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Abstract. 'We worked on POSSII and ESO films and measured the diameters and
position angles of 6244 galaxies in 35 clusters using a 25-fold magnification micro-
scope. The optical search limit has been estimated for these clusters. The position
angle distributions of galaxies in the clusters have been studied. For this, chi-square,
auto-correlation and the Fourier tests have been carried out. A dependence has been
noticed between the optical search limit and the mean radial velocity of the cluster.
The preferred position angle distribution of galaxies in the cluster has been found to
be independent of the mean radial velocity of the cluster. Possible explanations of the
result are discussed.
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1. Introduction

Galaxy clusters are generally not in dynamical equilibrium (Peebles 1988), as there haven’t been
enough crossing times since their formation. They are useful probes of the mass distribution as
they subtend large angles in the sky, and thus have many background objects which could be
lensed. Their mass distributions and lensing potentials are however more complicated than those
of a single galaxy (Barkanan & Loeb 2003). Argyres et al. (1986) reported that the population
of galaxies are systematically higher in the direction of the major axes of the brightest galaxy in
rich clusters. Adams, Strom & Strom (1980) studied seven Rood-Sastry L-type Abell clusters
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and found a weak tendency of the galaxy position angle (PA) to concentrate along the cluster
PA and perpendicular to it. MacGillivray & Dodd (1979a, 1979b, 1985) investigated several
groups and clusters and found a weak tendency of galaxies to be aligned with, or perpendicular
to, their radius vectors to the cluster or group centre. Godwin et al. (1983) published machine
measurements of 6727 galaxies in the Coma region. Djorgovski (1983) analysed their data and
observed prominent alignment effects. He found that galaxies tend to align in the east-west
direction with a high degree of significance. Strom & Strom (1978) studied the Perseus-Pisces
Supercluster and noticed a distinct preference of the ellipticals to align with the main cluster
chain. Gregory et al. (1981) noticed alignments and perpendicularity on a larger scale in the
Perseus-Pisces Supercluster. Thompson (1976) noticed a tendency for galaxies in Coma to point
towards the cluster centre.

Aryal & Saurer (2004, 2005, 2006) and Aryal, Paudel & Saurer (2007) noticed a systematic
change in the galaxy alignments from early-type (Bautz-Morgan type I, hereafter BMI, Bautz &
Morgan 1970) to late-type (BM 111, irregular cluster) clusters while studying a database of 25
Abell clusters. Their result suggests that the spiral-rich (late-type) clusters (BM II-III and BM
IIT) show a preferred alignment than those of elliptical-rich (early-type) clusters.

Godtowski et al. (2010) studied the spatial orientations of galaxies in the 247 optically se-
lected rich Abell clusters and found that the values of statistics increase with the amount of
galaxies members. They noticed a weak dependence between the preferred alignments and Bautz-
Morgan type cluster morphology. In addition, they noticed that the velocity dispersion decreases
with BM type at almost 30 level.

We present an analysis of the diameters and PAs of 6244 galaxies in 35 clusters and discuss
their relations to the cluster mean radial velocity (RV). In addition, assuming homogeneous
distribution, the optical search limit is estimated for these clusters and their importance for further
study discussed. The data and method of analysis are described in Sections 2 and 3. Finally, a
discussion of the statistical analysis and conclusions are given in Sections 4 and 5 respectively.

2. Data

A cluster had to fulfill the following selection criteria in order to be selected: (1) the clusters had
to have an Abell richness (R) >1, (2) the RV of the cluster should be known, (3) the Bautz Morgan
type morphology of the cluster should be given and, (4) clusters should be isolated. There were
107 clusters in the ACO (Abell, Corwin & Olowin 1989) catalogue fulfilling the selection criteria.
We inspected all these clusters on the film copies (red sensitive ESO/POSS II) with the aid of a 25-
fold magnification microscope, and selected 34 of them. The film-copies were illuminated from
below. For the selected clusters, (i) the galaxies had to show a diffuse, non-stellar appearance; (ii)
major diameter (a) of member galaxies should be >10 arcsec; (iii) the magnitude limit is chosen
to be the tenth brightest magnitude of cluster galaxies (m;9) and (iv) the films had to be available.

The search for galaxies was performed on the red sensitive ESO (4,75 = 6400A) and POSSII
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films (Aerr = 6400A) having a limiting magnitude of n;, = 20”. The compilation of the catalogue
consisted of six steps: (i) inspection of each film of interest by eye; (ii) re-examination of all
objects detected in step 1; (iii) determination of the major (a) and minor (b) diameters of each
galaxy candidate; (iv) measurement of PA of each galaxy candidate; (v) measurement of the
position of each object; (vi) comparison of the final galaxy sample to known galaxies. A list

T T T al
80 J
& o ]

0 ROTET A2 g A%e

? A1767 %1904 A21257
401 (2] @O A1227 A20618h5199 E
A0426 A1035 é208 065 1
520 4 8 AT775 A21420D 1
g o goo vir A Ao A3 " ]

S “laoies 9
= 2 P e,
40 &2 38D A4038|
-60- As%s D g
A3627 @
80 A3879 |
oo"00™ 04"00" 08"00™ 12°00" 16'00™ 20000"  24'00"
«(J2000)

Figure 1. Distribution of 35 clusters in the equatorial coordinate system. The Virgo cluster (X) is also
shown.

of all inspected film-copies is given in Table 1. The second step was the re-examination of the
objects selected in step 1. Re-examination resulted in the rejection of more than 20% of the
objects.

In order to measure diameters (a, b), a transparent scale with units of one tenth of a millimeter
was placed on each object. The step size was 5 arcsec. Together with the determination of the
diameters, the PAs were measured. A transparent glass with a hairy line was placed along the
major diameter of the object. A protector of 15 cm radius was used to measure PA. The search for
galaxies and the measurements of PAs and diameters (a, b) were carried out visually by one of the
authors (to maintain homogeneity). The NASA/IPAC extragalactic database (NED) was used to
check the compilation of galaxy samples in the catalogues. If available, RV and the morphology
of the galaxy are noted.

A list of the investigated Abell clusters is given in Table 2. The data given in the second-sixth
columns (cluster morphology, RV, the red magnitude of the tenth brightest cluster member (11;),
distance class (D) and richness (R)) in Table 2 are taken from the ACO catalogue.

The coordinates of the cluster centres given in the ACO catalogue were used to locate the
clusters on the films. A circular survey area was defined using a radius r = 90" (1 + z)>/z (Thomp-
son 1976). Here z represents the redshift of the cluster. All sky distribution of the clusters is
shown in Fig. 1. The well studied Virgo cluster is added to our database. The database of the
Virgo cluster is taken from Tully Nearby Galaxy catalog (Tully 1988), Virgo Cluster Galaxy
catalog (Binggeli et al. 1985) and Uppsala General Catalog (Nilson 1973, 1974).
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Table 1. The fields (third column) of ESO R and POSSII R (second column) searched for the clusters (first
column). The right ascension (@(J2000)) and declination (6(J2000)) of the cluster centre are listed in the last

two columns.

Abell print  fieldno.  @(J2000) 6(J2000)

0042 ESO 473 00"28Mm36.5% -23°36'23"
0168 POSSII 825 01"15™09.8% +00°14'51"
0401 POSSII 616 02"58™56.9%  +13°34'56"
0426 POSSII 301 03"18Mm36.45  +41°30'54"
0787 POSSII 037 09"28M33.7%  +74°23'56"
1020 POSSII 710 10"27M50.78  +10°24740"
1035 POSSII 317 10"32m07.3%  +40°12'33"
1227 POSSII 216 11"31m34.6°  +48°01'33”
1367 POSSII 572 11744m29.55  +19°50'21”
1412 POSSII 039 11h55m45.28  +73°28'18"
1767 POSSII 132 13"36m00.3%  +59°12'43"
1775 POSSII 509 13"41m55.6°  +26°21'53"
1809 POSSII 793 13"53m18.9°  +05°09'15”
1904 POSSII 222 14h22m(07.95  +48°33'22”
1920 POSSII 175 14727m16.9%  +55°46/36"
2048 POSSII 797 15"15™17.8%  +04°22/56"
2061 POSSII 449 15"02m15.3%  +30°39'17”
2065 POSSII 449 15M22m42.6°  +27°43'21”
2089 POSSII 450 15"32m41.3%  +28°00'56"
2142 POSSII 515 15"58m16.1°  +27°13'29”
2151 POSSII 584 16"05™15.0°  +17°44'55"
2197 POSSII 331 16"28™10.4%  +40°54'26"
2199 POSSII 331 16M28M37.0°  +39°31'28”
2255 POSSII 101 17M12m31.0°  +64°05'33"
2256 POSSII 023 17h03m43.5%  +78°43'03"
2554 ESO 604 23h12m15.15  -21°33'56"
2721 ESO 349 00"06™14.55  —34°42'51”
3128 ESO 200 03"30m34.6° -52°33'12"
3556 ESO 444 13"24m06.25  -31°39'38"
3558 ESO 444 13027M54.0°  —31°29'00"
3560 ESO 383 13"31m50.5° —33°13"25"
3562 ESO 444 13h33m31.8%  —31°40'23"
3627 ESO 137 16115M32.8°  —60°54'30"
3879 ESO 076 22027m49.75  —69°01'41"
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Table 2. Data of our sample. The first two columns list the Abell number and morphology (Bautz & Morgan

1970) of the cluster. The third and fourth columns give mean RV (in km s71) and myq of the cluster. The

next two columns give the distance (D) and richness class (R) of the cluster. These values are taken from the

ACO (Abell et al. 1989) catalogue. The last two columns give the total number of galaxies (Nr) investigated
(by the authors) in the cluster region and the galaxies with known PA (N), respectively.

Abell BM RV mo D R Ny N

0042 I 32587 17.1 5 3 165 130
0401 I 22424 156 3 2 211 165
1775 I 20866 157 4 2 135 122
2199 I 9156 139 1 2 117 96

3556 I 14360 164 4 2 163 146
3558 I 14390 15.1 3 4 395 348
3560 I 14660 15.1 3 3 159 138
3562 I 16632 155 3 2 278 254
3627 I 4881 142 1 1 65 59

3128 I 17958 151 3 3 153 127
3879 I-IT 2038 16.1 4 2 119 115
Virgo I-1I 1131 125 0 4 556 556
0787 I 40532 169 5 2 98 77

1767 I 21045 157 4 1 158 115
1809 I 23624 158 4 1 128 105
2089 Ir 21945 158 4 1 111 95

2142 Ir 26951 160 4 2 149 122
2554 o 31778 169 5 3 252 207
2721 I 34386 170 5 3 274 217
0168 II-IOI 13466 154 3 2 175 148
0426 IO 5486 125 0 2 166 146
1020 II-IT 19457 160 4 1 149 113
1035 II-II 23953 154 3 2 157 119
1227 II-Ir 33577 166 5 2 139 103
1367 -0 6595 135 1 2 166 141
1904 [-or 21225 156 3 2 131 113
1920 - 39273 170 5 2 167 126
2255 II-II 24163 153 3 2 229 166
2256 II-II 18018 153 3 2 162 140
1412 I 25003 159 4 2 162 134
2048 I 28330 160 4 1 122 108
2061 Im 23024 157 4 1 129 100
2065 m 21765 156 3 2 195 151
2151 I 10943 138 1 2 190 177
2197 III 9223 139 1 1 119 106
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Figure 2. The distributions of (a) BM (Bautz & Morgan 1970) type classification, (b) radial velocity RV,
(c) magnitude of the tenth brightest cluster member (1,9), (d) richness class (R) and (e) distance class (D) of
the clusters studied. The observed values with statistical +10 error bars are shown. The dashed lines (b,d)
represent the gaussian fit.

The estimation of background galaxies in the cluster region was based on the area distribution
of background galaxies around the cluster region. It is estimated that the background contamina-
tion of galaxies in the investigated cluster region is ~ 10+5%. These objects include more distant
lensed galaxies. We removed these galaxies from the database.

The foreground field galaxies in the investigated cluster region were identified with the help
of the Uppsala General Catalogue of Galaxies (Nilson 1973, 1974; UGC hereafter), the Third
Reference Catalogue of Bright Galaxies (de Vaucouleurs et al. 1991), the ESO/Uppsala Survey
of the ESO (B) Atlas (Lauberts 1982), Photometric Atlas of Northern Bright Galaxies (Kodaira et
al. 1990) and the Southern Galaxy Catalogue (Corwin et al. 1985). These field galaxies have been
removed from the database. The errors in the PAs were determined by comparing the measured
values with known values in the catalogue (mainly UGC). It turned out to be less than +£10°. The
error in diameters, mainly due to a limited step size, was estimated to be 5 arcsec. For a distant
cluster this limit is larger in absolute value than that of the nearby cluster. This may cause a
systematic error in the diameter distribution of galaxies in the cluster. However, their effect in the
optical search limit is well within the 1o error limit.

We have included all types of clusters in our database. Fig. 2 shows the morphology, mean
RV, magnitude of the tenth brightest cluster member (1)), richness (R) and distance class (D)
distribution of the cluster. Our database contain all types of clusters: regular or symmetrical
(BM 1), intermediate (BM I-1II, II, II-IIT) and irregular or asymmetrical (BM III) (Fig. 2a). The
maximum and minimum RV of the clusters are ~ 1 000 (Virgo) to ~ 41 000 (A0787) km s~! (Fig.
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2b). There are 11 clusters that have mean RV 20000 to 25000 km s~! in our database. Because
of this bin, the centre of the gaussian fit is found at 21 000 km s~! (Fig. 2b). There are 25 clusters
that have m( value in the range 15 to 17 (Fig. 2c). The centre of the gaussian fit of R distribution
is found at ~ 2 (Fig. 2d). There were 19 clusters that have Abell richness R = 2. There were no
clusters that have D = 2 in our database (Fig. 2e). Eleven each clusters are at the distance class
D =3 and 4.

3. Method of analysis

Astronomical data are often accompanied by several selection effects. One can sometimes regard
these selection effects as noise in the database. In such situations, even though all control parame-
ters (independent variables) remain constant, the resultant outcomes (dependent variables) vary.
A process of quantitatively estimating the trend of the outcomes, also known as regression or
curve fitting, therefore becomes necessary. In this work, we have analysed the database of 6244
galaxies in different context. For this we performed linear and polynomial fits to the diameter (a)
and position angle (PA) distributions.

In addition to this, we have carried out three statistical tests, namely, chi-square, auto-
correlation and Fourier in order to distinguish anisotropy from isotropy in the PA-distribution.
We set the chi-square probability P(> y?) = 0.050 as the critical value to discriminate isotropy
from anisotropy. We expect an auto correlation coefficient C—0 for an isotropic distribution. For
a detailed description of the statistical tests see Godtowski (1994) and Flin & Godtowski (1986).
See Appendix for the details of the Fourier test.

4. Results
4.1 Optical search limit

The distribution of the apparent diameters of the galaxies in the cluster can give information
about the completeness of the optical catalogue. Here we consider a ‘toy model’ by assuming
a homogeneous distribution of galaxies in space having equal linear diameter d;. The spatial
density of galaxies p; is assumed to be constant. The total number of galaxies of diameter d;
within a given distance r is given by,

Ni(r) = gﬂpir3 (1)

and the angular diameter « of the galaxies is,

a=- 2)
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The total number of galaxies within a given angular diameter « is given by,
4 3 -3
Ni(@) = gﬂpidia . 3)

Summing this equation for all linear diameters

N(a) = gna—3 x Xp;d- 4)

Taking logarithms of both sides,
log(N) = log (gﬂZpid?) + log(a/_3) )

and defining C = log(3n%p;d?),
log(N) = C -3 X log(a) (6)

Thus, the logarithm of the total number of galaxies having an apparent diameter (@) greater or
equal to a given limit has a slope of —3.

We know that the effect of clustering is neglected in this ‘toy model’. Due to this assumption
we expect to get large deviations from the —3 slope line in the diameter distribution of cluster
galaxies (see Fig. 3). We intend to study whether this deviation shows any systematic dependence
on cluster parameter. In the future, we intend to develop a method so that we can define a physical
reference system in the cluster itself. Here we do not use Zwicki or de Vaucouleurs profiles for
density distribution in the cluster. Neither we use Mattig’s formula. We will address all these
profiles in our next work.

Fig. 3 shows log(N) versus log(a) plots for all 35 clusters. In equation (6), the symbol «
corresponds to the major diameter (a) of galaxies. In Fig. 3, log(N) and log(a) are represented by
‘number’ and ‘major diameter (arcmin)’, respectively. The second column of the Table 3 gives
the slope of the best fit line. The optical search limit (S L) of the clusters are estimated using ‘-3
slope’ line. The third column of the table 3 lists the values of the search limit (S L) up to which
the optical catalogue of the clusters is said to be complete.

Fig. 3a shows the distribution of the apparent diameters of galaxies in the cluster Abell 0042.
In the figure, the solid and dashed lines represent the —3 slope and the best fit lines, respectively.
The slope of the best fit line is found to be —2.6. The observed diameter distribution is found to
deviate from these lines. The point at which the diameter starts to deviate from the solid line (-3
slope line) is taken as the ‘limit’ up to which the optical catalog is assumed to be complete. In
this cluster, this limit is found to be 0.6 arcmin. So, the catalog of galaxies in A0042 that have
apparent major diameter > 0.6 arcmin is complete. In other words, the diameter distribution of
48 galaxies (about 30%) is found to be deviated from our ‘toy model’. This deviation clearly
hints the clustering phenomena. The situation is worse in the cluster A0401, where the diameter
distribution of 198 galaxies (~ 75%) is found to be deviated from the —3 slope line (i.e., from our
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Figure 3. The distribution of the major diameter (in arcmin) of galaxies in 35 cluster. The name of the

cluster and their morphology (BM type) are given. The axes are in logarithm scale. The solid and dashed
lines represent the theoretical line having slope ‘-3’ and the best fit line, respectively. The observed values
with +10 statistical error bars are shown.
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Figure 3. (continued)

‘toy model’). In this cluster the clustering effect is stronger than that of the previous (A0042).
We do not bother about this. We intend to see whether the optical search limits in the investigated
clusters are random or these show a preference.

The S L is found to be minimum (0.6 arcmin) for 4 clusters (A0042, A1227, A1920 and
A2721). The distance class (D) of these cluster is 5. The nearest cluster (D = 0), i.e., the Virgo
cluster shows maximum S L value (3.5 arcmin) (Table 3). In this cluster, the diameter distribution
of 478 galaxies (about 86%) is found to be deviated from our ‘toy model’. Thus, for the distant
cluster, the deviation is smaller than that of the distant cluster. The S L value of the members of
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the Shapley Supercluster A3556, A3558, A3560 and A3562 are found to be 1.8, 1.8, 1.68 and
1.20 arcmin, respectively.

In order to study RV dependence on optical search limit, we plotted mean RV of the cluster
versus S L value (Fig. 5a). A good agreement between the linear (solid line) and the second order
polynomial fit (dashed line) can be seen. It seems that the S L value decreases with the increase
of the mean RV of the cluster. The implications of this result is discussed in Sect. 4.3.

4.2 Anisotropy in the position angle distribution

In the method of Hawley & Peebles (1975), the observed PAs and axial ratio distributions are
analysed independently. They also introduced the Fourier method of analysing PA histograms.
Fig. 4 shows the PA-distribution of galaxies in cluster. In the figure, PA = 0° or 180° corresponds
to the galactic rotation axes lying in the equatorial plane.

Here we analyse the distribution of the equatorial PAs of galaxies. The conditions for
anisotropy are the following: the chi-square probability P(> y?) < 0.050, correlation coefficient
C/o(C) > 1, first order Fourier coefficient A;{/o (A1) > 1.5, and the first order Fourier probability
P(> A1)<0.150. The last three columns of Table 3 list these statistical parameters. In the Fourier
test, Ajj/o(A11) < 1 (i.e., negative) suggests that the PA of galaxies tend to lie in the equatorial
plane. In other words, a negative A suggests that the rotation axis of galaxies tend to be oriented
perpendicular with respect to the equatorial plane. Similarly, A;; > 0 (i.e., positive) indicates that
the rotation axis of galaxies tend to lie in the equatorial plane. Figure 4 shows the PA-distribution
of galaxies in the investigated cluster. In the histograms, a hump at 90°+45° suggests that the PAs
of galaxies tend to lie in the equatorial plane.

All 9 BM type I clusters show isotropy in chi-square test (eighth column, Table 3). The
chi-square probability (P(> x?)) is found to be > 5% in these clusters. In the Fourier test, the
cluster A3560 showed negative Aj; value at > 1.50 level, suggesting anisotropy (Table 3). In the
histogram (Fig. 4g), a hump at 90° can be seen. This hump lead this cluster to show a preferred
alignment in the PA-distribution. Thus, the PA of galaxies in the cluster A3560 tend to lie in the
equatorial plane.

The A;; value is found to be positive at > 1.50 level in all three BM type I-II clusters,
suggesting similar preferred alignments in the PA-distribution. The humps at 170° (A3128 &
Virgo cluster) and at 150° (A3879) can be seen (Fig. 4j,k,1). Thus, the PA of galaxies in the
clusters A3128, A3879 and Virgo tend to be oriented perpendicular to the equatorial plane.

The humps at 70° and 170° lead the cluster A2142 to show a bimodal orientation in the PA-
distribution (Fig. 4q). A BM type II cluster (A2089) showed the A;; value > 1.507, suggesting
anisotropy.

We studied PA-distributions of 10 BM type II-III clusters. A mixed result is found here: Ay
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Table 3. Statistics of optical search limit (second and third columns) and position angle distribution (last
six columns). The first columns lists the Abell number. The ‘slope’ and ‘SL’ (in arcmin) represent the slope
of the best fit line and the optical search limit (see Fig. 3). The last three columns give the chi-square
probability (P(> x?)), correlation coefficient (C/C(c)), first order Fourier coefficient (A;,/o(A;;)), and first
order Fourier probability P(> A,) in the PA-distribution.

Abell |slope SL | P(>x?) C/C(o) Apfo(An) P(>Ap)

0042 -2.6 0.60| 0.197 +0.7 -1.2 0.093
0401 -24 120 0.755 +0.4 +1.2 0.368
1775 -29 132 0.510 +0.0 +0.9 0.247
2199 -23 1.80| 0914 -0.5 -0.5 0.866
3556 -24 1.80| 0.755 +0.1 -0.3 0.863
3558 -2.8 1.80| 0.255 -1.7 -0.2 0.734
3560 -23 1.68| 0.532 +0.1 -1.7 0.241
3562 -3.2 1.20| 0.282 +0.4 +0.1 0.291
3627 -1.6 240| 0.184 -1.5 +0.7 0.585
3128 -2.8 1.44 | 0.055 +0.0 +1.9 0.114
3879 =25 1.20| 0313 +0.3 +1.9 0.101
Virgo -3.3 3.50| 0.126 -1.7 +1.9 0.165
0787 -29 1.08| 0.392 +0.0 -0.3 0.574
1767 -34 1.20| 0.985 +0.0 -0.4 0.913
1809 -1.6 1.20| 0.515 -0.6 +0.1 0.961
2089 -2.2 1.08| 0.382 -0.7 +1.7 0.198
2142 -2.6 0.84| 0.001 -2.4 +0.5 0.578
2554 =277 1.08 | 0.589 +0.2 -1.3 0.269
2721 -3.0 0.60| 0.674 -0.9 +1.2 0.488
0168 -2.6 144 | 0.886 -0.5 -0.2 0.901
0426 -2.6 3.00| 0.793 -0.4 +0.0 0.555
1020 -3.2 140| 0.762 +0.3 +1.6 0.252
1035 -29 1.08| 0.729 -1.1 +0.6 0.819
1227 -2.6 0.60| 0.039 -1.0 +0.5 0.690
1367 -2.0 240 0.004 -1.3 +0.5 0.264
1904 -2.8 1.08 | 0.028 +1.4 -2.0 0.137
1920 -3.6 0.60 | 0.008 +1.7 +1.5 0.001
2255 -3.1 1.20| 0.746 +0.7 +2.0 0.124
2256 -3.2 1.08 | 0.038 +1.2 +1.0 0.441
1412 -3.0 0.84| 0.128 -0.3 +1.8 0.104
2048 -2.5 1.08| 0.073 -0.1 +0.2 0.970
2061 -2.5 1.08| 0.254 -0.9 +2.0 0.120
2065 =27 1.08 | 0.000 -2.3 +2.1 0.109
2151 =23 2.10| 0.047 -1.3 +1.3 0.341
2197 -1.8 240| 0.582 +0.3 -1.3 0.214
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Figure 4. Position angle (PA) distribution of galaxies in 35 cluster. The solid circles with statistical 1o
error bars represent the observed PA-distribution. The Abell name and the BM type classifications are given.
The solid line represents the expected distribution.

value negative for A1904, positive for A1020, A1920 and A2255. The cluster A1367 showed a
bimodal orientation: PA of galaxies tend to be oriented to both the parallel (hump at 70°) and
perpendicular (hump at 170°) with respect to the equatorial plane (Fig. 4t).
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Figure 4. (continued)

Three BM type III clusters (A1412, A2161 & A2065) showed anisotropy in the PA-distribution.
The Ay value is found to be positive at > 1.50 level (Table 3). These clusters showed similar
alignments. The PA of galaxies in these clusters tend to be oriented perpendicular to the equator-
ial plane. The cluster A2048 showed bimodal alignments (Fig. 4ae).

Fig. 5b show the scatter plot between the mean RV of the cluster and the orientation para-
meter (Aj;/0(A11)). In the figure, the slope of the linear fit line is approximately null, suggesting
no relations between preferred alignments and the mean RV of the cluster. A good agreement
between the linear and the second order polynomial fit supports this result. Thus, the preferred
alignments of galaxies in the clusters are found to be independent of the mean RV of the cluster.
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Figure 5. The RV versus (a) optical search limit (SL) and (b) orientation parameter (A;;/0(A;)) in the
PA distribution of galaxies in 35 Abell cluster. Solid circle with error bars represent a cluster. The solid
and dashed lines correspond to the linear and polynomial (second order) fits, respectively. The isotropy and
anisotropy is separated by the grey-shaded region: —1<A;,/0(A;;)<+1 for the isotropy and A;;/o(A;)>+1.5
for anisotropy. In between 1o and 1.50- we consider weak anisotropy.

4.3 Discussion

Here we discuss possible relationship between the mean RV of the cluster and the optical search
limit (S L) and position angle (PA) of galaxies in the cluster.

We suspect a relation between the optical search limit (SL) and the mean RV of the cluster
(Fig. 5a). A good agreement between the linear (solid line) and the second order polynomial fit
(dashed line) are found. The equation of the linear fit is log (SL) = —2.1 X log RV + 10.2. The
slope of the linear fit are found to be negative ~ 2.0, suggesting inverse square law (S L oc 1/RV?).
Thus, the optical S L decreases with the mean RV of the clusters. We intend to discuss the effect
of this toy model in the Mattig’s formula in the future. It is interesting that, up to a certain limit,
diameter distribution of large scale structures obey inverse square law with their radial velocities.
The deviation in the diameter distribution clearly hints the clustering phenomena: the larger the
deviation the denser the clustering.

No relation between the mean RV of the cluster and the orientation parameter (A;1/0(A11)) is
noticed in the PA-distribution. The slope of the best fit line is found to be parallel (approximately)
to the X-axis, suggesting random alignments (Fig. 5b). Thus, the preferred alignments of galaxies
in the clusters are found to be independent of the mean RV of the cluster.

The preferred PA of galaxies in the cluster and the cluster morphology (BM type) is found
to be independent. As expected, no dependence is observed between the cluster morphology and
the optical search limit.

Thus, the value of the optical search limit depends upon the mean RV of the cluster. However,
the preferred PA is found to be independent of the mean RV of the cluster.
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4.4 Previous works

The PA-distribution of 126 galaxies in Abell 2199 was studied by Thompson (1976). The chi-
square probability P(> y?) was 48% in his calculation suggesting no significant alignment. Our
result is similar to that result obtained by Thompson (1976) in the PA-distribution. We found 91%
probability in the chi-square test (Table 3). The only cluster in which Thompson (1976) found
a significant preference in the PA-distribution was Abell 2197. He analysed the PA-distribution
of 114 galaxies in Abell 2197 and found anisotropy whereas Adams et al. (1980) analysed 58
galaxies of the same cluster and found isotropy. We found isotropy (P(> x?) = 58%) when
analysing PA-distribution of 106 galaxies in this cluster. So, our results agree with Adams et al.
(1980) in the PA-distribution. Thompson (1976) found isotropy when analysing PA-distribution
of 115 galaxies in Abell 2151. Our result does not agree with Thompson’s result. We found
anisotropy when analysing PA-distributions of 177 galaxies in this cluster. This disagreement
might be due to the rich (50% more) database.

The core of the Shapley concentration is dynamically very active; the main cluster Abell
3558 appears to be interacting with the other clusters Abell 3562 and Abell 3556 (Bardelli et
al. 1994). In our study, the galaxies in the main cluster Abell 3558 show isotropy whereas Abell
3560 shows anisotropy in the Fourier test (A;;/0 (A1) = —1.7). In a substructure analysis Bardelli
et al. (1998) briefly discussed the core of the Shapley concentration and suggested that the core
complex is the result of a series of incoherent group-group and cluster-group mergings.

Oegerle & Hill (2001) performed a dynamical study of 25 clusters containing a centrally
located cD galaxy. These are BM type I clusters. The shape of the cluster velocity distribution
is found gaussian for A1767 and A1809 whereas non-gaussian for A2089. Interestingly, we
found anisotropy for A2089 and isotropy for A1767 and A1809 in the PA-distribution. Thus, the
clusters that have non-gaussian type velocity distribution show anisotropy in PA-distribution of
their galaxies. Oegerle & Hill (1994) studied dynamics of A1809 using redshift data reported
by Hill & Oegerle (1993). The cD galaxy of this cluster shows no significant peculiar velocity
with respect to the global velocity distribution. We do not notice preferred alignments in this
cluster. Hence, this cluster behaves as a late-type cluster (like BM III). Probably, the BM type
classification misleads this cluster.

The cluster A2142 is a cooling core cluster containing active radio galaxies in the core
(Markovic et al. 2004). The radio sources in this cluster might play an important role in the
energetics of the cooling cluster core. We noticed a bimodal orientation in the PA-distribution
of galaxies in A2142 cluster: the galactic planes of galaxies tend to orient both the parallel and
perpendicular with respect to the equatorial plane. This alignment might have a connection with
energetics of the cluster core.

Godtowski et al. (2010) studied the spatial orientations of galaxies in the 247 optically
selected rich Abell clusters with respect to the Supergalactic coordinate system. Four clusters
(A0042, A2554, A2721 & A3128) are common with the present work. We found no preferred
alignments in the equatorial PA distribution when analysing 130 galaxies in the cluster A0042.
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Godtowski et al. (2010) studied 76 galaxies having axial ratios (b/a) less than 0.75 in the clus-
ter A0042 and found a preferred alignments. They noticed that the galactic planes of galaxies
in AQ0O42 tend to lie in the Supergalactic plane, i.e., Local Supercluster. Our results support
Godlowski et al. (2010) conclusion that the values of statistics increase with the increase of the
member galaxies in the cluster. They found no preferred alignments of Supergalactic PA distrib-
ution of galaxies in the clusters A2254, A2721 and A3128. We noticed a preferred alignment in
the equatorial PA distribution of galaxies in A3128. Godlowski et al. (2010) noticed a weak de-
pendence between the preferred alignments and Bautz - Morgan type cluster morphology. Aryal,
Paudel & Saurer (2007) noticed a weak dependence with morphology: a systematic change in the
galaxy alignments from early-type (BM I) to late-type (BM III) clusters while studying a database
of 25 Abell clusters.

No authors have estimated the optical search limit of the clusters studied.

5. Conclusion

We measured diameters and the position angles of 6 244 galaxies in POSSII and ESO films using
25-fold magnification microscope. These galaxies belongs to the 34 Abell cluster that have mean
RV ~ 1000 to 43000 km s~!. We estimated the optical search limit for the major diameters
of the galaxies in the clusters and studied their relation with the mean velocity of the cluster.
The equatorial position angle distributions of galaxies in the clusters are studied. The expected
distributions are compared with observed distributions using three statistical tests: chi-square,
auto-correlation and the Fourier. Our results are as follows:

e The minimum value of the optical search limit (S L) is found to be 0.6 arcmin for 4 clusters
(A0042, A1227, A1920 and A2721). These are distant (D = 5) cluster. As expected, the
Virgo cluster (nearest cluster, D = 0) showed maximum S L value (3.5 arcmin). Thus, the
S L value of the cluster is found to decrease with the mean RV of the cluster. We propose
an empirical relation, i.e., S L oc 1/RV?2.

e The alignments of galaxies in the cluster is found to be independent of the mean RV of the
cluster. In few clusters (A3560, A3128, A3879, A2089, A1020, A1904, A2255, A1412,
A2061, A2065 and the Virgo) we noticed preferred alignments.

o The preferred alignments of galaxies in the cluster and the cluster morphology is found to
be independent. As expected, no relation is observed between the cluster morphology and
the optical search limit.

Thus, the optical search limit depends upon the mean RV of the cluster whereas the preferred
PA is found to be independent of the mean RV of the cluster. In the future, we intend to address
the optical search limit in a better way and focus our work on the role of the dark matter in the
visible mass distribution mechanism within the cluster.
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Appendix A
Fourier Test

The Fourier test is useful when the deviation from isotropy is slowly varying with the angles
(in our case, PA). In the PA-distribution, Fourier test gives the clue regarding the deviation from
isotropy. Taking first order Fourier mode, the Fourier series is given by

Ny = Nok(l + A cos Zﬂk + Ay sin Z,Bk + o ). @)

Here N denotes the total number of solutions for galaxies in the sample, N, the number of so-
lutions in the k™ bin, N¢; the mean number of solutions per bin, N the expected number of
solutions in the k" bin, and the angle f3; represents the PA in the k” bin. The Fourier coefficients
A1y and Ap; are the parameters of the distributions. We obtain the following expressions for the
Fourier coefficients Ay and Ay,

Ay = Y(N — Now) cos 2B/ Y, Nox cos? 2k (8)

Ay = Y(Ny — Nog) sin 2Bx/ 3, Nox sin® 2y )

The standard deviations (o(A1;)) and (07(Az;)) can be estimated using the expressions,
o (A1) = (X N cos® 287"/ (10)
o(Aa1) = (3 Nog sin® 28,) 7'/, (11)
The probability that the amplitude
Ar= (A7) + A3 (12)
is greater than a certain chosen value is given by the formula
P> Ay) = exp(—nNOA%/4) (13)

with standard deviation
o(Ay) = (2/nNg)'/2. (14)
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The Fourier coefficient Aj; gives the direction of departure from isotropy. The first order
Fourier probability function P(>A;) estimates whether (smaller value of P(>A;) or not (higher
value of P(>A;) a pronounced preferred orientation occurs in the sample. The positive (negative)
Apy value at > 1o level suggests that the PAs of the galaxies tend to be oriented perpendicular
(parallel) to the equatorial plane.



