, corresponding to a distance of=

absolute magnitude limits of the winddw, andMs is the ab- 575~ mpc. In the calculating distances we use a flat cosmo-

solute magnitude of the Sun. In the calculation of weights W&gical model with the parameters: matter denslty = 0.27
assumed that galaxy luminosities are distributed accgrtin 45,k energy densitfx = 0.73 (both in units of the critical

the Schechter (1976) luminosity function: cosmological density), and the mass variance dm8Mpc
#(L)dL o (L/L*)* exp (-L/L*)d(L/L"), (3) scale in linear theorys = 0.84. Here and elsewheteis the
present-day dimensionless Hubble constant in units of 100 k

wherea andL* are parameters. Insteadldfthe corresponding
absolute magnitud®l* — 5 log,y his often used. We takil, = o _
5.33 in the b band. In calculation of luminosities we used the e FOF method is simple when absolute magnitude (vol-
k + e-corrections according to Norberg et al. (2002). ume) I|m|teql gglaxy samples are used. In this case one can use
The weights used to calculate estimated total luminositidsconstant linking length over the whole sample to find super-
of superclusters are shown in the Fig. 2. What is importaftiSters. We tried two limiting absolute magnitude$9.0 and
here is not only the absence of faint members of groups =95, With distance limits 400 and 5201 Mpc, respectively.
large distance, but also the absence of faint groups. In tAjdower limit of the number of galaxies in superclusters 0010
paper we are interested in the total luminosities of large syVas chosen. Superclusters were selected in the Northern and
tems (superclusters), thus in calculation of estimateal tot Southern regions; selection limits in coordinates arergive
minosities we use the set of Schechter parametgrs—1.21, 1able 1.
M; - 5logoh = —19.66, as found by Norberg et al. for the For the DF method we used a cell size it Mpc. This
whole 2dF galaxy sample. Our calculations show that this $gtthe characteristic size of compact galaxy systems — group
of Schechter parameters yields total mean luminosity ¢ensand clusters. Using this cell size and a small smoothingtteng
which is approximately independent of the distance from ti@e8 h~* Mpc it was possible to follow the distribution of com-
observer, as expected for a fair sample of the Universe. pact galaxy systems (clusters) (E03a, EO3b). To charaeteri
the global environment of galaxies a smoothing with charac-
teristic scale 8 — 1~ Mpc has been applied, using either
a Gaussian or an Epanechnikov kernel, see De Propis et al.
We have compiled our 2dFGRS supercluster sample usif2§03), Croton et al. (2005) and Einasto et al. (2005b, here-
three steps: 1) a preliminary study of 2dF superclustersto after EO5b). To avoid excessive smoothing with large wings
plore the selection parameters and to find the most suitable used the Gaussian smoothing only to calculate the high-

s Mpc.

3.3. Preliminary study of 2dFGRS superclusters
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Fig. 3. Left panel: the maximal diameter of the largest superciiesta function of the threshold density. Right panel: the lmemof superclus-
ters found for various threshold density values.

resolution density field with rms scale th' Mpc. To find the in the 2dFGRS sample are flux-limited, and at larger distance

low-resolution field we used the Epanechnikov kernel faint galaxies fall outside the observational window. A ikam
3 ) dependence is observed for groups of galaxies of the TO6 sam-
k(r) = 4_r0(1 = (r/ro)?), (4)  ple for the same reason: faint distant groups cannot beteetec

wherer, is the limiting radius for smoothing. We accepted in _11iS €xample shows that we cannot use the number of
the following analysis the radiust8 Mpc. galaxies or groups as the richness criterion of superchiste

The next step in the selection of superclusters is the proﬁ@?tead o:]ga_la;]qes or gfjroups V}’e can usr? DdF-chst?_Z(';q char-
choice of the threshold densify, to separate high and low- acterize the richness of superclusters. The density fialdnis

density galaxy systems. Following E03a we compiled supé?—Cted for selectionftects using appropriate Weightg. This ap-
cluster catalogues in a wide range of threshold densitis fr Proach has been used by E03a and EO3b, where lists of DF su-
erclusters and DF-clusters have been compiled. We have fol

1 to 7 in units of the mean luminosity density of the sampl€. i ) X
For each threshold density value we found the number of wed this experience and have found lists of DF-clusters fo
| our samples.

perclustersNg¢, and calculated the maximal diameter of thé
|argest system found, g (See F|g 3) Detailed Superduster To find DF-clusters we used the low-resolution density
lists and their properties were calculated for severalstnoel  field, since it averages over the cluster environment, thwus g
densities in the range 45 (in units of the mean density). ~ ing higher weight to clusters which are located in a high-
Finally we have to fix the minimal volume (or radius) oflensity environment. In practical terms, all density peaks
systems to be considered as superclusters. This choicpisimthe low-resolution density field were located, having a peak
tant in order to have a fierence between compact galaxy sy$lensity a bit higher than the threshold density used in the su
tems, such as groups and clusters, and more extended sysfghguster search. We used minimal peak density 5.0 in units
—i.e., superclusters. We take into account the fact thabafi- Of the mean density. The DF-cluster is characterised by its
pact systems transform to extended objects after smoothifgak density and its integrated peak density found by sum-
In our previous analysis (E03a and E03b) we used Gaussiatilg luminosity densities of all cells around the peak tbget
Smoothing with rms scale 1871 Mpc, and the ||m|t|ng ra- with the central cell in 27 cells. Addltlonally we searched
dius of the smallest system to be considered as a superclufte galaxies and groups around the central peak within rel-
5.04 h~LMpc; this radius corresponds to a system of voluniive distance limitst8 h™* Mpc from the central peak. The
535 (1 Mpc)®. When using an Epanechnikov kernel with rasmoothed density field integrates luminosities of galakies
dius~ 8 h"*Mpc we can use a smaller limiting radius. Takingide the whole sphere of radius equal to the smoothing radius
these considerations into account we used in our preliming/3 = 2145 6 Mpc)?, and DF-clusters characterize the
study 3.63h~2Mpc as the limiting radius, which correspondéiminosity of the central cluster as well as that of surround

to a limiting volume of 2001 Mpc)2. ing galaxies and groups. This sphere contains in nearbgmesgi
200...1000 galaxies and in most distant regions.30 galax-
ies.

3.4. DF-clusters in superclusters . .
P The analysis shows that poor superclusters contain 1 — 2

To get an idea of selectiorffects we show in Fig. 4 the num-DF-clusters, i.e. they a similar to the Local and Coma su-
ber of galaxies in the superclusters. This number was fouperclusters. In rich superclusters the number of DF-ctaste
by searching for galaxies which lie in the volume above ttie much higher. The distribution of the multiplicity of supe
threshold density level. As we see, the number decreases exgusters is shown in the right panel of Fig. 4. We see that
nentially with distance. ThisfBect is expected, since galaxieshe distribution is practically independent of the dis&nat
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Fig. 4. Left panel: the number of galaxies in superclusters at uar@tistance from the observer. Right panel: the multiglioftsuperclusters
(defined as the number of DF-clusters) as a function of distéiom the observer.

small distances the number of high-multiplicity supertdus ficult to estimate the true number of galaxies and groups in
is smaller, but this is a volumetect. What is more important, superclusters.

low-multiplicity superclusters are detected at all distzs To investigate selectionfiects in compiling the catalogue
The analysis of properties of superclusters found with thg groups of the 2dFGRS Tago et al (T06) used a simple
DF and FoF methods demonstrates that the main propertiegrelthod: nearby real groups were shifted to larger distance,
rich superclusters (positions, diameters, total luminesietc) and the change of the number of group members was inves-
are rather stable and do not depend too much on the metiiggted. In the present paper we shall use for the study of se-
to select them. In most cases it was possible to make a oneféetion efects simulated galaxies and galaxy systems found
one identification of superclusters found wittffdrent meth- jn the Millennium Simulation of the structure evolution.rFo
ods or sets of selection parameters. Of course, in some @asggtails of the model see Springel et al. (2005), Croton et al.
rich supercluster found with one method was split into two @p006) and Gao et al. (2005). This simulation was made us-
more subclusters when affdirent set of parameters or methoqﬂng modern values of Cosmo|ogica| parameters in a box of
was used. As the real cosmic web is continuous, suftBreli side-length 500 Mpc, using a very fine grid (about 2080
ences are expected. Itis encouraging that theéBerences were and the largest so far number of Dark Matter particles. Using
rather small. The only major disadvantage of the FoF methggmi-analytic methods simulated galaxies were calculdteel
is that a large fraction of the data is not used, since alb@@$a simulated galaxy catalogue contains almost 9 million disjec
fainter than the magnitude limit are ignored. Thus the foif®  for which positions and velocities are given, as well as abso

analysis was carried out with the DF method only. lute magnitudes in the Sloan Photometric systemy(r, i, z).
The limiting absolute magnitude of the catalogue-17.4 in
ther band.

4. Analysis of simulated superclusters : )
y P In order to study the influence of the smoothing length we

The final step in our preliminary study is the analysis of singpplied an Epanechnikov kernel with radius 4, 6, ahd'8Mipc
ulated superclusters using the Millennium Simulation. Tike to find the luminosity density field; respective models are
of simulated superclusters has the advantage that truepromarked in Table 2 as Mill. A4, Mill. A6 and Mill.A8 (A for all
ties of model superclusters are known, and the comparisorgafaxies used in calculation of the density field). Further w
properties of superclusters based on full data and sintliatE  simulated the influence of the observational selection. WWe p
data allows us to estimate possible errors and biases afuealthe observer at the lower left corner of the sample at coordi-
perclusters. natesx = y = z= 0, calculated distances of every galaxy from
the observer, found apparent magnitudes ukingprrections,
and selected galaxies in the observational window of the 2dF
GRSmy = 145, mp, = 19.35; this subsample is designated

The major issue in using flux-limited galaxy samples as @ Mill.F8. To simulate volume-limited galaxy samples we ap
2dFGRS is the magnitude selectidfeet. Due to a fixed obser-Plied a further limit,—19.5, in absolute magnitudes in photo-
vational window in apparent magnitudes the range of absol{etric system g (close to systemused in the 2dF Survey);
magnitudes of galaxies (and groups selected from the galdR{p subsample is designated Mill.V8 (in the last samples a
sample) changes with the distance. At the far side of therebsgnoothing radius &* Mpc was applied).

vational sample only very bright galaxies fall into the titity One of the first questions to be clarified is: is the
window of the sample. Thus the number-density of galaxi@sninosity-density relation, observed in the real Uniegia@so
drops with increasing distance dramatically. This makeifit incorporated in simulations? Our experience has showritthat

4.1. Selection effects and biases of the catalogues
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Fig. 5. Left panel shows the fierential luminosity function (the number of galaxies in @bt magnitude bins ohr = 0.05). Thin lines
show the luminosity function in éfierent local density environment, found with Gaussian shingtof scale 0.8 Mpc; lines labeled 2, 3
... correspond to local densities in intervals of density ldgar logD = —-0.75... — 0.50,-0.50... — 0.25 .. .. Bold line shows the whole
differential luminosity function in the r band. The right partebws integrated luminosity functions in tikeandg bands. For high luminosities
the smoothed approximation of the function is plotted.
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Fig. 6. The length (maximal diameter) and the number of superatsistee shown in the left and right panels, respectively, amation of
the threshold densit,. Different lines show data using smoothing with an Epanechnikowek of radius 8, 6 and B! Mpc, and Gaussian
kernel of scale 0.5 Mpc.

is not always taken into account in simulating galaxies in nluminosity-density relation is built in to the galaxy samphnd
merical models. We calculated the density field with a Gaussiwe can use the sample to study supercluster propertiesnThe i
kernel of rms scale 0.5 1 Mpc; this variant is designatedtegrated luminosity function for the g and r bands is shown in
Mill.ALl. Further we found for every galaxy the local densityhe right panel of Fig. 5. Due to very large number of galaxies
value at the position of the galaxy, and calculated the numhe the sample, the functions are very smooth, and only for the
of galaxies in various absolute magnitude intervals séplgra bright end was it necessary to apply a linear interpolatfadhe

for different local density environment. In magnitudes we uséahction (in logN — —M representation), also shown in Fig. 5.
a stepAM = 0.05, and for density we used constant intervals ifihis luminosity function was used instead of the Schechiar |
the logarithm of the density with steplogD = 0.25, starting in calculating weights for galaxies according to Eq.2.

from density value 0.1 in units of the mean luminosity dgnsit

Results of this study are shown in Fig. 5. There are almos2. The test for variable smoothing length
no galaxies in the first density bin (I& = -1.00... - 0.75).

Starting from the second bin each subsequent density bin cve used the density fields calculated with an Epanechnikov
tains more brighter galaxies, the number of faint galaxies kernel with radius 4, 6, andi8* Mpc to select superclusters in
each bin is approximately constant, and the increase of theide range of threshold densities from 1 to 9 in units of the
maximal luminosity is practically constant, when we movmean luminosity density. For comparison we applied a simila
from lower density bins to higher ones. In other words, theystem search also for the high-resolution density fielshdou
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Fig. 7. Left panel: the mean length (diameter) of superclustersfascion of the threshold densif,. Right panel: &ective diameters of
superclusters of various total luminosity.figirent lines and symbols are for samples as in Fig. 6.

with a Gaussian kernel and rms scale B:5Mpc. In the lat- for various subsamples are shifted with respect to eachr:othe
ter case we used a minimal volume of systems @¢/h)3, for a given luminosity the supercluster diameter is larger f
since this smoothing scale is suitable for the search of @mtplarger smoothing kernels.

galaxy systems, such as groups and clusters. We have cross-correlated individual superclusters of sub-

The length (maximal diameter) and the number of systerggmples Mill.A8, Mill.A6 and Mill.A4. For this purpose we
found are shown in Fig. 6 for all four subsamples. As in thgnd for every supercluster of subsamples Mill. A6 and Mi#.A
case of real galaxy samples at low threshold density thesargthe closest supercluster of the sample Mill.A8. In most sase
system spans the whole region. To avoid the inclusion of vefye mutual distance between such supercluster pairs frbm di
large percolating systems within our model superclust&-caferent subsamples is close to zero, i.e. we have found hnti
logue, the threshold density has to be chosen so that the gjBgects in both subsamples. Most very rich superclusters ha
of the largest system (diameter of the box around the S¥imost identical counterparts of close total luminositydift
tem along coordinate axes) does not exceed a certain valugepént subsamples, as seen in Fig. 8 where total luminssitie
100...150h™* Mpc. We have chosen values given in Table 2f cross-identified superclusters are compared. Howeler, t
which correspond to the diameter of the largest superclusigwer the total luminosity of the supercluster the more wfte
(~ 120h™* Mpc). If one wants to get a higher number of supek supercluster in subsample Mill.A8 is split into two or more
clusters, then a lower threshold density is to be used, btsn units in subsamples Mill. A6 and Mill.A4. In these cases lumi
case the size of the largest system exceed$i2bBlpc. nosities of corresponding superclusters of subsampldsAgil

In addition to the diameter of the box around the supesind Mill.A4 are lower than in the sample Mill.A8. This ex-
cluster we have found also the diameter of the sphere eqplins the presence of numerous dots below the main ridge in
to the volume of the superclusters, by counting cells of siég. 8.

1 h~tMpc inside the contour surrounded by threshold density

level. We call this the fective diameter. Mean values of the

effective diameters of superclusters of all samples are sho 10"F——— — T
in Fig. 7 for various threshold density levels. We see that, i '
spite of the presence of very large percolating superaisisite
low threshold density levels, the mean diameters are s4rpr
ingly constant. For our accepted threshold levels they die b
tween 1Q..12 h~* Mpc, for superclusters of samples Mill. A4 10"
... MillLA8. The mean diameter of galaxy systems of the san s
ple Mill.A1 is much lower since a lower limiting volume was
used in the compilation of this sample.

The right panel of Fig. 7 shows théfective diameters of
individual superclusters as a function of their total luosity e
(found by adding luminosity density values inside the thodd :
density contour multiplied by the mean luminosity per céll o T T i
the whole sample). We see that a very close relationshipsexi: 10” 10” 10"
between the diameter and the luminosity of the supercluste: s
This close relationship is due to the fact that mean dessitie Fig. 8. The comparison of total luminosities of superclusters tbfon
superclusters vary in rather narrow limits. The strips dhf models Mill. A8 and Mill.A6.
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When we compare the distribution of supercluster lumi- However, it is very easy to identify in real galaxy sam-
nosities of various subsamples, we see that the smaller gies high-density knots of the density field — DF-clusters.
smoothing length in calculation of the density field, theh@ig The problem is: how well do the positions of high-density
the number of low-mass superclusters in the subsample. Tkiwts correlate with positions of depressions in the paént
tendency is seen also in Fig. 8. It is well-known that bridgé®ld? To study this problem, we calculated the potentiatifiel
between high-density knots in the galaxy distribution ¢stnsof the Millennium Survey by Fourier-transforming the high-
of faint galaxies (due to the density-luminosity relatioiifhe resolution density field (model Mill.A1). Both fields werelca
smoothing length is small then these bridges fall below thre d culated on a 512grid. To have an impression of the fields
sity threshold and a galaxy system is considered as camgisthey were transformed to FITS format and were scrutinized
of two separate systems. In other words, the density field hesing the ds9 viewer (Smithsonian Astrophysical Obseryato
comes noisier. Astronomical Data Visualization Application, available fall

When one uses flux-limited galaxy samples, then at lardBgior operating systems). This viewing impression, as aell
distance from the observer fainter galaxies are not vising he comparison of lists of density peaks and potential field d
bridges between high-density knots cannot be detectedlin WPressions shows that practically all high-density knotshia
ume limited samples fainter galaxies are excluded at afl déensity field can be recognized as depressions in the pattenti
tances from the observer. Thus in real galaxy samples fahigld.
galaxy bridges disappear at large distance (or everywltgre f 15 optain a more quantitative relationship between max-
volume-limited samples). To avoid a too noisy density fi¢ld jma (and minima in case of the potential) of these fields we
is reasonable to use larger smoothing length. In the foligwi compared catalogues of maxima of the high-resolution tiensi
we shall use only supercluster samples found witfir8Vpc  field and minima of the potential field. Also, in our test cat-
smoothing. alogues of superclusters extrema of both fields were marked.
This comparison shows that the number of peaks of both fields
in superclusters is close (see Fig. 9), and that in the ntgjofi
cases there exists a one-to-one correspondence betwden pea

Itis well-known that rich superclusters are great attrectohis  Of Poth fields. In the majority of cases the highest densigkpe
effect is very well seen in numerical models, where it is ea§/T€SPOnds to the deepest potential well. However, in abou
to calculate the potential field. It is natural to identifgtben- 10% ;uperclustgrs the deepest. potential well co.|n0|dewni_mt
ters of superclusters with centres of deepest potentiasuvel 1€ highest density peak, but with one the following peakss T
side the supercluster. Rich superclusters have severaenen 0¢Curs mostly in cases where the surrounding potential field
tration centres (DF-clusters); the depth of the respegiten- has a considerable slope (even within the superclustethato

tial wells is diferent, and only one has the deepest level. fPSOlute values of the depth of the potential well do not géwa

such cases it is relatively easy to identify the dynamical—cerePresent the strength of the density peak. Our impression i

ter of the supercluster. The center identification is notasye that in these cases the highest density peak suits even aette
in real observational samples. To calculate the potentd fi the center of the supercluster.

the respective density field must be given in a rather larde vo  This analysis shows that there are good reasons to consider

ume. This is easy in numerical models, bufidilt in the real highest peaks of the smoothed density field as centres of-supe
Universe, since even the largest modern redshift surveyercoc|usters.

relatively thin slices.

4.3. Determination of supercluster centres

4.4. Analysis of simulated flux-limited samples

We have constructed simulated flux- and volume-limited sub-
. samples of Millennium Simulation galaxies. Using these-sub
301~ . | samples we found superclusters and derived their propertie
for two cases. First, we used the density field of all galaxies
and calculated total luminosities of superclusters for tases,
using full data (Mill. A8 sample) and the simulated 2dF sam-
ple Mill.F8. In the second case estimated total luminositié
galaxies were found as for 2dFGRS applying Eq. (2). The lu-
S | minosity function was taken directly from the simulatiortala
i as shown in Fig. 5. This case allows us to estimate the errors

Npot
™)
o

I
L

.....

Leson il . 1 of estimated total luminosities of superclusters usingoresl
R galaxy total luminosities. Here the lists of superclustenrstain
0 L | L | L 1 ! | L | L h . . . e
0 5 10 15 20 25 0 identical entries, only the number of galaxies within themd a
e the estimated total luminositiesftér. In this case we do not
Fig. 9. The number of peaks of the density and potential field for stake into account the fact that the density field also hag®rro
perclusters of the sample Mill.A8. due to the use of incomplete (flux-limited) data.
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Fig. 11. Left panel: the number of galaxies in superclusters of thepsa Mill.F8 as a function of distance from the observer. Tight
panel shows luminosities of superclusters of the sampl&éM8ilas a function of distance (crosses). Open gray cirdlesssuminosities of
superclusters of the total sample Mill. A8 which have no ¢egpart in the sample Mill.F8 (missing superclusters).

To get an idea of the scale of the external errors of calue to misidentification of superclusters in our automated p
culated total luminosities we calculated the smoothed itienscedure.
field using galaxies of the subsample Mill.F8. In this case th
identification of superclusters with the first sample is mtife
ficult, since centre coordinates mayfdr. For identification we
identified for every supercluster of the subsample Mill.&8d
Mill.V8) the closest system among the sample Mill.A8.

In the right panel of Fig. 10 we plot the relative error of
the total luminosity of superclusters as a function of the di
tance from the observer. Black symbols show internal errors
(i.e. supercluster volumes were found using identical tigns
fields, and expected total luminosities were found for catepl
and simulated 2dF data), gray symbols show external errors
The left panel of Fig. 10 shows the fraction of the numbdsuperclusters of the subsample Mill.F8 were found usirg th
of galaxies in superclusters of subsamples Mill.F8 and.M8l density field determined by the same subsample of simulated
with respect to the respective number in the sample Mill.A2dF galaxies). We see that at large distance from the olrserve
We see that at small distances this fraction for the subsamf > 500 h™! Mpc) both internal and external errors become
Mill.F8 is close to unity, i.e. almost all galaxies are pmselarge, since the number of galaxies in superclusters begome
also in the flux-limited subsample. With increasing distan¢oo small. At intermediate distances 280d < 400h~! Mpc
the fraction gradually decreases. The volume-limited aabs internal errors are surprisingly small, and there are pralty
ple has at large distances from the observer a behaviouasimno systematic errors. External errors are larger, and haega
to the full flux-limited subsample, but on distances lessithative tail, i.e. luminosities of superclusters determiriexin
400h1 Mpc the fraction remains constant at a level about 0.i;acomplete (flux-limited) data are systematically lowearh
Some data-points above the main ridge at large distance t@se calculated using full data. Partly thisfeiience is due
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to the fact that some superclusters of the sample Mill.A8 atfee mean luminosity density of the sample. For each threshol
split into smaller systems in the subsample Mill.F8. density value we found the number of superclustds, and

Fig. 11 (left panel) shows the number of galaxies in swalculated the maximal diameter of the largest system found
perclusters of samples Mill.A8 and Mill.F8 as a function oEs. Fig. 3 shows results of these calculations. Based on these
distance. We see that the true number of galaxies in sugercldata we apply threshold density 4.6 for our final superctuste
ters exceeds 200 with only a few exceptions (remember tleatalogue. Using this threshold density a few superclsstér
the galaxy sample of the Millennium Simulation is completeave diagonal sizes exceeding 12&Mpc; these superclusters
for luminosities exceeding an absolute magnitud&.4 in the split into subsystems when a larger threshold density id.use
r-band). In superclusters identified using flux-limited gala In our preliminary analysis we used a minimal volume
samples the number of galaxies decreases with distance. TI0 (! Mpc)3. The analysis shows that this limit is too high
decrease follows the same law as the fraction shown in Fig.&0d excludes a number of small superclusters of the Local
for simulated 2dFGRS superclusters. Supercluster class. Thus in our final catalogue we have used a

The comparison of lists of superclusters of samples Mill. A@maller limiting volume of 100 Mpc)®, which corresponds
and Mill.F8 shows that about 200 superclusters of the fui-sa to limiting radius 2.6~ Mpc. Using this limit we include prac-
ple Mill.A8 have no counterparts in the sample Mill.F8, bdseically all galaxy systems which exceed the chosen threshol
on the flux-limited sample of galaxies. In other words, thedienit into our supercluster list, and exclude only systentsolu
superclusters are too weak to meet our selection critevien. have a very small fraction of their volume above the threghol
show the distribution of luminosities of missing supertdus At this level noise due to random errors of corrected galaxy
as a function of distance in the right panel of Fig. 11 by grdyminosities becomes large. Remember that the use of smooth
symbols. For comparison luminosities of all detected supéng with 8 h~1 Mpc radius means that all galaxies and groups
clusters are also shown. We see that all missing supercdusteithin this radius are used in the calculation of the derfstd;
have low luminosities. In other words, the luminosity fuoot thus even the smallest superclusters represent galaxyleamp
of superclusters found on the basis of flux-limited galaxysa located in a much larger volume than the volume above the
ples is biased and needs to be corrected in the range of pdensity threshold.
superclusters. The lists of all 2dF groups and single galaxies were
searched to find members of superclusters. The number of
galaxies in superclusters as a function of the distance from
the observer is shown in Fig. 4. As expected, this number de-
Based on the experience of the study of simulated superclaseases with distance. In very poor and distant supercfiste
ters we shall use for the compilation of the final catalogue tife number of galaxies detected may fall below 3. These very
2dFGRS superclusters the DF method. To calculate the lupéor superclusters have been excluded from our supercluste
nosity density field we use an Epanechnikov kernel with mmdilist. Also, as our analysis of simulated superclusters hews,
8 h™1Mpc, and a rectangular grid of cell sizent! Mpc. To some parameters of very distant superclusters have ratiger |
minimize the size of the density field box we treat Northerstatistical uncertainties. For this reason we have divided
and Southern regions of 2dF separately. The coordinatersyssupercluster lists into two parts: the main sample (denéjed
was rotated along the vertical axis so that the sample siirtgontains superclusters up to distance 6Z20Mpc, and the sup-
X—axis: plementary sample (denoted B) has more distant superduste

We note that only about/2 of all galaxies of the 2dF sur-

5. 2dF supercluster catalogue

x = dcosg) cosg — ao), ®) vey are members of superclusters. The remaining galaxiks an

—d L 6) 9roups also beloqg to galaxy systems, but these systems are
y cosg) sin(a — ac), ©6) weaker and form in the density field enhancements with peak
z = dsin@), (7) density less than our adopted threshold value 4.6.

We also compiled lists of compact high-density peaks of
whereqg is the minimal value of the Right Ascension for thehe density field — DF-clusters, using the low-resolutionsity
sample, which is 1483 and —34.40° for the Northern and field and threshold density 5.0 (in units of the mean density)
Southern samples, respectively. After the rotation of door DF-clusters are some equivalent to rich Abell-type clisster
nates around the-axis both Northern and Southern sampleSince luminosities were corrected to take into accountgala
fit in the first quadrant, and, y coordinates are non-negativeies outside the visibility window, DF-clusters form a volam
The size of the box along the vertical axis is determined by dimited sample. DF-clusters are useful in the further idferat-
tremez—coordinates of galaxies within the observed regionson of rich clusters of galaxies of the Abell cluster clatke
Densities were calculated using the total estimated lusiinoright panel of Fig.4 shows the distance dependence of the num
ties of galaxies, and then reduced to the mean density oger ler of DF-clusters in superclusters.
whole sample. To avoid the inclusion of unobserved regiinsa We calculated the luminous mass around the center of
cells outside the observational window were marked. DF-cluster in a box containing the parent cell and all sur-

The next step in the selection of superclusters is the propeunding cells (altogether 27 cells). The most luminousigro
choice of the threshold densify, to separate high and low- (from the list by T06) in this box was considered as the main
density galaxy systems. We compiled supercluster catabggrougcluster of the supercluster, and the brightest galaxy of
in a wide range of threshold densities from 1 to 7 in units ¢fie main cluster was taken as the main galaxy of the superclus
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ter. The center of the supercluster was identified with the ce  The lists of superclusters of the main catalogue, having to-
ter of the main galaxy. Some poor superclusters do not aont&al estimated luminosities above52x 10'? L,/h?, are given
peaks above the threshold 5.0 used in the search of DFHdusti Tables 3 and 4. The full lists of superclusters, both the
In these cases the most luminous group was considered asntlagn and supplementary, are available at the web-site ofi Tar
center of the supercluster. Observatory http://www.aai.ee/~maret/2dfscl.html.

To have an idea of the Spatia' distribution of luminous mapensity fields in fits format are also available for 2dFGRS and
ter we can have a look at respective density fields den-N§fillennium Simulation samples, see readme.txt for details
570-86-ep8.fitsand den-Sgr-516-312-ep8.fits on our wele-pa
These fields can be seenxry, z coordinates using the viewerg conclusions
ds9. We see the multi-nucleus character of most supercduste

Note also the asymmetry of the distribution of galaxies in sil this paper we have used the 2dF Galaxy Redshift Survey
perclusters. to compose a new catalogue of superclusters of galaxies. Our

The final catalogue of 2dFGRS superclusters consists Bf'" conclusions are the following.

four lists, two for each Galaxy hemisphere, the main lists A
for superclusters up to distance 586 Mpc and supplemen-
tary lists B for more distant systems. These lists are given i
the electronic supplement of the paper. The lists are oddere
according to increasing RA, separately for the Northern and
Southern hemispheres, but a common id-numeration fordists
and B. The lists have the following entries.

To analyse selectionfects and possible biases, and to
find suitable parameters to select superclusters of galax-
ies, we analysed simulated superclusters found using the
Millennium Simulation of the evolution of the Universe.

We calculated the density field using the 2dF Galaxy
Redshift Survey in the Northern and Southern region, ap-
plying smoothing with an Epanechnikov kernel of radius
8 h™1 Mpc, and using weights for galaxies which take al-

1. Identification number. lowance for faint galaxies outside the observational win-
2. Equatorial coordinates (for the epoch 2000). dow of apparent magnitudes.
3. The distancé. — Using the smoothed density field we identified superclus-
4. The minimal size of the superclusteDmn = ters of galaxies as galaxy systems which occupy regions in
min(dx dy,d2), wheredx, dy, and dz are sizes of the the density field above the threshold density 4.6 in units
supercluster along coordinates y, z the sizes are of the mean density, and having a minimal volume of
determined from extreme coordinates of the density field 100 O™ Mpc)®, separately for the Northern and Southern
above threshold density along coordinate axes. regions of the 2dFGRS.
5. The maximal diameter (diagonal of the box containing the" We calculated for all superclusters their main parameters:
superclusterPmax = (X2 + dy? + d2)Y/2. equatorial coordinates, distances, minimal, maximal and
6. The dfective diameteDe (the diameter of the sphere, equal  effective diameters, the number of galaxies, groups and
to the volume of the supercluster). DF-clusters, luminosities of main clusters and their main
7. The ratio of the mean toffective diameterey = Dm/De, galaxies, total luminosities, overdensities and sepamati
hereDy, = Dinax/3Y3 is the mean diameter. This parameter Petween geometrical and mass center.
characterizes the compactness of the system. — The analysis of the properties of superclusters shows that
8. The center fiset parameteno = ((Xo — Xm)? + (Yo — Ym)? + our supercluster samples are free from known biases.
(ZO_Zm)Z)l/Z' herexo, yo. % are coordinates of th‘? geomem(Eé\cknowledgementSNe are pleased to thank the 2dF GRS Team for
center of the SL_JpercIuster, found on the bg5|s of extre i publicly available final data release. The Millenniurm8iation
values _Of Coord'nates'_anq" Ym. Zm are coordinates of the used in this paper was carried out by the Virgo Supercomgutin
dynamical center (main cluster) of the supercluster. Thignsortium at the Computing Centre of the Max-Planck Sypciet
parameter characterises the asymmetry of the superclusterGarching. This research has made use of SAOImage DS9,
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Table 3. The list of rich 2dF Northern superclusters

Id RA DEC d  Dmin Drax Do € Ao 0p  Om Ngr N Lm Lot
deg deg Mpc Mpc Mpc Mpc Mpc

5 14958 -464 4576 19.0 452 186 1.4 33 109 6.6 102 5 BBE8EL 0.5460E13
9 150.47 -0.86 398.8 19.0 37.1 150 14 9.2 57 5.6 52 3 0.6251E 0.2675E13
13 152.01 0.57 288.1 31.0 89.7 275 19 253 129 6.9 1145 1@87Pe11 0.1646E14
17 153,54 -4.22 4674 20.0 66.2 215 1.8 8.9 9.3 6.0 120 8 ORIl 0.8309E13
20 155.11 -254 1845 17.0 40.0 155 15 8.2 7.2 5.7 556 2 OBerl 0.3188E13
27 15691 1.86 4404 150 335 154 1.3 82 64 6.2 68 4  0.16BPE 0.3327E13
37 160.34 -5.90 3845 180 670 222 17 282 120 6.7 359 9478811 0.9555E-13
38 160.57 -3.74 509.6 23.0 416 146 1.6 6.8 105 6.3 34 4 0B&8rl 0.3080E13
76 170.64 045 3025 170 427 193 1.3 82 6.7 6.7 420 5 ORWPB 0.5933E13
77 170.77 1.03 2204 10.0 30.7 139 1.3 7.7 83 6.2 315 2 OEelb 0.2527E13
78 170.87 0.32 425.0 120 424 150 16 118 56 55 57 5 OBBY 0.2504E13
82 17265 146 3702 180 388 176 13 109 6.7 6.1 187 3 PBEEIM 0.441913
92 17590 -1.73 3133 240 524 190 1.6 74 111 6.5 315 3 602231 0.5366E13
97 176.85 -2.85 359.6 17.0 36.7 16.3 1.3 9.8 76 5.9 129 5 ©oBspl  0.3051E13
99 177.62 -0.60 399.3 400 766 262 17 150 84 6.2 472 13190B11 0.1421E14
101 178.42 -2.29 510.7 13.0 351 16.0 1.3 6.6 74 6.1 29 5 0Bgpl 0.2841E13
108 180.44 -0.20 481.7 43.0 79.8 266 1.7 184 8.7 6.3 169 24916E+11 0.1463E14
118 183.28 -3.72 489.4 120 285 146 1.1 57 8.2 6.7 38 1 BB7BL 0.2828E13
120 183.61 -3.57 5124 420 96.0 308 18 249 125 7.6 207  194798E+11 0.2449E-14
127 18545 0.34 4584 37.0 76.8 249 18 138 101 71 176 10080E+11 0.1364E14
136 190.07 -4.44 3955 20.0 500 204 14 174 105 6.8 251 BH630E+11 0.7551E-13
137 190.09 -2.56 486.5 17.0 425 182 14 107 154 7.3 73 3380111 0.5971E13
140 191.19 -1.08 430.1 19.0 36.6 148 1.4 93 6.2 54 62 4 0OB4BlL 0.2733E13
147 193.74 -230 5002 20.0 508 214 1.4 72 125 6.7 82 4 0BB7L1 0.7776E13
152 19471 -1.74 2511 36.0 1127 357 18 148 144 7.7 359B Q535311 0.3783E14
155 196.07 135 5119 20.0 382 172 13 51 109 6.6 43 4 OR8l 0.4448E13
162 198.32 -2.18 4189 320 754 203 22 106 53 59 196 7396E+11 0.7419813
170 200.94 1.08 3204 30.0 56.8 215 15 145 9.1 6.7 415 8 5022941 0.8103E13
181 203.14 -3.08 508.7 41.0 832 312 15 128 183 80 200 15200E-11 0.2628E14
193 20859 -1.05 4321 280 619 231 15 95 11.7 6.7 197 8640B-11 0.9617E13
196 209.56 1.18 480.7 19.0 409 181 1.3 8.7 57 6.8 69 4 ORMBEL 0.4950E13
205 213.68 -0.39 4053 280 637 238 15 143 289 093 215 3700E+12 0.1309E 14
210 216.18 -2.00 506.1 150 284 146 1.1 33 105 7.3 15 1 66B6l1 0.2781E13
220 219.41 -0.29 399.9 38.0 90.7 285 18 29.2 9.8 6.3 426 1®000E+11 0.1812E14
225 220.83 -0.67 436.0 150 284 149 1.1 3.6 100 6.7 55 1 1es8l1 0.2756E13

Distance and sizes are givenhin' Mpc.
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Table 4. The list of rich 2dF Southern superclusters

Id RA DEC d  Dmin Dmax Do € Ao Op Om Ngr Ng Lm Lot
deg deg Mpc Mpc Mpc Mpc Mpc

5 185 -28.06 177.4 20.0 457 19.7 1.3 6.8 75 6.2 952 5 0.4¥55E 0.4824E-13
10 3.02 -27.42 362.6 39.0 96.3 254 22 155 53 59 535 17 2BH81 0.1155E14
11 349 -27.10 4368 170 388 173 1.3 6.7 100 6.4 101 3 BEgul 0.3902E13
18 515 -33.91 4595 16.0 405 165 14 85 82 6.1 75 3 0.2¥8BE 0.3581E-13
19 517 -25.73 4147 18.0 330 172 11 29 10.7 6.8 91 2 OBB85®2 0.3566E13
34 9.86 -28.94 3263 600 140.1 409 20 216 169 8.1 3175 2#M528E-11 0.4975E14
51 13.98 -30.08 4554 33.0 772 256 1.7 136 149 7.6 272 7 02011 0.1278E14
60 16.54 -26.29 3765 17.0 41.1 157 15 95 79 57 132 4 P41  0.2905E-13
64 17.74 -33.10 4754 120 341 156 1.3 69 83 62 50 4 0B661 0.2950E13
78 21.00 -33.35 513.6 34.0 931 29.7 18 192 176 6.8 254 2B300E+11  0.1697E14
84 2197 -34.16 3839 21.0 50.6 200 15 106 105 75 225 3 22611 0.5491E13
87 2348 -2753 3620 170 492 178 16 157 92 6.2 166 4 20E3l1 0.3867E13
88 23.57 -26.11 460.3 24.0 50.7 20.0 15 84 119 6.9 105 2 00822 0.5457E13
94 25.44 -30.60 483.7 38.0 753 270 16 46 10.0 6.6 245 15 199811 0.1316E14
97 2722 -31.42 4325 270 537 215 1.4 72 89 65 194 5 ORd4Bl 0.7256E13
109 30.94 -26.79 329.1 15.0 39.0 179 13 19 6.1 7.1 249 2 10281 0.4286E13
112 31.38 -34.62 4753 27.0 609 227 15 124 106 6.8 148 73140E+11 0.8057E13
115 3238 -2885 3916 280 596 21.0 16 144 55 58 265 10610E-11 0.6458E13
116 32.60 -33.01 357.3 17.0 478 191 14 111 6.6 6.3 230 3 4868H-11 0.4801E13
126 3436 -29.43 3146 17.0 408 177 13 127 79 6.3 291 3 46011 0.3683E13
130 35.03 -28.77 4845 270 860 301 16 131 79 7.0 292 1®B01BE-11 0.1884E14
148 41.09 -26.27 386.3 31.0 635 233 16 52 116 6.9 328 112810E+11 0.8765E-13
149 4141 -3425 5062 160 340 166 1.2 55 100 6.7 67 3 0e@e81 0.3516E13
152 4221 -26.00 306.0 160 382 156 1.4 74 65 55 180 4 78261 0.2741E13
153 4257 -26.42 461.3 24.0 445 168 15 122 9.1 58 64 8 5011 0.3518E13
161 46.01 -31.64 5105 22.0 429 178 14 117 91 6.3 50 3 668B91 0.4215E13
167 4793 -26.94 1987 240 439 199 13 6.2 142 72 771 2 936E11 0.5266E13
179 52.32 -30.10 508.4 14.0 495 177 16 53 51 57 58 8 6E20BL 0.4405E-13
180 52.33 -2653 421.1 440 906 250 21 250 94 6.2 263 10M96B8E+11 0.1021E14
184 53.82 -28.68 301.7 130 294 152 1.1 62 72 65 156 1 9PR21 0.2512E13
185 53.93 -29.63 393.8 19.0 516 186 16 188 48 56 151 7 210211 0.4318E13
190 327.23 -30.67 3522 190 43.0 151 16 117 91 6.0 122 52406E+11 0.2583E-13
200 330.81 -24.36 466.5 300 611 246 1.4 27 204 8.7 155 64340E+11 0.1242E14
204 33143 -27.84 268.2 16.0 440 180 14 56 7.0 58 342 5 540811 0.4041E13
205 33145 -25.20 5154 130 384 164 1.4 59 84 6.0 23 3 76B3l1 0.3097E13
209 332.72 -29.87 465.8 20.0 458 202 1.3 65 97 68 91 5 18B2A1 0.5512E13
217 334.75 -34.76 449.1 66.0 1264 398 18 234 112 6.9 9382 0.3692E11 0.4320814
220 33553 -31.32 3439 150 368 16.6 1.3 80 91 6.2 169 6 286211 0.3292E13
221 335.77 -29.33 506.6 200 438 168 15 65 70 6.1 37 7 8oRA1 0.3324E13
222 336.90 -30.58 169.0 15.0 352 158 1.3 71 98 6.2 473 2 426811 0.2660E13
229 34130 -31.91 5052 130 331 158 1.2 33 98 6.6 41 2 30@61 0.2877E13
240 343.16 -26.04 4419 260 524 215 14 79 134 6.8 171 64850E+11 0.6829E-13
247 34522 -31.62 5146 13.0 299 154 11 32 6.3 6.8 28 2 40R91 0.2653E13
253 346.13 -32.51 2459 290 688 196 20 112 9.8 6.2 521 72588E+11 0.5180E-13
260 347.89 -29.08 3375 180 398 185 1.2 56 89 6.3 220 4 056211 0.4487E13
267 348.85 -24.69 421.4 25.0 536 216 14 114 82 6.7 173 61890E+11 0.7051E13
270 350.71 -28.24 5064 210 512 172 1.7 76 88 6.1 37 8 56B3l1 0.3662E13
271 351.13 -29.93 4564 27.0 76.0 264 1.7 59 137 7.1 253 82550E+11 0.1349E-14
276 352.36 -30.15 306.9 29.0 61.8 204 18 188 82 58 371 81736E+11 0.5993E-13
282 353.01 -34.42 3972 350 66.6 222 17 220 113 65 255 0OM439E11 0.8168E13
303 35753 -26.99 4521 220 410 167 14 101 95 61 71 5 256811 0.3168E13
313 359.87 -26.13 398.4 18.0 329 16.0 1.2 52 84 6.0 85 4 5B8E€l1 0.2611E13




