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ABSTRACT. Components of large-scale structure
(LSS) of Universe includes galaxy clusters, walls, fil-
aments, groups and field galaxies. The question of
spatial organization of all these components remains
open despite of a number of recently developed meth-
ods of LSS analysis. In this paper we introduce new
continuous structural parameter of galaxy distribution
for the determinig of the type of LSS surrounding. This
parameter is based on comparison of the radial distri-
bution of galaxies around the certain point with the
uniform one. Our method for structure parameter cal-
culation is based on the distribution of 1000 closets
galaxies to the selected one. Such number was selected
because most galaxy clusters contains up to 1000 galax-
ies. When we exceed 1000th closest galaxy we will leave
possible cluster or filament and will pass to another
type of LSS. We suppose that in uniform distribution
of galaxies their number should increase as third power
a distance, similar to luminosity. Therefore the inverse
dependence of galaxy distance from number should be
cubic root. New structural parameter was introduced
as the difference of this dependence of cubic root.

The main type of cosmic surrounding for a galaxy
is defined by the value and the sign of such structural
parameter. If a galaxy lie in a cluster the distances of
nearby galaxies will be less than cubic root. We inte-
grated distance difference for all 1000 galaxies and get
negative stuctural parameter in this case. If a galaxy
lie in a void, the distances of surrounding galaxies will
be larger than cubic root. In such case the structural
parameter will be positive.

New parameter was calculated for sky distribution
of SDSS galaxies at distances from 50 to 150 Mpc.
Analysing obtained values, we come to conclusion
that our structural parameter can be used for the
division of LSS components and extragalactic filament
detection.

Keywords: large-scale structure of Universe, galaxies,
filaments.

ABCTPAKT. KomnoHeHnTn  BeJIMKOMACIITAOHOL
crpykrypu Bceecsiry (BMC) BKIIOYAIOTH CKYITYEHHS
raJakTuK, Crinu, ¢QiTaMenTn, Tpynr i TaJakKTHKH
[IOJI4. IIuranua 1po mnpPOCTOPOBE PO3TAIYBAHHS
BCIX TMX KOMIIOHEHT 3aJUNIAEThCS  BIAKPUTUM
He3BAKAIOYN HA BEJIHKY KIIbKICTh CYYaCHHX METOJMIB
ananizy BMC. ¥V mawiit pobori Mu BBOAMMO HOBWMIA
HeNEepepBHUN CTPYKTYpHHII T1apaMerp pO3MOALTY
raJlakTUK JJis BU3Ha4deHHs Tuiy oroudenus y BMC.
Busznavennsa mapameTpy Iojigra€ |y  ITOPiBHSHHI
pamiaTbHOTO POBTOIINY TATaKTUK HABKOIO 3aTaHOL
TOYKU 3 OmHOpimHUM po3moxiioM. [lpu obuwncienui
CTPYKTYPHOTO TIapaMeTpa JJjisd OOpaHol TrajlakTUKH
BHUKOPHUCTOBYETHCA PO3MOILT TUCTYl HAKOMMAKYINX 10
el rajakTuk. Take uwmcimo 6yno BuOpaHe OCKLIbKH
GIIBINICTD CKYMYeHb MICTATH A0 THUCAYl TaJaKTHK.
[liciss BuueprmamHs THCAYI HAKOMMKYNX —TAJATHK
MOXKJIVBE CKyT9eHHs a00 (isamMeHT Mae 3aKiHIMTHCH
i Mu mepelimemo no inmux enementis BMC. Mu
[IPUILYCKAEMO, 110 Y BUIIAJIKY OIHOPITHOTO PO3IOILITY
KUIBKICTh TajlakTHK (a TakoX TX TOBHA CBITHICTB)
Ma€ 3POCTATH MPONOpPIiHHO Kydy Bimcrani. OTxke,
obepHeHa 3aJIeXKHICTh Bimcrami rajgakTukm Big 11
TIOPSIKOBOTO HOMepa Ma€ 6yTu 6mr3bKa 10 KyOidHOro
xopens. HoBuit cTpyKTypHU mapaMeTp BBOIUTHCS sIK
iHTerpaa BijixuJieHHs L€l 3ajiexkHOCTi Bij KybGiduHOro
KOPEHsI.

Tun BerIMKOMACIITAOHOTO OTOYEHHS
BU3HAYAETHCS BEJIMIMHOI 1 3HAKOM CTPYKTYPHOTO
rapamMerpa. ARu0 rajakTUKa 3HAXOAUTHCH Yy
CKYTTUeHHI, BiICTaHl CyCimHIX raJlakTuK OyIyTh MEHII,
HIXK 33 YCEPETHEHOIO 3aJeXKHICTIO 3 KyOIYHUM KOpEeHeM.
IIpu nomaBaHHi PI3HUIB TBOX 3AJEKHOCTEN JIJI8 TUC Y1
TaJaKTHK OTPHUMYETHCA  BiJ €MHHH  CTPYKTYpPHHUH
mapamMerp. ARmo K rajsakTUKa 3HAXOIUTHCA Y
BOiAl, Bimcrani cycigpix ramakTUK OyAyTh OihI
3a KyOiuHWI KOpiHB 3 HOMepa. Y IhOMY BHIAIKY
CTPYKTYpHUIT mapamerp Oyae NOJaTHUM.

TraJIaKTUKU

HoBuit mapamerp OyB OO4YHCICHHUN I/9 PO3IMOILILY
1o HeDy rasakruk SDSS Ha Bigcranax sig 50 go 150
Mnk. AHajiz oTpUMaHUX 3HAYEHB JO3BOJISIE 3POOUTH
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BUCHOBOK TIPO Te, IO TAKWH MapaMerp Moxke OyTu
BUKODUCTAHUN [y po3mauientsi komnonentis BMC i
BHUSBIICHHA MiXKTaJaKTHIHNX (imaMeHTiB.

KorouoBi cjioBa:  BenukoMaciitabHa CTPYKTYpa
Bcecsity, ranaktuku, ¢piiaMmenTn.

1. Introduction

Large-scale structure (LSS) of Universe is complex
but mostly covered from direct optical observations.
Galaxies are the only type of light emitting sources at
cosmological scale, but they posess minor part of total
mass of matter. In some special cases it is possible to
find the distribution of dark matter in galaxy clusters
by pecular velocities or gravitational lensing (Kaiser,
1993; Parnovsky, 2004). There are different views
on distribution of LSS elements. Results of analysis
of observations and simulations are controversal.
The most common view on LSS is to consider voids
bordered by walls, walls consisting from filaments and
filaments which has clusters, groups and field galaxies.
In this work we propose a method for numerical
evaluating the type of LSS element for any point
of extragalactic space based on the coordinates of
nearby galaxies. The method was tested with modern
catalogs of isolated galaxies (Karachentseva, 2010;
Karachentsev, 2011).

2. Types of LSS elements and methods of
their description

In the first case of uniform distribution of galaxies in
space we will consider the luminosity of galaxies as the
main observable parameter. For physical analysis of
LSS evolution the mass is more important, but it can
be evaluated correct for very little part of galaxies. The
study of mass/luminosity ratio is wide and complex di-
rection of extragalactic astronomy (Girardy, 2000) but
in this work we will explain LSS only by the distribu-
tion of visible light of galaxies. Moreover, in the current
paper we will assume that all galaxies has the same lu-
minosity and hence the large-scale cosmic structures
will be analysed only by galaxy positions and density.
If all galaxies are indentical and little enough, their to-
tal number and luminosity will increase as the third
power of radial distance. Such uniform distribution
should be teseted for observable Universe at the scales
much less and larger than 100 Mpc, the main scale of
cosmic web. If the number of galaxies around the cho-
sen point grow as the first power of distance, nearby
LSS should be considered as one-dimensional, i.e. fil-
ament. If luminosity increase as squared radius, such
region will be called a wall.

To determine the morphological type of local LSS we
build the cumulative luminosity function (CLF) for the

chosen point. As it was mentioned before, we count
only the number of galaxies but not magnitudes and
M/L relation for CLF estimation. An excess or de-
pression could be found for CLF at lower scales. If
there is an excess we can say that chosen point (or
central galaxy) lies in cluster. If there is a depression,
then the galaxy should be located in the void. Now we
introduce the large-scale structural parameter as nor-
malized depression at cumulative luminosity function.
It should have largest values for isolated galaxies and
low (negative) values for cluster galaxies. The main
cases of possible usage of structural parameter are the
following.

1. One LSS element in uniform matter distribution.
We can find its type by local power index of CLF and
the value of the structural parameter. The shape of
CLS is important for detailes description of current
structure. For example, it is possible to detect galaxy
cluster and to select appropriate radial profile of dark
matter distribution for it. For detailed description of
each LSS element a number of numerical structural pa-
rameters are needed, but even two parameters can not
be calculated for real data of galaxy observations.

2. Complex system of LSS elements repeating peri-
odically in the space. Suppose that void has radius R
and walls are thin. Then we should not build CLF for
distances larger than 2R. We can expect large number
of observale galaxies at this range for the Local Uni-
verse. By the CLF shape it is possible to describe LSS
in details. But in the ultimate worst case there could
be no galaxies at all. Such opposite situations lead to
the following issues. Is was supposed above that all
galaxies are similar. But if we will consider the bright-
est galaxies (for periodic LSS), each of them will be the
central galaxy of a cluster at the intersection of some
number of voids, walls and filaments. For example, in
graphite-like spatial grate each cluster is the point of
connection of 4 voids, 6 walls and 4 filaments. The
number of mentioned brightest galaxies should be pro-
portional to the number of voids. For the current state
of observational astronomy it is easy to find a distance
at which even one observed galaxy per void or cluster
can not be guaranteed. This distance is a limit of any
assumption of uniform distribution of galaxy positions
and luminosities.

3. Discrete distribution of different single galaxies
behind the mentioned limit. That galaxies are very
bright and tends to have random distribution. Is it
possible calculate their structural parameters and put
them to some place in LSS? Consider a galaxy, its near-
est neighbour and the luminosiites of these two. It is
important to measure the minimal distance between
galaxies in the units of void radius. This parameter can
be used for the description of distant Universe unstead
of CLF shape. The brightest galaxies in the Universe
will appead once per many LSS cells. Very probably
they will be beamed AGNs and this is only one from a



44

Odessa Astronomical Publications, vol. 31 (2018)

number of selection effects at such large distances. In
this extreme case of many cells between two uniquely
bright galaxies we can fill space between them with
normal distribution of faint galaxies with some upper
luminosity limit. It will be some kind of model of dis-
tant galaxy distribution with apriori parameters. In
the rest part of a paper we will consider parameters of
galaxy distribution from much closer region.

In this paper we describe LSS by special structural
parameter anticorrelated with density contrast of dark
matter mass and galaxy luminosity. Consider a list of
cosmic structures in the order of increasing isolation.

1. Central galaxy of a cluster
Galaxy near the cluster center
Galaxy in the periphery of cluster
Galaxy in a group
Galaxy in a pair or triplet
Field galaxy in the filament
Isolated galaxy in the wall
. Isolated galaxy in the void

We suppose here that LSS consist from cells with
walls at the borders and voids inside the cells. Walls
themselves consist from filaments. Groups and clus-
ters may appear in the filaments according to necklace
model. The largest clusters tends to be found at the
intersection of filaments. In this work we will consider
the following LSS elements:

1. Cluster. Galaxy is counted as galaxy in cluster if
it can pass cluster diameter at Hubble time. Galaxies
in cluster are tied by common gravity field. So groups,
triplets, pairs and interacting galaxies are considered
as clusters. Cluster is compact overdensity in spatial
galaxy distribution. It can be surrounded by ellipsoid
with some limit ellipticity.

2. Filament. It is one-dimensional galaxy overden-
sity. Filament can be curved but we can not describe
the shape of filament with our structural parameter.
According to inconsistency of different methods for fil-
ament detection from observational data, the locations
and forms of certain real filaments seems to be doubt-
ful. Structural parameter, introduced in the present
work, is the next attempt to distinguish filaments from
visible galaxy distribution.

3. Wall. Although filaments may not so obvious,
there are well defined underdensities in the Universe
i.e. voids. The volume between voids is much larger
than the volume of clusters. This volume is generally
referenced as walls. It is natural to consider the walls
as two-dimensional overdensities.

4. Voids should contain isolated and field galaxies
but not clusters and groups. There is a problem to
locate the border between void and wall. For example,
in the case of two nearby maximums in the distribution
of structural parameter, then they should be assigned
as voids and the space between them should include
the wall.

® NS oW

These elements describe a medium in which the
structural parameter is calculated. Its value increases
from cluster to void. The method of normalization of
our structural parameter is the following. To reduce
the effect of peculiar velocities in redshift space, we
take a sample of galaxies in 100 Mpc redshift span
and don’t use their distances at the next stages. This
corresponds to suggestion that all galaxies of our
sample lie in a single layer of LSS. Hence all galaxies
are placed on celestial sphere with the radius equal
to unity. Then the normalized distances were found
from one selected galaxy to another N=1000 nearby
galaxies. Such distances (R) are measured in angular
units i.e. radians. The averaged angular distance
of nearby galaxies is an extra value for local LSS
description. The value of the structural parameter
is an integrated difference of cubic root function
from R(N) dependence. So this value is the excess
of average angular distance above uniform distribution.

3. Distribution of structural parameter for
real galaxies

To estimate optimal distance range for CLF and
structural parameter calculation we found the follow-
ing bounds. Hyperleda extragalactic database contains
18619 galaxies within v3k=3500 km /s that corresponds
Local Supecluster. We illustrate the completeness of
current observational data with D /L relation, where D
is average distance between nearst observable galaxies
and L=100 Mpc - the size of cosmic web cell. At z—0.2
(6 layers of superclusters) the ratio D/L=0.2 and at
z=1 D/L=4. There are 3 layers and 180 voids at low
redshift (z<0.1) with 1000 galaxies per void. According
such relations we concluded that the method of CLF
analysis is correct at distances up to 1000 Mpc.

In this work we selected from HyperLeda database
redshift region from 3000 to 10000 km/s that corre-
sponds to Coma supercluster position. It is the most
appropriate sample of galaxies for LSS study (Tugay,
2012; Tugay, 2014).

We find three main types of R(N) dependences.

1. Cluster-like galaxy surrounding. The most galax-
ies has distances less than cubic root and structural
parameter is negative. An example of such dependence
is shown in a Fig. 1.

2. Void-like surrounding. The most galaxies has dis-
tances larger than cubic root and structural parameter
is positive (Fig. 2).

3. Intermediate case in which N(R) dependence in-
tersect cubic root one or more times (Fig. 3). In such
case structural parameter may lie in wide range of pos-
itive and negative values. The distribution of number
of intersections from structural parameter is shown at
Fig. 4. The value of structural parameter is the differ-
ence of galaxy angular distance (in radians) from cubic
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Figure 1: Cumulative luminosity function for a galaxy Figure 4: Distribution of number of intersections from
in cluster-like surrounding.

Angular distance in radians

200 400 600 800 1000
Galaxv number

Figure 2: CLF for a galaxy in void-like surrounding.
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Figure 3: The intersection of uniform relation by CLF
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Figure 5: Sky distribution of HyperLeda galaxies with

lowest value of structural parameters.
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Figure 6: Regions with possible filaments.
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Figure 7: Void candidates according to largest values
of structural parameter.

root, function averaged for one thousand nearby galax-
ies. To distinguish void-like regions we selected the val-
ues of structural parameter less than -0.03. Negative
values from -0.03 to 0 were considered as corresponding
to filament, wall or group regions.

Galaxies in void-like surrounding has much larger
distances to neighbours. We analysed the distances to
1000th closest galaxy as secondary structural parame-
ter (SSP). To estimate how CLF characterise isolated
galaxies, SSP was also calculated for 2MASS selected
isolated galaxy catalog 2MIG (Karachentseva, 2010).
Results are presented in Table 1. SSP is systemati-
cally larger for 2MIG galaxies.

Table 1: Secondary structural parameter for Hyper-
Leda and 2MIG galaxies measured in centiradians (34
arcmin). SSP is angular distance to 1000th nearest
galaxy. HL-2MIG is HyperLeda sample without 3227
galaxies with largest SSP. Only minor part of these
galaxies are 2MIG members.

Sample HyperLeda 2MIG HL-2MIG
Num. of galaxies 89904 3227 86677
Minimal SP 1.1 4.5 1.1
Average SP 11.1496 16.8932 10.9358
Error of avg.SP 0.0161  0.1171 0.0159
Scatter 4.8 6.7 5.0
Maximal SP 38.1 38.1 22.4

Sky distributions of galaxies with different values of
structural parameter are presented at Fig 5-7. These
distributions leads to the following conclusions.

1. Structural parameter is smoothe continous value.
Largest clusters, such as Coma at Fig. 7, can not be
detected with it.

2. Cluster-like regions represents systematical effects
of Hyperleda sky coverage and has minor correlation
with real clusters.

3. The most clear picture of cosmic web can be
seen only in the zone of SDSS coverage (120<RA <240
deg, 0<DEC<60 deg), where observational data are
the most dense and uniform. Regions of intermediate
values of structural parameter could be used for
filament detection.

4. Conclusion

We developed a new method for LSS description
by the distribution galaxy positions. New structural
parameter can be used for defining LSS elements at
distances up to 1000 Mpc.
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