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ABSTRACT. The inner structure of galaxy clusters
is determined by the interaction of baryon matter wi-
th the surrounding structures and the influence of the
underlying dark matter. For the search of the results of
such interaction, we select the 18 triplets (11 elongated
and 7 rounded ones) of galaxy clusters from the triplets
founded in the PF Catalogue of Galaxy Clusters and
Groups (Panko & Flin). The shape of the all founded
triplets vary from practically regular triangle to strai-
ght chain, i.e., the ellipticity of the best-fitted ellipse of
the triplets ranged from 0.12 to 0.92. We select the tri-
plets with ellipticities in the range 0.8 — 1.0 as the first
subset and with the ellipticities in the range 0.1 — 0.4
as the second one.

The comparison the results obtained for two subsets
allowed to conclude the elongated triplets arise along
the filament. Binggeli effect was detected in a major
part of clusters. In the linear substructure L11 in
PF 0369-7499 galaxies show also perpendicular ali-
gnment in contrast to other galaxies of this cluster.
We suppose the substructures in the galaxy clusters of
our data set must be connected with the influence of
other triplet members.

Keywords: galaxy clusters: morphology: inner
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AHOTAIIIYA. BuyrpinHs cTpyKTypa CKyITYeHb Ta-
JIAKTUK BU3HAYAETHCH B3a€MOji€ro OapionHnol marepil
3 HaBKOJIUIIHIMEU CTPYKTYPaMH Ta BILJIUBOM ITiJICTUJIa-
10901 TeMHOI MaTepil. s momyky pe3yabTaTiB Takol
B3aeMozii Mu obpasu 18 rpunsteris (11 BurarmyTux i
7 OKPYIVIMX) CKy[IY€Hb TaJaKTUK 13 CIIUCKY TPUILIETIB,
o Oysio 3uadineno y Karasmosi ckymaennb i rpyn raja-
ktuk PF (Panko & Flin,2006). ®opwma Beix TpunuietTis,
mo OyJI0 3HANIEHO, BapilOETbC Bill MaiizKe TPABUIIb-
HOT'O TPUKYTHUKA IO MPAKTUIHO MPSIMOTO JIAHITIOXKKA,
TOOTO EINTUIHICTh HARKPAIOro eJIHICY /s TPUILIe-
TiB CKyITUeHb raJJaKTUK 3HAXOJIUThCS y MexKax Bix 0,12
710 0,92. Mu obpaju TpUIJIET! CKYIYeHb 3 eJTiTUIHO-
crsimu B miara3oni 0,8 — 1,0 B skocTi 1iepioro Habopy

JaHuX Ta 3 eminTuaHocTamu B gianasoni 0,1 — 0,4 B
SAKOCTI JIpyroro Habopy.

IlopiBusinas pe3yabTaTiB, OTPUMAHUX JIJIS JTBOX
HaOOPIB, TO3BONJIO T O BUCHOBKY, IO BUTSTHYTI
TPUIIETH BUHUKAIOTH Y3/I0BXK (iTaMeHTy, mo 30irae-
THCSI 3 1JIE€I0 €BOJIOLI] eJIeMEHTIB BEeJIUKOMACIITAOHOI
crpykrypu BceecBity. Edekr Binrresi 6ys BusiBjienwmii
y Oinbmrol gacTuau ckymdeHb. OcobymBO PO3IVISIHYTO
PF 0369-7499, o mae myzke By3bKy JIHITHY miacTpy-
krypy L11. TamakTtuku y giHiliai#t migcTpyKTypi 11b0ro
CKYITYeHHS I0Ka3yIOTh MEPIEHIUKY/ISIPHE BUPIBHIOBA-
HHsI BiJIHOCHO HAIIpsSMy Ha HaMbJMKYIOro cycima, Ha
BiIMIHY BiZl IHIMAX TaJIAKTHK ITHOTO CKyIdeHHs. Mun
MIPUITYCKAEMO, 0 MACTPYKTYPH B CKyTYEHHSX Taja-
KTHUK HAIIIOTO HAOOPY JAHUX MAaioTh OyTH OB sd3aHi 3
BIIMBOM IHIIIUX YJIEHIB TPUILIETY.

Ki1r0o4oBi ciioBa: cKym4eHHs rajakThK: MOpdoJIorist:
BHYTPINTHSI CTPYKTYPA; TAJAKTUKHI: OPIEHTAIlIA; aHAJII3
TAHUX.

1. Introduction

The different elements of the Large Scale Structure of
Universe (LSS) evolve in the interaction with surround.
From the base theoretical works like Silk (1968), Pee-
bles (1969), Peebles & Yu (1970), Zeldovich (1970), and
latest it is considered the LSS elements as co-evolved
objects. The fluctuations of the gravitational field and
Hubble flow produce the different kinds of LSS ele-
ments, namely, 3D contraction gives spherical or ellip-
soidal structures, 2D leads to filaments, and the walls
are formed due to 1D contraction. Some additional
overdense regions in the filaments can evolve to groups
of small galaxy clusters which form elongated higher-
level structures having two, three and more galaxy clus-
ters. In another case — in the walls higher-level struc-
tures can obtain rounded shapes. The triplets of galaxy
clusters can be good examples of both the first and sec-
ond cases of the contraction, and must be reflected in
the inner structure of the galaxy clusters belonging to
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corresponding type of the triplet.

Our approach takes into consideration the result of
the modern observations (Wen et al., 2009, Dietrich et
al., 2012, Parekh et al., 2020) as well as numerical sim-
ulations from the first (Klypin & Shandarin, 1983) to
latest (Springel et al., 2005, Vogelsberger et al., 2014,
Artale et al., 2017, Cui et al., 2018, Tomoaki et al.,
2021), where the massive gravitational bounded ob-
jects, galaxy clusters can arise on the cross of filaments
or the cross of filament and wall. We suppose the foot-
prints of such interactions we can detect as substruc-
tures in the galaxy clusters for all components, namely
DM, hot gas and galaxies. The correspondence of the
DM, hot intracluster gas and galaxies distribution in
galaxy clusters was studied (for example, Dietrich et
al., 2012) and it was shown the difference in the dis-
tributions of the cluster components arises in the col-
lisions (Markevitch et al., 2004). The features of the
distribution of galaxies give us good image for other
components — hot gas and DM for non-collided, but
for evolved clusters.

Our previous studies were directed to the detection
of substructures in galaxy clusters in fields with dif-
ferent densities, from the richest regions (Panko et al.,
2021) to isolated galaxy clusters (Panko et al., 2022).
In all cases, we detected the different kinds of regu-
lar substructures, such as linear ones from wide bands
to thin filaments, crosses and semi-crosses, and short
dense curve stripes.

The next key question is the alignment of galaxies
in the clusters or substructures. The Binggeli effect
(Binggeli, 1982) was confirmed in a lot of works on
both galaxies and galaxy clusters (Godlowski et al.,
2010; Biernacka et al., 2015; Pajowska et al., 2019).

The goals of the present study are based on the fol-
lowing points:

e the galaxy clusters are evolved objects, and the
general direction is:

e from open structure to cluster having a distinct
concentration of galaxies in the center of gravity;

e from open structure to structure having some
kinds of substructures and the final stage will be
the same distinct concentration of galaxies in the
center of gravity;

e the substructures can arise due to the gravity of
the neighbor;

e the alignment of galaxies is not random;

e the substructures in the galaxy clusters belong-
ing to elongated triplets the nonrandom alignment
must be seen.

We select galaxy clusters belonging to elongated and
rounded triplets as an object for present study.

2. Observational Data

The main base of our study is the list of galaxies ob-
tained from 216 digitized plates of the Muenster Red
Sky Survey (Ungrue et al., 2003), hereafter MRSS and
the Catalogue of Galaxy Clusters and Groups (Panko
& Flin, 2006), hereafter PF, created on the MRSS.
Both catalogs cover about 5000 square degrees of sky
with galactic latitudes b < —45° and completeness
limit in red magnitude rp = 18.3™. For each galaxy in
MRSS, the next parameters are shown: equatorial co-
ordinates, rp magnitude, the size of axes of the galaxy
image in best-fitted ellipse approximation (in arcsec),
ellipticity, and the position angle of the major axis of
a galaxy image. Unfortunately, MRSS is the last pho-
tographic sky survey with corresponding weaknesses,
and their galaxies have no redshifts.

The estimated redshifts for PF galaxy clusters were
obtained from the comparison of PF catalog with ACO
(Abell, 1989) and APM (Dalton et al., 1997) catalogs
according to logz vs. mqg relation (Biernacka et al.
2009), following Dalton et al. (1997). 1711 PF galaxy
clusters with z.s; < 0.15 and richness over 50 galax-
ies allowed to create the list of galaxy superclusters
(Panko, 2011) using FoF method in Zeldovich et al.
(1982) form. Simultaneously, for each of these clusters,
the distance to the nearest neighbor was determined.
It allows to create also the separate lists of isolated
galaxy clusters, pairs of clusters, and triplets of clus-
ters (TCl).
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Figure 1: The distribution of the estimated shaped of
triplets of galaxy clusters

The full list of triplets contains 56 records with TCl
identifier, the equatorial coordinates of their centers,
redshif, the full number of galaxies, the maximal size
of the triplet, and the estimated shape (ellipticity), cal-
culated using the seconds statistical moments. The dis-
tribution of the shapes is shown in Fig. 1. One can see
the main part of the triplets are elongated objects like
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the straight chain, nevertheless, the rounded triplets
with small ellipticity are present too.

The data set for the present study contains 58
galaxy clusters belonging to 18 triplets: 11 triplets
are elongated structures with ellipticities in the range
0.8 — 1.0 and 7 ones are rounded with the ellipticities
in the range 0.1 — 0.4. We supposed two subsets must
have the difference in the galaxy substructures kinds.
The estimated redshifts for our data set are from 0.06
to 0.114.

3. Cluster Mapping and Substructures De-
tection

We used the advanced version of the “Clusters Car-
tography”, hereafter CC (Yemelyanov & Panko, 2021),
for this study. The new Web version of CC was cre-
ated in JavaScript to implement dynamic data visual-
ization in a web environment. The Web version of the
CC code includes functions for processing data, calcu-
lating statistics, and plotting maps, histograms, and
graphics, which are built using different parameters,
such as the radii and widths of the rings in determin-
ing the degree of the concentration to the center, the
widths of the bands in determining of the degree of the
concentration in the linear substructures etc. we also
added to the code the possibility to study the Bunggeli
effect both for all galaxies and separated substructure.
We conserved in the new version the base functions:
the search for the position of the greatest density of
galaxies in the cluster field, the detection of the regu-
lar linear and cross-type substructures, the analysis of
the shape of the members of the cluster (Yemelyanov
& Panko, 2021). All CC maps in the new version also
have the same size 4000 x 4000 arcsec. The size, shape,
and orientation of symbols for galaxies correspond to
MRSS data: magnitude m, ellipticity F, and positional
angle of the major axis PA of the galaxy image in the
best-fitted ellipse. The size of the symbol m' is calcu-
lated from the magnitude as

m/ — 3 . 20.6(18‘57?71) + 6,

And the axes A and B of the ellipse having the same
square, as:
m’ B (m/)Z

Y (1 -2E+E?)’ A

The results of the analysis are based on the corre-
spondent distribution of the selected parameter, so,
they are statistically significant.

We studied the next parameters for 54 galaxy
clusters: the cluster type according to the advanced
morphological scheme (Panko, 2013), the presence
of the regular substructures, the distribution of the
ellipticities of the cluster’s members, the appearances

A:

Table 1: The morphology of galaxies in elongated and
rounded triplets

Type Elongated triplets Rounded triplets
Main L Y BG Main L Y BG
O 25(8) 3 4 1 16(4) 4
I 71 3 1 2 4 1
C 1 1
339) 6 5 3 21(4) 4

Figure 2: The triplet TCl 040-750 unites galaxy clus-
ters PF 0369-7499, PF 0407-7500, PF 0428-7493. Red
lines illustrate the detected substructure direction, and
blue ones correspond od the direction of the neighbor.
The position of the centers of the clusters are in the
scale, at the same time the cluster images are enlarged
for clarity.

of the Binggeli effect both all galaxies in the clusters
field and galaxies included in substructures.

4. Results and Discussion

The common results for the studied 33 galaxy clus-
ters, belonging to elongated triplets and 21 galaxy clus-
ters belonging to rounded ones are presented in Table 1.
The values in brackets in Table 1 indicate the number
of clusters with some uncertain classification of the de-
gree of concentration toward the center. That is, for
the first subset of 25 clusters of type O from the first
subset, 8 ones showed a slightly pronounced concen-
tration that can be described as OI. Similarly, in the
second subset the analogical situation: OI type of clus-
ter was detected for 4 clusters from 16. For I type in
the first subset we detected only one cluster which can
be classified as IC. In our previous studies pronounced
OI, 10, or IC types were extremely rare.

We did not detect X-type substructures in 58 se-
lected clusters, Y-type substructures are present only
in clusters belonging to elongated triples. The corre-
spondence between the direction of the substructure
and the direction of the neighbor is seen (Fig. 2). Cor-
responded acute angles are small, we can suppose the
inner substructures trace the parent filament direction.
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Figure 3: PF 0407-7500 cluster and its L11 substructure. In the upper panel, the maps are shown: a — the
cluster, b — substructure, and c — the alignment of galaxies with E;0.2 (green) in the substructure. the brightest
cluster member is shows as black symbol. In the bottom panel: d — LHB diagram with four peaks, e — normalized
galaxy densities in 11 bands, and f — alignment of galaxies as according to Binggeli effect presence

The cluster PF 0407-7500 (OL11 type) has so inter-
esting and perspective substructure (Fig. 3a). Light-
Houses Beam diagram, LHB regime in CC (fig. 3d)
notes to powerful linear substructure (two wide peaks)
as well as allows us to suppose the presence of the small
short chain (two thin peaks). The crossing points of
these substructures have the brightest galaxy, which is
shown as black in Fig. 3a,b. The linear substructure
is detected not only using LHB. Linear mode in CC
(Fig. 3e) demonstrates a significant peak in the middle
band, corresponding to the L11 type. Only galaxies in
the linear substructure are shown in Fig. 3b and the
example of Binggeli effect analysis for this substruc-
ture is shown in Fig. 3¢. The alignment of galaxies in
the L11 substructure on common is in the perpendic-
ular direction to the direction of the neighbor galaxy.
In contrast, all galaxies of the PF 0407-7500 show the
Biggeli effect in classical form (Fig. 3f). The galaxies
having an ellipticity less than 0.2 were.

Other triplets show similar peculiarities for linear
and Y-type substructures.

5. Conclusion

We analyzed the inner structure of galaxies in both
elongated and rounded triplets. About half of the clus-

ters in both subsets are open clusters without features.
For round triplets, we did not detect crosses or semi-
crosses. There are linear substructures on O type that,
are present only in four cases. Clusters of I and O types
in this subset have no regular substructures.

For elongated triplets the part of clusters having the
regular substructures, linear or semi-cross, are present
in about 30% for O-type clusters and in 57% for I-type
clusters.

The Binggeli effect was detected in a major part of
the clusters. In the linear substructure in PF 0369-
7499 galaxies show also perpendicular alignment in
contrast to other galaxies of this cluster.
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