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Abstract. We present an investigation of the Abell 14 galaxy cluster, including a discussion of subclustering, some aspects
concerning its evolution, as well as an analysis of galaxy orientations in the cluster region. We confirm the previous results
showing evidence for subclustering in this cluster obtained from studies of galaxy distributions. In this light, our aim has been
to examine non-random effects in the galaxy orientations in rich clusters, with particular regard to the presence of subclustering.
Our results do provide evidence for non-random alignment of the galaxies in Abell 14 and confirm the presence of subclustering
within this cluster. However, the direction of the alignment is different from that (we) found for Abell 754 (Godłowski et al.
1998). We continue our investigations by studying other clusters in a similar manner. The results will be published in the next
paper.
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1. Introduction

Originally, galaxy clusters were characterized by the BM
types I, II, and III (Bautz & Morgan 1970) or by the RS types
cD, B, L, F, and I (Struble & Rood 1987). The existence of
optical and X-ray substructures in a considerable number of
clusters became evident soon after (e.g. Baier & Mai 1978a,b;
Baier 1979a,b,c; Baier 1980a,b; Geller & Beers 1982; Dressler
& Shectman 1988; Jones & Forman 1992; Mohr et al. 1995).
In the past there were quite different results for the percentage
of galaxy clusters with substructures: Geller & Beers (1982)
found it to be 40% and Baier (1983) estimated it at∼70–
80% from his optical investigations. Further results are: 35%
(Webster et al. 1988), 30% (Jones & Forman 1990; Briel et al.
1991), 26% (Rhee et al. 1991), 45% (Jones & Forman 1992),
85% (Bird 1994). Flin & Krywult (2000) argued that the deter-
mination of the percentage of galaxy cluster with subclustering
strongly depends on the adopted value of the significance level,
as well as statistical method applied. The percentage is some-
where between 70 and 30, but they advocated that the num-
ber is less then 50 (Flin & Krywult 2002). In connection with
the detection of substructures even in so-called relaxed clusters
(A 85, A 1795, A 2199) we conclude that (almost) all clusters
contain substructures. The question is not whether clusters do
contain substructures, or not but what is the degree of substruc-
ture in a given cluster. Therefore, the existence of substructures
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in clusters has to be considered as an essential property of these
objects.

In a previous paper (Godłowski et al. 1998) we used a new
method of searching for subclustering in galaxy clusters, based
on the study of the alignment of galaxy planes. The theoretical
simulations of the evolution of cosmic structures in the case of
various scenarios predict different distributions of the angular
momentum of galaxies, i.e. of galaxy orientations, which are
represented as different forms of galaxy alignment within such
structures (clusters and superclusters).

In the framework of the major classical evolutionary sce-
narios (Shandarin 1974a,b; Wesson 1982; Silk & Efstathiou
1983) – where galaxy clusters are formed by random clump-
ing of uniformly distributed galaxies – we expect to find a ran-
dom distribution of rotation axes. This situation is predicted for
example in the hierarchical clustering picture of Dekel (1985).

On the other hand, we expect to find coherence in the
alignments of galaxy orientations in the case of the fragmen-
tation scenarios. There are two main theories for the latter
picture. Firstly, according to Ozernoy (1978) and Efstathiou
& Silk (1983), the turbulence model will lead to a situation
where the rotation axes of the galaxies tend to be perpen-
dicular to the major plane of the large-scale structure (super-
cluster). Galaxy planes and the planes of the superclusters
should be aligned coherently. In the second model (Shandarin
1974a,b; Doroshkevich et al. 1978) – where the galaxies orig-
inate from adiabatic fluctuations – there occurs an alignment
between rotation axes and the orientations of the corresponding
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larger cosmic structures in which galaxy planes and the planes
of the superclusters are arranged perpendicular to each other.
A third possibility – the recently proposed hedgehog model
(MacGillivray et al. 1982b) – predicts a tendency for galaxy ro-
tation axes to be orientated towards the centre of a supercluster.

Thus, the study of galaxy orientations has the potential to
yield important information with respect to the formation and
evolution of cosmic structures. Unfortunately, the practical ap-
plicability of tests of searching for galaxy alignments is difficult
due to the observational problems and line-of-sight superposi-
tions of galaxies separated over large distances.

Results from most of the previous studies (Thompson 1976,
1981; Jaaniste & Saar 1978; Adams et al. 1980; Gregory 1981;
MacGillivray 1982a,b; MacGillivray & Dodd 1985; Flin &
Godłowsli 1986; Godłowski 1993; Flin 1995; Parnowski et al.
1994) have shown that there are coherent alignments of galaxy
orientations in some clusters and superclusters. This finding
was also confirmed in our previous paper (Godłowski et al.
1998). However, in some papers e.g. Bukhari (1998) no align-
ment of galaxies in clusters was found. Some authors (for ex-
ample, Trevese et al. 1992) searched for the alignment between
galaxy orientations and the connecting lines with the cluster
center, did not find any. However, these authors, as well as
van Kampen & Rhee (1990), found a strong alignment between
the first ranked galaxies and the major axes of the clusters.

The question of whether the alignments seen within larger
structures are due to global effects connected with the super-
cluster as a whole or to a conglomeration of galaxy align-
ments from individual constituent subunits (i.e. clusters) needs
to be addressed. This question has been, in the main, neglected.
However, recently a series of papers (MacGillivray 1982a,b;
Struble 1987, 1990; van Kampen 1990; Trevese et al. 1992;
Han et al. 1995; Salvator–Sole & Solanes 1993) has gone some
way towards furthering our understanding in this area.

In this regard, the investigation of galaxy orientations in
subclusters of rich galaxy systems may also provide further
important information, especially concerning cluster evolution.
This paper is the second one to date to deal with the question
of possible alignments of galaxy planes within clusters with
obvious subclustering.

2. Method of the orientation analysis

Up to now there have been two main methods for studying the
orientations of galaxy rotation axes. The first one (Hawley &
Peebles 1975; H–P) undertakes the analysis of the observed
position angles of the major axes of galaxy images. However,
these angles can yield reliable information with respect to
galaxy planes only for galaxies seen edge-on. Consequently,
all the galaxies seen face-on or nearly face-on are excluded
from this analysis. Also for such (face-on) galaxies could occur
problem of correct determination of the position angle during
measurement.

The other approach, proposed by Jaaniste & Saar (1978;
J–S), takes into account not only the position angles of galaxies
but also the inclinations of the galaxy planes relative to the ob-
server’s line of sight. This inclination, however, is not defined
clearly; it represents the orientation of the normal vector to one

of the two possible orientations of the plane of the galaxy un-
der consideration. Flin & Godłowski (1986) corrected and im-
proved the method of Jaaniste & Saar (1978) eliminating some
inconsistencies, and developed a method for analysing the dis-
tribution of these normal vectors. With the help of the latter
approach, for such an investigation it is possible to use galax-
ies of any orientation, – including also face-on galaxies. Flin &
Godłowski’s method allows one to compute two angles to de-
scribe the orientation of the normal to the galaxy plane (which
is mostly accepted to be the rotation axis) with respect to the
plane of the cluster or supercluster: 1) The angleδD between
the normal to the galaxy plane and the plane of the cluster or
supercluster and 2) the angleη between the projection of the
normal to the galaxy plane on to the plane of the corresponding
cluster- or supercluster structure and the direction toward the
structure centre. Finally, it is possible to analyse the distribu-
tions of these angles with the help of statistical methods in or-
der to find any non-random trends. One should note, however,
that the practical application of Flin & Godłowski’s method is
not easy and requires a special procedure so as to be free of
selection effects (Flin & Godłowski 1986 Sect. 6.1; Godłowski
1993; Aryal & Saurer 2000).

We should mention that the computation of the rotation
axes of galaxies is not so easy in our case. In the ideal case,
it requires (Godłowski 1993, 1994) the knowledge of the posi-
tion anglep and the inclination anglei for particular galaxies.
We can determine the inclination anglei from the axial ratioq
of galaxies in the case of known true axial ratios (for particular
galaxies). This is possible if we know the morphological types
of these galaxies. Unfortunately, this is not the case in our in-
vestigation. In that situation we have to make an assumption as
to the axial ratio. We assume that galaxies are oblate spheroids
with a flatness ratio of some standard value (e.g.q0 = 0.2).
Moreover, it is known that elliptical galaxies have only a small
angular momentum (if any). So in the case of elliptical galaxies
it is more usefully so speak about the distribution of the nor-
mals to galaxy planes than about the distribution of the rotation
axes. The above-mentioned problems with the reproduction of
galaxy orientation from the geometric shape of the images are
the reason for our concentration on the analysis of the position
angles while analysing the aligment of galaxies.

In principle, it is possible to examine the orientations of
galaxies (i.e. the angular momenta) with respect to different
coordinate systems (e.g. the coordinate systems defined by the
parent entity). In previous papers, Godłowski (1992, 1993)
analysed the distribution of angular momenta of galaxies with
respect to the plane of the local supercluster (LSC). This re-
flects the situation referred to above where the alignment of
galaxy orientations in a supercluster is determined by the gen-
eral structure of the supercluster. However, there is no reason
a priori not to consider smaller structures (e.g. clusters or sub-
clusters) as being the parent system.

In such a situation we would expect that galaxy alignments
in clusters are connected to the main plane of the cluster (or
subcluster) rather then that of the supercluster. Therefore, in
principle we should consider other possibilities and look for the
presence of different alignments of galaxy orientations in clus-
ters with respect to different main planes. Bimodal distributions
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of orientations, as found by Gregory et al. (1981) (if detected)
could support the existence of substructures. On the other hand,
the absence of such bimodal or multimodal distributions cannot
exclude the existence of subclusters of galaxies definitely.

As a first step, we transformed the coordinates and position
anglesp of galaxies to a new coordinate system based on the
cluster’s (or subcluster) main plane (see Godłowski 1993 for
a detailed description). The position angle of the cluster is de-
termined in a straightforward way by the least-squares method,
taking the coordinates of the galaxies as variables. We fitted
the orthogonal regression line based on the minimum distance
of the observed points from the regression line. In such a situ-
ation, the angle between the direction to the north pole of the
coordinate system and the regression line is the position angle
of the cluster.

The computation of the axial ratioq and inclination angle
(or pole direction) is not straightforward. Ideally, the method
requires a fit of the cluster reference plane for two cluster poles
derived by assuming it to be an oblate spheroid with flatness
ratio of some standard value (e.g.q = 0.2). One should re-
member that such an approximation is acceptable for galaxies
even if we do not have any information about the morphologi-
cal type of a particular galaxy. However, the application of such
a procedure to clusters of galaxies could introduce large errors
(we do not have sufficient knowledge yet of the true shapes of
rich clusters). Therefore, this method can be used as a crude
approximation only.

Alternatively, if we know the distance to the galaxies, we
could fit their distribution in 3-D space with a covariance el-
lipse. Then, from the ellipse parameters we can determine the
axial ratio of the clusterq, or even directly the spatial direction
of the three axes of the ellipse. However, such an investigation
is not possible in our case because we do not know the true
distances of particular galaxies.

In the face of these difficulties, the approach we have
adopted in our work is to assume that clusters are oblate
spheroids and to vary the possible pole direction of the clus-
ter around the whole celestial sphere. Subsequently, we look
for possible alignments in all artificial coordinate systems.

In our approach, for a detailed analysis of galaxy align-
ment inside clusters we use the statistical parameter provided
by the Fourier test,∆11, (Flin & Godłowski 1986; Godłowski
1993, 1994). It describes the preferential orientation of galaxy
axes with respect to the cluster reference frame. For all clus-
ters and subclusters under examination, we mapped the ratio
of ∆11 divided by its formal errorσ(∆11) as the cluster pole
direction is moved around the entire celestial sphere. The re-
sulting maps are analysed for correlations of the∆11/σ(∆11)
extreme values (maxima or minima) with the direction from
the cluster centre to the derived cluster poles, and our line of
sight. However, the interpretation is confused by galaxy su-
perpositions along the line of sight. According to Godłowski
& Ostrowski (1996), such effects mask the existing preferen-
tial orientations of galaxies in the cluster to a high degree.
Nonetheless, the comparison of such maps can give us impor-
tant information concerning any possible subclustering. Most
importantly, we may expect different directions of alignments
in the presence of various subclusters. Hence, in our map we
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Fig. 1. Field of the Abell 14 galaxy cluster.

should find compact structures for possible maxima of the
∆11/σ(∆11) values. The appearence of such structures is an im-
portant indicator for the existence of subclustering.

3. General description of the cluster Abell 14

The galaxy cluster Abell 14 (Fig. 1) of redshiftz = 0.0640
(according to Dressler 1980) is of the structure type BM III ac-
cording to Bautz & Morgan (1970), and is a core-halo clus-
ter according to Struble & Rood (1987). Its richness class is
R = 0. Geller & Beers (1982) found a bimodal distribution of
galaxies. West (1990) discovered only marginal substructures.
Krywult et al. (1999) did not find evidence of subclustering.
The central dominant galaxy is an elliptical galaxy according to
Struble & Rood (1987) or a cD-galaxy according to Andernach
(1993). The orientation of the the central dominant galaxy
is Θorien = 51◦−53◦ according to Struble & Peebles (1985)
and Binggeli (1982) respectively. Struble & Peebles (1985),
Dressler & Shectman (1988b) and West (1989) found values
cluster orientation to be betweenΘorien = 51◦ andΘorien = 58◦.
With these values there seems to exist an alignment between
the cluster and the dominant galaxy. The galaxy distribution
within this cluster was investigated by Geller & Beers (1982)
and by Kriessler & Beers (1987). The cluster shows a multi-
ple structure according to both these investigations. There is a
main concentration with an offset of roughly 5 arcmin between
the position of the dominant galaxy and the number-density
maximum of the galaxy distribution. Also, there are two fur-
ther galaxy concentrations northeast and southwest of the main
concentration. The combination of these 3 main groups gen-
erates the impression of an elongated cluster with the above-
given orientation values. In addition, Geller & Beers (1982)
as well as Kriessler & Beers (1987) found northwestern and
southeastern extensions of the central group. All these irregu-
larities of the galaxy distribution are hints of a complex clus-
ter structure. This assumption is confirmed by the result of our
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Fig. 2. Galaxy distribution in cluster field determined from
Edinburgh–catalog data by Baier (1997) Baier & MacGillivray (2003).

investigations. The values derived for cluster orientation cor-
respond approximately to the orientation of the central cluster
region shown in Fig. 2 according to our investigations (Baier
1997; Baier & MacGillivray 2003) and in Fig. 3 according to
the investigation of Geller & Beers (1982). But these figures
show additional structures in the outer region of the cluster.
The investigation of galaxy distribution with the help of the
Voronoi-tesselation (Voronoi 1908; Ikeuchi & Turner 1991)
provided an even more complicated structure picture (Fig. 4)
(Baier 1997; Baier et al. 2003). The dominant galaxy is con-
nected to the central group. Unlike appearances, most galaxies
are arranged in single groups along filaments which originate
in the cluster centre near the position of the dominant galaxy.
This gives the impression of a spiral structure. Thus, the clus-
ter is an example of a situation where the description of the
cluster by radial number–density distribution or the estimation
of a cluster ellipticity in connection with any equilibrium state
(West 1990 and Struble & Ftaclas 1994 foundε = 0.34 and
ε = 0.36, respectively) seem to have limited applicability.

The complex structure, both in this case and for other
examples, should rather force us to consider galaxy clusters
from a new point of view in connection with the concept
of Omarov (1995), who characterized such objects as non–
equilibrium systems, forming a certain hierarchical level in
the self-organizing universe according to Saslaw (1987) and
Ostriker (1978). The justification for the assumption of non–
equilibrium for most galaxy clusters follows from a large num-
ber of observational results (optical and X-ray substructures,
temperature variations in gas,β–problem).

According to Nicolis (1986), any self-organizing sys-
tem has a hierarchical structure. This discussion is consis-
tent with the concept of multifractal matter distribution and
self–similarity over a wide range of scales, as considered by
Pietronero (1987) and others; i.e., a structure element of rankl
consists of analogous structures of rankl–1 (substructures).

Fig. 3. Galaxy distribution determined in the field of Abell 0014 clus-
ter by Geller & Beers 1982.

Further details are reported by Dressler (1980) and Reuter
& Andernach (1990). Dressler (1980) measured the optical
positions of the 79 brightest galaxies and determined their
morphological classification. Reuter & Andernach (1990) pre-
sented a radio map for the Abell 14 cluster obtained with the
100-m Effelsberg telescope. The dominant galaxy was not de-
tected in the radio emission, either by them or by Mills et al.
(1960) or by Mills & Hoskins (1977). Reuter & Andernach
(1990) found four radio sources. Their sources 1–3 seem to be
connected to the three galaxy groups in the region to the north
of the dominant galaxy.

The X-ray emission of the unrelaxed cluster Abell 14 is
very weak: logLx ≤ 44.13+0.22

−0.48 (2–10 keV) (McKee et al.
1980), logLx = 43.62 (2–6 keV) (Johnson et al. 1983;
Kowalski et al. 1984), logLx < 44.03 (0.1–2.4 keV) (Ebeling
1993). Because of its low X-ray luminosity the Abell 14 clus-
ter is comparable with clusters Abell 569 and Abell 2666 dis-
cussed by Baier et al. (1996). All of the three clusters should
be characterized as poor clusters. They possess a weak grav-
itational potential only. The X-ray emission comes from the
dominant galaxy only.

4. Remarks pertaining to cluster evolution

The characterization of Abell 14 as a poor cluster without
a strong X-ray emission and consequently without any re-
markable cooling flow excludes the formation of the Central
Dominant Galaxy (CDG) by such a cooling flow. Rather we
have to accept the alternative possibility, i.e. its formation by
galactic cannibalism (Ostriker & Tremaine 1975) which is ex-
pected when phenomena like dynamical friction, tidal strip-
ping, and mergers are common. The formation of such cen-
tral giant galaxies is easily obtained in N-body simulations
of groups and clusters (e.g. Barnes 1989; Bode et al. 1994;
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Fig. 4. Galaxy distribution in the field of Abell 14 cluster determined
from Edinburgh-catalog data by Baier (1997), Baier et al. (2003)
(Voronoi-tesselation).

Lima Neto & Baier 1997). During the simulations of poor clus-
ters by Lima Neto & Baier even substructures appeared.

As mentioned above, according to West (1989), Zucca et al.
(1993) and Einasto et al. (1994) the Abell 14 cluster is a
member of a supercluster. The other poor clusters Abell 74,
Abell 76, Abell 86, Abell 102, Abell 133 and Abell 151, as
well as the rich clusters Abell 85 and Abell 119, belong to this
supercluster, too. The latter two clusters contain cooling flows.
We cannot exclude the possibility of encounters between these
clusters and a following merging one. Therefore, the future for-
mation of a structure similar to that in the case of Abell 754
(Baier et al. 1996; Godłowski et al. 1998) is possible. In this
connection, we should consider such clusters as Abell 14 to
be stepping stones for the formation of larger structures on the
basis of the bottom–up scenario for the evolution of cosmic
structures.

5. Analysis of galaxy orientations

We have analysed a sample of 974 galaxies in the cluster field.
The data were taken from theCOSMOS/UKST Southern Sky
Object Catalogue(Yentis et al. 1991), which is a catalogue of
stars and galaxies derived from glass copies of the Southern
Sky SERC J Sky Survey. Initially, all galaxies down to a lim-
iting magnitude ofB = 20.0 mag were selected. Subsequently,
however, in order to reduce the contamination of our results
by foreground and background objects, we eliminated galax-
ies outside the a region selected in line with our discussion of
Sect. 3 on the basis of galaxy surface density and Voronoi tes-
selation. The galaxies retained for our analysis are shown in
Fig. 5.

The aim of our investigations has been to compare the
existence of galaxy alignments with the existence of clus-
ter substructures. As before in our investigation of galaxy

Fig. 5. Distribution of all galaxies in the cluster field from Edinburgh-
catalog data as function ofα (in (hours) in decimal notation) andδ in
(deg) for the epoch 2000.0.

alignments we used two methods. Firstly, we discussed the
distribution of the position angles of galaxies. Secondly, we
applied a method which used both position angles and incli-
nations. We found rather good evidence for alignment, and
corresponding evidence for subclustering within the Abell 14
cluster.

In order to carry out our investigations the cluster area
was split into different parts according to the constituent sub-
components with the help of our investigation of Sect. 3
(Figs. 2–4). At first glance, galaxy distribution in the cluster
region is characterized by the central spiral structure (compo-
nent 1) seen in Figs. 2 and 4, and by at least three surrounding
concentrations A, B, and C (see below) of galaxies (compo-
nent 2) (Fig. 6). Therefore, we divided the whole area into an
inner region and an outer region according to the density maps.
Figure 6 shows the border between the inner (substructure 1)
and the outer (substructure 2) region and outer border of the
outer region. The center of the inner structure (structure 1 in
Table 1) is atα = 00h 15m 45s, δ = −23◦ 50′. The outer region
(component 2 in Table 1) contains, among others, three pro-
nounced galaxy concentrations with centers atα = 00h 17m 40s,
δ = −24◦ 12′ (structure A),α = 00h 13m 20s, δ = −24◦ 15′
(structure B) andα = 00h 14m 00s, δ = −23◦ 15′ (structure C).
It is called structure 2 (see Table 1). In all three cases (the
cluster galaxy distribution in the inner region (structure 1),
the galaxy distribution in the outer region (structure 2) and
in the whole investigated region) we obtained the result that
the position angles of the galaxy distributions are very close
to Θ ∼ 170◦. However, because of the complicated cluster
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Fig. 6.Distribution of all galaxies in A14 cluster field from Edinburgh-
catalog data (in plate coordinates), showing inner and outer region
borders.

structure there remains the question of the physical meaning
of this agreement Also, there is a pronounced difference be-
tween the position angle ofΘ ∼ 170◦ and the values derived
in some previous papers by Struble & Peebles (1985), Dressler
& Shectman (1988) and West (1989). This difference occurs
probably because of the very complex cluster structure. We
analysed the whole inner region of the Abell 14 cluster. The
orientationΘ ∼ 55◦ of the central part of the inner region (sub-
structure CP) centered atα = 00h 15m 45s, δ = −23◦ 50′ agrees
very well with the results of the above mentioned papers. All
small substructures mentioned above are presented in Fig. 7.

The orientations of structures A, B and C areΘ ∼ 33◦,
Θ ∼ 178◦ andΘ ∼ 37◦ respectively. The results are not very
different becauseΘ = 178◦ = −2◦ (Θ ∈ [0◦; 180◦)). The
similarity of the orientations of these three structures in the
outer circular region was the reason why we decided to anal-
yse the whole outer region, considering these structures A, B,
and C separately.

We analysed the distribution of the position angles of
585 galaxies with axial ratios smaller than 0.75. This means
that our analysis of the position angles excluded the face-
on galaxies because their position angles (for such galaxies)
give no information connected with their angular momentum.
Also for such (face-on) galaxies the problem of the correct

Fig. 7.Distribution of all galaxies in A14 cluster field from Edinburgh-
catalog data (in plate coordinates), showing small substructures
borders.

determination of the position angle during measurement could
occur. The results are given in Table 1 and Fig. 8. It should
be pointed out that we do this analysis in the equato-
rial system because of the problems noted in Sect. 2 with
the determination of the true pole direction of the clus-
ter (i.e., we analysed the distribution of the position an-
gles of galaxiesp in the equatorial system). The most
important result is very strong alignment of the position
angles in all regions investigated. It should be pointed out that
it is not clear if the whole outer region – structure 2 in the
Table 1 and/or substructures A, B, C belong to Abell 14, or
if it is for example a cluster not belonging to the Abell 14
or possibly (substructure C) false detections occuring around
a bright object. For this reason we analysed the whole cluster
region, and seperately tested the inner and outer regions as the
well as small substructures A, B, C and CP. We find that there
is no differences between alignmenth of galaxies in the whole
structure and in the substructures (also in the case of substruc-
ture C). From the three most important statistical tests used (see
Appendix) we can reject the possibility of random distribution
at a very high level. The maximum of this distribution of po-
sition angles is atθ ∼ 30◦ both for the whole cluster region
(Fig. 8) and for the particular substructures. From this result
we conclude that the galaxy position angles tend to be parallel
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Table 1.Test for isotropy in distribution of position anglesp for A 14 galaxies.

Structure N χ2 C P(∆1) P(∆2) ∆11 σ Wa σ
number

A14 0 585 112.3 69.03 .000 .047 0.308 .058 −.179 .041
1 233 59.2 18.85 .000 .283 0.302 .093 −.159 .066
2 352 87.6 50.14 .000 .140 0.312 .075 −.193 .053
A 77 28.0 16.27 .000 .891 0.357 .161 −.208 .114
B 57 40.6 18.79 .000 .710 0.316 .187 −.281 .132
C 62 29.2 5.35 .000 .577 0.180 .180 −.161 .127
CP 105 28.2 −3.00 .021 .992 0.318 .138 −.210 .098

Fig. 8.Distribution of galaxy position angles in the whole cluster field.

to the cluster position angle (and also to the subcluster position
angles). Further on the galaxy position angles are very close
to the position angle of the CD galaxy. From this result (pre-
ferred position angle for edge-on galaxies close to the position
angle of the whole cluster) we infer that galaxy planes are pref-
erentially aligned parallel to the possible cluster plane (if one
exists).

This result is similar to that obtained by Hawley & Peebles
(1976) but at a clearly higher level. However we should note
that our result is different from those of some previous papers.
The result found for the Local Supercluster by Janiste & Saar
(1978), Flin & Godłowski (1986) and Godłowski (1993, 1994)
(these authors did not consider the position angles but the ori-
entations of the normals to galaxy planes) and confirmed by
Parnowsky (1994) shows that galaxy planes are preferably ori-
ented perpendicular to the Local Supercluster plane.

A similar result (i.e., the galaxy position angles being per-
pendicular to the position angle of the whole cluster) was found
by Godłowski et al. (1998) during their analysis of the galaxy
position angles in the Abell 754 cluster.

According to Di Fazio & Flin (1988) such differences in
alignments of the galaxy position angles (i.e. position angles
of galaxies perpendicular or parallel to the the position angle
of the whole cluster) could be connected to the existence of
two cluster types – oblate and prolate. We cannot exclude the
existence of different alignment – types in such different cluster
types.

We cannot find any clear evidence for different shapes or
different maxima of the distributions of the galaxy position an-
gles in all regions considered hitherto. However, while inves-
tigating the alignment of the galaxy position angles we found
another important result. From the Fourier test taking into ac-
count only the highest Fourier mode, i.e. when

Nk = N0,k (1+ ∆12 cos 4θk + ∆22 sin 4θk) ,

(see Godłowski 1994 for detailed explanation), we found a
certain amount of anisotropy. This result could be an indica-
tion of a more complex bimodal distribution according to the
discussion of Gregory et al. (1981). Such a bimodal distribu-
tion can be explained by the influence of various substructures.
However, we were not able to find a definite proof of a correla-
tion between substructures and different alignments. Thus, this
interpretation should be treated with caution.

Next, we discuss the method originally proposed by
Jaaniste & Saar. There is a large difference between the number
of galaxies in the whole cluster area and the number of galax-
ies with axial ratio smaller than 0.75. We assume that there
is an excess of face-on galaxies in our sample. Such a result
can be due to our poor knowledge of the true galaxy shape
for the majority of elliptical galaxies according to the discus-
sion of Godłowski & Ostrowski (1998). These authors found a
similar effect in the data from the Tully-NGC Catalog (1988).
Therefore, we should be very careful when discussing galaxy
orientations reproduced from the geometric image shapes.

Despite all the above problems the results found by such
methods could give us important information regarding the
alignment of galaxies and possible subclustering (see below).
We have analysed the distribution of angleδD giving informa-
tion on the inclination of the normals to galaxy planes with
respect to the cluster (coordinate system equator) plane. We
have mapped the ratio of∆11 divided by its formal errorσ(∆11)
for different possible cluster pole directions along the whole
celestial sphere for the Abell 14 cluster, shown in Fig. 9. In
the final map we have looked for any possible correlations be-
tween the extreme values of∆11/σ(∆11) and different direc-
tions. There is a correlation between the maximum of this ratio
and the direction of the line of sight to the cluster. This re-
sult confirms our previous assumption that the effect described
above (Godłowski & Ostrowski 1999) is present in our sam-
ple. According to us, the highly compact structure of the ob-
served maximum is of special importance. This is possibly an
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Fig. 9.Map of the distribution of∆11/σ(∆11) (for δD) angle presented inα, δ coordinates. At the map we denoted the important directions as the
line of sight (from the earth) marked with? and the possible direction of the cluster pole with the assumption of a true ellipticity of 0.2 marked
with a big empty star.

indication of the existence of a substructure with a different
kind of alignment.

In a rather small area of Fig. 9 we found a strong negative
extremum. This result means that there is a very strong deficit
of galaxies with normals to the galaxy plane pointing in that
direction. It seems to us that the most probable explanation of
such a phenomenon is the excess of edge-on galaxies with po-
sition anglesp ∼ 30◦. This is a clear confirmation of a real
general alignment within this cluster.

Unfortunately, from our data we have no information re-
garding the morphological galaxy types. Therefore, we are un-
able to discuss the question of alignments according to different
morphological types.

6. Conclusion

From the optical observations of the cluster we conclude the
existence of substructures in Abell 14. The cluster is a poor
cluster. The weak X-ray emission comes from the central dom-
inant galaxy only.

We find strong evidence for the alignment of galaxy posi-
tion angles in the cluster in the sense that the major planes of
galaxies tend to be parallel to the direction of the position an-
gle of the major axis of the cluster. Consequently, the normal
to the galaxy planes (which is mostly accepted to be direction
of angular momenta) are preferentially aligned perpendicular
to the cluster plane. The direction of the alignment is perpen-
dicular to that found by us in the case of Abell 754 (Godłowski
et al. 1998). This could be a sign of the existence of differ-
ent types of galaxy alignments in clusters. Moreover, from
the analysis of the distribution of the galaxy positions angles
we find some evidence for possible subclustering inside the

cluster as a whole. This result is confirmed by the investiga-
tion of the distribution of the normals to the galaxy planes.
Moreover, we can confirm the existence of the so-called line-
of-sight effect discovered by Godłowski & Ostrowski 1999 for
galaxies belonging to the clusters in the Tully-NGC Catalogue
(1988).

The similarity of the direction of the alignment of the
galaxy position angles in the inner and outer regions, as well
as in all structures, is an indication of a physical connection
between them.
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Appendix A: Statistical methods applied

In order to check the distribution of galaxy orientation an-
gles (δ, η) and position anglesp, we tested whether the respec-
tive distribution of theδ, η or p angles is isotropic. We applied
statistical tests originally introduced by Hawley & Pebbles
(1975) and Kindl (1987), and later modified by us (see the de-
tailed description in Godłowski 1993, 1994). Below, a short
summary of the tests considered here (not always explicitly) is
presented: theχ2-test, the Fourier test and the auto-correlation
test. In all of these tests, the entire range of theθ angle (where
for θ one can putδ + Π/2, η or p respectively) is divided into
n bins, which gives in theχ2 test (n − 1) degrees of freedom.
During the analysis of the whole cluster (i.e. the two main parts
of the cluster region discussed above) we usen = 36 bins of
equal width (while during the analysis of the small subclusters
we usen = 18 bins because of the small numbers of galax-
ies). LetN denote the total number of galaxies in the consid-
ered cluster, andNk – the number of galaxies with orientations
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within the kth angular bin. Moreover,N0 denotes the mean
number of galaxies per bin, and finally,N0,k – the expected
number of galaxies in thekth bin. Theχ2-test of the distribu-
tion yields the critical value of 49.8 for 35 degrees of freedom
and 27.6 for 17 degrees of freedom (at the siginificance level
α = 0.05)

χ2 =

n∑
k=1

(Nk − N0,k)2

N0,k
· (A.1)

This is minimised in model fitting, with the use of the model-
provided distributionN0,k. However, when we consider indi-
vidual subclusters, the number of galaxies involved is small
in some cases, and theχ2 test will not neccessarily work well
(e.g. theχ2 test requires the expected number of data per bin to
equal at least 7; see, however, Snedecor & Cochran 1967 and
Domanski 1979). As a check, in a few cases we repeated the
derivations for different values ofn, but no significant differ-
ences appeared.

However, the main statistical test used in the present paper
is the Fourier test. In the Fourier test the actual distributionNk

is approximated as

Nk = N0,k (1+ ∆11 cos 2θk + ∆21 sin 2θk
+∆12 cos 4θk + ∆22 sin 4θk) . (A.2)

If we take into account only the first and second Fourier modes
separately, then we obtain the following expression for coeffi-
cients∆i j (i, j = 1, 2):

∆1 j =

∑n
k=1(Nk − N0,k) cos 2Jθk∑n

k=1 N0,k cos2 2Jθk
, (A.3)

∆2 j =

∑n
k=1(Nk − N0,k) sin 2Jθk∑n

k=1 N0,k sin2 2Jθk
, (A.4)

with the standard deviation

σ(∆11) =


n∑

k=1

N0,k cos2 2θk


−1/2

≈
(

2
nN0

)1/2

, (A.5a)

σ(∆21) =


n∑

k=1

N0,k sin2 2θk


−1/2

≈
(

2
nN0

)1/2

· (A.5b)

whereN0 is the average of allN0,k. However, we should note
that we could formally repleace the symbol≈ with = only in
the cases where allN0,k are equal (for example when testing the
isotropy of the distribution of the position angle). The probabil-
ity that the amplitude

∆ j =
(
∆2

1 j + ∆
2
2 j

)1/2
(A.6)

is greater than a certain chosen value is given by the formula:

P(>∆ j) = exp
(
−n

4
N0∆

2
j

)
, (A.7)

while the standard deviation of this amplitude is

σ(∆ j) =

(
2

nN0

)1/2

· (A.8)

From the value of∆11 one can deduce the direction of the de-
parture from isotropy. If∆11 < 0, then, forθ ≡ δ + π/2, excess

of galaxies with rotation axes parallel to the cluster plane is
present. For∆11 > 0 the rotation axes tend to be perpendicular
to the cluster plane. Similarly, while analysing the distribution
of the galaxy position angles (θ ≡ p), if ∆11 < 0, an excess of
galaxies with position angles parallel to the plane of the coordi-
nate system (i.e. normal to galaxies perpendicular to the plane
of the coordinate system) is present. For∆11 > 0, the galaxy
position angles are perpendicular to the plane of the coordinate
system.

The auto-correlation test quantifies the correlations be-
tween galaxy numbers in adjoining angular bins. The corre-
lation function is defined as

C =
n∑

k=1

(Nk − N0,k)(Nk+1 − N0,k+1)[
N0,kN0,k+1

]1/2 · (A.9)

In the case of an isotropic distribution, we expectC = 0 with
the standard deviation:

σ(C) = n1/2. (A.10)
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