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ABSTRACT. The results of the detailed analysis
of the 2D distribution of galaxies in 28 rich galaxy
clusters with significant concentration to the cluster
center are present. The analysis was executed in these
directions: the detection of regular substructures
and peculiarities in the galaxy distribution. The
role of brightest cluster members was taken into
account too. The input data were selected from “The
Catalogue of Galaxy Clusters and Groups” and list of
galaxies of Muenster Red Sky Survey. Concentrated
galaxy clusters are evolved, virialized structures.
Substructures in this type of clusters must be feeble
marked. Nevertheless we detected significant part of
concentrated galaxy clusters having different kinds
of peculiarities, namely crossing and divaricating
filaments or X and Y-type peculiarities, as well as
curved strips and short dense chains. 2 clusters
having extremely density of galaxies were attributed
as superconcentrated /compact type.

Key words: Galaxies: clusters: morphology, pecu-
liarities

ABCTPAKT. Mwu 1peacTaBisieMo  pPe3yJbTaTH
JIeTAJIbHOTO  aHasizy 2D posmoainy rajlakTuk Y
28 6GaraTMx CKyIYeHHAX TaJaKTHK 31 3HAYYIIOI0
kouuenrpaniero 10 neurpy (C-tum). Cnocrepenoio
OCHOBOIO JIsi Aochiigzkenns 0y "Karajor ckymndeHb
Ta Tpyn TrajakTuk', crTBopeHuii Ha 6a3i Crucky
ramakTuk Mroucrepckoro Yepsonoro Ornsmny Heba.
Y "Karamo3i ckymueHb Ta rpyn rajgaktuk" e 460
CKyI9eHb, y oy akux 3Haxomutbcss 100 Ta OGiibime

TaJIAKTHK. Broockonanena cxema Mopdoaoriaaoi
kiaacu@ikamii  CKym4eHb  aJAaKTHK, BPaXoBYE€
KOHTIEHTPAIII0 10 TIEHTPY CKYMYeHHsd, HaABHICTH

y cKymuenni BumiaeHol cmyru—mupokoi (F-tum) abo
By3bkOl (L-tun). Poub HajisickpaBiiux ragakTuk

TAaKOXK TPUIMAETHCA IO YBaru. Binnosigno no
[OMEPEIHBOTO  PO3IoAlly Ha  kKoHierTpoBani €,
mpomikai [ ma poscigai O ckymuenHs, HabIp

KOHIIEHTPOBAHUX CKYITYeHb € HAWMEHIITHM.

Ilin wac mocmimKeHHS A KOXKHOTO CKYITIYE€HHS
6imo mobymoBamo fioro Mamy |y OPOeKIii  Ha
KapTUHY IUIOMIWHY Vy iJealbHUX KOOPAWHATAX Ta
TPOAHANII30BAHO  Bapialili  TOBEPXHEBOI  T'yCTUHU
rajakTuk. KpiM HasgBHOCTI CTATUCTUYIHO 3HAUYIIWNX
CTAHIAPTHUX OCOOIMBOCTEN , siku y MOPQOJIOTIUHIM
cxeMi BIJIMOBLIAIOTH THUMAM 3 BUJIJIEHOIO CMYTOIO,
Oys10 3HaiiTeHo TAKOXK IHIN 3HAYYIN HTEKYJIsPHOCTI.
CKylIYeHHsl MaJIaKTUK 3 BEJIUMKOK KOHLEHTPALIEH 10
TIEHTPY, BIAMOBIMHO 10 CYYaCHWX YABJIEHL, TTOBUHHI
6ytu BipianizoBanumu crpykrypamu. llincrpykrypu
B IBOMY THIY CKYIYEHb, CKOPWII 3a BCe, € Caabo
BUPaXKEHUMU. IIpore ™Mu BuABWINM, IO Cepem
CKYIU€eHb, IO JOCILIZKYBaaucs, noaa 40
lajmakTukm:
Mopooris, meKyISTPHOCTI.

Kurouosi cJioBa: CKYTTYICHHA:

1. Introduction

Distribution of galaxies both in the space and on
the celestial sphere reflected the primordial adiabatic
fluctuations in beginning moments of Universe, as it
shown in big number of works from Silk (1968), Pee-
bles & Yu (1970), Sunyaew & Zeldovich (1970) to well
quoted Millennium Simulation (Springel et al., 2005),
Tllustris Project (Vogelsberger et al., 2014; Artale et
al., 2017). The galaxy clusters are the essential com-
ponent of large-scale structure of Universe in the chain
galaxies = galaxy groups = galaxy clusters = galaxy
superclusters. From the other hand, galaxy clusters
are the special component of large-scale structure be-
cause time of virialization of biggest ones is only one
order less than age of Universe. Taking into consid-
eration the results of different numerical simulations
(from Springel et al., 2005 to, for example, Cui et al.,
2018) described arising the knots, filaments, sheets and
voids, the galaxy clusters are evolving and colliding ob-
jects. The evidences of collisions of galaxy clusters are
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detected and analyzed. The collided and interacted
galaxy clusters show different distribution of interclus-
ter galaxies, hot gas and DM (Markevitch et al., 2004,
Pearce at al., 2017).

The evolution of non-collided galaxy clusters is de-
termined mainly own gravitation. For this case the
signs of cluster evolution can be defined according their
morphological type. Evidently, galaxy population is
not main component in a clusters, however galaxy frac-
tion is seen in optic, and the presence or absence the
peculiarities in distribution of galaxies inside the clus-
ter can be easyly detected.

Proposed by Panko (2013) classical schemes sum-
marizes the classical approach (Abell, 1958; Zwicky et
al., 1961 — 1968, Bautz & Morgan, 1970; Rood & Sas-
try, 1971 and Loépez-Cruz, 2003). The improved types
correspond to concentration to the center (C — com-
pact, I — intermediate, and O — open), preferential line
presence (L — line, F — flat, and no symbol if no indica-
tion of flatness is present) and the role of bright cluster
members, namely ¢D or BG if the bright cluster’s mem-
bers (BCMs) role is significant. Other peculiarities are
noted as P. The special kinds of regular peculiarities,
such as X-type (crossed bands) and Y-type (divaricate
filaments) with corresponding positions and orienta-
tions of the BCMs; curved strips and short chains were
detected in open rich clusters (Panko & Emelyanov,
2017; Panko et al., 2018).

According to idea Rood & Sastry (1971) and Struble
& Rood (1982) confirmed in simulations (for example,
Vogelsberger et al., 2014; Artale et al., 2017) the galaxy
clusters evolve form open to concentrated types. We
suppose the influence of neighbours becomes apparent,
as regular peculiarities.

The paper is organized in the standard manner.
Section 2 contains the description of the observational
data and the cluster mapping, section 3 presents
the characters of substructures, distribution clusters
according to subtypes and its analysis, and section 4
conclusions and analysis is given at the end.

2. Observational Data and Mapping

The present study is the part of common analysis of
properties of rich galaxy clusters selected from “A Cat-
alogue of Galaxy Clusters and Groups” (Panko & Flin,
2006, hereafter PF). The PF Catalogue contains 460
galaxy clusters with richness 100 and more. Accord-
ing previous classification the set contains 28 concen-
trated, 178 intermediate and 254 open galaxy clusters.
The last subset was analyzed by Panko & Emelyanov
(2017). The 178 intermediate clusters were studied by
Zabolotnii et al. (in preparation). The difference be-
tween O-type and other ones was established by Panko
et al. (2016) on subset of rich PF galaxy clusters coin-
ciding to ACO objects (Abell, Corwin & Olowin, 1989).

The information about individual galaxies in the
cluster field is obtained from Miinster Red Sky Sur-
vey Galaxy Catalogue (Ungrue et al., 2003). For de-
termination of morphological type we used improved
program “The Cluster Cartography set” (Panko &
Emelyanov, 2015, hereafter CC). The CC allows to con-
struct cluster map in rectangular coordinates in arc-
seconds recalculated from standard equatorial. The
symbols on the map illustrate the galaxy shape and
orientation in the projection on the celestial sphere,
but size of symbol corresponds to galaxy magnitude;
calculation bases on MRSS data. Additional brightest
galaxies can be marked by darker shades of gray.

CC allows us to find the overdense regions as
circles on case of C- and I-types of clusters or as
belts/strips for L and F clusters. In the last case
the clusters field is divided to N bands. N can
be 3, 5, 7, 9 or 11 and the width of each band is
1/N part of diameter of cluster. The numbers of
galaxies in the bands are recalculated to weighted
densities of galaxies (Panko & Emelyanov, 2015). It
allows to describe overdense features as L11 or L9 for
L-cluster and F7 or F5 for F-clusters (the numeral
part corresponds N). For C and I types the central
part of cluster was excluded from overdense features
search.  The crossing bands, divaricate filaments,
curved strips and short chains inside the cluster can be
detected according to weighted densities in the sectors.

4. The Subtypes and Peculiarities in Con-
centration Galaxy Clusters

Our detailed analysis of the distribution of galaxies
in concentrated galaxy clusters allows to confirm attri-
bution to C-type without signs of the preferential band
only for 15 clusters.

Table 1: The distribution C-type PF galaxy clusters
by subtypes

Type N ¢cD BG P PX PY P P
shec crv
C 12 4 5 4 2 1 1
CF 9 1 5 5 2 2 1
CL 3 1 2 1 1
SC 2
CI 2 1 1 1 1 1

Al 28 6 15 12 1 ) 4 2

These 2 clusters show a special level of overdensity
and can be described as compact or superconcentrated
(SC-type). The example of SC-type cluster is shown
in Fig 1, left panel. SC-type clusters have no peculiar-
ities. At the same time in SC-type clusters we found
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Figure 1: The map of galaxy cluster PF 2149-4829 SC-type and clusters with Y-type peculiarities: PF 0285-2494
and PF 2086-5271 with 2 centers of concentration. Axes labels are given in arcseconds.
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Figure 2: The map of galaxy cluster PF 0380-4555 with
curved strip. The galaxies in the filamentary substruc-
ture are shown as light grey symbols, brightest galaxy
is black one.

extremely big part of galaxies with small ellipticities.

2 C-type clusters from 12 have Y-type substructures
underscore the positions of BCMs (Fig 1, central and
right panels). For another 2 C-type clusters we found
short chain (shc) and curved strip (crv) peculiarities.
The curved strip in PF 0380-4555 is shows in Fig. 2.
The founded filamentary substructure requires sepa-
rate study.

12 clusters having preferential bands were attributed
as CF or CL types and 2 clusters were determined as
Cl-type. The distribution of galaxy clusters of our data
subset is shown in Table 1.

The part of galaxies with big and small ellipticities
(as way to estimation E/S ratio) is different in normal
and peculiar clusters. At the same time, peculiar
clusters have essential part of galaxies with big el-
lipticity and a small part of E galaxies correspondingly.

4. Discussion and conclusions

From the previous study the morphology of galaxy
clusters (Panko et al., 2016) based on 247 Rich PF
Galaxy Clusters we established the special role of con-
centrated galaxy clusters - Regular ones according to
Abell (1958) and Compact in Zwicky et al. (1968)
schemes. The alignment of the brightest galaxy ac-
cording to parent cluster is statistically significant in
C-type clusters. Nevertheless we found the presence
of overdense belt in about 40% clusters in our data
set. For these clusters alignment of brightest galaxy
as well as positions and orientations for 2 or 3 BCMs
corresponds to direction of found belt.

The X-type (crossed belts) peculiarity was detected
only in 1 case in contrary to Y-type discovered in 5
clusters. The E/S ratio points out the dependence of
Hubble mix from interactions between galaxies in sub-
structures. It confirmed the result Panko & Flin (2014)
which was not find the hard connection E/S ratio with
basic morphology types. In Panko & Flin (2014) paper
the presence of peculiarities was not considered.

The orientation of low mass galaxies in filamen-
tary substructures corresponds to Binggeli (1982) effect
(Fig. 2), in contrary to high-mass galaxies (Fig. 1, right
pane). High-mass galaxies tend to alignment crosswise
to overdense strip direction.

We studied the morphological characters of 28 con-
centrated galaxy clusters. We obtained the list of
galaxy clusters with regular substructures of different
kinds. We showed the signs of interactions and/or
evolution in concentrated galaxy clusters are present.
We detected the special types of regular substructures
namely curved and short strips in the concentrated
galaxy clusters. We detected the alignment of galaxies
in regular substructures according to preferential di-
rection or direction to neighbours. We found the vari-
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ations of E/S ratio for galaxies in cluster is connected
with presence of peculiarities and can be explained by
interactions between galaxies in substructures.
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