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ABSTRACT. Large-scale structure of Universe in-
cludes galaxy clusters connected by �laments. Voids
occupy the rest of cosmic volume. The search of any
dependencities in �lament structure can give answer to
more general questions about origin of structures in the
Universe. This becomes possible because, according to
current picture of Universe, one could simulate the evo-
lution of Universe until its very beginning or vice versa.
One of the theories which describe the shape of large-
scale structures is adiabatic Zeldovich theory. This the-
ory explain three-dimensional galaxy distribution as a
set of thin pancakes which were formed from hot pri-
mordial gas under own gravitational pressure in the
cosmological period of acîustic oscillations. Accord-
ing to cosmological hydrodynamical theories a number
of computer simulations of LSS were performed to de-
scribe its properties. In this work we consider alter-
native variant of simulating the distribution of mat-
ter that is very similar to real. We simulated two-
dimensional galaxy distribution on the sky using ran-
dom distributions of clusters and single galaxies. The
main assumption was that matter clusterised to initial
density �uctuations with uniform distribution. Accord-
ing to Zeldovich theory, low-dimensional anisotropies
should increase, that corresponds to appearance of �l-
aments in 2D case. Thus we generated a net of �la-
ments between clusters with certain length limits. Real
galaxy distribution was simulated by random changing
galaxy positions in �laments and clusters. We gener-
ated radial distributions of galaxies in clusters taking
into account the surrounding and add uniform distri-
bution of isolated galaxies in voids. Our model has
been coordinated with SDSS galaxy distribution with
using two-point angular correlation function. Param-
eters of random distributions were found for the case
of equality of correlation function slope for the model
and for observational data.
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�laments.

ÀÁÑÒÐÀÊÒ. Âåëèêîìàñøòàáíà ñòðóêòóðà
Âñåñâiòó âêëþ÷à¹ ñêóï÷åííÿ ãàëàêòèê, ùî ç'¹äíàíi
ôiëàìåíòàìè. Âîéäè çàéìàþòü ðåøòó êîñìi÷íîãî
ïðîñòîðó. Ïîøóêè çàêîíîìiðíîñòåé ó ñòðóêòóði

ôiëàìåíòiâ ìîæóòü äàòè âiäïîâiäi íà ïèòàííÿ
ùîäî ïîõîäæåííÿ ñòðóêòóð ó Âñåñâiòi. Öå
ìîæëèâî çàâäÿêè ÷èñåíüíèì ìîäåëþâàííÿì
Âñåñâiòó âiä éîãî íàðîäæåííÿ äî ñó÷àñíîñòi i
íàâïàêè. Ôîðìè âåëèêîìàñøòàáíèõ ñòðóêòóð
ïîÿñíþþòüñÿ ó àäiàáàòè÷íié òåîði¨ Çåëüäîâè÷à. Â
öié òåîði¨ òðèâèìiðíèé ðîçïîäië ãàëàêòèê óòâîðþ¹
ñóêóïíiñòü òîíêèõ "ìëèíöiâ", ùî ôîðìóþòüñÿ
ç ïåðâèííîãî ãàðÿ÷îãî ãàçó ïiä äi¹þ ãðàâiòàöi¨
ó êîñìîëîãi÷íèé ïåðiîä äîìiíóâàííÿ àêóñòè÷íèõ
îñöèëÿöié. Äëÿ îïèñó âåëèêîìàñøòàáíèõ ñòðóêóòóð
áóëè âèêîíàíi áàãàòî÷èñëåííi êîìï'þòåðíi
ñèìóëÿöi¨ ç âèêîðèñòàííÿì êîñìîëîãi÷íèõ
ãiäðîäèíàìi÷íèõ òåîðié. Ó äàíié ðîáîòi ìè
ïðîïîíó¹ìî àëüòåðíàòèâíèé ìåòîä ìîäåëþâàííÿ
ðîçïîäiëó ìàòåði¨, ùî äà¹ ðåçóëüòàò äîñèòü
áëèçüêèé äî ðåàëüíîãî. Áóâ çìîäåëüîâàíèé
äâîâèìiðíèé ðîçïîäië ãàëàêòèê ïî íåáó íà
îñíîâi âèïàäêîâèõ ðîçïîäiëié ñêóï÷åíü i îêðåìèõ
ãàëàêòèê. Âèêîðèñòàíî ïðèïóùåííÿ ïðî òå, ùî
ìàòåðiÿ çáèðà¹òüñÿ ó ñêóï÷åííÿ äî ïåðâèííèõ
ôëóêòóàöié ãóñòèíè, ùî ìàþòü ðiâíîìiðíèé
ðîçïîäië. Âiäïîâiäíî äî òåîi¨ Çåëüäîâè÷à,
àíiçîòðîïiÿ ñòðóêòóð íèæ÷î¨ ðîçìiðíîñòi ïîâèííà
çðîñòàòè, ùî âiäïîâiäà¹ óòâîðåííþ ôiëàìåíòiâ
ó äâîâèìiðíîìó âèïàäêó. Òîìó ó äàíié ðîáîòi
ïðîïîíó¹òüñÿ ãåíåðóâàííÿ ìåðåæi ôiëàìåíòiâ
ìiæ ñêóï÷åííÿìè ç âèçíà÷åíèìè îáìåæåííÿìè
äîâæèíè. Ðåàëüíèé ðîçïîäië ãàëàêòèê áóâ
çìîäåëüîâàíèé âèïàäêîâèìè çìiùåííÿìè ïîëîæåíü
ãàëàêòèê ó ôiëàìåíòàõ i ñêóï÷åííÿõ. Ðàäiàëüíi
ðîçïîäiëè ãàëàêòèê ó ñêóï÷åííÿõ áóëè çãåíåðîâàíi ç
âðàõóâàííÿì îòî÷åííÿ; äîäàòêîâî áóâ çãåíåðîâàíèé
îäíîðiäíèé ðîçïîäië içîëüîâàíèõ ãàëàêòèê. Íîâà
ìîäåëü áóëà óçãîäæåíà ç ðîçïîäiëîì ãàëàêòèê
SDSS øëÿõîì ïîðiâíÿííÿ óòîâî¨ äâîòî÷êîâî¨
êîðåëÿöiéíî¨ ôóíêöi¨. Ïàðàìåòðè âèïàäêîâèõ
ðîçïîäiëiâ áóëè âèçíà÷åíi äëÿ âèïàäêó ðiâíîñòi
íàõèëó êîðåëÿöiéíî¨ ôóíêöi¨ ìîäåëi i ñïîñòåðåæíèõ
äàíèõ.

Êëþ÷îâi ñëîâà: âåëèêîìàñøòàáíà ñòðóêòóðà
Âñåñâiòó, ãàëàêòèêè, ôiëàìåíòè.
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1. Introduction

Large-scale structure of Universe represents clusters
of galaxies divided by large voids. In general it
appears as needles-like structure. Non-Hubble galaxy
velocities lead to distortion of galaxy distribution
in redshift space. A handy way to study LSS is to
consider 2D concentric layers (Tugay, 2012. Thickness
of the layer is 100 Mpc that are responsible for one
galaxy supercluster. In this work we performed
two-dimensional simulation of large-scale structure of
Universe in one 100 Mpc-thick layer corresponding
to single supercluster. A combination of random
functions was selected and implemented to simulate
SDSS-like galaxy distribution. Resulting distribution
was tested with two-point angular correlation function.

2. Description of new method of LSS simula-

tion

We started with random uniform distribution of points
which are considered as galaxy groups or clusters. The
points were connected with straight �laments if the dis-
tance between them lies in some de�nite range. Then
we generated spherical distribution of galaxies in each
cluster. The number of galaxies in cluster was selected
as power function of number of �laments pointing to
this cluster. We �nd that isolated galaxies are not gen-
erated by this method so we generated additional ran-
dom distribution of galaxies in all volume.

Physical argumentation of our method is the fol-
lowing. Starting points simulate the largest initial
density �uctuations. They grow fastest and become
interconnected by �laments. If there are a region with
a number of �uctuations with many connections that
means that it is large overdensity and there should be
larger number of galaxies (Doroshkevich, 1980; Kim,
2009). Also there should be small density �uctuations
that form isolated galaxies. So we can divide galaxies
by three groups: galaxies in clusters, galaxies in
�laments and isolated galaxies. If we will exclude from
real volume observed clusters and isolated galaxies,
only �lament galaxies will remain.This gives us general
picture of structure and interconnection of di�erent
elements of large-scale structure.

3. Realisation of new method

We chose a layer with a thickness of 100 Mpc and
�lled it with galaxy clusters, �laments and isolated
galaxies. Galaxies in clusters and �laments hold a
Gaussian distribution. The resulting model has the
following parameters.

1. r1 and r2 � minimal and maximal distances for
�lament construction. Filament is constructed if dis-
tance between cluster is less then r2 and larger then r1.

This parameters were selected proportional to average
distance r between clusters. Initial bounding distances
were selected as following:

r1 =
Ar

2
(1)

r2 = 2Ar (2)

where A is additional multiplicational factor that was
changed from 1 to 0.8 and 1.2. So we used parameter
A to set the values of r1 and r2.
2. We change the quantity of galaxies in a cluster �

n. Initial value of n is given by formula

n =
z5

1000
(3)

where z is number of �laments that are connected to a
cluster. This value was multiplied by factor B close to
unity.
3. I � number of �eld galaxies including isolated.
4. F � number of galaxies in �lament. This value is

proportional to mass of �lament.
5. D � radius of cluster. The distance of galaxy

from cluter center was calculated as tangent of random
number from 0 to π/2 multiplied to radius coe�cient
D. So the half of cluster galaxies lie at the distance no
more then D from center. Our initial value for D was
1.4 degrees.
6. N � total number of clusters.

Figure 1: Hexagonal point grid or other simple distri-
bution.

Fig. 1 demonstrate random distribution of points,
which coordinates depends on distance between this
points and are connected with straight �laments.
There are some tendency towards the accumulation
and void formation as we can see from this picture
of random points distribtuion. At �rst we simulated
distribution according to initial conditions which re-
�ect cellular structure of Universe. Results obtained
by such way are demonstrated at Fig. 1. As we can
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Figure 2: Real distribution of galaxies.

Figure 3: Our model of galaxy distribution.

Figure 4: Model with reduced coe�cients.

see from this graph, result is quite rough and does not
re�ect real picture of situation. The second stage of
work was the attempt to simulate large-scale structure
of Universe with the help of random distribution of
single galaxies.

We used the distribution of galaxies modeled us-
ing Gaussian random �elds depending on the mass of
�laments (the number of galaxies present there) and

Figure 5: Enlarged part of distribution.

boundary distances between them, with addition of iso-
lated galaxies. The resulting distribution is presented
on Fig. 2.
Fig. 3 represent observable distribution of galaxies

based on the SDSS sampling for radial velocity range
from 4000 to 11000 km/s. Comparing it with Fig. 2
one can see unquestioning similarity,that can be esti-
mated quantitatively, by calculating the angular two-
point correlation function. We used Landy-Szalay esti-
mator (4) for calculate correlation between SDSS and
our models (Vargas-Megana, 2012).

ξ =
DD − 2DR+RR

RR
(4)

DD is the number of pair of galaxies in certain
angular range in the considered sample, RR is the
same value for randimised sample and DR is the
number of pairs of one real galaxy and one point from
randomised sample. We approximate the correlation
function by power law with two parameters: power
index α and normalisation factor. In Table 1, there are
demonstrated di�erent values of power indicator and
rate of normalization, that was obtained by changing
several parameters in our model. If mass of �lament,
isolated galaxies quantity and radius of cluster are
reduced by 40%, we got power indicator similar to
SDSS survey. Fig. 4 demonstrate how this reduced
model looks like. Visualization e�ect is responsible for
such unlikely appearance, Fig. 5 shows enlarged part
of this picture with the following coordinate ranges:
14<x<15.5 and 45<y<55. X coordinate corresponds
to right ascension in hours and Y corresponds to
declination in degree for obvious comparison with
SDSS galaxy distribution. It should be noted that the
simulation of other observational samples, including
SDSS galaxies at larger distances, should apply
di�erent parameters or even some algorithm details.
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Table 1: Approximation parameters.

Sample SDSS M1 M2 (�40% ) M3 (�45% )
α �1.4963 �1.2747 �1.4743 �1.5228
Norm 11.15 11.48 10.93 11.24
F � 5 3 2.75
I � 32400 19440 17820
D � 2 1.2 1.1

4. Results and conclusions

We had simulated the matter distribution that
in result gives results close to observed. This two
dimensional visualisation in its general features is
similar to real structure of �laments, galaxy clusters
and voids. We compared our model with SDSS catalog
by angular two-point correlation function. Changing
initial conditions led our distribution to quantitive
similarity with SDSS observable data.

Table 2: Changed parameters.

Parameter change α Normalization
N �20% �1.2420 9.304
N +20% �1.2532 9.559
A �20% �1.2115 9.54
A +20% �1.1892 8.835
F �20% �1.2756 9.548
F +20% �1.2274 9.371
B �20% �1.275 9.763
B +20% �1.1761 9.064
D �20% �1.2964 9.722
D +20% �1.2137 9.247
I �20% �1.2847 9.723
I +20% �1.244 9.366
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