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ABSTRACT

The evolution of galaxies in the substructures of Supercluster is extremely important to
understand the formation process of the largest structures of the Universe. Superclusters
are the largest aggregates of the gravitationally bound system of galaxies containing
voids, filaments, and substructures. The distribution of angular momentum vectors
of galaxies in the clusters and Superclusters reveal how galaxies form and how they
obtain angular momentum for rotation. We present spatial orientation of angular mo-
mentum vectors of 8 973 galaxies in the six SDSS 7DR (Sloan Dizited Sky Survey 7
Data Release) Superclusters and their eighteen substructures having redshift (z) in the
range 0.024 to 0.114. These Superclusters are S[195+027+0022], S[173+003+0077],
S[247+040+0029], S[227+006+0078], S[231+030+0117], S[184+003+0077]. Present
work can be divided into two sections namely search for substructures in the Superclus-
ters and study the preferred alignments of angular momentum vectors of galaxies in those
substructures. In order to identify substructures, we studied number density and redshift
maps of all six Superclusters to identify substructures on the basis of their richness and
compactness. In addition, the r and u-magnitude maps of galaxies and their distributions
are studied in all six Superclusters. The selection criteria for the substructures are as
follows: (a) richness (R) should be greater than Abell richness class 2, and (b) redshift
dispersion should not exceed by 0.01 from the mean redshift of the Superclusters. In
the second section of result and discussion chapter, we studied distributions of angular
momentum vectors of galaxies. For this we adopted three steps: first, two dimensional
observed parameters that we have compiled from SDSS 7DR (positions, position an-
gles, and inclination angles of galaxies) are converted into three-dimensional angular
momentum vectors of the galaxy using Godlowskian transformation. As a second step,
we worked on an observed database of Superclusters and their substructures to find out
selection effects. These selection effects are actually the noise in the database. We
observed systematic noises in the inclination angle distribution of galaxies. In order
to remove those systematic noise, we perform numerical simulation separately for all
six Superclusters and their nineteen substructures. The basis of our simulation is the
cosmological principle, i.e., isotropy for directional parameters (e.g., polar or inclination
angle of galaxy rotation axes) and homogeneous for spatial parameters (e.g., azimuthal
angle or positions of galaxies). For this, we virtually generated 107 galaxies to each
noise responsible for anisotropy or inhomogeneity in the Supercluster. In this way,
we obtained expected isotropic distribution curves for both angular momentum vectors
and their projections in all six Superclusters and their substructures. As a final step, a
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comparison between observed distribution and expected distribution is made using chi-
square, autocorrelation, and the Fourier tests. We intend to find out non-random effects
in the expected isotropic distributions in both polar and azimuthal angles of galaxy ro-
tation axes of Supercluster and substructure galaxies. In general, we found no preferred
alignments of galaxies in all six Superclusters. In the substructures, we noticed bimodal
effects. It is therefore a plot between the number of galaxies in the substructures and
their mean redshift are plotted and found a linear relationship with decreasing slope. In
addition, the color-magnitude diagram of galaxies in the Superclusters showed a similar
trend.
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CHAPTER 1

1. INTRODUCTION

1.1 Superclusters of Galaxies

A large group of smaller galaxy clusters or galaxy groups or aggregations of substructures
of galaxies is named a Supercluster. Superclusters are considered the largest structures
of the Universe known to us till date. Obviously the galaxies in the Superclusters are
gravitationally bound with each other. In addition, there is a significant role of void (the
space between the groups or substructures) for the structure formation and evolution.
According to Einstein’s general theory of relativity, large-scale structures are formed
because of the manifold geometry of space-time (Hawking & Ellis, 1973). Our universe
is the biggest laboratory available for astrophysicists. The knowledge known to us (on
Earth) has already been challenged by cosmological observations of the formation of
galaxies, their evolution and the expansion of the Universe.

The study of the large-scale structure of the universe is also undergoing tremendous
growth. In the early 1980’s, there were less than 5,000 galaxy redshifts known. However,
we now have over 500,000 and will soon have more than 1,000,000. Several new surveys
such as 2-Degree Field (2dF) Survey and Sloan Digital Sky Survey (SDSS) have recently
been completed. Within a few years, the 3-dimensional distribution of galaxies in our
local universe will be mapped. Furthermore, those structures can be matched to the
early time snapshot of density perturbation. Since any model of structure formation
must explain both the temperature fluctuations in CMBR and the large-scale structures
we observe today in the universe, the combination of these two probes is especially
powerful. The Milky Way is part of the Local Group galaxy group (which contains
more than 54 galaxies), which in turn is part of the Virgo Supercluster, which is part
of the Laniakea Supercluster (Gibney, 2014). In other words, galaxies tend to huddle
in groups called clusters; regions where these clusters are densely packed are known as
Superclusters. But the definition of these massive cosmic structures is vague.

The large size and low density of Superclusters mean that they, unlike clusters, expand
with the Hubble expansion. The number of Superclusters in the observable universe is

1



estimated to be 10 million. Cosmological observations suggest modifying our standard
cosmological picture based upon known materials and fundamental laws on Earth, but
current observations do not provide enough information to explain the abnormality at
cosmological scales. The information of underlying science about the universe is given
by looking at structure formation at large-scales. While current observations revealed
the breakdown of our knowledge of physical science at cosmological scales, the future
observation of large scale structure formation will provide us with a clue as to which
part of our physical science should be modified - matter or gravity.

The Laniakea Supercluster is the Supercluster that contains the Virgo Cluster, Local
Group, and by extension on the latter, our galaxy; the Milky Way. It is 153 Mpc in
diameter (1 pc km) (Tully, 2014). Virgo Supercluster is another well-studied large scale
structure. It contains the Local Group with our galaxy, the Milky Way. It also contains
the Virgo Cluster near its centre and is sometimes called the Local Supercluster. It is
thought to contain over 47,000 galaxies, having a diameter of 33Mpc. In 2014, the newly
announced Laniakea Supercluster subsumed the Virgo Supercluster, which became a
component of the new Supercluster (Tully, 2014). Hydra-Centaurus Supercluster is
composed of two lobes, namely Hydra Supercluster and Centaurus Supercluster. Pavo-
Indus Supercluster. Saraswati Supercluster is one of the distant Superclusters which is
at 1.2 Gpc, It is one of the largest structures found in the universe, with a major axis in
diameter of about 200 Mpc (652 million light-years), It consists of 43 massive galaxy
clusters such as Abell 2361 and has a mass of about 2 x 1016 M� and is seen in the Pisces
constellation (Cucciati et al., 2018).

A rich Supercluster with several galaxy clusters was discovered around an unusual
concentration of 23 QSOs at z=1.1 in 2001, named as SCL@1338+27 (Tanaka, 2004).
The size of the complex of clusters may indicate a wall of galaxies exists there, instead
of a single Supercluster. At the time of the discovery, it was the largest and most
distant Supercluster beyond z=0.5. The Supercluster named MS 0302+17 has three
extended lobes in three directions: the eastern cluster CL 0303+1706, southern cluster
MS 0302+1659, and northern cluster MS 0302+1717 (Kaiser, 2009).

There are many other noticeable Superclusters that have redshift less than 0.1. These
are Pisces-Cetus Supercluster, Coma Supercluster, Shapley Supercluster, Bootes Super-
cluster, Horologium-Reticulum Supercluster, Corona Borealis Supercluster, Columba
Supercluster, Aquarius Supercluster, Aquarius B Supercluster, Aquarius-Capricornus
Supercluster, Aquarius-Cetus Supercluster, Bootes A Supercluster, Caelum Superclus-
ter, Draco Supercluster, Draco-Ursa Major Supercluster, Fornax-Eridanus Supercluster,
Grus Supercluster, Leo A Supercluster, Leo-Sextans Supercluster, Leo-Virgo Superclus-
ter, Microscopium Supercluster, Pegasus-Pisces Supercluster, Perseus-Pisces Superclus-
ter, Pisces-Aries Supercluster, Ursa Majoris Supercluster and Virgo-Coma Supercluster
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(Hasegawa et al. (2000), Nakata et al. (2004), Cucciati et al. (2018)).

1.1.1 SDSS Supercluster

The SloanDigital Sky Survey (SDSS) is themost important galaxy redshift survey which
provides three-dimensional maps of the Universe ever made, with deep multi-color im-
ages of one-third of the sky, and spectra for more than three million astronomical objects.
The SDSS began regular survey operations in the year 2000, after a decade of design
and construction of the telescope. It has progressed through several phases, SDSS-I
(2000-2005), SDSS-II (2005-2008), SDSS-III (2008-2014), and SDSS-IV (2014-2020).
Each of these phases has involved multiple surveys with interlocking science goals. Till
date, SDSS has released 16th sets of huge databases. The final Data Release of SDSS-IV
is scheduled for July 2021 and will include all APOGEE-2, eBOSS, andMaNGA spectra
observed during SDSS-IV, as well as all final data products and catalogs. In addition to
the final eBOSS clustering samples, DR17 will include new single-fiber, optical spectra
associated with a completed reverberation mapping program and a pilot program of
X-ray counterparts. SDSS-V will start observations in summer 2020, with its first data
release expected two years later. Surveys in SDSS-V include Milky Way Mapper, Local
Volume Mapper and Black Hole Mapper (Blanton et al. (2017), Eisenstein et al. (2011),
York et al. (2000), https://www.sdss.org/).

We are interested in the SDSS Supercluster because it is the first such database that
contains both photometric and spectroscopic databases of all galaxies up to a very high
precision level. The photometric database includes the magnitudes in all pass-bands.
SDSS uses five photometry covering ultra violet (UV), optical, and infrared with the
help of five filters. We will describe these filters in the literature review section.

Einasto et al. (2011) studied the morphology of a set of Superclusters drawn from the 
SDSS data release 7 (SDSS (2008), Abazajian et al. (2009)). The selection criteria 
includes the apparent r magnitudes 12.5 ≤ r ≤ 17.77. Their first step is to determine 
groups and clusters of galaxies with the friends-of-friends algorithm, where a galaxy 
belongs to a group of galaxies if this galaxy has at least one group member galaxy 
closer than the selected linking length. The linking length along with the distance was 
increased, to take into account selection effects, when constructing a group catalogue 
for a flux-limited s ample. As a result, the maximum sizes and velocity dispersions of 
groups are similar at all distances. For details and for the group catalogue we refer the 
reader to T101. To determine the luminosities of groups and to calculate the luminosity 
density field we also have to correct for the luminosities of galaxies that lie outside of 
the survey magnitude range. They calculated the smoothed luminosity density field of 
galaxies and determined extended systems of galaxies (Superclusters) using this 
density
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field. To determine Superclusters, they created a  set of density contours by choosing 
a series of density thresholds. Then, they define connected volumes above a  certain 
density threshold as Superclusters. Different threshold densities correspond to different 
Supercluster catalogues. In order to choose proper density levels to determine individual 
Superclusters, they analysed the density field Superclusters at a series of density levels. 
Finally, they calculated the luminosity density field t o d etermine Superclusters from 
a flux-limited sample of galaxies from SDSS DR7 and select Superclusters with 300 
and more galaxies for the study. Einasto et al. (2011) found that the large-scale 
distribution of the Superclusters is very inhomogeneous. Rich Superclusters in the 
sample form three chains, the Sloan Great Wall is the richest of them. Almost all 
Superclusters are elongated and have filamentarities that are larger than their planarities. 
More elongated Superclusters are also more luminous, have larger diameters, and contain 
a larger number of rich clusters.

Liivamägi et al. (2012) used the Millennium galaxy sample to evaluate the Supercluster-
finding procedure as applied to an ideal volume-limited sample. As a consequence,
there are no distance-related effects. A separate further study will look more closely at
the differences in object selection and their properties using several simulated flux and
volume-limited samples. The distributions of Superclusters are strikingly similar, with
the main sample containing almost the same amount of Superclusters. The shape of the
Millennium distributions at the density level D = 5.0, indicates the presence of large
Sloan Great Wall-like structures (see Figure 1).

Figure 1: (a) The Supercluster SCl 1 and the surrounding Superclusters found with different methods 
for assigning the limiting threshold D. In the upper panel all Superclusters have the same threshold D f ix 
= 5.0 (Liivamägi et al., 2012). (b) Distribution of galaxy groups with at least four member galaxies 
in Superclusters in x, y, and z coordinates. Red filled c ircles c orrespond t o g roups i n filament-type 
Superclusters. Blue empty circles represent groups in spider-type superclusters. Grey crosses denote 
groups with at least 30 member galaxies from the field ( Einasto et al., 2014).

 Einasto et al. (2014) compared the galaxy populations in Superclusters of different 
morphology in the nearby Universe (180 h−1 Mpc ≤ d ≤ 270 h−1 Mpc). To check whether 
the inner structure and overall morphology of Superclusters are important in shaping 
galaxy properties in Superclusters. This study is extremely important to understand the 
formation, evolution and present-day properties of the cosmic web and objects forming it
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is an important task in cosmology. They used the main sample of the 8th data release of 
the Sloan Digital Sky Survey (Aihara et al., 2011) with the apparent Galactic extinction 
corrected r magnitudes r ≤ 17.77, and the redshifts 0.009 ≤ z ≤ 0.200, in total 576 493 
galaxies. They have corrected the redshifts of galaxies for the motion relative to the 
CMB and computed the co-moving distances (Martinez & Saar, 2002) of galaxies. 
Figure 1b presents the distribution of rich galaxy clusters in Superclusters of filament 
and spider morphology, as well as from the field in cartesian coordinates defined as in 
Park et al. (2007) and Liivamägi et al. (2012). At the distance interval of about 180 h−1

Mpc ≤ d ≤ 270 h−1 Mpc the survey crosses several rich Superclusters, including the 
Sloan Great Wall. Einasto et al. (2014) found Supercluster morphology and analyze the 
probability density distributions of colours, morphological types, stellar masses, star 
formation rate (SFR) of galaxies, and the peculiar velocities of the main galaxy in groups 
in Superclusters of filament and spider types, and in the fi eld. Therefore, their work is 
extremely important to give a functional identification to the Superclusters. The database 
of these Superclusters should be studied and compared with the nearby Supercluster,
e.g., Local Supercluster and Coma Supercluster in the galaxy orientation aspect.

1.1.2 Organization of Ph.D. Thesis

1. In Chapter 2, we give theoretical consideration regarding themorphology of galax-
ies, redshift, and angularmomentumof the galaxy in the clusters and Superclusters.
After this, the galaxies evolution model will be presented and discussed. Finally,
an extensive literature review will be presented in the tabular form followed by
interpretations regarding origin of the angular momentum vectors of galaxies and
their preferred distributions.

2. In Chapter 3, we present our methodology and the database of selected SDSS
Superclusters. The methodology includes two parts: first, the data processing
and finally the calculation of angular momentum vectors and their projections of
galaxies will be explained and secondly, the numerical simulation process will be
explained in order to satisfy the cosmological principle. Statistical methods that
we have used, will also be discussed. After this, we introduce our selection criteria
and hence give all-sky and axial-ratio distributions of our six SDSS Superclusters.
At the end, two flow charts will be given to show the all processes.

3. In Chapter 4, we give our results and discussion of all six Supercluster galaxies
one-by-one. In these subchapters, at first, we present number density maps and
followed by identification of substructures on the basis of redshift and r and u-
magnitude maps. After this, we present our results regarding the orientations of
galaxies in the Superclusters and their substructures. This will be repeated in the

5



Chapters from 4.1 to 4.6 for six Superclusters. Finally in Chapter 4.7. there will
be a general discussion and comparison with published works.

4. In Chapter 5, we present our conclusion based on our results, and interpretation
with other published works. In the end, future prospectus will be recommended.

At the end, there will be a list of references, appendices and published papers in the
national and international Journals.
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CHAPTER 2

2. LITERATURE REVIEW

2.1 Superclusters

Superclusters are large groups smaller galaxy clusters or galaxy groups and are among
the largest known structures of the cosmos. The milky way is in the Local Group of
galaxies, which is true is in the Laniakea Supercluster. This supercluster spans over 500
million light-years, while the Local group spans over 10 million light-years. The number
of Superclusters in the observable universe is estimated to be 10 million. Galaxies are
grouped into clusters instead of being dispersed randomly. The cluster of galaxies is
grouped together to form Supercluster. Superclusters are the tracer of dark and baryonic
matter in the universe. These Superclusters are found to be arranged in filament or
sheet-like structures, between which there are gigantic voids of empty space. Galaxy
Superclusters usually consist of chains of around a dozen of galaxy clusters, each with
a mass of about 1013-1014 M� (NASA, 2020b). Typically, Superclusters contain dozens
of individual clusters throughout an area of space about 150 million light-years across.
Superclusters are not bound together by gravity. They are all shifting away from each
other due to the Hubble flow.

The existence of Superclusters indicates out that the galaxies present in our Universe
are not uniformly or well distributed. They are so large that they are not gravitationally
bound. Their mutual gravity binds them together into long filaments(thin, string like-
structures). Our Local Superclusters is located on Virgo (Figure 1) and with Coma,
are up to 100 Mpc in extent. The system of Superclusters makes a network expanding
throughout space, on which about 90 percent of galaxies are located.
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Figure 2: Image of Virgo Supercluster of galaxies. The bright object represents galaxy (NASA, 2020b).

2.1.1 Substructure

Multiple concentrations of the same object, growing and held together within the large
structure are called substructures. In Supercluster, its constituent is not distributed
uniformly results in the substructure. Local group and Virgo cluster are the substructures
of our Local Supercluster. The term "Substructure" refers to clumping within the cluster.
Some clusters are spherically symmetric with high density in the center and smoothly
diminishing densities with radius. Other clusters have two or more density peaks or show
other evidence of merging sub-systems of galaxies. Substructure and, more generally,
evidence for mergers can be observed in many ways: 1) the spatial distribution of
galaxies, 2) the velocity distributions of the galaxy, 3) spatial-velocity correlations, 4)
the surface brightness distribution of x-ray emitting gas (intra- cluster medium or ICM),
5) the temperature distribution of the ICM, and 6) weak and strong gravitational lensing.
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2.1.2 Clusters of Galaxies

Figure 3: Image of cluster of Galaxies: Hercules cluster (NASA, 2020a).

A galaxy cluster, or cluster of galaxies, is a structure that consists of anywhere from
hundreds to thousands of galaxies that are bound together by gravity with typical masses
ranging from 1013-1014 M� (NASA, 2020b). They are the largest known gravitationally
bound structures in the universe and were believed to be the largest known structures in
the universe until the 1980s when Superclusters were discovered. One of the key features
of clusters is the intracluster medium (ICM). The ICM consists of heated gas between
the galaxies and has a peak temperature between 2-15 keV that is dependent on the total
mass of the cluster. Galaxy clusters should not be confused with star clusters, such as
open clusters, which are structures of stars within galaxies, or with globular clusters,
which typically orbit galaxies. Small aggregates of galaxies are referred to as galaxy
groups rather than clusters of galaxies. The galaxy groups and clusters can themselves
cluster together to form Superclusters.

Notable galaxy clusters in the relatively nearby Universe include the Virgo Cluster,
Fornax Cluster, Hercules Cluster (shown in Figure3), and the Coma Cluster. A very
large aggregation of galaxies known as the Great Attractor, dominated by the Norma
Cluster, is massive enough to affect the local expansion of the Universe. Notable galaxy
clusters in the distant, high-redshift Universe include SPT-CL J0546-5345 and SPT-CL
J2106-5844, the most massive galaxy clusters found in the early Universe. In the last few
decades, they are also found to be relevant sites of particle acceleration, a feature that has
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been discovered by observing non-thermal diffuse radio emissions, such as radio halos
and radio relics. Using the Chandra X-ray Observatory, structures such as cold fronts
and shock waves have also been found in many galaxy clusters. Our galaxy falls within
the Local Group, which is a poor and irregular cluster of galaxies. Poor clusters may
contain only a few dozen galaxies as compared to rich clusters that can contain hundreds
or even thousands. The Local Group is near the Local Supercluster (also known as Virgo
Supercluster) which has a diameter of 100 million light-years. The Local Supercluster
contains a total of about1015 times the mass of the Sun.

2.1.3 Galaxy Group

Figure 4: Image of the Galaxy Cluster Abell 2537 Local Group.Our Milky Way galaxy is a part of this
group.(NASA, 2017b).

Agalaxy is a gravitationally bound system of stars, stellar remnants, interstellar gas, dust,
and dark matter. Galaxies range in size from dwarfs with just a few hundred million
stars to giants with one hundred trillion stars, each orbiting its galaxy’s center of mass.
Galaxies are categorized according to their visual morphology as elliptical, spiral, or
irregular. Many galaxies are thought to have super-massive black holes at their centers.
The Milky Way’s central black hole, known as Sagittarius A*, has a mass four million
times greater than the Sun.

Nature has provided an immensely varied array of galaxies, ranging from faint, diffuse
dwarf objects to brilliant spiral-shaped giants. Virtually all galaxies appear to have been
formed soon after the universe began, and they pervade space, even into the depths of
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the farthest reaches penetrated by powerful modern telescopes. Galaxies usually exist in
clusters, some of which in turn are grouped into larger clusters that measure hundreds
of millions of light-years across.

The space between galaxies is filled with a tenuous gas (the intergalactic medium) having
an average density of less than one atom per cubic meter. The majority of galaxies are
gravitationally organized into groups, clusters, and Superclusters. TheMilkyWay is part
of the Local Group (Figure 5), which is dominated by it and the Andromeda Galaxy and
is part of the Virgo Supercluster. At the largest scale, these associations are generally
arranged into sheets and filaments surrounded by immense voids. Both the Local Group
and the Virgo Supercluster are contained in a much larger cosmic structure named
Laniakea,that the galaxies rotate may provide a clue to the physical conditions under
which these systems formed. A Spiral galaxy is supported by rotation. It possesses
angular momentum. The direction of angular momentum is orbitrary. The distribution
of angular momentum vector refers to spatial orientation.

These so-called Superclusters are separated by nearly empty voids, and this causes the
gross structure of the universe to look somewhat like a network of sheets and chains of
galaxies.

Figure 5: Image of the Spiral galaxy NGC 1232 (NASA, 2017a).
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2.2 Redshift

Apparent shifting ofwavelength of photon emitted by heavenly body toward lower energy
limit i.e. longer wavelength limit is called redshift. The redshift of any astronomical
object can be written as:

ztotal = zd + zc + zg (2.1)

There are three types of redshift,

(i) Doppler redshift (zd): The redshift resulting from the relative motion of the light
emitting object and the observer is attributed to the Doppler redshift. If the source of
light is moving away from the observer then the wavelength of the light is stretched out,
i.e., the light is shifted towards the red.

(ii) Cosmological redshift (zc): The redshift may also be caused by the expansion of
the space. The wavelength of light increases as it traverses the expanding universe
between its point of emission and its point of detection. Such a process is termed as the
cosmological redshift.

(iii) Gravitational redshift ( zg): The frequency of a photon may shift to lower energy as
it climbs out of a gravitational field. This process by which electromagnetic radiation
originating from a source that is in the gravitational field is reduced in frequency, or
redshifted, when observed in a region of a weaker gravitational field is the gravitational
redshift.

A brief description of these redshift are given below.

2.2.1 Relativistic Doppler Redshift

The relativistic Doppler redshift is the change in frequency (and wavelength) of light,
caused by the relative motion of the source and the observer, when taking into account
effects described by the special theory of relativity (Padmanabhan, 2006).

Let the observer and the source are moving away from each other with a relative velocity
v in the reference frame of the source (Karttunen et al., 2006),

t =
λ

c − v
(2.2)

Let λ= c/νs where νs is frequency of source. Here λ is the wavelength, and c is the
speed of light. Since the wavefront moves with velocity c and the observer escapes
with velocity v, the time (measured in the reference frame of the source) between crest
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arrivals at the observer is given by,

t =
c

(c − v)νs
(2.3)

t =
c

c(1 − v
c )νs

(2.4)

t =
1

(1 − v
c )νs

(2.5)

t =
1

(1 − β)νs
(2.6)

where β = v/c. The observer will measure this time to be

t◦ = t/γ (2.7)

Where γ = 1/(1 − β2)1/2 is the Lorentz factor. Therefore, the observed frequency
becomes

ν◦ =
1
t◦
= γ (1 − β) νs =

(
1 − β
1 + β

)1/2
νs (2.8)

The ratio

νs

ν◦
=

(
1 + β
1 − β

)1/2
(2.9)

is called the Doppler factor of the source relative to the observer. The corresponding
wavelengths are related by

λ◦
λs
=
νs

ν◦
=

(
1 + β
1 − β

)1/2
(2.10)

and the resulting redshift

z =
λ◦ − λs

λs
=
νs − ν◦
ν◦

(2.11)
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can be written as

z + 1 =
(
1 + β
1 − β

)1/2
(2.12)

In the non-relativistic limit (when v ≪ c) this redshift can be approximated by

z ' β =
v
c

(2.13)

corresponding to the classical Doppler effect.

When the light approaches at right angles to the direction of relative motion in the
observer’s frame, the relativistic redshift is known as the transverse redshift, given by,

z + 1 = [1 − v2/c2]−1/2. (2.14)

This redshift can be measured even if the source is moving towards the observer.

2.2.2 Cosmological Redshift

The cosmological redshift is due to the expansion of space, and sufficiently distant
light sources show redshift corresponding to the rate of increase of their distance from
earth (Padmanabhan, 2006). The metric expansion of space is the increase of distance
with time between distant parts of the universe. Metric expansion is a key feature of
Big Bang cosmology and is modeled mathematically with the Friedmann − Robertson
− Walker (FLRW) metric (Weinberg, 1972). The FLRW describes a homogeneous,
isotropic, expanding, or contracting universe. The cosmological redshift is caused by
photons propagating through expanding space being extended and thereby increasing
their wavelength as a result of the metric expansion of space. The redshift is related with
the scale factor of now (a◦) and then (at) is given by (Padmanabhan, 2006),

z + 1 =
a◦
at

(2.15)

In an expanding universe, the scale factor is monotonically increasing as time passes,
therefore, z is positive and distant galaxies appear redshifted according to the above
relation.

Redshift, z, is defined in wavelength as

z =
λ◦ − λe

λe
=
λ◦
λe
− 1 (2.16)

Where the subscripts o and e refer to observed (now) and emitted (then).
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In the frequency domain, redshift, z, is defined as

z =
fe − f◦

f◦
=

fe
f◦
− 1 (2.17)

2.2.3 Gravitational Redshift

The gravitational redshift is the change in the frequency of photons to lower energy as it
climbs out of the gravitational field. This is one of the outcomes of Gravitational time
dilation, in which the frequency of electromagnetic radiation is reduced in the area of
the lower gravitational potential. There is a corresponding reduction in energy when
electromagnetic radiation is redshifted, as given by Planck’s relation. There also exists
a corresponding blueshift when electromagnetic radiation propagates from a region of a
weaker gravitational field to the stronger gravitational field.

The gravitational redshift of a photon can be calculated in the framework of general
relativity using the Schwarzschild metric as (Padmanabhan, 2006),

Z + 1 = [1 −
rs

R∗
]−1/2 = 1 +

1
2

rs

R∗
+ .... = 1 +

1
2

rs

R∗
(2.18)

with the Schwarzschild radius

rs =
2GM

c2 (2.19)

Where G denotes Newton’s gravitational constant, M be the mass of the gravitating
body, c be the speed of light, and R∗ be the distance between the centre of mass of the
gravitating body and the point at which the photon is emitted.

In the Newtonian limit, the redshift becomes

Z + 1 = 1 +
1
2

2GM
c2R∗

(2.20)

Z + 1 = 1 +
GM
c2R∗

(2.21)

Z '
GM
c2R∗

=
rs

2R∗
(2.22)

Therefore, the value of gravitational redshift depends upon the ratio of mass and radius
of the gravitating body.
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2.3 Angular Momentum of Galaxies

The observed rotation of the galaxies is very important in order to understand the origin
of the angular momentum of galaxies regarding the origin of the large scale structures
Von Weizsäcker (1951) and Gamow (1952). They made it clear that the rotation of
galaxies is important to test for the origin of galaxies. Rotation of the galaxy is very
important for the study of the evolution of the universe.

The galaxy acquired rotation from gravitational coupling with the surrounding matter
Hoyle (1949).

Let us consider the formation of galaxies in rotating and expanding universe. At some
early epoch there is density fluctuation in a region then the expansion around the region
began to increasily decelerated.

Let us assume the density fluctuation be spherically symmetric. The region containing
the proto-galaxy or matter which will turn galaxy in future is sphere (approximately due
to the spherically symmetric density fluctuation).

Let at that epoch angular momentum relative to the gyroscopic frame be Padmanabhan
(2006),

Ji =
2
5

Mr2
i ωi (2.23)

Where M is the mass of the proto galaxies, ri is the radius of the proto-galaxy, and ωi is
the angular velocity of the universe.

Again, we can also define a local frame called the galactic frame axis which correlates
with the global rotation of universe, and its origin is fixed at the galactic center. This is
the frame with which the measurement is taken later.

After the formation of the galaxy, it rotates relative to the galactic frames which are
caused by the corollis force or conservation of the angular momentum. At any epoch,
after the galaxy has formed, its angular momentum relative to the gyroscopic frame is
given by

J f = J + βMr2
fω f (2.24)

Where ω f is the angular velocity of the universe at present, β is the parameter that
depends on the distribution of mass in galaxy, r f radius of the galaxy at present, and J

is the angular momentum of the galaxy relative to the galactic frame.
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Also we know that,

ωi = ω◦(1 + zi)
2 (2.25)

ρd = ρd◦(1 + zi)
3

M =
4
3
πρdir

3
i

From (2.23), (2.24), (2.25) and using law of conservation of angular momentum we get,

Ji = J f

2
5

Mr2
i ωi = J + βMr2

fω f

Finally ,

J =
2
5

(
3

4πρd◦

)2/3
ω◦M

5
3 − βr2

f (1 + z f )ω◦M (2.26)

For z f not too large than 1, second term in (2.26) is sufficiently small compared to first
term so

J ' kM5/3

where k =
2
5

(
3

4πρd◦

)2/3
ω◦

and this explains the observed empirical relation J ∝ M5/3.

Minimizing (2.26) with respect to M we get,

dJ
dM

���
Mmin

= 0

=
d

dM

(
kM5/3 − lM

) ���
Mmin

where l = βr2
f (1 + z f )

2ω◦

= k
5
3

M2/3
min − l

Mmin =

(
3l
5k

)3/2
= 1.95r3

f (1 + z f )
3ρd◦ (2.27)

Hence the minimum angular momentum of a galaxy corresponds to the value of mass
1.95 r3

f (1+z f )
3 ρd◦

From (2.26) we get,
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J=0

kM5/3 = lM

∴ M =
(

l
k

)3/2

Hence, the mass corresponding to the zero angular momentum of the galaxy is M0 '

2.15Mmin. It is easy to observe that for less and more massive structure predicts | J |, 0.

So that, here it was concluded that the galaxy obtained its angular momentum due to
the global rotation of the universe. So, one may expect that the spin of galaxies should
not distribute in the sky randomly, there should be a dipole anisotropy and such kind
of anisotropy in the distribution of the spin of galaxies have been found at different
levels. Here spherical symmetry is considered but the distribution of galaxy is quite
complicated and the moment of inertia is complex so the angular momentum is different
from the direction of angular velocity.

When proto-galaxy rotates and expands together with universe the angular velocity is
equal to the global rotation of the universe in both magnitude and direction. The rotation
of the universe makes the angular momentum of the proto-galaxy which is not aligned
with the angular velocity with a fixed direction to process about the axis of rotation. The
magnitude of angular momentum is constant during precision. When the proto-galaxies
become separated from the global rotation and expansion of the universe and begin
to collapse to form galaxies and the interaction with the surrounding should become
more and more weak eventually negligible. Its angular momentum is constant in both
magnitude and direction. It should be determined by the shape of the proto-galaxy
and the time when proto-galaxy becomes an isolated system. Its distribution can be
expected almost random instead of strong dipole distribution. As the galaxy evolves the
dissipation process inside it causes the components of angular velocity perpendicular
to the angular momentum to vanish gradually, eventually the galaxy rotates about the
direction of angular momentum.

2.4 Photometry of Galaxies

Photometry is a technique used in astronomy that is concerned with measuring the flux
or intensity of light radiated by astronomical objects (Johnston, 2015). This light is
measured through a telescope using a photometer, often made using electronic devices
such as a CCD photometer or a photoelectric photometer that converts light into an
electric current by the photoelectric effect. When calibrated against standard stars
(or other light sources) of known intensity and colour, photometers can measure the
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brightness or apparent magnitude of celestial objects. The methods used to perform
photometry depend on the wavelength regime under study. At its most basic, photometry
is conducted by gathering light and passing it through specialized photometric optical
bandpass filters, and then capturing and recording the light energy with a photosensitive
instrument. Standard sets of passbands (called a photometric system) are defined to allow
accurate comparison of observations. A more advanced technique is spectrophotometry
that measured with a spectrophotometer and observes both, the amount of radiation and
its detailed spectral distribution.

2.4.1 SDSS Photometry

The first known standardized photometric system is the Johnson-Morgan (or UVB)
photometric system (Johnson & Morgan, 1953). At present, there are more than 200
photometric systems. Photometric systems are usually characterized according to the
widths of their passband (Rufener & Nicolet, 1988):

• broadband (passbandswider than 30 nm, ofwhich themostwidely used is Johnson-
Morgan UBV system (Johnson & Morgan, 1953)),

• intermediate band (passbands between 10 and 30 nm wide) and

• narrow band (passbands less than 10 nm wide).

The photometry methods used vary depending on the wavelength regime being studied.
Photometry is done by collecting radiation in a telescope, passing it through specialized
optical filters if necessary, and then capturing and recording the light energy with a
photosensitive instrument. A photometric device is a set of passbands (filters).

Photometry in the near infrared by long-wavelength ultra-violet used to be performed
with a photoelectric photometer, which was an instrument that measured the light in-
tensity of a single object by directing its light on to a photosensitive cell. While
photoelectric photometers are still used in special situations, such as when high time
resolution is needed, they have largely been replaced by CCD (charge-coupled device)
cameras that can simultaneously image multiple objects. One of the most ambitious and
influential surveys in the history of astronomy is the Sloan Digital Sky Survey (SDSS)
(Adelman-McCarthy et al., 2006).

SDSS-I (2000-2005) obtained five-band CCD imaging over 8 000 square degrees of the
high galactic latitude, northern sky, detecting 217 million celestial objects during its
first five years of operation. It obtained spectra of 675 000 galaxies, 90 000 quasars,
and 215 000 stars, selected from 5 700 square degrees of this imaging (Abazajian et
al., 2009). The data, fully calibrated and reduced, carefully checked for quality, and
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accessible through efficient databases have been publicly released in cumulative form,
beginning with an early release of commissioning data and continuing with a series of
annual data releases.

Magnitude is a number that measures the brightness of a star or galaxy. It is because
of the traditional convention, the brighter the object appears, the lower the value of
its magnitudes; the very brightest objects have negative magnitudes. The apparent
magnitudes do not tell us about the true brightness of stars, as the distance differs. A
quantity measuring the intrinsic brightness of a star is the absolute magnitude. The
absolute magnitude is equivalent to the apparent magnitude an object would have if it
were at a standard luminosity distance of 10pc away from the observer, in the absence
of astronomical extinction. The distance, magnitude, and extinction relation is given
Karttunen et al. (2006) by,

m − m◦ = 5 log r − 5 + (2.5loge)αr (2.28)

Here m, m◦, r and α represent apparent magnitude, absolute magnitude, distance and
opacity of the medium. There are five different photometry (filters) in the SDSS tele-
scope. There are u, g, r , z and i-filters. Here, u refers to ultravoilet (UV), g is for green,
r for red, i near infrared and z for far infrared wavelengths. For SDSS u-filter,

u − mu = 5 log r − 5 + (2.5loge)αur (2.29)

Here, αu represents opacity of UV light light emitted from the galaxy. Thus, the
extinction is different for different filters. For r and g filters,

r − mr = 5 log r − 5 + (2.5loge)αrr (2.30)

g − mg = 5 log r − 5 + (2.5loge)αgr (2.31)

subtracting equation (2.31) from (2.30), we get,

r =
(r − g) − (mr − mg)

(2.5loge)(αr − αg)
(2.32)

This means that opacity data is important for determining the distance to the galaxy. If
we know the database of extinction for given filters, we can measure the distance to the
galaxy. The SDSS database contains extinction and redshift data for almost all galaxies.

SDSS has a dedicated 2.5-meter wide-angle optical telescope that was used to observe
in both imaging and spectroscopic modes from 2000 to 2009. The transmission curves
of SDSS filters u, g, r , i and z are shown in Figure 6.As shown figure (Abazajian et
al., 2009), The pick wavelengths of these filters are 3551Å, 4686Å, 6165Å, 7481Å and
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Figure 6: Standard photometric filter curves used by SDSS III telescope. (source:
https://www.sdss3.org/instruments/camera.php)

8931Å, with 95% completeness in typical seeing to magnitudes of 22.0, 22.2, 22.2, 21.3
and 20.5 (D. SDSS, 2019). The r filter has the highest response, while the z filter has
the lowest. The filter response was investigated by (Graves et al., 2010), who discovered
that the u band has shifted over time and now tends to differ from the curve estimated
previously.

2.5 Holmberg Equation

Erik Holmberg (1946) established a simple galaxy model which we have been used in
the study of spin vector alignment. This model is used to find the inclination angle of the
galaxy. Holmberg equation is the relation between the axial ratio, b/a and the inclination
angle i, the angle between the line-of-sight and normal to the galactic plane. Figure
7 shows the oblate spheroid aside. Holmberg (1946) assumes oblate spheroid which
has light curve ∼ kr−3 and is seen from a distance, where the perspective distortion is
negligible. The two major axes in the main plane are of equal size a, the polar axis is
the smallest one representing the relative thickness of the ellipsoid. It has length q∗ a,
q∗ being the so-called flatness factor, a number ∈ [0, 1] corresponding to the relative
thickness of real spiral galaxies. Holmberg (1946) suggested a value of q∗=0.2 for oblate
spheroid and q∗=0.33 for ellipticals. The celestial plane is perpendicular to the paper
plane, intersection line is denoted by ḡ.

Figure 7 shows the line of sight to the observer, the inclination i is measured between
this line and the Y-axis. This angle can be found between ḡ and the X-direction.
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Figure 7: Illustration of Holmberg equation (Kausch et al., 2004). In the represent of semi major, semi
minor, and intrinsic flatness of the projection of galaxy in the celestial sphere.

The equation of the ellipse is (Kausch et al., 2004)

x2

a2 +
y2

a2q∗2 = 1
q ∗2 x2 + y2 = a2q∗2

(2.33)

from the observer’s point of view, the oblate spheroid seems to be projected onto the
celestial plane as an ellipse. The length b (connecting line OB) is the semi-minor axis
of this ellipse. The semi-major axis a is independent of the projection because it is the
same as the one of the oblate spheroids.

The equation of the tangent at point P is given by,

y = k x + c (2.34)

where k = tan(90 − i) = cot i is the slope of the tangent and c the intersection along
Y-axis. The condition for contact to the ellipse in Fig 7 can be determined by applying
the condition that (2.33) and (2.34) touches each other, i.e.,

a2k2 + a2q∗2 = c2 (2.35)

On substituting k = cot i, we get,

c2 = a2 cot2 i + a2(q∗)2 (2.36)

From the figure, we have b = c sin i. Substituting this in (2.36) we get,

sin2 i =
b2/a2 − 1
(q∗)2 − 1

(2.37)
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which leads to

cos2 i =
b2/a2 − (q∗)2

1 − (q∗)2
(2.38)

The equation (2.38) is called ‘Holmberg Formula’.

Figure 8 shows a plot between the inclination angle (i) and the axial ratio (b/a). A
strong nonlinearity can be seen at large diameter ratios. Therefore small errors in the
measurement of semi-minor axes produce large deviations in the resulting inclination
angle.

Figure 8: Axial ratio versus inclination angle. A strong nonlinearity at the lower and the upper end of
the diameter ratio can be seen. Here flatness factor (q∗) is assumed to be 0.2 (Holmberg, 1946)
.

2.6 Spatial Orientations of Galaxies

Jaaniste & Saar (1978) (JS hereafter), develop a method to convert two-dimensional
position angle of a galaxy to the three-dimensional spin vector or rotation axis of
that galaxy. JS (Jaaniste & Saar, 1978) realised the importance of inclination angle
and proposed the PA-inclination method. They analysed not only the distributions of
galaxy PA, but also considered another importance parameter- the galaxy’s inclination
with respect to the observer’s line of sight, i.e., the inclination angle, as described by
Holmberg (1946). These two angles allowed to find orientations of the two possible
vectors normal to the galactic plane, one of them being assumed to be the galactic
rotation axis or spin vector of galaxy. Later, Flin & Godlowski (1986) studied the JS’s
(Jaaniste & Saar, 1978) approach and corrected a few inconsistencies and then proposed
a model, called ’position angle - inclination angle’ method which we describe below.
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2.6.1 Flin-Godlowski Transformation

The ’position angle-inclination’ method is used to obtain three-dimensional information
of the angular momentum vector of galaxies with respect to an arbitrary coordinate
system. This method was established by Flin & Godlowski (1986). It is necessary to
define a reference frame with respect to the plane of cluster to investigate the possible
alignment.

We derive the expressions for angular momentum vectors of the galaxies and its projec-
tions assuming their distribution in the equatorial co-ordinate system (E, hereafter). An
observer is situated at the origin of the E system. The X-Y plane represents the plane of
the E system (i.e., equatorial plane) and the coordinates α and δ represent the equatorial
longitude and latitude, respectively. The X-axis (EX) is directed towards the center of
the equatorial plane (α = 0, δ = 0). The Y and Z-axis (EY and EZ) are directed towards
the point α = π/2, δ = 0 and north equatorial pole (α = π/2, δ = π/2), respectively.

Let us assume another coordinate system. The origin of the this system is at the galaxy
center. In this system, U and V-axes are perpendicular to each other and tangent to the
celestial sphere, as shown in Figure 9. The U-axis is parallel to the equatorial latitude.
The W-axis is perpendicular to both U and V-axes and is the extension of the connecting
line between the centers of the cluster to the center of galaxy. This axis points out of the
sphere. These can be seen in Figure 9. Figure 10a shows the detailed view of the galaxy
showing the vectors described above. The angle q is an angle between the U-axis and
the projection of galaxy major axis a on the celestial sphere. The minor axis is denoted
by b. The angle q is related to the equatorial position angle p, measured in the equatorial
coordinate system is given by the expression: q = p − π/2 and is measured from −π/2
to +π/2.

Let us extend the normal to the galaxy plane passing through the origin of equatorial
system. For an inclination angle, i, there will be two possible normals N1 and N2, and
hence two possible positions of the galaxy rotation axis. The angular momentum vector
is situated along one of these two normals. Let us consider N1 and N2 as the galaxy
angular momentum vectors. It is seen from the Figure 10a that there are other two spin
vectors N3 and N4 oriented just opposite to N1 and N2. N1 and N3 can be identified as
one rotation axis whereas N2 and N4 as second rotation axis. So the ambiguity of four
solutions for the spin vectors can be reduced to an ambiguity of two solutions. Therefore,
just N1 and N2 are used for the statistical investigation.

The vectors N1 and N2 in the E system are

N1 = −W cos i + sin i(V cos q +U sin q)

N2 = −W cos i − sin i(V cos q +U sin q)
(2.39)
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Figure 9: The coordinate system used for the derivation of the angular momentum vectors of the galaxy
and its projection. Here α and δ represent right ascension and declination of the galaxy. (Kausch et al.,
2004)

Figure 10: (a) Axial ratios and rotation axes of the galaxy: a and b are the major and the minor axes,
q = p− π/2, N1 and N2 corresponds to the two possible rotation axes. (b) The polar and azimuthal angles
(θ and φ) with respect to the equatorial coordinate system. (Kausch et al., 2004)

Where, cos i is given by Holmberg (1946) with the flatness factor q∗ and is

cos2 i =
[(b/a)2 − (q∗)2]

1 − (q∗)2
(2.40)

and (V cos q + U sin q) is the projection of the normals to the U-V plane. Now we
apply the method of coordinate translation here. The galaxy related reference frame
is translated to the center of the E system. This translation allows us to express the
coordinates U, V and W in the E system. In the E system, these coordinates are the
functions of right ascension (α) and declination (δ) only and they can be written as
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follows:

U = (− sinα cosα,0)
V = (− sin δ cosα,cos δ sinα,cos δ)
W = (cos δ cosα,cos δ sinα, sin δ)

(2.41)

here, − sinα, cosα and 0 are the functions of the vector U along X, Y and Z axes,
respectively. Similarly, − sin δ cosα, − sin δ sinα, cos δ and cos δ cosα, cos δ sinα,
sin δ are the functions of the vectors V and W along X, Y and Z directions, respectively.

Substituting the values of U, V and W from equation (2.41) in (2.39) we get,

Nix = − cos i cos δ cosα + sin i(∓ cos q sin δ cosα ∓ sin q sinα);
Niy = − cos i cos δ sinα + sin i(∓ cos q sin δ sinα ± sin q cosα);
Niz = − cos i cos δ ± sin i cos q cos δ;

(2.42)

where the upper and lower signs are for i = 1 and 2, respectively. Now we introduce two
angles: polar (θ) and azimuthal angle (φ) of galaxy rotation axis. The polar angle (θ),
is the angle between the Ni vector and the galactic plane. The angle between the X-axis
and the projection of the Ni vector on the galactic plane is termed as the azimuthal angle
(φ). It should be noted that the reversal of the vectors N1 and N2 transforms the θ and φ
values into −θ and φ + π, respectively. From Figure 10b, we can write,

Nix = cos θ cos φ;
Niy = cos θ sin φ;
Niz = sin θ.

(2.43)

Comparing the equations (2.42) and (2.43) gives,

sin θ = − cos i sin δ ± sin i cos q cos δ;

sin φ =
− cos i cos δ sinα + sin i(∓ cos q sin δ sinα ± sin q cosα)

cos θ
; (2.44)

cos φ =
− cos i cos b cosα + sin i(∓ cos q sin δ cosα ∓ sin q sinα)

cos θ
.

Substituting q = p − π/2 in equation (2.44),

sin θ = − cos i sin δ ± sin i sin p cos δ;

sin φ =
− cos i cos δ sinα + sin i(∓ sin p sin δ sinα ∓ cos p cosα)

cos θ
; (2.45)

cos φ =
− cos i cos δ cosα + sin i(∓ sin p sin δ cosα ± cos p sinα)

cos θ
.

Using equation (2.44), the spin vector orientation of a galaxy can be derived. These
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equations (2.42) and (2.43) derived above are called ‘Godlowski-Transformation’ or
‘Godlowskian Model’(Flin & Godlowski, 1986). In the equation (2.44) the position
parameters are equatorial system parameters. Expressions (2.44) and (2.45) give two
solutions for both θ and φ for a given value of i. Hence, 4 solutions are obtained for
the angular momentum vector of the galaxy. However, for a large sample of galaxies
it is hardly possible to determine - for each galaxy - which one is the physical correct
one. We count each of these possibilities independently for statistical analysis. The
expressions (2.44) and (2.45) give single solution for both θ and φ when a galaxy is
seen exactly face-on (i = 0◦). When seen edge-on (i = 90◦), the two solutions for both
and differ just in sign. In the case of θ, both solutions converge when approaching the
equatorial pole or for galaxies with equatorial PA = 0◦. In the case of φ, both solutions
just differ in sign for α = 0◦. More interestingly, the characteristics of the solutions for
and are also strongly influenced by the used coordinate system. This was already noted
by Flin & Godlowski (1986). These authors suggested an analytical method to remove
these selection effects due to positions.

2.7 Galaxy Evolution Models

Galaxy evolution process concerned with the formation of the heterogeneous Universe
from the homogeneous beginning. Galaxy formation and evolution is the process that
have generated variety of structures over time. It is driven by the dynamical process
including mergers, tidal interactions and instability. To study these effects cluster en-
vironment may be the useful laboratory. Galactic clusters are gravitationally bounded
large-scale structure of the multiple galaxies.

The evolution of these aggregates is determined by time and manner of formation and
the process of how their structures and constituents have been changing with time.
Gamow (1952) and Von Weizsäcker (1951) made it clear that the observed rotations of
galaxies are important for cosmology. According to them, galaxy rotation might be a
clue of physical conditions. Thus, the distribution of spatial orientations of the angular
momentum vectors of galaxies to be very important.It could allow us to know the origin
of angular momenta of galaxies.

The theoretical models explaining galaxy evolution are the ‘hierarchy’, the ‘primordial
vorticity’,and ‘pancake’,. These three existing theories are contradictory as to their
predictions are completely different from each other. A brief description of these
theories are given in the next section.
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2.7.1 Hierarchy Model

This model was established by Peebles in 1969 (Peebles, 1969). This model is thought of
as a ’bottom-up’ scenario. According to this model, the directions of angular momentum
vectors of galaxies are distributed randomly. In this model, galaxies were first formed
and they obtained their angular momenta by tidal force while they were gathering
gravitationally to form a cluster. In the hierarchy scenario, galaxies form and grow
by subsequent merging of proto-galactic condensations or even by merging of already
fully formed galaxies. In this scheme, one could imagine that the large irregularities
like galaxies grew under the influence of gravities from small imperfection in the early
Universe. The angular momentum is transferred to a developing proto-galaxy by the
gravitational interaction of the quadrupole moment of the system with the help of tidal
field of matter. Peebles (1969) assumed that the torque experienced by a young galaxy
is the product of its quadrupole moment and the tidal field due to other galaxies.

To find quadrupole moment of a young galaxy, a homogeneous ellipsoid of revolution
model is taken into consideration. The quadrupole moment is given by Peebles (1969),

Q =
∫

ρ(3z2 − r2)d3r (2.46)

Where, ρ represent volume charge density, z and r position of field point and position of
source point, respectively.

Let us consider another neighbor galaxy having M , is at a distance r away in a direction
θ relative to the z-axis. The magnitude of the torque exerted by the tidal field of this
galaxy is given by,

τ =
3
4

GMQ
r3 sin 2θ (2.47)

Now ensemble average value is determined by considering point masses and two-point
distribution function. The expression for the mean square torque takes this form,

〈τ2〉 =

(
3
4

GMQ
)2 ∫

P(r)d3r
sin2 2θ

r6 (2.48)

Here, P(r) is the two-point distribution function which gives the probability that a galaxy
is at r0 + r , given that a galaxy is at r0 is position of reference point. Peebles (1969),
approximate P as zero inside an excluded separation distance D and constant separation
outside. The radius of the volume belonging to each galaxy is found to be,

D ∼
(

3M
4πρ

)1/3
(2.49)
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Therefore, the ensemble average of torque is given by,

〈τ2〉1/2 =

(
2π
5

)1/2 GMQ
D3/2

( ρ
M

)1/2
=

1
3

(
2

15

)1/2 Q
t2 (2.50)

where, t2 = 2R3/(9GM), A few globular clusters can be disrupted because of tidal
interactions betweenmerging fragments. In the hierarchical merger model, the disrupted
systems would have led to the present distribution of halo stars throughout the spheroid.
It can be expected that there is no net rotation of object in the halo because of many
random mergers. In addition, this model predicts that a few proto-galactic fragments
should still be out there. A significant number of small galaxies orbiting the Milky way
and near by Andromeda are possibly the examples.

2.7.2 Primordial Vorticity Theory

The primordial vorticity theory was proposed by Ozernoy (1974), Ozernoy (1978) and
Stein (1974). This theory predicts that the angular momentum vectors of galaxies are
distributed primarily perpendicular to the cluster plane. This model is called ’top-down’
scenario and also called turbulence model. In this model, first flattened rotating proto-
clusters formed due to cosmic vorticity in the early universe. Subsequent density and
pressure fluctuations caused galaxies to form. The idea that galaxy formation is initiated
by primordial turbulence has a long history Von Weizsäcker (1951);Gamow (1952).

Ozernoy (1978) proposes that galaxies form from high-density regions behind the shocks
produced by turbulence. This theory predicts that the presence of large chaotic velocities
generates turbulence, which, in turn, produces density and pressure fluctuations.

According to Stein (1974), Density fluctuations on the scale of clusters of galaxies could
be gravitationally bound, but galactic mass fluctuations are always unbound. Galaxies
form when unbound galactic mass eddies, expanding faster than their bound cluster
background. So forming galaxies collide with each other as clusters start to recollapse.
These collisions produce shocks and high-density proto-galaxies at the eddy interfaces.
As clusters recollapse, the system of galaxies undergoes a violent collective relaxation.

2.7.3 Pancake Model

The pancake model of the galaxy evolution was first introduced by Zel’Dovich (1970)
later extended by Doroshkevich (1973) and Doroshkevich & Shandarin (1978), which
predicts that the angular momentum vectors of galaxies tend to lie within the cluster
plane. This model is also called a ’top down’ scenario. In this scenario, the formation
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of clusters took place first and it was followed by their fragmentation into galaxies
due to adiabatic fluctuations. The non-linear gravitational instability theory Zel’Dovich
(1970); Doroshkevich et al. (1974);Doroshkevich et al. (1976);Zeldovich & Novikov
(1983), explain that the growth of small inhomogeneities in the early Universe causes
the formation of thin, dense, and gaseous condensations that are called ‘pancakes’. These
condensations then compressed down and heated to high temperatures by shock waves
causing them to quickly fragment into gas clouds and continuous clumping of these
clouds lead to the formation of galaxies and their clusters.

Thermal, hydrodynamic, and gravitational instabilities arise during the course of evolu-
tion. It leads to the fragmentation of gaseous proto-clusters and, subsequently, clustering
of galaxies takes place. The pancake scheme follows three simultaneous processes: first,
gas cools and new clouds of cold gas form; secondly, these clouds cluster to form galax-
ies; and thirdly, the forming galaxies and, to an extent, single clouds cluster together to
form a cluster of galaxies.

2.8 Spatial Orientation of Galaxies: Literature Review

Amethod for studying the galaxy orientation was proposed by Hawley& Peebles (1975).
In their method, the observed position angles (hereafter PAs) and axial ratio distributions
are analyzed independently. They also introduced the Fourier method of analyzing PA
histograms. Jaaniste & Saar (1978) was proposed second approach in which another
important parameter, the galactic plane inclination to the observer’s line-of-sight, was
also taken into the consideration.

Later, Flin & Godlowski (1986) corrected the inconsistencies in the Jaaniste & Saar
(1978) approach in the name of position angle - inclination method. In this method two
dimensional information is used to generate the full three dimensional information about
the galaxy orientation. Aryal et al. (2001) developed a method to minimize the selection
effect using numerical simulation. These days study of galaxy orientation is based on
position angle−inclination method along with numerical simulation.

2.8.1 Two Dimensional Study: Between 1975 - 1985

The summary of the results that were published from 1975-1985 is presented in tabular
form (Table 1) in which the two-dimensional study of the orientation of galaxies was
carried out. The database is listed in the first column. The general results are explained
in the second column and the last column, followed by references.
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The pancake theory rose in popularity during the 1970s. Authors were expecting to
observe strong alignments in the clusters.

(i) Hawley & Peebles (1975) observed position angles and axial ratio distributions
are analysed independently. They also presented position angle distributions in 5 559
galaxies within the direction of Coma and Virgo cluster. No significant alignment effects
were noticed.

(ii) Thompson’s (Thompson, 1976) research into the galaxy orientations in eight Abell
clusters was published. In the PA distribution, he found preferred alignment in the only
cluster (Abell 2199). He also noticed a tendency for galaxies in Coma to point towards
the cluster center. This result contradicts the result of Hawley & Peebles (Hawley &
Peebles, 1975).

(iii) Macgillivary (MacGillivray et al. (1982); (MacGillivray & Dodd, 1985)) investi-
gated 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. Their result
for the Coma cluster was the same as the Thompson’s result.

(iv) Djorgovski (1983) analysed their data and observed very prominent alignment
effects. He found that galaxies tend to align in the east-west direction with a high degree
of significance.

(v) Strom & Strom (1978) studied the Perseus-Pisces Supercluster and noticed a distinct
preference of the ellipticals to align with the main cluster chain.

(vi) Gregory et al. (1981) noticed alignments and perpendicularity at a larger scale in the
Perseus-Pisces Supercluster. During this time, database come from the transparent plates
collected from ground based optical telescopes. The techniques of interferometry and
photometry were widely used.The resolution was up to 20 mag/arcmin. This resolution
was not sufficient to resolve dwarf galaxies as well as late type spirals. The error in
the photometric measurement was up to 30% (Strom & Strom, 1978). Therefore, the
database was dominated by either normal spirals and bright elliptical. As we know that
spirals are supported by rotation where as elliptical are supported by random velocity
dispersion. In any case, the net angularmomentumof an isolated system (groups, clusters
and Superclusters of galaxies) should vanish according to cosmological principle. These
galaxies are formed because of merging and collision processes. These processes lead
anisotropic in the distribution of angular momentum vectors (Peebles, 1969). Therefore
most of authors have found anisotropic (non-vanishing angular momentum) result in
the clusters. The database of Supercluster (LSC) galaxies was rich because of their low
redshift (z<0.01). The position angle and axial ratio distribution were studied for spirals,
ellipticals and irregulars. They (Helou, 1984); (Dekel, 1985) found inconsistent result
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in spirals and ellipticals.

Table 1: A brief description of the two-dimensional study in the field of spatial orientation of galaxies
published before 1986.

Sample/Database Result & Conclusion Reference
Local Supercluster • spin vectors (SV) of local Supercluster (Reinhardt & Roberts, 1972)
(LSC) galaxies tend to lie perpendicular

to local Supercluster plane.
Several Clusters • Couldn’t find anything interesting (Hawley & Peebles, 1975)
Eight Abell • tendency for galaxies in Coma cluster (Thompson, 1976)
Clusters to point toward the cluster center.
Perseus-Pisces • noticed a distinct perference (Strom & Strom, 1978)
Supercluster of the elliptical to

align with the main cluster chain.
Several groups • weak tendency of galaxies (MacGillivray & Dodd, 1979),

to be aligned with, or (MacGillivray & Dodd, 1985)
& Clusters perpendicular to, their radius vectors

cluster.
Perseus-Pisces • noticed alignments and (Gregory et al., 1981)
Supercluster perpendiculary at a large scale.
Local Supercluster • tendency for galaxies to be (MacGillivray et al., 1982)
(LSC) parallel to Local Supercluster (LSC)

plane with some secondary dependence
on the Supergalactic latitude.

6727 galaxies • very prominent alignment effect. (Djorgovski, 1983)

Spiral pairs • mutual orientations of the (Helou, 1984)
in Spiral spin vectors in spiral pairs.

• the spin vectors be antiparallel,
effect was stronger for the pairs
with the lower mass

Local Supercluster • systematic effect in alignment and (MacGillivray & Dodd, 1985)
Spirals winding direction of local Supercluster

spiral, the effect be
strongest for intermediate types.

2.8.2 Three Dimensional Study: Between 1986-2003

The result of the works in which a three-dimensional analysis of galaxy orientation has
been published during the period of 1986-2003 are summarized in Table 2. The nature
of the database is given in the first column of the table. In the next column, the selection
criteria based on the database are explained. General results and references are given
in the last two columns. The spectrometric techniques and the application of charge
couple device (CCD) has been extensively used in the ground based optical telescope,
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after 1985. Therefore, the error in the magnitude and the redshift has been significantly
decreased. However, resolution was not significantly increased. It means the quality of
photometric database (axial ratio, position angle, etc.) was moderately improved. For
the high redshift galaxies, the information regarding morphology and magnitude was
rather poor. However, the population of galaxies has been significantly increased. It can
be seen in the Table 2 that the most of the results suggest anisotropy in the distribution
of angular momentum vectors in the cluster. In other words, it is found that the net
angular momentum of galaxies in the groups and clusters is non-vanishing, supporting
either Pancake (Doroshkevich, 1973) or primordial vorticity theory (Ozernoy, 1978);
(Stein, 1974). For the local Supercluter galaxies, most of the author (see Table 2)
found to support pancake model. Because of this result, pancake model was becoming
popular even in cosmology. The major achievement of this period is the realization
of a three-dimensional parameter, called inclination angle, the angle between line-of-
sight and the normal to the galaxy. The technique for calculating inclination angle was
investigated using landmark experimental work of Holmberg (1946) . This method has
been improved for different type of galaxies Godłowski et al. (2003).

Table 2: A brief description of published studies 1986-2003.

Database Selection Result & conclusion Reference
criteria

1275 LSC • Radial • anisotropic distribution. (Flin & Godlowski, 1986)
galaxies Velocity • SVs of galaxies tend to
(UGC) (hereafter lie parallel to the LSC

plane.
RV) <2600 • anisotropy increases as axial
km s−1 ratio increases.

• supports pancake model.
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Database Selection Result & conclusion Reference
criteria

618 LSC • RV<3000 • isotropy in most cases. (Kashikawa & Okamura, 1992)
galaxies km s−1 • noticed bimodal
(PANBG) • −3 ≤ near LSC plane SVs

• −3 ≤ distribution parallel,
T (morphological • Virgo cluster show
type index) ≤ 10 anisotropic and spin

vectors tend to towards
Virgo cluster center
• supports pancake model.

2227 LSC • RV < 2600 • anisotropic distribution. (Godłowski, 1993)
galaxies km s−1 • SVs of galaxies tend to lie
(UGC, ESO, parallel to the LSC plane.
RCGR & • projections of SVs tend
TNGC) to point towards

Virgo center.
• supports pancake model.

2227 LSC • RV < 2600 • anisotropic distribution. (Godłowski, 1994)
galaxies km s−1 • azimuthal angle
(UGC, ESO, distribution strongly
(UGC, ESO, depends on supergalactic
RCGR & coordinates (L,B) and RV.
TNGC) • supports pancake model.
310 Virgo • RV<2700 • anisotropic distribution. (Hu et al., 1995)
cluster km s−1 • SVs projections of
galaxies galaxies towards the

Virgo center
(VCC, FGCP, • morphological

dependence.
UGC) • SVs tend to

perpendicular
302 Field • RV < 3000 • anisotropy in the (Yuan et al., 1997)
galaxies km s−1 azimuthal angle
(PANBG) • −3 ≤ T ≤ 10 • projections of SVs

• R ≥ 60 point ± 300

to Virgo center.
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Sample Selection criteria Result & conclusion Reference
491 galaxies • b/a < 0.30 • galaxy major planes (Godlowski et al., 1998)
in field of (a & b: major be perpendicular to
the Abell and minor direction of PA of the

cluster.
0754 (CUSSC) diameters, • SVs parallel
18 subclusters • RV < 2800 • a strong systematic (Godlowski & Ostrowski, 1999)
of the LSC km s−1 effect,
557 galaxies • 6000 ≤ RV • anisotropic (Flin, 2001)
of Coma ≤ 8000 km s−1 distribution.
Supercluster • SVs lie in
(CGCG,UGC, • 11h.5 < α < plane of Supercluster.
RC3, NED) 13h.5, 180 • projection of SVs

< δ < 320 towards the
Supercluster

Cluster II Southern Sky evidence for (Baier et al., 2003)
Object Catalogue, non-random alignment
947 galaxies in Abell and

Abell 14 confirm subclustering
Coma cluster 6724 galaxies • a deviation from (Kitzbichler & Saurer, 2003)

within region of random orientation is
about 2.6◦ x 2.6◦ noticed because of

merging mutual
interaction of
merging galaxies

2.8.3 Three Dimensional Study: Between 2004-2020

This period begins with the work of Godlowski (Flin et al., 2004) and Aryal & Saurer
(2004). Their work is different from previous work because of two following aspects:
(1) They identified in completeness of the database and used numerical simulations to
minimize such effects. (2) They used various statistical methods including Fourier tests
in which the orientation has used as third parameter which is obviously a dependent
variable.
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Table 3: A brief description of the study which was published during 2004 to till date.

Sample/Database Result & Conclusion Reference
8 Abell clusters of • supports pancake model by (Aryal & Saurer, 2004)
BM type I 4 clusters where as Hierarchy

by the rest 4 Abell clusters
Shapley Supercluster • low radial velocity galaxies (Aryal & Saurer, 2005a)

showed anisotropy
Tully’s galaxy groups • found limiting case for vanishing (Godłowski et al., 2005)

and non-vanishing
angular momentum of galaxies

7 Abell clusters of • systematic change in the galaxy (Aryal et al., 2007)
BM type II alignments from BM type I to

type III is found
10,562 galaxies in the • preferred alignments are Aryal et.al. 2010
local supercluster noticed for two subsamples

having 1500-2000 Km s−1

3000-3500 Km s−1 radial velocities
247 optically selected rich • dependence of alignments with (Godłowski et al., 2010)
Abell cluster respect to cluster richness is noticed
having ≥100 galaxies
Galaxy groups in local • a random orientation of Godlowski & Flin 2010
Supercluster galaxies in the group is noticed
18 Tully groups of • orientation of galaxies in all (Godlowski, 2011)
galaxies 18 Tully groups of galaxies are

found to be random
Three merging • A relation between stages of (Aryal et al., 2012)
binary cluster merging and the non-random

alignments of galaxies in the
Superclusters are noyiced

1056 galaxy structures with • significant alignment was found (Panko et al., 2013)
known morphology for elongated BM type I clusters
Six rotating cluster • No preferred alignment of (Aryal et al., 2013)
of galaxies galaxies is noticed
377 Rich ACO galaxy • strong alignment is noticed for B-M (Biernacka et al., 2015)
Cluster with redshift< 0.2 type I clusters with ellipticities e>0.2
Six dynamically unstable • Random orientation of galaxies (Yadav et al., 2017)
Abell clusters in these cluster is noticed
Supercluster • no preferred alignments of galaxies (Malla et al., 2019).
S [202-001+0084] in the cluster is noticed
247 Abell rich • found preferred alignments of (Pajowska et al., 2019)
galaxy cluster galaxies in the cluster

• noticed morphological independence
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2.9 Research Gap in Galaxy Orientation Study

After an extensive literature review, we noticed following research gaps in the study of
preferred alignments of angular momentum of galaxies in the Superclusters and their
substructures:

1. According to the cosmological principle, the directional parameters or dynamical
variables (e.g., angular momentum vectors of galaxies) should be distributed
isotropically at the large scale structure. Therefore, the total angular momentum
vectors galaxies in the clusters or Superclusters should be zero (or vanishing
angular momenta). Though, a large number of studies showed that the clusters of
galaxies advocate non-vanishing angular momentum. In the case of Supercluster,
only a few studies have been carried out. Therefore a study of distribution of
angular momentum vectors of galaxies is important to validate the cosmological
principle at the large scale structure. For a rotationally supported system (e.g.,
galaxies, stars, clouds, etc), the distribution of the angular momentum vectors can
be an indicator of the initial conditions when these structures formed, provided
the angular momentum of have not significantly changed since their formation
((Von Weizsäcker, 1951), (Gamow, 1952) ). Thus, a thorough study of the spatial
orientations of angular momentum vectors of galaxies in the large scale structure
is needed. Sloan Dizited Sky Survey (SDSS) data provides a very accurate
spectroscopic and photometric data of a large number of galaxies in the clusters
and Superclusters. A systematic analysis of angular momentum of galaxies in the
Superclusters would be important to understand evolution of galaxies in the large
scale structure of the Universe.

2. Peebles (2019 Noble prize winner) pioneer work (1969) on angular momentum
of galaxies was published in 1969 (Peebles, 1969). Since then, many researchers
began working on this issue. For the last 45 years, more than 150 works on an-
gular orientation have been published. Here we summarize a few leading works.
Doroshkevich (1973) and Shandarin (1974) suggested the ‘pancake model’ in
which they predicted that the angular momentum vectors of galaxies tend to lie
within the cluster plane. Another important model, named ‘primordial vorticity’
(Ozernoy, 1978) advocates that the angular momentum vectors of galaxies tend
to be oriented perpendicular to the cluster plane. According to the ‘hierarchy
model’ (Peebles, 1969) the directions of the angular momentum vectors should be
distributed randomly. Authors have drawn different conclusions regarding these
three scenarios: (1) no preferred alignment supporting hierarchy model ((Helou
& Salpeter, 1982), (Bukhari & Cram, 2003), (Aryal & Saurer, 2005a), (Aryal,
Paudel, & Saurer, 2008), (Aryal et al., 2012), (Aryal et al., 2013), (Godlowski
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et al., 1998) (Yadav et al., 2017), (Malla et al., 2019)), (2) tend to orient par-
allel ((Jaaniste & Saar, 1978), (Flin & Godlowski, 1986), (Godłowski, 1993),
(Godłowski, 1994), (Godlowski et al., 1998), (Wu et al., 1998), (Flin, 2001)) or
perpendicular ((Reinhardt & Roberts, 1972), (Gregory et al., 1981),(MacGillivray
et al., 1982), (Baier et al., 2003)) with respect to the cluster (or LSC) plane, (3) bi-
modal tendency (Kashikawa & Okamura, 1992) (4) local anisotropy ((Flin, 1995),
(Djorgovski, 1983),(Aryal & Saurer, 2004), (Aryal & Saurer, 2005b), (Aryal &
Saurer, 2006), (Aryal & Saurer, 2006), (Aryal et al., 2013)), (5) global anisotropy
(Parnovsky et al., 1994), etc. (Godlowski & Ostrowski, 1999) noticed a strong
systematic effect, generated by the process of de-projection of a galactic axis from
its optical image. These results suggest different alignments of galaxies in clusters
and Superclusters. However, SDSS database was not available at that time and all
of the above works have used photometric databases (e.g., ESO, POSS, IC, MGC,
etc). It is essential to reveal the reason behind these differences. These differences
might be correct or need revision. We plan to work on an SDSS database using
both photometric and spectroscopic parameters of Supercluster galaxies.

3. The Local Supercluster (LSC hereafter) is the nearby Supercluster of galaxies
that have mean radial velocity less than 3000 km/s galaxies. Godłowski (1993)
analysed the orientations of 2227 LSC galaxies and concluded anisotropic dis-
tributions. (Godłowski, 1994) studied the dependence of galaxy alignment on
radial velocity (RV) of 2227 galaxies in the Local Supercluster (LSC) and found
anisotropy for the galaxies that have RVs 1000 km sto 1500 km/s. He concluded
the dominance of Virgo cluster galaxies in this bin. (Aryal et al., 2010) studied
preferred alignments of 10,562 galaxies in the LSC. This is the largest analysed
database till date. They concluded that the galaxies having low radial velocities
(less than 800 km/s) showed a preference in the alignments. In the present work,
we intend to go deep in the sky (higher redshift than LSC galaxies) to study the
preferred alignments of galaxies in the distant Superclusters and compare it with
the LSC galaxies. Fortunately the SDSS database provides such a rare opportunity
these days.

4. Aryal& Saurer ((Aryal & Saurer, 2004),(Aryal& Saurer, 2005a), (Aryal& Saurer,
2006)) and (Aryal et al., 2007) analysed the spatial orientations of galaxies in 32
Abell clusters of BM type I, II, II-III and III (Bautz & Morgan, 1970) using
Palomar Sky Survey database. BM classification is actually morphological clas-
sification of galaxy clusters: BM type I refers to regular clusters with dominating
central galaxy, BM type II are those clusters which have more or less similar
photometric galaxies with any to-be-regular shape, BM type II corresponds to
those aggregates of galaxies which are irregularly shaped having more late-type
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spirals, can be L-type or even more complex. They noticed a systematic change
in the galaxy alignments from early-type (BM I) to late-type (BM III) clusters.
This result suggests that the spiral-rich (late-type) clusters (BM II-III and BM III)
show a preferred alignment than that of elliptical-rich (early-type) clusters. Super-
cluster contain various substructures. These substructures are similar to clusters
of galaxies in many respects. We are interested to study preferred alignments in
those substructures of Superclusters and compare it with the alignments of Abell
clusters of galaxies.

5. Liivamägi et al. (2012) compiled a set of Supercluster catalogues for the galaxies
using SDSS survey main and luminous red galaxy (LRG) flux-limited samples.
They calculated luminosity density fields using the B3-spline kernel of the radius
of 8 Mpc/h for the main sample and 16 Mpc/h for the LRG sample and define
regions with densities over a selected threshold as Superclusters. They created two
types of catalogues, one with an adaptive local threshold and a set of catalogues
with different global thresholds. They described the Supercluster catalogues
and their general properties. Using smoothed bootstrap, they found uncertainty
estimates for the density field and used these to attribute confidence levels to the
catalogue objects. They have also created a test catalogue for the galaxies from
the Millennium simulation to compare the simulated and observed Superclusters
and to clarify the methods we use. Finally they find that the Superclusters are
well-defined systems, and the properties of the Superclusters of the main and LRG
samples are similar. We also show that with adaptive local thresholds we get a
sample of Superclusters, the properties of which do not depend on their distance
from the observer. We are very much interested in compiling a database of at least
six Superclusters and finding substructures within those aggregates.

6. Einasto et al. (2011) studies the morphology of a set of Superclusters drawn 
from the SDSS DR7. We calculate the luminosity density field t o determine 
Superclusters from a flux-limited s ample o f galaxies f rom SDSS DR7, and se-
lect Superclusters with 300 and more galaxies for our study. The morphology 
of Superclusters is described with the fourth Minkowski functional V3, the mor-
phological signature (the curve in the shapender’s K1-K2 plane) and the shape 
parameter (the ratio of the shapenders K1/K2). We investigate the Supercluster 
sample using multidimensional normal mixture modelling, and use Abell clusters 
to identify our superclusters with known Superclusters and to study the large-
scale distribution of Superclusters. The superclusters in our sample form three 
chains of Superclusters; one of them is the Sloan Great Wall. Most Superclusters 
have lament-like overall shapes. Superclusters can be divided into two sets; more 
elongated Superclusters are more luminous, richer, have larger diameters, and a
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more complex structure than less elongated Superclusters. Superclusters can be
divided into four main morphological types: spiders, multispiders, laments, and
multibranching laments. They presented the 2D and 3D distribution of galaxies
and rich groups, the fourth Minkowski functional, and the morphological signa-
ture for all Superclusters. Widely different morphologies of Superclusters show
that their evolution has been dissimilar. It is therefore we hypothesize that the
preferred alignments of angular momentum of galaxies in isolated and connected
Superclusters might be different if their evolution is dissimilar. Therefore it is
essential to carry out study on all four morphological type Superclusters. We plan
to do this in the present work.

7. A complete photometric data gives valuable information regarding galaxy infor-
mation. The SDSS survey uses ultraviolet to far-infrared CCD filters in almost
all redshift limits. A strong emission through ultraviolet filter suggests the star
formation rate might be halted or slowed down in these galaxies because of the
collision within the groups, subclusters, clusters or Superclusters. Similarly, a
strong emission through infrared filter suggests a rapid star formation rate in these
galaxies. It is believed that the slow star formation rate indicates the possibility
of anisotropy (preferred orienting angle might be distorted due to collision or
merging) and the rapid star formation rate slows down the angular momentum of
the system, leading to a non-vanishing angular momentum. We intend to use a
huge database of both low (< 0.1) and high (> 0.5) redshifted galaxies in both the
ultraviolet and infrared filters in order to study the above mentioned effects.

8. In every database there are limitations, called selection effects. Selection effects 
may play an important role when galaxies are distant. The SDSS database has this 
effect because it is a ground based telescope located in the northern hemisphere 
(New Mexico, USA) of our planet. These effects can lead to artificial structures 
(Aryal et al., 2001). In most of the published works in galaxy orientation studies, 
selections of various kinds can be seen. These are mainly due to the face-on 
galaxies and inhomogeneity in positions. Only a few authors have made an 
attempt to minimize these effects (Hu et al., 2002), (Godłowski & Flin, 2009)). It 
is essential to remove such effects to avoid misinterpretations in the results. We 
intend to work on the removal of such effects by performing numerical simulation 
in all sorts of databases.

9. Godlowski et al. (2011) studied orientations of galaxies in 18 Tully’s group of 
galaxies. These groups are gravitationally bound. Therefore it has been assumed 
that these groups might be responsible for the formation of clusters of galaxies. 
Godlowski et al. (Godlowski et al., 2011) found that these groups show vanishing 
angular momenta. Panko ( Panko, 2013) studied spatial orientation of galaxies
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in 247 Abell clusters of galaxies. They noticed preferred alignments, opposite
results than that of the (Godlowski et al., 2011). We think that the evolution of
Tully’s group of galaxies and Abell clusters might be different. We intend to
find out the reason behind these two contradictory results by studying preferred
alignments of galaxies in Superclusters and their substructures.

10. Pajowska et al. (2019) found preferred alignments of galaxies in clusters when
studying rich clusters of galaxies. In addition, they noticed morphological inde-
pendence. In this paper, the crucial problem during analysis of the angles giving
spatial orientation of galaxies is that if for any reason we exclude from analysis any
type of galaxies (for example face-on galaxies), then the theoretical distribution of
analyzed angles will be modified, even in the case when the distribution of galaxy
planes is random and isotropic. In this case, a random distribution of analyzed
angles which is the base of comparison with the real one must be, in practice,
obtained from numerical simulations (Aryal & Saurer, 2000). In this work, we
want to remove such problems by performing numerical simulation for each and
every case of Superclusters and their substructures.

2.10 Objectives

The general and specific objectives of this study are given below.

2.10.1 General Objective

We aim to study preferred alignments of angular momentum of galaxies in the Super-
cluster and their substructures by calculating rotation axes and simulating it to satisfy
cosmological principle regarding large scale structure evolution.

2.10.2 Specific Objectives

Our specific objectives are as follows:

(1) We have planned to work on SDSS (Sloan Digital Sky Survey) database of six Super-
cluster galaxies of which angular momentum vectors and its projections are calculated
to identify preferred alignments of galaxies in the Superclusters and substructures.

(2) We aim to identify substructures in the Supercluster region using redshifts of each
individual galaxies and develop empirical relations between mean redshift and number
density of galaxies.
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(3) We are interested to study u-magnitude and r-magnitude distributions and hence to
find empirical relations between color-magnitude for all six Superclusters using SDSS
database of photometry.
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CHAPTER 3

3. MATERIALS AND METHODS

3.1 Selection Effect in the Database

Aryal & Saurer (2000) studied the database used by previous authors (Flin & 
Godlowski, 1986); (Kashikawa & Okamura, 1992); (Hu, 1999); (Yuan et al., 1997); 
(Ensslin et al., 1997) in their studies. They found a systematic effect in the database and 
realized that these effects should be removed from the database in order to avoid 
misinterpretations in the expected or theoretical distribution for polar and azimuthal 
angles of galaxies.

Figure 11: The expected isotropic distribution curves of the polar angle (here Θ) for different selections
on supergalactic latitude (B) and axial ratios (b/a) (Aryal & Saurer, 2000).

Figure 12: The expected isotropic distribution of azimuthal angle (here φ) for different selections on
supergalactic longitudes (L) and axial ratios (b/a) (Aryal & Saurer, 2000).

Aryal & Saurer (2000) found that selection effects concerning position and inclination
angles of galaxies result a prominent change in the shape of the distributions of polar and
azimuthal angles of galaxies in a cluster. The role of selection effects of this kind may be
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more significant when galaxies are taken from an incomplete dataset (e.g., from a limited
region of sky). Due to these effects, artificial structures of the distributions are obtained
which in turn lead to misinterpretation of results based upon them. In this paper Aryal
& Saurer (2000) discuss various possible effects due to the selection in the database.
They have shown that nature of the expected isotropic curve changes severely when
selection criteria are imposed on the dataset. They found that the isotropic distribution
curve remains cosine for polar angle and a straight line for azimuthal angle(as previously
adopted) only when there is no selection on L, B, P and i. The analytical method of Flin
& Godlowski (1986) can be used only, when there is no selection in i. In the following
points Aryal & Saurer (2000) summarize how selection effects change the shape of the
isotropic distributions:

• The isotropic polar angle distribution is independent of L but changes with B

when making selection on i.

• The isotropic distribution for polar angle is independent of B and L only when the
range of i is full (i.e. no selections made); this distribution is independent of i, if
there are no selection on positions.

• The azimuthal angle distribution is independent of the range of B, provided the
range of i is full. It changes with L even when range of B and i is full.

• The isotropic polar angle distribution is different for edge on and face- on galaxies
when making selection on B. However, the isotropic azimuthal angle distribution
remains unchanged for face-on and edge-on galaxies when the range of L is full.

Here a list publications (Table 4) in which author’s have used the method proposed by
Aryal & Saurer (2000) is shown.

Table 4: Authors used numerical simulation method. The first column gives list of published papers in
which authors have used the method proposed by Aryal & Saurer (2000). The second column gives the
number of virtual galaxies created in the simulation. Third column represents selection effect that was
noticed in their database.

S.N. Authors No. of virtual galaxies selection effect
1 (Baier et al., 2003) 105 inclination
2 (Aryal & Saurer, 2004) 105 inclination
3 (Aryal & Saurer, 2005a) 105 inclination & positions
4 ( Hu et al., 2006) 106 position angle
5 (Aryal & Saurer, 2006) 105 inclination & positions
6 (Aryal, Paudel, & Saurer, 2008) 106 inclination & positions
7 (Aryal et al., 2012) 106 inclination
8 (Godlowski et al., 2013) N/A inclination
9 (Aryal et al., 2013) 106 inclination
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S.N. Authors No. of virtual galaxies selection effect
10 (Yadav et al., 2016) 107 inclination & positions
11 (Yadav et al., 2017) 107 inclination & positions
12 (Malla et al., 2019) 107 inclination & positions
14 (Malla et al., 2020) 107 inclination & positions
15 (Godlowski et al., 2018) 107 inclination
16 (Yadav et al., 2017) 107 inclination & positions

In the present work, we have extensively used the numerical simulation method to find
the expected isotropic distributions for both polar and azimuthal angles.

3.2 Numerical Simulation

In the selection of position and inclination angles generated by SDSS survey, there may
cause various error in the results, so as to minimize these selection effects we have to
use the numerical simulation. Theoretically, the isotropic distribution curve for the polar
angle is cosine and that for azimuthal angle is the average distribution curve, with the
restriction that the database is free from selection effect. Any selections imposed on the
database, according to Aryal & Saurer (2000), may cause severe changes in the shapes of
the expected isotropic distribution curves. In their method, a true spatial distributions of
the galaxy rotation axis is supposed to be isotropic. Then, due to the projection effects,
i can be distributed ∝ sin i, δ can be distributed ∝ cos δ, the variables α and p can be
distributed randomly, and the equation (2.45) can be used to calculate the corresponding
values of polar angle (θ) and azimuthal angle (φ). We run simulations to determine
expected isotropic distribution curves for both the θ- and φ-distributions. The isotropic
distribution curves are based on simulations generating 107 virtual galaxies.

The procedure for removing selection effects to obtain the isotropic distributions for both
θ and φ as given by Aryal & Saurer (2000) is described here. We present the process
of numerical simulation for the sample S[195 + 027 + 0022] (a sample described in the
chapter 4.1.4).

At first, we studied the of right ascension (α), declination (δ), position angle (P) and
inclination angle (i) distributions for the galaxies in the sample [195+ 027+ 0022]. The
distributions of α, δ, P and i for the galaxies in the sample S[195 + 027 + 0022] are
shown in Fig. 13. The histograms represent the number of observed galaxies.

Table 5 shows right ascension (α) and declination (δ) of galaxies in the sample S
[195+027+0022]. The value of α and the observed number of galaxies are shown in the
first two columns, respectively. The last column shows the corresponding number of
virtual galaxies created for the simulation. The total number of virtual galaxy is 107 in
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Figure 13: The distributions of right ascension (α), declination (δ), position angle (P) and inclination
angle (i) of the galaxies in the Supercluster S[195+027+0022] (described in the chapter 4.1.4). The Y-axes
of histograms represent the number of observed galaxies.

the simulation. These numbers are used to make input file for the simulation.

Similarly, Table 6 shows the distributions of position angle (P) and inclination angle (i)
for the galaxies in the sample S [195+027+0022], respectively.
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Table 5: Distributions of right ascension (α/step size = 1.0◦) and the declination (δ/step size = 0.5◦)
of galaxies in Supercluster S[195 + 027 + 0022] (a Supercluster described in the chapter 4.1.4). The
distributions of right ascension and declination of galaxies are shown in Figure 13a and 13b. There
distributions are found to be inhomogeneous. Here N and N ′ represent the observed (real) number and
the corresponding virtual (generated) numbers of galaxies in the Supercluster. The total number of virtual
galaxy is 107 in the simulation.

α N N′ δ N N′

171.5 31 238095 7.25 57 438461
172.5 138 1059908 7.75 86 661538
173.5 202 1551459 8.25 52 400000
174.5 154 1182796 8.75 20 153846
175.5 286 2196620 9.25 13 100000
176.5 151 1159754 9.75 16 123077
177.5 203 1559140 10.25 20 153846
178.5 93 714286 10.75 49 376923
179.5 33 253456 11.25 82 630769
180.5 11 84485 11.75 79 607692

12.25 103 792308
12.75 173 1330769
13.25 103 792308
13.75 112 861538
14.25 110 846154
14.75 73 561538
15.25 44 338461
15.75 29 223077
16.25 29 223077
16.75 32 246154

1760 1302 107 240 1280 107
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Table 6: Distributions of the position angle (P/step size = 10◦) and the inclination angle (i/step size =
5◦) of galaxies in Supercluster S[195 + 027 + 0022] (a Supercluster described in the chapter 4.1.4). The
distributions of position angles and inclination angle of galaxies are shown in the Figure 13c and 13d.
These distributions are found to be deviated from the expected distribution (homogeneous and cosine)
Here N and N ′ represent the observed (real) number and the corresponding virtual (created) numbers of
galaxies in the Supercluster. The total number of virtual galaxy is 107 in the simulation.

P N N′ i N N′

5 70 543478 2.5 7 54517
15 66 512422 7.5 3 23364
25 70 543478 12.5 11 85670
35 63 489130 17.5 23 179128
45 70 543478 22.5 49 381620
55 66 512422 27.5 65 506230
65 67 520186 32.5 86 669790
75 79 613354 37.5 113 880062
85 92 714286 42.5 115 895639
95 91 706522 47.5 141 1098131
105 94 729814 52.5 122 950156
115 80 621118 57.5 135 1051402
125 96 745343 62.5 142 1105919
135 75 582298 67.5 87 677570
145 52 403727 72.5 94 732087
155 54 419255 77.5 61 475078
165 59 458074 82.5 23 179128
175 44 3416140 87.5 7 54517
1620 1288 107 810 1284 107

The right ascension is randomly distributed between 0◦ to 360◦ in 10 bins keeping the
bin size 1◦. The number of bin size has been fixed by using minimum standard error
propagation method (Table 6). The declination δ is randomly distributed in the range
7.25◦ to 17.25◦ in 21 bins of size 0.5◦ (Fig.13b). The distribution of the position angle P

in the range 0◦ to 180◦ in 18 bins of bin size 10◦ (Fig.13c) is quite homogeneous. There
is a inhomogeneous distribution of the inclination angle i in the range 0◦ to 90◦ (Table
6), therefore distributed in 18 bins of size 5◦.

3.2.1 Program and Input Files for Galaxy orientation Study

Matlab 7.0.1 is used to write programme and input files for the simulation. As an
example, we give program and input file for the galaxies of sample S [195+027+0022]
(a sample described in the chapter 4.1.4). The program and input files is in Appendix D.
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3.3 Number Density Map

Figure 14 shows number density map of galaxies in the Supercluster S[195+027+0022].
In the Figure, number density map for the nearest neighbour galaxies at the distance (or
radius) r=1.0◦ is shown. In other words, we have find out the number of galaxies from
each individual galaxies within a radius of 1.0◦ from that galaxy. For we have written a
program in MATLAB 7.0.1 named ’galaxy counting code’ (given in Appendix D).

Figure 14: Number density map of galaxies in the Supercluster S[195+027+0022] having nearest neigh-
bour distance r=1.0◦. Here color bars are shown.

The contour levels are shown in the color bars. Here the pink color indicates high density
of galaxies where as orange color shows low density of galaxies. In Figure 14, one dense
substructure at ∼193◦ RA (J2000) can be seen. In addition, there is another substructure
can be seen at ∼176◦ RA (J2000). We varied radius from 0.1◦ to 1.5◦ to observe the
varing nature of substructures in the result and discussion chapter.

3.4 Redshift Map

Figure 15 shows redshift map of galaxies in the Supercluster that have mean redshift
0.023. The color map shows that the velocity dispersion is minimum in the region where
number density of galaxy is minimum.
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Figure 15: Redshift map of shown for the galaxies in the Supercluster S[195+027+0022]. The color bars
for redshift is shown. The yellow region is the region of high redshifted galaxies sky blue region consists
low redsifted galaxies in this Supercluster.

Figure 15 shows that the galaxies with high redshift is not centrally located. They are
located along the major diameter of the Supercluster. We will study redshift distribution
of galaxies in the substructures of each Supercluster in the result and discussion chapter.

3.5 Magnitude Map

Figure 16 shows magnitude map of galaxies in the Supercluster S[195+027+0022]. The
SDSS r-magnitude refers to the peak wavelength 6165 Å with the bandwidth 1380 Å,
where as the u-magnitude corresponds to the wavelength of 3551Å with the bandwidth
81.673Å. In the result and discussion section, we discuss the magnitude distributions in

Figure 16: Magnitude maps of galaxies in the Supercluster S[195+027+0022]: (a) r-magnitude, (b)
u-magnitude. The colors bar are shown.

the context of spatial orientation of galaxies.
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3.6 Statistical Tests

When looking at pictures of galaxy clusters, there is no obvious alignment. Therefore,
to check preferred alignments, statistical analysis is needed. In this work, we used
the Fourier tests, auto-correlation and the chi-square. The investigation of galaxies
alignments is carried out using statistical tests of the θ and φ-distributions resulting
from the Godlowskian transformation. The computer program used in these statistical
computations were MICROSOFT EXCEL 2007, ORIGIN5.0 and ORIGINE8.0.

3.6.1 Fourier Test

The infinite series of sines and cosines which describe periodic functions whether it is
continuous or not, is known as Fourier series. In our case, we intend to study distributions
of spatial orientations of galaxies in the supercluster. We expect a periodic function
regarding orientation as suggested by physical cosmology. According to cosmological
principle, distribution of vector quantities at the large scale should be isotropic and
homogeneous. The Fourier test can be applied if the deviation from isotropy is only
varying with angles (in our case: θ and φ).

N denote the total number of solutions for galaxies in the sample, Here we assume
that the symbol and Nk the number of solutions in the k th bin, N0 the mean number of
solutions per bin, and N0k the expected number of solutions in the k th bin. Then, the
Fourier series is given by,

Nk = Nok(1 + ∆11 cos 2θk + ∆21 sin 2θk + ∆12 cos 4θk + ∆22 sin 4θk) (3.1)

Here, ∆i j coefficients represent parameters of the distribution and the angle θk is the
polar angle of k th bin. In the year 1975, Hawley & Peebles (1975) used the Fourier
Test in the galaxy orientation studies . Flin & Godlowski (1986) used it again and later
Godlowski ((Godłowski, 1993), (Godłowski, 1994)) improved the method. If we take
into account only the the first or second Fourier mode separately, then we obtain the
following expressions for the Fourier coefficients Godłowski (1994),

∆11 =
n∑

k=1
(Nk − N0k) cos 2θk/

n∑
k=1

N0k cos2 2θk (3.2)

∆21 =
n∑

k=1
(Nk − N0k) sin 2θk/

n∑
k=1

N0k sin2 2θk (3.3)

where n is the number of bins. We can obtain standard deviations (σ(∆11) and σ(∆21))
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using expressions,

σ(∆11) =

(
n∑

k=1
N0k cos2 2θk

)−1/2

(3.4)

σ(∆21) =

(
n∑

k=1
N0k sin2 2θk

)−1/2

(3.5)

The amplitude of first order coefficients is

∆1 = (∆
2
11 + ∆

2
21)

1/2 (3.6)

of which the Fourier probability is given by,

P(> ∆1) = exp(−nN0∆
2
1/4) (3.7)

with the standard deviation

σ(∆1) = (2/nN0)
1/2 (3.8)

This test was improved by Godlowski (1994) for the case when higher Fourier modes is
taken into account:

Nk = N0k (1 + ∆11 cos 2θk + ∆21 sin 2θk + ∆12 cos 4θk + ∆22 sin 4θk + . . . . . .) (3.9)

This is applicable for the data (galaxies) of very large scale structure. So, the ∆i j

coefficients are:

∆1 j =

n∑
k=1
(Nk − N0k) cos 2 jθk/

n∑
k=1

cos2 2 jθk (3.10)

∆2 j =

n∑
k=1
(Nk − N0k) sin 2 jθk/

n∑
k=1

sin2 2 jθk (3.11)

where n is the number of bins. The standard deviation is given by,

σ(∆1 j) =

(
n∑

k=1
N0k cos2 2 jθk

)−1/2

(3.12)

σ(∆2 j) =

(
n∑

k=1
N0k sin2 2 jθk

)−1/2

(3.13)
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If we analyze Fourier modes separately, the amplitude will be

∆ j =
(
∆

2
1 j + ∆

2
2 j

) 1
2 (3.14)

Which is greater than a certain chosen value of probability, given by,

P(> ∆ j) = exp
(
−

n
4

N0∆
2
j

)
(3.15)

where N0 is the numbers per bin, with standard deviation

σ(∆J) = (2/nN0)
1/2 (3.16)

However, in this approximation, the theoretical probability function pk is still symmetric
with respect to the value θ that corresponds to the value δ = 0. The expressions becomes,

∆11 =
CK −UM
AC −U2 , (3.17)

∆21 =
DL −W N
BD −W2 , (3.18)

∆12 =
−UK + AM

AC −U2 , (3.19)

∆22 =
−W L + BN
BD −W2 , (3.20)

where we have denoted following symbols as follows:

A =
∑

Nok cos2 2θk , B =
∑

Nok sin2 2θk , (3.21)

C =
∑

Nok cos2 4θk , D =
∑

Nok sin2 4θk , (3.22)

U =
∑

Nok cos2 2θ cos 4θk , W =
∑

Nok sin2 2θ sin 4θk, (3.23)

K =
∑
(Nk − Nok) cos 2θk , L =

∑
(Nk − Nok) sin 2θk , (3.24)

M =
∑
(Nk − Nok) cos 4θk , N =

∑
(Nk − Nok) sin 4θk , (3.25)

The covariance matrix Cov = G−1 is

G−1=

©­­­­­«
C/(AC −U2) 0 −U/(AC −U2) 0

0 D/(BD −W2) 0 −W/(BD −W2)

−U/(AC −U2) 0 A/(AC −U2) 0
0 −W/(BD −W2) 0 B/(BD −W2)

ª®®®®®¬
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∆11 =

∑
Nok cos2 4θk

∑
(Nk − Nok) cos 2θk −

∑
Nok cos2 2θ cos 4θk

∑
(Nk − Nok) cos 4θk∑

Nok cos2 2θk
∑

Nok cos2 4θk − (
∑

Nok cos2 2θ | cos 4θk)
2

(3.26)

σ2(411) =

[∑
Nok cos2 2θk

∑
Nok cos2 4θk −

(∑
Nok cos2 2θ cos 4θk

)2
]−1

(3.27)

×

(∑
Nok cos2 4θk

)

∆22 =
−

∑
Nok sin2 2θ sin 4θk

∑
(Nk − Nok) sin 2θk −

∑
Nok sin2 2θk

∑
(Nk − Nok) sin 4θk∑

Nok sin2 2θk
∑

Nok sin2 4θk − (
∑

Nok sin2 2θ sin 4θk)
2

(3.28)

σ2(∆22) =
∑

Nok sin2 2θk

∑
Nok sin2 4θk −

(∑
Nok sin2 2θ sin 4θk)

2
)

×

(∑
(Nk − Nok

)
sin 2θk (3.29)

It is important to understand whether the analysed distribution in the same as the the-
oretical one. We need the expression for the probability that the amplitude ∆(obtained
from all ∆i j) is greater than a certain chosen value. The formulae are given below.

I =

©­­­­­«
∆11

∆21

∆12

∆22

ª®®®®®¬
Then the formula for probability is P(∆) = (1+J/2)2 exp(−J/2), where, J =

∑∑
Gi j Ii I j .

It should note that in the case when all probabilities pk are equal (as an example, in
the case of angle η) the expressions (3.26) and (3.27) reduce to (3.10) and (3.12),
respectively.

3.6.2 Chi-square Test

Chi-square test is commonly used to compare observed data we would expect to obtain
according to a specific hypothesis. This test can be applicable even if we have inde-
pendent variables. In general, it is better to have dependent variable so that degrees
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of freedom can be reduced. This test can be used to decide whether the discrepancy
between theory and experiment is significant or not. The chi-square test is always testing
the null hypothesis, which states that there is no significant difference between the ob-
served (i.e. experimental) values and the corresponding expected (or theoretical) values.
Mathematically, it is defined by,

χ2
v =

χ2

v
(3.30)

χ2 =
∑ (Noi − Nei)

2

Nei
(3.31)

Where the summation is taken from one to n. Here n represents the number of bins
(categories), Noi and Nei represent the observed and expected isotropic distributions.

The χ2-distribution is a continuous probability distribution. The quantity χ2
v defined in

equation (3.30) has the probability distribution given by

f (χ2) =
1

2v/2Γ(v/2)
(χ2)v/2e−χ

2/2 (3.32)

where Γ(z) is the gamma function defined by

Γ(z) =
∫

0

∞

uz−1e−udu; z > 0 (3.33)

The equation (3.31) is known as the χ2 distribution with v degrees of freedom and is a
positive integer.

In an isotropic distribution, the χ2
v value is expected to be nearly zero. The probability

P(> χ2
v ) gives the observed χ2

v value is realized by the isotropic distribution. When
P(> χ2

v ) is larger. The observed distribution is more consistent with the expected
isotropic distributions. We set P(> χ2

v ) = 0.050 as the critical value to discriminate
isotropy from anisotropy, it corresponds to the deviation from the isotropy at 2σ level.
To examine the test is applied to all samples the deviations of the observed θ and
φ-distributions from the expected isotropic distribution.

3.6.3 Auto-correlation Test

The auto-correlation is defined as correlation between member of series of observation
ordered in time or space. In our case, our observations are ordered in space for all kinds
of variables, whether it is spatial orientation or redshift or magnitudes. Auto-correlation
test is a mathematical tool for finding repeating patterns and measures the degree to
which there is a linear relationship between two variables. In general, our variables are
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’dependent’ variables. But we expect to find a week or almost no dependence as well.
If the function is well defined, its value must lie in the range [−1,1], with 1 indicating
perfect (increasing) correlation and −1 indicating perfect anti-correlation (decreasing
correlation). The correlation coefficient is,

C =
∑ (Nk − Nok)(Nk+1 − Nok+1)

(Nok Nok+1)1/2
(3.34)

with the standard deviation

σ(C) = (n)1/2 (3.35)

In an isotropic distribution, correlation vanishes, so we expect to have C → 0 for there
systems which obeys cosmological principle. The correlation function is important for
theoretical models of physical cosmology because it provides a means of testing models
which assume different things about the contents of the universe.

3.6.4 Linear, Polynomial & Gaussian Fittings

In addition to above mentioned statistical tests, we also perform linear and non-linear
fittings as well. If the tested variables are dependent, or obey cosmological principle,
we apply linear fits. If the regression coefficients of linear fit is too low. we apply higher
order polynomial to measure the deviation. Gaussian fits are applied in many cases
where we expect homogeneous distributions.

3.6.5 Summary

In the present work, the conditions for anisotropy are as follows:

• the chi-square probability P(> χ2) < 0.050

• the correlation coefficient C/σ(C) > 1

• the first order Fourier coefficient ∆11/σ(∆11) > 1.5 and

• the first order Fourier probability P(< ∆1) < 0.150

• regression coefficient for linear/polynomial fits R2<0.10

These tests are used bymany authors in galaxy orientation studies, as follows: Godłowski
(1993), Godłowski (1994), Aryal & Saurer (2004),Aryal & Saurer (2006) Aryal et al.
(2007),Yadav et al. (2016) and Malla et al. (2020).
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3.7 Database of Supercluster of Galaxies

In the present study, we have used database of six Superclusters namelyS[195+027+0022],
S[173+014+0082], S[247+040+0029], S[227+006+0078], S[231+030+0117], S[184+
003+0077]. The database are obtained from SDSS DR7 (Percival et al., 2010). The
complete database is obtained from our collaboration with the Institutes of Astrophysics,
Innsbruck University, Austria.

We received 28 spectroscopic and photometric parameters of individual galaxies through
our collaborations. All together, there was 560,000 data of about 18,000 galaxies of
Superclusters. In the Appendix C, we have listed the parameters that we have used for
this study.

Below we give all sky distributions of galaxies in the six selected Superclusters. In
addition, axial ratio distributions of galaxies in their Superclusters are also given. Our
selection criteria was as follows:

(1) Database should be complete up to the axial ratio b/a = 0.75.

(2) The distributions of galaxies should not be homogeneous.

(3) Redshift of Supercluster should not exceed 0.2.

(4) SDSS database of all galaxies should be available.
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3.7.1 S[195+027+0022]

Figure 17a shows all sky distribution of galaxies in the Supercluster S[195+027+0022].
A marker galaxy is the galaxy of which luminosity profile is maximum. Total number
of galaxies in this Supercluster is 2590. Axial ratio distribution of galaxies in this
Supercluster is shown in the figure 17b. Both edge-on (b/a < 0.20) and face-on (b/a
< 0.90) are found to be less in the SDSS database. It is therefore, a selection effect is
noticed. We will remove selection effect by performing numerical simulation technique.

Figure 17: (a) All sky distribution of total galaxies of Supercluster S[195+027+0022] in the equatorial
co-ordinate system. R.A. and Dec. represent the right ascension and declination in degree. Each hollow
circle represents a galaxy. A marker galaxy (shown by red square) is the bright galaxy. There are
2590 galaxies in this Supercluster. Inhomogeneous distribution of galaxies can be seen. (b) Axial ratio
(b/a) distribution of galaxies. The Y-axis represents the number of observed galaxies in the Supercluster
S[195+027+0022].

3.7.2 S[173+014+0082]

Distribution of galaxies in the Supercluster S173+014+0082] is shown in Figure 18a.
A marker galaxy (brightest galaxy) is found to be off centrally located. Similar to the
Supercluster S[195+027+0022], selection effect against edge-on and face-on galaxies
can be seen in the axial ratio distribution (Figure 18b).
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Figure 18: (a) All sky distribution of SDSS Supercluster S[173 + 014 + 0082] of total galaxies in
equatorial coordinate system. The right ascension (R.A.) and declination (Dec.) represent in degree.
Each hollow circle represents a galaxy. A marker galaxy (shown by red square) near the highest density
peak in the Supercluster volume. There are 1302 galaxies in this Supercluster. Inhomogeneous distribution
of galaxies can be seen.(b) Axial ratio (b/a) distribution of galaxies. The Y-axis represents the number of
observed galaxies in the Supercluster S[173+014+0082].

3.7.3 S[247+040+0029]

The all sky distribution of galaxies of our database in Supercluster S[247+040+0029]
is shown in Figure 19a, which indicates the inhomogeneous distribution of galaxies.
From the figure, we can see more galaxies were found to be concentrated at the central
region of Supercluster. Figure 19b shows the axial ratio (b/a) distribution, less number
of solutions in the last four bins (nearly face-on galaxies) can be seen. Similarly, less
number of solution in the first two bins (nearly edge-on galaxies) can be noticed.

Figure 19: (a) All sky distribution of total galaxies of Supercluster S[247+040+0029] in the equatorial
co-ordinate system. Each hollow circle represents a galaxy. A marker galaxy (shown by red square)
are denoted by solid square. This Supercluster have 1331 galaxies. A Marker galaxies are denoted by
solid red square. Inhomogeneous distribution of galaxies can be seen.(b) Axial ratio (b/a) distribution of
galaxies. The Y-axis represents the number of observed galaxies in the Supercluster S[247+040+0029].
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3.7.4 S[227+006+0078]

Figure 20a shows the all sky distribution of total number of galaxies in Supercluster
S[227+006+0078]. This distribution clearly reveals that the galaxies are not equally
distributed through out the whole region: a heterogeneous distribution. Themorphology
of this Supercluster can be defined as a spider type. The histogram advocates the
deficiency of face-on galaxies in this Supercluster, giving the dominant of edge-on
galaxies (Figure 20b).

Figure 20: (a) All-sky diagram of Supercluster S[227+006+0078] showing Abell clusters. Each hollow
circle represents a galaxy. A Marker galaxy shown by red square in the Supercluster. This Superclus-
ter contains 1213 galaxies. Inhomogeneous distribution of galaxies can be seen.(b) Axial ratio (b/a)
distribution of galaxies. The Y-axis represents the number of observed galaxies in the Supercluster
S[227+006+0078].

3.7.5 S[231+030+0117]

The all sky distribution of 1172 galaxies of our database in the Supercluster S[231+030+0117]
is shown in Figure 21a. We expect homogeneous distribution of galaxies according to
cosmological principle. But the inhomogeneous can be observed in the figure. The
histograms of the observed axial ratio (b/a) distribution of galaxies is shown in Figure
21b. In the middle of the histogram, distribution of solutions are more.
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Figure 21: (a) All sky distribution of galaxies in the Supercluster S[231+030+0117]. Each hollow circle
represents a galaxy. A marker galaxy (shown by red square) in the Supercluster is the bright galaxy.
This Supercluster have 1172 galaxies. Inhomogeneous distribution of galaxies can be seen.(b) Axial ratio
(b/a) distribution of galaxies. The Y-axis represents the number of observed galaxies in the Supercluster
S[231+030+0117].

3.7.6 S[184+003+0077]

As we observe the all sky plot of Supercluster S[184+003+0077] is shown in Figure
22a, various galaxy rich regions can be noticed. Which indicates the inhomogeneous
distribution of galaxies. We can see that, almost all the galaxies were found to be grouped
in the different region of space of Supercluster. We noticed that observed number of
galaxies in lower angle region is very less but in case of higher angle region of last few
bins the observed number of galaxies is slightly greater (Figure 22b).

Figure 22: (a) All sky distribution of galaxies in the Supercluster S[184+003+0077]. Each hollow circle
represents a galaxy. A marker galaxy shown by red square in the Supercluster. There are 1365 galaxies in
this Supercluster. Inhomogeneous distribution of galaxies can be seen. (b) Axial ratio (b/a) distribution of
galaxies. The Y-axis represents the number of observed galaxies in the Supercluster S[184+003+0077].
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3.8 Flow chart of the process

Figure 23 shows flow chart of the whole methodology. Top left corner box represents
the database of SDSS Supercluster. At first, substructure classification has been made
by performing number density map of the galaxies. For this, redshift and magnitude
distributions are studied. As a next step, SDSS axial ratio is converted into photometric
axial ratio to make it comparable it with other Superclusters. After this, inclination
angle is calculated using Holmberg’s method (Holmberg, 1946). This inclination angle
of galaxies has been used to convert two-dimensional database to three dimension along
with positions angles. Later, polar and azimuthal angle distributions of galaxy rotation
axis are determined and studied using three different statistical tests mentioned above.
This is actually our observed distributions.

Figure 23: Flowchart showing data reduction and calculation of polar and azimuthal angle of galaxies in
the SDSS Supercluster.
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Figure 24: Flowchart showing random simulation method with input and program file. We have virtually
generated 107 galaxies having the similar selection effects as found in the SDSS Superclusters.

Figure 24 shows a flow chart of random simulation as suggested by Aryal & Saurer
(2000), to find expected isotropic distribution curves for both polar and azimuthal angle
of galaxy rotation axis. At first observed distributions of positions (both RA & Dec.),
position angles (P) and inclination angles (i) of galaxies of Supercluster has been studied.
In general, we noticed that there is inhomogeneous distributions of positions of galaxies
contradicting cosmological principle in all six Superclusters. So, we generated virtual
galaxies and put it in each bins of the observed distribution to make it homogeneous.
Similarly, distributions of position angles and noticed a mild deviation from expected
distribution in there parameters, suggesting a deviation from isotropy. Finally a input
program file is written for all Superclustere and their substructures. All together, we
perform 22 separate simulations to find expected isotropic distribution curves, namely,
polar and azimuthal angle distributions of galaxy rotation axes. These distributions are
compared with observed distributions.

63



CHAPTER 4

4. RESULTS AND DISCUSSION

In this chapter, we present our results regarding the spatial orientation of galaxies in
six Superclusters and their substructures. For this, the number density map, redshift
map, and magnitude map will be presented. On the basis of these studies, we classify
substructures in the Superclusters. Finally, we perform random simulations to find
expected isotropic distribution curves for both polar and azimuthal angles of galaxy
rotation axes for the Superclusters and their substructures. In this way, we discuss all
six Superclusters and finally, the comparison will be made with previously published
works.

4.1 Supercluster S[195+027+0022]

In this section, we study Supercluster S[195+027+0022] which is located in the northern 
hemisphere with respect to the equatorial coordinate system. The mean redshift of 
this Supercluster is 0.023 (radial velocity 6,900 km s−1), and it has 2590 galaxies. The 
distance of this Supercluster is 100 h−1Mpc (Einasto et al., 2011). At first, we studied 
the number density map by varying distances from each galaxy. After this, we discuss 
the redshift map of this Supercluster. On the basis of these two studies, we classify 
substructure regions in the Supercluster. As a next step, we validate substructures using 
r- and u-magnitude distributions. The red (r) magnitude refers to the Hα emission from 
the galaxies in the Supercluster, and the ultraviolet (u) magnitude refers to the abundance 
of young stellar objects. Finally, preferred alignments of galaxies in the Superclusters 
and their substructures will be studied. For the preferred alignments, angular momentum 
vectors are calculated for each galaxy. These vectors are resolved as polar and azimuthal 
angles of galaxies. To sum up, a general discussion will be made at the end.
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4.1.1 Number Density Map

Figure 25 shows the number densitymapof galaxies in the Supercluster S[195+027+0022].
We have determined number density around each galaxy using an algorithm named
′galaxy counting code′ (Appendix D). Here, In Fig. 25a, the number density map for
the nearest neighbour galaxies at the distance (or radius r) 0.50◦ is shown. At 28◦

declination, the number density of galaxy is found to be maximum. The color levels are
shown. Now, the nearest neighbor distance is increased to 0.75◦, 1.0◦ and 1.25◦ from
each galaxies (Figures 25b-e). The size of the largest substructure at 28◦ declination
continuously increased. One additional substructure appeared at 20◦ declination. When
the radius increased to 1.5◦, the lower substructure gets merged. it is therefore, we set
nearest neighbour radius r = 1.5◦ for the substructure classification.

Figure 25: Number density map of galaxies in the Supercluster S[195+027+0022] having nearest neigh-
bour distance of each individual galaxies at (a) r=0.5◦, (b) r=0.75◦,(c) r=1.0◦, (d) r=1.25◦ and (e) r=1.5◦.
The color bars are shown. As the radius increases, the subclustering becomes prominent.
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4.1.2 Redshift Map

Figure 26: Redshift map is shown for galaxies in the Supercluster S[195+027+0022]. The mean redshift
of Supercluster is 0.023. The contour levels are at the redshift 0.015, 0.020, 0.024, 0.028, 0.032. In
the substructure region, galaxies hardly have identical redshifts. (b) Number of galaxies in substructures
versus mean redshift plot in the Supercluster. The statistical ±1σ error bars are shown. Here S1, S2, S3
represent substructures in the Supercluster. Coefficients of regression is shown.

Figure 26 shows a redshift map of galaxies in the Supercluster that have amean redshift of
0.023. The color map shows that the velocity dispersion is minimum in the region where
the number density of galaxy is minimum. In the substructure region at 28◦ declination,
the mean redshift is found to be |z|= 0.023, whereas the lower and upper substructure
show |z|= 0.022 and 0.024, respectively. It seems that there is a linear relationship
between redshift dispersion and the number density of galaxies in the substructures,

Ns(1) = −2.91 × 105 |z | + 7130.20 (4.1)

We varied the nearest neighbour radius to 1.0◦ and 1.25◦ and calculated the slope of a
linearly fitted line as above and found exactly the same. Therefore, we propose empirical
relation (equation 4.1) between number density and redshift dispersion of galaxies in
Supercluster S[195+027+0022].

The redshift dispersion (∆z) of galaxies in the Coma Superclusters are 1000 km s−1

(Struble & Rood, 1999). Its value is 68 km s−1 for the local group (Struble & Rood,
1999). These are nearby Superclusters and groups, ofwhich peculiar velocity is relatively
higher than that of the distant Superclusters.
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4.1.3 Magnitude Map

Figure 27: Magnitude map of galaxies in the Supercluster S[195+027+0022] (a) r-magnitude, (b) u-
magnitude. The color bar is shown. The contour levels are at 11.70, 16.13,20.55, 24.97, 29.40 for r-filter
and 14.60, 19.50, 24.40, 29.30, 34.20 for u- filter, respectively. The distribution of r and u-magnitude
with Gaussian fit. Statistical ±1σ errors bars are shown.

Figure 27ab shows r andumagnitudemaps of galaxies in the Supercluster S[195+027+0022].
The SDSS r-magnitude refers to the peak wavelength 6165 Å with the bandwidth 141.7
Å. This wavelength range covers Hα, ionized Oxygen and ionized Nitrogen lines, as
well as their continuum. In the substructure region, the mean magnitude is found to be
identical in both filters. In theu-filter, the substructure located in the northern region is
found to have a higher magnitude. As we know, the higher the magnitude, the lower the
brightness. Therefore substructure regions are UV inactive regions, suggesting a lower
abundance of newly formed stellar objects.

The magnitude distribution of galaxies in the Supercluster S[195+027+0022] can be
seen in figure 27cd. The solid curve represents Gaussian fits. The Gaussian centre is
found to be at 15.619 for r- and 18.073 for u-filters. The Gaussian functions for r- and
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u-magnitude distributions are given by

nr = −0.62 + 230.06 exp
(
−2(mr − 16.543)2

9.74

)
(4.2)

nu = 1.19 + 514.30 exp
(
−2(mu − 18.191)2

5.77

)
(4.3)

The negative intercept indicates the strong skewness factor, observed in the case of
r-magnitude. Other parameters are found to be comparable. Therefore, magnitude
distributions shows Gaussian-like nature. This suggest that the Supercluster is stable
and gravitationally bounded (Martinez & Saar, 2002).

4.1.4 Preferred Alignments in the Supercluster

Figure 28: Polar (a) and azimuthal (b) angle distributions of galaxies in the Supercluster
S[195+027+0022]. The solid circles with statistical error bars (±1σ) represent observed distribution.
The solid curves are obtained from random simulation assuming isotropic distributions. The grey shaded
region shows predominance of Pancake model (Doroshkevich, 1973), (Doroshkevich et al., 1978) if
observed solution is found to be more than that of expected.

Table 7 shows statistical parameters P(>χ2), ∆11/ σ(∆11), P(> ∆1) and C/C(σ) for
the total sample (Supercluster) and subsample (substructures). In the polar angle (θ)
distribution chi-square probability (P(>χ2)) is found to be 93.2% (much more then 5%
significance level), suggesting isotropy. Similar to this Fourier coefficients (∆11/ σ(∆11))
are 0.2 (less than 1.5σ), advocating isotropy. The Fourier probability (P(> ∆1)) and
auto-correlation (C/C(σ)) are found to be 94.1% (more than 15% significance level)
and 0.1 (less than 1σ), supporting isotropy. It is therefore all statistical tests suggest
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isotropic. It means, there is no preferred alignment of galaxies in the Supercluster
S[195 + 027 + 0022]. However all three statistical tests suggest isotropy.

In the azimuthal angle (φ) distribution (Table 7), chi-square probability ((P(>χ2))) and
Fourier probabilities (P(> ∆1)) are found to be 66.0% (more than15% significant level)
and 94.3% (more than 5% significance level), suggesting isotropy. Similar to the polar
angle distribution,Fourier coefficients to be found 0.6, and auto-Correlation is −0.8 are
well within +1σ level, supporting isotropy.

In addition to the statistical tests, we also study the ‘humps’ (bins with more solutions
than the expected) and ‘dips’ (bins with less solutions than the expected) in the polar (θ)
and azimuthal (φ) angle distributions.

The polar angle (θ) distribution in the Supercluster as shown in Fig. 28a, There are no
significant hump and dip are observed. Thus, a very good agreement between observed
and expected distribution is found.

Fig 28b shows the azimuthal angle (φ) distribution, there are no significant hump and
dip are seen in the region between −45◦<φ>+45◦. For the region −45◦<φ<+45◦, two
dips (at −15◦ and +25◦) are found in the grey-shaded region (Fig. 28b). It is a local
effect. It suggests that the projection of spin vectors of galaxies tend to orient parallel
with respect to the equatorial co-ordinate system.

Table 7: Statistical parameters in the polar and azimuthal angles of galaxies in the Supercluster S
[195+027+0022] and its substructures (first column). The chi-square probability (P> χ2) is given in the
second column. The third and fourth columns list the values of first order Fourier coefficient (∆11/σ(∆11)
and Fourier probability. The last column shows the values of auto co-relation coefficient.

Sample P(> χ)2 ∆11/σ(∆11) P(> ∆1) C/C(σ)
Polar Angle

S[195+027+0022] 0.932 0.2 0.941 0.1
S1[195+028+0022] 0.924 0.6 0.848 −0.3
S2[176+020+0023] 0.533 0.1 0.916 −0.3
S3[181+020+0024] 0.976 −0.4 0.923 −0.1
Azimuthal Angle
S[195+027+0022] 0.660 −0.1 0.943 −0.8
S1[195+028+0022] 0.415 −0.3 0.937 −1.1
S2[176+020+0023] 0.273 −0.5 0.878 −0.2
S3181+020+0024] 0.980 −2.6 0.021 −0.3

4.1.5 Substructure Classification

Wenoticed three substructure regions on the basis of number density and redshiftmaps as
discussed in the previous subsections. Table 8 shows position, mean redshift, magnitude,
etc of substructures in the Supercluster S[195 + 027 + 0022].
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Table 8: Substructures of the Supercluster S[195+027+0022]. Second and third columns showpositions of
substructures. The next two columns represent mean redshift and number of galaxies in the substructures.
The last two columns list mean u-magnitude and r-magnitude of substructures, respectively.

Substructure R.A.(J2000) Dec.(J2000) |Z | Ng |u| |r |
S1[195+028+0022] 194.730◦ 27.812◦ 0.022 810 16.3 18.1
S2[176+020+0023] 176.799◦ 20.330◦ 0.023 347 16.4 18.0
S3[181+020+0024] 181.118◦ 20.419◦ 0.024 152 16.3 18.1

Last two substructures seem to be connected, probably in the process of clustering. The
first substructure is isolated and have morphology of BM type I (regular cluster) clusters.

4.1.6 Preferred Alignment in Substructures

Figs. 29 a,c,e represent polar angle distributions of galaxies in the substructures S1[195+
028 + 0022], S2[176 + 020 + 0023] and S3[181 + 020 + 0024], respectively. The
substructure S1[195+028+0022] consists of 810 galaxies. The statistics for the polar
angle (θ) distribution is shown in Table 16. The chi-square probability (P> χ2) test,
all these substructures show isotropy because the probabilities are found to be 92.4%,
53.3%, and 97.6% (more than 5% significance level), respectively. The first order
Fourier coefficients ∆11/ σ(∆11), are found to be 0.6, 0.1 and −0.4 which is less than
the limit 1.5σ. Similar to this, Fourier probabilities (P(> ∆1), are 84.8%, 91.6% and
92.3% (greater than 15%), suggesting isotropy in the polar angle distributions. The auto-
correlation are −0.3, −0.3 and −0.1 (less than limit 1σ), suggesting no preference in the
alignments of galaxies. Therefore, similar to the Supercluster, all substructures show
isotropy, supporting Hierarchy model (Peebles, 1969) of galaxy formation as supported
by Peebles (Peebles, 1969).

Fig. 29b,d,f show azimuthal angle distributions in the substructures S1[195+028+0022],
S2[176 + 020 + 0023] and S3[181 + 020 + 0024], respectively. The statistics for the
azimuthal angle (φ) distribution is shown in Table 16. For these substructures, the chi-
square probability P(>χ2) are found to be 41.5%, 27.3% and 98.0%, respectively (which
are greater than 5%) indicating isotropy. The first order Fourier coefficients ∆11/ σ(∆11),
are found to be −0.3, −0.5 and −2.6 are less than the limit 1.5σ. The Fourier probability
(P(> ∆1)), for two substructures S1[195 + 027 + 0022] and S2[176 + 020 + 0023] are
93.7%, 87.8%, respectively, more than significant level 15%, these substructures shows
isotropy. But, Fourier probability (P(> ∆1)), for S3[181 + 020 + 0024] is found to be
2.1% (less than 15% significance level) suggesting anisotropy. The auto-correlation are
−1.1, −0.2 and −0.3 (which are less than limit 1σ, suggesting isotropy.

The substructures S1[195+028+0022] have 810 galaxies with a mean redshift of 0.023.
It is the most populated substructure that contains the marker galaxy of the Supercluster.
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Isotropy is noticed in the statistical tests, as well as in the polar angle (θ) distributions
of galaxies, there are no significant hump and dip are observed (Table 7, Fig. 29a).

The substructure S2[176+020+0023] contains 347 galaxies. The observed distribution
is found to be consistent with the expected distribution in the polar angle (θ) distribution.
All four statistical parameters advocate isotropic. No significant hump or dip is found.
Therefore, spin vectors of galaxies in the substructure S2[176 + 020 + 0023] should
random distribution (Fig. 29c).

The substructure S3[181+020+0024] consists of 152 galaxies. A very good agreement
between observed and expected distributions are found in the polar angle (θ) distribution
(Fig 29e). Therefore, no preferred alignment of spin vectors of galaxies is noticed in the
θ-distribution. Statistical parameters also support this result (see table 7).

In the substructure S1[195+028+0022], the azimuthal angle (φ) distribution, in contrast
to the substructure S2[176 + 020 + 0023] and S3[181 + 020 + 0024], a good agreement
between observed and expected distribution is noticed (Fig 29b). However, statistical
tests suggest a marginal deviation from isotropy (see Table 7).

The azimuthal angle (φ) distribution in the substructure S2[176+020+0023], no agree-
ment between the observed and expected distribution is noticed. Many humps (solutions
more than the expected) and dips (solutions less than the expected) can be seen (Fig.
29d). It is, therefore, first order Fourier probability is found to be 0.878 and the auto-
correlation coefficient is -0.169, suggesting isotropy. Therefore, Spin Vector projections
of galaxies in the substructure S2[176 + 020 + 0023] tend to point towards the centre of
the equatorial co-ordinate system.

The azimuthal angle (φ) distribution in the substructure S3[181+020+0024] is shown
in Fig. 29f, several humps (−25◦, +35◦, +45◦) and dips (−45◦, +5◦, 25◦) are seen.
Statistical parameters suggest isotropy expect first order Fourier coefficient (Table 7).
The value of (∆11/σ(∆11)) is found to be negative at < 1.5σ levels, suggesting that the
projections of spin vectors of galaxies in this substructure tend to be oriented parallel with
respect to equatorial co-ordinate system. Similar to the substructure S2[176+020+0023],
projections of spin vectors of galaxies in the substructure S3[181 + 020 + 0024] tend to
point towards the centre of the equatorial co-ordinate.
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Figure 29: Polar (a, c, e) and azimuthal angle (b, d, f) distributions of galaxies in the substructures
of Supercluster S[195+027+0022]. Solid circles with statistical error bars (±1σ) represent observed
distributions. The expected distributions are represented by solid curves. These solid curves are obtained
by preforming random simulation. The grey-shaded region supports pancake model (Doroshkevich,
1973),(Doroshkevich et al., 1978) if there is excess solution than the expected.

4.1.7 General Discussion

We know that many celestial objects are receding from us (i.e redshifted) and few are
approaching us (i.e blueshifted) with different speeds. Since a common radial velocity
for a group of galaxies allows us to identify the group as a cluster of genetically related
galaxies, this information may be extremely useful in studying structure evolution on a
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large scale. As shown in Fig. 30, we’ve studied velocity contour map for our database
based on redshift values.

Figure 30: Radial velocity contour maps of galaxies in the substructures. X-axis and Y-axis represent
right ascension and declination respectively and vertical line on right side represent radial velocity in ×
106 meter per second.

Already from the three statistical tests and from nature of polar and azimuthal angle
distribution of our database, we found isotropy that suggests random orientation of spin
vectors of galaxies in the Supercluster and substructure i.e hierarchical model (Peebles,
1969) of galaxy evolution.

Hierarchy model (Peebles, 1969) predicts that the radial velocity distribution should
not be unipolar. The redshift contour maps shows that the velocity dispersion at the
central region of the substructures are very small, suggesting cluster-like morphology. It
is therefore, we conclude that the Supercluster [195+027+0022] contains three clusters
like aggregations inwhich a randomorientation of angularmomentumvectors of galaxies
are noticed.
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4.2 Supercluster S[173+014+0082]

In this section, we study Supercluster S[173+014+0082] which is located in the northern 
hemisphere of the equatorial coordinate system. The mean redshift of this Supercluster 
is 0.083 (radial velocity 2.49×107 m s−1), and it has 1302 galaxies. The distance of this 
Supercluster is 242 h−1Mpc and diameter (the maximum distance between galaxies in 
the Supercluster) is 50 h−1Mpc (Einasto et al., 2011). This Supercluster is separated 
from the Sloan Great Wall (SGW) by a void and is connected to it by a filament of 
galaxies. The morphology of this Supercluster resembles a multi-branching filament or 
an elongated multispider (Einasto et al., 2011).

4.2.1 Number Density Map

Figure 31 shows the number densitymapof galaxies in the Supercluster S[173+014+0082].
Fig. 31a represents the number density map of galaxies when the distance (or radius) is
fixed at 0.25◦ from each galaxy. In this diagram, we notice that there are some distinct
substructures but the number of nearest galaxies for each is less than 75. Thus, this
radius does not full-fill the imposed constraint. Then, we increased the radius to 0.50◦

whose number density map is shown in Fig. 31b. However, the plot shows a clear picture
of substructure, it contains only one such structure whose neighbouring galaxy. Further,
we vary the radius of a circle to find out any other substructures. For the radius 0.75◦,
we observed more substructures than for radius 0.50◦. Hence, this radius is to identify
substructures in the Supercluster. Similarly, an appropriate number density map for a
radius equal to 1.0◦ is shown in Fig.31d.
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Figure 31: Number density map of galaxies in the Supercluster S[173+014+0082] having nearest neigh-
bour distance of each galaxies at (a) r=0.25◦, (b) r=0.5◦,(c) r=0.75◦, (d) r=1.0◦. The color bar is shown.
As the radius increases, the subclustering becomes prominent.

4.2.2 Redshift Map

The redshift map of galaxies in the Supercluster with a mean redshift of 0.083 is shown
in Figure 32. The color map shows that the velocity dispersion is maximum in the
region where the number density of galaxy is maximum. In the substructure region at
13◦ declination, the redshift dispersion is found to be |z|= 0.085, whereas the lower and
upper substructure show |z|= 0.082 and 0.090, respectively. It seems that there is the
linear relationship between redshift dispersion and the number density of galaxies in the
substructures,

Ns(2) = −1.7 × 104 |z | + 1660.32 (4.4)

We change the nearest neighbour radius to 0.5◦ and 0.75◦ and calculated the slope of
a linearly fitted line as described above, and the results were identical. As a result, we
suggest an empirical relation (equation 4.4) between number density and mean redshift
of galaxies in the Supercluster S[173+014+0082].

Galaxies in the Virgo-Coma Superclusters have redshift dispersion (∆z) of 600 km s−1

(Struble & Rood, 1999). For the local group, it has a value of 68 km s−1 (Struble &
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Figure 32: Redshift map is shown for galaxies in the Supercluster S[173+014+0082]. The mean redshift
of Supercluster is 0.083. The contour levels are at the redshift 0.076, 0.080, 0.084, 0.088, 0.092. In the
substructure region, galaxies hardly have identical redshifts. (b) Number of galaxies in three substructures
versus redshift dispersion plot. The statistical ±1σ error bars are shown.

Rood, 1999).

4.2.3 Magnitude Map

Figure 33: Magnitude map of galaxies in the Supercluster S[173+014+0082] (a) r-magnitude, (b) u-
magnitude. The color bar is shown. The contour levels are at 14.42, 16.59, 18.75, 20.91, 23.08 for r-filter
and 17.15, 19.94, 22.73, 25.51, 28.30 for u- filter, respectively. The distribution of r and u-magnitude
shows Gaussian like distribution.
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Magnitude maps of galaxies in the Supercluster S[173+014+0082] are shown in Fig.
33ab. The peak wavelength 6165 Å with the bandwidth 511.7 Å is the SDSS r-
magnitude. In the u-filter, the substructure located in the northern region is found to
have a higher magnitude. As know, The higher the magnitude, the lower the brightness.

Figure 33cd shows the magnitude distribution of galaxies in the Supercluster S[173+014
+0082]. Gaussian fits are shown by the solid curve. For r- and u-filters, the Gaussian
center is found to be at 17.158 for and 19.350, respectively. The Gaussian functions for
r- and u-magnitude distributions are given by

nr = 7.18 + 237.65 exp
(
−2(mr − 17.158)2

1.66

)
(4.5)

nu = −3.40 + 222.32 exp
(
−2(mu − 19.350)2

2.12

)
(4.6)

4.2.4 Substructure Classification

Table 9: Substructures of the Supercluster S[173+014+0082]. Second and third columns show positions
of Superclusters. The next two column representmean redshift and number of galaxies in the substructures.
The last two columns list mean u-magnitude and r-magnitude of substructures, respectively.

Substructure R.A.(J2000) Dec.(J2000) |Z | Ng |u| |r |
S1[173+014+0082] 173.216◦ 14.461◦ 0.083 214 16.3 18.3
S2[173+014+0082] 178.335◦ 13.000◦ 0.085 184 16.2 18.1
S3[173+014+0082] 175.508◦ 08.227◦ 0.090 94 16.3 18.2

Based on number density maps, redshift magnitude distributions, we noticed three
substructures in the Supercluster S[173+014+0082]. These substructures are found to
be located at different latitudes. The mean redshift of galaxies in these substructures is
similar to that of the Supercluster itself.

4.2.5 Preferred Alignments in the Supercluster

The Supercluster S[173+014+0082] has 1302 galaxies. We used three different statistical
tests to identify the preferred alignment of the spin vector of galaxies. Table 10 shows
the statistics for the polar angle (θ) distribution in the Supercluster S[173+014+0082],
the chi-square probability (P(>χ2)) is found to be 0.653 more than the critical value of
0.050 i.e., (5%), the first order Fourier coefficient (∆11)/σ(∆11) is 0.9 which is less than
1.5σ, Fourier probability (P(>∆11)) is to be found 0.643 more than 0.150 significant
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Figure 34: Polar (a) and azimuthal (b) angle distributions of galaxies in the Supercluster
S[173+014+0082]. The solid circles with statistical error bars (±1σ) represent observed distribution.
The solid curves are obtained from random simulation assuming isotropic distributions.

level and the auto-correlation coefficient (C/C(σ)) to be 0.4 less than the critical value
(1σ). These results support the isotropic distribution. As a result, all three statistical
tests show strong isotropic distribution, indicating the random orientation of the spin
vector of galaxies. From this result, we can conclude that the galaxy formation model
supports the Hierarchy model (Peebles, 1969).

The statistics test in azimuthal angle (φ) distribution (Table 10), the chi-square prob-
ability (P(>χ2)) is 61.0% (more than 5%), the value of first order Fourier coefficient
(∆11/σ(∆11)) is−0.4 (less than 1.5σ), Fourier probability (P(>∆11)) is found to be 88.3%
which is greater than 15%) and auto-correlation coefficient (C/C(σ)) to be −0.5 (less
than 1σ). These results are strong evidences to advocate Hierarchy model (Peebles,
1969) of galaxy evolution in our Supercluster.

Fig. 34a shows the polar angle (θ)-distribution of galaxies in the Supercluster S[173+014
+0082]. In the small-angle (θ<45◦) angle region, i.e., in the shaded region no significant
hump and dip are observed. While in larger angle (θ>45◦), a significant dip, is observed
at 75◦ with 1σ error limit. It may happen due to the gravitational tidal effect.

Fig. 34b represents the distribution of the azimuthal angle of galaxies in the Superclus-
ter. For outside the shaded region, no significant humps and dips are observed in the
distribution curve. In this region, two clear humps are observed, at −5◦, 5◦, and dip is
observed, at −15◦ within 1σ error limit.

4.2.6 Preferred Alignment in Substructures

Substructure S1[173+014+0082] consisting 214 galaxies. Table 10 shows the statistics
for the polar angle (θ) distribution in the substructure S1[173+014+0082]. The value
of chi-square probability (P>(χ2)) is found to be 57.8% greater than the 5% significant
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Table 10: Statistical parameters in the polar and azimuthal angles of galaxies in the Supercluster S[173+
014 + 0082] and its substructures (first column). The chi-square probability (P> χ2) is given in the
second column. The third and fourth columns show first order Fourier coefficient (∆11/σ(∆11) and fourier
probability. the last column tests the auto co-relation coefficient.

Sample P(> χ2) ∆11/σ(∆11) P(> ∆1) C/C(σ)
Polar Angle

S[173+014+0082] 0.653 0.9 0.643 0.4
S1[173+014+0082] 0.578 0.4 0.917 −0.7
S2[173+014+0082] 0.670 1.1 0.503 0.5
S3[173+014+0082] 0.000 −6.9 0.000 38.7
Azimuthal Angle
S[173+014+0082] 0.610 −0.4 0.883 −0.5
S1[173+014+0082] 0.923 −0.1 0.992 −0.6
S2[173+014+0082] 0.435 −0.6 0.832 0.0
S3[173+014+0082] 0.530 0.5 0.851 −2.1

level, the first order Fourier coefficient ∆11/σ(∆11) to be 0.4 less than the limit 1.5σ, the
first order Fourier probability P(>∆1) is 0.917 i.e., 91.7%more than 0.150 i.e., 15% level;
whereas the auto-correlation coefficient C/C(σ) to be found -0.7, is less than the limit
1σ. All these statistical tests suggest isotropic distribution of polar angle, suggesting
random orientation of spin vector of galaxies.

The statistical tests for the azimuthal angle (φ) distribution are shown in Table 10.
The value of chi-square probability (P>(χ2)) is found to be 0.923 i.e., 92.3% which is
more than 0.050 i.e., 5% significant level, the value of first order Fourier coefficient
∆11/σ(∆11) is found to be -0.1, which is also less than 1.5σ limit, the first order Fourier
probability (P(>∆1)) to be 99.2% greater than 15% and the auto-correlation coefficient
C/C(σ) is−0.6 which is less than 1σ limit. All these statistical tests support the isotropic
distribution azimuthal angle (φ) of galaxies in this substructure.

The polar angle (θ) distribution in the substructure S1[173+014+0082] is shown in Fig
35a. In the shaded region (θ<45◦), at the small-angle region no significant hump and
dip is observed. It may be due to binning effect. But in the larger angle region (θ>45◦),
a dip are seen clearly at 75◦ with a 1.5σ error limit.

The azimuthal angle (φ) distribution in the substructure S1[173+014+0082] is shown in
Fig 35b. In small-angle region (−90◦<φ<−45◦), the hump and dip in the distributions
show that the observed number of solutions at this small angle region is more and less
than the expected shows hump and dip respectively. Thus, hump at an angle −75◦ and
dip at −65◦ both with 1σ error limit. For the shaded (bimodal) region −45◦<φ<45◦,
there are two clear humps and dips are seen. Here, humps are at −45◦ and 35◦ similarly,
two dips, are −35◦ and at 25◦, all these are within the error limit of 1.5σ. Although, the
observed solution is more than that expected value in a larger angle region (45◦<φ<90◦).
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The distribution curve does not show any significant hump in this region. Thus, it is due
to the binning effect.

The substructure S2[173+014+0082] has 184 galaxies. The statistics for the polar angle
(θ) distribution in the substructure S2[173+014+0082] shows (Table 10) the value of
chi-square probability (P>(χ2)) is 67% (greater than 5%), first order Fourier coefficient
∆11/σ(∆11) is 1.1 ( less than 1.5σ) and Fourier probability (P(>∆1)) is 50.3% which
is greater than reference value 15% and the value of auto-correlation coefficient is 0.5
(smaller than 1σ). These statistics follow strong isotropy.

The statistics for the azimuthal angle (φ) distribution in table 10, shows the chi-square
probability (P>(χ2)) is to be found 43.5% greater than 5%, the value of first order
Fourier coefficient ∆11/σ(∆11) to be -0.6 less than 1.5σ and Fourier probability (P(>∆1))
is 83.2% greater than significant level (15%) and auto-correlation coefficient to be found
0.0 smaller than 1σ. Similar to the polar angle distribution, azimuthal angle distribution
shows strong isotropy.

The polar angle (θ) distribution in the substructure S2[173+014+0082] is shown in Fig
35c, In the small-angle region θ<45◦, the number of observed solutions (209) to be very
few bins (7) more than the expected solution (214). Thus, a hump is seen at 35◦ in this
region. But, there is no significant dip is observed. For large angle region θ>45◦, two
dips seen at 65◦ with 1.5σ error limit and 75◦ with 1σ error limit. Also, a hump is seen
at 55◦ within error limit 1σ.

The distribution of azimuthal angle (φ) is shown in Fig. 35d. In the small-angle region
−90◦<φ<−45◦, one hump at −75◦ and one dip at −65◦ within 1.5σ limit are observed.
In the range between −45◦<φ<45◦, there are three significant dips at −25◦, 25◦ and 35◦

and one hump at 5◦ with error limit 1.5σ. At a higher angle φ>45◦, one clear hump
at 65◦ is noticed. No dip is seen at the larger angle region. The existence of dip at
the shaded region and hump at the outer region indicates that spin vector projection of
galaxies tends to lie tangentially towards the center of the reference plane.

The substructure S3[173+014+0082] contains 94 galaxies. The statistical tests of polar
angle (θ) distribution are given in Table 10. The value of chi-square probability (P>(χ2))
and Fourier probability (P(>∆1)) are found to be zero, which is less than their significant
level, i.e., 5% and 15% respectively and the value of first order Fourier coefficient (
∆11/σ(∆11)) is −6.9 less than 1.5σ similarly, the result of auto-correlation coefficient
C/C(σ) is found to be 38.7 greater than the limit 1σ. These results show the anisotropic
distribution. As a result, we may conclude that this substructure is deviated from
the Hierarchy model (Peebles, 1969) of galaxy formation, suggesting that the angular
momentum vector of galaxy rotation axes showed preferred alignment-either parallel or
perpendicular to the reference plane. To identify such orientation we further analyze the
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hump and dip in each bin.

The statistics for the azimuthal angle (φ) distribution in Table 10, the statistical results
are found to be; the value of chi-square probability (P>(χ2)) is 53.0% greater than 5%,
the value of first order Fourier coefficient ∆11/σ(∆11) is 0.5 which is less than error limit
1.5σ, the value of Fourier probability (P(>∆1)) is 85.1% which is more than 15% and
the result of auto-correlation coefficient C/C(σ) is −2.1 less than 1σ limit. As a result,
all statistics support the isotropic distribution.

The distribution of polar angle (θ) is given in Fig. 35e. In the small-angle region θ<45◦,
the observed number of solutions is less than the expected number of solutions. This
strongly suggests that there should be a hump in this region. On the other hand, at a
larger angle region θ>45◦, the expected number of solutions is more than the observed
number of solutions indicating the presence of hump in this region: in contrast, a small
angle (θ<45◦), a significant hump at 25◦ (>1σ) and larger angle (θ>45◦) two clear dips at
75◦ with 2σ error limit and at 85◦ with 5σ error limit. The hump at a small angle (<45◦)
and dips at a larger angle ( > 45◦) cause negative ∆11 in Fourier test, indicating that the
angular momentum vectors of galaxies in S3[173+014+0082] tend to lie parallel to the
reference plane. The value of ∆11 is found to be 7σ. This result is in favor of Pancake
model ((Doroshkevich, 1973), (Doroshkevich et al., 1978)) of galaxy formation. In this
model, it is assumed that the formation of cluster took place first then after fragmentation
of cluster leads to the formation of the galaxy with the help of adiabatic fluctuation.

The azimuthal angle (φ) distribution of galaxies in S3[173+014+0082] is shown in Fig.
35f. From this distribution curve it is seen that there is a hump at −85◦ within 2σ error
limit and dip at −65◦ (> 1σ) in (−90◦<φ<−45◦). Similarly, two humps at 65◦ and 85◦

and a dip at 55◦ with an error limit of 1.5σ of each are observed in (45◦<φ<90◦) region.
In the shaded region, a hump with an error limit of 1σ has appeared at −35◦ and two
dips are seen at 15◦ with 1σ error limit and 35◦ with an error limit of 1.5σ.
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Figure 35: Polar (a, c, e ) and azimuthal angle (b, d, f) distributions of galaxies in the substructures
of Supercluster S[173+014+0082]. Solid circles with statistical error bars (±1σ) represent observed
distributions. The expected distributions are represented by solid curves. These solid curves are obtained
by preforming numerical simulation. The grey-shaded region supports pancake model (Doroshkevich,
1973),(Doroshkevich et al., 1978) if there is excess solution than the expected.

4.2.7 General Discussion

In the polar angle distribution, Isotropy is observed in all samples except in the sub-
structure S3[173+014+0082], indicating that there are no preferred alignments, while
consistency is observed in the azimuthal angle distribution. The radial velocity distri-
bution should not be unipolar, according to the hierarchy model (Peebles, 1969). Thus,
to test whether the obtained statistical results are in accordance with hierarchy model
(Peebles, 1969), we need to study the radial velocity distribution of each sample. For
this, we plotted the radial velocity distribution map which is shown in Fig. 36.
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Figure 36: The radial velocity distribution of galaxies in three substructures : (a) S1[173+014+0082]
(b) S2[2173+014+0082] and (c) S3[S2173+014+0082] R.A. and Dec. represent the right ascension and
declination in degree respectively. Color scale represents the radial velocity.

As the database contains the redshift value of an individual galaxy, this value can be use
to find the radial velocity of galaxies using the following relation :

z = v/c (4.7)

Where z is redshift, v is radial velocity, and c is the speed of light in km/s. From Fig.
36 we observed that two substructures (S1[173+014+0082] and S2[173+014+0082])
have different kinds of radial velocity distribution than for S3[173+014+0082]. In the
case of substructure S3[173+014+0082], we noticed a systematic pattern in the velocity
distribution from the inner region to the outer. In the inner part of the contour map,
galaxies have the maximum velocity to be located. As we go outward the velocity
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decreases. That means the particular number of galaxies are localized in a particular
region of the substructure. This result advocates the Hierarchy model (Peebles, 1969) of
galaxy evolution in this substructure suggesting that galaxies have a particular orienta-
tion. But, in the case of a remaining sample, we observed that there is no such systematic
localization, indicating galaxies are distributed randomly. This result showed isotropic
distribution in the Supercluster as well as in this substructure S1[173+014+0082] and
S2[173+014+0082].

To sum up, the statistical analysis and radial velocity distribution maps suggest a ran-
dom orientation of spin vector of galaxies in all samples except in the substructure
S3[173+014+0082]. This result strongly advocates the Hierarchy model (Peebles, 1969)
of galaxy evolution in this Supercluster.
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4.3 Supercluster S[247+040+0029]

In this section, we study Supercluster S[247+040+0029] which is located in the northern 
hemisphere of the equatorial coordinate system. The mean redshift of this Supercluster 
is 0.031 (radial velocity 9,100 km s−1), and it has 1331 galaxies. The distance of 
this Supercluster is 92 h−1Mpc and diameter is 21 h−1Mpc and contain clusters that are 
exceptionally rich (Einasto et al., 2011). The morphology of this Supercluster 
resembles a spider (Einasto et al., 2011).

4.3.1 Number Density Map

The Number density map of Supercluster S[247+040+0029] is shown in Fig. 37. First,
we try to find the number of galaxies around each galaxywithin the different radius values
such as 0.2◦, 0.3◦, 0.35◦, 0.4◦, 0.5◦,0.75◦, 1.0◦, and 1.25◦. By analyzing the distribution
of galaxy in the contour map in various radius values, we choose the particular value of
radius for which a clear substructure is observed. As a result, we have chosen 0.3◦ and
1.0◦ as two values of radius for our work. For radius value 0.3◦, three substructures,
namely S1[247+0040+0029], S2[247+0040+0029] and S3[244+0035+0029] have been
found. Similarly, for radius value 1.0◦, one substructure, namely S4[247+0041+0029]
has been found. The number density map for different radius values is shown in Fig. 37.

Based on the number density map (Fig. 37), four different substructures are separated
by using the threshold number of galaxies belonging to the four substructures based on
their peak values and standard deviation of galaxies density. Four different substructures
based on the above number density map are S1[247+0040+0029], S2[247+0040+0029],
S3[244+0035+0029], and S4[247+0041+0029].
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Figure 37: Number density map of galaxies in the Supercluster S[247+040+0029] having nearest neigh-
bour distance of each galaxies at (a) r=0.2◦, (b) r=0.3◦, (c) r=0.35◦, (d) r=0.4◦(e) r=0.5◦, (f) r=0.75◦,(g)
r=1.0◦, (h) r=1.25◦ and the color bar is shown. As the radius increases, the subclustering becomes
prominent.
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4.3.2 Redshift Map

Figure 38: Redshift map is shown for galaxies in the Supercluster S[247+040+0029]. The mean redshift
of Supercluster is 0.031. The contour levels are at the redshift 0.025, 0.028, 0.031, 0.034, 0.037. In the
substructure region, galaxies hardly have identical redshifts.(b) Number of galaxies in five substructures
versus redshift dispersion plot. The statistical ±1σ error bars are shown.

Figure 38 shows a redshift map of galaxies in the Supercluster that have a mean redshift
of 0.031. The color map shows that the velocity dispersion is minimum in the region
where the number density of galaxy is minimum. In the substructure region at 35.0◦

declination, the redshift dispersion is found to be |z|= 0.030, whereas the lower and
upper substructure show |z|= 0.028 and 0.031, respectively. It seems that there is a
linear relationship between redshift dispersion and the number density of galaxies in the
substructures,

Ns(3) = −9.5 × 104 |z | + 3035.52 (4.8)

We varied the nearest neighbour radius to 0.3◦ and 1.00◦ and calculated the slope of
a linearly fitted line as above and found the same. Therefore, we propose empirical
relation (equation 4.8) between number density and redshift dispersion of galaxies in the
Supercluster S[247+040+0029].

The galaxies inside the Hercules Superclusters have a redshift dispersion (∆z) of 593 km
s−1 (Struble & Rood, 1999). For the local group, it has a value of 68 km s−1 (Struble &
Rood, 1999). This is a set of local Superclusters with a peculiar velocity that is higher
than that of distant Superclusters.
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4.3.3 Magnitude Map

Figure 39: Magnitude map of galaxies in the Supercluster S[247+040+0029]: (a) r-magnitude, (b) u-
magnitude. The color bar is shown. The contour levels are at 11.95, 14.21, 16.48, 18.74, 21.00 for r-filter
and 14.90, 18.34, 21.78, 25.21, 28.65 for u- filter, respectively. The distribution of r and u-magnitude.

Magnitude maps of galaxies in the Supercluster S[247+040+0029] are shown in Fig.
39ab. The SDSS r-magnitude refers to the peak wavelength 6165 Å with the bandwidth
191.1 Å. In the u-filter, the substructure located in the northern region is found to have
a higher magnitude. As we know, the higher the magnitude, the lower the brightness.

The magnitude distribution of galaxies in the Supercluster S[247+040+0029] can be
seen in figure 39cd. The solid curve represents Gaussian fits. The Gaussian centre is
found to be at 16.448 for r- and 18.351 for u-filters. The Gaussian functions for r- and
u-magnitude distributions are given by

nr = 0.20 + 167.55 exp
(
−2(mr − 16.448)2

7.34

)
(4.9)

nu = 2.59 + 492.84 exp
(
−2(mu − 18.351)2

6.71

)
(4.10)
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4.3.4 Substructure Classification

Table 11: Substructures of the Supercluster S[247+040+0029]. Second and third columns show positions
of Superclusters. The next two columns represent the mean redshift and number of galaxies in the
substructures. The last two columns list mean u-magnitude and r-magnitude of substructures, respectively.

Substructure R.A.(J2000) Dec.(J2000) |Z | Ng |u| |r |
S1[247+040+0029] 247.998◦ 39.712◦ 0.028 500 18.0 17.3
S2[247+040+0029] 246.956◦ 41.038◦ 0.029 188 17.8 16.9
S3[244+035+0029] 244.359◦ 35.016◦ 0.030 149 18.1 17.6
S4[247+0041+0029] 250.163◦ 39.941◦ 0.0303 134 18.0 17.8

On the basis of the number density maps, five different substructures are separated by
using the threshold number of galaxies belonging to the five substructures based on their
peak values and standard deviation of galaxies density.

4.3.5 Preferred Alignments in the Supercluster

The Supercluster S[247+040+0029] consists of 1331 galaxies. To identify the preferred
alignment of the spin vector of galaxies, we have performed three different statistical tests
(Table 12). Thus, In the polar angle (θ) distribution (Table 12), the values of chi-square
probability P(> χ2) is 51.1% which is greater than 5%, first order Fourier coefficient
∆11/σ(∆11) is −0.2 which is less than 1.5σ, first order Fourier probability (P(>∆1)) is
95.4% which is more than critical value 15% and auto-correlation coefficient (C/C(σ))
to be found −0.7 which is less than 1σ. Thus, all statistics show the isotropic distribution
of angular momentum vectors of galaxies in the Supercluster S[247+040+0029].

In the azimuthal angle (φ) distribution (Table 12), the value obtained for the chi-square
probability P(> χ2), is found to be 95%more than significant level 5%, first order Fourier
coefficient ∆11/σ(∆11) to be 0.4 less than 1.5σ, first order Fourier probability (P(>∆1))
to be found 63.3%, auto-correlation coefficient (C/C(σ)) is −2.2 which is less than 1σ.
Thus, all statistical test shows the strong isotropic distribution of spin vectors.

Fig. 40a shows the plot of θ-distribution, there are no significant humps and dips are in
the small-angle region θ<45◦. But, in large angle regions θ>45◦, a hump is seen at 55◦.
This hump is due to observed solutions more than the expected solution. It is due to the
local effects. So, there is no preferred alignment of spin-vectors of galaxies.

Fig. 40b shows the plot of φ-distribution. In the small-angle region φ>45◦, there is a
small dip at −75◦. In large-angle region φ>45◦, there is a small dip, at 55◦ both within
limit 1.5σ . So, we can conclude that there is no preferred alignment of spin-vectors of
galaxies.
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Figure 40: Polar (a) and azimuthal (b) angle distributions of galaxies in the Supercluster
S[247+040+0029]. The solid circles with statistical error bars (±1σ) represent observed distribution.
The solid curves are obtained from random simulation assuming isotropic distributions.

Table 12: Statistical parameters in the polar and azimuthal angles of galaxies in the Supercluster S[247+
040 + 0029] and its substructures is in the first column. The chi-square probability (P> χ2) is given in
the second column. The third and fourth columns show first order Fourier coefficient (∆11/σ(∆11) and
Fourier probability. the last column tests the auto co-relation coefficient.

Sample P(> χ2) ∆11/σ(∆11) P(> ∆1) C/C(σ)
Polar Angle

S[247+040+0029] 0.511 − 0.2 0.954 −0.7
S1[247+0040+0029] 0.943 −0.3 0.952 −1.2
S2[247+0040+0029] 0.909 −0.1 0.984 −0.9
S3[244+0035+0029] 0.893 0.2 0.982 −0.6
S4[247+0041+0029] 0.996 −0.3 0.871 −0.1
Azimuthal Angle
S[247+040+0029] 0.950 0.4 0.633 −2.2
S1[247+040+0029] 0.570 −0.3 0.855 −1.0
S2[247+040+0029] 0.911 0.7 0.964 −0.1
S3[247+040+0029] 0.969 −0.1 0.966 −0.0
S4[247+0041+0029] 0.838 −0.5 0.804 −0.9

4.3.6 Preferred Alignment in Substructures

The substructure S1[247+0040+0029] has 500 galaxies. Table 12 shows the statistics
for the polar angle (θ) distribution in the substructure S1[247+0040+0029]. The values
of chi-square probability P(> χ2) is 94.3% which is greater than 5%, first order Fourier
coefficient ∆11/σ(∆11) is −0.3 which is less than 1.5σ and first order Fourier probability
(P(>∆1)) is 95.2%, auto-correlation coefficient (C/C(σ)) is −1.2 less than 1σ. Here, all
statistics show the distribution of spin vectors is strong isotropic distribution.

The statistics for the azimuthal angle (φ)-distribution are shown inTable 12. The statistics
value obtained for the chi-square probability P(> χ2) is 57.0% which is more than 5%,
first order Fourier coefficient ∆11/σ(∆11) is −0.3 less than 1.5σ, first order Fourier
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probability (P(>∆1)) is 85.5% more than 15% , auto-correlation coefficient (C/C(σ)) is
−1.1 less than 1σ. These all statistics shows the strong isotropic distribution.

In Fig. 41a, at small angle region θ<45◦, the number of observed solutions (699)
are slightly less than expected (670) solutions (the difference between observed and
expected solution in that range is 1). At this region, there is one dip at 22◦. For the large
angles(θ>45◦), the number of expected solutions is less than that of observed (observed
solutions are more than one that of expected). These are both within limit 1σ. Again
there is one hump at 47◦. This hump is due to the local effect. Thus, we conclude no
preferred alignment of spin vectors of galaxies.

In the azimuthal angle distribution as shown in Fig 41b. For the range −45◦<φ<+45◦,
there is a significant dip at 38◦. For small angle region φ<−45◦, observed solutions are
less than that of expected solutions. Thus, there is a dip at −55◦. For the region of the
large angles (φ>45◦), there are no significant hump and dip in this range. So we can
conclude that there is no preferred alignment among spin-vectors of galaxies.

The substructure S2[247+0040+0029] contains 188 galaxies. The statistics for the polar
angle (θ)-distribution in the substructure S2[247+0040+0029] is shown in Table 12. The
value of chi-square probability P(> χ2) is 90.9% greater than 5%, first order Fourier
coefficient ∆11/σ(∆11)is −0.1 smaller than 1.5σ, first order Fourier probability (P(>∆1))
is 98.4% more than 15% , auto-correlation coefficient (C/C(σ))is −0.9 less than 1σ.
Here, all statistics shows the strong isotropic distribution of spin vectors of galaxies.

Table 12 shows the statistics for the azimuthal angle (φ)-distribution, the statistic value
obtained for the chi-square probability P(> χ2) is 91.1% larger than 5%,first order Fourier
coefficient ∆11/σ(∆11) is 0.2 smaller than 1.5σ, first order Fourier probability (P(>∆1))
is 96.4% greater than 15%, auto-correlation coefficient (C/C(σ)) is −0.1 less than 1σ.

The polar angle (θ)-distribution is shown in Fig 41c, for the small-angle (θ<45◦) region,
there is one dip at 18◦ and one significant hump at 26◦ both within limit 1.5σ. For
the large angles (θ>45◦), there is one significant dip at 67◦. This dip may be due to
local effects. Thus, we conclude that there is no preferred alignment of spin vectors of
galaxies.

In the azimuthal angle (φ)-distribution as shown in Fig 41d, in the small-angle region
(φ<45◦), a small dip is seen at −65◦. In the bimodal region (−45◦<φ<+45◦) two humps
at −15◦ and 15◦, also two dips, are seen at 5◦ and 35◦, these all are seen due to local
effect. In the large-angle region (φ<45◦), there is one significant dip at 65◦. It is also
due to the local effect. Thus, we conclude that there is no preferred alignment among
spin-vectors of galaxies.

This substructure S3[244+0035+0029] contains 149 galaxies. Table 12 shows the statis-

91



tics for the polar angle (θ)-distribution in the substructure S3[244+0035+0029]. The
values of chi-square probability P(> χ2) to be 0.893 i.e., 89.3% (greater than the sig-
nificant level 0.050 i.e.,5%), first order Fourier coefficient ∆11/σ(∆11) is found to be
0.2 (smaller than the limit 1.5σ), first order Fourier probability (P(>∆1)) is 0.982 i.e.,
98.2% (greater than 15% limit), auto-correlation coefficient (C/C(σ)) is −0.6 (smaller
than 1σ). Thus in all statistics suggest strong isotropic.

The statistics for the azimuthal angle φ-distribution (Table 12), the statistics value
obtained for the chi-square probability P(> χ2) to be 96.9% (much more greater than
significant level 5%), first order Fourier coefficient ∆11/σ(∆11) is −0.1 (less than the
limit 1.5σ), first order Fourier probability (P(>∆1)) is found to be 96.6% (greater than
15% limit), auto-correlation coefficient (C/C(σ)) is −0.0 (less than the limit 1σ ). Thus,
all the statistical tests suggest strong isotropy.

In Fig 42e, at a small-angle region (θ<45◦), the number of observed solutions is found
to be very slightly smaller than expected solutions (Difference in that range 2). At this
region, there is one dip at 13◦. For the large angles region (θ>45◦), the number of
expected solutions is less than that of the observed solution (Difference in that range
2). There is one significant hump at 48◦ in that range which cancels the dip observed at
lower angles. Thus, we conclude no preferred alignment of spin vectors of galaxies.

In the azimuthal angle (φ) distribution as shown in Fig 42f, at φ<−45◦, there are no
dips is seen. But there is one hump is seen at an angle −65◦ within limit 1.5σ. For
range −45◦<φ<+45◦, there is one significant hump at an angle 4◦ within probable error
1σ. For the large angles (φ>45◦), There is one significant dip at 65◦ which cancels the
significant hump at −65◦. But there is no more hump and dip in other range so we can
conclude that there is no preferred alignment among spin-vectors of galaxies.

This substructure S4[247+0041+0029] consists of 134 galaxies. The statistics for the
polar angle (θ)-distribution in the substructure S4[247+0041+0029] is shown in Table
12. By statistics, the values of chi-square probability P(> χ2) is 99.6% (greater than
the significant level 0.050 i.e., 5%), first order Fourier coefficient ∆11/σ(∆11) to be −0.3
(less than limit 1.5σ ), first order Fourier probability (P(>∆1)) is found to be 87.1%
(more than significant level 0.150 i.e., 15%) and auto-correlation coefficient (C/C(σ)) to
be −0.1 (less than the limit 1σ). Thus, all statistics test shows the isotropic distribution
of spin vectors.

Table 12 shows the statistics for the azimuthal angle (φ)-distribution, the statistics value
obtained for the chi-square probability P(> χ2) to be 83.8% ( which is greater than
significant level 0.050 i.e., 5%), first order Fourier coefficient ∆11/σ(∆11) is −0.5 smaller
than limit 1.5σ, first order Fourier probability (P(>∆1)) to be found 80.4% more than
15%, auto-correlation coefficient (C/C(σ)) is −0.9 less than limit 1σ.
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Fig 42g shows the polar angle (θ)- distribution, in the small-angle (θ<45◦) region, there
are two significant dips at 20◦ and 32◦ both within the limit 1.5σ respectively. Similarly,
two significant humps at28◦ and 26◦ both within error limit 1.5σ. For the large angles
(θ>45◦), there is again one small dip at 57◦(difference in range 1) within limit 1σ. Thus,
we conclude that there is no preferred alignment of spin vectors of galaxies.

In the azimuthal angle (φ)-distribution as shown in Fig 42h, the observed solutions for
the range −45◦<φ<+45◦ are found to be 143, whereas the expected solutions are 142.
This shows that observed solutions exceeded the expected solution by 1. For φ<−45◦,
observed and expected solutions both are 11. For the large angles (φ>45◦), the observed
114 solutions are 1 less than what was expected. There is a significant humps at −45◦.
It is due to the local effect but there are no other significant humps and dips. We again
conclude that there is no preferred alignment among spin-vectors of galaxies.

Figure 41: Polar (a, c) and azimuthal angle (b, d) distributions of galaxies in the substructures of Super-
cluster S[247+040+0029]. Solid circles with statistical error bars (±1σ) represent observed distributions.
The expected distributions are represented by solid curves. These solid curves are obtained by preforming
random simulation. The grey-shaded region supports pancake model if there is excess solution than the
expected.
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Figure 42: Polar (e, g) and azimuthal angle (f, h) distributions of galaxies in the substructures of Super-
cluster S[247+040+0029]. Solid circles with statistical error bars (±1σ) represent observed distributions.
The expected distributions are represented by solid curves. These solid curves are obtained by performing
random simulations. The grey-shaded region supports the pancake model if there is excess solution than
the expected.

4.3.7 General Discussion

We studied the spatial orientation of galaxies in the four substructures of the Supercluster
S[247+040+0029]. We found a random orientation of galaxies suggesting vanishing
angular momentum in the substructures.
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4.4 Supercluster S[227+006+0078]

In this section, we study Supercluster S[227+006+0078] located in the northern hemi-
sphere of the equatorial coordinate system. The mean redshift of this Supercluster is 
0.078 (radial velocity 2.24×107 m s−1), and it has 1213 galaxies. The distance of this 
Supercluster is 233 h−1Mpc, and this Supercluster contains two Abell clusters, A2040 
and A2028 (Einasto et al., 2011). The morphology of this Supercluster resembles a 
sparse multispider or multi-branching filament with a uniform density (Einasto et al., 
2011).

4.4.1 Number Density Map

It is seen from the number density map Fig. 43a, three different substructures that can
be visualized for counting bin of radius 0.25◦. Out of that two substructures are not
relevant to consider this as the substructure. Because they ( Declination angle between
7.5◦ and 9◦) have contains a small number of galaxies. But there are possible to seem
substructure in between Dec. 5.699◦ and R.A. 227.641◦. This substructure contains a
large number of galaxies which has at least 65 neighbour galaxies. From Fig. 43b, the
radius of 0.5◦ gives one clear distinct substructure. The two groups that lie on the same
contour tend to separate. Approximately this radius gives three different substructures.
A similar kind of picture seen in the Fig. 43c, for the radius 0.75◦, give two group lies
within the same contour suggesting the same distribution of number density of neighbour
galaxies. Again taking the radius as 1.0◦, there is no lucid picture of the substructure,
which is shown in Fig. 43d.
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Figure 43: Number density map of galaxies in the Supercluster S[227+006+0078] having nearest neigh-
bour distance of each galaxies at (a) r=0.25◦, (b) r=0.5◦,(c) r=0.75◦, (d) r=1.0◦. The color bar is shown.
As the radius increases, the subclustering becomes prominent.

4.4.2 Redshift Map

Figure 44: Redshift map is shown for galaxies in the Supercluster S[227+006+0078]. The mean redshift
of Supercluster is 0.078. The contour levels are at the redshift 0.071, 0.075, 0.079, 0.083, 0.087. In
the substructure region, galaxies hardly have identical redshifts. (b) The Number of galaxies in two
substructures and Supercluster it self versus redshift dispersion plot. The statistical ±1σ error are shown.

Figure 44 shows a redshift map of galaxies in the Supercluster that have a mean redshift
of 0.078. The color map shows that the velocity dispersion is minimum in the region
where the number density of galaxy is minimum. In the substructure region at 5◦
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declination, the redshift dispersion, is found to be |z|= 0.078, whereas the lower and
upper substructure show |z| = 0.076 and 0.079, respectively. It seems that there is a
linear relationship between redshift dispersion and the number density of galaxies in the
substructures,

Ns(4) = −2.8 × 105 |z | + 22762.62 (4.11)

We varied the nearest neighbour radius to 0.75◦ and 1.0◦ and calculated the slope of a
linearly fitted line as above and found exactly the same. Therefore, we propose empirical
relation (equation 4.11) between number density and redshift dispersion of galaxies in
the Supercluster S[227+006+0078].

The redshift dispersion (∆z) of galaxies in the Bootes A Superclusters are 673 km s−1

(Struble & Rood, 1999). Its value is 68 km s−1 for the local group (Struble & Rood,
1999). These are nearby Superclusters and groups have peculiar velocity is relatively
higher than that of distant Superclusters.

4.4.3 Magnitude Map

Figure 45: Magnitude map of galaxies in the Supercluster S[227+006+0078](a) r-magnitude, (b) u-
magnitude.The color bar is shown. The contour levels are at 14.35, 16.98, 19.60, 22.23, 24.85 for r-filter
and 17.20, 19.55, 21.90, 24.25, 26.60 for u- filter, respectively. The distribution of r and u-magnitude
with Gaussian fit can be seen.
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Fig. 45ab showsmagnitudemaps of galaxies in the Supercluster S[227+006+0078]. The
SDSS r-magnitude refers to the peak wavelength 6165 Å with the bandwidth 480.9Å.
In the u-filter, the substructure located in the northern region is found to have a higher
magnitude. As we know, the higher the magnitude, the lower the brightness.

The magnitude distribution of galaxies in the Supercluster S[227+006+0078] can be
seen in figure 45cd. The solid curve represents Gaussian fits. The Gaussian center is
found to be at 17.178 for r- and 19.453 for u-filters. The Gaussian functions for r- and
u-magnitude distributions are given by

nr = 8.38 + 221.37 exp
(
−2(mr − 17.178)2

1.47

)
(4.12)

nu = 0.21 + 368.03 exp
(
−2(mu − 19.453)2

2.50

)
(4.13)

4.4.4 Substructure Classification

Table 13: Substructures of the Supercluster S[227+006+0078]. Second and third columns show positions
of Superclusters. The next two columns represent the mean redshift and number of galaxies in the
substructures. The last two columns list mean u-magnitude and r-magnitude of substructures, respectively.

Substructure R.A.(J2000) Dec.(J2000) |Z | Ng |u| |r |
S1[228+006+0079] 227.641◦ 5.699◦ 0.078 287 19.4 17.5
S2[227+008+0078] 226.935◦ 8.321◦ 0.079 94 19.6 17.7

Based on the number density maps, two different substructures are separated by using a
mean redshift of galaxies and the number of galaxies.

4.4.5 Preferred Alignments in the Supercluster

Supercluster S[227+006+0078] has 1213 galaxies. The statistics tests for polar angle (θ)
distribution of galaxies in the Supercluster S[227+006+0078], is shown in Table 14. the
value of chi-square probability P(>χ2) to be 0.848 i.e., 84.8% more than the significant
level 0.05,i.e., 5%, the first order Fourier coefficient ∆11/σ(∆11) is −0.2 which is less
than limit 1.5σ, the value of the first order Fourier probability (P(>∆1)) to be found
0.970 i.e., 97.0% greater than significant level 15% and the value of auto-correlation
coefficient (C/C(σ)) is −0.3 which is less than limit 1σ. Thus, all statistics advocate
strong isotropy.

Similarly, the statistical tests for the azimuthal angle (φ) distribution of galaxies are
shown in Table 14, the value of chi-square probability P(> χ2) to be found 0.763 i.e.,
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76.3% greater than 0.050 i.e., 5%, the first order Fourier coefficient∆11/σ(∆11) is 0.1 less
than 1.5σ limit, the first order Fourier probability (P(>∆1)) to be 78.9 i.e., 78.9% which
is more than 0.150 i.e., (15%) and the value of auto-correlation coefficient (C/C(σ)) is
0.2 less than 1σ level. Thus, all statistics advocate strong isotropy.

The plot of polar angle (θ)-distribution is shown in Fig. 46a, in the small-angle region
θ<45◦, there is one hump at an angle 35◦ within 1σ level. At this angle, the observed
(410) number of galaxies is more than expected (384) by 26. This hump signifies that
the spin vector orientation of galaxies tends to orient parallel to the equatorial coordinate
system. Similarly, at this region, one dip at an angle 15◦ within 1σ level is seen. The
large-angle θ>45◦, does not give any significant hump and dip (maybe binning effect)
suggests strong isotropy in polar angle distribution. These results suggest that galaxy
evolution in the Supercluster S[227+006+0078] supports Hierarchy model (Peebles,
1969). This model predicts that galaxies were formed from clustering.

The plot of azimuthal angle φ-distribution is shown in Fig. 46b, in the small-angle region
θ<−45◦, small dips at −50◦ within limit 1σ level. For the range between −45◦<φ<+45◦,
small dips are at −40◦ and 30◦ within limit 1σ level. There is no significant hump and
dip up to region 80◦. One dip is seen at angle 90◦ with 1σ level. At this angle, the
number of observed solutions (143) is 19 number of solutions less than the expected
solution (162). The dip observed in this distribution is due to the local effect. Thus, the
result is strong isotropy in φ-distribution also insinuates the evolution of galaxy supports
Hierarchy model (Peebles, 1969) in this Supercluster S[227+006+0078].

Figure 46: Polar (a) and azimuthal (b) angle distributions of galaxies in the Supercluster
S[227+006+0078]. The solid circles with statistical error bars (±1σ) represent observed distribution.
The solid curves are obtained from random simulation assuming isotropic distributions.

99



Table 14: Statistical parameters in the polar and azimuthal angles of galaxies in the Supercluster S[227+
006 + 0078] and its substructures (first column). The chi-square probability (P> χ2) is given in the
second column. The third and fourth columns show first order Fourier coefficient (∆11/σ(∆11) and Fourier
probability. The last column tests the auto co-relation coefficient.

Sample P(> χ2) ∆11/σ(∆11) P(> ∆1) C/C(σ)
Polar Angle

S[227+006+0078] 0.848 −0.2 0.970 −0.3
S1[228+006+0079] 0.521 −0.8 0.650 −0.4
S2[227+008+0078] 0.772 −0.3 0.793 − 0.3
Azimuthal Angle
S[227+006+0078] 0.763 0.1 0.789 0.2
S1[228+006+0079] 0.127 0.1 0.791 0.0
S2[227+008+0078] 0.724 0.3 0.100 −0.6

4.4.6 Preferred Alignment in Substructures

The substructure S1[228+006+0079] consists of 287 galaxies. The statistics used for
polar angle distribution are shown in Table 14, the value of chi-square probability (
P> χ2) to be found 0.521 i.e., 52.1% more than the significant level 0.050 i.e., 5%,
the first order Fourier coefficient ∆11/σ(∆11) is −0.8 which is less than 1.5σ limit, the
first order Fourier probability (P(>∆1)) is 65.0% greater than (15%) and the value of
auto-correlation coefficient (C/C(σ)) is −0.4 less than 1σ level. Thus, the statistics
suggest the result as strong isotropy.

Table 14 shows the statistics tests for azimuthal angle (φ) distribution of galaxies, the
value of chi-square probability P(> χ2) is 12.7% greater than 5%, the first order Fourier
coefficient ∆11/σ(∆11) is 0.1 less than 1.5σ limit, the first order Fourier probability
(P(>∆1)) is 79.1%which is greater than 15% and the value of auto-correlation coefficient
(C/C(σ)) is 0.0 less than 1σ level. Thus, all statistics advocate strong isotropy.

The plot of polar angle θ-distribution is shown in Fig. 47a, in the small-angle region
θ<45◦, a significant hump seen at 25◦. The hump at an angle less than 45◦ suggests
that the spin vector of galaxies tends to orient parallel with respect to the equatorial
coordinate system. There are small dips are noticed at 15◦ and 35◦ within limit 1σ level.
For the larger angle region θ>45◦, one hump is seen at 75◦ giving a significant hump
with ∼ 2σ error limit. This significant hump at angle 75◦ suggests the spin vector of
galaxies tends to orient perpendicular with respect to the equatorial coordinate system.
Thus, the result of strong isotropy.

For the azimuthal angle distribution of galaxies, as shown in Fig. 47b There are three
humps and one dip is noticed. One dip is seen at angle of 87.5◦ with 1.5σ error limit
is very significant. Three humps are noticed at angles −32◦, at −22◦, and at an angle,
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77.5◦, these three humps lie within 1σ error limit. Here, the result advocates strong
isotropy.

This substructure S2[227+008+0078] has 94 galaxies. The statistics for the polar angle
(θ)-distribution of S2[227+008+0078] is shown in Table 14, the value of chi-square
probability (P> χ2) to be 0.772 i.e., 77.2% greater than the significant level 0.050 i.e.,
5%, The first order Fourier coefficient ∆11/σ(∆11) is −0.3 less than the 1.5σ limit, the
first order Fourier probability is 0.793 i.e., 79.3% which is greater than 0.150 i.e., 15%
limit and the auto-correlation coefficient found to be 0.3 less than the limit 1σ. Thus,
all the statistics suggest isotropy.

Table 14 shows the statistical tests for the azimuthal angle (φ) distribution of galaxies.
The value of chi-square probability P(> χ2) found to be 72.4% greater than 5%, the first
order Fourier coefficient ∆11/σ(∆11) is 0.3 less than 1.5σ limit, the first order Fourier
probability (P(>∆1)) is 10.0% which is less than 15% (which suggest for anisotropy) and
the value of auto-correlation coefficient (C/C(σ)) is− 0.6 less than 1σ level. Thus, all
statistics advocate strong isotropy except first order probability. This is due to the local
effect.

The plot of polar angle θ-distribution is shown in Fig. 47c. There are no significant
dips, these small dips are observed in the plot within error limit 1σ level. In the
small-angle region θ<45◦, there are no significant humps are observed. But at the
bimodal region, θ∼45◦, a small hump is seen within limit 1σ (the observed solution is
greater than expected solutions by one only). In the larger angle region θ>45◦, a small
hump is noticed at 55◦ within error 1σ limit (observed solutions exceed by two than
expected solutions) and the observed distribution follows the same path as that of the
expected distribution giving isotropy in the result which in turn supports the fact that
this substructure formed through the process of clustering.

The distribution of azimuthal angle (φ) in Fig. 47d shows there are no humps and dips in
the small-angle region φ<45◦. For the range between −45◦<φ<+45◦, there are observed
two small dips at −25◦ and at 15◦ both with 1.5σ error limit. For the larger angle region
φ>45◦, a dip is seen at 85◦. This is due to the local effect. Similarly, for the range
between −45◦<φ<+45◦, three small humps are seen at −15◦, 5◦ and 25◦ all are with
1.5σ error limit. For the larger angle region φ>45◦, there are two significant humps
are observed at 55◦ and 75◦. These are due to local effects. Thus, the result advocates
strong isotropy.
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Figure 47: Polar (a, c) and azimuthal angle (b, d) distributions of galaxies in the substructures of Super-
cluster S[227+006+0078]. Solid circles with statistical error bars (±1σ)represent observed distributions.
The expected distributions are represented by solid curves. These solid curves are obtained by performing
the random simulations.

4.4.7 General Discussion

We convert two-dimensional given parameters (R.A., Dec. and equatorial PA) into
three-dimensional (spin vectors of polar/azimuthal angles) parameters using axial ratios
and intrinsic flatness of galaxies. For this, we adopt the method described by Flin
& Godowski (Flin & Godlowski, 1986) and calculate the polar (θ) and azimuthal (φ)
angles of galaxies. In their method, the three-dimensional orientation of the angular
momentum vector of galaxies is characterized by polar and azimuthal angles. We study
the spatial orientation of the angular momentum vector of galaxies with respect to the
equatorial coordinate system. The formulae given by Flin & Godlowski (1986) provide
four solutions of the angular momentum vector of galaxies orientation for a galaxy. We
count all four possibilities independently in our analysis. Three kinds of selection effect
are removed and the expected isotropic distribution curves (θ and φ) are determined
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using the numerical simulation method as proposed by Aryal & Saurer (2000). The
isotropic distribution curves are based on simulations including 107 virtual galaxies.

We study the spatial orientation of the spin vector of 1213 galaxies of Superclus-
ter S[227+006+0078]. We have three equally acceptable possible scenarios (pancake
(Doroshkevich et al., 1978), primordial vorticity (Ozernoy, 1978), and hierarchy model
(Peebles, 1969)). To check for anisotropy or isotropy we have carried out three sta-
tistical tests: chi−square, auto−correlation, and Fourier. When we studied the pre-
ferred alignments of angular momentum of galaxies in our Supercluster, it ruled out
the possibility of a model described by the pancake and primordial vorticity. The
isotropy result found in the Supercluster S[227+006+0078] gave the random orienta-
tion of the angular momentum vector of galaxies with the equatorial plane. Statistical
tests mentioned in Table 14 support carrying out the result for isotropy. In addi-
tion to Supercluster S[227+006+0078], we found the same result for two subclusters:
S1[228+006+0079], containing 287 number galaxies; and S2[227+008+0078], contain-
ing 94 galaxies. The random orientation of the angular momentum vector of galaxies
in these two substructures implies the formation of substructure takes place due to clus-
tering of galaxies rather than due to fragmentation of large structures. Therefore, the
Supercluster S[227+006+0078] along with two substructures S1[228+006+0079] and
S2[227+008+0078] supports Hierarchy model (Peebles, 1969) in which galaxies were
believed to be first formed and then they obtained their angular momenta by tidal forces
while they were gathering gravitationally to form a cluster.
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4.5 Supercluster S[231+030+0117]

In this section, we study Supercluster S[231+030+0117] located in the northern hemi-
sphere of the equatorial coordinate system. The mean redshift of this Supercluster is 
0.114 (radial velocity 3.42×107 m s−1), and it has 1172 galaxies (Einasto et al., 2011).

4.5.1 Number Density Map

From the all-sky distribution of galaxies in a large-scale structure, we can see the
distribution of galaxies in this Supercluster S[227+006+0078] is not uniform. We
found some regions with high-density contrast, so we study about such density contrast
regions to understand how the overall structure and contrast region affect the evolution
and formation of galaxies in that region. We have classified our database of total
samples into substructures based on the number density distribution of galaxies. In
order to identify substructure within the Supercluster S[231+030+0117], we try to find
the number of neighbouring galaxies within a certain range of radius. Fig 48 shows the
counter map within the different radii of the circle. In Fig 48a and Fig 48b, we can see
that for counting bin of radius 0.5◦ and 0.6◦ three substructures may be seen but out of
that observed one clear high-density contrast region that may be substructure. In Fig
49d, at radius 0.8◦ the substructures start to overlap, and two substructure forms. In
Fig 49e, at 0.9◦ and Fig 49f, at 1.0◦ only one substructure forms throughout the whole
region.

Figure 48: Number density map of galaxies in the Supercluster S[231+030+0117] having nearest neigh-
bour distance of each galaxies at (a) r=0.50◦, (b) r=0.60◦. The color bar is shown. As the radius increases,
the subclustering becomes prominent.
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Figure 49: Number density map of galaxies in the Supercluster S[231+030+0117] having nearest neigh-
bour distance of each galaxies at (c) r=0.70◦, (d) r=0.80◦, ( e) r=0.90◦, ( f) r=1.0◦. The color bar is
shown. As the radius increases, the subclustering becomes prominent.

4.5.2 Redshift Map

Figure 50 shows a redshift map of galaxies in the Supercluster that have a mean redshift
of 0.114. The color map shows that the velocity dispersion is minimum in the region
where the number density of galaxy is minimum. In the substructure region at 30◦

declination, the redshift dispersion, is found to be |z|= 0.115, whereas the lower and
upper substructure show |z|= 0.114 and 0.116, respectively. It seems that there is a
linear relationship between redshift dispersion and the number density of galaxies in the
substructures,

Ns(5) = −3.2 × 105 |z | + 38114.11 (4.14)

We varied the nearest neighbour radius to 0.05◦ and 1.00◦ and calculated the slope of
a linearly fitted line as above and found the same. Therefore, we propose empirical
relation (equation 4.14) between number density and redshift dispersion of galaxies in
the Supercluster S[231+030+0117].

105



Figure 50: Redshift map is shown for galaxies in the Supercluster S[231+030+0117]. The mean redshift
of Supercluster is 0.114. The contour levels are at the redshift 0.108, 0.112, 0.115, 0.119, 0.123. In the
substructure region, galaxies hardly have identical redshifts. (b) Number of galaxies in two substructures
versus redshift dispersion plot. The statistical ±1σ error bars are shown.

The redshift dispersion (∆z) of galaxies in the Bootes A Superclusters are 831 km s−1

(Struble & Rood, 1999). Its value is 68 km s−1 for the local group (Struble & Rood,
1999). These are nearby Superclusters and a group ofwhich peculiar velocity is relatively
higher than that of the distant Superclusters.

4.5.3 Magnitude Map

Figure 51: Magnitude map of galaxies in the Supercluster S[231+030+0117] (a) r-magnitude, (b) u-
magnitude. The color bar is shown. The contour levels are at 14.98, 16.00, 18.21, 19.83, 21.44 for r-filter
and 17.35, 20.54, 23.73, 26.91, 30.10 for u-filter, respectively. The distribution of r and u-magnitude.

Fig. 51ab showsmagnitudemaps of galaxies in the Supercluster S[231+030+0117]. The
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SDSS r-magnitude refers to the peak wavelength 6165 Å with the bandwidth 702.81 Å.
In the u-filter, the substructure located in the northern region has a higher magnitude.
As we know, the higher the magnitude, the lower the brightness.

The magnitude distribution of galaxies in the Supercluster S[231+030+0117] can be
seen in figure 52cd. The solid curve represents Gaussian fits. The Gaussian center is
found to be at 17.364 for r- and 19.769 for u-filters. The Gaussian functions for r- and
u-magnitude distributions are given by

nr = 14.47 + 298.13 exp
(
−2(mr − 17.364)2

0.67

)
(4.15)

nu = 0.13 + 358.41 exp
(
−2(mu − 19.769)2

1.69

)
(4.16)

4.5.4 Substructure Classification

Table 15: Substructures of the Supercluster S[231+030+0117]. Second and third columns show po-
sitions of Superclusters. The next two columns represent mean redshift and number of galaxies in the
substructures. The last two columns list mean u-magnitude and r-magnitude of substructures, respectively.

Substructure R.A.(J2000) Dec.(J2000) |Z | Ng |u| |r |
S1[231+030+0117] 231.053◦ 29.910◦ 0.115 224 19.8 17.3
S2[231+030+0117] 230.420◦ 32.090◦ 0.116 110 19.9 17.5

On the basis of number density maps, two substructure is identified within the Superclus-
ter S[231+030+0117]. The magnitude distributions of these substructures are seemed
to be connected, probably in the process of clustering.

4.5.5 Preferred Alignments in the Supercluster

The Supercluster S[231+030+0117] contains a group of 1172 galaxies. Table 16 shows
the statistics for the polar angle (θ) distribution in the Supercluster S[231+030+0117].
The value of chi-square probability P(> χ2), the first order Fourier coefficient∆11/σ(∆11),
the first order Fourier probability (P(>∆1)) and the auto-correlation coefficient (C/C(σ))
obtained for the the polar angle (θ) distribution are 0.884 greater than the significant
level 0.050, 0.0 less than the error limit 1.5σ, 0.999 more than significant level 0.150
and −0.6 less than 1σ level respectively. Thus, all these statistics advocate very strong
isotropy.

The statistics for azimuthal angle (φ) distribution is shown in Table 16, the value of chi-
square probability ( P> χ2), the first order Fourier coefficient ∆11/σ(∆11), the first order
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Fourier probability (P(>∆1)) and the auto-correlation coefficient (C/C(σ)) obtained for
the azimuthal angle (φ) distribution are 0.779 more than the significant level 0.050, 0.2
less than the error limit 1.5σ, 0.905 more than significant level 0.150 and −0.1 less than
1σ level respectively. Here, all these statistics advocate very strong isotropy.

In Fig. 52a, in the small-angle region θ<45◦, there are two dips at 22.5◦, 42.5◦ and
one hump at 32.5◦ all these are within error limit 1σ. For large angles region (θ>45◦),
one significant hump at 52.5◦ with 1.5σ error limit. The hump and dip observed in this
distribution are due to the local effect. Thus, we conclude that no preferred alignment
of spin vectors of galaxies found in polar angle distribution.

In Fig. 52b, in the small-angle region (φ<−45◦) and for the range between−45◦<φ>+45◦,
there are no significant humps, and dips, are seen. In the large-angle region (φ>45◦),
one hump is observed at an angle 85◦ within 2σ error limit, which is due to the local
effect. Thus, there is no preferred alignment is noticed in azimuthal angle distribution.

Thus, in the study of both statistics and graphs of polar and azimuthal angles. We
conclude isotropy in the spin-vector orientation of galaxies in the Supercluster and lack
of preferred alignment. This supports the Hierarchy model (Peebles, 1969) of galaxy
evolution.

Figure 52: Polar (a) and azimuthal (b) angle distributions of galaxies in the Supercluster
S[231+030+0117]. The solid circles with statistical error bars (±1σ) represent observed distribution.
The solid curves are obtained from random simulation assuming isotropic distributions.
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Table 16: Statistical parameters in the polar and azimuthal angles of galaxies in the Supercluster S[231+
030 + 0117]and its sub- structures (first column). The chi-square probability( P> χ2) is given in the
second column. The third and fourth columns show first order fourier coefficient (∆11/σ(∆11) and fourier
probability. The last column tests the auto co-relation coefficient.

Sample P(> χ2) ∆11/σ(∆11) P(> ∆1) C/C(σ)
Polar Angle

S[231+030+0117] 0.884 0.1 0.999 −0.6
S1[231+030+0117] 0.227 0.1 0.994 −0.2
S2[231+030+0117] 0.664 0.4 0.812 − 0.3
Azimuthal Angle
S[231+030+0117] 0.779 0.2 0.905 −0.1
S1[231+030+0117] 0.873 −0.1 0.898 −0.5
S2[231+030+0117] 0.504 −0.1 0.919 −0.9

4.5.6 Preferred Alignment in Substructures

The substructure S1[231+030+0117] consists of 224 galaxies. The statistics for the
polar angle (θ) distribution is shown in Table 16, the value of chi-square probability (
P> χ2), the first order Fourier coefficient ∆11/σ(∆11), the first order Fourier probability
(P(>∆1)) and the value of auto-correlation coefficient (C/C(σ)) obtains for polar angle
(θ) are 0.227 more than the significant level 0.050, 0.1 less than the error limit 1.5σ,
0.994 more than significant level 0.150 and −0.2 less than 1σ level, respectively. Thus,
all these statistics suggest strong isotropy.

The statistics for azimuthal angle (φ) distribution is shown in Table 16, the value of
chi-square probability ( P> χ2), the first order Fourier coefficient ∆11/σ(∆11), the first
order Fourier probability (P(>∆1)) and the value of auto-correlation coefficient (C/C(σ))
obtains for polar angle (φ) are 0.873 more than the significant level 0.050,−0.1 less than
the error limit 1.5σ, 0.898 more than significant level 0.150 and −0.5 less than 1σ level,
respectively. Thus, all these statistical tests suggest strong isotropy.

In Fig. 53a, for small angles region (θ<45◦), there is one hump at 32.5◦ with error limit
1.5σ and two dips at 12.5◦ and 22.5◦ with 1σ and 1.5σ error limit are seen. For large
angles region (θ>45◦), there is one significant hump observed at an angle of 52.5◦ with
an error limit of 2σ. Also, there are three effective dips at an angles 57.5◦, 62.5◦ and
72.5◦ with 2σ, 1.5 σand 2σ error limit. These humps and dips observed in the polar
angle distribution are due to the local effect.

In Fig. 53b, there are no significant humps and dips are observed in the small-angle
region φ<−45◦, for the range between −45◦<φ<+45◦, there are two humps at an angles
−5◦ and 25◦ within error limit 1σ and one dip at an angle 35◦ within error limit 1.5σ
are seen. For large angles region (φ>45◦), one hump at an angle 85◦ and one dip at an
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angle 65◦ within 1.5σ, error limit are observed due to some local effects. Overall, there
is no preferred alignment of the spin vectors of galaxies is noticed in azimuthal angle
distribution.

Hence, with the help of the statistics and plots of polar and azimuthal angles, we obtain
the conclusion of isotropy in the spin-vector orientation of galaxies in the substructure
S1[231+030+0117] and lack of preferred alignment. This is in favor of the hierarchy
model of galaxy evolution.

This substructure S2[231+030+0117] has 110 galaxies. The value of chi-square prob-
ability ( P> χ2), the first order Fourier coefficient ∆11/σ(∆11), the first order Fourier
probability (P(>∆1)) and the value of auto-correlation coefficient (C/C(σ)) obtains for
polar angle (θ) are 0.664more than the significant level 0.050, 0.4 less than the error limit
1.5σ, 0.812 greater than significant level 0.150 and −0.3 less than 1σ level, respectively.
Thus, all these statistics advocate strong isotropy.

The statistics for azimuthal angle (φ) distribution is shown in Table 16, the value of
chi-square probability ( P> χ2), the first order Fourier coefficient ∆11/σ(∆11), the first
order Fourier probability (P(>∆1)) and the value of auto-correlation coefficient (C/C(σ))
obtains for polar angle (θ) are 0.504 greater than the significant level 0.050, −0.1 less
than the error limit 1.5σ, 0.919 more than significant level 0.150 and −0.9 less than 1σ
level, respectively. Here, all these statistics suggest strong isotropy in the φ-distribution.

In Fig. 53c, for the region of small-angles (θ<45◦), there is one significant hump at an
angle 12.5◦ with 1.5σ error limit and two dips at an angle 22.5◦ and 22.5◦ with 2σ error
limit, are observed. At the bimodal region, i.e.,θ∼45◦, no humps and dips are seen. For
the large angles region (θ>45◦), no significant humps and dips, are observed. Due to the
difference between observed (48) and expected (46) solution is 2. In this region, small
humps, and dips, are seen due to the local effect. Thus, no preferred alignment of the
spin vectors of galaxies is found in polar angle distribution.

In Fig. 53d, no significant humps, and dips, are seen in the small-angle region (φ<−45◦).
For the range between −45◦<φ<+45◦, two humps at an angle −25◦ with 1σ error limit
and at −5◦ with 1.5σ error limit, are observed. Further, three dips at an angles −35◦,
5◦ and 15◦ with 1σ, 1.5σ and 1.5σ, error limits, are observed in this region. In the
bimodal region φ∼45◦, one significant hump with an error limit of 1.5σ is seen. For the
larger angle region (φ>45◦), no significant dips are observed but one significant hump
is observed at 85◦. This is due to local effects. Thus, no preferred alignment is noticed
in the azimuthal angle distribution.

Hence, after the study of the statistics and plots of polar and azimuthal angles, we
concluded that there is strong isotropy in the spin-vector orientation of galaxies in the
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substructure S2[231+030+0117] and lack of preferred alignment. This supports the
Hierarchy model (Peebles, 1969) of galaxy evolution.

Figure 53: Polar (a, c) and azimuthal angle (b, d) distributions of galaxies in the substructures of Super-
cluster S[231+030+0117]. Solid circles with statistical error bars (±1σ) represent observed distributions.
The expected distributions are represented by solid curves. These solid curves are obtained by preforming
random simulation.

4.5.7 General Discussion

We convert two-dimensional given parameters (R.A., Dec., and equatorial PA) into
three-dimensional (spin vectors or polar/azimuthal angles) parameters using axial ratios
(b/a) and intrinsic flatness (q*) of galaxies. For this, we adopt the method described
by Flin & Godlowski (1986) and calculate the polar (θ) and azimuthal (φ) angles of
galaxies. The selection effects are removed and the expected isotropic distribution
curves are determined using the numerical simulation by creating 107 virtual galaxies
and adopting the method as proposed by Aryal & Saurer ((Aryal & Saurer, 2000) (Aryal
& Saurer, 2004)).

We study the spatial orientation of the spin vector of galaxies in Supercluster S[231+030+0117]
and its two substructures S1[231+030+0117] and S2 [231+030+0117]. We have carried
out three statistical tests: chi- square, Auto-correlation, and Fourier test to check for
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isotropy or anisotropy distribution. We found that the galaxy spin orientation is ran-
dom and isotropic in both Supercluster and substructures. This may indicate that the
substructures within the Supercluster are relatively younger and evolve due to the clus-
tering of galaxies rather than due to the fragmentation of large structures. Therefore, the
Supercluster along with its substructures supports the hierarchy model (Peebles, 1969).

In addition, we carry out research to check whether or not there is a dependence of
magnitude with polar angle and azimuthal angle. The apparent magnitudes depend
on the instrument used to measure them. The different instrumental detects different
wavelength ranges. Thus, the flux measured by the instrument is not the total flux
produced by the source but only a fraction of it. The sensitivity of the detector is
different at different wavelengths. Photographic plates are most sensitive to blue and
violet wavelength. As we know that the higher the value of magnitude, the fainter the star
is. So that the galaxy has a higher magnitude consists of the stars with low brightness.
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4.6 Supercluster S[184+003+0077]

In this section, we study Supercluster S[184+003+0077] located in the northern hemi-
sphere of the equatorial coordinate system. The mean redshift of this Supercluster is 
0.077 (radial velocity 2.21×107 m s−1), and it has 1365 galaxies. This Supercluster at a 
distance of 230 h−1Mpc and volume 10040 (h−1Mpc)3 is the second richest member of 
the Sloan Great Wall (SGW) (Einasto et al., 2011).

4.6.1 Number Density Map

The study of substructure plays a crucial role to understand the details about large-
scale structure (Supercluster). From the all-sky distribution of galaxies in a large-scale
structure, we can see the distribution of galaxies is not uniform. We found some regions
are high-density contrast, so we must study such density contrast to understand how
overall structure and contrast region affect the evolution and formation of galaxies in
that region.

To identify substructure within the Supercluster S[184+003+00077], First, we try to
find the number of galaxies around each galaxy within the different radius values such
as 0.50◦, 0.75◦,1.0◦, 1.25◦. By analyzing the distribution of galaxy in the contour
map in various radius values, we choose the particular value of radius for which a
clear substructure is seen. In Fig. 54a, we can see four clear high-density contrast
regions at different regions in the equatorial coordinate system. If we look at Fig. 54b,
even though we see different substructures, there is no prominent structure because the
density contrast region begins to overlap. Due to this region, it is very difficult to separate
different substructures to study precisely. Similarly, in Fig. 54c and 54d, we only see
two different substructures, however, we are searching for as many as different strong
density regions. Further, the reason for not accepting this as an appropriate bin size is
the substructure is largely overlapped and does not form a small high-density region. So,
we choose finally the suitable counting bin size values as 0.50◦ to find the substructure
because four different clear strong regions are noticed.
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Figure 54: Number density map of galaxies in the Supercluster S[184+003+0077] having nearest neigh-
bour distance of each galaxies at (a) r=0.50◦, (b) r=0.75◦, (c) r=1.0◦, (d) r=1.25◦. The color bar is shown.
As the radius increases, the subclustering becomes prominent.

4.6.2 Redshift Map

Figure 55 shows a redshift map of galaxies in the Supercluster that have a mean redshift
of 0.077. The color map shows that the velocity dispersion is minimum in the region
where the number density of galaxy is minimum. In the substructure region at 5◦

declination, the redshift dispersion is found to be |z|= 0.079, whereas the lower and
upper substructure show |z|= 0.077 and 0.081, respectively. It seems that there is a
linear relationship between redshift dispersion and the number density of galaxies in the
substructures,

Ns(6) = −2.8 × 104 |z | + 2353.25 (4.17)

We varied the nearest neighbour radius to 0.50◦ and 1.00◦, and calculated the slope of
a linearly fitted line as above, and found the same. Therefore, we propose empirical
relation (equation 4.17) between number density and redshift dispersion of galaxies in
the Supercluster S[184+003+0077].
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Figure 55: Redshift map is shown for galaxies in the Supercluster S[184+003+0077]. The mean redshift
of Supercluster is 0.077. The contour levels are at the redshift 0.069, 0.073, 0.077, 0.081, 0.084. In the
substructure region, galaxies hardly have identical redshifts. (b) Number of galaxies in three substructures
versus redshift dispersion plot. The statistical ±1σ error bars are shown.

The redshift dispersion (∆z) of galaxies in the Virgo-Coma Superclusters are 1057 km
s−1 (Struble & Rood, 1999). Its value is 68 km s−1 for the local group (Struble & Rood,
1999). These are nearby Superclusters and groups of which peculiar velocity is relatively
higher than that of the distant Superclusters.

4.6.3 Magnitude Map

Figure 56: Magnitude map of galaxies in the Supercluster S[184+003+0077] (a) r-magnitude, (b) u-
magnitude. The color bar is shown. The contour levels are at 14.05, 16.36, 18.68, 20.98, 23.30 for r-filter
and 16.40, 20.29, 24.18, 28.06, 31.95 for u- filter, respectively. The distribution of r and u-magnitude.
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Fig. 56ab shows magnitude maps of galaxies in the Supercluster S[184+003+0077].
The SDSS r-magnitude refers to the peak wavelength 6165 Å with the bandwidth 474.7
Å. In the u-filter, the substructure located in the northern region has a higher magnitude.
As we know, the higher the magnitude, the lower the brightness.

The magnitude distribution of galaxies in the Supercluster S[184+003+0077] can be
seen in Figure 56cd. The solid curve represents Gaussian fits. The Gaussian centre is
found to be at 17.136 for r- and 19.314 for u-filters. The Gaussian functions for r- and
u-magnitude distributions are given by

nr = 14.42 + 253.21 exp
(
−2(mr − 17.136)2

1.66

)
(4.18)

nu = 0.43 + 389.02 exp
(
−2(mu − 19.314)2

2.24

)
(4.19)

4.6.4 Substructure Classification

Table 17: First column shows Substructures of the Supercluster S[184+003+0077]. Second and third
columns show positions of Superclusters. The next two columns represent mean redshift and num-
ber of galaxies in the substructures. The last two columns list meanu-magnitude and r-magnitude of
substructures, respectively.

Substructure R.A.(J2000) Dec.(J2000) |Z | Ng |u| |r |
S1[185+0035+0077] 184.378◦ 3.601◦ 0.0773 170 18.7 17.8
S2[180+0050+0077] 179.205◦ 5.038◦ 0.0791 91 18.9 17.9
S3[185+0050+0077] 182.597◦ 5.350◦ 0.0796 68 18.9 17.9
S4[183+0050+0077] 177.450◦ 5.639◦ 0.0807 67 19.1 18.0

Based on the number density maps, four different substructures, are separated by using
the threshold number of galaxies belonging to the four substructures based on their peak
values and standard deviation of galaxies density.

4.6.5 Preferred Alignments in the Supercluster

The Supercluster S[184 + 003 + 0077] consists of 1365 galaxies. The statistics for the
polar angle (θ) distribution in the Supercluster S[184 + 003 + 0077] is shown in Table
18, the values of chi-square probability (P> χ2) to found 0.084 which is greater than
the significant level 0.050, the first order Fourier coefficient ∆11/σ(∆11) found to be 0.6
less than the error limit 1.5σ, the first order Fourier probability (P(>∆1)) is 0.790 that is
greater than 0.15; whereas the value of auto-correlation coefficient (C/C(σ)) to be 1.2
which is greater than 1σ level. This result shows anisotropic. Thus, all statistical tests
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except auto-correlation coefficient (C/C(σ)) show the distribution of spin vectors in the
Supercluster is strong isotropic.

Table 18 shows the statistics for azimuthal angle (φ) distribution, the value of chi-square
probability (P> χ2) is 0.580 ismore than the significant level 0.050, the first order Fourier
coefficient ∆11/σ(∆11), is to be found 0.7, that is less than the 1.5σ limit, the first order
Fourier probability (P(>∆1)) is 0.490 more than 0.15, and the value of auto-correlation
coefficient (C/C(σ)) to be 0.3 which is less than 1.5σ level. Here, all statistical tests
show the distribution of spin vectors in the Supercluster is strong isotropic.

In Fig. 57a, the number of observed solutions that have θ<45◦ is found to be 2156,
and expected solutions are found to be 2133, i.e., observed solution exceeds expected
solutions by 23 which is consistent with the observed hump at 27.5◦ with ±2σ. For
the large angles (θ> 45◦), the number of observed solutions are less by 78 than that of
expected and there is no significant hump and dips are seen in the large angles region
θ>45◦. In these regions, small humps and dips were noticed due to the local effect.
Thus, we conclude no preferred alignment of spin vectors of galaxies.

In Fig. 57b, the observed solutions for the range −45◦<φ<+45◦ are found to be 1923,
whereas the expected solutions are only 1919. This shows that observed solutions
exceeded the expected solution by 4. There is a significant hump at an angle 5◦ within
the standard error of 1.5σ. There are no significant humps and dips in the region outside
the shaded regions. In the bimodal region, there is one significant dip at an angle −45◦

within standard error limit 1.5σ. Owing to the statistics we conclude that the spin
vector projection of galaxies shows the random orientation of spin vectors with respect
to equatorial coordinate system.

Figure 57: Polar (a) and azimuthal (b) angle distributions of galaxies in the Supercluster
S[184+003+0077]. The solid circles with statistical error bars (±1σ) represent observed distribution.
The solid curves are obtained from random simulation assuming isotropic distributions.
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Table 18: Statistical parameters in the polar and azimuthal angles of galaxies in the Supercluster S[184+
003 + 0077] and its substructures (first column). The chi-square probability (P> χ2) is given in the
second column. The third and fourth columns show first order Fourier coefficient (∆11/σ(∆11) and Fourier
probability. The last column tests the auto co-relation coefficient.

Sample P(> χ2) ∆11/σ(∆11) P(> ∆1) C/C(σ)
Polar Angle

S[184+003+0077] 0.084 0.6 0.790 1.2
S1[185+0035+0077] 0.648 0.9 0.623 0.9
S2[180+0050+0077] 0.888 −0.2 0.973 0.2
S3[185+0050+0077] 0.912 0.3 0.904 0.1
S4[183+0050+0077] 0.815 −0.5 0.846 − 0.4
Azimuthal Angle
S[184+003+0077] 0.580 0.7 0.490 0.3
S1[185+0035+0077] 0.129 0.5 0.860 −1.1
S2[180+0050+0077] 0.960 −0.3 0.909 −0.1
S3[185+0050+0077] 0.339 −0.7 0.712 −1.1
S4[183+0050+0077] 0.822 0.5 0.855 −0.1

4.6.6 Preferred Alignment in Substructures

The substructure S1[185+0035+0077] consists of 170 galaxies. By statistics (Table 18),
the polar angle (θ) distribution shows the value of chi-square probability ( P> χ2) is
to be found 0.648 which is more than the significant level 0.050, the first order Fourier
coefficient ∆11/σ(∆11) is 0.9 that is less than the 1.5σ limit, the first order Fourier
probability (P(>∆1)) to be 0.623 greater than 0.15 and the value of auto-correlation
coefficient (C/C(σ)) is 0.9 less than 1σ level. Thus, all statistics show the distribution
of spin vectors in large Supercluster is strong isotropic distribution.

The statistics for azimuthal angle distribution shows (Table 18), the value of chi-square
probability (P> χ2) is 0.129 that is greater than the significant level 0.050, the first
order Fourier coefficient ∆11/σ(∆11) to be 0.5 which is less than the 1.5σ limit, the first
order Fourier probability (P(>∆1)) to be found 0.860 more than 0.150 and the value of
auto-correlation coefficient (C/C(σ)) is to be found −1.1 which is less than 1σ level.
Here, all these statistics suggest strong isotropy.

In the polar angle (θ) distribution as shown in Fig. 58a, in the small angles region θ<45◦,
there are two humps at 30◦ and 35◦, and one significant dip at 55◦ within 1.5σ limit. In
this region, there are no significant humps observed. Thus, we conclude no preferred
alignment of angular momentum vectors of galaxies.

In the azimuthal angle (φ) distribution as shown in Fig. 58b, in the small-angles region
φ<−45◦, one hump at an angle −60◦ within 1.5σ limit, is observed, but there are no dips,
are seen. For range between −45◦<φ<+45◦, there are two significant humps at an angle
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−10◦ and 20◦ and two dips at an angle −40◦ and at 35◦ within significant limit 1.5σ. In
the large angles region φ>45◦, one dip at 50◦ can be seen. Due to the local effect, there
are no other significant humps and dips outside this range. Thus, we conclude that there
is no preferred alignment among spin-vectors of galaxies.

The substructure S2[180+0050+0077] has 91 galaxies. The statistics for polar angle (θ)
distribution for galaxies of the substructure S2[180+0050+0077], which are shown in
Table 18. The chi-square probability (P> χ2) to be 0.888 i.e., 88.8% which is greater
than the significant level5%), the first order Fourier coefficient ∆11/σ(∆11) is −0.2 less
than 1.5σ limit, the first order Fourier probability (P(>∆1)) to be found 0.973 i.e., 97.3%
more than 0.15 i.e., 15% and the value of auto-correlation coefficient (C/C(σ)) is found
to be 0.2 less than 1σ level. Thus, all statistics show the distribution of spin vectors in
large Supercluster is strong isotropic distribution.

Table 18 shows statistics of the azimuthal angle φ-distribution for galaxies of the sub-
structure S2[180+0050+0077], the value of chi-square probability ( P> χ2), is to be
found 0.960, which is more than the significant level 0.050, the first order Fourier co-
efficient ∆11/σ(∆11) to be −0.3 that is less than the 1.5σ limit, the first order Fourier
probability (P(>∆1)) is 0.909 greater than 0.15, and the value of auto-correlation coeffi-
cient (C/C(σ)), is found to be −0.1 less than 1σ level. Here, all these statistics advocate
strong isotropy in the φ-distribution.

In the polar angle (θ) distribution as shown in Fig. 58c, for the small-angle region θ<45◦,
there is one significant dip at an angle 35◦ with 1.5σ limit is seen. In the large angles
region (θ>45◦), there is one significant hump at 55◦ in that range which cancels the dip
observed at lower angles. Thus, we conclude no preferred alignment of spin vectors of
galaxies.

In the azimuthal angle (φ) distribution as shown in Fig. 58d, there is one significant
dip at an angle −30◦ in the range between −45◦<φ<+45◦, but there is no hump and
dip outside this range, so we can conclude that there is no preferred alignment among
spin-vectors of galaxies.

The substructure S3[185+0050+0077] contains 68 galaxies. The statistics for polar
angle (θ) distribution for galaxies of the substructure S3[185+0050+0077], is shown in
Table 18, the chi-square probability ( P> χ2), is to be found 0.912, which is more than
the significant level 0.050, the first order Fourier coefficient ∆11/σ(∆11) to be 0.3 that is
less than 1.5σ limit, the first order Fourier probability (P(>∆1)) is 0.904 more than 0.15
and the value of auto-correlation coefficient (C/C(σ)), is to be 0.1 which is less than 1σ
level. Thus, all statistics show the distribution of spin vectors in large Supercluster is
strong isotropic distribution.
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Table 18 shows the azimuthal angle (φ)-distribution for galaxies of the substructure
S3[185+0050+0077], the value of chi-square probability (P> χ2) is to be found 0.339
which ismore than the significant level 0.050, the first order Fourier coefficient∆11/σ(∆11)

to be −0.7 less than the 1.5σ limit, the first order Fourier probability (P(>∆1)) is 0.712
more than 0.15; whereas the value of auto-correlation coefficient (C/C(σ)) is found to
be −1.1 which is less than 1σ level. Thus, all these statistics suggest strong isotropy in
the φ-distribution.

In the polar angle (θ) distribution, as shown Fig. 59e, in the small-angle region θ<45◦,
the difference between observed (98) and expected (96) solution in that range is 2. Thus,
in this region, there is no hump, and dip, are observed. For this large angle region
(θ>45◦), there is one significant dip at 75◦ it may be due to local effects. Thus, we
conclude that no preferred alignment of spin vectors of galaxies.

In the azimuthal angle distribution as shown in Fig. 59f, in the small angles region
(φ<45◦), one significant hump at −55◦, is seen. For large angles region (φ>45◦), there
is one hump at 65◦ and a dip at 35◦. At small and large angles regions, these humps,
and dips, are observed due to the local effect. There is no significant hump and dip in
the range between −45◦<φ<+45◦. Thus, We again conclude that there is no preferred
alignment among spin-vectors of galaxies.

The substructure S4[183+0050+0077] consists of 67 galaxies. The statistics for polar
angle distribution for galaxies of the substructure S4[183+0050+0077], is shown in
Table 18, the chi-square probability ( P> χ2), is to be found 0.815, which is greater
than the significant level 0.050, the first order Fourier coefficient ∆11/σ(∆11) is −0.5 less
than 1.5σ limit, the first order Fourier probability (P(>∆1)) to be 0.846 more than 0.15,
i.e., and the value of auto-correlation coefficient (C/C(σ)) is found to be −0.4, which
is less than 1σ level. Thus, all statistics show the distribution of spin vectors in large
Supercluster is strong isotropic distribution.

Table 18 shows the statistics of azimuthal angle (φ)-distribution for galaxies of the
substructure S4[183+0050+0077], the value of chi-square probability (P> χ2) is to be
found 0.822, more than the significant level 0.050, the first order Fourier coefficient
∆11/σ(∆11) to be 0.5 which is less than the 1.5σ limit, the first order Fourier probability
(P(>∆1)) is 0.855 greater than 0.15 and the value of auto-correlation coefficient (C/C(σ)),
to be found −0.1 less than 1σ level. Here, all these statistics advocate strong isotropy in
the φ-distribution.

In the polar angle (θ)-distribution as shown Fig. 59g, for the small-angle region θ<45◦,
There are two humps at 12.5◦ and 32.5◦ and also two dips at 7.5◦ and 22.5◦ are observed
due to the local effect. In the large angles region (θ>45◦), one hump at an angle 57.5◦

can be seen within the error limit 1.5σ and no significant dip seen in that range. Thus,
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we conclude no preferred alignment of spin vectors of galaxies.

In the azimuthal angle (φ)-distribution as shown in Fig. 59h, in the small-angle region
φ<−45◦, one significant hump at an angle −85◦ and dip at −65◦ due to local effect, can
be seen. At bimodal region (φ∼45◦), one hump is observed within error limit 2σ. For
the range between −45◦<φ>+45◦, there are four significant hump at −35◦, −25◦, −5◦,
25◦ and one dip at 15◦ are observed within error limit 2σ. In the large-angle region
(φ>45◦), two significant dips at 55◦) and 75◦ due to local effect. Thus, we again conclude
that there is no preferred alignment among spin-vectors of galaxies.

Figure 58: Polar (a, c) and azimuthal angle (b, d) distributions of galaxies in the substructures of Super-
cluster S[184+003+0077]. Solid circles with statistical error bars (±1σ) represent observed distributions.
The expected distribution are represented by solid curves. These solid curves are obtained by preforming
random simulation.
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Figure 59: Polar (e, g) and azimuthal angle (f, i) distributions of galaxies in the substructures of Super-
cluster S[184+003+0077]. Solid circles with statistical error bars (±1σ) represent observed distributions.
The expected distributions are represented by solid curves. These solid curves are obtained by performing
a random simulation.

4.6.7 General Discussion

As Peebles (1969) intimated that the transfer angular momentum calculated by com-
putation effect agrees with the prediction value produced by the gravitational effects.
To understand how the angular momentum of galaxies precisely measures the evolution
and formation of structure in the universe. We adopt the method to analyze spin vectors
orientation of galaxies in selected SDSS Supercluster S [184 + 003 + 0077]. By using
this method given by Flin & Godlowski (1986), we obtained three-dimensional data of
galaxies using the axial ratios and intrinsic flatness which is described by polar angle
(θ) and azimuthal angle (φ). We found there is no preferred alignment of spin vectors
orientation favoring cosmological principle− isotropic distribution of galaxies for this,
we used three statistical tests: chi−square, auto−correlation, and Fourier tests.

Selection effects are removed and the expected isotropic distribution curves are deter-
mined using the numerical simulation by creating 107 virtual galaxies and adopting the
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method as proposed by Aryal & Saurer (2000).

Some humps and dips in the angular momentum distribution are observed in different
substructure due to local effect suggesting a local tidal connection between the rotation
axes of galaxies or due tomerging process so angular momentum of galaxies get affected.

In addition, we researched whether or not there is a dependence of magnitude with
polar angle and azimuthal angle. The flux measured by using our instrument is not a
hundred percent total of the flux produced by source objects because the sensitivity of the
detector is not equal for different wavelengths. The apparent magnitude depends on the
instrument we use to measure it. The sensitivity of the detector is different at different
wavelengths. Photographic plates are most sensitive to blue and violet wavelength. As
we know, that the higher the value of magnitude, the fainter the star is so that the galaxy
having higher magnitude consists of the stars with low brightness.

Figure 60: The red shift distribution of galaxies in the substructure S1[185 + 0035+0077] (a), S2[180
+ 0050+0077] (b), S3[185 + 0050+0077] (c) and S4[183 + 0050+0077] (d). The solid circles with ±1σ
error bars represent the observed distribution. The solid line represent the Gaussian fit.
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4.7 Comparison with Previous Works

Figure 61(a) shows 85◦ × 85◦ field of all sky distribution of all 6 Superclusters S[195
+027+0022], S[173+003+0077], S[247+040+0029], S[227+006+0078], S[231+ 030
+0117] and S[184+003+0077]. Three Superclusters are in the field whereas the other 
three are connected and a part of Sloan Great Wall (Einasto et al., 2003). All six Super-
clusters are located in the northern hemisphere. No trend is seen in the color-magnitude 
plot (Figure 61b). When plotted redshift (z) versus apparent magnitude (mr ), we 
noticed three groups. First group of Superclusters (S[247+040+0029] and S[195+027
+0022]) that have low redshift (z < 0.04) showed a wide range of apparent magnitude 
(12.5-18.0)(Figure 61c). There are three Superclusters having relatively narrow range 
of apparent magnitudes (14.4-18.0) have redshift in the range 0.07-0.09. These 
Superclusters are S[173+014+0082], S[227+006+0078] and S[184+003+0077]. The 
only high redshift (z > 0.11) Supercluster in our database is S[231+030+0117] have 
1172 galaxies. The magnitude dispersion is found to decrease with the increase of 
redshift. As expected, a similar pattern of distribution of galaxies in 6 Superclusters are 
found when plotted redshift against color (Figure 61d).

Figure 61: (a) All sky distribution of six Superclusters in 85◦ × 85◦ field. (b) color (mu-mr ))-magnitude
(mr ) scatter plot of all galaxies in 6 Superclusters. A spread of galaxies towards the higher magnitudes
can be seen. (c) Redshift (z) versus apparent magnitude (mr ) plot of all galaxies in 6 Superclusters. A
spread of apparent magnitude is found to decrease with the increase of redshift. (d) Color versus redshift
distributions of galaxies in 6 Superclusters. Color dispersion is found to be similar in all 6 Superclusters.

.
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Figure 62: Color (log(mu-mr ))-magnitude(mr ) diagram of galaxies in the Superclusters:
(a) S[195+027+0022], (b) S[173+014+0082], (c) S[247+040+0029], (d) S[227+006+0078], (e)
S[231+030+0117], (F) S[184+003+0077]. Each black dots represents a galaxy. The best fit lines and
equation are shown. Fitted lines and equations are shown.

Figure 62 shows a color-magnitude diagram of galaxies in six Superclusters. We have
compiled the database of apparent magnitude in u- and r-filters using SDSS. Figure
62a showed logarithm of mu-mr versus r-magnitude of the galaxies in the Supercluster
S[195+0027+0022]. When fitted, we found a relation in which slope is found to be
negative but very small (-0.04) (the equation is given in the Figure 62a).

The slope is found to decrease very slowly with the increase of apparent magnitude. This
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suggests a very precise velocity dispersion of galaxies in the Supercluster. As expected,
galaxies are found to be aggregated towards the upper limit of r-magnitude. For the Su-
perclusters S[173+003+0077], S[247+040+0029], S[227+006+0078], S[231+030+0117]
and S[184+003+0077], color-magnitude relations are found to be similar (equations are
given in the field of the figures) In these relations, slopes and intercepts are found to be
similar. This indicates a common behavior of SDSS Superclusters. Though, the values
of R2 are not very high. It is because of the dispersion in the color. This suggests that
the star formation rate in these Superclusters differ.

Figure 63 shows orientation parameter versus redshift plots for all 6 Superclusters for
both polar (angular momentum vector) and azimuthal (its projection) angles. The
grey-shaded region is the region of isotropy. All Superclusters preferred isotropy in both
polar and azimuthal angle distributions, suggesting no preferred alignments. In addition,
redshift is found to be independent of orientation. This is an interesting result in the
sense of cosmological principle. According to the cosmological principle, the universe
is not only isotropic but also homogeneous at a large scale. Our results support this.

We have studied orientation parameters versus richness (population of galaxies) of sub-
structures (Figure 63b). Low richness substructures are found to show a preference in
both polar and azimuthal angle distributions. This results suggest a non-vanishing an-
gular momenta for small groups or substructures of galaxies, as suggested by Godłowski
(2012). Rich substructures showed a random orientation of galaxies in all 6 Super-
clusters. Therefore, the formation of small groups might be enhanced by some local
inhomogeneities probably due to the gravitational shearing effect caused due to the rela-
tive motion of large substructures. Through the trend lines in both figures (Figure 63a,b)
are unreliable because of very low values of R2. It is therefore we have not discussed
the fitted lines here.
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Figure 63: (a) Distribution of first order Fourier coefficient (∆11/σ(∆11) for both polar (θ) and azimuthal
(φ) angles of all six Supercluster galaxies with their redshift(Z). Symbols and lines are described.
First order Fourier coefficient is the orientation parameter to measure deviation from expected isotropic
distribution. (b) Distribution of first order Fourier coefficient (∆11/σ(∆11) for both polar (θ) and azimuthal
(φ) angles of 18 substructures(that we have identified in 6 Superclusters) with the number of galaxies in
these substructures. Symbols and lines are described. The grey shaded region represents the region in
which hierarchy model (Peebles, 1969) is preferred. The region above and below represents the region
for pancake (Doroshkevich, 1973); (Doroshkevich et al., 1978) and primordial vorticity (Ozernoy, 1978);
(Stein, 1974) models.

Figure 64 shows a comparison between the preferred alignments of galaxies in our work
and previous published works. The grey-shaded region shows region of isotropy. A
deviation from isotropy is noticed by Kashikawa & Okamura when studying Local Su-
percluster galaxies (Kashikawa &Okamura, 1992). They noticed a preferred alignments
of angular momentum vectors of galaxies at the core region (Virgo cluster). Godłowski
et al. (2010) noticed a similar result but the direction of orientation is found to be
opposite in the rich Abell clusters. Aryal et al. (2007) studied core of the Shapley
Superclusters and found no preferred alignments. In the irregular Abell cluster,Aryal &
Saurer (2006) noticed preferred alignments. Similar results are noticed by Yadav et al.
(2017), Pajowska et al. (2019) and Malla et al. (2019).
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Figure 64: Comparison with published works: (a) orientation parameter versus redshift for polar angle
distribution (b) orientation parameter versus redshift for azimuthal angle distribution. First order Fourier
coefficients ((∆11/σ(∆11)) represent the orientation parameters for both polar and azimuthal angle dis-
tributions. We have compared our results for six SDSS Superclusters (solid circles) with ten similar
published works on various clusters and Superclusters as follows: (Pajowska et al., 2019), (Malla et al.,
2019), (Yadav et al., 2017), (E. Panko et al., 2014), (Godłowski et al., 2010), (Aryal et al., 2010), (Aryal et
al., 2007), Aryal & Saurer (2006), (Aryal & Saurer, 2004) and (Kashikawa & Okamura, 1992). Symbols
are given. Solid line represents the best fit of our six Superclusters only. Orientation parameters (Y-axis)
are divided by respective errors. So, no need to show error bars in the data.

Melkonian & Nikogosian (1998) studied substructure of the core of the Perseus Super-
cluster of galaxies. They noticed hierarchical substructures in which radial segregation
of galaxies is found. However, position angle distribution of galaxies is found to be
uniform. Godlowski et al. (1998) studied rich cluster of galaxies Abell 754 and found
evidence for non-random alignment of the galaxies and confirm the presence of subclus-
tering.

Baier et al. (2003) Studied galaxy cluster Abell 14 and confirm the presence of subclus-
tering. They noticed a preferred alignments of angular momentum vectors of galaxies in 
the cluster Abell 14. Noreña Blandón et al. (2018) proposed an idea that substructures 
could be formed due to the tidal stream produced in galactic mergers. Panko et al.
(2018) investigated 2D distribution of galaxies in 254 rich open galaxy clusters. They 
noticed that about 25% of clusters showed four kinds of regular substructures namely
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crossing and divaricating filaments (or X and Y-type peculiarities) and curved strips
with short dense chains. Malla et al. (2019) studied preferred alignments of galaxies in
the SDSS Supercluster S[202-001+0084]. They noticed a random orientation of angular
momentum of galaxies in this Supercluster. We also noticed a similar result in the
Supercluster S[184+003+0077].
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CHAPTER 5

5. CONCUSION AND RECOMMENDATIONS

5.1 Conclusion

We have studied number density, redshift and magnitude maps and angular momen-
tum vectors of 8 973 galaxies in the six SDSS 7DR (Sloan Dizited Sky Survey 7
Data Release) Superclusters and their nineteen substructures having redshift (z) in the
range 0.024 to 0.114. These Superclusters are S [195+027+0022], S [184+003+0077],
S[247+040+0029], S [173+014+0082], S [227+006+0078] and S [231+030+0117]. The
substructures in these Superclusters are identified using number density and redshift
maps. The r and u magnitude maps and distributions are also studied in all six Super-
clusters. A color-magnitude diagram has been made for each Superclusters. Similarly,
a plot between the number of galaxies in the substructures and their mean redshift are
plotted and found a linear relationship with decreasing slope.

Astronomical data are affected by several selection effects depending on the nature of the
techniques used in the telescope as well as the selection criteria. These selection effects
can be treated as noise in the database. These noises show a systematic pattern and
can be propagated in a way. In the case of galaxies, even though all control parameters
(independent variables, e.g., positions and inclination) remain constant, the resultant
outcomes (dependent variables, e.g., position and polar angles) vary. The selections
effects should be removed from the database and the expected isotropic distribution
curves are determined by performing numerical simulations. We used the method
proposed by Flin & Godlowski (1986) in order to compute two-dimensional data to
three dimensional galaxy rotation axes (polar&azimuthal angles). We have carried out
random simulation by creating 107 virtual galaxies and adopting the method proposed
by Aryal & Saurer (2000) in order to find a theoretical distribution of galaxy rotation
axes. We have compared the differences between theoretical distributions and observed
distributions using three statistics, namely chi-square, auto-correlation and the Fourier.
We have presented our results in six sections as follows:

1. On the basis of the number density map, all together eighteen substructures are
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identified having richness (R) greater than Abell richness class 2. It is found that
the number of galaxies in the substructures decreases linearly with the increase of
redshift. This suggests that the high redshift galaxies form a group whereas low
redshift galaxies might form clusters of galaxies in the Supercluster.

2. Color-magnitude diagram of the galaxies in all Superclusters show a similar trend
with negative slopes, suggesting a domination of the blue cloud. The blue clouds
are mostly spiral galaxies. Therefore we conclude that the substructures include
most blue galaxies. This is validated by the u-magnitude maps of Superclusters.

3. Four substructures are found in the Superclusters S[247+040+0029] andS[184+003
+0077]. Superclusters S[195+027+0022] and S[173+003+0077] showed 3 sub-
structures whereas the Superclusters S[227+006+0078] and S[231+030+0117]
have 2 substructures only.

4. In the Supercluster S[195+027+0022], a random orientation of angular momen-
tum vectors of galaxies is found, suggesting hierarchy model. Among the three
substructures, the smallest one (Abell richness 1) S3[181+020+0024] showed a
preference in the distribution of projections of angularmomentum vectors. Similar
to the Supercluster S[195+027+0022], low richness substructure of this Superclus-
ter S3[181+020+0024] showed a preferred alignments in both angular momentum
vectors and its projections. Therefore, smaller the aggregates, the preferred the
alignments, suggesting non-vanishing angular momenta of galaxies.

5. In the Supercluster S[184+003+0077], no preferred alignments of angular mo-
mentum vectors and its projections of galaxies are noticed. Angular momentum
vectors of galaxies is found to lie along the direction of equatorial plane. This sug-
gest vanishing angular momentum as suggested by Peebles (1969) and Godłowski
et al. (2010). This Supercluster constitutes three substructures.

6. In the Supercluster S[247+040+0029], we noticed vanishing angular momen-
tum vectors of galaxies and their projections, supporting hierarchy model. This
Supercluster showed 4 substructures. No preferred alignment is noticed in the
substructures as well.

7. In the Supercluster S[173+014+0082], random orientation of angular momen-
tum vectors of galaxies is found. Out of three substructures, the smallest one
of Abell richness class 1, showed a preference in the galaxy alignments. How-
ever, no preferred alignments angular momentum vectors of galaxies in other two
substructures are noticed.

8. In the Supercluster S[227+006+0078], only two substructures are found. Both
the substructures and the Supercluster showed random orientation of angular
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momentum vectors and its projections. Both substructures are rich in galaxy
numbers, of richness class 2.

9. In the Supercluster S[231+030+0117], two substructures of Abell richness class
2 and 1 are noticed. Both the substructures and the Superclusters showed random
orientation of angular momentum of galaxies and their projections, supporting
hierarchy model, as suggested by Peebles (1969).

5.2 Recommendations

Study of large scale structure and their evolution is extremely important to understand
the Universe. Till date, we do not know exactly how galaxies form and how they evolve
in the clusters or Superclusters. For the last 40 years, researchers have been studying
the nearby Universe by analysing databases of only Coma and Virgo Superclusters. It is
because of the SDSS telescope, now we are able to get a systematic database of many
many distant Superclusters. These are actually the natural laboratories in which we
can understand the evolution of galaxies in the large scale structure and hence many
unanswered questions will be addressed. Following are our recommendations:

1. Sloan Digitized Sky Survey (SDSS) provides a huge database at all redshifts with
a very high precision level. In addition, it provides a photometric database as
well. We intend to study the preferred alignments of the angular momentum
vectors of high redshift (z ≥ 0.2) galaxies in the clusters and Superclusters. In
addition, distribution of angular momentum of galaxies in the merging binary
clusters, rotating clusters, irregular clusters provide information regarding origin
of angular momentum in the large scale structure.

2. We have studied the galaxy orientation with respect to the equatorial coordinate
system. Wewish to define a physical reference systemwithin the galaxies and study
the preferred alignments of galaxies with respect to it. Though, the importance of
galactic and Supergalactic coordinate systems cannot be denied.

3. The result of the statistical analysis has been noticed to have a strong dependence on
the sample/subsample classification criteria. Finding out a straight mathematical
computation method instead of a statistical method is essential and interesting in
the future.
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CHAPTER 6

6. SUMMARY

Galaxies are gravitationally bounded system and is supported by rotation. It possesses
rotation axis and hence a winding sense with a differential rotation of stars and clouds
around it. Spiral galaxies showed a preferred angular momentum vector whereas ellip-
tical showed a changing angular momentum. According to the cosmological principle,
the directional parameters or dynamical variables (e.g., angular momentum vectors of
galaxies) should be isotropically distributed. Therefore, the total angular momentum
vectors galaxies in the clusters or Superclusters should be vanishing. Though, a large
number of studies showed that the clusters or groups of galaxies preferred non-vanishing
angular momentum as well. In the case of Supercluster, only a few studies have been
carried out. Therefore, a study of distribution of angular momentum vectors of galaxies
is important to validate the cosmological principle. For a rotationally supported system
(e.g., galaxies, stars, clouds, etc), the distribution of the angular momentum vectors can
be an indicator of the initial conditions when these structures formed, provided the angu-
lar momentum of have not significantly changed since their formation ((VonWeizsäcker,
1951), (Gamow, 1952)). Thus, a thorough study of the spatial orientations of angular
momentum vectors of galaxies in the large-scale structure is needed. Sloan Dizited Sky
Survey (SDSS) data provides a very accurate spectroscopic and photometric data of a
large number of galaxies in the clusters and Superclusters. A systematic analysis of
angular momentum of galaxies in the Superclusters would be important to understand
evolution of galaxies in the large-scale structure of the Universe.

Peebles (2019 Noble prize winner) pioneer work (1969) on angular momentum of galax-
ies was published in 1969 (Peebles, 1969). Since then, many researchers began working
on this issue. For the last 45 years, more than 150 works on angular orientation have
been published. Here we summarize a few leading works. Doroshkevich (1973) and
Shandarin (1974) suggested the ‘pancakemodel’ in which they predicted that the angular
momentum vectors of galaxies tend to lie within the cluster plane. Another important
model, named ‘primordial vorticity’ (Ozernoy, 1978) advocates that the angular momen-
tum vectors of galaxies tend to be oriented perpendicular to the cluster plane. According
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to the ‘hierarchy model’ (Peebles, 1969) the directions of the angular momentum vec-
tors should be distributed randomly. Authors have drawn different conclusions regarding
these three scenarios: (1) no preferred alignment supporting hierarchy model ((Helou &
Salpeter, 1982), (Bukhari & Cram, 2003), (Aryal & Saurer, 2005a), (Aryal, Neupane, &
Saurer, 2008), (Aryal et al., 2012), (Aryal et al., 2013), (Godlowski et al., 1998) (Yadav
et al., 2017), (Malla et al., 2019)), (2) tend to orient parallel ((Jaaniste & Saar, 1978),
(Flin & Godlowski, 1986), (Godłowski, 1993), (Godłowski, 1994), (Godlowski et al.,
1998), (Wu et al., 1998), (Flin, 2001)) or perpendicular ((Reinhardt & Roberts, 1972),
(Gregory et al., 1981), (MacGillivray et al., 1982), (Baier et al., 2003)) with respect to
the cluster (or LSC) plane, (3) bimodal tendency ((Kashikawa & Okamura, 1992)) (4)
local anisotropy ((Flin, 1995), (Djorgovski, 1983), (Aryal & Saurer, 2004), (Aryal &
Saurer, 2005b), (Aryal & Saurer, 2006), (Aryal & Saurer, 2006), (Aryal et al., 2013)),
(5) global anisotropy ((Parnovsky et al., 1994)), (Godlowski & Ostrowski, 1999) etc.
noticed a strong systematic effect, generated by the process of de-projection of a galactic
axis from its optical image. These results suggest different alignments of galaxies in
clusters and Superclusters. However, SDSS database was not available at that time and
all of the above works have used photometric databases (e.g., ESO, POSS, IC, MGC,
etc). It is essential to reveal the reason behind these differences. These differences
might be correct or need revision. We plan to work on an SDSS database using both
photometric and spectroscopic parameters of Supercluster galaxies.

Aryal & Saurer ((Aryal & Saurer, 2004), (Aryal & Saurer, 2005a), (Aryal & Saurer,
2006)) and (Aryal et al., 2007)) analysed the spatial orientations of galaxies in 32 Abell
clusters of BMtype I, II, II-III and III (Bautz & Morgan, 1970) using Palomar Sky
Survey database. BM classification is actually morphological classification of galaxy
clusters: BM type I refer to regular clusters with dominating central galaxy, BM type
II are those clusters which have more or less similar photometric galaxies with any
to-be-regular shape, BM type II corresponds to those aggregates of galaxies which are
irregularly shaped having more late-type spirals, can be L-type or even more complex.
They noticed a systematic change in the galaxy alignments from early-type (BM I) to
late-type (BM III) clusters. This result suggests that the spiral-rich (late-type) clusters
(BM II-III and BM III) show a preferred alignment than that of elliptical-rich (early-type)
clusters. Supercluster contains various substructures. These substructures are similar to
clusters of galaxies in many respects. Therefore, we study preferred alignments in those
substructures of Superclusters and compare it with the alignments of Abell clusters of
galaxies.

Supercluster is the largest observed structure in the Universe. It constitutes several
clusters and groups of galaxies which are gravitationally bounded system. A large
database of Superclusters is available because of Sloan Digital Sky Survey Data Release
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7 (SDSS DR7 hereafter) and the pioneer work by Einasto et al. ( Einasto et al., 2003),
(Einasto et al., 2011), ( Einasto et al., 2014), (Einasto et al., 2016)). Einasto et al. 
(Einasto et al., 2003) investigated Superclusters of galaxies in the SDSS and found that 
the clusters located at high-density environment showed luminosity a factor of 5-10 
times higher than in low-density environment of the field. Further Einasto et al. (Einasto 
et al., 2011) classified morphology of a set of Superclusters using SDSS DR7 database 
and calculated luminosity to determine Superclusters from a flux-limited sample of 
galaxies and finally selected Superclusters with 300 and more galaxies. A widely 
different morphology of Superclusters is found. Liivamagi et al. Liivamägi et al. (2012) 
compiled a set of Supercluster catalogues for the galaxies using SDSS survey main and 
luminous red galaxy (LRG) flux limited samples. They have also created a test 
catalogue for the galaxies from the Millennium simulation to compare the simulated 
and observed Superclusters and to clarify the methods we use. Finally, they find that the 
Superclusters are well-defined systems, and the properties of the Superclusters of the 
main and LRG samples are similar. We also show that with adaptive local thresholds we 
get a sample of Superclusters, the properties of which do not depend on their distance 
from the observer. We are very much interested in compiling a database of at least 
six Superclusters and finding substructures within those aggregates. Einasto et al.
(2011) studies the morphology of a set of Superclusters drawn from the SDSS DR7. 
They calculated the luminosity density field t o d etermine Superclusters f rom a  flux-
limited sample of galaxies from SDSS DR7, and select Superclusters with 300 and more 
galaxies for our study.

It is believed that the slow star formation rate indicates the possibility of anisotropy 
(preferred orienting angle might be distorted due to collision or merging) and the rapid 
star formation rate slows down the angular momentum of the system, leading to a non-
vanishing angular momentum. We intend to use a huge database of both low (< 0.1) 
and high (> 0.5) redshifted galaxies in both the ultraviolet and infrared filters in order 
to study the above-mentioned effects. In every database there are limitations, called 
selection effects. Selection effects may play an important role when galaxies are distant. 
The SDSS database has this effect because it is a ground-based telescope located in 
the northern hemisphere (New Mexico, USA) of our planet. These effects can lead 
to artificial s tructures (Aryal e t a l., 2 001). In most of t he published works i n galaxy 
orientation studies, selections of various kinds can be seen. These are mainly due to 
the face-on galaxies and inhomogeneity in positions. Only a few authors have made an 
attempt to minimize these effects (Hu et al., 2002), (Godłowski & Flin, 2009)). It is 
essential to remove such effects to avoid misinterpretations in the results. We intend to 
work on the removal of such effects by performing numerical simulation in all sorts of 
databases.
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We plan to study preferred alignments of angular momentum of galaxies in the Super-
cluster and their substructures by calculating rotation axes and simulating it to satisfy
cosmological principle regarding large scale structure evolution. Our specific objectives
is to work on SDSS (Sloan Digital Sky Survey) database of six Supercluster galaxies
of which angular momentum vectors and its projections are calculated to identify pre-
ferred alignments of galaxies in the Superclusters and substructures. In addition, we
are interested to identify substructures in the Supercluster region using redshifts of each
individual galaxy and develop empirical relations between mean redshift and number
density of galaxies.

We have studied number density, redshift, magnitudes and angular momentum vectors of
8,973 galaxies in the six SDSS DR7 (Sloan Dizited Sky Survey 7 Data Release) Super-
clusters and their nineteen substructures having redshift (z) in the range 0.024 to 0.114.
These Superclusters are S[195+027+0022], S[184+003+0077], S[247+040+0029],
S[173+014+0082], S[227+006+0078] and S[231+030+0117]. The substructures in
these Superclusters are identified using number density and redshift maps. The r and
u magnitude maps and distributions are also studied in all six Superclusters. A color-
magnitude diagram has been made for each Superclusters. Similarly, a plot between the
number of galaxies in the substructures and their mean redshift are plotted and found a
linear relationship with decreasing slope. The selections effects should be removed from
the database and the expected isotropic distribution curves are determined by performing
numerical simulations. We used the method proposed by Flin & Godlowski (1986) in
order to compute two-dimensional data to three-dimensional galaxy rotation axes (polar
& azimuthal angles). We have carried out random simulation by creating 107 virtual
galaxies and adopting the method proposed by Aryal & Saurer (2000) in order to find
a theoretical distribution of galaxy rotation axes. We have compared the differences
between theoretical distributions and observed distribution using three statistics, namely
chi-square, auto-correlation and the Fourier. We have studied number density maps of all
six Superclusters and found nineteen substructures of Abell richness class 2. It is found
that the number of galaxies in the substructures decreases linearly with the increase of
redshift. This suggests that the high redshift galaxies form a group whereas low redshift
galaxies might form clusters of galaxies in the Supercluster. Color-magnitude diagram
of the galaxies in all Superclusters show a similar trend with negative slopes, suggesting
a domination of the blue cloud. The blue clouds are mostly spiral galaxies. Therefore,
we conclude that the substructures include most blue galaxies. This is validated by the
u-magnitude maps of Superclusters.

Four substructures are found in the Superclusters S[247+040+0029] andS[184+003+0077].
Superclusters S[195+027+0022] and S[173+003+0077] showed 3 substructures whereas
the Superclusters S[227+006+0078] and S[231+030+0117] have 2 substructures only.
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In the Supercluster S[195+027+0022], a random orientation of angular momentum vec-
tors of galaxies is found, suggesting hierarchy model. Among the three substructures,
the smallest one (Abell richness 1) S3[181+020+0024] showed a preference in the dis-
tribution of projections of angular momentum vectors. Similar to the Supercluster
S[195+027+0022], low richness substructure of this Supercluster S3[173+014+0082]
showed a preferred alignments in both angular momentum vectors and its projections.
Therefore, smaller the aggregates, prefers the alignments, suggesting non-vanishing
angular momenta of galaxies.

In the Supercluster S[184+003+0077], no preferred alignments of angular momentum
vectors and its projections of galaxies are noticed. Angular momentum vectors of
galaxies are found to lie along the direction of equatorial plane. This suggests vanishing
angular momentum as suggested by Peebles (1969) and Godłowski et al. (2010). This
Supercluster constitutes three substructures. In the Supercluster S[247+040+0029],
we noticed vanishing angular momentum vectors of galaxies and their projections,
supporting hierarchy model. This Supercluster showed 4 substructures. No preferred
alignment is noticed in the substructures as well. In the Supercluster S[173+014+0082],
random orientation of angular momentum vectors of galaxies is found. Out of three
substructures, the smallest one of Abell richness class 1, showed a preference in the
galaxy alignments. However, no preferred alignments angular momentum vectors of
galaxies in other two substructures are noticed. In the Supercluster S[227+006+0078],
only two substructures are found. Both the substructures and the Supercluster showed
random orientation of angularmomentum vectors and its projections. Both substructures
are rich in galaxy numbers, of richness class 2. In the Supercluster S[231+030+0117],
two substructures of Abell richness class 2 and 1 are noticed. Both the substructures
and the Superclusters showed random orientation of angular momentum of galaxies and
their projections, supporting hierarchy model, as suggested by Peebles (1969).
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SDSS Database of galaxies
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Table 19: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

171.1601 +22.8754 27.45 73.35 17.40 0.022588 175.6661 +20.1728 80.49 54.04 13.90 0.022670
171.3890 +22.8190 94.78 29.26 13.75 0.022642 175.6745 +20.2997 108.10 50.19 17.09 0.022117
172.1389 +23.5336 83.40 41.69 17.61 0.022568 175.6882 +20.0323 117.21 61.41 17.08 0.022261
172.1644 +23.6709 107.85 45.62 16.78 0.022571 175.6921 +19.9485 70.23 49.99 15.51 0.021768
172.1432 +21.0107 156.12 45.54 13.77 0.021886 175.7124 +20.4421 22.68 43.98 13.91 0.020154
172.1679 +21.0972 53.26 85.91 14.79 0.021467 175.7164 +19.9492 135.74 75.21 15.42 0.020575
172.2150 +20.8083 70.24 65.55 16.99 0.022362 175.7217 +20.1794 134.11 33.04 15.85 0.022137
172.2221 +20.7401 26.95 45.08 16.27 0.022063 175.7218 +20.4007 84.98 46.55 16.60 0.024929
172.2494 +20.7391 121.36 45.24 16.74 0.022200 175.7264 +19.6478 0.59 49.16 15.75 0.023522
172.2680 +20.8532 70.00 21.01 13.83 0.021861 175.7352 +19.9662 156.89 41.45 17.77 0.025411
172.3107 +20.7731 89.52 73.95 17.59 0.022033 175.7461 +20.0869 56.75 30.65 17.08 0.021188
172.3517 +22.4004 12.19 35.07 15.79 0.023032 175.7549 +19.9098 8.52 41.48 15.53 0.022680
172.4244 +22.1154 27.93 33.69 16.14 0.022724 175.7590 +19.6497 114.85 57.52 14.35 0.024337
172.4383 +22.1265 77.49 31.31 17.31 0.022899 175.7763 +19.9390 46.43 45.56 16.85 0.022313
172.6228 +22.3956 54.30 60.45 13.99 0.023243 175.7957 +20.0297 66.24 53.20 14.13 0.024576
172.5537 +24.1696 44.40 59.58 15.67 0.024414 175.8019 +20.3360 134.35 59.56 15.08 0.021382
172.5981 +24.2926 146.32 55.43 13.70 0.024632 175.8045 +19.6130 93.50 53.38 15.70 0.021939
172.6423 +24.2195 135.24 81.23 16.72 0.023743 175.8045 +20.0048 109.90 68.41 16.30 0.024503
172.7789 +22.7681 97.38 36.54 15.88 0.022605 175.8053 +20.1319 4.91 58.82 17.46 0.019418
172.8366 +22.7382 47.42 52.35 13.00 0.022070 175.8159 +20.1951 143.93 44.99 15.57 0.019523
173.0981 +22.7208 59.20 80.78 17.72 0.022256 175.8176 +19.7487 73.91 59.55 16.42 0.026132
173.0176 +24.6697 45.97 76.30 17.21 0.024272 175.8234 +19.3840 166.84 50.36 17.74 0.022296
173.2632 +24.4036 105.99 67.16 17.81 0.024591 175.8235 +19.7827 29.06 40.35 14.12 0.023035
173.2735 +24.6860 28.71 71.91 17.04 0.024486 175.8253 +19.5671 26.76 66.43 14.64 0.023705
173.2821 +24.6526 106.28 70.81 17.18 0.024528 175.8359 +20.1913 12.70 73.43 15.75 0.024456
173.3158 +24.4469 16.82 45.62 15.98 0.024171 175.8415 +19.9516 76.86 34.23 16.57 0.026991
173.3613 +24.0536 144.91 81.24 13.23 0.024585 175.8537 +20.5576 150.03 67.29 17.64 0.020037
173.3934 +24.5343 170.61 33.53 16.15 0.024300 175.8686 +19.2039 157.94 42.17 16.85 0.019930
173.4125 +24.6846 85.01 70.65 15.87 0.023741 175.8918 +20.5106 100.50 65.22 14.77 0.025313
173.4472 +24.3171 134.53 66.80 14.83 0.024584 175.9041 +19.6046 160.27 34.19 16.38 0.023097
173.1376 +20.4171 60.69 73.55 17.09 0.023778 175.9215 +19.8864 148.82 66.48 17.40 0.022238
173.1384 +20.4010 3.53 74.09 15.50 0.024002 175.9231 +20.0270 157.85 72.68 14.54 0.022786
173.4381 +21.3826 151.25 66.36 15.89 0.023177 175.9332 +20.2727 38.83 60.30 16.37 0.024040
173.4580 +21.4222 126.27 74.81 16.45 0.023166 175.9490 +20.3633 114.96 75.78 17.20 0.023570
173.6123 +21.3522 74.52 46.05 16.29 0.022276 175.9537 +20.2483 175.81 49.54 14.02 0.021365
173.7849 +21.2296 118.27 72.66 16.35 0.022073 175.9639 +19.8621 97.86 45.51 15.49 0.024226
173.7231 +20.4881 63.91 69.06 15.12 0.023934 175.9732 +19.7394 118.68 71.56 16.01 0.021621
173.7677 +20.6352 40.90 76.58 14.48 0.024981 175.9851 +19.8946 166.98 23.01 16.74 0.022141
173.7965 +20.5138 102.31 63.76 16.28 0.023476 175.9861 +19.6706 153.15 50.98 15.62 0.023038
173.8404 +20.6446 99.03 18.47 17.55 0.022524 175.9861 +20.0308 72.36 20.11 13.09 0.023813
173.9208 +20.5333 82.67 39.91 16.18 0.022087 175.9868 +19.9558 125.24 40.33 17.51 0.022117
174.0833 +20.5218 62.10 43.25 17.04 0.022515 175.9874 +19.8334 89.90 23.66 16.69 0.020496
174.1183 +19.8114 166.43 34.39 14.29 0.023296 175.9893 +19.9357 98.66 57.48 15.51 0.024512
174.1241 +19.8328 34.08 48.17 13.44 0.022940 175.9894 +20.3006 141.44 60.54 17.79 0.020511
174.1430 +20.3642 −3.38 60.15 17.64 0.022034 175.9904 +20.1900 60.04 44.02 15.30 0.020991
174.2250 +19.9263 174.97 34.69 16.38 0.021901 175.9921 +20.8064 13.77 82.05 14.78 0.022482
174.2250 +19.9695 151.58 60.28 17.61 0.021571 175.9946 +19.9912 98.07 22.72 16.89 0.022291
174.2259 +19.9972 41.26 50.14 15.98 0.023358 175.9957 +20.0770 75.76 47.72 14.98 0.025672
174.2705 +19.9238 154.11 52.04 15.78 0.021889 175.9982 +19.7790 2.92 54.39 17.35 0.019805
174.2898 +19.8980 121.95 39.74 14.20 0.022062 176.0033 +20.0293 30.14 63.46 13.70 0.023783
174.2910 +20.0253 122.54 39.79 15.23 0.021330 176.0042 +19.7160 144.92 30.85 14.50 0.019077
174.2929 +19.9720 17.58 35.58 15.40 0.022308 176.0090 +19.9498 5.41 40.55 13.77 0.021910
174.3168 +19.6195 10.66 82.40 16.81 0.021611 176.0090 +19.9719 111.43 39.55 17.62 0.022198
174.5158 +19.8616 58.17 76.07 16.56 0.021817 176.0126 +19.7402 73.95 66.92 12.13 0.023987
173.9911 +23.0115 15.45 64.43 16.40 0.024850 176.0134 +19.8011 98.33 52.63 13.86 0.027745
174.1540 +22.9157 137.19 75.15 15.86 0.024568 176.0158 +20.0989 33.39 70.59 15.84 0.019658
174.1838 +22.9920 45.89 15.36 14.40 0.024489 176.0198 +19.5335 173.51 69.97 15.06 0.025386
174.1709 +22.6161 112.83 75.40 17.20 0.024032 176.0223 +20.5261 74.47 50.29 15.77 0.025188
174.3767 +22.3997 74.37 62.36 14.00 0.023931 176.0228 +19.9961 112.05 47.89 16.48 0.019954
174.3794 +24.6802 128.09 35.58 17.36 0.023889 176.0240 +20.2482 73.07 60.66 17.59 0.023130
174.6695 +24.5849 55.77 43.32 14.57 0.023937 176.0319 +19.7375 23.21 25.32 14.25 0.026981
174.4926 +20.7786 84.82 62.98 15.83 0.024178 176.0508 +19.9428 79.83 36.00 15.25 0.021757
174.5233 +20.6987 130.41 23.99 16.76 0.023482 176.0579 +19.3365 137.54 72.23 14.45 0.020485
174.6070 +20.6653 68.77 38.71 14.37 0.023606 176.0634 +19.5110 3.91 65.82 16.95 0.023064
174.7468 +20.5603 75.16 27.39 16.47 0.022968 176.0668 +20.2678 166.41 51.98 17.35 0.025146
174.9081 +20.4547 21.75 52.59 16.59 0.024272 176.0687 +20.2169 111.93 53.88 16.56 0.023548
174.9416 +20.5541 77.09 38.57 17.07 0.021743 176.0762 +20.0425 66.45 72.33 16.62 0.019667
174.9622 +20.3949 47.93 52.22 13.41 0.023693 176.0789 +19.8447 124.65 44.09 14.17 0.022352
175.0235 +20.2728 145.48 55.64 15.52 0.022756 176.0791 +20.3036 146.60 39.27 17.36 0.026579
175.1037 +19.9634 150.60 74.80 15.18 0.023595 176.0851 +19.9809 80.31 47.91 13.89 0.022222
175.1527 +20.3137 172.03 40.31 17.61 0.022688 176.0864 +19.8259 20.90 36.29 15.92 0.019588
175.1737 +20.3429 63.55 53.39 15.59 0.022883 176.0926 +19.7745 138.06 41.23 14.16 0.023351
175.2297 +20.3246 148.17 72.07 15.54 0.023112 176.0950 +20.4094 85.44 25.88 14.30 0.025721
175.2940 +20.1885 40.40 35.45 12.38 0.024729 176.1080 +20.1027 103.33 44.66 15.64 0.025776
175.3238 +20.1621 4.70 54.49 15.65 0.020658 176.1095 +19.9975 85.81 43.05 17.62 0.019977
175.3430 +19.9627 75.75 35.87 17.67 0.022970 176.1191 +19.6936 121.99 52.07 15.77 0.021943
175.4501 +20.1037 67.90 48.48 17.36 0.020232 176.1256 +20.3291 34.97 73.29 16.91 0.020677
175.4576 +19.7679 22.88 29.87 13.82 0.027244 176.1273 +20.0767 154.12 64.98 17.17 0.023530
175.4686 +20.2491 28.39 40.30 12.42 0.023880 176.1338 +20.1066 170.94 41.69 15.55 0.025130
175.4763 +20.3431 33.86 84.18 17.64 0.020799 176.1396 +19.6267 154.17 79.04 13.83 0.025103
175.4973 +20.2554 173.95 28.73 15.44 0.023482 176.1523 +19.7516 36.35 59.90 15.34 0.020209
175.5609 +20.0978 141.66 50.02 15.99 0.020899 176.1671 +19.2108 167.35 63.43 16.78 0.020533
175.5616 +19.9765 57.38 62.32 16.12 0.027153 176.1681 +20.4772 132.72 79.92 16.19 0.021353
175.5651 +20.0487 125.87 61.39 14.81 0.021509 176.1715 +19.0529 170.53 57.99 17.07 0.020516
175.5662 +20.2157 82.54 68.21 15.06 0.025201 176.1809 +20.3198 83.88 24.45 16.38 0.025486
175.5755 +19.8378 53.91 53.32 15.46 0.022471 176.1942 +19.7579 61.01 56.38 16.40 0.022505
175.5764 +20.4524 149.80 69.34 15.83 0.020850 176.1977 +19.8764 11.44 59.77 17.25 0.027171
175.5793 +20.0959 103.65 47.62 15.81 0.023672 176.1991 +19.7734 6.95 40.57 14.99 0.029337
175.6020 +20.1193 107.56 63.09 16.56 0.021032 176.1998 +19.6885 91.82 45.61 14.49 0.017426
175.6638 +19.9689 11.80 39.37 16.42 0.025616 176.2006 +19.5809 10.94 12.83 15.39 0.020767
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Table 20: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

176.2068 +19.9411 40.26 25.09 14.72 0.018870 176.6908 +19.0175 44.34 67.52 17.42 0.021508
176.2089 +19.5328 45.11 45.51 15.34 0.022007 176.6946 +21.2715 6.93 22.58 15.84 0.023234
176.2174 +19.6099 17.49 56.24 16.61 0.022653 176.6966 +20.6754 138.63 31.05 16.46 0.024475
176.2183 +20.1880 57.38 39.62 13.76 0.025341 176.7240 +20.3315 130.40 32.96 14.40 0.022967
176.2210 +19.4566 59.63 57.20 15.01 0.019970 176.7534 +19.4584 5.84 72.53 12.98 0.019062
176.2224 +20.6869 21.12 72.11 17.60 0.021571 176.7733 +19.8372 123.60 48.44 17.79 0.020531
176.2273 +20.0171 100.51 43.94 15.92 0.025399 176.7755 +19.4562 129.24 41.10 16.36 0.019177
176.2285 +19.7765 54.01 35.67 17.78 0.028512 176.7841 +19.7019 40.41 26.65 12.80 0.021777
176.2326 +19.4938 171.95 49.52 16.26 0.022354 176.7932 +20.6019 66.75 45.49 17.44 0.024445
176.2373 +19.7319 61.93 25.05 14.40 0.026950 176.8127 +19.1760 86.53 16.23 17.06 0.021190
176.2570 +20.8519 116.61 68.66 14.95 0.023858 176.8545 +19.3921 96.00 47.02 17.28 0.020658
176.2575 +19.7637 107.81 48.23 14.27 0.028543 176.8791 +19.8724 50.15 53.86 14.45 0.020303
176.2655 +19.8595 166.13 31.59 17.31 0.022216 176.9090 +20.5655 47.73 79.83 16.84 0.023727
176.2662 +19.9737 35.87 48.52 16.64 0.017985 176.9139 +19.9394 134.75 59.16 15.32 0.021615
176.2683 +19.5707 39.06 39.32 16.64 0.022618 176.9457 +19.0819 118.34 84.73 15.88 0.021227
176.2687 +20.6076 117.64 83.52 12.83 0.021257 177.0543 +21.4945 40.47 63.93 14.18 0.025539
176.2698 +19.6821 45.51 28.59 16.89 0.022334 177.0765 +18.9379 168.94 55.28 15.81 0.020860
176.2709 +19.6063 156.72 24.32 16.22 0.022711 177.1040 +21.2280 169.17 72.99 16.22 0.025875
176.2744 +19.6365 2.28 49.99 15.57 0.017401 177.1145 +21.1566 83.93 81.23 17.69 0.023862
176.2746 +20.4379 36.73 49.68 12.51 0.023961 177.1184 +19.7600 162.71 59.69 17.25 0.019779
176.2774 +20.1564 71.55 68.16 17.36 0.021628 177.1392 +20.6825 177.29 64.53 17.23 0.024593
176.2887 +19.5542 109.23 57.77 13.45 0.026169 177.1628 +21.3631 3.03 30.56 17.52 0.027487
176.2945 +19.5332 138.24 53.33 15.24 0.022554 177.1823 +21.0149 89.29 68.14 14.51 0.027054
176.3073 +19.7561 10.23 63.53 15.71 0.028723 177.1829 +21.1900 28.83 43.37 17.45 0.023758
176.3119 +19.8455 93.20 45.56 15.33 0.026877 177.2241 +21.2940 106.38 46.56 17.34 0.025439
176.3146 +21.2042 88.53 61.35 15.60 0.024776 177.2274 +21.4708 6.80 63.46 17.11 0.027510
176.3284 +20.2926 124.72 53.47 13.84 0.024582 177.2278 +21.2558 110.43 43.47 15.74 0.026722
176.3295 +19.3942 104.41 69.77 17.24 0.019664 177.2595 +21.4493 29.42 69.19 15.45 0.027407
176.3351 +19.5495 82.31 77.79 17.02 0.017121 177.2610 +18.8532 92.64 53.37 15.72 0.020535
176.3489 +19.1576 8.69 48.26 17.15 0.020863 177.2777 +19.1684 143.14 60.09 16.08 0.021891
176.3494 +20.3255 77.70 35.76 17.36 0.024452 177.2874 +21.2107 71.90 23.60 17.69 0.025200
176.3555 +19.2981 99.00 22.75 15.10 0.022587 177.2973 +20.9378 144.00 57.21 17.84 0.024747
176.3563 +19.8181 60.34 71.35 13.51 0.029277 177.3112 +19.3616 97.53 37.80 16.52 0.021361
176.3652 +20.8072 88.41 34.30 15.64 0.024256 177.3304 +20.6924 119.64 75.78 15.94 0.024490
176.3672 +20.2943 137.96 72.39 15.50 0.020117 177.3406 +21.3552 78.22 50.23 17.65 0.023492
176.3689 +20.3238 45.09 36.69 13.91 0.022279 177.3503 +21.1112 11.98 33.09 16.78 0.027392
176.3694 +20.0936 67.59 59.16 15.18 0.026072 177.3565 +21.3488 14.77 16.42 17.44 0.028406
176.3734 +19.4002 −1.27 60.71 17.73 0.026068 177.3762 +21.0435 −1.96 64.48 17.12 0.022915
176.3748 +19.4447 80.76 56.50 17.49 0.022373 177.3876 +21.4481 98.60 45.28 16.35 0.029092
176.3877 +20.3321 132.38 71.25 12.96 0.024213 177.3899 +22.1900 157.22 29.76 15.52 0.027397
176.3889 +19.5079 150.13 73.00 13.77 0.016137 177.4379 +21.9544 92.06 72.29 17.51 0.028246
176.3918 +20.0086 148.24 52.47 17.93 0.023958 177.4614 +19.1452 167.75 7.87 14.26 0.021248
176.3961 +19.5917 29.92 40.07 17.18 0.024228 177.4897 +21.6459 1.85 75.08 16.48 0.026940
176.3970 +19.4165 4.85 29.00 17.60 0.025804 177.4919 +20.9538 36.70 61.37 16.86 0.028370
176.3984 +21.3049 −1.66 86.27 16.67 0.024399 177.4963 +21.3045 40.62 23.58 17.50 0.027531
176.4003 +19.2796 173.74 47.14 15.16 0.022525 177.5074 +21.3157 155.17 52.59 17.06 0.027306
176.4010 +20.9896 69.34 44.12 16.28 0.024409 177.5163 +21.7826 29.38 67.97 17.00 0.027881
176.4074 +21.1535 89.41 81.59 17.11 0.023457 177.5166 +20.9616 130.05 67.92 14.93 0.028817
176.4123 +21.3181 54.87 65.34 17.85 0.023696 177.5169 +21.2798 15.75 47.99 16.23 0.026664
176.4179 +19.7174 3.96 29.73 17.44 0.019885 177.5175 +22.1816 128.79 67.48 16.95 0.026468
176.4215 +19.7702 134.52 20.44 15.34 0.019186 177.5476 +21.2369 27.86 59.29 16.80 0.028422
176.4224 +19.2674 48.01 67.85 17.67 0.023030 177.5482 +21.7947 100.26 67.27 17.60 0.027482
176.4319 +19.6485 77.97 57.72 15.09 0.027274 177.5509 +21.0072 59.20 54.91 15.07 0.027122
176.4359 +20.0308 100.87 31.77 16.10 0.018825 177.5525 +21.4150 39.34 17.32 17.43 0.025924
176.4386 +19.6919 61.50 76.07 16.90 0.021654 177.5680 +21.8136 4.66 52.82 16.84 0.027523
176.4403 +19.1638 8.82 57.02 15.54 0.021374 177.5773 +20.7457 106.91 47.10 17.39 0.023452
176.4421 +19.7738 153.36 36.53 17.43 0.019064 177.5795 +20.4803 102.90 38.87 17.58 0.023493
176.4513 +19.4258 61.29 60.73 15.05 0.021879 177.5828 +20.9525 161.81 51.94 17.03 0.026973
176.4523 +19.4670 69.99 63.14 12.68 0.019619 177.5890 +21.3259 159.98 32.04 16.35 0.023807
176.4535 +20.6286 65.36 67.11 17.19 0.024530 177.6083 +21.7648 3.23 75.79 17.68 0.026720
176.4553 +19.7483 170.43 50.02 17.74 0.024887 177.6166 +21.0860 107.25 11.80 15.88 0.026372
176.4710 +19.6115 164.20 71.48 14.43 0.023618 177.6249 +20.0856 132.66 61.34 17.47 0.021185
176.4816 +21.0255 10.71 18.21 17.50 0.023558 177.6469 +20.2132 142.30 72.03 15.97 0.021607
176.4929 +19.6497 40.89 27.43 15.24 0.022478 177.6645 +20.9073 170.61 49.21 17.16 0.022537
176.4942 +19.8030 174.74 57.97 13.46 0.020085 177.6730 +20.0152 134.67 17.43 17.75 0.021474
176.4948 +19.5290 112.16 45.25 16.54 0.019416 177.6762 +21.3923 144.89 72.77 17.01 0.028718
176.4976 +20.4471 145.96 65.21 15.32 0.024709 177.6952 +20.5523 81.51 50.74 16.72 0.022244
176.5036 +19.3844 131.20 57.82 14.29 0.025310 177.7024 +22.0017 122.28 59.19 14.70 0.027743
176.5128 +19.4370 133.42 40.06 14.94 0.018415 177.7041 +22.1267 72.70 57.41 13.00 0.025031
176.5217 +19.5761 42.31 45.23 16.25 0.022575 177.7115 +20.0488 136.27 55.77 17.40 0.022746
176.5229 +19.6618 25.52 39.26 14.70 0.020775 177.7128 +21.3896 51.55 70.67 17.21 0.027554
176.5258 +19.7902 63.14 53.44 16.84 0.019981 177.7144 +20.4969 143.00 62.63 16.01 0.024245
176.5262 +19.6343 65.75 63.73 16.71 0.021920 177.7196 +21.1690 135.21 48.88 15.56 0.026682
176.5375 +20.4475 80.23 71.23 14.47 0.024825 177.7235 +20.9537 106.54 58.68 14.64 0.027641
176.5499 +19.8529 138.55 63.03 15.04 0.019335 177.7273 +22.2905 11.72 49.41 14.06 0.027512
176.5505 +21.2275 175.46 70.45 15.56 0.023212 177.7310 +21.1454 110.65 37.19 13.97 0.022450
176.5508 +20.3917 9.82 44.06 15.28 0.024371 177.7346 +21.9733 168.38 45.88 14.48 0.027091
176.5630 +21.0240 37.20 44.77 15.77 0.023447 177.7401 +21.1888 68.42 51.43 17.55 0.022344
176.5801 +20.6404 162.21 68.82 12.55 0.022984 177.7422 +22.0770 68.65 46.80 15.70 0.025980
176.5906 +19.4843 36.61 69.58 17.62 0.018720 177.7442 +20.7058 87.99 52.29 14.90 0.021522
176.5907 +20.1775 135.47 58.05 16.86 0.021326 177.7443 +20.8868 31.14 68.62 14.69 0.028034
176.5989 +20.0387 16.99 66.50 16.27 0.025855 177.7546 +20.3993 96.23 40.83 15.96 0.022654
176.6095 +19.7199 31.24 74.65 17.52 0.025451 177.7582 +21.9771 32.05 45.02 16.99 0.026868
176.6128 +20.8305 104.98 33.96 16.60 0.023776 177.7672 +20.8826 128.74 73.21 17.51 0.025917
176.6245 +19.7744 168.41 52.58 16.04 0.023677 177.7678 +22.5160 162.72 67.12 17.26 0.027169
176.6296 +19.2503 104.62 40.11 17.70 0.021232 177.7707 +21.2447 137.33 61.63 13.67 0.028138
176.6435 +19.1101 103.10 55.93 15.41 0.021513 177.7726 +20.1467 79.50 45.47 17.73 0.021850
176.6520 +19.8095 67.94 43.09 17.21 0.019172 177.7761 +21.7672 60.07 83.60 17.71 0.026812
176.6593 +21.0888 33.03 76.57 13.91 0.023623 177.7763 +21.1222 154.78 49.73 17.42 0.022659
176.6765 +20.6487 95.10 38.86 17.64 0.023328 177.7882 +20.3080 79.79 63.90 17.59 0.021489
176.6769 +18.8487 123.46 64.62 16.77 0.020453 177.8012 +21.9744 114.27 77.19 15.49 0.027030
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Table 21: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

177.8062 +22.0389 132.32 16.59 16.88 0.028294 174.8704 +17.0486 121.10 71.96 17.61 0.022164
177.8146 +21.1376 71.29 78.62 15.73 0.024668 174.9041 +17.4391 53.78 72.79 15.50 0.022380
177.8146 +21.7783 168.32 63.92 17.66 0.027221 174.9685 +17.3176 8.23 70.58 17.10 0.023260
177.8204 +21.3136 122.54 62.06 15.76 0.024216 175.1938 +17.2680 124.14 74.85 17.38 0.023415
177.8360 +22.0538 28.68 63.95 17.56 0.028245 175.4110 +17.0774 96.63 71.84 14.90 0.023370
177.8482 +20.8589 104.88 52.08 17.53 0.023966 175.4302 +17.0079 176.02 68.30 13.49 0.023644
177.8500 +21.0682 105.71 13.25 17.43 0.027453 175.5133 +16.7762 3.06 41.66 16.55 0.022725
177.8645 +21.3045 42.80 31.80 15.25 0.026663 175.6772 +16.6064 66.17 61.47 17.67 0.023262
177.8953 +22.0585 16.11 53.89 17.34 0.026785 175.7777 +16.3185 87.24 51.67 16.07 0.023404
177.8997 +20.7326 131.44 42.49 17.17 0.024175 175.8448 +16.4854 52.51 66.34 15.88 0.022952
177.9091 +21.4631 −2.56 56.21 16.64 0.027679 174.8792 +22.4927 118.23 66.48 14.68 0.023820
177.9162 +22.0625 40.26 40.50 15.92 0.028817 174.9369 +22.6852 72.06 21.64 15.28 0.024232
177.9206 +20.9589 42.84 68.62 14.35 0.024659 175.0371 +22.5535 149.67 63.59 17.29 0.024607
177.9259 +20.6612 20.33 39.68 17.39 0.023073 175.0786 +22.4070 45.54 51.76 17.46 0.024017
177.9272 +21.0027 76.23 48.17 14.55 0.024604 175.1853 +22.4464 55.49 80.47 15.72 0.024970
177.9517 +20.4577 25.81 74.12 17.16 0.023175 175.2016 +22.7546 22.77 57.61 13.96 0.024241
177.9563 +21.1541 32.17 74.69 17.16 0.024434 175.0429 +25.3264 163.82 49.70 15.26 0.023463
177.9606 +21.0509 176.03 74.56 17.57 0.026514 175.0434 +25.3096 43.75 40.13 14.16 0.023555
177.9700 +20.4555 45.91 11.00 13.93 0.023950 175.0615 +25.3237 11.27 35.81 17.55 0.023479
177.9887 +20.7982 163.44 46.14 15.16 0.023481 175.0785 +25.3921 36.67 88.84 16.55 0.023723
177.9993 +21.1084 121.98 43.41 17.61 0.023294 175.2488 +21.0098 131.51 37.91 14.65 0.022949
178.0047 +20.6590 80.55 67.11 17.50 0.021275 175.4310 +21.1656 101.36 39.75 17.33 0.022762
178.0830 +21.1023 149.73 40.52 17.58 0.023576 175.6811 +21.0130 74.69 30.92 15.25 0.022040
178.0904 +20.6518 137.99 50.15 16.13 0.024101 175.2782 +20.5085 34.62 68.94 13.90 0.025164
178.1010 +20.3262 61.77 70.37 13.88 0.022787 175.3226 +20.8314 70.41 26.52 17.51 0.024958
178.1130 +20.2174 77.73 60.00 15.25 0.023167 175.4772 +20.6405 129.45 63.46 17.60 0.024136
178.1272 +20.6255 89.95 56.51 14.10 0.023057 175.4411 +21.5083 107.20 41.01 15.72 0.023726
178.1658 +20.7684 110.02 80.17 14.83 0.022545 175.6213 +21.5874 44.36 66.26 15.14 0.023549
178.1776 +20.6313 25.19 37.02 17.13 0.023319 175.6309 +21.8249 113.28 72.15 17.29 0.024645
178.1796 +20.5938 125.28 74.19 17.39 0.024809 175.8050 +22.0064 16.68 67.68 17.53 0.023854
178.1952 +20.9650 169.04 39.22 14.50 0.024150 175.5539 +18.4038 100.81 34.32 15.28 0.024476
178.2006 +20.6191 52.14 22.39 16.14 0.023498 175.6635 +18.3447 24.65 36.72 17.80 0.025424
178.2239 +20.5913 158.31 55.29 12.56 0.023519 175.7635 +18.4619 151.92 54.26 15.47 0.025639
178.2357 +20.4791 151.88 48.30 15.35 0.022840 175.6974 +20.9104 127.45 35.35 14.96 0.024589
178.2370 +20.4429 2.08 51.75 17.08 0.022631 175.9087 +20.8316 87.91 52.58 17.21 0.024070
178.2717 +20.5830 161.18 67.26 17.46 0.023402 175.7461 +22.4570 110.15 71.83 17.74 0.024873
178.2844 +20.7347 171.89 32.55 17.00 0.023823 175.7465 +22.6578 69.13 80.46 14.38 0.024758
178.2863 +20.6477 129.71 59.17 13.23 0.025136 175.8795 +23.0114 85.52 37.78 16.72 0.024140
178.2951 +20.4426 56.52 75.39 16.83 0.024933 175.8810 +22.7254 167.17 39.42 17.16 0.024148
178.3124 +20.7357 118.50 85.71 16.82 0.026297 175.9375 +22.8035 26.53 78.51 17.76 0.023903
178.3165 +20.6313 132.29 37.35 17.01 0.022739 175.7585 +23.9444 149.88 74.83 16.58 0.023821
178.3263 +20.1073 73.84 41.58 16.59 0.021834 175.7856 +24.0045 24.11 61.63 17.51 0.023682
178.3347 +20.7517 96.48 60.89 16.86 0.021723 175.7940 +17.3360 82.62 75.84 16.62 0.023450
178.3359 +21.0215 76.58 27.32 16.09 0.023119 175.8137 +17.3685 68.39 48.15 14.76 0.023593
178.3662 +20.6944 176.99 76.00 16.88 0.023704 175.8773 +21.4125 127.18 45.09 13.02 0.024049
178.3692 +20.4855 71.57 35.59 16.37 0.023363 175.9587 +21.4996 76.66 61.86 16.94 0.024828
178.3794 +20.5906 125.19 53.08 13.07 0.023921 176.1359 +22.1598 130.93 57.42 14.06 0.024782
178.3802 +20.3403 116.59 64.00 14.09 0.021212 176.2019 +22.0988 84.75 85.97 15.41 0.024308
178.4237 +20.8825 15.86 29.53 15.49 0.024287 176.3123 +21.6444 60.03 44.36 16.73 0.023417
178.4579 +21.2192 99.75 41.24 15.69 0.024090 176.5982 +21.7532 30.87 23.56 20.96 0.023310
178.4603 +20.4516 −2.20 28.88 15.99 0.024130 176.4525 +22.6479 122.70 23.23 15.77 0.024143
178.4756 +21.2501 112.64 82.19 17.17 0.024121 176.4763 +22.4556 141.02 85.91 17.08 0.023835
178.4765 +20.7496 171.84 85.49 13.18 0.022366 176.4646 +22.2255 106.00 73.74 16.08 0.022499
178.4826 +20.5516 24.12 68.53 15.10 0.024268 176.7690 +22.2411 139.84 56.09 16.97 0.022578
178.4986 +20.5725 30.74 53.01 17.15 0.023643 176.6516 +23.9546 89.44 30.38 16.14 0.023114
178.5324 +20.6091 168.99 56.48 15.92 0.024653 176.6773 +23.9634 105.82 27.67 15.06 0.022460
178.5430 +20.7468 117.14 68.34 15.06 0.022530 176.8201 +15.3233 52.77 82.90 16.38 0.022566
178.5581 +20.0276 121.74 66.28 15.75 0.021740 176.8321 +15.4750 94.90 24.70 15.59 0.022571
178.6051 +20.7851 130.93 40.71 13.76 0.023327 177.5397 +18.5089 2.60 27.73 15.48 0.022482
178.6821 +20.5362 96.43 30.33 16.94 0.023680 177.5894 +18.5515 146.69 74.65 16.36 0.022617
178.6902 +20.9061 143.53 46.23 15.69 0.023935 177.7397 +23.3092 94.58 88.59 16.66 0.024163
178.9443 +20.8210 41.11 64.85 15.25 0.023422 177.9004 +23.3424 60.27 47.74 16.48 0.024832
179.0581 +20.7355 14.48 45.99 17.88 0.022698 177.9365 +23.4798 27.42 75.61 18.09 0.024554
179.2253 +20.9640 165.56 82.39 15.48 0.023026 177.9843 +23.8115 150.97 37.84 15.88 0.023129
179.2547 +21.1667 139.62 83.03 17.48 0.023190 178.0766 +23.1490 26.88 79.62 17.24 0.024467
174.6173 +19.9806 6.04 35.68 17.79 0.024506 178.1775 +23.7044 106.48 61.61 17.83 0.023027
174.6755 +19.9100 84.26 61.51 16.42 0.023791 178.1851 +23.5722 62.48 79.50 16.12 0.023275
174.6238 +23.0992 70.71 36.51 19.06 0.024336 178.1929 +23.4760 121.06 60.33 16.76 0.023089
174.7477 +22.9673 120.20 57.52 17.31 0.024104 178.2144 +23.5954 135.68 26.01 15.77 0.023848
174.7124 +19.6015 113.68 24.49 16.96 0.023809 178.2290 +23.1105 121.08 45.53 17.23 0.023871
174.8519 +19.5347 77.57 46.49 16.04 0.023660 178.2539 +23.0399 96.24 66.75 14.95 0.023683
174.7208 +21.7721 29.65 56.59 17.37 0.023940 178.4179 +23.1691 72.64 66.38 16.86 0.022153
174.7775 +22.0211 26.49 54.39 16.25 0.022916 178.4219 +23.3822 174.62 62.84 16.12 0.022519
174.7515 +26.6110 158.74 63.27 17.36 0.024362 177.7421 +26.0054 135.13 61.96 16.57 0.023042
174.7657 +26.3617 26.96 41.01 15.07 0.023575 177.8602 +25.8095 57.17 66.93 13.95 0.023168
174.7940 +26.4350 131.90 20.99 14.43 0.024385 177.9818 +19.6459 9.20 68.89 17.06 0.021331
174.8353 +26.3062 9.95 71.47 17.30 0.023898 178.1258 +19.7614 26.98 87.03 16.31 0.022433
174.8673 +26.4898 17.42 67.52 17.77 0.024112 178.0034 +17.7491 138.56 48.63 16.58 0.023345
174.8741 +26.3091 132.80 53.93 17.67 0.024042 178.2197 +17.6012 119.66 75.83 17.06 0.023931
174.8923 +26.3224 124.71 35.42 13.69 0.023904 178.0045 +18.3429 113.88 53.29 13.39 0.022639
175.0642 +26.6477 19.60 50.42 15.30 0.023806 178.1115 +18.3506 130.78 69.16 16.33 0.022858
175.1948 +26.3832 1.99 74.61 15.39 0.024184 178.0948 +25.0831 21.62 69.88 16.11 0.023446
175.2349 +25.7809 0.15 55.99 17.65 0.023944 178.1045 +25.2344 61.00 80.39 16.59 0.022818
175.2677 +26.2716 143.27 82.09 13.95 0.024262 178.1059 +22.7034 72.15 73.91 17.07 0.024989
175.3787 +25.9346 105.20 61.79 16.52 0.023909 178.1345 +22.7571 148.08 72.99 16.76 0.024904
175.3800 +25.8544 76.16 87.15 15.19 0.023967 178.2979 +23.4103 139.70 20.40 16.68 0.025090
175.5309 +26.1220 122.97 37.58 17.71 0.024026 178.4169 +23.6390 23.21 36.55 16.42 0.025346
175.7600 +26.1386 115.73 61.60 13.63 0.024124 178.3022 +15.1140 69.57 58.90 15.38 0.023587
174.7768 +17.1691 166.53 43.26 16.51 0.022751 178.4355 +15.1854 41.53 70.35 16.81 0.023676
174.8073 +17.0509 159.54 53.84 17.66 0.021766 178.4072 +16.0117 99.19 63.44 16.09 0.024292
174.8119 +17.1437 110.37 29.11 17.24 0.022375 178.5836 +16.2417 97.49 56.82 16.67 0.023878

153



Table 22: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

178.4204 +24.4125 36.84 32.97 17.31 0.024393 180.7350 +20.3624 116.76 64.21 13.94 0.022512
178.5596 +24.2626 −2.65 88.98 15.62 0.024384 180.7438 +20.0852 59.61 69.87 15.93 0.024785
178.9917 +22.6390 153.36 49.14 17.73 0.022970 180.7458 +19.9003 108.96 56.11 17.17 0.025047
179.1367 +22.4615 102.52 54.88 15.55 0.023036 180.7596 +20.8940 132.78 44.77 16.82 0.024736
179.1842 +22.1598 132.69 44.27 17.57 0.024008 180.7796 +20.8054 152.92 36.09 17.43 0.024838
179.2669 +22.3126 82.11 75.85 14.86 0.024108 180.7982 +19.7288 110.40 67.60 15.45 0.024996
179.3352 +22.1624 21.27 48.98 17.35 0.023886 180.8069 +19.9654 162.78 68.05 15.17 0.023443
179.0249 +15.1320 21.43 75.43 13.71 0.022398 180.8234 +20.6370 57.02 74.34 15.58 0.021862
179.0265 +15.1367 106.59 27.70 17.52 0.022852 180.8265 +20.9357 132.90 13.40 15.61 0.025537
179.2124 +15.2484 98.61 41.38 17.46 0.023912 180.8481 +19.7744 46.00 55.70 16.07 0.024502
179.0586 +24.2446 13.65 33.27 16.65 0.023166 180.8482 +20.0221 35.08 50.00 17.83 0.022545
179.2415 +24.1295 163.67 66.20 21.48 0.023234 180.8556 +20.2415 55.94 56.74 16.66 0.020613
179.0626 +17.0297 176.93 67.16 21.32 0.023742 180.9079 +20.2534 92.57 53.61 17.11 0.024500
179.0909 +17.0793 28.06 58.27 17.02 0.023303 180.9202 +20.3963 112.33 62.78 17.27 0.024491
179.3236 +26.5172 132.45 74.26 15.81 0.023869 180.9298 +20.3087 129.29 16.52 13.94 0.026971
179.5313 +26.5229 54.62 36.43 14.41 0.023630 180.9376 +20.1062 94.93 47.27 13.17 0.025819
179.5421 +26.4531 47.57 71.85 20.15 0.024093 180.9449 +20.5111 135.04 44.45 17.53 0.025757
179.5586 +26.3095 30.04 88.71 17.00 0.024133 180.9489 +20.3512 1.17 57.14 14.43 0.023972
179.5670 +26.5588 27.22 61.53 17.32 0.023396 180.9510 +20.4163 130.19 35.13 16.26 0.022452
179.7810 +26.6074 125.95 43.79 15.48 0.023474 180.9543 +20.2023 128.24 68.11 16.90 0.023627
179.9173 +26.5465 128.55 30.61 14.01 0.023473 180.9619 +20.4273 147.85 49.91 14.42 0.026619
179.3827 +21.8628 60.09 45.19 17.42 0.023475 180.9638 +20.0528 65.42 43.70 15.57 0.023292
179.5619 +21.8998 27.72 82.75 15.80 0.021718 180.9651 +20.5681 109.00 48.45 16.72 0.025881
179.5790 +21.8597 68.26 29.60 14.98 0.023127 180.9655 +20.3953 153.80 34.76 17.20 0.024256
179.7597 +21.8082 62.55 33.91 15.53 0.022581 180.9685 +20.2081 35.35 56.00 17.78 0.023732
180.0220 +21.6469 40.40 39.85 17.28 0.022442 180.9761 +20.4007 127.55 38.16 16.86 0.023311
180.0230 +21.8142 42.88 70.26 17.73 0.023162 180.9833 +20.4305 105.63 64.07 17.86 0.022926
179.4432 +21.0667 160.34 61.17 16.79 0.026025 180.9845 +20.2179 74.26 50.68 17.20 0.022403
179.5165 +21.2479 79.27 59.31 15.26 0.025858 180.9866 +20.0875 141.09 68.86 15.54 0.021336
179.4719 +23.2251 47.88 27.21 17.56 0.022836 180.9907 +20.3125 113.90 24.50 16.44 0.025729
179.4960 +23.1249 150.91 59.66 16.32 0.022940 180.9983 +20.3217 161.36 28.87 17.76 0.024597
179.6125 +27.0757 164.22 17.71 16.55 0.022643 181.0041 +20.3374 89.01 49.26 15.08 0.023839
179.6891 +26.9006 −2.42 36.42 17.14 0.022763 181.0061 +20.2323 173.10 44.17 17.27 0.025559
179.8787 +22.5308 75.56 67.36 13.33 0.023969 181.0186 +19.9638 94.65 66.23 17.32 0.023004
179.9027 +22.4424 5.58 33.68 15.74 0.023966 181.0206 +20.2468 35.71 43.54 16.61 0.023425
179.9782 +22.7183 80.07 60.99 17.43 0.023310 181.0227 +20.1873 153.88 25.78 17.37 0.026444
179.9853 +22.1907 38.56 75.47 17.24 0.023799 181.0251 +20.3238 39.36 44.59 15.10 0.026596
180.1968 +22.4348 136.28 30.66 13.98 0.023284 181.0257 +20.2351 118.94 35.20 16.47 0.022156
180.3969 +22.5929 153.91 55.48 16.53 0.023903 181.0332 +20.8462 115.39 41.86 16.45 0.025560
180.4696 +22.5314 31.31 81.86 13.20 0.023342 181.0336 +20.0869 11.26 44.91 15.34 0.021381
179.9938 +17.8956 113.33 75.45 17.54 0.024162 181.0348 +20.3911 142.24 23.13 17.05 0.023515
180.1165 +17.7274 11.52 17.42 16.25 0.024346 181.0392 +20.3479 129.57 28.97 14.46 0.025625
180.1476 +18.0203 107.67 17.38 16.79 0.024684 181.0395 +20.1846 36.15 83.32 12.74 0.026498
180.1796 +17.8308 57.33 50.23 16.76 0.025179 181.0429 +20.2064 146.69 60.24 17.19 0.021956
180.2105 +17.6555 59.19 43.85 16.43 0.023996 181.0467 +19.7086 163.93 56.17 13.99 0.023220
180.2250 +17.8945 121.94 77.93 16.33 0.024429 181.0471 +20.4098 53.60 27.75 17.49 0.025021
180.3271 +17.5339 27.69 84.54 15.81 0.024258 181.0506 +20.1736 134.05 58.80 15.36 0.022716
180.3638 +17.8448 11.03 48.94 17.69 0.023192 181.0518 +19.9007 33.64 63.31 12.57 0.022983
180.4347 +17.8989 132.14 33.66 13.88 0.024124 181.0577 +20.2097 33.12 64.55 15.57 0.022901
180.4514 +17.4181 0.57 69.85 17.14 0.022834 181.0903 +20.0713 70.65 57.88 17.85 0.025851
180.5113 +18.1143 90.56 80.35 15.68 0.023056 181.0932 +19.5671 132.33 67.48 15.64 0.023865
180.5199 +17.9132 147.32 59.86 15.26 0.023861 181.0949 +20.2576 9.18 50.63 12.74 0.022164
180.5227 +17.8232 138.82 46.26 16.99 0.024075 181.1055 +20.0801 74.88 57.07 14.86 0.026396
180.5296 +17.7677 117.35 70.33 16.35 0.024471 181.1069 +19.3814 23.17 57.91 17.46 0.023004
180.5348 +17.6902 102.24 30.92 15.60 0.022950 181.1070 +20.2636 88.61 60.58 17.02 0.024909
180.7718 +17.6012 114.39 31.76 14.90 0.024006 181.1123 +20.5919 130.77 80.93 12.63 0.023459
180.2053 +15.4512 3.04 39.19 17.00 0.023671 181.1234 +20.0819 21.41 68.81 15.76 0.023218
180.4984 +15.4175 166.45 67.36 14.08 0.024713 181.1236 +20.3163 100.23 53.01 17.84 0.023691
180.2839 +20.4050 157.75 29.66 15.40 0.023750 181.1355 +20.2049 76.23 31.85 14.49 0.021802
180.3255 +20.1966 13.38 31.07 17.76 0.025313 181.1528 +20.4188 173.14 30.38 17.68 0.025958
180.3659 +20.3105 43.48 60.39 14.77 0.024812 181.1635 +21.2420 3.95 60.41 16.47 0.022796
180.3876 +21.0847 76.15 48.07 13.78 0.023393 181.1660 +20.2281 −0.88 71.78 15.90 0.025016
180.3915 +21.0083 130.00 57.06 17.28 0.023582 181.1685 +20.2328 170.56 85.45 16.29 0.021928
180.3978 +20.7809 158.06 31.27 14.75 0.023222 181.1704 +20.1553 115.69 52.33 16.47 0.026614
180.4137 +21.0569 29.14 75.77 17.80 0.023700 181.1807 +20.3930 164.34 15.76 16.58 0.025208
180.4273 +21.0235 94.12 66.50 15.53 0.024083 181.2005 +20.7544 108.96 38.84 17.10 0.024914
180.4371 +20.3283 34.46 56.67 17.59 0.024487 181.2216 +19.8863 94.74 69.83 17.84 0.025243
180.4485 +21.0857 59.39 65.29 17.04 0.023382 181.2294 +19.9820 84.29 79.29 13.87 0.020672
180.4718 +20.1875 17.55 70.79 16.08 0.024737 181.2344 +21.2405 39.66 17.79 13.14 0.023501
180.4812 +20.7479 123.45 43.18 17.84 0.025187 181.2411 +21.0129 134.16 46.55 17.22 0.026033
180.4870 +20.6247 13.17 44.61 17.38 0.023744 181.2676 +20.6859 157.13 45.98 17.63 0.024776
180.5077 +20.2651 137.15 58.19 16.40 0.023734 181.3062 +20.2981 18.13 46.41 14.78 0.027404
180.5328 +20.4943 11.82 66.86 17.48 0.022819 181.3108 +21.0816 53.72 55.26 17.11 0.024538
180.5394 +20.5776 61.06 81.27 16.96 0.024812 181.3110 +20.2907 125.10 72.99 17.36 0.025315
180.5606 +20.1694 42.42 63.77 16.35 0.024982 181.3135 +20.3107 79.65 69.45 15.38 0.023637
180.5753 +21.0111 50.53 52.54 17.28 0.026708 181.3136 +21.2145 52.87 16.22 16.47 0.023650
180.6203 +20.2236 96.54 71.79 14.03 0.024298 181.3227 +21.2728 45.91 60.39 16.19 0.023998
180.6416 +20.8155 58.25 77.78 15.99 0.023357 181.3591 +20.5407 149.60 59.85 15.56 0.025128
180.6472 +20.4110 119.73 74.28 16.11 0.026005 181.3663 +20.3087 37.87 63.26 14.32 0.025452
180.6500 +20.5451 25.27 59.91 14.21 0.025347 181.3716 +20.5763 69.52 60.60 17.49 0.024402
180.6503 +20.3825 48.92 23.25 14.59 0.025562 181.3724 +20.2467 79.70 40.04 16.80 0.024736
180.6558 +21.1592 80.97 44.48 16.35 0.026022 181.3926 +20.6382 11.09 75.77 17.32 0.025148
180.6575 +20.1027 127.74 32.89 17.40 0.022488 181.3987 +20.2027 135.18 63.29 15.65 0.024568
180.6579 +20.7173 59.25 86.32 15.59 0.023845 181.4031 +20.4774 127.00 56.77 17.78 0.024544
180.6759 +21.0911 122.87 71.14 17.80 0.024068 181.4060 +20.5557 31.40 31.17 15.16 0.025188
180.6935 +21.1598 17.90 68.58 14.74 0.026797 181.4171 +20.5557 41.66 74.61 13.34 0.026633
180.6949 +20.1632 124.08 40.59 16.94 0.024974 181.4327 +20.3926 92.62 74.46 16.23 0.025472
180.7017 +21.1455 26.06 84.03 15.00 0.024444 181.4377 +20.3576 77.29 34.26 16.65 0.026373
180.7019 +20.8146 153.56 43.98 16.98 0.024780 181.4476 +20.3265 170.13 63.18 13.62 0.024351
180.7160 +20.7262 104.19 44.81 15.29 0.024310 181.4614 +20.4077 2.39 64.05 17.71 0.024718
180.7302 +20.2022 60.55 30.86 17.09 0.025429 181.4645 +20.5220 43.86 29.41 13.64 0.024873
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Table 23: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

181.4657 +20.4352 95.36 74.14 17.28 0.025632 182.0360 +25.7179 87.19 82.81 17.18 0.021542
181.4759 +20.5725 145.42 39.71 16.67 0.024951 182.0379 +25.0789 160.58 39.56 17.65 0.025150
181.4764 +20.6511 128.38 46.27 16.09 0.025812 182.0403 +24.6768 0.83 43.78 17.34 0.024123
181.5013 +20.2626 71.49 66.17 13.43 0.025422 182.0407 +25.6134 120.22 46.20 14.79 0.022782
181.5149 +20.6081 142.12 22.04 13.63 0.025480 182.0498 +25.7571 142.94 52.90 17.66 0.024954
181.5156 +20.6056 160.38 56.57 17.60 0.026778 182.0548 +24.9428 124.43 64.45 17.84 0.023662
181.5168 +20.5369 178.28 52.10 16.66 0.024757 182.0615 +25.4104 41.99 32.90 13.70 0.024087
181.5221 +21.0934 28.76 53.52 15.88 0.025122 182.0639 +25.0357 77.49 63.37 13.10 0.024863
181.5255 +20.3703 124.38 56.56 17.03 0.026678 182.0746 +25.5937 168.54 34.05 16.76 0.023294
181.5273 +20.7850 139.40 34.24 13.80 0.025693 182.0768 +25.1614 100.56 56.27 15.93 0.020467
181.5360 +20.6930 98.41 48.08 16.69 0.024947 182.0853 +25.3349 52.87 63.21 15.98 0.022909
181.5466 +20.5660 33.76 53.55 13.17 0.025787 182.0884 +25.3640 −0.02 47.94 15.25 0.023439
181.5504 +21.2262 161.51 29.60 16.81 0.023622 182.0900 +25.1909 143.73 9.16 16.61 0.021039
181.5758 +20.6121 176.18 60.60 17.66 0.025207 182.0927 +25.3161 16.77 47.73 14.29 0.023713
181.5914 +20.5644 162.19 75.93 13.40 0.025118 182.1231 +25.2656 22.71 64.12 15.94 0.025477
181.6052 +20.1164 160.90 71.30 14.10 0.025631 182.1639 +25.1280 44.42 33.30 15.62 0.022465
181.6184 +20.0200 88.35 75.16 17.11 0.025898 182.1927 +24.9464 152.41 40.50 13.98 0.022373
181.6315 +20.8506 19.65 73.92 17.21 0.026898 182.1993 +25.4709 32.03 52.25 13.88 0.023876
181.6379 +20.6174 82.32 52.60 16.13 0.025451 182.2109 +25.4929 177.87 59.78 16.76 0.023231
181.6399 +20.5516 172.85 40.62 16.76 0.023680 182.2222 +25.5503 123.94 48.66 15.48 0.023410
181.6572 +20.6449 102.59 42.88 16.71 0.024715 182.2305 +25.1917 131.43 45.94 16.91 0.023193
181.6655 +20.4566 28.94 49.29 16.78 0.025278 182.2584 +24.9549 12.89 31.70 15.56 0.023465
181.6701 +21.2932 44.47 54.79 15.16 0.025992 182.2790 +25.2370 94.81 44.65 15.29 0.022670
181.7141 +20.8187 88.39 36.74 15.79 0.025373 182.3247 +24.9675 160.30 40.34 16.02 0.022929
181.7586 +20.6589 163.41 42.60 17.53 0.026081 182.3732 +24.5405 97.49 20.98 16.33 0.024036
181.7742 +21.4623 87.44 78.45 17.48 0.025139 182.4166 +24.7814 71.58 58.93 16.51 0.024094
181.8271 +20.5837 10.29 81.68 15.80 0.025595 182.4758 +25.3112 99.46 65.54 16.05 0.024103
181.8723 +20.6883 99.31 75.54 16.09 0.023493 182.5212 +25.3082 106.94 56.89 16.64 0.022384
181.9540 +20.6449 16.36 27.88 17.09 0.024970 182.5248 +25.6438 137.84 55.74 13.78 0.023542
180.4573 +16.5303 111.41 43.33 17.41 0.022936 182.5611 +25.3089 77.90 57.06 15.52 0.020951
180.4989 +16.7083 98.14 59.38 16.63 0.022831 182.6428 +25.4274 136.15 47.37 17.77 0.022960
180.6654 +16.4024 169.37 44.37 15.06 0.024592 182.6445 +25.9282 172.68 35.60 15.83 0.022456
180.7073 +16.5932 76.27 44.45 16.99 0.023908 182.6881 +25.8442 46.33 84.80 13.89 0.021916
180.7934 +16.4592 172.99 64.49 14.08 0.023826 182.7064 +25.5837 63.81 72.99 14.84 0.021825
180.8354 +16.5101 57.26 44.84 16.44 0.024264 182.7263 +25.2528 169.21 57.46 15.14 0.024018
180.6105 +23.8188 90.61 20.55 16.89 0.023359 182.7628 +25.5163 25.22 66.48 13.73 0.021495
180.6311 +23.8393 56.83 35.56 14.91 0.023326 181.7150 +16.9920 78.31 54.58 17.58 0.023892
180.6513 +23.7831 85.11 28.77 17.82 0.023044 181.7898 +16.9956 151.58 50.11 17.29 0.023489
180.6990 +23.8939 83.58 66.89 16.62 0.023445 181.8274 +16.8414 114.64 40.06 14.28 0.024142
180.8386 +23.2850 113.49 66.90 14.60 0.024019 181.9181 +17.3028 84.64 66.67 17.17 0.023629
180.9952 +23.4606 41.10 45.51 16.53 0.022945 181.9530 +17.1605 64.59 65.15 16.77 0.023714
180.9844 +22.9801 161.37 35.47 15.52 0.023680 182.0960 +17.3303 78.34 42.23 13.32 0.023569
181.0005 +22.8640 143.53 40.11 17.49 0.022750 182.1519 +17.2118 12.34 61.06 13.81 0.024124
181.0355 +22.5994 61.94 70.93 14.64 0.022507 182.2037 +17.1722 37.34 61.54 14.06 0.023652
180.8547 +22.2027 171.04 54.51 14.00 0.022286 182.3871 +17.0143 2.04 45.92 15.93 0.023476
181.0016 +22.1248 134.58 75.70 13.82 0.022714 181.7643 +18.5318 130.38 55.32 16.95 0.025105
181.0686 +21.7982 46.17 68.24 17.26 0.022498 181.8685 +18.4746 120.11 58.50 16.64 0.025574
181.2897 +22.0080 127.19 48.90 17.73 0.023106 181.9607 +19.7675 59.80 71.18 16.30 0.025899
181.2114 +19.2477 142.40 33.95 17.34 0.024455 182.0116 +19.7902 138.89 77.27 15.62 0.025554
181.3114 +18.9835 99.09 66.43 16.32 0.025030 181.9932 +22.7957 20.55 48.87 13.94 0.022747
181.2507 +25.1973 178.38 66.05 17.63 0.023873 182.2531 +22.6881 67.35 44.14 15.06 0.023682
181.3963 +25.0971 28.22 83.54 22.62 0.024581 182.2849 +22.6968 164.96 72.77 15.39 0.023952
181.2588 +15.4222 147.77 71.51 15.86 0.023550 181.9933 +21.9187 88.73 79.91 16.43 0.024651
181.2730 +15.3441 165.87 54.31 16.25 0.024279 182.0294 +22.1011 111.62 16.32 15.33 0.024824
181.3456 +15.4469 118.44 62.14 16.45 0.024244 182.1278 +21.9273 176.25 73.28 14.47 0.023567
181.2833 +23.9270 68.72 37.10 16.77 0.023518 182.1796 +21.7415 163.69 77.19 17.36 0.025163
181.5948 +23.8533 119.00 53.72 17.75 0.023341 182.2312 +21.7775 12.45 41.01 13.53 0.025287
181.7008 +24.0257 5.98 52.86 16.11 0.023409 182.2377 +21.8887 143.11 71.87 13.31 0.025492
181.6586 +25.7502 39.56 45.63 14.46 0.025238 182.3214 +22.2505 146.53 78.08 17.83 0.025301
181.6709 +25.2383 138.76 57.63 14.18 0.024865 182.3359 +22.2368 19.75 85.70 15.99 0.025152
181.6880 +25.4952 32.34 62.55 17.34 0.023714 182.3584 +22.0833 67.19 68.72 17.18 0.025356
181.7061 +25.0032 58.11 39.52 17.79 0.024917 182.3664 +22.1046 84.17 78.55 14.57 0.025358
181.7198 +25.1973 41.93 67.03 13.83 0.022868 182.5714 +22.4894 82.19 40.83 15.72 0.023676
181.7231 +25.5414 104.56 68.33 15.75 0.023490 182.6160 +22.2702 29.81 70.91 16.40 0.024337
181.7271 +25.0342 16.73 36.58 15.01 0.023163 182.0946 +22.4077 167.83 46.17 16.03 0.022927
181.7306 +25.6235 162.38 52.17 17.29 0.024116 182.1075 +22.4166 167.78 45.29 16.10 0.023354
181.7889 +25.9545 71.87 78.43 17.02 0.024420 182.1682 +17.9567 136.15 23.49 15.62 0.026559
181.8153 +25.1160 120.30 28.84 17.04 0.026996 182.3646 +17.9612 18.68 40.07 16.81 0.026258
181.8157 +25.2853 40.52 54.01 17.75 0.022551 182.3979 +17.8113 118.96 57.20 15.17 0.024023
181.8161 +25.0552 153.76 39.69 15.26 0.021675 182.4144 +17.8565 89.39 78.43 16.23 0.022577
181.8221 +25.2636 148.61 38.01 14.66 0.023490 182.6369 +17.8683 160.86 39.50 15.28 0.025142
181.8670 +24.9505 154.64 52.64 17.22 0.023052 182.6580 +17.8702 140.93 43.23 17.30 0.024058
181.8895 +25.3164 16.30 63.18 15.18 0.026550 182.6733 +17.8626 56.03 49.14 15.94 0.023234
181.8943 +25.2805 10.67 70.12 15.42 0.022494 182.6752 +17.8876 162.58 45.39 15.43 0.025077
181.8978 +25.7720 42.85 40.16 16.69 0.024413 182.7389 +17.8015 1.33 36.85 15.81 0.024994
181.9237 +25.2541 45.75 64.79 17.25 0.023403 182.7711 +17.9414 103.07 36.36 15.72 0.024389
181.9425 +25.5201 18.75 19.66 16.78 0.024338 182.8127 +17.8882 83.10 33.62 17.60 0.024536
181.9457 +25.2642 127.07 60.95 16.41 0.022705 183.0398 +17.7570 91.18 40.55 14.73 0.024451
181.9624 +25.7469 166.77 40.60 16.13 0.022509 183.1203 +17.9722 18.02 18.71 15.61 0.023668
181.9671 +25.9855 104.09 66.12 16.83 0.026068 182.5091 +23.8545 171.57 49.61 17.21 0.023613
181.9780 +25.1013 164.30 45.85 15.37 0.024487 182.5611 +23.8880 120.86 74.46 15.00 0.023001
181.9791 +25.0174 138.07 22.10 17.06 0.023224 182.5894 +23.8117 175.61 71.58 15.79 0.023877
181.9927 +25.3212 86.21 62.88 16.03 0.022927 182.6889 +23.7103 111.47 63.50 16.60 0.023392
182.0037 +24.8590 59.94 47.70 15.06 0.025300 182.7079 +23.7144 42.97 46.00 14.61 0.023725
182.0128 +25.1142 68.04 43.32 15.42 0.023346 182.7510 +23.6746 124.48 73.05 17.33 0.025313
182.0211 +25.5903 88.47 31.46 15.94 0.022973 182.9716 +23.6437 100.70 65.29 14.11 0.022972
182.0231 +25.2373 177.37 30.53 15.90 0.023565 183.0462 +23.6765 71.30 83.24 17.88 0.025730
182.0254 +25.2674 59.88 59.58 16.50 0.020347 183.1095 +23.7284 84.40 67.64 16.65 0.026007
182.0299 +24.7903 128.65 61.01 15.82 0.023684 183.1735 +23.4783 135.33 63.65 14.25 0.023404
182.0317 +25.3732 172.05 53.38 17.18 0.021979 183.2857 +23.6728 169.74 27.52 12.68 0.024986
182.0341 +25.0329 145.84 83.86 17.25 0.023687 182.5416 +26.4244 158.87 19.60 15.98 0.022042
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Table 24: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

182.5761 +26.4307 103.04 49.21 17.23 0.022758 185.2195 +25.4297 106.20 70.49 17.89 0.025009
182.6229 +26.2533 79.87 33.65 14.31 0.023662 185.2942 +25.3252 79.63 72.47 14.96 0.024084
182.7981 +24.9359 42.44 31.68 15.72 0.025644 185.3041 +25.3144 161.35 67.95 16.03 0.024377
183.0157 +25.1190 85.56 49.17 13.92 0.024692 184.7714 +22.3335 64.40 81.49 16.79 0.023882
183.2509 +25.2816 0.51 81.75 16.66 0.025440 184.8061 +22.4315 50.28 31.28 16.09 0.023341
182.8997 +19.8958 29.98 44.43 17.36 0.023190 184.8368 +22.3247 65.04 70.64 15.54 0.023031
182.9086 +19.8454 −0.32 68.35 15.92 0.023496 184.9124 +22.1525 83.98 52.96 16.71 0.024047
182.9669 +21.1128 89.18 76.02 17.10 0.024688 185.2328 +24.6706 99.53 54.76 16.39 0.025177
183.0551 +21.1409 11.35 79.99 17.45 0.024339 185.3261 +24.7127 65.36 31.23 17.24 0.025471
183.2639 +21.0241 169.34 68.18 15.94 0.024981 185.4235 +24.8243 54.71 57.23 14.97 0.025537
183.1241 +21.9114 42.87 50.53 16.36 0.025729 185.3474 +23.9849 146.46 34.25 16.46 0.023190
183.1882 +21.5630 36.13 39.91 17.22 0.024731 185.5224 +23.8852 128.70 81.24 17.63 0.023353
183.2381 +21.4269 90.23 56.52 16.74 0.024783 185.4175 +22.3523 151.74 64.43 13.16 0.024259
183.2598 +21.5511 149.96 45.73 13.05 0.024840 185.5098 +22.2458 153.46 59.82 17.05 0.023653
183.2826 +21.4937 46.58 74.42 17.09 0.024289 185.5645 +22.5077 19.61 78.82 15.67 0.023829
183.3060 +21.7104 81.12 28.42 17.54 0.025970 185.7223 +22.4474 77.10 52.91 13.46 0.023318
183.3082 +21.7904 163.80 33.58 16.91 0.026310 185.4401 +25.8847 148.87 70.24 15.38 0.024055
183.3170 +21.6971 146.40 68.57 14.79 0.026227 185.4851 +25.9568 38.85 71.05 15.56 0.023047
183.3182 +21.6222 29.72 48.23 15.52 0.025560 185.6430 +27.8090 108.85 48.34 16.44 0.023955
183.3242 +21.6544 178.48 49.99 15.39 0.024933 185.6653 +27.7470 85.07 64.26 16.91 0.024943
183.3261 +21.6343 15.85 35.00 17.52 0.025416 185.6839 +27.7371 33.32 45.06 16.89 0.024469
183.3532 +21.6689 71.06 45.81 16.56 0.026480 186.2323 +26.8161 135.75 44.46 14.32 0.025557
183.4788 +21.7561 76.81 34.83 14.79 0.025336 186.4370 +26.7669 172.85 53.89 15.75 0.023880
183.5479 +21.7113 102.84 60.71 17.14 0.026077 186.4548 +26.7399 172.50 13.65 15.30 0.024538
183.5943 +22.1869 40.83 37.27 16.94 0.024831 186.5739 +26.8311 16.78 32.27 20.52 0.024821
183.6541 +21.9891 64.99 53.86 14.85 0.024631 186.7267 +26.6901 134.56 34.40 16.85 0.023225
183.6675 +21.5960 98.54 38.24 17.40 0.025702 186.8978 +26.5399 86.70 45.63 16.94 0.022321
183.7026 +22.1951 23.61 71.34 15.42 0.025390 186.2707 +25.9576 84.42 75.45 17.45 0.023222
183.7257 +22.1418 147.95 78.40 17.67 0.025084 186.2934 +25.8798 76.29 3.14 16.78 0.023257
183.7261 +21.9006 26.35 25.10 14.96 0.025988 186.4424 +26.0825 8.99 66.71 15.63 0.024714
183.7896 +21.9235 10.33 64.00 15.62 0.023112 186.5928 +25.8863 60.37 63.95 16.92 0.022038
183.8304 +21.4915 22.58 55.92 17.13 0.026044 186.6160 +25.8889 124.14 72.95 16.06 0.024007
183.8452 +21.8782 63.76 72.99 15.76 0.025109 186.6637 +29.6330 57.86 76.96 15.36 0.023030
183.8932 +21.8322 82.93 8.30 13.24 0.023723 186.6836 +29.4236 129.71 89.03 14.11 0.023209
183.9038 +21.9093 119.05 81.62 15.25 0.023408 186.7630 +29.5384 118.13 38.82 17.71 0.023061
183.4763 +25.1692 174.79 66.60 14.28 0.023709 186.7478 +22.6396 159.51 58.04 17.43 0.023793
183.6769 +24.9806 176.19 40.34 16.80 0.022975 186.9472 +22.5621 104.39 52.32 15.79 0.023574
183.5209 +24.0674 100.68 17.22 17.63 0.023378 186.8321 +24.9594 45.79 86.65 15.94 0.023859
183.5453 +24.0695 160.04 75.79 17.57 0.025202 186.9665 +24.9422 130.91 64.49 17.28 0.023790
183.6083 +23.7634 42.70 55.33 14.45 0.023213 187.1021 +26.7837 133.85 61.24 16.81 0.022469
183.6096 +24.1821 174.89 33.97 17.31 0.023730 187.2122 +26.7001 145.92 22.74 16.26 0.023109
183.6727 +23.8529 138.90 34.43 17.67 0.023175 187.2609 +27.6405 68.76 48.53 17.00 0.024381
183.7143 +23.9065 117.17 73.14 16.21 0.023250 187.2661 +27.7789 149.42 64.40 14.75 0.024321
183.7368 +23.8685 1.38 53.18 17.30 0.024805 187.3499 +22.3636 7.88 55.42 15.99 0.023697
183.7694 +23.9334 110.72 65.51 17.58 0.023448 187.4558 +22.3721 118.14 48.31 14.09 0.023561
183.7985 +23.9857 161.95 30.32 14.65 0.024632 187.4644 +25.6320 42.18 64.80 16.21 0.023798
183.8162 +23.9582 100.94 41.35 17.34 0.023300 187.6307 +25.3095 77.50 65.41 15.65 0.023289
183.8193 +24.0373 93.35 70.16 16.97 0.024248 187.7478 +25.5619 45.36 32.54 15.84 0.023260
183.8419 +23.9937 102.49 66.09 29.38 0.026031 187.8534 +26.7961 160.55 59.07 15.03 0.024120
183.8552 +23.9482 81.29 53.42 13.97 0.023890 187.9328 +26.8002 105.60 68.99 17.70 0.023654
183.8704 +24.0924 40.29 57.71 15.81 0.024138 188.3071 +27.5841 139.83 48.26 16.69 0.025299
183.8917 +24.0033 131.13 48.68 15.15 0.021925 188.3338 +27.4505 121.88 83.15 17.72 0.024126
183.9065 +23.9819 65.20 36.91 13.98 0.023407 188.5714 +27.4523 65.05 85.37 17.43 0.023869
183.9292 +24.0045 171.91 60.09 17.29 0.023414 188.3707 +26.7380 58.53 72.72 13.35 0.022691
183.9385 +24.0697 65.05 40.29 17.45 0.022665 188.3750 +26.7796 105.29 50.03 17.29 0.024020
183.9634 +24.0066 132.57 34.56 14.95 0.023441 188.4263 +26.6173 3.59 76.53 17.82 0.024793
183.9674 +24.3455 139.65 24.79 15.00 0.023723 188.5289 +26.6708 59.18 53.50 15.15 0.027079
183.9795 +23.5955 45.63 35.45 14.60 0.022502 188.6070 +26.9352 99.45 56.80 17.26 0.024354
183.9883 +23.8681 173.49 76.86 15.12 0.023674 188.6096 +26.8846 68.69 73.09 15.70 0.023750
183.9930 +24.0777 142.88 61.24 17.27 0.021823 188.6407 +26.6578 124.86 67.28 14.78 0.023689
184.0305 +23.8243 56.82 87.78 17.50 0.024929 188.7179 +26.1750 35.78 85.44 13.77 0.022349
184.0305 +23.8243 56.82 87.78 14.18 0.024832 188.7356 +26.6266 129.88 28.24 17.10 0.023834
184.3607 +23.9043 38.08 73.48 16.34 0.025337 188.7494 +26.8841 53.09 59.00 14.38 0.026242
184.0770 +26.7654 38.02 67.18 14.93 0.024301 188.7635 +27.0794 162.00 36.19 17.82 0.025649
184.3421 +26.6242 150.58 55.10 14.78 0.024618 188.7809 +26.9093 120.95 53.27 16.39 0.023665
184.1874 +26.1237 161.47 51.87 14.42 0.023634 188.7838 +26.7397 124.51 49.54 15.49 0.026783
184.5085 +26.0806 46.32 33.53 15.41 0.023653 188.8020 +26.5334 153.75 82.21 15.77 0.022032
184.3709 +24.4860 34.23 72.31 12.94 0.023592 188.8054 +26.4960 90.93 60.96 15.98 0.021654
184.5353 +24.6883 70.89 2.47 16.07 0.023671 188.8090 +26.4723 131.46 29.07 17.47 0.023935
184.5863 +24.5847 47.25 60.45 15.77 0.022590 188.8447 +26.5767 80.12 63.40 16.16 0.023135
184.4882 +25.0765 19.22 30.61 17.31 0.023901 188.8830 +26.4511 19.23 55.83 17.04 0.021620
184.5893 +25.2168 150.48 50.31 15.15 0.024181 188.8996 +26.5667 86.91 41.73 15.33 0.023642
184.7907 +25.2970 32.77 29.62 13.79 0.023700 188.9146 +26.5488 167.25 40.93 15.50 0.024669
184.8479 +25.0507 75.12 55.25 16.29 0.023844 188.9184 +26.9293 51.23 63.32 16.40 0.026670
184.8583 +25.0382 7.71 66.17 17.83 0.023363 188.9188 +26.6429 69.03 27.43 17.00 0.020932
184.8900 +24.9053 140.89 52.55 22.21 0.022994 188.9204 +27.2055 104.04 52.23 14.01 0.025351
185.1950 +24.9156 41.12 53.63 22.21 0.023090 188.9216 +26.5231 115.82 44.03 17.38 0.023193
184.5249 +25.7111 51.97 67.58 23.45 0.024785 188.9222 +26.4824 109.71 57.14 17.14 0.023454
184.5598 +25.6184 103.58 68.29 16.32 0.024024 188.9237 +26.2222 138.39 55.10 16.44 0.022355
184.8021 +25.7150 93.19 32.92 17.10 0.025821 188.9267 +26.9091 81.46 44.66 17.10 0.027288
184.8396 +25.7686 47.09 14.44 17.34 0.024863 188.9326 +27.2806 60.57 52.21 15.73 0.025000
184.8714 +25.8987 173.76 80.39 17.61 0.023990 188.9333 +26.5768 88.72 44.85 16.35 0.023542
184.8752 +25.7426 18.26 54.05 16.80 0.025687 188.9411 +26.9089 85.22 45.33 17.21 0.025736
184.8916 +25.5859 104.68 49.12 17.53 0.024014 188.9482 +26.7555 99.37 58.39 16.54 0.024580
184.9440 +26.0747 49.97 47.91 14.57 0.023426 188.9694 +26.9921 101.66 43.91 17.10 0.026989
184.9527 +26.2856 89.47 55.42 16.79 0.024016 188.9783 +26.8187 148.51 51.56 15.43 0.024873
184.9932 +25.7717 10.21 60.82 15.56 0.023526 188.9822 +26.4221 7.89 61.54 17.18 0.022041
185.0367 +25.5856 38.50 55.64 13.74 0.023477 188.9936 +26.9660 178.56 48.58 16.40 0.025602
185.0891 +25.5995 113.26 45.00 16.07 0.023769 189.0092 +26.7854 28.42 83.80 16.93 0.026091
185.1002 +25.5606 59.00 41.28 17.41 0.023901 189.0163 +27.0782 68.93 57.74 16.50 0.025031
185.1253 +25.5154 150.30 74.36 15.08 0.024296 189.0195 +26.5958 151.29 56.09 15.23 0.022677

156



Table 25: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

189.0200 +26.8996 71.14 51.88 17.09 0.027105 190.4087 +28.5692 73.16 67.02 15.47 0.026177
189.0511 +26.7561 22.49 43.47 16.31 0.025555 190.4246 +28.6500 144.81 48.47 16.54 0.026346
189.0518 +26.4669 178.99 28.62 14.70 0.022911 190.4217 +33.4131 35.32 49.72 16.65 0.023720
189.0536 +26.9414 112.78 51.77 16.58 0.025553 190.6983 +33.2877 61.63 83.62 16.48 0.023789
189.0779 +27.7536 166.46 18.58 12.14 0.025674 190.7034 +33.2906 42.05 42.50 16.42 0.024072
189.0882 +27.0333 59.41 54.32 15.68 0.026006 190.8777 +33.4172 174.17 31.95 18.16 0.023960
189.0941 +26.9366 181.49 71.71 15.63 0.024747 190.5610 +31.6973 63.36 70.66 16.07 0.024348
189.0992 +27.0317 2.58 68.61 14.17 0.025428 190.6217 +31.4553 114.35 28.30 17.14 0.023962
189.1254 +26.2486 19.65 31.24 15.24 0.022806 190.6787 +31.1408 171.10 57.46 17.55 0.023597
189.1351 +28.0287 119.37 40.99 16.82 0.026520 190.7701 +31.1506 77.65 59.83 17.75 0.023927
189.1538 +26.2347 89.29 30.89 15.86 0.023747 190.8043 +31.0556 161.56 79.49 14.67 0.025257
189.1662 +26.8299 114.13 34.17 13.07 0.025323 190.8079 +31.0850 149.51 41.11 17.49 0.024280
189.1690 +27.1475 63.35 45.73 16.24 0.026431 190.6881 +27.1175 119.66 51.63 17.47 0.022844
189.1810 +26.1131 173.43 60.67 13.75 0.021788 190.8141 +27.0856 180.85 73.81 15.42 0.023559
189.1819 +27.0761 43.62 32.95 16.99 0.025614 191.1098 +27.1928 28.36 56.66 17.46 0.022411
189.1907 +27.5668 152.80 81.91 16.87 0.024958 190.7253 +27.7745 154.93 80.96 16.74 0.025741
189.2227 +27.8620 131.57 56.83 14.61 0.025918 190.7723 +27.7141 33.21 43.22 17.89 0.026050
189.2247 +27.7491 6.84 32.29 16.11 0.026755 190.8513 +27.6871 73.32 24.90 16.27 0.025637
189.2531 +27.3603 156.85 50.71 14.74 0.025863 190.8574 +27.3731 48.45 31.52 17.22 0.025418
189.3139 +27.5333 12.55 29.70 15.54 0.026219 190.9255 +27.3730 79.72 64.66 15.88 0.025459
189.3277 +26.5529 115.78 57.44 14.48 0.023201 190.9070 +31.7305 128.75 35.17 17.33 0.024697
189.3338 +28.1472 82.78 56.30 16.11 0.026274 191.1819 +31.6371 168.38 61.59 17.47 0.024462
189.3378 +28.2082 138.94 51.48 17.67 0.026528 191.4001 +31.6427 56.23 60.14 16.32 0.024442
189.3619 +27.2024 156.72 79.75 14.58 0.026604 191.1200 +28.4331 181.62 86.01 17.57 0.024718
189.4294 +27.9150 81.53 49.40 16.45 0.024870 191.2137 +28.5036 95.33 82.94 16.80 0.025511
189.4397 +27.9307 168.39 65.62 17.15 0.024849 191.3027 +29.0125 24.68 51.50 14.35 0.024658
189.4435 +26.2990 90.22 52.80 21.02 0.023034 191.3389 +28.5909 55.62 90.05 19.43 0.024751
189.4620 +28.0000 96.45 78.96 17.24 0.025302 191.3973 +28.7619 18.18 20.12 17.70 0.024076
189.4791 +28.2861 134.36 58.88 16.69 0.026545 191.5380 +28.9585 125.48 48.10 17.39 0.024500
189.4807 +27.6282 98.39 54.76 16.60 0.025030 191.2887 +23.0390 137.56 59.39 17.18 0.023904
189.5528 +26.4921 44.42 59.38 15.77 0.023407 191.3934 +23.0729 112.53 67.53 16.51 0.025116
189.6212 +26.3743 138.14 44.16 13.48 0.024096 191.4010 +28.1196 109.93 67.41 16.24 0.023669
189.7514 +28.3146 30.41 63.25 17.39 0.026076 191.5448 +27.9378 72.72 45.45 17.75 0.024000
189.7891 +28.2698 42.02 56.27 17.10 0.026351 191.7192 +27.7909 93.15 65.19 13.68 0.025207
189.7978 +28.0052 114.57 17.03 16.88 0.025111 191.5400 +27.2470 105.88 61.73 14.34 0.027354
190.0532 +28.3605 32.55 28.02 17.44 0.025829 191.8350 +27.2468 163.12 34.36 15.67 0.026840
188.5843 +24.6001 81.52 53.01 14.93 0.022154 191.9249 +26.9816 61.23 64.01 14.92 0.024801
188.8118 +24.5488 148.36 55.26 14.20 0.022482 191.9683 +27.2668 118.52 50.39 17.77 0.027380
189.1246 +32.0798 34.65 63.68 14.42 0.024420 191.9782 +26.9530 130.77 61.64 14.34 0.024042
189.1915 +32.1158 171.76 64.15 17.51 0.024523 191.9805 +27.2223 88.96 40.20 16.75 0.027520
189.4238 +32.0867 25.59 47.24 16.87 0.024181 192.0113 +27.2785 159.42 76.55 16.88 0.027023
189.6329 +31.9379 53.74 42.45 17.80 0.022689 192.0387 +26.9392 24.88 73.77 16.46 0.024028
189.6847 +32.0179 150.02 50.30 16.89 0.023152 192.1003 +26.8579 117.25 65.97 17.01 0.025646
189.6897 +31.8795 50.00 77.75 13.67 0.023328 192.1540 +27.3664 88.79 47.28 17.39 0.027568
189.7033 +31.9849 98.74 56.15 16.62 0.024070 192.2475 +27.3757 59.30 78.26 16.47 0.021888
189.8264 +31.9899 118.49 39.86 16.48 0.024529 192.2605 +26.8931 155.58 67.66 16.93 0.025529
189.3527 +23.8641 48.63 51.51 17.80 0.023950 192.2868 +27.3688 180.31 64.00 15.26 0.022918
189.4445 +23.6502 126.19 40.56 17.56 0.023931 192.2994 +27.3850 153.30 64.64 17.67 0.021821
189.4033 +33.6152 103.78 41.26 15.84 0.023831 192.3432 +26.7439 148.26 68.64 17.03 0.025040
189.4350 +33.6191 139.31 41.98 17.37 0.024098 192.3655 +27.2676 153.72 41.02 15.19 0.027549
189.4984 +33.5579 56.94 74.09 16.10 0.024056 192.3972 +27.1976 154.30 74.75 16.28 0.021787
189.5189 +33.4588 87.68 41.21 17.54 0.023886 192.4262 +26.8920 147.55 45.13 16.99 0.023798
189.7851 +33.5483 119.77 79.23 17.58 0.023550 192.4362 +27.5918 153.05 65.32 17.63 0.023794
189.8115 +33.3577 133.94 52.18 15.30 0.023332 192.4411 +27.3691 61.60 65.06 14.92 0.023781
189.5075 +27.6140 89.21 50.00 17.64 0.023155 192.4454 +27.6407 180.09 51.84 15.16 0.024588
189.6850 +27.7181 134.36 59.02 15.11 0.023122 192.4911 +27.8224 15.06 39.40 16.90 0.024009
189.7435 +27.5636 2.66 64.49 17.16 0.023394 192.4958 +27.1527 110.62 65.35 17.35 0.027121
189.8251 +27.9086 163.48 78.90 16.79 0.022589 192.5463 +27.3698 77.18 57.85 17.06 0.026665
189.9373 +27.8268 69.55 31.65 17.55 0.023324 192.5561 +26.7761 82.43 44.42 13.51 0.024566
189.9797 +27.8272 140.94 57.09 14.15 0.022636 192.5645 +27.0603 101.10 21.66 17.20 0.023161
190.2021 +27.7761 68.43 72.52 14.72 0.023160 192.5674 +27.3800 153.62 60.48 17.38 0.023249
189.5553 +28.9370 108.82 58.60 14.70 0.025277 192.5830 +27.3240 119.08 78.27 12.65 0.026438
189.5692 +28.8826 29.94 69.46 17.43 0.026447 192.5842 +26.7498 50.69 73.07 15.82 0.024650
189.6985 +28.8417 120.44 26.12 16.79 0.025152 192.5866 +27.9372 110.38 33.06 14.93 0.024252
189.7728 +26.9143 18.46 67.28 15.30 0.024851 192.5942 +27.1754 66.36 77.90 13.74 0.024297
189.8651 +27.1023 55.34 35.21 13.34 0.024487 192.6170 +27.4349 84.62 34.91 17.22 0.022351
189.8214 +26.6778 179.47 28.47 14.34 0.022951 192.6319 +27.3140 39.63 84.42 15.66 0.027631
190.0374 +26.5365 107.12 57.24 16.10 0.024444 192.6330 +26.9101 135.64 40.68 14.81 0.023864
190.0700 +26.4738 58.04 60.48 16.29 0.023040 192.6543 +27.4830 174.55 34.43 14.65 0.023076
190.1078 +26.7321 29.30 21.45 15.19 0.023514 192.7649 +27.3700 19.52 43.81 16.77 0.028640
190.1516 +26.5079 22.17 80.90 15.50 0.023546 192.7815 +27.3204 97.87 61.54 17.02 0.021811
190.1538 +27.0792 174.24 70.95 16.86 0.023164 192.7885 +27.4068 150.13 43.47 15.35 0.023764
190.1604 +26.8936 73.20 68.18 12.96 0.022766 192.8068 +27.5567 34.44 77.72 15.27 0.027363
190.1622 +26.9680 6.78 64.92 17.22 0.023177 192.8571 +28.1208 28.07 77.95 13.36 0.025242
190.1631 +26.5262 87.10 73.29 16.91 0.022926 192.8590 +27.4212 10.77 35.93 17.70 0.025327
190.2029 +27.2710 76.16 50.07 17.01 0.022605 192.8976 +26.6289 181.24 41.04 16.32 0.022228
189.9150 +29.6096 175.84 59.06 16.60 0.024344 192.9082 +27.3106 40.87 64.88 17.51 0.024460
189.9774 +29.6622 95.52 40.54 16.56 0.023764 192.9324 +27.9628 124.01 45.59 13.16 0.024029
190.2065 +29.5002 36.55 47.62 14.77 0.023105 192.9372 +27.0184 119.50 70.29 16.04 0.022252
190.0473 +31.1771 137.59 61.39 16.58 0.024443 192.9600 +27.3608 120.62 48.61 17.38 0.022439
190.1066 +31.1550 60.29 80.48 17.29 0.024554 192.9649 +27.2556 152.94 57.26 14.53 0.023535
190.0930 +27.4509 85.62 58.97 16.04 0.025538 192.9728 +27.9781 8.53 38.93 17.17 0.024076
190.2805 +27.4619 70.73 83.62 14.04 0.024868 192.9814 +26.7829 43.04 67.46 16.03 0.021212
190.3796 +27.2431 46.85 69.61 17.27 0.025488 193.0015 +26.1592 151.48 42.15 14.03 0.021520
190.0948 +25.9798 26.46 37.36 16.73 0.022980 193.0140 +27.1660 182.42 62.54 15.91 0.025984
190.1063 +26.0106 100.31 36.61 21.23 0.022886 193.0286 +27.0263 144.31 49.26 17.37 0.022343
190.1411 +32.5808 55.22 52.11 16.45 0.023804 193.0375 +27.4773 88.84 47.96 16.64 0.020403
190.4556 +32.6264 72.73 25.23 13.87 0.023645 193.0493 +26.8748 111.24 24.33 13.88 0.021696
190.2894 +29.5387 152.99 48.23 14.29 0.024420 193.0726 +27.1582 142.38 84.92 16.09 0.022250
190.5155 +29.6664 12.34 50.71 17.43 0.024813 193.0738 +27.0855 9.82 64.18 17.00 0.021960
190.5454 +29.4475 116.77 45.97 16.75 0.024088 193.1236 +27.8030 48.89 39.53 15.32 0.025229
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Table 26: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

193.1458 +27.4593 155.47 35.25 14.72 0.025681 193.9845 +27.6098 67.62 73.48 17.09 0.023772
193.1548 +27.3252 52.49 59.54 17.12 0.027322 193.9894 +27.9049 60.11 60.48 14.74 0.022817
193.1712 +26.3658 75.60 30.96 16.27 0.021409 193.9933 +28.4074 97.19 51.05 17.68 0.020936
193.1836 +26.4704 97.26 57.69 22.12 0.022236 193.9990 +27.9551 153.47 60.47 13.89 0.027946
193.1928 +27.9068 63.54 51.89 17.70 0.019858 193.9998 +28.1869 46.43 53.79 16.75 0.019572
193.2037 +27.4018 95.44 40.75 14.08 0.026783 194.0065 +28.0384 149.56 39.45 17.35 0.020709
193.2109 +27.7459 69.93 28.80 16.55 0.020921 194.0073 +26.7566 154.03 27.72 14.01 0.020088
193.2233 +28.3713 33.39 73.84 15.39 0.024540 194.0080 +27.6647 152.74 46.00 16.89 0.021428
193.2347 +26.5947 181.75 33.04 14.44 0.025247 194.0083 +26.9208 14.11 15.92 13.40 0.020022
193.2669 +27.4645 30.09 25.74 15.58 0.023837 194.0114 +28.0480 67.78 39.56 15.35 0.025572
193.2813 +28.2413 178.12 76.69 16.75 0.024409 194.0150 +28.4348 178.86 64.78 15.52 0.023686
193.2815 +27.0382 42.27 66.42 17.09 0.026412 194.0165 +27.1504 116.41 43.26 15.76 0.025441
193.2979 +27.8378 111.62 45.22 17.47 0.023994 194.0175 +27.2855 49.49 40.35 17.64 0.023297
193.3021 +27.3231 165.42 29.43 16.32 0.023062 194.0254 +27.6781 171.91 53.90 16.92 0.017368
193.3025 +28.0040 152.28 71.69 14.67 0.020948 194.0268 +27.6480 115.94 73.48 16.98 0.026285
193.3171 +27.0944 152.69 36.58 15.54 0.021485 194.0398 +28.3109 18.76 36.06 13.79 0.027311
193.3234 +26.3393 53.98 45.63 14.73 0.024028 194.0413 +27.8443 64.66 60.42 16.55 0.026168
193.3275 +28.2114 75.18 39.65 14.16 0.021431 194.0457 +28.1632 14.30 68.73 17.29 0.029906
193.3403 +26.3614 175.83 74.52 14.88 0.020294 194.0594 +27.8156 76.03 73.33 15.37 0.023139
193.3463 +27.0335 97.73 35.29 16.40 0.024615 194.0609 +27.5063 170.62 61.70 15.06 0.025692
193.3478 +27.5131 44.20 43.85 14.80 0.024883 194.0695 +27.4460 18.32 24.67 17.61 0.022260
193.3762 +27.6752 31.46 62.71 17.72 0.020713 194.0775 +26.3589 92.32 52.41 17.48 0.022363
193.3796 +27.4634 168.08 68.16 17.61 0.029209 194.0825 +27.7510 134.90 36.06 16.60 0.023902
193.3982 +27.7588 85.38 49.23 16.72 0.025922 194.0849 +28.0508 175.71 38.99 15.95 0.026271
193.4337 +27.7808 111.12 57.94 14.70 0.023103 194.0854 +26.7040 15.22 35.99 16.45 0.022897
193.4395 +27.2496 181.14 85.32 13.85 0.023924 194.0908 +28.4869 102.56 63.77 15.90 0.022902
193.4443 +27.3858 154.00 85.66 15.58 0.028696 194.0973 +27.5440 77.58 22.54 15.67 0.025450
193.4746 +28.1866 37.98 67.17 15.14 0.026571 194.0990 +27.2340 113.34 34.50 15.18 0.021093
193.4759 +26.9664 81.50 70.84 17.00 0.021545 194.1096 +27.7273 79.97 39.13 15.21 0.023689
193.4807 +28.3938 88.72 69.76 13.53 0.025686 194.1109 +27.8306 177.10 25.00 17.50 0.021809
193.4963 +26.4440 173.09 25.00 17.15 0.024555 194.1161 +26.9874 141.14 40.61 17.27 0.022430
193.5230 +27.0686 181.59 70.48 17.27 0.026159 194.1186 +28.0825 27.56 56.99 16.71 0.024170
193.5249 +27.0189 124.54 63.24 16.99 0.029316 194.1191 +27.2913 66.12 43.49 15.82 0.026009
193.5303 +27.2164 124.20 51.04 15.55 0.028152 194.1205 +26.5434 130.99 39.82 16.45 0.026704
193.5416 +28.0925 110.18 64.98 17.68 0.021944 194.1214 +26.9570 9.42 49.45 17.41 0.024417
193.5668 +27.3037 139.59 63.00 15.14 0.022401 194.1242 +27.9400 58.09 28.62 15.07 0.023054
193.5698 +28.0766 117.08 83.97 17.71 0.023755 194.1335 +27.0556 144.45 56.97 15.46 0.021316
193.5814 +28.0913 73.71 63.87 13.65 0.023402 194.1424 +27.6873 67.26 71.72 15.54 0.023872
193.5929 +27.0842 137.81 36.95 17.64 0.029086 194.1424 +27.5390 128.14 35.42 14.51 0.024569
193.5948 +27.7445 111.22 52.88 15.44 0.024704 194.1443 +27.2276 171.97 34.11 15.56 0.024950
193.5954 +26.7994 75.11 66.41 16.15 0.023523 194.1466 +28.2755 107.93 47.85 17.36 0.025249
193.6031 +27.3640 49.47 47.96 16.06 0.026986 194.1497 +27.7188 131.79 50.12 16.09 0.023309
193.6373 +28.3768 31.66 52.52 17.78 0.024270 194.1501 +26.9048 62.80 46.33 15.12 0.027304
193.6383 +27.6328 101.21 81.27 16.11 0.025319 194.1537 +27.8849 181.19 69.64 13.69 0.021910
193.6534 +26.9349 5.78 71.29 17.59 0.020721 194.1600 +28.1063 41.69 24.48 14.48 0.022465
193.6543 +27.3175 126.09 40.83 15.71 0.025952 194.1602 +27.5709 115.02 76.12 17.16 0.026261
193.6734 +27.0415 155.47 65.42 16.37 0.024583 194.1619 +28.0812 58.36 33.17 16.17 0.028002
193.6744 +28.0460 93.17 39.54 16.28 0.026514 194.1681 +28.2178 164.39 74.77 15.79 0.028640
193.6811 +27.4554 90.17 34.87 16.41 0.027041 194.1705 +27.4478 38.48 71.37 17.65 0.025459
193.6874 +27.4111 44.24 66.03 15.43 0.026745 194.1766 +27.5483 72.73 78.97 16.70 0.026235
193.7088 +26.3249 150.97 67.76 15.20 0.023524 194.1786 +28.0205 162.14 34.41 15.55 0.021769
193.7139 +27.4945 26.69 58.13 16.75 0.024273 194.1800 +26.7420 48.35 62.93 14.37 0.024128
193.7196 +26.5759 35.78 57.06 13.68 0.021025 194.1813 +27.0348 35.05 74.38 12.98 0.019619
193.7237 +28.4170 163.23 50.82 14.23 0.025543 194.1813 +27.1788 45.92 37.03 16.17 0.026233
193.7299 +27.4127 32.81 40.06 16.48 0.027092 194.1911 +28.0516 47.73 33.72 14.92 0.023989
193.7316 +28.0669 134.98 64.65 17.58 0.021954 194.1959 +27.0569 126.81 63.89 16.34 0.022607
193.7365 +28.1263 4.30 63.75 14.35 0.021928 194.1975 +27.2923 170.59 44.83 13.92 0.027086
193.7407 +28.3084 158.88 41.79 13.98 0.021952 194.1990 +27.4210 117.22 73.22 14.40 0.026854
193.7519 +27.1938 168.25 56.73 15.65 0.025713 194.1994 +28.1921 96.46 29.39 14.92 0.020319
193.7535 +27.4834 52.48 48.82 15.31 0.024172 194.2069 +27.0939 148.89 63.95 16.36 0.024062
193.7708 +28.0625 86.20 31.52 15.24 0.021782 194.2109 +28.9298 14.36 70.33 14.60 0.027928
193.7713 +26.7242 43.09 16.51 16.55 0.023078 194.2117 +27.6278 42.90 22.38 15.40 0.027913
193.8078 +27.7089 48.40 61.31 16.77 0.023157 194.2132 +26.8989 11.29 35.28 14.94 0.021631
193.8121 +26.2501 170.65 52.85 16.05 0.022599 194.2178 +26.4877 139.03 22.31 16.59 0.026351
193.8156 +28.2519 152.39 43.16 14.00 0.021943 194.2182 +28.1881 24.20 18.11 16.69 0.022462
193.8296 +27.9251 95.34 40.23 14.75 0.022495 194.2214 +27.9295 119.96 66.22 17.24 0.021319
193.8333 +27.8667 137.66 41.11 14.44 0.024157 194.2330 +27.4624 169.74 60.35 16.70 0.026353
193.8352 +26.7999 125.44 76.86 17.51 0.023721 194.2357 +28.6234 97.61 71.14 17.46 0.022754
193.8366 +27.1497 129.92 41.76 16.78 0.021832 194.2567 +29.0626 27.22 56.49 15.78 0.025937
193.8372 +27.6691 46.86 60.06 16.47 0.024580 194.2571 +27.3721 95.41 59.79 17.04 0.024297
193.8440 +28.4679 139.79 44.61 17.18 0.024346 194.2608 +27.6567 51.85 34.24 17.49 0.023609
193.8519 +27.2805 87.90 56.93 17.35 0.022664 194.2681 +27.5259 37.52 71.57 16.77 0.028606
193.8544 +27.7980 160.13 42.15 16.04 0.025488 194.2689 +27.7730 72.39 67.04 13.90 0.026075
193.8607 +27.6040 105.83 66.08 17.78 0.023562 194.2701 +26.3025 22.74 68.28 16.09 0.022767
193.8623 +27.4225 96.44 21.70 17.07 0.024880 194.2704 +27.6774 57.56 59.20 15.56 0.026974
193.8658 +27.6561 178.07 68.35 14.39 0.024335 194.2773 +28.2966 14.82 63.54 12.98 0.023429
193.8674 +27.9497 93.47 1.40 12.95 0.021676 194.2791 +28.9584 117.06 73.78 15.82 0.028498
193.8712 +27.5214 19.33 35.47 17.52 0.024211 194.2801 +29.0627 33.00 56.23 17.68 0.026353
193.8775 +27.5443 121.54 68.63 16.28 0.024352 194.2819 +27.3406 130.19 36.34 16.40 0.025202
193.8920 +27.8417 164.29 61.77 15.43 0.024259 194.2892 +27.4664 55.75 31.40 15.75 0.025774
193.8988 +27.7671 119.87 65.95 17.75 0.023271 194.2948 +27.4049 134.71 40.41 17.77 0.021619
193.9028 +26.5644 61.44 61.08 15.98 0.022006 194.2975 +29.0451 22.61 68.37 14.59 0.025888
193.9039 +26.9116 54.02 29.22 17.61 0.020721 194.2998 +27.1033 9.64 70.91 14.50 0.025514
193.9060 +26.6421 106.41 52.18 15.60 0.022749 194.3012 +28.0954 7.79 36.91 17.14 0.020719
193.9221 +27.2508 174.64 43.73 16.16 0.024576 194.3029 +28.1337 177.42 66.15 14.39 0.024294
193.9345 +27.7166 130.85 31.09 16.48 0.024791 194.3086 +27.2537 78.00 63.50 14.00 0.018403
193.9391 +27.7963 179.92 41.57 17.71 0.023790 194.3125 +26.4663 7.75 24.52 17.51 0.022478
193.9493 +28.2561 76.72 81.10 17.28 0.027942 194.3138 +27.7298 148.62 74.76 15.20 0.020074
193.9542 +27.9059 148.51 49.85 15.09 0.024057 194.3199 +27.6185 177.91 35.18 17.24 0.025083
193.9553 +27.7519 172.64 22.66 17.26 0.025131 194.3238 +28.4388 49.70 56.89 14.76 0.023937
193.9574 +27.0888 102.71 40.56 17.25 0.023782 194.3242 +27.8109 7.11 60.19 14.30 0.024806
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Table 27: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

194.3261 +27.7474 69.34 58.14 15.25 0.023822 194.5649 +27.0872 28.74 68.46 14.39 0.026599
194.3273 +26.9796 45.89 53.70 16.82 0.025276 194.5689 +27.8026 48.70 59.62 17.01 0.019844
194.3291 +26.9376 141.07 48.73 16.21 0.026446 194.5725 +28.0401 166.76 25.14 14.62 0.021546
194.3316 +27.6138 6.79 73.17 15.69 0.026811 194.5759 +27.8485 39.94 68.63 14.81 0.026391
194.3332 +26.4323 52.11 59.08 17.46 0.024845 194.5760 +29.1288 23.60 56.31 16.62 0.027267
194.3395 +27.0230 47.61 55.76 17.48 0.027590 194.5776 +27.3108 140.59 57.20 16.35 0.025642
194.3404 +27.4749 18.38 13.60 16.93 0.024125 194.5799 +27.7621 26.86 69.95 13.64 0.019117
194.3406 +27.8804 43.37 45.70 17.33 0.025750 194.5806 +28.6985 89.33 52.97 16.43 0.020187
194.3455 +26.9877 56.80 68.68 17.44 0.028787 194.5822 +28.0948 84.73 49.42 16.05 0.024879
194.3455 +27.4930 60.21 44.23 17.44 0.028371 194.5845 +26.9206 35.84 58.81 16.18 0.024017
194.3482 +27.5499 135.50 62.84 14.19 0.021084 194.5855 +27.4294 20.79 63.43 16.33 0.026079
194.3515 +27.4978 63.57 46.48 14.93 0.025402 194.5904 +28.1488 99.41 45.72 16.45 0.027179
194.3544 +28.4959 5.85 79.45 13.72 0.024935 194.5910 +27.9678 141.40 33.51 16.67 0.020968
194.3552 +27.4046 173.86 33.73 16.17 0.016933 194.5916 +27.8923 156.62 66.08 14.51 0.025237
194.3577 +27.5461 142.38 54.00 17.48 0.019493 194.5923 +28.1521 114.87 54.38 16.34 0.023177
194.3588 +27.6594 141.11 35.97 17.62 0.017839 194.5928 +27.8848 101.20 21.69 16.37 0.015472
194.3616 +26.6939 162.38 36.53 17.06 0.025271 194.5988 +28.3288 23.02 10.53 17.58 0.028180
194.3645 +28.4397 96.79 66.87 16.73 0.026931 194.6054 +27.2000 81.48 43.27 16.21 0.027776
194.3646 +27.6363 14.00 63.23 17.51 0.027761 194.6064 +28.1289 155.98 37.64 17.76 0.028262
194.3673 +27.7008 37.09 50.51 15.44 0.022436 194.6128 +27.7066 99.21 44.31 17.66 0.024371
194.3685 +28.1764 131.84 55.84 17.67 0.028153 194.6129 +27.0235 53.36 59.18 14.13 0.026075
194.3750 +28.1881 157.85 67.59 15.47 0.024066 194.6160 +28.9741 146.82 7.98 14.74 0.024708
194.3775 +27.5430 168.58 48.23 16.79 0.026457 194.6184 +27.5594 31.12 85.15 16.61 0.026248
194.3800 +26.5122 8.09 74.73 17.69 0.025017 194.6230 +28.3011 105.48 62.48 16.55 0.020582
194.3801 +28.0184 166.40 56.98 17.59 0.024495 194.6259 +28.0148 94.64 35.25 17.21 0.024747
194.3831 +28.4769 110.94 39.33 16.91 0.023491 194.6261 +28.8588 15.12 59.87 16.80 0.027549
194.3868 +27.6103 107.26 34.86 16.87 0.021030 194.6285 +26.9949 52.65 49.94 16.96 0.025798
194.3912 +28.4823 25.96 23.77 16.32 0.021776 194.6290 +28.2336 51.75 49.06 14.37 0.025254
194.3945 +27.3103 44.29 38.84 17.59 0.025774 194.6317 +27.6735 59.48 50.42 15.99 0.023993
194.3994 +27.4932 78.04 30.57 15.48 0.025302 194.6330 +28.0496 22.68 34.68 16.10 0.019917
194.4006 +27.4848 47.39 57.10 16.87 0.025044 194.6336 +27.4563 74.19 61.51 16.66 0.024332
194.4011 +28.2334 74.90 48.16 13.86 0.023617 194.6345 +28.3780 65.98 47.41 17.22 0.020752
194.4019 +28.0770 71.23 46.47 17.03 0.023391 194.6381 +27.3644 166.74 59.87 17.21 0.024138
194.4023 +27.0314 117.31 44.74 12.61 0.025456 194.6407 +27.8368 138.67 59.48 16.81 0.015999
194.4050 +28.0404 11.30 33.59 16.72 0.022248 194.6466 +27.5964 80.95 36.03 14.67 0.026613
194.4293 +26.8524 134.22 67.64 15.30 0.022183 194.6472 +27.2647 63.52 28.76 14.21 0.025477
194.4301 +27.5776 156.91 29.83 14.71 0.025019 194.6503 +27.8729 19.48 56.56 16.26 0.024681
194.4338 +29.0204 92.18 52.06 17.23 0.027348 194.6515 +28.1137 57.29 63.86 15.44 0.023606
194.4388 +27.9060 5.75 41.79 16.39 0.028095 194.6515 +27.1041 140.08 58.66 17.19 0.027400
194.4403 +29.1300 174.69 57.54 16.61 0.025943 194.6531 +27.8495 8.62 12.71 16.77 0.021432
194.4406 +27.4293 90.88 83.60 16.92 0.028727 194.6553 +27.1766 16.12 45.22 16.38 0.026495
194.4423 +27.7570 119.43 84.24 16.92 0.021403 194.6576 +27.4640 153.81 82.99 16.07 0.021928
194.4446 +28.1408 60.28 73.29 14.78 0.022345 194.6590 +27.8226 21.70 59.21 17.80 0.018973
194.4460 +29.1495 172.66 39.77 14.12 0.024760 194.6600 +27.5441 166.50 53.41 17.36 0.020803
194.4471 +27.8333 91.35 67.82 16.90 0.021103 194.6612 +27.0132 120.20 78.74 15.25 0.024298
194.4494 +27.7694 93.81 54.47 14.45 0.020204 194.6623 +27.9539 130.29 68.47 15.54 0.020872
194.4503 +27.8831 70.94 46.09 17.29 0.020449 194.6664 +26.7595 118.61 74.55 15.44 0.025785
194.4528 +28.1804 49.26 44.38 12.55 0.025026 194.6697 +27.8269 85.92 64.93 13.87 0.021480
194.4574 +28.6243 148.26 57.05 13.61 0.025924 194.6734 +28.1855 121.99 47.45 15.09 0.027638
194.4593 +28.1704 103.52 52.83 13.36 0.024008 194.6775 +27.7605 87.98 38.00 17.57 0.030069
194.4607 +27.6437 78.69 21.08 16.97 0.023594 194.6801 +28.9100 18.29 33.60 16.34 0.028710
194.4610 +27.8795 21.93 47.63 14.01 0.024090 194.6829 +28.2827 133.11 43.04 15.72 0.026379
194.4615 +27.4909 36.72 44.09 15.16 0.025477 194.6840 +28.0490 160.77 49.46 15.65 0.030465
194.4680 +27.7396 77.59 30.16 16.95 0.023932 194.6894 +27.8800 64.28 41.01 15.15 0.029191
194.4714 +27.7073 40.34 66.38 15.74 0.022358 194.6898 +27.7539 122.60 20.92 17.14 0.022911
194.4747 +28.4998 104.84 50.04 14.86 0.025257 194.6921 +27.8609 78.65 41.68 14.96 0.030206
194.4765 +27.4906 58.82 63.19 16.80 0.017605 194.6975 +27.6747 48.30 43.85 17.28 0.028877
194.4807 +27.2320 94.05 53.62 14.57 0.022506 194.7006 +28.0187 176.39 53.25 13.50 0.024594
194.4843 +27.5813 104.88 49.12 16.32 0.017432 194.7030 +27.8104 73.94 50.09 15.27 0.020665
194.4855 +27.3823 114.92 14.65 17.38 0.018357 194.7039 +28.5400 86.37 48.63 17.37 0.021889
194.4861 +27.0375 160.09 60.53 15.72 0.025685 194.7115 +27.9955 87.11 23.29 14.26 0.023272
194.4863 +27.4426 70.93 53.12 17.53 0.026603 194.7115 +28.0840 163.06 52.28 14.21 0.021153
194.4867 +27.9918 113.11 51.88 17.53 0.016155 194.7118 +28.0070 110.85 31.65 17.15 0.025802
194.4905 +28.0618 71.98 30.17 16.21 0.028047 194.7171 +27.7851 101.97 53.37 15.04 0.019787
194.4942 +26.9393 38.35 70.25 14.80 0.026378 194.7206 +28.2338 46.32 54.40 15.72 0.021174
194.5031 +27.4540 116.96 52.89 15.98 0.026501 194.7211 +27.8134 82.84 64.60 17.34 0.019317
194.5065 +27.4897 84.09 57.02 14.84 0.026348 194.7227 +28.1261 177.20 45.86 15.42 0.024283
194.5071 +27.8536 91.02 43.18 14.96 0.019879 194.7232 +28.2890 39.71 46.24 16.97 0.027047
194.5099 +26.8595 75.73 30.52 16.31 0.025461 194.7269 +28.2230 174.35 30.66 16.49 0.024548
194.5119 +27.9783 12.44 67.49 14.40 0.022850 194.7276 +27.7956 141.39 45.84 16.31 0.022477
194.5132 +26.9160 130.00 52.24 14.70 0.028309 194.7302 +27.9647 180.22 49.08 16.63 0.019792
194.5146 +27.8149 145.08 59.68 17.38 0.024690 194.7338 +28.4636 172.65 49.37 17.01 0.020711
194.5147 +27.6824 101.21 57.36 17.01 0.025078 194.7359 +27.8220 23.38 44.91 16.88 0.030067
194.5201 +26.3706 55.78 28.62 17.03 0.024107 194.7401 +27.7854 56.76 72.98 14.98 0.024089
194.5233 +28.2426 152.85 72.01 15.24 0.024864 194.7421 +27.5947 96.84 56.96 16.35 0.020949
194.5234 +29.0174 122.95 81.04 17.55 0.026581 194.7478 +27.9345 35.61 40.67 17.51 0.020098
194.5243 +28.3710 53.55 60.19 17.75 0.026387 194.7503 +27.9675 149.48 45.72 17.62 0.028655
194.5253 +27.4189 48.32 57.10 16.72 0.020133 194.7568 +27.5369 179.94 43.34 17.11 0.029370
194.5284 +27.5769 105.48 27.76 15.21 0.025896 194.7575 +28.2254 116.67 55.80 17.55 0.027662
194.5285 +29.0345 43.45 52.39 15.19 0.025160 194.7576 +26.8157 93.03 48.50 13.78 0.024791
194.5295 +26.7871 76.74 51.91 17.40 0.024967 194.7663 +28.1237 117.62 36.28 17.31 0.027358
194.5384 +28.7086 87.25 74.22 16.10 0.026374 194.7673 +27.9591 105.47 56.25 14.08 0.024373
194.5386 +26.6641 144.83 70.45 16.69 0.025270 194.7693 +27.9110 38.04 66.68 17.18 0.022249
194.5404 +27.5494 37.10 44.69 15.38 0.024158 194.7693 +26.9582 99.91 73.82 17.50 0.027967
194.5463 +27.8603 67.52 33.28 17.30 0.024232 194.7699 +28.0504 121.78 58.87 15.36 0.027838
194.5476 +27.9399 77.95 0.53 16.98 0.029304 194.7721 +27.6444 24.76 34.09 17.68 0.019008
194.5485 +27.8937 119.40 44.25 15.33 0.020007 194.7751 +27.9967 25.99 45.99 14.65 0.026482
194.5486 +27.5425 132.35 55.76 17.69 0.024607 194.7763 +27.4936 159.80 41.77 17.48 0.028228
194.5555 +28.9481 8.10 75.73 16.54 0.026466 194.7785 +27.7725 64.10 48.38 15.79 0.021767
194.5575 +28.1825 59.57 67.71 14.55 0.024850 194.7812 +27.7678 134.72 29.62 15.29 0.022128
194.5628 +28.5218 92.93 49.67 16.24 0.023965 194.7831 +27.8550 82.65 31.30 17.23 0.022842
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Table 28: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

194.7842 +27.7841 95.08 34.42 17.57 0.024370 194.9838 +27.7463 37.76 73.62 15.25 0.030807
194.7856 +28.7282 28.43 70.43 16.32 0.024584 194.9860 +27.9300 77.97 55.58 15.32 0.026611
194.7878 +27.8976 53.96 24.46 15.37 0.027061 194.9900 +28.0651 44.92 41.27 15.37 0.020408
194.7894 +28.0409 105.70 68.75 14.02 0.024947 194.9906 +28.2467 178.53 25.16 15.10 0.023273
194.7902 +27.8674 79.80 41.82 15.52 0.023963 194.9978 +27.9406 108.44 20.04 17.25 0.021237
194.7913 +28.1645 180.31 78.98 16.68 0.029565 195.0040 +27.9454 168.51 18.16 15.79 0.023738
194.7925 +26.7204 39.58 80.38 15.74 0.025385 195.0049 +26.9561 30.72 70.70 16.31 0.024804
194.7929 +27.6199 141.74 35.77 15.01 0.020052 195.0062 +27.7313 171.87 58.23 14.29 0.027848
194.7981 +28.0093 162.18 39.05 16.88 0.023930 195.0076 +28.4348 181.85 47.46 17.70 0.027867
194.8062 +27.7746 79.17 50.45 15.73 0.023678 195.0125 +28.2403 30.75 43.99 17.29 0.026602
194.8071 +27.4026 134.70 50.11 15.95 0.019779 195.0156 +27.9647 87.36 49.02 14.98 0.018694
194.8080 +28.0762 58.58 21.85 14.13 0.026942 195.0177 +28.1551 76.80 63.42 17.55 0.022841
194.8109 +27.8956 64.75 41.70 13.48 0.022280 195.0183 +28.6035 8.41 36.82 13.86 0.023646
194.8124 +28.2510 105.28 64.66 13.35 0.025884 195.0185 +27.9876 167.57 22.77 17.70 0.022164
194.8135 +27.9707 23.57 45.59 16.04 0.016998 195.0191 +27.0325 165.12 74.78 16.80 0.024156
194.8184 +27.1581 162.91 50.09 15.35 0.023224 195.0225 +28.0244 157.72 56.60 17.43 0.020590
194.8195 +27.1061 132.39 74.81 16.83 0.028884 195.0229 +27.8076 6.68 73.00 16.77 0.022828
194.8265 +27.7157 67.33 34.86 16.63 0.023215 195.0237 +27.9265 154.11 56.08 16.29 0.027427
194.8269 +27.5135 19.00 70.35 14.44 0.021156 195.0254 +27.9783 128.92 75.38 16.31 0.026360
194.8273 +27.5936 82.12 50.07 14.29 0.018669 195.0261 +27.6853 164.83 40.99 16.69 0.026083
194.8321 +27.9735 70.87 55.54 17.56 0.025045 195.0262 +27.3007 32.83 62.81 15.81 0.027167
194.8328 +28.0843 112.85 59.78 16.51 0.016200 195.0262 +27.7758 147.88 55.95 16.29 0.021512
194.8341 +27.8860 51.96 64.85 14.73 0.022512 195.0266 +28.0041 168.91 16.55 15.19 0.025163
194.8342 +28.0743 81.97 24.47 14.51 0.024787 195.0311 +27.9581 82.99 17.20 14.14 0.021537
194.8346 +27.4352 170.42 24.36 14.09 0.026614 195.0333 +28.0786 127.46 43.75 16.45 0.025035
194.8376 +28.4415 49.44 71.93 16.35 0.022815 195.0336 +27.7733 104.29 70.18 15.29 0.029975
194.8392 +27.9736 84.15 66.53 17.08 0.021108 195.0339 +27.9769 79.18 47.97 16.53 0.022420
194.8443 +27.8969 42.91 31.41 16.50 0.018095 195.0364 +28.1599 131.78 8.75 13.43 0.025799
194.8465 +28.4886 176.08 52.43 16.39 0.024259 195.0380 +28.1704 101.18 50.12 17.18 0.023409
194.8476 +27.9196 111.13 24.82 17.56 0.024050 195.0381 +27.8665 177.00 45.94 17.15 0.018609
194.8525 +27.5173 117.52 38.67 17.34 0.020652 195.0431 +27.9591 44.96 68.80 17.00 0.022036
194.8539 +27.7388 13.34 55.91 15.35 0.021006 195.0434 +27.5950 169.30 47.78 16.36 0.019566
194.8544 +27.9967 72.28 39.94 16.87 0.019261 195.0464 +28.0652 173.62 24.50 16.42 0.025424
194.8555 +27.9679 62.82 45.23 14.52 0.026626 195.0467 +27.4601 92.60 55.37 16.19 0.023713
194.8556 +27.9345 81.69 30.20 14.38 0.026243 195.0526 +27.7818 50.39 19.69 16.49 0.024288
194.8562 +27.9732 41.93 53.50 14.19 0.021217 195.0536 +28.0755 140.51 51.93 17.32 0.025927
194.8576 +28.1870 114.70 15.32 17.51 0.026682 195.0559 +28.0533 80.51 85.64 15.41 0.028237
194.8589 +28.2875 39.33 56.66 16.43 0.027583 195.0568 +27.8672 99.08 43.68 14.16 0.025573
194.8608 +27.9985 139.30 46.48 14.45 0.023128 195.0584 +28.8282 182.21 61.21 16.69 0.025381
194.8638 +27.7851 123.28 75.45 15.36 0.022900 195.0592 +28.4581 88.59 55.18 15.69 0.026921
194.8697 +28.0405 8.88 59.27 16.06 0.019638 195.0614 +28.0413 53.66 28.03 14.86 0.020042
194.8725 +27.8502 152.80 63.99 16.91 0.023567 195.0651 +27.2567 5.50 39.41 17.77 0.024660
194.8748 +27.9564 175.50 53.23 16.50 0.023581 195.0688 +27.9675 34.34 66.59 13.84 0.016370
194.8755 +28.7001 116.67 35.03 16.99 0.024642 195.0709 +28.0639 91.43 46.39 15.48 0.021376
194.8777 +27.7914 121.18 27.24 17.12 0.026822 195.0731 +27.7844 115.28 12.64 15.43 0.024254
194.8784 +27.8842 151.21 39.37 13.58 0.016617 195.0747 +28.2024 153.45 61.25 14.92 0.029351
194.8796 +27.9549 173.47 41.82 15.39 0.024494 195.0754 +27.9566 135.35 36.83 15.87 0.022165
194.8810 +28.0466 122.45 67.99 16.21 0.023990 195.0773 +28.0972 163.09 33.40 17.51 0.026989
194.8817 +28.1005 132.52 10.33 17.59 0.025739 195.0774 +27.8155 80.38 34.38 14.68 0.018810
194.8829 +27.8613 98.30 23.06 16.80 0.016459 195.0782 +27.9370 23.60 57.80 16.82 0.018556
194.8837 +27.7205 140.59 14.73 16.29 0.026364 195.0787 +28.0093 44.88 29.39 11.72 0.021555
194.8866 +27.9836 103.17 41.37 15.30 0.020330 195.0796 +27.5537 81.40 36.87 15.78 0.020534
194.8922 +27.9468 102.06 27.53 15.80 0.024865 195.0797 +28.8781 155.08 39.63 14.85 0.025682
194.8970 +27.8636 62.07 30.26 17.71 0.021888 195.0828 +28.4392 8.21 59.72 15.44 0.024645
194.8986 +28.5514 136.39 56.67 17.11 0.026207 195.0840 +27.8435 183.26 55.09 17.53 0.027178
194.8988 +27.9593 51.67 17.93 15.19 0.024817 195.0903 +27.8985 85.78 44.42 15.84 0.017205
194.9040 +27.8258 60.24 45.71 17.18 0.021750 195.0922 +28.0470 93.98 35.99 16.86 0.028179
194.9056 +27.3360 70.37 52.66 15.57 0.024215 195.0925 +28.2471 34.60 76.13 17.60 0.026032
194.9062 +28.1661 103.09 50.67 17.02 0.019995 195.0932 +27.6236 179.79 68.63 15.64 0.026296
194.9076 +27.7768 98.80 67.07 15.45 0.023652 195.0946 +28.5745 31.60 39.50 15.06 0.022460
194.9080 +27.9073 114.38 39.69 16.54 0.027629 195.0996 +27.2869 166.92 53.45 17.46 0.025166
194.9083 +28.0010 102.85 13.76 16.05 0.017556 195.1034 +27.9266 164.06 68.58 16.50 0.027405
194.9096 +27.9872 46.54 50.35 15.75 0.023628 195.1049 +27.5523 173.84 61.20 14.12 0.025150
194.9152 +27.9539 179.35 67.36 16.76 0.027682 195.1069 +28.8678 175.80 52.13 17.71 0.023494
194.9159 +27.5765 160.03 40.91 15.58 0.017583 195.1119 +27.5156 51.65 39.99 14.76 0.026862
194.9178 +27.9682 53.52 54.47 14.55 0.026171 195.1152 +27.6252 110.25 48.79 17.68 0.020496
194.9197 +28.1446 173.69 32.73 14.02 0.026545 195.1161 +27.2718 9.64 64.01 14.33 0.026806
194.9221 +28.5072 124.14 22.64 17.09 0.028446 195.1165 +27.9560 32.92 41.43 15.36 0.024275
194.9221 +27.6598 90.88 15.91 15.71 0.023385 195.1183 +27.9724 96.56 63.67 17.23 0.026645
194.9263 +27.9247 82.96 34.02 14.30 0.023956 195.1215 +26.6754 49.67 50.09 13.18 0.024875
194.9322 +27.9947 108.41 14.25 20.20 0.023142 195.1218 +27.5148 166.32 57.35 14.84 0.025652
194.9339 +28.1763 137.88 29.96 13.79 0.028646 195.1223 +28.4556 131.37 58.88 17.06 0.025077
194.9342 +27.9584 16.08 66.45 17.59 0.023951 195.1247 +27.7703 57.11 64.82 16.12 0.028694
194.9342 +27.8677 132.72 49.14 17.24 0.021707 195.1258 +28.1600 145.70 52.86 15.72 0.024433
194.9350 +27.9125 22.88 48.56 17.51 0.023270 195.1282 +28.3464 5.67 59.03 17.11 0.020778
194.9357 +28.2565 103.41 58.64 14.21 0.027104 195.1285 +27.3002 154.40 49.61 14.84 0.026598
194.9362 +27.8898 26.76 47.48 14.49 0.023601 195.1290 +28.1084 77.31 57.77 17.30 0.018230
194.9422 +27.8572 152.64 52.82 16.38 0.027898 195.1353 +28.2561 128.54 60.88 17.72 0.021840
194.9456 +27.9919 137.86 27.41 15.05 0.029023 195.1355 +27.7661 105.71 64.09 16.75 0.023151
194.9465 +27.7103 166.69 66.59 12.16 0.028891 195.1390 +27.8242 165.25 65.42 16.94 0.028274
194.9490 +28.0979 171.69 45.81 16.34 0.022226 195.1398 +27.5041 52.03 45.56 14.48 0.019533
194.9552 +26.9743 145.30 53.02 16.35 0.024433 195.1403 +27.6377 61.42 51.65 16.82 0.025879
194.9591 +27.9126 148.93 36.30 16.49 0.025069 195.1434 +27.9347 70.62 9.96 16.19 0.030138
194.9595 +28.1444 162.90 66.31 15.79 0.023534 195.1476 +27.9427 115.21 59.38 16.36 0.024093
194.9625 +27.8330 15.47 70.88 14.67 0.027281 195.1482 +28.1461 169.21 82.83 17.69 0.019138
194.9644 +28.0735 20.59 27.56 17.88 0.025921 195.1486 +27.5742 56.55 81.60 16.90 0.017900
194.9657 +28.0985 38.98 50.40 14.90 0.026427 195.1548 +28.6641 28.88 65.21 16.39 0.024502
194.9764 +26.8200 141.72 33.46 15.08 0.027728 195.1578 +28.0580 152.74 69.93 14.25 0.026342
194.9786 +27.7960 31.41 24.47 15.66 0.028394 195.1615 +28.0145 83.60 52.72 15.19 0.026255
194.9795 +28.1284 48.45 35.78 15.33 0.026144 195.1648 +29.0194 55.28 60.77 16.68 0.025187
194.9834 +28.0347 97.32 40.04 17.60 0.028096 195.1657 +27.9239 31.83 35.41 17.75 0.025914
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Table 29: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

195.1702 +27.9966 45.90 59.58 15.12 0.024532 195.5897 +28.2308 62.78 68.45 16.36 0.019482
195.1716 +28.0451 168.73 31.35 14.95 0.029664 195.5902 +28.2560 59.20 60.31 14.25 0.023672
195.1781 +27.9713 53.88 35.35 14.26 0.022173 195.6043 +27.9723 50.59 39.94 17.49 0.028451
195.1785 +27.9631 59.40 45.86 15.64 0.028998 195.6069 +28.8581 53.13 66.10 16.94 0.023233
195.1828 +28.4163 33.09 30.43 17.37 0.021849 195.6158 +29.4876 155.22 37.71 17.13 0.024460
195.1843 +28.3373 49.68 63.70 17.61 0.027319 195.6328 +27.9355 42.93 50.26 17.39 0.022972
195.1860 +28.1006 124.05 73.81 17.26 0.022892 195.6332 +28.4393 109.24 41.21 15.40 0.020786
195.1891 +27.8355 107.22 60.33 13.69 0.030163 195.6357 +27.3935 88.03 45.95 16.24 0.019134
195.1975 +27.9222 34.96 60.20 17.66 0.029476 195.6450 +27.9491 184.86 63.73 14.60 0.020189
195.1982 +29.0672 80.68 31.06 17.51 0.025974 195.6466 +27.4394 56.80 59.85 17.71 0.018947
195.2027 +28.0907 107.32 50.45 16.78 0.024161 195.6480 +28.7452 145.45 71.94 12.85 0.021330
195.2033 +28.1583 32.90 56.06 17.15 0.020301 195.6556 +27.1761 156.73 48.76 15.57 0.019190
195.2080 +27.4058 155.69 49.74 15.57 0.022880 195.6590 +28.5019 33.43 67.34 13.48 0.020101
195.2129 +27.7430 134.16 62.72 16.12 0.027971 195.6602 +28.1146 152.17 58.10 17.41 0.025756
195.2132 +28.0471 12.07 45.54 16.04 0.022036 195.6612 +29.0756 140.03 26.76 14.94 0.022993
195.2170 +28.3661 20.12 43.31 15.15 0.026378 195.6700 +28.3713 124.91 82.31 15.19 0.025665
195.2188 +27.8050 28.30 39.74 17.12 0.023678 195.6850 +28.0453 48.67 36.73 13.69 0.021654
195.2197 +27.8256 169.81 52.35 17.07 0.017437 195.7135 +28.4824 75.46 68.19 17.12 0.024421
195.2255 +27.7837 50.94 63.59 14.81 0.028573 195.7198 +27.8666 134.92 67.29 17.29 0.028294
195.2269 +28.0076 105.01 40.13 15.11 0.017512 195.7357 +28.0704 132.73 62.91 14.39 0.026786
195.2282 +27.8420 157.52 63.93 16.93 0.024533 195.7477 +28.2754 99.13 60.40 17.55 0.024799
195.2300 +27.1216 35.06 63.68 14.97 0.022569 195.7536 +28.0325 76.94 68.05 14.19 0.018841
195.2330 +27.8985 139.62 60.41 14.83 0.020909 195.7717 +27.7841 21.26 65.13 17.15 0.026474
195.2336 +27.7909 132.09 39.31 13.74 0.027539 195.7906 +28.5835 36.45 72.84 15.39 0.023736
195.2432 +27.6521 178.41 52.86 14.13 0.018283 195.7910 +28.4896 174.00 70.26 16.87 0.018967
195.2701 +27.8917 179.18 50.29 14.57 0.020177 195.8026 +28.1725 61.02 67.97 15.02 0.025151
195.2736 +28.0621 143.81 67.56 17.26 0.025816 195.8069 +27.3691 98.77 68.97 17.76 0.022169
195.2742 +27.7089 9.79 42.71 13.99 0.030051 195.8177 +28.0304 98.71 84.63 16.00 0.021219
195.2758 +27.3978 47.52 38.79 14.79 0.027951 195.8325 +28.6173 91.07 75.35 14.40 0.020747
195.2783 +26.8095 150.75 46.34 16.33 0.023860 195.8398 +28.3090 96.64 54.96 14.73 0.019298
195.2876 +28.3598 144.58 33.22 14.61 0.023919 195.8441 +28.7965 58.07 28.79 17.72 0.027276
195.2885 +27.8183 43.56 44.03 15.42 0.020622 195.8449 +27.9360 116.23 52.49 16.67 0.020998
195.2893 +28.0331 109.73 23.50 17.50 0.024358 195.8464 +28.8642 49.51 22.62 16.65 0.022790
195.2946 +27.8029 126.98 56.02 16.84 0.023218 195.8477 +27.3070 141.47 64.89 16.09 0.019487
195.2947 +27.2465 134.13 22.61 15.27 0.021585 195.8555 +28.0140 48.25 56.48 15.78 0.027456
195.2968 +27.7425 127.09 41.74 17.15 0.025444 195.8751 +28.2747 99.47 65.99 17.15 0.022320
195.3068 +27.9143 111.09 21.54 13.97 0.020429 195.8801 +28.0923 62.41 68.56 14.98 0.022010
195.3069 +28.0831 20.37 35.23 13.32 0.020280 195.8893 +29.0605 9.92 45.02 15.76 0.026106
195.3133 +27.6692 116.91 72.36 14.06 0.024443 195.8904 +28.2394 37.86 63.49 16.19 0.028344
195.3233 +27.8091 141.55 52.65 16.73 0.025260 195.8998 +28.1670 100.95 73.04 15.09 0.023001
195.3243 +28.0971 158.37 64.17 16.11 0.027740 195.9024 +28.0980 166.85 21.38 16.37 0.021550
195.3294 +28.1281 41.46 64.73 13.70 0.023622 195.9259 +28.9055 159.71 53.05 14.80 0.023200
195.3305 +27.8605 119.59 27.55 17.65 0.028420 195.9368 +28.5459 157.16 61.42 17.66 0.026675
195.3333 +27.9610 132.02 41.58 17.27 0.027204 195.9373 +28.0842 107.38 52.14 14.44 0.019664
195.3449 +28.1960 105.77 47.95 15.08 0.026263 195.9428 +27.9869 80.30 64.22 13.79 0.021516
195.3553 +29.3138 155.10 47.92 13.22 0.024202 195.9581 +28.1857 88.14 68.28 16.79 0.024147
195.3589 +27.8860 112.72 44.42 16.38 0.019155 195.9602 +28.1786 117.31 60.95 14.32 0.022209
195.3612 +28.4359 125.70 57.55 17.57 0.020088 195.9604 +28.0544 172.96 79.03 14.74 0.021873
195.3631 +27.9992 160.02 40.20 16.84 0.026407 195.9617 +27.9884 85.00 21.37 16.66 0.022077
195.3686 +27.9265 132.80 58.38 12.96 0.025967 195.9768 +28.3106 165.39 63.32 13.19 0.027645
195.3700 +27.2657 86.95 72.99 15.12 0.020894 195.9786 +28.1876 130.10 40.87 15.42 0.023819
195.3825 +27.8475 74.17 39.90 16.83 0.019129 196.0198 +27.8505 73.63 82.13 14.25 0.022209
195.3900 +29.1306 134.02 63.52 17.42 0.025444 196.0332 +27.9649 51.06 35.59 17.00 0.020701
195.3910 +27.9111 149.28 66.23 17.69 0.022703 196.0423 +28.2480 24.72 35.81 16.24 0.020705
195.3968 +28.1469 184.33 71.98 15.92 0.018521 196.0469 +27.4904 31.47 39.63 15.43 0.018608
195.4022 +27.7079 4.81 71.89 17.10 0.027302 196.0547 +28.5425 17.57 63.89 14.08 0.027954
195.4055 +28.0158 123.65 45.76 15.09 0.024718 196.0578 +27.5601 124.11 48.56 16.09 0.024162
195.4129 +28.2459 142.81 70.95 15.00 0.026240 196.0657 +28.5454 97.47 73.02 15.72 0.028748
195.4189 +27.5489 81.01 71.09 16.11 0.022678 196.0686 +27.5064 64.07 22.40 17.45 0.024518
195.4303 +28.2978 6.19 60.12 14.92 0.026590 196.0747 +29.0295 101.56 61.34 15.11 0.023645
195.4305 +29.1784 103.65 50.05 16.38 0.024301 196.0768 +28.4681 182.18 60.19 15.66 0.026677
195.4307 +29.0447 87.54 69.73 17.71 0.024472 196.0945 +28.8108 182.26 43.25 17.36 0.027254
195.4333 +28.9995 25.97 74.51 15.42 0.022313 196.1106 +27.3043 69.75 50.02 14.99 0.019287
195.4341 +28.2144 107.17 75.69 15.58 0.027027 196.1221 +28.9875 28.56 31.28 16.56 0.024956
195.4459 +28.0950 89.49 63.38 17.16 0.020245 196.1306 +28.3019 169.34 50.00 15.83 0.027160
195.4461 +29.0766 167.37 44.08 16.34 0.023946 196.1490 +28.6277 88.23 59.93 16.96 0.023247
195.4468 +27.6218 115.50 55.86 16.17 0.026903 196.1538 +28.2505 178.59 77.55 17.01 0.019650
195.4499 +27.3548 4.84 71.04 13.82 0.021144 196.1616 +28.9727 124.85 48.64 17.05 0.026226
195.4512 +27.7284 9.99 69.02 17.41 0.019165 196.1737 +28.2275 25.34 24.43 17.70 0.024915
195.4516 +27.6040 34.30 70.84 16.80 0.028357 196.1806 +28.2516 65.75 74.83 15.29 0.022837
195.4536 +28.1719 142.95 70.59 16.88 0.026318 196.2053 +28.6612 118.46 74.27 16.16 0.027151
195.4593 +27.8935 49.35 31.26 17.49 0.026093 196.2057 +28.2694 132.20 0.87 14.38 0.023617
195.4628 +27.4118 6.56 79.54 14.82 0.021326 196.2638 +27.5371 103.26 66.45 16.81 0.022609
195.4739 +27.6244 56.17 35.35 14.07 0.027135 196.2852 +27.5128 68.57 82.79 12.79 0.024784
195.4826 +29.3228 157.80 39.39 12.56 0.024603 196.2872 +29.8810 58.11 25.76 16.75 0.024013
195.4899 +28.0058 14.85 44.11 16.48 0.026664 196.3016 +27.5698 89.83 44.49 16.14 0.023868
195.4972 +28.7095 163.34 47.82 15.68 0.021148 196.3021 +28.1524 122.16 61.06 14.29 0.022638
195.5006 +27.7827 59.71 75.35 16.92 0.024759 196.3141 +28.6264 87.15 74.50 16.77 0.022807
195.5043 +27.6530 29.08 57.34 17.78 0.024553 196.3186 +29.5876 127.41 76.85 15.31 0.024587
195.5175 +29.2535 155.42 77.15 13.57 0.025212 196.3231 +28.5827 182.78 54.42 16.40 0.026990
195.5181 +27.6995 70.90 54.30 13.41 0.024267 196.3315 +29.1974 155.90 63.47 15.00 0.027902
195.5250 +27.7651 92.90 84.41 16.67 0.025076 196.3455 +27.6787 8.48 55.14 14.31 0.023693
195.5328 +27.6483 75.79 64.88 16.96 0.023838 196.3552 +29.2965 178.25 55.33 15.14 0.024429
195.5340 +28.1510 13.59 23.20 16.64 0.017221 196.4107 +29.3502 172.25 54.91 17.35 0.024800
195.5361 +28.3871 58.89 56.14 17.32 0.026164 196.4382 +27.3154 36.54 74.70 17.66 0.022088
195.5390 +27.5894 178.37 39.58 16.85 0.022422 196.4390 +28.8713 26.51 58.12 17.52 0.027436
195.5429 +28.1918 117.19 34.28 17.51 0.020015 196.4536 +28.1065 180.75 54.23 16.71 0.025284
195.5464 +28.4566 166.89 15.40 17.38 0.021315 196.4625 +29.8100 147.03 12.08 14.51 0.024489
195.5533 +28.2148 166.85 40.86 16.47 0.028212 196.4729 +28.1124 174.70 71.41 15.14 0.025479
195.5589 +28.5071 10.85 68.05 13.74 0.023822 196.4985 +29.2788 178.57 27.94 14.98 0.027303
195.5597 +28.1016 12.41 54.13 14.95 0.020725 196.5217 +28.7874 75.65 58.30 15.13 0.023825
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Table 30: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

196.5230 +28.5929 38.93 48.10 17.76 0.027317 194.0599 +30.2001 40.23 66.56 17.43 0.025919
196.5397 +28.0644 22.13 46.01 17.52 0.026679 194.1148 +30.4333 57.79 79.45 13.40 0.026212
196.5462 +27.7002 139.05 64.62 15.55 0.023276 194.2279 +30.6764 118.18 52.67 16.81 0.024990
196.5567 +29.1415 14.65 59.59 16.50 0.024047 194.2411 +30.7160 169.07 34.54 16.17 0.025119
196.5630 +29.3662 68.87 59.61 16.57 0.025333 194.2737 +30.6651 77.46 36.18 16.40 0.025419
196.5721 +29.0632 140.93 63.12 17.20 0.024317 194.0771 +29.8078 161.11 41.08 16.13 0.024267
196.5808 +28.0525 178.95 62.68 17.04 0.024976 194.1461 +29.7474 134.26 67.43 16.17 0.025320
196.5894 +29.1701 51.13 28.90 16.34 0.025171 194.2063 +31.4988 129.14 63.64 16.64 0.023788
196.6350 +28.9022 76.99 59.08 15.70 0.024606 194.2620 +31.6255 107.01 74.02 13.16 0.024164
196.6376 +29.3656 168.57 61.63 16.50 0.025182 194.4850 +32.4817 64.76 71.49 17.05 0.024110
196.6663 +28.5175 106.53 30.46 15.68 0.027098 194.5416 +24.3489 145.13 57.51 18.03 0.023598
196.6690 +28.9300 136.56 64.31 17.73 0.026036 194.6448 +24.3935 174.94 53.29 16.83 0.023402
196.6714 +27.8841 47.15 69.94 12.92 0.024437 194.6899 +24.2339 141.44 54.77 15.08 0.023903
196.6746 +28.9068 28.02 33.26 16.12 0.026656 194.8451 +29.8879 124.59 84.95 14.11 0.025659
196.6876 +29.3716 172.89 56.32 16.79 0.027318 195.0047 +29.9041 48.79 30.64 17.11 0.025264
196.6955 +29.1307 42.29 35.84 16.92 0.027310 194.8745 +31.3356 29.73 34.44 17.05 0.026011
196.8050 +28.0469 179.70 19.13 17.16 0.025264 194.9887 +31.5060 165.93 72.31 16.27 0.026610
196.8173 +28.2839 180.81 56.47 16.88 0.025681 194.8771 +26.4353 96.92 56.83 17.10 0.021901
196.9165 +28.8288 172.58 80.14 17.75 0.026912 195.0436 +26.4612 171.25 57.67 16.01 0.022969
196.9912 +28.7106 94.94 44.30 14.23 0.026123 195.0273 +29.4627 10.75 71.07 17.37 0.022660
197.0099 +28.2514 65.80 83.02 17.01 0.025983 195.0447 +29.4665 74.36 70.02 13.97 0.023843
197.1150 +28.3506 144.59 73.95 17.00 0.024703 195.4408 +33.4328 28.61 60.07 15.62 0.024961
197.2148 +28.6293 29.92 75.56 16.66 0.023643 195.5915 +33.2151 179.94 67.78 13.57 0.024876
197.2732 +28.4909 166.10 33.97 15.64 0.026649 195.5230 +27.2973 63.63 82.03 17.26 0.025219
197.3014 +28.4677 166.52 50.23 15.53 0.026443 195.6364 +27.2956 118.30 66.84 15.33 0.026238
197.3267 +28.2126 38.96 45.25 15.34 0.025457 195.5762 +32.8906 98.34 74.05 17.11 0.026145
197.4407 +28.6212 155.20 53.67 14.13 0.023491 195.6640 +25.3836 57.41 52.00 16.76 0.025089
197.4671 +28.3824 74.89 69.87 17.27 0.024644 195.7740 +25.4752 5.54 59.43 15.20 0.025220
197.4870 +28.5581 31.23 19.17 14.31 0.024098 195.6860 +32.0850 118.35 61.63 14.61 0.025234
197.5346 +28.2899 47.10 30.44 16.86 0.024214 195.6866 +31.4782 66.12 35.50 17.80 0.025042
197.7424 +28.5189 82.35 20.14 14.89 0.025292 195.8592 +31.4561 10.46 53.09 15.10 0.024708
191.5423 +30.7319 3.36 65.42 17.22 0.023059 195.9876 +31.6131 24.18 66.12 15.69 0.024437
191.5469 +30.7228 35.64 54.40 17.62 0.022658 196.0911 +31.8829 51.99 37.95 17.57 0.024477
191.5641 +30.6349 14.70 71.71 13.13 0.022750 195.7268 +23.6572 26.69 64.68 15.48 0.025726
191.6131 +30.5158 175.55 56.31 16.55 0.022966 195.8226 +26.0601 33.37 78.66 13.62 0.025809
191.7521 +30.7276 104.63 26.77 15.37 0.023035 196.0618 +26.1162 109.19 44.47 16.23 0.025779
191.5751 +32.1876 159.48 43.78 15.96 0.023773 195.8712 +26.5505 131.93 60.69 14.78 0.022969
191.6060 +32.1819 137.84 63.03 17.76 0.023856 195.9880 +26.7295 97.52 42.15 16.94 0.022960
191.7200 +33.0625 43.18 53.08 16.01 0.023495 196.2182 +26.9191 159.38 45.49 17.68 0.024018
191.7590 +32.8712 18.99 20.14 16.31 0.023688 196.3487 +27.1016 52.07 69.31 15.18 0.025113
191.7964 +29.1885 171.48 87.99 16.88 0.024027 196.3567 +27.0797 18.94 43.45 17.47 0.024599
191.8522 +29.2074 24.97 59.73 16.46 0.024213 196.5759 +27.2550 67.07 60.16 17.29 0.026206
192.0248 +29.4432 23.21 37.16 16.29 0.024020 196.6483 +27.1687 55.17 25.26 15.20 0.026671
192.1259 +29.2602 131.09 63.70 16.20 0.025909 196.0305 +25.7251 39.89 82.42 17.08 0.025146
192.1599 +29.1903 70.89 48.42 16.50 0.024728 196.2127 +25.8393 71.15 57.45 16.28 0.025160
192.1781 +29.2393 69.24 69.05 14.89 0.024212 196.2377 +25.5835 170.50 53.23 16.14 0.022763
192.2062 +29.4243 7.21 72.99 14.79 0.023558 196.4946 +25.4657 104.53 41.01 16.44 0.022658
191.8463 +27.4650 29.28 41.08 16.41 0.023055 196.3168 +25.9576 22.11 26.42 14.83 0.022648
191.8682 +27.4578 24.96 62.85 14.43 0.023026 196.4130 +26.1066 83.60 22.01 16.40 0.021992
192.0129 +26.6332 102.35 7.91 15.75 0.022901 196.5630 +25.4605 148.74 52.89 17.58 0.025083
192.1753 +26.4173 5.24 79.57 17.04 0.023981 196.6082 +25.2381 179.64 75.68 17.16 0.025824
192.1453 +28.8470 154.04 42.78 15.65 0.023362 196.6516 +25.4296 42.40 52.84 15.01 0.024875
192.4220 +28.8448 121.17 56.70 16.30 0.022666 196.6408 +24.9628 67.57 61.15 17.61 0.022012
192.2035 +24.9992 63.59 26.43 17.41 0.023760 196.9284 +24.8106 98.51 60.79 16.76 0.022010
192.5251 +25.0222 136.45 30.12 17.63 0.022561 196.6516 +27.8730 132.82 63.18 15.05 0.021816
192.2435 +27.8358 97.09 64.30 15.84 0.026725 196.8469 +27.8655 36.05 59.85 16.10 0.021368
192.4349 +27.6696 30.19 86.79 15.13 0.026354 197.1256 +27.8793 111.93 0.60 15.86 0.021254
192.3393 +34.2584 68.13 44.29 15.99 0.023186 196.6544 +28.2347 85.97 53.12 17.08 0.022239
192.4166 +34.2551 54.84 43.25 16.18 0.023082 196.6550 +28.3376 10.52 46.12 13.62 0.022538
192.4271 +34.0993 172.19 53.84 17.08 0.023062 196.7290 +28.5480 95.75 53.08 15.59 0.021762
192.5074 +34.4866 36.35 51.85 13.82 0.023740 196.8088 +28.2582 124.21 75.86 16.01 0.022276
192.7206 +34.1569 51.00 48.19 13.61 0.023774 196.8125 +28.3432 117.41 37.02 15.41 0.019561
192.7948 +34.0583 45.74 32.77 15.85 0.024293 196.9079 +28.3258 40.18 71.69 15.46 0.023450
192.8369 +34.1024 150.55 49.50 15.85 0.023798 196.9731 +28.3831 18.63 86.79 16.56 0.022369
192.9411 +34.3437 174.59 39.25 17.43 0.024257 197.0032 +28.0812 118.97 67.75 17.30 0.020058
193.0136 +34.1867 29.84 67.25 17.44 0.024188 197.1105 +28.1354 181.68 49.86 17.32 0.023023
192.4949 +32.3887 19.04 57.61 17.06 0.024109 197.1137 +28.3205 127.63 65.32 17.36 0.022569
192.5782 +32.5474 55.36 49.05 17.18 0.023880 197.2382 +28.2805 19.58 56.28 14.72 0.020358
192.5363 +33.1592 170.87 53.84 16.65 0.024470 197.3396 +28.3116 120.78 67.93 17.13 0.020972
192.8263 +33.1670 164.00 57.45 16.24 0.023950 197.3453 +28.3213 174.39 63.82 16.75 0.020006
192.7333 +31.6877 14.41 61.10 17.79 0.025210 197.3476 +28.2815 180.10 44.65 16.30 0.021723
192.7358 +31.6654 132.94 70.52 15.81 0.025152 197.3598 +28.4159 102.84 73.78 14.14 0.021624
192.8730 +31.8146 93.99 83.37 16.77 0.025426 196.6426 +27.5509 146.68 50.91 17.31 0.025189
192.7572 +28.9280 98.78 63.17 16.50 0.022381 196.9298 +27.5096 138.45 54.09 15.57 0.026175
192.7774 +29.1968 123.62 87.11 16.12 0.022982 197.2450 +27.6140 148.41 70.96 17.30 0.025562
193.0211 +29.2881 30.46 46.52 16.16 0.022642 196.9496 +29.1530 74.97 59.19 17.10 0.024158
193.1532 +30.4168 105.11 29.81 16.40 0.024068 197.0165 +28.9983 180.02 74.94 15.18 0.024991
193.2427 +30.1520 70.88 74.21 17.79 0.025250 197.0902 +29.2284 50.06 36.47 14.62 0.024286
193.2418 +32.4124 176.73 52.06 14.00 0.023663 197.2874 +28.8925 112.34 20.70 17.16 0.025627
193.2480 +32.1367 44.97 75.20 17.55 0.023017 197.4654 +28.9004 8.65 62.33 15.67 0.026621
193.2622 +32.1070 112.39 51.71 14.41 0.023633 197.4998 +28.8152 71.07 36.70 17.50 0.026480
193.2653 +32.3268 21.69 36.60 16.16 0.022705 197.6021 +28.9677 146.72 54.95 15.39 0.024984
193.4688 +32.2417 78.08 44.99 17.78 0.024180 197.6943 +28.6422 80.59 29.69 14.19 0.026918
193.5749 +32.3690 174.66 44.04 17.45 0.023330 197.6980 +28.9952 71.26 65.11 15.51 0.026233
193.6668 +32.3670 181.36 71.31 14.80 0.025142 197.8986 +29.0630 59.87 68.69 16.26 0.025136
193.4335 +32.7043 113.47 56.24 16.33 0.024011 197.0632 +29.0230 112.05 63.05 16.14 0.021424
193.4964 +32.6551 158.02 82.63 17.05 0.024066 197.2977 +28.7765 45.48 39.42 14.33 0.022021
193.6992 +30.5449 157.91 70.55 17.79 0.021671 197.3776 +28.9860 90.42 72.71 17.47 0.021497
193.7808 +30.5127 53.94 40.47 14.72 0.022282 197.2803 +29.8310 72.01 52.51 15.58 0.023956
194.0483 +29.3982 114.93 62.99 16.86 0.024997 197.3434 +24.0924 60.34 33.20 16.00 0.022552
194.2133 +29.3782 67.35 82.89 17.22 0.024778 197.4583 +24.5776 116.91 46.02 13.62 0.024587
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Table 31: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

197.4690 +24.5605 100.94 15.38 14.82 0.024364 173.5742 +22.9276 114.88 69.91 15.52 0.024155
197.4595 +22.8035 63.20 79.29 16.80 0.022865 173.7661 +22.5152 151.90 55.21 13.98 0.023527
197.7202 +22.6670 85.86 81.24 17.64 0.022966 173.8331 +21.4581 32.61 67.54 17.75 0.024101
197.6958 +25.0790 133.04 76.29 17.77 0.024407 173.9116 +22.3157 154.41 55.80 14.69 0.024882
197.7189 +24.8654 160.85 18.61 15.50 0.025714 174.2779 +18.1939 62.58 70.09 16.82 0.022666
197.8546 +24.8597 91.34 79.52 13.69 0.024627 174.2998 +21.2186 55.64 52.11 16.03 0.024234
197.9878 +24.7012 142.57 60.01 17.37 0.024553 174.3397 +21.8728 113.47 56.03 17.36 0.024075
197.7565 +29.6367 170.15 44.09 16.37 0.024392 174.7177 +23.4465 8.35 51.04 17.64 0.022579
197.7571 +29.5784 171.29 68.00 15.50 0.025116 174.8092 +25.7874 135.65 59.34 17.23 0.024116
197.8257 +29.7941 127.77 76.33 15.89 0.025076 174.8451 +22.1192 142.00 31.15 13.75 0.024129
197.7616 +31.4041 134.27 69.90 15.94 0.024500 174.9855 +20.8372 176.56 77.25 17.29 0.024388
197.9031 +31.5081 20.13 36.23 17.19 0.023973 175.3557 +17.4256 10.26 54.00 16.06 0.022005
197.9050 +22.9933 176.23 74.50 13.72 0.024073 175.4369 +19.4323 131.06 75.80 15.96 0.023261
198.0513 +22.8683 147.81 72.64 15.40 0.024036 175.5646 +19.0699 90.79 63.55 16.81 0.025196
197.9809 +33.3071 48.04 19.90 14.82 0.024288 175.9072 +19.0905 131.66 43.67 17.82 0.023729
198.1125 +33.2209 161.49 57.42 15.79 0.023676 175.9159 +18.7406 20.21 59.49 17.15 0.022984
198.2249 +29.9615 178.62 69.56 15.33 0.022537 176.0836 +15.5943 128.12 17.22 13.17 0.022463
198.2933 +29.9804 81.03 69.37 15.03 0.022644 176.1281 +17.6264 51.75 56.92 14.82 0.023526
198.3007 +30.3622 60.30 54.52 21.54 0.022502 176.1459 +17.0589 110.78 48.02 16.90 0.025195
198.3818 +30.1494 13.38 53.59 15.62 0.022587 176.5339 +22.5395 93.58 85.01 15.18 0.022504
198.6642 +30.2250 50.98 57.27 16.78 0.024382 176.9287 +20.9753 81.56 83.86 15.06 0.025302
198.6688 +29.9972 43.43 79.96 17.45 0.023745 177.0140 +20.0063 51.03 48.77 16.30 0.025231
198.7842 +30.4038 66.09 45.12 16.54 0.024057 177.0556 +19.4479 89.17 34.46 15.15 0.023692
198.3728 +21.8436 36.92 57.98 15.84 0.023706 177.0627 +16.6376 46.79 39.78 14.36 0.023103
198.5060 +29.4070 130.67 68.43 15.30 0.022783 177.2432 +20.3765 101.36 34.69 14.40 0.023695
198.6569 +29.3180 139.63 57.73 15.64 0.022644 177.3760 +22.1396 98.76 38.16 16.66 0.024752
198.6732 +22.4725 142.29 83.63 14.51 0.023033 177.4324 +23.4452 163.10 35.10 16.37 0.022577
198.7657 +22.5896 45.47 42.91 17.73 0.023963 177.6392 +17.8581 83.27 39.63 17.68 0.022432
198.7493 +30.9050 144.78 80.22 16.73 0.023771 177.8466 +26.7844 30.05 68.66 12.78 0.023178
198.7873 +30.7072 105.76 55.63 17.31 0.023221 177.8619 +18.9652 141.67 64.44 17.20 0.021855
198.7682 +24.9388 29.03 68.09 17.17 0.022886 177.8803 +23.8628 148.93 50.99 16.00 0.024526
198.7888 +29.6362 97.32 74.41 17.54 0.023335 177.9520 +19.3581 112.50 81.24 14.84 0.024185
198.8954 +29.6761 126.72 49.67 17.74 0.022853 177.9781 +27.0916 149.68 29.61 17.20 0.023307
198.9077 +29.6586 83.79 50.51 15.05 0.022847 178.2245 +16.8089 149.74 30.17 16.24 0.022661
198.9138 +29.6108 33.86 70.81 17.40 0.022564 178.2577 +24.8304 155.31 45.72 14.91 0.023812
198.9672 +31.6523 10.97 78.48 16.53 0.026713 178.3604 +15.6079 88.84 57.01 19.78 0.023946
199.1390 +31.5467 176.27 45.64 17.58 0.025679 178.5346 +18.5279 32.66 70.80 16.67 0.023832
199.3538 +27.7501 56.01 71.80 16.93 0.024255 178.5487 +25.0354 91.21 22.87 17.34 0.023255
199.4383 +27.5699 103.86 64.75 13.92 0.024220 178.6508 +23.8632 97.58 63.65 17.15 0.022799
199.8292 +31.0518 21.15 42.96 14.87 0.025793 178.6803 +23.1602 117.51 75.73 15.58 0.023841
199.9486 +30.8263 153.32 50.46 16.70 0.025084 178.7066 +22.1029 43.18 45.51 15.83 0.024611
200.0615 +30.9878 42.05 52.60 17.70 0.024777 178.8070 +21.0195 176.33 52.55 15.03 0.021725
200.1772 +31.1850 35.37 58.87 17.38 0.024684 178.8197 +17.4876 99.63 69.65 13.73 0.023732
200.3282 +31.3881 25.75 49.02 15.40 0.024165 178.9365 +17.8881 122.32 72.50 17.10 0.022350
200.3319 +31.5525 56.74 60.32 17.64 0.024690 179.1298 +18.3594 3.29 56.01 16.30 0.022133
200.4394 +31.2372 11.52 57.80 16.30 0.024970 179.3298 +16.2674 168.86 56.72 16.86 0.023950
200.4569 +31.5632 129.09 78.25 12.90 0.023767 179.5010 +18.5687 132.67 48.43 15.72 0.023838
200.5087 +31.2784 24.65 68.48 13.76 0.025717 179.5691 +24.3158 67.08 30.70 17.68 0.023196
200.7026 +31.3244 136.25 46.83 15.14 0.024520 179.6204 +15.2177 139.57 66.20 15.32 0.024025
199.8667 +27.7490 22.49 59.07 17.36 0.024146 179.6510 +18.8631 138.68 62.49 17.56 0.023911
199.9170 +27.7061 28.09 33.60 13.57 0.023989 179.6764 +21.2344 49.03 68.57 16.70 0.024192
199.9848 +30.1190 84.41 24.25 16.29 0.024265 179.8265 +20.1366 9.53 39.00 15.46 0.023173
200.0359 +30.0557 96.51 79.95 15.67 0.023825 179.8441 +24.4973 58.91 83.17 17.80 0.023450
200.2228 +32.1908 85.82 57.50 15.22 0.023851 179.8620 +17.7570 126.15 73.43 15.26 0.022725
200.2905 +31.9463 85.40 72.24 17.62 0.023929 180.0450 +19.2291 60.51 83.90 16.75 0.024325
200.3136 +31.9305 167.40 74.44 17.74 0.024839 180.0905 +24.9162 80.67 48.66 16.78 0.023681
200.6152 +31.8367 89.47 71.89 17.02 0.024858 180.1020 +16.8465 90.27 36.39 15.60 0.023732
200.4857 +24.7290 65.33 74.82 16.10 0.024452 180.1326 +19.7997 2.53 61.18 16.32 0.023982
200.5270 +24.7203 159.46 80.09 17.49 0.024244 180.3946 +16.2123 90.98 74.72 13.70 0.022736
200.4967 +26.7338 182.13 67.05 15.35 0.025146 180.4210 +25.0888 22.53 31.28 15.79 0.023686
200.5026 +26.5200 172.90 59.77 15.12 0.024913 180.4408 +19.3091 25.84 44.95 14.49 0.024877
200.7709 +26.8546 110.03 62.64 14.50 0.024499 180.5686 +24.3749 94.91 42.99 15.62 0.023044
200.5962 +27.1826 178.26 46.07 16.90 0.025334 180.5894 +15.7769 123.08 78.64 16.38 0.024667
200.6803 +27.1982 74.28 57.94 15.27 0.025306 180.7252 +21.6447 43.71 31.50 16.43 0.025617
200.6883 +30.8872 174.28 80.53 16.57 0.023360 180.8129 +24.7961 76.22 45.25 17.33 0.022290
200.9139 +30.9388 115.91 24.17 16.30 0.023288 180.8803 +17.1503 61.62 63.65 13.78 0.023069
200.9872 +30.9880 79.83 52.84 16.06 0.023670 181.0896 +19.5802 171.52 34.28 14.74 0.025779
200.9998 +30.9324 33.06 81.93 15.58 0.023157 181.4361 +19.5990 171.30 47.95 17.51 0.024171
201.0197 +30.9565 175.23 48.39 17.59 0.025410 181.4605 +24.6853 69.75 53.97 16.83 0.022769
201.1705 +31.0265 138.72 59.69 17.57 0.024641 181.4636 +24.3557 98.73 46.28 17.32 0.024444
200.8526 +26.5436 108.87 22.62 16.21 0.025069 181.6251 +19.1702 114.84 36.91 14.55 0.025873
200.8882 +26.5039 183.74 58.66 15.08 0.024072 181.7447 +23.7051 35.71 43.53 14.19 0.024643
201.0933 +26.7816 35.56 71.41 13.14 0.024955 181.7513 +22.3879 115.22 35.73 15.25 0.023321
201.1939 +26.7384 76.17 53.67 16.53 0.024239 182.0314 +18.0088 19.95 59.35 16.72 0.023903
201.2345 +26.4635 92.55 59.30 15.90 0.024857 182.1311 +18.9486 54.85 73.16 13.78 0.025390
201.4095 +31.9941 32.79 74.03 17.27 0.025346 182.1560 +16.1428 5.35 50.16 15.21 0.023741
201.8043 +32.0885 95.90 72.59 16.89 0.025199 182.3093 +18.1494 90.05 64.10 16.63 0.024303
201.8202 +32.0307 121.56 49.91 18.99 0.025201 182.4147 +23.2894 145.40 79.81 17.35 0.024119
201.9444 +32.0602 98.13 68.22 17.59 0.025360 182.4688 +20.9291 81.55 37.79 15.57 0.025464
201.9070 +26.9657 103.97 63.76 13.80 0.024415 182.5786 +20.0890 141.46 61.46 16.34 0.025903
171.7005 +22.5577 151.94 67.07 16.21 0.023696 182.9700 +25.4431 166.22 46.18 17.46 0.023743
171.8060 +23.7696 155.96 45.89 15.35 0.022465 183.0007 +24.5263 140.88 20.43 15.53 0.022296
171.8697 +19.8534 142.14 39.73 13.81 0.022899 183.0585 +28.1556 142.63 64.86 16.42 0.023412
171.9215 +23.2394 45.10 54.77 15.72 0.022616 183.0794 +24.1002 58.26 39.90 16.19 0.023076
171.9663 +21.4092 151.52 65.66 13.82 0.023157 183.1128 +15.9017 108.47 46.81 16.29 0.024825
172.7360 +20.9416 78.15 67.66 14.51 0.024698 183.1427 +22.7831 164.21 27.53 16.62 0.023047
172.9833 +23.9904 109.76 63.26 14.16 0.024327 183.1735 +25.9963 107.59 69.94 14.31 0.023797
173.1384 +22.1158 52.91 68.49 16.78 0.023123 183.4234 +20.8805 69.03 56.70 14.72 0.023588
173.3635 +17.4189 139.60 54.76 14.83 0.022596 183.5058 +23.0103 36.81 63.21 16.98 0.025580
173.4247 +21.8646 143.05 70.98 16.36 0.023765 183.5149 +20.7349 5.84 38.98 17.13 0.025335
173.4251 +23.4127 88.24 61.87 15.76 0.024880 183.8404 +22.6347 149.61 44.36 16.26 0.025287
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Table 32: SDSS DR7 of galaxies in the supercluster S[195+027+0022] that have redshifts range 0.022 to
0.024.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

183.8639 +19.1632 166.64 51.35 15.15 0.025780 193.7309 +29.0124 180.95 34.12 16.70 0.022262
183.8823 +24.7285 84.81 60.98 17.42 0.023842 193.7953 +29.5783 87.44 49.94 17.59 0.025783
183.9953 +17.6296 71.83 34.47 14.23 0.023573 193.8601 +29.5325 68.62 39.46 13.79 0.022225
184.5204 +27.0115 12.40 50.89 16.91 0.024652 193.8938 +32.2060 126.24 49.38 14.66 0.023717
184.7725 +27.2984 148.89 43.39 16.63 0.024276 193.9681 +25.1829 166.18 53.67 14.87 0.023808
184.7785 +27.7857 172.39 39.70 15.56 0.024591 193.9726 +30.9350 106.72 69.82 16.71 0.025628
185.2173 +19.0038 167.95 56.97 14.55 0.024268 194.0825 +32.6550 61.73 53.07 16.41 0.023942
185.4339 +28.4125 154.87 71.07 15.34 0.023533 194.0844 +29.3001 27.67 43.30 17.61 0.023015
185.4638 +26.3636 100.24 54.03 17.74 0.024834 194.2231 +22.3736 143.72 35.49 17.73 0.023184
185.6641 +24.3301 143.96 81.24 17.40 0.023830 194.3465 +33.4560 28.64 53.42 14.59 0.024551
185.6824 +24.8205 15.57 26.78 16.74 0.023545 194.5775 +30.5380 173.30 57.42 16.86 0.026100
185.9275 +26.8490 137.98 70.33 16.79 0.022717 194.5969 +30.1429 128.46 61.14 16.90 0.026718
185.9397 +22.8848 163.75 37.29 22.57 0.023308 194.6814 +33.9354 100.93 83.86 15.03 0.025022
186.4046 +24.1820 79.65 48.89 17.59 0.024140 194.8421 +26.7971 85.10 68.64 17.78 0.022495
186.4846 +30.8436 99.06 67.37 16.75 0.023690 194.9184 +30.2470 45.70 72.50 15.16 0.026323
186.6566 +26.4363 23.74 62.15 16.89 0.025582 194.9389 +32.0450 108.50 39.72 16.26 0.023489
186.8728 +26.1032 85.48 28.54 16.61 0.025544 194.9411 +29.8963 147.89 58.81 17.22 0.022645
186.8937 +27.7399 99.50 67.38 17.21 0.024144 194.9472 +21.8132 116.50 47.37 16.91 0.024764
186.9244 +28.6981 132.40 62.98 15.46 0.024361 195.0017 +30.6651 32.11 77.73 17.21 0.025948
186.9597 +26.9935 102.69 40.12 15.70 0.024789 195.0339 +33.4377 52.83 24.94 16.46 0.024353
187.0623 +25.4326 135.15 51.27 14.25 0.024304 195.2998 +29.6641 149.95 81.24 14.15 0.024770
187.4108 +26.2306 20.58 36.21 17.39 0.023590 195.5741 +26.1426 111.68 41.26 15.91 0.022515
187.4482 +27.2433 10.14 44.88 16.04 0.025637 195.6043 +32.4257 37.52 54.76 16.89 0.025974
187.4678 +28.5259 139.98 63.46 16.68 0.022707 195.6483 +26.6622 118.82 19.74 15.74 0.025555
187.5049 +23.1838 49.33 67.41 14.75 0.024089 195.9230 +29.8183 98.92 88.19 16.70 0.024283
187.5990 +30.9338 31.06 75.18 17.31 0.024203 195.9246 +33.1594 56.25 22.46 14.25 0.024808
187.6533 +22.7602 118.84 64.08 16.54 0.024058 196.0708 +26.4754 113.48 41.20 17.19 0.025955
187.8364 +27.5290 118.49 48.16 16.04 0.024997 196.0885 +24.4304 148.80 85.17 15.95 0.026088
187.8380 +32.3236 59.16 76.35 17.60 0.023453 196.1043 +32.5481 128.28 70.28 15.03 0.023941
187.8456 +25.9140 139.20 71.00 16.87 0.024159 196.1232 +31.2734 57.95 84.86 16.77 0.023984
187.9388 +27.1495 64.77 43.18 13.37 0.024265 196.3704 +33.8488 183.04 68.84 16.29 0.024597
187.9944 +27.8339 55.71 26.48 15.72 0.026181 196.3929 +29.6532 48.34 64.50 16.66 0.022786
188.0370 +30.7153 51.90 33.64 14.34 0.024092 196.4010 +30.7906 155.76 83.01 16.98 0.023082
188.0782 +24.7283 154.31 29.28 17.22 0.024056 196.6025 +31.1367 153.34 77.07 17.98 0.025151
188.2352 +32.1424 81.48 67.82 17.36 0.023117 196.7370 +24.7649 170.43 38.62 20.53 0.023400
188.2852 +26.3494 118.84 31.95 15.68 0.025162 196.7874 +30.3932 140.04 78.02 17.19 0.023811
188.3361 +27.1105 147.47 74.44 15.75 0.026230 196.9067 +27.4991 111.13 63.98 16.96 0.023049
188.5254 +22.8032 167.19 49.49 17.53 0.023798 196.9067 +29.9268 64.72 85.63 15.64 0.026221
188.5483 +28.8740 168.61 54.40 17.74 0.023031 196.9076 +32.7753 103.69 55.17 15.82 0.023489
188.5671 +27.8622 59.59 74.19 17.25 0.024099 197.0379 +27.8266 178.51 48.04 17.29 0.023976
188.7792 +29.9423 21.88 54.39 17.65 0.023514 197.1316 +24.7008 146.80 85.04 17.50 0.024690
188.7869 +28.0564 19.11 40.80 17.34 0.025912 197.1365 +30.7480 58.53 63.51 16.13 0.024355
188.8287 +23.0258 10.89 41.45 15.44 0.024003 197.4063 +26.1591 168.08 66.93 17.63 0.022099
189.1586 +24.4288 45.73 63.50 16.98 0.024113 197.4095 +30.4991 29.08 81.01 13.72 0.025385
189.2113 +27.2781 125.57 70.51 15.73 0.022992 197.5323 +24.1659 105.38 49.70 13.77 0.024202
189.5320 +22.6986 20.93 26.01 15.29 0.024261 197.6985 +29.7099 178.54 40.12 17.60 0.022039
189.5524 +25.4109 122.74 81.68 16.04 0.022541 197.8031 +26.8140 113.49 74.62 16.94 0.022090
189.6137 +28.4801 63.78 85.92 17.29 0.024630 197.8289 +27.9668 61.23 23.00 15.52 0.025304
189.6146 +29.4361 127.86 69.64 17.64 0.024826 197.8772 +32.5265 66.58 79.43 13.53 0.024316
189.7059 +29.9724 24.85 35.24 15.37 0.024177 197.9501 +30.9726 136.71 64.18 17.18 0.025605
189.7833 +30.4065 157.00 71.66 17.52 0.024310 198.0014 +30.3995 129.55 44.03 16.19 0.026134
189.9222 +25.0392 164.57 18.58 16.08 0.022503 198.1077 +28.5377 11.91 56.56 15.77 0.022114
189.9486 +24.1734 147.81 56.06 17.45 0.022720 198.1595 +26.7986 127.94 84.68 14.59 0.023103
190.0956 +25.5515 102.27 55.99 15.03 0.022285 198.2229 +23.6347 139.93 45.88 17.81 0.024210
190.1986 +30.6857 96.74 53.67 16.30 0.023259 198.2922 +30.1914 153.75 68.50 14.70 0.024200
190.2420 +27.9812 22.46 21.86 16.09 0.025257 198.4741 +28.0708 141.09 22.55 16.13 0.024142
190.2464 +24.8713 37.03 38.10 17.12 0.022430 198.6089 +30.2505 169.41 18.63 17.53 0.026195
190.3041 +30.2756 120.78 76.05 15.32 0.024146 198.6352 +30.7058 137.73 34.03 16.57 0.025768
190.3588 +26.3860 10.26 40.47 15.28 0.024785 198.7590 +28.0364 104.66 26.67 15.24 0.022621
190.4864 +26.9694 52.05 41.06 15.58 0.024898 198.8566 +27.3032 60.94 75.29 15.19 0.022507
190.6873 +25.4190 179.44 48.14 16.72 0.024253 199.1713 +30.2484 92.08 55.22 16.06 0.023022
190.7026 +26.6397 18.56 69.00 16.72 0.023202 199.1843 +28.2001 113.96 23.17 16.40 0.024649
190.7059 +22.7728 38.72 49.08 20.34 0.024403 199.2015 +28.3618 85.38 52.76 16.37 0.022579
190.7585 +32.3285 29.33 70.12 13.90 0.024261 199.2058 +26.3463 95.59 80.40 19.91 0.024269
190.7677 +30.3872 146.37 67.79 17.52 0.024841 199.3302 +25.2148 100.87 61.65 16.83 0.024232
190.8388 +26.0927 49.91 72.73 16.38 0.025195 199.4344 +29.6461 112.15 54.07 16.95 0.023532
190.9709 +26.8633 32.38 40.17 17.18 0.026067 199.5249 +30.1410 68.76 81.85 14.09 0.023681
190.9804 +29.3696 94.95 55.29 14.64 0.024511 199.7843 +28.5069 98.80 74.80 17.30 0.022934
191.1775 +27.0139 15.90 48.69 13.30 0.024108 199.8306 +24.9835 32.77 64.66 13.76 0.024377
191.1842 +27.8915 100.94 49.29 15.91 0.022059 199.9417 +29.6925 62.11 60.03 17.50 0.025067
191.2015 +34.3517 162.01 40.63 15.50 0.024250 199.9536 +31.4614 80.77 26.78 17.43 0.023797
191.4216 +24.9556 27.77 53.87 14.85 0.023615 199.9930 +28.2470 156.33 49.59 17.09 0.023526
191.5963 +27.1124 147.59 48.64 13.61 0.024222 200.2494 +28.9695 75.08 67.47 16.55 0.023695
191.7353 +25.6216 164.20 38.97 16.40 0.023596 200.3949 +33.4898 164.03 71.95 19.51 0.024936
191.8590 +29.7877 120.09 28.43 17.16 0.023401 200.5969 +27.5815 147.03 23.58 16.47 0.025382
191.9143 +33.6713 104.31 37.52 17.27 0.023757 200.6517 +30.3171 23.11 49.30 16.62 0.024288
191.9754 +30.3738 129.10 67.96 17.59 0.025513 200.6702 +29.3421 81.72 75.65 17.39 0.024672
192.1036 +28.3069 162.16 56.11 17.70 0.023733 200.7161 +27.3936 54.37 37.56 17.37 0.023906
192.1373 +26.1155 171.35 70.27 17.62 0.022313 200.7587 +33.0598 181.74 55.23 16.80 0.024337
192.2817 +27.7973 171.88 39.94 16.36 0.021882 201.0768 +31.5883 142.12 43.70 16.86 0.025411
192.3155 +28.4975 121.16 43.07 17.41 0.025770 201.1405 +31.5464 74.21 67.71 17.35 0.023992
192.4704 +21.9955 118.54 83.97 19.80 0.023052 201.1432 +32.1960 111.72 33.19 15.14 0.024869
192.5383 +32.0065 112.63 62.36 17.60 0.024620 201.1774 +29.0496 72.27 47.18 17.34 0.024254
192.5413 +29.6762 7.92 62.61 16.56 0.024695 201.1878 +32.5169 86.33 35.26 16.95 0.025125
192.7252 +27.8418 161.15 16.59 15.15 0.026226 201.1957 +33.4629 124.24 30.37 16.84 0.024606
192.8330 +31.0596 166.77 28.95 13.96 0.023674 201.3336 +29.4941 138.49 66.17 18.10 0.023861
192.8569 +28.7203 25.16 38.31 17.31 0.024983 201.4201 +30.7395 175.12 43.67 17.42 0.023186
192.9195 +28.0532 136.56 48.00 22.80 0.021630 201.4883 +31.6183 17.23 60.96 14.37 0.024972
193.2631 +26.4766 114.13 56.87 17.07 0.026632 201.6812 +30.5067 31.47 49.44 17.27 0.024475
193.5103 +29.6036 66.47 85.69 16.90 0.021976 201.7157 +26.5909 7.66 68.22 14.98 0.024479
193.5124 +25.7608 94.94 70.23 14.66 0.025275 201.7334 +28.5609 171.02 15.61 14.88 0.024375
193.5265 +29.2427 14.95 65.29 17.75 0.025554 201.7633 +30.9768 43.77 63.08 13.68 0.023419
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Table 33: SDSS DR7 of galaxies in the supercluster S[173+014+0082] that have redshifts range 0.076 to
0.091.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

171.0650 +15.1340 166.95 45.81 16.96 0.081793 172.7132 +15.5417 36.61 56.60 17.78 0.082140
171.1137 +15.1541 109.80 55.77 16.73 0.081718 172.7166 +15.8323 145.33 65.98 17.64 0.080375
171.1614 +15.5265 46.08 34.17 16.63 0.081983 172.7189 +15.8907 58.03 71.73 17.80 0.082394
171.2458 +15.4568 134.57 73.50 16.03 0.082629 172.7625 +15.8109 122.98 59.01 17.87 0.081734
171.4794 +15.0069 25.97 43.93 15.64 0.081556 172.7774 +15.7668 90.19 33.57 15.57 0.080981
171.5574 +15.0304 121.79 45.52 16.80 0.081801 172.8247 +15.6944 29.52 65.74 16.50 0.080461
171.4878 +15.2288 44.89 44.13 17.48 0.081836 172.8494 +15.7177 135.40 35.05 16.91 0.082070
171.4937 +15.3034 77.91 58.08 17.17 0.080530 172.8886 +15.8134 33.30 53.45 17.28 0.082190
171.5094 +15.2952 25.33 83.12 16.77 0.079668 172.9133 +15.7785 65.33 49.21 16.00 0.082470
171.5278 +14.2684 21.84 71.61 16.93 0.084150 172.9184 +15.7572 139.87 27.91 17.34 0.081578
171.5314 +14.1544 7.02 66.26 16.44 0.083997 172.9991 +15.8262 91.17 67.36 16.35 0.082409
171.6606 +14.9448 58.63 50.25 17.36 0.080523 172.7702 +16.4632 117.46 39.06 17.51 0.083743
171.6910 +14.9174 79.80 22.95 17.74 0.080613 172.8104 +16.4665 40.70 28.00 17.43 0.082680
171.8065 +16.3876 128.12 44.73 17.53 0.081119 172.8111 +16.5227 38.23 36.93 17.11 0.084239
171.8638 +16.3839 45.82 63.21 16.39 0.081508 172.8141 +16.4890 122.06 61.79 15.47 0.085930
171.8299 +12.6663 174.66 75.39 17.06 0.082406 172.8184 +16.6806 70.84 8.48 16.53 0.081365
171.8465 +12.5217 92.08 40.80 17.52 0.081942 172.8388 +16.6413 26.05 61.41 16.92 0.082642
171.9190 +12.5896 102.70 20.95 16.88 0.084103 172.8476 +16.6729 92.62 22.81 16.91 0.083377
171.9346 +12.4879 91.06 56.47 17.01 0.082295 172.8651 +16.5602 166.81 57.04 17.02 0.084811
172.0019 +12.5297 102.87 50.19 15.43 0.083047 172.8695 +16.5227 89.90 65.91 16.83 0.085024
172.0859 +12.5130 109.07 59.90 17.24 0.082314 172.8880 +16.5153 63.98 36.09 16.96 0.081325
172.0863 +12.4487 146.79 57.58 17.36 0.083240 172.9091 +16.5819 23.49 21.39 17.17 0.083079
172.0175 +16.6446 68.63 58.32 15.52 0.081321 172.7777 +14.6318 85.08 59.88 17.89 0.079618
172.0251 +16.6720 154.72 77.37 17.29 0.082039 172.8005 +14.6875 89.46 63.65 16.70 0.081114
172.1018 +16.4767 177.67 21.68 17.62 0.082601 172.7863 +15.4326 61.37 50.27 16.64 0.082370
172.1171 +16.5364 12.63 62.99 16.71 0.083019 172.8157 +15.4024 61.42 59.64 16.17 0.082269
172.1302 +16.5876 109.85 59.78 17.36 0.081273 172.8348 +15.3835 63.11 36.86 17.68 0.083344
172.1331 +15.0116 61.51 46.06 17.43 0.084103 172.8443 +15.2537 113.51 58.09 17.37 0.081992
172.1871 +15.0059 16.81 49.32 16.04 0.083932 172.8564 +15.3542 160.14 55.86 15.36 0.081603
172.2107 +15.0534 4.03 53.64 16.49 0.083920 172.8623 +15.3174 118.25 66.79 16.23 0.081491
172.2207 +16.3873 93.08 29.16 16.87 0.083132 172.9053 +15.3467 62.02 48.52 17.01 0.081748
172.2485 +16.2962 164.47 67.27 16.30 0.083837 172.8317 +15.9915 7.06 41.28 16.83 0.083136
172.2816 +16.5274 115.50 78.28 16.96 0.082580 172.9270 +15.9821 96.37 71.40 17.69 0.082254
172.3084 +16.5577 166.73 50.25 16.80 0.082354 172.8606 +12.7584 35.44 35.56 17.21 0.082006
172.3010 +17.1032 161.71 69.83 17.19 0.083830 172.8762 +12.7218 170.92 86.39 17.85 0.081622
172.3650 +17.1337 35.26 63.54 17.43 0.083652 172.8839 +12.6997 22.61 79.44 15.35 0.082066
172.4280 +17.0983 73.09 39.95 17.13 0.084504 172.9198 +12.6426 75.48 50.26 15.81 0.080637
172.3724 +16.2194 58.49 67.44 16.12 0.083498 173.0139 +12.5934 93.06 37.49 17.38 0.080915
172.4247 +16.1484 167.61 60.58 17.47 0.082332 173.0936 +12.5864 75.29 67.96 16.39 0.082448
172.4380 +16.1932 55.89 45.97 16.86 0.081865 172.8709 +14.5766 133.58 15.14 15.89 0.082310
172.4790 +16.0679 29.79 60.45 17.08 0.081077 172.8959 +14.5826 8.94 49.68 16.93 0.083761
172.5127 +16.1826 128.73 36.57 16.87 0.081529 172.9553 +14.4831 75.25 29.35 17.15 0.083087
172.5409 +16.1158 175.40 60.83 16.42 0.083515 173.0029 +14.4753 173.67 50.68 22.55 0.083100
172.5565 +16.1431 86.26 52.35 17.84 0.083907 173.0210 +14.6745 60.98 81.19 17.08 0.078644
172.5734 +16.2023 134.58 63.86 17.60 0.082935 173.0354 +14.5176 165.95 72.99 17.08 0.076553
172.6072 +16.1002 84.01 39.08 16.44 0.081468 173.0663 +14.5113 26.70 38.91 16.59 0.083488
172.6267 +16.1536 34.87 54.53 16.10 0.081487 173.0792 +14.6076 6.61 46.04 17.28 0.077935
172.6705 +16.2568 24.68 75.86 17.38 0.082562 173.0924 +14.6328 6.48 73.30 16.72 0.082064
172.7025 +16.0726 104.16 33.67 16.37 0.081853 173.0994 +14.7029 47.97 43.78 16.19 0.082872
172.7488 +16.2444 40.11 70.49 17.84 0.083825 173.1052 +14.6202 125.17 59.87 15.94 0.083145
172.8120 +16.2598 98.90 56.69 16.36 0.082982 173.1304 +14.5950 159.18 40.97 17.00 0.078878
172.4362 +14.8441 146.05 70.59 16.51 0.082455 173.1400 +14.4042 107.99 59.00 17.86 0.081480
172.4495 +14.8970 155.96 68.61 15.92 0.083477 173.1443 +14.8081 155.65 34.77 17.52 0.084463
172.4486 +16.3637 81.80 64.76 17.71 0.081132 173.1492 +14.4271 113.40 44.58 17.80 0.084666
172.4589 +16.5185 64.17 83.25 17.87 0.081934 173.1523 +14.4013 23.91 46.38 17.15 0.086445
172.4804 +16.4693 128.63 61.53 17.43 0.081167 173.1560 +14.5844 111.86 58.92 17.27 0.082112
172.4991 +16.5384 52.14 31.49 17.43 0.081836 173.1597 +14.6032 138.88 35.03 17.63 0.080942
172.5935 +16.5796 78.53 17.30 16.13 0.084254 173.1612 +14.5261 129.67 18.76 17.47 0.081447
172.6030 +16.6027 146.35 73.67 16.79 0.081977 173.1757 +14.5073 10.67 33.74 16.67 0.081679
172.6129 +16.5749 38.02 28.50 17.50 0.082375 173.1761 +14.5958 44.14 50.48 16.20 0.080994
172.6938 +16.5692 175.38 38.83 17.61 0.084031 173.1775 +14.4378 146.27 53.87 16.26 0.082976
172.4724 +15.7480 121.75 68.93 17.48 0.082093 173.1793 +14.4647 24.86 61.51 16.67 0.083016
172.4886 +15.7678 24.04 48.84 15.73 0.082071 173.1801 +14.3650 57.24 59.36 17.07 0.081366
172.5208 +15.0840 25.82 35.60 17.68 0.083268 173.1819 +14.2636 165.53 14.72 17.10 0.083635
172.6071 +15.1279 84.40 52.19 17.33 0.081744 173.1880 +14.3362 121.72 36.59 17.07 0.079494
172.7195 +15.1516 151.41 25.62 17.22 0.081556 173.1909 +14.4547 81.01 62.43 17.52 0.082756
172.7278 +15.0841 164.07 34.18 17.49 0.083102 173.1918 +14.4775 24.54 32.22 17.65 0.077598
172.5374 +13.3635 50.44 86.43 16.54 0.083108 173.1941 +14.2431 146.80 61.25 17.15 0.082767
172.5494 +13.3590 96.88 50.61 17.85 0.082393 173.1959 +14.5681 29.05 77.74 17.77 0.080907
172.5632 +16.9671 110.17 38.58 16.09 0.084286 173.1962 +14.3233 156.20 6.08 17.36 0.080039
172.6657 +16.9907 55.90 84.26 16.47 0.084075 173.1979 +14.1955 −3.71 63.63 17.05 0.084852
172.7376 +16.9548 16.64 77.67 17.59 0.084486 173.1989 +14.6152 101.27 25.38 17.74 0.082533
172.7537 +16.9499 2.64 27.19 16.24 0.084214 173.2027 +14.5238 137.86 52.70 17.93 0.082255
172.8052 +17.1454 101.30 55.69 17.73 0.085269 173.2074 +14.4994 162.38 64.95 17.20 0.083224
172.8138 +17.0786 100.00 39.38 16.63 0.084060 173.2095 +14.5192 52.10 76.05 15.18 0.082739
172.8241 +16.8850 7.02 44.57 16.44 0.084213 173.2132 +14.4612 156.67 71.02 14.66 0.082352
172.8279 +16.9506 115.31 80.17 16.91 0.083995 173.2181 +14.4924 133.65 60.12 16.68 0.086288
172.8341 +17.0535 97.39 52.94 16.80 0.082946 173.2191 +14.5182 153.94 31.17 17.63 0.078156
172.9154 +17.0742 111.09 12.43 16.92 0.083321 173.2201 +14.4625 99.92 49.71 17.30 0.081948
172.9209 +17.0350 16.85 65.70 17.22 0.084602 173.2257 +14.4067 70.23 39.42 17.08 0.082983
172.9345 +17.0790 161.24 61.35 17.33 0.084639 173.2275 +14.4176 15.24 67.62 16.69 0.084928
172.9579 +17.1786 107.55 43.80 17.44 0.083830 173.2304 +14.4725 64.41 42.99 16.02 0.087747
173.0071 +17.0599 72.89 43.91 16.18 0.083927 173.2314 +14.3783 99.09 49.21 16.77 0.078216
173.0357 +17.1507 115.56 77.43 16.46 0.084213 173.2414 +14.3071 151.38 32.08 17.67 0.082158
172.6102 +14.5356 78.33 66.58 16.21 0.081301 173.2443 +14.3015 89.05 74.73 17.79 0.084205
172.6221 +14.6491 44.47 69.33 16.52 0.080751 173.2455 +14.6068 15.96 16.98 15.46 0.080750
172.6256 +12.6257 66.75 57.60 17.23 0.082117 173.2560 +14.5345 53.66 41.01 16.40 0.086362
172.7006 +12.6777 37.20 68.00 15.68 0.082552 173.2580 +14.3992 111.51 36.10 16.86 0.086718
172.7382 +14.3128 7.45 63.66 17.38 0.082875 173.2620 +14.3292 80.06 40.03 16.24 0.079417
172.7590 +14.4019 171.72 72.27 22.12 0.082664 173.2687 +14.3982 46.47 49.13 16.64 0.076192
172.6968 +15.5782 15.31 62.41 16.37 0.080717 173.2952 +14.5092 17.65 37.01 17.61 0.084888
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Table 34: SDSS DR7 of galaxies in the supercluster S[173+014+0082] that have redshifts range 0.076 to
0.091.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

173.3147 +14.4560 97.85 33.55 17.00 0.082037 173.9033 +13.8496 158.73 44.24 17.74 0.079081
173.3341 +14.3953 136.53 53.06 17.58 0.082505 173.9053 +13.6302 104.76 40.94 17.38 0.082052
173.3391 +14.3882 22.42 60.26 17.72 0.082418 173.9223 +13.7281 161.30 57.59 16.98 0.078981
173.3407 +14.3706 67.92 22.65 15.97 0.080631 173.9280 +13.6700 123.90 57.49 17.58 0.081284
173.3580 +14.2719 120.11 71.91 16.14 0.080429 173.9302 +13.7625 70.46 54.40 17.35 0.079246
173.3669 +14.5619 69.88 60.70 17.84 0.084209 173.9414 +13.5794 126.82 54.52 16.61 0.078416
173.4284 +14.4273 51.31 53.86 16.45 0.080234 173.9425 +13.4800 76.37 29.60 15.56 0.079633
173.4356 +14.5653 104.74 47.45 16.75 0.081439 173.9487 +13.6073 147.10 78.06 17.53 0.080798
173.4418 +14.4980 63.06 54.23 17.77 0.082602 173.9489 +13.7723 99.94 67.96 17.72 0.083704
173.4642 +14.2087 101.34 59.22 17.22 0.081753 173.9499 +13.6515 11.13 51.94 17.61 0.081012
173.4670 +14.5449 39.01 70.78 17.10 0.080839 173.9728 +13.6421 77.84 69.14 17.56 0.079013
173.4774 +14.3939 31.00 67.95 15.98 0.082547 173.9749 +13.7041 50.42 73.42 15.48 0.080943
173.4782 +14.1571 55.17 89.45 16.50 0.083144 173.9876 +13.6189 109.41 53.09 17.52 0.077546
173.4831 +14.2277 66.14 38.70 16.75 0.083754 173.9885 +13.6406 26.09 39.70 16.84 0.082699
173.4901 +14.3676 136.98 16.51 16.80 0.081354 174.0149 +13.7213 66.33 61.10 15.72 0.082098
173.5111 +14.1772 163.38 68.19 16.94 0.082197 174.0186 +13.4408 31.17 49.62 16.78 0.079437
173.5186 +14.1332 3.10 73.91 16.14 0.082017 174.0281 +13.6883 171.48 43.32 17.77 0.079991
173.5201 +14.3086 64.04 66.82 16.05 0.081742 174.0476 +13.7955 51.06 61.28 17.70 0.084081
173.5339 +14.3752 26.17 31.77 17.64 0.084054 174.0717 +13.6921 95.29 39.92 15.96 0.079823
173.5411 +14.1416 72.58 38.61 17.49 0.081153 174.0767 +13.6749 18.08 67.23 17.48 0.079271
173.5503 +14.4618 107.70 48.09 16.57 0.079745 174.0887 +13.7027 163.95 51.23 17.64 0.079452
173.5822 +14.2479 −2.37 49.05 17.61 0.082764 174.1050 +13.7050 42.75 62.37 17.61 0.081258
173.5879 +14.2922 95.38 68.28 17.50 0.083099 174.1057 +13.6635 32.69 55.34 17.86 0.079164
173.6500 +14.1315 92.75 45.63 16.19 0.082724 173.6624 +12.9836 82.63 27.16 17.01 0.082781
173.6691 +14.0066 39.78 74.32 17.58 0.083257 173.6731 +13.0579 77.15 62.98 17.36 0.081278
173.7112 +14.0933 68.57 47.81 17.37 0.083029 173.8199 +12.7711 171.50 73.84 16.50 0.084432
173.7554 +14.0855 133.06 62.44 17.59 0.083045 173.8527 +12.8694 26.09 49.13 17.77 0.084268
172.8758 +12.4703 112.74 68.87 17.30 0.081694 173.8397 +14.7201 14.36 60.50 17.54 0.081567
172.9340 +12.4743 24.12 74.03 16.52 0.081312 173.8924 +14.7995 105.82 43.34 16.68 0.080406
172.9077 +14.0773 97.79 62.15 15.93 0.081312 173.9197 +14.5949 4.64 61.99 17.82 0.082758
172.9320 +14.0515 36.52 28.34 17.46 0.080877 173.9256 +14.6233 41.91 45.17 16.95 0.083128
173.0212 +15.0314 56.38 74.16 16.36 0.081138 173.9467 +13.9022 69.71 67.25 17.78 0.084305
173.0394 +15.0205 7.41 47.11 16.14 0.080608 173.9483 +13.9584 72.00 28.18 17.31 0.082934
173.0423 +15.0752 80.78 61.27 16.70 0.082866 173.9600 +14.0562 77.97 64.67 16.01 0.081410
173.0869 +14.9286 170.59 36.01 17.51 0.081422 174.0621 +14.0893 61.62 49.59 16.64 0.080548
173.0420 +11.5527 48.33 36.69 17.09 0.083040 174.0944 +14.0158 54.43 53.75 16.76 0.079833
173.1107 +11.5281 122.07 52.48 17.85 0.082753 174.0420 +14.4149 88.19 60.14 16.98 0.083707
173.1267 +11.5885 126.82 44.54 17.75 0.080401 174.1312 +14.4300 72.71 57.48 16.15 0.083072
173.1306 +11.4870 87.08 57.97 17.53 0.082870 174.1410 +14.4038 143.43 52.90 16.53 0.084717
173.1306 +11.5750 85.97 75.43 17.49 0.082703 174.1631 +14.4169 26.64 77.82 16.24 0.083010
173.1310 +11.5642 30.59 37.06 16.55 0.081703 174.2150 +14.4102 56.37 24.05 17.20 0.082676
173.1358 +11.5129 7.92 36.09 17.61 0.083221 174.2335 +14.3554 3.99 68.22 17.55 0.083588
173.0777 +14.0447 153.55 62.49 17.33 0.080375 174.0754 +14.9854 71.16 0.81 17.19 0.084122
173.1106 +14.0011 67.06 31.16 15.18 0.082101 174.0907 +13.4728 153.47 28.62 17.38 0.081773
173.1163 +13.9754 88.59 74.67 16.59 0.084349 174.0670 +13.2611 172.81 45.50 16.43 0.080742
173.1256 +14.0510 35.20 64.34 17.80 0.083259 174.0968 +13.3110 14.29 55.28 15.78 0.079695
173.1893 +14.0045 11.38 48.56 16.43 0.083167 174.1260 +13.2297 115.23 34.77 15.67 0.078637
173.1905 +14.0962 107.88 67.22 16.46 0.080645 174.1768 +13.2932 78.69 51.35 17.24 0.081483
173.1949 +14.0276 83.70 73.34 16.49 0.080767 174.1312 +15.5807 63.22 58.69 15.26 0.083225
173.2948 +14.1534 70.60 67.96 16.77 0.082459 174.2097 +15.5804 68.73 55.50 16.71 0.082951
173.2957 +14.0397 40.84 17.59 16.18 0.081154 174.2728 +12.6851 102.64 20.34 17.31 0.079789
173.2994 +13.9687 95.72 28.03 17.56 0.084080 174.2977 +12.6643 115.63 56.71 16.43 0.081079
173.3270 +14.1107 79.73 13.28 17.12 0.079497 174.3313 +12.6170 40.24 68.33 17.63 0.079112
173.3551 +13.9556 63.13 34.56 17.06 0.082398 174.4487 +12.6541 30.68 60.54 16.65 0.079059
173.4013 +13.9694 148.58 46.19 17.60 0.080967 174.3303 +13.1846 107.54 40.00 16.83 0.080682
173.2389 +16.5744 107.24 31.43 16.16 0.082692 174.3472 +13.0741 53.36 76.38 16.11 0.080676
173.2444 +16.4814 95.00 22.77 16.89 0.081399 174.4146 +13.0611 63.72 44.50 16.74 0.081304
173.2735 +11.5808 129.91 51.69 17.34 0.082059 174.4233 +13.2610 73.68 34.46 17.46 0.083743
173.3124 +11.5976 98.89 34.81 17.80 0.081928 174.4331 +13.2367 25.62 60.61 16.10 0.082981
173.3080 +12.7493 149.40 39.01 17.72 0.080961 174.4488 +13.0007 92.27 34.93 15.96 0.082924
173.3503 +12.8352 48.54 24.44 17.65 0.080652 174.4627 +13.0435 104.27 20.20 17.32 0.082239
173.3234 +14.7870 11.75 56.53 15.40 0.082278 174.4927 +13.2331 154.10 55.94 17.83 0.081661
173.3890 +14.6840 84.88 50.02 16.43 0.080669 174.5008 +13.0986 102.88 45.78 16.50 0.084024
173.3971 +14.7053 115.31 36.46 16.92 0.080609 174.5270 +13.2303 88.28 44.64 15.69 0.083239
173.5031 +14.6933 58.07 32.31 17.01 0.078945 174.5330 +13.2026 28.01 62.59 17.12 0.083414
173.5355 +14.7202 116.18 82.73 16.31 0.078602 174.5580 +13.2758 170.35 41.39 16.81 0.083342
173.3340 +13.7750 58.05 43.96 17.35 0.082367 174.5671 +13.2313 34.47 45.30 16.92 0.082932
173.4261 +13.8025 116.06 58.90 16.16 0.081706 174.5739 +13.0480 138.34 44.20 15.91 0.083476
173.4460 +17.0427 78.87 68.42 16.22 0.084018 174.5797 +13.2828 67.20 50.24 16.92 0.084243
173.5224 +17.1217 105.88 72.23 17.76 0.084077 174.5927 +13.2889 52.50 56.42 16.65 0.085944
173.5398 +17.1122 135.51 29.15 17.62 0.084553 174.5974 +13.1323 61.15 56.21 17.00 0.082015
173.6169 +13.7149 115.75 24.55 16.97 0.083028 174.6519 +13.3715 154.48 55.03 17.71 0.085715
173.6413 +13.7540 18.21 53.70 17.72 0.083008 174.6581 +13.1088 155.03 43.16 17.47 0.082018
173.7067 +13.8692 49.19 45.48 16.24 0.080890 174.6856 +13.3112 119.40 79.29 15.88 0.083833
173.7384 +13.7516 14.84 61.98 16.63 0.082494 174.7001 +13.3202 62.01 68.51 17.40 0.083743
173.7630 +13.9986 23.11 66.36 17.62 0.080675 174.7003 +13.2804 77.74 27.26 17.39 0.083780
173.7670 +13.8505 14.31 37.77 17.38 0.083819 174.7064 +13.2436 145.44 74.54 16.74 0.083341
173.7826 +13.9858 136.19 6.28 15.92 0.081174 174.4355 +13.5583 25.49 44.25 16.92 0.080167
173.7932 +13.7584 0.11 35.48 16.93 0.084137 174.4538 +13.5391 69.64 63.80 16.88 0.079409
173.7950 +13.6526 87.59 59.57 16.88 0.081017 174.4957 +13.7362 24.83 76.64 16.51 0.084973
173.8238 +13.9530 108.71 22.95 15.71 0.082146 174.4966 +13.7905 29.02 72.57 17.58 0.086086
173.8250 +13.8931 94.94 28.32 17.27 0.081968 174.5147 +13.6886 94.42 71.75 17.27 0.083720
173.8339 +13.7058 84.59 27.92 17.01 0.080952 174.5420 +13.7200 122.06 52.96 16.88 0.085138
173.8516 +13.5907 15.48 61.86 17.22 0.081089 174.5900 +13.7918 8.28 85.77 17.69 0.085206
173.8650 +13.7102 −1.64 59.65 17.39 0.078704 174.4974 +14.6261 90.90 77.76 16.55 0.082178
173.8722 +13.8403 20.15 48.01 16.61 0.082417 174.5049 +14.6623 87.11 66.24 17.01 0.081966
173.8737 +13.9245 101.48 17.55 17.70 0.078541 174.5719 +14.6061 41.64 56.60 17.09 0.082549
173.8891 +13.5300 47.24 54.10 16.38 0.077997 174.5046 +12.7978 77.65 35.58 17.58 0.081192
173.8932 +13.8053 86.66 72.87 16.16 0.077127 174.6163 +12.7404 31.72 75.55 16.40 0.081768
173.8973 +13.6814 162.72 46.68 18.07 0.081412 174.6260 +12.7843 12.40 40.70 17.62 0.082303
173.9006 +13.6541 1.47 33.67 16.59 0.081694 174.6639 +12.7836 91.37 23.20 17.18 0.082547
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Table 35: SDSS DR7 of galaxies in the supercluster S[247+040+0029] that have redshifts range 0.025 to
0.037.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

247.5802 +39.8451 57.47 63.41 14.74 0.024637 247.8539 +39.6929 215.51 35.82 16.90 0.028447
247.6387 +39.8307 124.49 71.24 16.55 0.024650 248.0222 +39.9022 82.72 60.89 16.29 0.028455
247.1635 +39.5185 52.76 28.42 14.87 0.025266 247.1502 +39.5338 149.66 49.36 14.91 0.028461
247.7147 +39.9896 54.85 72.50 14.41 0.025452 247.3622 +40.7224 69.23 70.95 15.32 0.028462
247.3878 +39.9030 159.60 54.17 16.80 0.025522 244.9221 +35.1517 109.78 53.67 15.72 0.028465
247.3226 +39.7792 200.65 50.44 13.25 0.025972 252.4070 +40.5796 127.30 28.86 15.48 0.028487
246.7957 +39.3051 56.01 43.62 17.70 0.026003 248.1658 +40.8585 204.29 71.24 15.53 0.028489
247.0593 +39.5456 123.47 66.52 15.37 0.026065 248.5075 +41.3480 125.56 58.98 17.86 0.028505
247.1924 +39.4632 165.63 72.55 16.69 0.026107 247.3942 +39.6302 94.42 79.63 16.09 0.028522
247.3364 +39.8204 226.58 36.83 19.53 0.026175 246.4754 +40.9227 −47.65 73.58 16.78 0.028552
246.9945 +39.6040 189.73 34.75 17.07 0.026223 247.8793 +39.9918 184.78 65.10 15.03 0.028574
247.4043 +40.8483 211.69 44.49 16.24 0.026344 247.4498 +39.7162 185.39 68.42 15.56 0.028580
247.2292 +39.1710 198.69 61.09 17.74 0.026538 244.2502 +34.5237 24.05 36.22 14.17 0.028593
247.0753 +39.1864 78.95 71.76 17.50 0.026644 245.8662 +37.8311 126.31 63.03 15.58 0.028630
247.6585 +40.7085 67.18 70.48 14.59 0.026731 247.5368 +40.5694 162.66 40.04 15.21 0.028630
247.1631 +39.5528 201.62 65.00 17.29 0.026840 245.3673 +40.2036 32.83 48.36 16.03 0.028632
247.0950 +39.2000 227.67 55.70 14.30 0.026970 246.6803 +38.3672 53.67 55.40 17.77 0.028636
247.2851 +39.5333 53.65 64.15 17.41 0.026973 246.7883 +39.5866 128.98 63.82 17.03 0.028639
247.8005 +40.4219 179.41 24.20 14.48 0.026995 247.7107 +40.5948 152.28 48.61 16.60 0.028652
244.2079 +35.7019 −87.24 55.85 17.42 0.027050 246.7494 +41.0989 106.22 73.21 16.69 0.028655
247.2823 +39.1485 168.90 39.57 17.56 0.027072 246.4161 +40.8012 147.54 43.76 16.70 0.028667
244.3200 +35.9205 75.08 55.93 14.34 0.027154 247.7113 +39.5381 194.07 83.57 16.56 0.028671
247.4246 +40.2748 219.20 46.35 15.67 0.027164 244.8392 +37.1340 59.34 56.77 18.13 0.028688
244.4315 +34.9649 133.19 36.02 14.66 0.027191 245.7990 +38.5879 108.52 53.40 15.40 0.028719
247.8444 +40.5507 227.48 21.48 16.52 0.027243 246.2962 +37.9747 58.63 42.50 16.79 0.028724
247.2811 +39.6274 186.00 73.17 16.24 0.027341 244.8310 +35.2677 15.13 76.16 16.39 0.028731
247.8939 +40.5656 124.12 51.95 14.49 0.027378 244.8256 +37.0952 99.05 78.26 17.34 0.028734
246.6446 +40.9138 183.92 73.66 15.49 0.027397 247.1193 +40.7208 192.63 85.75 17.53 0.028778
247.1852 +39.5155 81.62 48.04 17.76 0.027462 246.2598 +40.9466 182.12 44.88 17.07 0.028781
244.1634 +35.8449 39.40 13.42 17.62 0.027518 247.2416 +39.6475 157.22 34.26 15.17 0.028784
247.3491 +40.8750 126.84 59.76 17.62 0.027537 247.4796 +40.0807 218.73 60.48 17.08 0.028784
247.8642 +40.4353 57.18 38.60 14.99 0.027684 245.7015 +36.3374 72.14 23.88 17.26 0.028785
247.4321 +40.0165 201.05 46.00 13.81 0.027711 246.2004 +38.6625 117.85 56.65 13.67 0.028790
244.2873 +34.9360 16.99 70.00 17.74 0.027728 244.2789 +35.1096 96.88 83.11 14.85 0.028794
247.6161 +39.5617 181.22 59.02 14.62 0.027732 244.2249 +34.9545 1.28 90.02 16.51 0.028797
247.6290 +41.0166 77.24 54.81 16.57 0.027760 247.5238 +40.7980 200.53 55.31 15.91 0.028849
247.3197 +40.6505 62.01 52.65 15.81 0.027773 247.1890 +39.6364 60.87 67.88 15.82 0.028855
246.8693 +38.8691 185.06 48.56 17.39 0.027773 246.5073 +40.7431 69.84 79.19 17.67 0.028857
246.8704 +38.9564 64.19 79.72 15.09 0.027824 247.1080 +40.3812 164.41 72.34 17.62 0.028866
247.3333 +39.4290 164.65 60.49 16.76 0.027839 246.7205 +41.2538 99.42 39.74 14.57 0.028875
246.4928 +40.3467 75.27 40.94 17.26 0.027894 247.3244 +39.0300 136.82 62.98 13.07 0.028892
247.6876 +39.7600 165.97 69.91 16.71 0.027895 245.2270 +39.9084 84.88 58.90 15.77 0.028893
247.7914 +41.3132 173.21 69.94 17.26 0.027921 245.2324 +39.8610 227.69 22.41 15.92 0.028893
246.9159 +39.1641 178.65 65.31 13.68 0.027934 245.7791 +38.3413 127.60 30.46 14.60 0.028899
247.3217 +40.4223 176.22 47.92 13.99 0.027954 248.1243 +39.9303 174.38 53.85 15.69 0.028917
247.2566 +40.5349 227.90 63.00 16.50 0.027962 247.4030 +39.7353 205.27 52.22 15.15 0.028927
247.2490 +39.6839 101.68 57.38 15.65 0.027964 247.4919 +40.6285 148.29 64.71 16.61 0.028931
247.6476 +40.6234 219.33 52.48 15.90 0.027977 250.7955 +39.7230 174.86 60.92 16.83 0.028935
247.4865 +39.6608 57.37 68.21 16.75 0.028001 251.6692 +40.7583 215.46 28.32 15.56 0.028939
245.5686 +38.5773 98.54 64.07 14.88 0.028010 251.8534 +41.3788 166.30 70.39 17.24 0.028941
247.6463 +39.7281 161.89 60.67 17.21 0.028029 247.1504 +40.4975 144.11 38.34 16.78 0.028951
248.0825 +40.5751 190.27 54.11 16.54 0.028042 247.3740 +40.8584 208.71 47.84 15.60 0.028959
247.6440 +40.1873 202.04 59.31 17.53 0.028045 245.7445 +40.6977 138.78 20.36 16.50 0.028961
244.3415 +34.8072 −77.52 64.51 14.81 0.028109 245.9385 +38.7930 61.84 59.58 15.94 0.028962
247.5461 +40.6179 149.14 44.84 15.47 0.028125 246.9047 +39.1361 195.88 32.51 17.22 0.028965
247.4487 +40.8720 147.94 90.02 17.13 0.028127 247.7614 +39.7925 232.04 56.27 13.56 0.028965
246.2147 +37.8906 149.35 70.82 17.71 0.028131 246.8243 +39.1431 75.85 64.18 17.46 0.028974
247.5674 +40.6597 171.80 85.52 15.83 0.028146 247.5746 +40.6026 115.89 49.23 16.77 0.028979
247.7118 +40.0248 201.07 60.55 15.55 0.028148 247.4973 +39.5285 81.90 68.37 16.12 0.028986
246.4420 +40.5101 219.91 67.31 16.71 0.028149 247.2800 +39.4957 190.50 24.90 16.91 0.028990
246.8143 +38.9543 150.89 45.10 15.18 0.028157 245.3764 +37.8595 118.05 52.14 15.72 0.028999
246.3915 +38.6762 195.91 66.11 15.38 0.028172 247.0504 +40.7886 204.64 34.22 16.43 0.029003
246.9934 +39.1179 132.33 37.08 17.22 0.028198 247.8315 +39.7905 98.87 48.09 13.86 0.029005
247.6082 +39.3157 109.07 48.61 17.40 0.028200 246.5459 +39.2370 76.66 71.04 14.60 0.029016
245.0047 +37.2170 162.16 73.00 16.46 0.028202 251.9786 +39.2350 142.04 72.45 15.88 0.029036
247.3188 +39.4010 196.11 39.32 14.77 0.028205 246.2693 +38.8857 49.45 62.72 16.05 0.029037
246.3023 +37.9900 64.17 35.58 17.77 0.028250 246.4604 +39.8904 170.11 63.05 15.53 0.029056
246.7666 +39.4334 67.42 28.86 17.23 0.028272 244.8676 +36.2943 −58.46 64.01 17.30 0.029058
247.1684 +39.6713 185.17 50.35 16.38 0.028299 249.4312 +39.9326 113.92 66.04 13.72 0.029066
247.3173 +40.2602 221.20 37.89 17.30 0.028314 247.0115 +41.1418 165.62 37.01 17.03 0.029075
247.5351 +40.8088 87.69 57.20 14.89 0.028316 250.1409 +40.1477 200.82 28.94 15.46 0.029076
248.4271 +39.5978 66.51 42.77 17.12 0.028319 246.4407 +42.7893 162.90 39.97 14.60 0.029079
247.9939 +39.9478 164.01 63.02 13.43 0.028324 246.2743 +40.9288 190.45 27.88 15.88 0.029079
244.0148 +35.5166 70.54 63.73 17.44 0.028334 246.8223 +39.6196 113.87 65.07 17.39 0.029085
245.7217 +38.2459 215.81 83.04 17.69 0.028334 244.8402 +37.0691 113.94 40.63 17.16 0.029090
247.4438 +40.8749 157.68 69.11 16.45 0.028337 247.5226 +40.7662 66.52 42.83 17.45 0.029100
247.2388 +41.1345 230.78 52.11 17.70 0.028354 247.0231 +40.8685 223.49 59.80 17.14 0.029101
248.1423 +39.6146 166.51 52.84 16.92 0.028361 247.8013 +39.9466 154.64 54.76 17.72 0.029102
246.9328 +39.7439 78.09 35.74 17.45 0.028384 245.8474 +40.3014 −58.31 56.99 17.52 0.029103
243.9810 +35.6102 59.14 21.84 17.63 0.028391 246.2958 +38.6482 194.11 58.99 15.20 0.029112
247.3814 +40.4128 97.29 28.79 16.61 0.028394 246.6711 +40.1807 164.81 44.76 14.98 0.029114
248.0160 +39.6089 130.31 56.79 17.81 0.028395 246.9802 +39.2588 177.09 79.66 17.23 0.029116
247.4097 +40.2354 78.91 71.49 15.43 0.028396 245.6109 +38.3864 192.30 86.80 16.39 0.029116
247.1166 +41.2205 81.65 18.61 17.76 0.028401 246.4552 +40.3452 188.32 74.16 16.65 0.029126
247.2663 +39.6696 116.03 65.00 16.93 0.028409 246.1229 +38.7713 66.76 17.79 17.60 0.029133
248.1347 +39.6273 125.51 70.92 16.48 0.028410 246.2572 +40.5261 93.83 60.48 14.51 0.029141
245.9566 +38.0624 183.43 65.41 17.35 0.028413 250.9889 +40.5256 80.97 51.78 17.79 0.029142
246.8458 +39.1274 138.15 73.26 15.92 0.028414 246.8544 +39.8538 197.78 19.52 14.15 0.029146
251.8934 +40.3346 76.79 63.16 15.70 0.028417 247.2158 +40.3515 90.91 23.81 17.80 0.029151
244.4510 +35.0324 161.50 31.41 15.24 0.028422 246.3587 +39.8707 90.43 64.49 14.59 0.029153
246.6771 +39.1452 174.30 56.03 16.87 0.028422 247.0735 +40.9670 191.60 52.48 17.61 0.029159
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Table 36: SDSS DR7 of galaxies in the supercluster S[247+040+0029] that have redshifts range 0.025 to
0.037.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

252.1840 +39.5025 130.74 59.67 17.46 0.029164 247.8301 +39.1508 216.47 74.35 17.24 0.029629
246.4671 +41.0578 −32.55 59.74 15.97 0.029165 246.2309 +39.6194 83.31 18.62 15.10 0.029630
247.6385 +41.4386 101.47 72.02 16.24 0.029168 245.7294 +41.2847 187.36 54.05 15.23 0.029633
248.4651 +40.8295 225.38 74.31 17.08 0.029170 250.4485 +39.6079 233.76 66.20 17.07 0.029648
244.8671 +34.7455 141.01 38.62 14.19 0.029186 246.4492 +40.6217 195.17 62.93 15.51 0.029653
248.1097 +39.5178 174.64 48.68 14.98 0.029190 250.4748 +44.0355 114.44 61.07 17.18 0.029659
246.5335 +39.6850 194.70 34.14 17.50 0.029196 247.9485 +39.8142 157.96 29.23 16.99 0.029664
248.4273 +40.1531 96.29 50.57 14.40 0.029197 246.4963 +39.4201 171.65 36.72 16.00 0.029674
246.3934 +40.7871 85.89 54.51 16.93 0.029198 245.9771 +39.1582 95.42 74.86 16.18 0.029678
246.6459 +39.1800 163.85 60.78 17.27 0.029202 252.8956 +40.0218 63.17 72.06 16.71 0.029688
244.1192 +34.6533 209.06 0.82 17.16 0.029204 246.7091 +40.9998 77.18 47.88 17.62 0.029697
244.0716 +35.7876 169.24 41.67 17.58 0.029207 246.5216 +41.0500 −80.20 76.24 14.72 0.029699
246.6495 +40.9117 136.20 77.07 16.69 0.029220 252.1848 +39.5999 230.87 30.39 14.92 0.029699
251.7532 +39.0613 222.59 45.31 14.47 0.029222 247.3881 +39.8477 205.36 41.33 14.52 0.029700
246.3018 +40.8671 92.15 21.50 19.19 0.029225 247.3041 +41.1509 160.38 24.33 15.36 0.029707
246.6881 +40.6842 125.49 49.27 17.09 0.029229 247.2058 +40.4641 53.40 60.54 16.14 0.029711
247.8236 +39.7940 194.24 52.07 14.08 0.029229 246.7508 +42.6993 164.17 45.34 15.11 0.029715
247.3239 +40.6207 100.94 12.71 14.69 0.029235 247.8821 +39.8976 69.42 33.81 17.59 0.029723
246.9275 +39.3773 211.38 31.50 16.12 0.029235 247.6818 +38.5453 165.50 60.36 15.74 0.029731
247.0225 +40.7546 106.55 64.32 17.74 0.029237 252.2400 +40.1037 69.16 73.05 15.09 0.029733
246.7086 +40.9178 182.39 55.22 15.54 0.029253 245.2828 +35.3732 −51.89 40.57 15.47 0.029741
245.6457 +38.3670 112.08 53.17 17.52 0.029274 247.8033 +40.1345 185.70 45.88 15.97 0.029741
246.7188 +40.9703 69.36 69.41 16.95 0.029297 246.2902 +39.2767 200.38 80.39 16.80 0.029756
247.3373 +40.0640 193.11 31.30 16.19 0.029298 247.4595 +40.6763 144.11 80.77 14.30 0.029758
247.0838 +40.9333 185.50 49.33 16.99 0.029301 246.2574 +40.9210 139.21 35.43 15.48 0.029766
247.5533 +40.9429 139.71 25.66 15.76 0.029303 250.2680 +39.3315 137.20 45.68 17.34 0.029770
245.8682 +37.7232 117.73 38.61 16.11 0.029307 248.4264 +39.1851 201.96 34.38 16.41 0.029770
246.4582 +40.4887 69.35 52.65 16.75 0.029312 247.5724 +39.8894 60.49 22.24 17.10 0.029778
247.6082 +40.6142 201.27 58.67 16.73 0.029313 244.4296 +35.0411 103.42 64.68 17.55 0.029781
247.7835 +40.3881 154.24 64.35 14.43 0.029315 246.7481 +39.0138 75.81 75.08 16.97 0.029786
246.9755 +39.7367 135.56 45.51 14.46 0.029320 246.4803 +40.7791 170.33 59.70 15.50 0.029786
246.0625 +41.1106 81.82 76.36 15.86 0.029350 246.3469 +37.9300 181.50 65.03 14.65 0.029788
245.7733 +41.2319 190.99 75.67 15.16 0.029351 248.3180 +39.2324 216.14 74.92 16.89 0.029796
247.5997 +40.6657 126.89 71.65 17.00 0.029364 250.1231 +39.2351 232.96 50.89 16.61 0.029799
247.4235 +40.3334 160.73 40.79 17.78 0.029367 250.0539 +39.7335 121.23 57.73 15.85 0.029801
246.8460 +40.5659 69.66 72.43 15.83 0.029370 245.7620 +41.0975 −22.96 37.27 15.77 0.029802
245.6667 +37.6098 197.53 53.76 15.20 0.029373 246.2819 +39.4358 125.26 21.05 16.42 0.029802
245.5684 +38.4499 146.97 49.12 16.69 0.029380 245.9249 +39.2398 119.62 49.40 15.07 0.029804
247.1019 +38.9331 131.82 87.66 15.34 0.029386 246.7490 +39.3201 164.50 64.10 14.72 0.029811
247.6036 +39.4647 195.85 60.39 14.75 0.029395 244.7415 +35.3484 −57.08 39.04 16.13 0.029815
247.6843 +39.8999 158.18 32.55 17.48 0.029400 249.9150 +39.5385 91.30 56.50 17.53 0.029827
246.9208 +40.1552 210.83 72.20 15.91 0.029400 247.8180 +39.8760 189.57 78.41 17.53 0.029848
246.5514 +39.1431 165.67 75.60 17.13 0.029409 246.9312 +41.3076 106.38 40.09 16.75 0.029856
245.7555 +38.0780 115.44 64.27 17.26 0.029412 246.2532 +38.9992 174.57 53.24 17.64 0.029872
249.5377 +39.9178 174.31 50.20 17.79 0.029425 248.7796 +39.8254 222.75 41.94 17.57 0.029874
247.5839 +39.8043 109.05 43.12 15.97 0.029432 244.7275 +35.1539 6.27 39.53 17.38 0.029885
247.4372 +40.8116 140.63 39.48 17.32 0.029440 247.0512 +40.8541 189.10 70.60 17.03 0.029885
247.6657 +40.8951 228.61 45.31 17.67 0.029450 244.1797 +35.3055 76.02 34.01 14.42 0.029886
252.4632 +40.4334 80.35 59.19 16.95 0.029454 245.0699 +37.7418 138.51 62.11 16.57 0.029888
248.1419 +39.7778 61.07 42.25 15.94 0.029460 248.6909 +39.4266 123.67 52.92 15.50 0.029896
244.4687 +35.0484 104.49 52.06 13.68 0.029468 246.5810 +39.6036 68.61 50.39 14.89 0.029899
245.7178 +41.0717 −38.68 65.03 17.21 0.029471 250.1606 +44.2037 189.60 76.27 17.27 0.029901
244.5985 +35.1743 115.08 44.18 15.41 0.029486 245.3760 +40.9007 107.22 73.36 16.49 0.029909
247.4790 +38.8749 70.23 48.53 17.80 0.029487 252.7430 +39.7305 91.27 29.53 16.82 0.029913
245.8424 +39.2154 137.89 40.26 14.51 0.029487 249.9996 +44.1334 65.23 54.76 16.01 0.029915
248.4537 +39.6304 123.34 53.24 16.44 0.029496 244.2015 +35.3404 103.31 44.14 17.12 0.029927
247.5577 +40.1897 165.24 32.00 14.75 0.029500 247.6118 +41.4840 173.73 59.94 16.76 0.029932
245.5175 +37.5067 118.99 47.69 16.92 0.029507 244.1921 +35.2849 133.35 45.42 16.87 0.029944
246.0885 +39.3018 62.62 30.84 14.98 0.029513 247.2209 +39.4970 57.77 50.44 15.91 0.029945
251.9468 +39.7339 64.20 75.32 15.84 0.029514 244.6750 +35.2262 −74.45 60.40 14.03 0.029948
244.8379 +34.8297 205.92 57.32 15.51 0.029515 247.6744 +40.5294 140.04 40.28 16.81 0.029957
245.6505 +37.1211 61.77 88.67 17.32 0.029521 244.7825 +34.3575 58.43 28.18 15.24 0.029959
246.1309 +40.6845 64.24 60.30 17.77 0.029521 249.1067 +39.0568 63.21 73.16 15.68 0.029959
247.3624 +40.7714 125.00 27.78 17.75 0.029524 249.3596 +44.4036 174.64 73.45 17.56 0.029959
247.1835 +39.9645 70.57 74.52 17.22 0.029525 246.4243 +39.6001 197.52 35.20 17.56 0.029965
244.2963 +35.5101 −22.13 15.99 14.84 0.029528 252.8776 +40.1078 159.50 30.80 17.15 0.029967
245.2018 +35.5365 −24.21 49.55 17.77 0.029536 247.2046 +39.1490 197.04 47.81 17.66 0.029968
243.9140 +36.8970 213.37 56.47 14.65 0.029538 244.4189 +35.0042 69.14 28.06 15.97 0.029969
246.3928 +38.9333 137.85 54.32 16.89 0.029539 247.1737 +39.8374 131.77 76.30 16.82 0.029969
245.1946 +37.5985 159.77 84.88 16.65 0.029540 252.8841 +39.8880 220.01 50.68 16.35 0.029970
249.1968 +39.3468 203.62 73.43 14.61 0.029541 245.5751 +41.4553 221.67 81.00 16.26 0.029971
252.1899 +39.6344 71.95 59.38 17.34 0.029542 246.0126 +41.3548 50.93 37.80 16.97 0.029990
244.9260 +37.8435 132.17 63.87 16.50 0.029546 245.3420 +40.8105 −76.77 65.35 14.76 0.029996
246.3347 +37.4775 184.09 30.37 15.43 0.029548 250.9469 +36.8956 100.12 69.74 17.01 0.029998
246.6931 +39.4702 61.39 28.76 16.73 0.029552 250.3534 +37.0436 88.95 68.45 14.54 0.030006
246.3658 +39.5520 195.93 17.72 13.27 0.029556 246.8190 +39.3846 194.73 44.51 17.32 0.030016
247.3130 +40.2410 73.84 23.01 16.51 0.029568 241.8926 +36.4840 108.21 59.20 17.64 0.030024
247.8441 +39.1678 187.76 83.78 17.62 0.029572 247.4196 +40.8402 112.42 49.57 17.61 0.030025
252.6384 +40.2245 236.47 45.19 15.46 0.029575 245.6606 +41.4784 51.98 46.40 16.52 0.030032
247.4804 +40.6600 226.43 51.47 14.24 0.029576 246.8494 +40.6778 103.20 62.64 16.32 0.030035
246.2022 +37.5176 51.66 85.67 17.78 0.029589 244.3968 +35.2309 164.62 59.81 15.73 0.030043
246.1321 +40.7656 80.34 24.94 14.85 0.029590 250.9693 +39.9834 125.94 74.90 16.13 0.030048
244.7447 +34.7304 −12.05 60.24 15.53 0.029602 246.6416 +45.0323 91.32 39.67 13.81 0.030055
247.3594 +40.4387 170.58 75.98 16.30 0.029614 247.4897 +40.6307 101.71 27.67 17.63 0.030062
244.4700 +35.2471 204.04 73.83 17.07 0.029614 244.4476 +34.6422 74.66 68.17 17.65 0.030080
246.5913 +40.9119 85.93 55.20 16.40 0.029620 245.7767 +40.8583 164.64 40.88 15.25 0.030081
251.8116 +40.2451 137.46 52.73 17.40 0.029621 248.9092 +38.9728 78.35 70.10 16.74 0.030083
247.5794 +41.1021 202.15 70.02 16.28 0.029621 247.2826 +40.6650 81.88 68.90 16.64 0.030083
243.4611 +35.1469 70.07 68.29 16.97 0.029623 246.2560 +38.6392 109.59 29.77 17.19 0.030084
245.6620 +40.9798 126.31 51.33 17.29 0.029623 244.3848 +35.0839 217.96 72.69 16.66 0.030085
247.0801 +41.1729 54.80 45.74 16.29 0.029625 246.0843 +40.8650 79.28 79.96 16.74 0.030087
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Table 37: SDSS DR7 of galaxies in the supercluster S[227+006+0078] that have redshifts range 0.072 to
0.087.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

225.5733 +8.3725 144.75 61.30 17.69 0.079182 227.1862 +8.3954 53.68 47.66 17.02 0.078225
225.6021 +8.4024 84.27 69.55 16.95 0.079299 227.1922 +8.4343 71.65 22.23 17.47 0.077005
225.6448 +8.3343 148.73 38.18 17.47 0.079748 226.6271 +6.4815 49.81 20.86 17.82 0.080403
225.7301 +6.2241 96.73 58.44 17.68 0.077903 226.7089 +6.4728 182.82 23.47 16.19 0.081017
225.8110 +6.2514 132.93 71.11 16.94 0.080446 226.6583 +6.0821 151.44 54.74 17.26 0.076308
225.8514 +6.3557 150.38 56.29 16.89 0.079602 226.7356 +6.0614 111.74 50.17 17.17 0.076780
225.7409 +7.6531 29.80 18.58 15.82 0.078699 226.6851 +7.1992 95.52 69.06 17.50 0.076671
225.8359 +7.6077 121.78 73.20 15.66 0.078482 226.7288 +7.1890 142.61 72.73 16.95 0.076795
225.8720 +7.5576 30.40 37.54 17.49 0.078397 226.7435 +7.2006 80.90 53.11 17.39 0.076335
225.8020 +7.9002 37.65 46.79 16.58 0.075712 226.8216 +7.1848 71.39 82.05 17.29 0.078544
225.8103 +7.9843 106.70 56.48 16.83 0.075774 226.6994 +7.8647 55.21 44.30 17.47 0.074726
225.8695 +7.9722 162.88 56.53 17.19 0.076063 226.7440 +7.7751 26.67 60.82 16.89 0.077589
225.9201 +8.0274 147.67 69.74 17.55 0.079874 226.7502 +7.8132 116.05 53.33 15.90 0.076117
225.9396 +8.0257 41.07 71.27 16.11 0.081291 226.7936 +7.7796 158.70 52.51 17.44 0.080353
226.0590 +9.0506 126.30 33.96 17.30 0.080744 226.8199 +7.8162 88.40 58.06 17.52 0.077380
226.0843 +9.0062 172.26 68.31 16.90 0.078893 226.8611 +7.8405 88.87 75.28 16.50 0.077209
226.0854 +8.9875 113.58 72.95 17.32 0.079915 226.9044 +7.8049 143.03 33.80 17.73 0.077603
226.1708 +8.9625 67.61 78.84 16.64 0.080583 226.7164 +10.5520 81.50 37.63 17.08 0.078306
226.1562 +5.0378 155.06 39.69 17.03 0.079907 226.7347 +10.4351 148.54 47.94 17.10 0.078828
226.1980 +5.2255 52.32 77.74 17.55 0.077648 226.7363 +10.4508 73.52 52.35 15.37 0.077095
226.2266 +5.0976 138.78 49.69 16.33 0.077894 226.8412 +10.3125 164.25 24.43 15.28 0.076361
226.2560 +5.1317 13.05 48.43 16.07 0.077089 226.8947 +10.3319 101.73 55.51 17.10 0.075580
226.2568 +5.0833 55.72 75.68 16.76 0.077047 226.9503 +10.3173 19.35 56.88 14.80 0.075684
226.2587 +4.9765 65.85 52.20 17.13 0.077219 226.9625 +10.2081 63.31 24.34 16.30 0.077734
226.2683 +5.0676 19.13 35.26 15.35 0.080683 226.9937 +10.3482 166.08 76.38 16.43 0.076515
226.2810 +5.0873 26.52 48.97 15.18 0.077885 227.0008 +10.3671 145.22 50.37 17.27 0.075164
226.2893 +5.1690 161.03 67.47 17.71 0.078309 227.0413 +10.2972 80.43 83.65 17.40 0.080877
226.2934 +4.9988 148.04 70.76 15.76 0.078314 226.8861 +7.7746 88.78 54.02 17.51 0.080791
226.3377 +5.0903 74.17 73.67 15.77 0.077823 226.9516 +7.8072 178.30 86.10 16.63 0.081162
226.3511 +5.0592 14.19 50.91 15.86 0.080639 226.9834 +7.6906 124.56 88.33 17.32 0.077996
226.4497 +4.9367 116.82 37.63 15.84 0.078601 226.8985 +9.9310 75.03 46.52 16.93 0.076137
226.4549 +5.0538 132.24 59.04 17.12 0.078550 226.9503 +9.7834 49.36 70.94 17.18 0.078847
226.4549 +4.9843 27.04 55.18 17.62 0.081093 226.9532 +9.8478 120.11 61.50 17.75 0.078064
226.4694 +5.0380 18.87 84.13 16.43 0.080198 226.9853 +9.7815 105.67 50.67 17.68 0.076283
226.3674 +8.9971 124.06 64.51 17.37 0.080787 226.9181 +4.6433 45.95 65.46 17.20 0.080860
226.4046 +8.9277 155.80 80.03 16.68 0.080002 226.9798 +4.7181 125.42 50.53 17.40 0.080824
226.4362 +8.9571 170.08 33.24 17.29 0.078948 226.9709 +5.3766 42.00 80.67 16.77 0.080761
226.4451 +9.0028 11.44 61.95 16.81 0.079085 226.9764 +5.4896 139.18 38.05 17.46 0.080260
226.4467 +9.0533 58.39 48.15 17.45 0.079562 226.9913 +5.4755 44.61 71.52 16.74 0.080058
226.4572 +10.5307 85.39 26.24 17.57 0.079022 226.9937 +6.2916 77.14 27.58 17.18 0.078264
226.5134 +10.4549 105.60 67.81 16.65 0.079158 227.0137 +6.3426 149.03 81.19 17.88 0.077335
226.5683 +10.4973 178.73 42.45 16.17 0.077154 227.0312 +6.1219 71.86 44.86 17.72 0.077287
226.4899 +4.5201 120.10 66.51 17.21 0.081456 227.0608 +6.2053 26.80 43.45 16.76 0.075884
226.5295 +4.4982 111.90 74.30 16.99 0.081401 227.1401 +6.1885 124.31 59.85 14.35 0.076376
226.5453 +8.9291 81.26 50.61 17.26 0.080464 227.1447 +5.9631 170.73 56.25 17.61 0.079848
226.5622 +8.9017 108.41 36.38 17.86 0.079982 227.1558 +6.1883 185.77 20.18 16.95 0.080139
226.5917 +8.5127 98.89 34.32 17.04 0.075224 227.2033 +5.9864 72.15 60.10 17.54 0.080246
226.6340 +8.4730 146.60 58.00 17.36 0.080588 227.2603 +6.1404 55.42 58.72 16.60 0.081817
226.5952 +5.6576 114.22 77.71 16.25 0.079495 227.2655 +5.9749 63.62 28.96 16.29 0.077112
226.6628 +5.6311 116.77 76.49 16.81 0.080914 227.3076 +5.9125 55.87 56.74 16.93 0.079013
226.6052 +8.7494 98.97 71.71 16.19 0.077257 227.3154 +6.0299 83.06 60.04 17.66 0.080491
226.6804 +8.7128 176.10 63.54 17.49 0.075631 227.3331 +5.9039 169.36 28.00 16.64 0.078950
226.6974 +8.8638 75.39 35.72 17.32 0.075670 227.4117 +5.9412 46.06 53.99 16.87 0.079214
226.7550 +8.7340 117.91 47.31 16.48 0.077812 227.4667 +5.9490 85.55 21.83 17.28 0.079582
226.7693 +8.7518 73.55 35.18 16.17 0.076279 227.4689 +5.6797 63.85 41.70 16.97 0.076808
226.7732 +8.7688 81.74 79.65 16.61 0.081876 227.4720 +6.0921 139.80 61.42 17.78 0.077353
226.7970 +8.4146 75.99 48.15 17.33 0.080602 227.4738 +5.9700 81.23 43.99 17.31 0.075858
226.8052 +8.7596 9.59 39.95 17.58 0.078165 227.4847 +6.0212 72.82 69.82 16.96 0.080364
226.8258 +8.3289 9.94 84.31 17.04 0.078327 227.4856 +6.1994 123.25 31.07 17.53 0.078963
226.8364 +8.7288 89.33 62.12 15.40 0.078007 227.5233 +5.9525 5.21 77.68 16.88 0.080862
226.8500 +8.5059 60.96 42.46 17.16 0.079413 227.5261 +5.8436 106.24 35.42 16.61 0.080084
226.8555 +8.4957 13.61 70.18 14.40 0.077924 227.5392 +5.5724 93.21 34.74 16.51 0.079345
226.8564 +8.6346 36.10 61.09 17.36 0.075738 227.5442 +4.8929 135.04 70.28 17.91 0.079625
226.8606 +8.2799 30.79 54.74 17.78 0.080516 227.5480 +5.4776 157.70 44.75 17.77 0.079767
226.8654 +8.5534 18.12 64.56 16.09 0.079389 227.5492 +6.1612 11.49 28.21 16.65 0.080391
226.8682 +8.0503 37.55 57.65 16.77 0.079424 227.5506 +6.1193 140.60 47.04 16.74 0.080549
226.8773 +8.4240 131.11 55.03 17.75 0.078580 227.5507 +6.0254 84.89 53.85 16.62 0.077281
226.8793 +8.5730 12.57 40.38 17.85 0.078486 227.5508 +6.2143 124.76 56.78 17.01 0.078874
226.8971 +8.6281 121.25 65.85 15.84 0.078877 227.5542 +5.6039 152.34 80.01 15.87 0.078568
226.9072 +8.4498 182.62 68.76 17.19 0.079192 227.5548 +4.7325 79.76 13.66 17.23 0.077199
226.9123 +8.2825 46.32 40.04 15.64 0.078941 227.5636 +5.6348 138.40 54.75 17.50 0.076638
226.9177 +8.1666 187.47 78.12 17.28 0.080923 227.5688 +4.7856 44.91 22.62 17.11 0.076200
226.9225 +8.1974 118.85 51.93 16.42 0.079697 227.5708 +4.7321 168.66 80.30 15.73 0.076162
226.9331 +8.2701 11.54 31.57 15.80 0.078676 227.5723 +5.7012 91.28 75.85 16.62 0.075544
226.9403 +8.2551 156.79 65.71 16.81 0.077387 227.5724 +5.5586 99.39 34.01 16.60 0.077013
226.9863 +8.1292 59.01 88.71 16.79 0.077232 227.5771 +5.9747 169.01 53.93 17.17 0.081882
226.9878 +8.2776 172.36 4.41 16.14 0.078158 227.5775 +4.9333 32.68 39.60 16.63 0.076834
226.9896 +8.6033 127.11 28.20 17.05 0.076814 227.5797 +6.1648 142.93 55.84 17.26 0.081598
226.9932 +8.1903 151.26 75.95 17.11 0.076158 227.5816 +5.7865 102.89 26.17 16.84 0.078212
227.0125 +8.3088 157.49 52.55 17.37 0.074476 227.5858 +5.8550 124.69 81.64 17.77 0.076699
227.0171 +8.2316 41.86 64.96 16.73 0.077069 227.5880 +5.1768 100.09 31.63 17.80 0.079632
227.0215 +8.5242 151.84 71.40 17.35 0.076684 227.5937 +4.6982 108.66 54.30 17.56 0.077327
227.0238 +8.5543 162.01 56.25 17.45 0.075683 227.5960 +6.0797 98.39 24.53 16.99 0.076282
227.0244 +8.3627 43.18 49.43 17.50 0.076724 227.5967 +6.0372 60.32 64.57 16.43 0.080874
227.0286 +8.1157 138.79 58.82 15.92 0.075351 227.5992 +6.2688 129.16 85.31 17.38 0.079244
227.0496 +8.6726 19.35 62.63 15.70 0.077012 227.6010 +4.7757 17.98 51.23 17.80 0.078997
227.0637 +8.2196 64.76 43.77 17.74 0.076060 227.6060 +5.8411 23.14 71.37 15.59 0.078059
227.0796 +8.6112 186.98 46.74 16.92 0.075692 227.6106 +6.0067 69.25 81.18 16.06 0.079613
227.0924 +8.3502 141.79 64.69 17.05 0.075967 227.6196 +5.6382 151.26 42.47 17.36 0.078605
227.0998 +8.5842 73.78 37.76 17.52 0.078846 227.6204 +5.2208 140.55 54.28 17.35 0.079430
227.1369 +8.4824 28.65 25.77 16.31 0.079644 227.6229 +6.1135 75.53 42.94 15.60 0.077613
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Table 38: SDSS DR7 of galaxies in the supercluster S[227+006+0078] that have redshifts range 0.072 to
0.087.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

227.6231 +5.5647 158.16 43.86 17.58 0.079754 227.7732 +5.3138 27.62 89.66 17.02 0.078463
227.6264 +5.5019 134.10 60.81 16.24 0.075980 227.7743 +5.6451 133.84 68.42 17.67 0.079177
227.6319 +5.9992 38.44 23.25 17.36 0.075733 227.7780 +5.7277 162.17 54.50 17.96 0.078887
227.6326 +5.9779 163.53 29.88 17.33 0.075592 227.7801 +5.2117 38.59 21.00 17.24 0.078135
227.6328 +6.2453 145.84 63.14 17.33 0.075439 227.7811 +5.5499 115.65 79.81 16.06 0.078212
227.6332 +5.2560 119.32 72.27 16.87 0.074993 227.7814 +5.2449 175.31 59.42 17.79 0.080443
227.6338 +5.7997 101.78 43.62 17.28 0.075598 227.7823 +5.3271 78.27 37.09 16.43 0.078648
227.6369 +5.8166 171.31 80.96 17.23 0.077483 227.7824 +5.8846 86.73 59.59 16.48 0.078676
227.6378 +4.7997 113.62 46.80 15.14 0.081577 227.7828 +5.3468 132.86 31.95 17.65 0.080152
227.6398 +5.6345 34.28 53.15 17.39 0.077878 227.7853 +5.3913 117.66 56.06 17.74 0.081027
227.6405 +6.2049 30.81 58.48 17.78 0.076268 227.7885 +5.5197 71.67 66.39 17.18 0.080583
227.6449 +5.2119 92.87 32.93 17.05 0.076321 227.7889 +6.5632 57.11 45.20 17.27 0.076146
227.6462 +5.9601 56.24 40.59 17.61 0.080346 227.7894 +5.7960 92.52 55.60 17.43 0.077045
227.6463 +5.6568 147.64 49.47 16.39 0.079847 227.7908 +6.2012 182.61 74.22 16.61 0.076940
227.6517 +5.8344 78.05 49.49 17.66 0.079339 227.7909 +5.2726 73.52 74.73 15.74 0.077343
227.6520 +6.0255 136.89 43.05 15.88 0.079824 227.7910 +5.8137 97.97 43.10 17.92 0.075946
227.6525 +5.5116 32.28 55.43 17.56 0.081266 227.7926 +6.4045 35.00 19.53 17.37 0.076140
227.6566 +5.7913 24.21 35.66 17.54 0.081334 227.7944 +5.8324 150.38 26.44 17.36 0.080347
227.6584 +5.4954 85.73 21.92 17.57 0.077853 227.7963 +5.2574 23.50 75.69 17.79 0.080242
227.6594 +6.2314 184.02 61.98 17.85 0.079828 227.7964 +6.2375 176.31 67.99 17.58 0.077673
227.6604 +5.2388 173.84 27.97 15.73 0.078566 227.7999 +5.6538 48.68 67.12 16.71 0.079492
227.6612 +5.4315 164.73 47.84 17.52 0.079021 227.8013 +6.3298 182.19 78.70 17.19 0.078227
227.6617 +5.6744 61.63 58.78 16.66 0.080093 227.8015 +4.9079 34.19 87.44 15.90 0.078389
227.6621 +5.1826 30.50 44.59 15.38 0.079992 227.8034 +4.6917 150.11 59.51 17.54 0.076612
227.6664 +5.6553 127.22 64.55 16.48 0.079492 227.8038 +6.3050 159.20 52.50 16.71 0.078689
227.6683 +5.9560 45.66 66.66 16.46 0.078316 227.8048 +5.6050 117.17 66.87 17.67 0.079125
227.6706 +5.8208 109.17 62.54 17.87 0.080359 227.8055 +5.3359 120.95 60.34 16.77 0.079316
227.6769 +5.7781 52.79 40.81 17.64 0.077615 227.8117 +5.1849 47.03 15.71 16.00 0.078410
227.6772 +5.7475 84.60 27.92 16.96 0.076184 227.8133 +5.8722 92.74 11.23 16.27 0.078172
227.6799 +6.1981 115.87 47.11 17.49 0.076513 227.8148 +6.2589 129.52 20.39 17.25 0.076621
227.6814 +5.4809 79.20 63.36 17.50 0.075749 227.8166 +5.6966 87.64 72.26 16.63 0.080103
227.6823 +5.9706 38.28 84.79 17.05 0.076810 227.8179 +6.3982 104.51 65.63 15.42 0.077422
227.6824 +5.6715 19.86 67.47 16.97 0.077268 227.8190 +5.5754 71.53 28.02 16.59 0.076279
227.6846 +4.8894 77.83 31.75 16.78 0.075082 227.8194 +6.1217 83.98 53.68 17.41 0.078830
227.6865 +5.8363 66.83 61.55 17.08 0.078243 227.8194 +5.7227 35.81 72.44 17.29 0.077795
227.6937 +5.1147 47.60 84.68 17.19 0.078225 227.8207 +5.8304 18.28 72.85 16.55 0.075059
227.6938 +5.5914 135.06 54.08 17.80 0.080367 227.8219 +6.4396 139.24 70.75 17.31 0.075294
227.6951 +5.7946 108.50 83.50 17.62 0.080911 227.8223 +5.2221 131.94 21.95 15.92 0.076251
227.6981 +5.6491 106.23 45.60 16.96 0.079319 227.8234 +5.2965 166.04 48.76 16.60 0.076801
227.6990 +4.8736 87.75 45.24 17.02 0.080170 227.8235 +6.3704 105.82 73.83 17.12 0.079245
227.6998 +5.7576 145.40 48.37 17.55 0.080507 227.8280 +5.9624 167.17 84.63 17.20 0.080190
227.7055 +5.9476 52.20 52.59 17.23 0.076308 227.8292 +5.2383 24.76 35.85 14.46 0.077407
227.7043 +5.7338 117.01 85.68 17.56 0.077448 227.8310 +5.1985 171.51 67.41 17.46 0.080679
227.7055 +5.9476 52.20 72.73 17.23 0.078402 227.8323 +5.8778 131.06 67.00 16.17 0.079924
227.7113 +5.8408 86.05 44.40 19.10 0.079049 227.8326 +5.7445 125.66 62.17 17.00 0.081763
227.7055 +5.9476 52.20 39.31 17.23 0.077209 227.8348 +6.4202 151.41 57.87 16.59 0.078109
227.7074 +5.8157 174.48 76.81 17.28 0.077194 227.8349 +6.0657 96.41 57.18 15.34 0.077276
227.7104 +5.6248 45.62 75.04 17.87 0.080149 227.8392 +6.3125 102.02 17.34 17.68 0.078344
227.7120 +6.2043 143.62 74.13 17.58 0.079562 227.8397 +5.6890 46.47 60.74 17.32 0.078577
227.7126 +5.8009 108.51 37.76 16.54 0.078040 227.8397 +6.2819 51.19 57.15 17.80 0.080449
227.7172 +5.6575 92.02 42.14 16.50 0.080215 227.8408 +6.0351 115.01 46.46 17.51 0.081366
227.7175 +4.8677 136.93 47.62 15.01 0.078333 227.8424 +6.1700 101.39 27.02 16.38 0.079673
227.7184 +6.1710 46.83 20.17 15.62 0.078814 227.8448 +6.2149 92.96 62.90 17.10 0.080100
227.7190 +5.3237 156.03 60.48 17.57 0.078595 227.8456 +5.5188 24.43 34.26 17.19 0.078600
227.7200 +5.7248 27.21 62.47 16.53 0.076690 227.8487 +5.8822 147.49 80.58 17.86 0.079108
227.7204 +4.8510 27.98 42.66 16.58 0.076975 227.8495 +6.0741 73.29 17.67 17.19 0.080467
227.7225 +5.6996 64.81 76.95 17.74 0.075420 227.8538 +5.2288 137.42 84.57 17.73 0.076171
227.7346 +5.9442 62.97 43.76 21.18 0.081713 227.8554 +5.8099 150.59 36.52 17.09 0.077520
227.7281 +5.7570 6.71 75.82 18.27 0.079313 227.8555 +6.5858 11.14 62.43 17.72 0.077839
227.7346 +5.9442 62.97 46.25 21.18 0.079473 227.8578 +5.3347 101.26 46.06 17.45 0.077814
227.7296 +4.8355 14.71 80.14 17.79 0.078805 227.8579 +5.6308 116.20 55.35 17.05 0.076382
227.7296 +5.5588 74.08 39.07 16.30 0.080108 227.8583 +6.2990 161.32 58.70 17.44 0.078301
227.7359 +5.7758 90.54 66.81 17.28 0.077448 227.8621 +6.5703 138.25 50.10 17.45 0.078082
227.7367 +5.6769 73.44 35.66 17.48 0.080136 227.8729 +6.1931 86.19 69.99 17.25 0.076365
227.7398 +5.9814 115.90 31.73 17.58 0.079499 227.8766 +5.7808 169.90 27.02 17.86 0.077150
227.7422 +5.2475 143.45 65.39 17.08 0.077820 227.8782 +5.2746 46.88 46.43 17.85 0.076568
227.7425 +4.8134 71.69 81.35 15.84 0.078014 227.8802 +6.2630 102.90 65.49 16.63 0.081697
227.7440 +4.7858 24.55 82.73 16.74 0.077783 227.8811 +6.3738 109.19 28.74 17.23 0.078640
227.7442 +5.3181 171.93 56.17 15.73 0.075309 227.8812 +5.8542 128.18 60.04 17.69 0.077789
227.7449 +5.6919 131.09 68.08 16.92 0.074910 227.8854 +6.0898 139.10 67.34 16.99 0.076147
227.7454 +6.1116 82.38 50.83 17.74 0.075092 227.8861 +5.0800 22.24 83.39 17.69 0.076325
227.7467 +6.3358 40.89 50.20 16.60 0.077983 227.8882 +6.4809 156.02 45.98 17.70 0.082285
227.7470 +5.3347 172.53 21.70 17.41 0.076383 227.8888 +4.9909 9.99 45.49 17.88 0.081741
227.7486 +5.7145 74.47 47.12 17.49 0.076113 227.8931 +6.2011 111.28 38.10 15.86 0.078835
227.7497 +4.9458 37.87 61.10 17.08 0.081119 227.8938 +5.4152 152.59 22.15 17.79 0.077504
227.7503 +5.7828 61.98 50.76 15.82 0.078869 227.8947 +6.4327 26.65 63.86 17.73 0.081548
227.7511 +5.4141 77.21 45.00 17.67 0.077550 227.8957 +6.3323 131.26 33.14 16.73 0.076338
227.7536 +5.6613 124.59 28.31 16.31 0.077582 227.8971 +6.3506 79.51 61.71 17.15 0.075887
227.7537 +5.9717 154.50 73.43 17.79 0.077359 227.8973 +6.2527 103.49 58.49 16.99 0.077039
227.7538 +4.8416 48.59 9.25 17.59 0.076307 227.8997 +5.5645 94.32 63.94 16.76 0.079959
227.7547 +5.4493 149.13 48.61 17.42 0.078415 227.9028 +6.1813 37.01 47.00 16.99 0.080601
227.7605 +5.7606 121.31 61.57 17.40 0.079226 227.9058 +6.4618 138.53 38.37 16.23 0.078057
227.7622 +5.2931 112.45 73.02 15.05 0.078010 227.9093 +4.8765 112.42 63.11 17.61 0.078221
227.7628 +6.0404 46.72 51.56 17.55 0.080709 227.9142 +6.2619 33.71 43.81 17.29 0.076896
227.7651 +4.8019 168.08 51.09 17.11 0.078080 227.9172 +5.3376 75.73 74.17 17.04 0.076425
227.7657 +6.3151 65.36 26.28 17.55 0.076279 227.9199 +5.0966 68.15 32.69 17.35 0.076369
227.7690 +5.2725 146.08 53.23 17.74 0.075516 227.9230 +5.9375 135.46 78.40 17.39 0.077364
227.7701 +5.8293 52.46 75.45 17.51 0.077257 227.9237 +6.3441 50.13 52.26 17.88 0.075779
227.7713 +5.3606 97.41 57.72 16.75 0.076768 227.9295 +6.2979 10.69 25.01 16.33 0.077450
227.7721 +4.8358 151.26 69.76 16.70 0.080581 227.9351 +5.6968 160.35 30.60 16.66 0.080642
227.7730 +6.3637 137.76 81.19 16.51 0.078766 227.9351 +6.2621 14.42 35.51 16.36 0.078267
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Table 39: SDSS DR7 of galaxies in the supercluster S[231+030+0117] that have redshifts range 0.018 to
0.123.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z
228.3178 +30.9716 152.62 65.37 17.77 0.107767 227.2161 +31.2574 110.57 79.90 17.79 0.110495
230.5037 +32.1718 136.58 40.16 17.66 0.107879 229.3014 +33.3605 186.82 34.31 16.61 0.110509
227.2785 +29.8035 202.47 45.59 16.70 0.107911 228.5103 +29.0778 180.99 51.60 16.71 0.110514
231.0973 +29.7178 45.50 43.65 17.05 0.108379 230.4285 +32.1606 129.09 25.72 17.52 0.110536
227.4599 +33.5711 73.73 58.51 17.59 0.108432 228.6854 +30.4847 126.06 40.90 16.76 0.110539
231.1799 +29.7716 158.46 32.77 17.52 0.108498 227.5664 +31.4140 117.38 25.92 16.96 0.110544
230.4334 +32.2795 129.38 43.05 16.80 0.108522 228.3490 +29.7468 104.54 54.60 15.60 0.110561
227.4358 +33.6338 189.74 54.85 16.28 0.108602 228.2370 +30.3045 195.47 34.67 15.79 0.110572
228.1076 +30.5268 105.52 52.05 17.34 0.108647 228.4461 +30.0098 154.27 37.49 17.71 0.110572
227.6446 +30.7459 29.70 60.05 17.65 0.108672 227.8352 +30.2406 161.80 53.03 17.65 0.110576
228.2856 +30.9682 179.82 67.55 16.82 0.108704 229.4270 +30.9020 170.07 50.42 17.47 0.110578
229.2146 +31.2018 100.99 48.03 17.39 0.108769 227.0425 +33.6717 45.50 46.52 17.40 0.110579
228.8058 +31.0421 133.00 55.26 16.84 0.108774 227.0344 +32.7778 53.39 29.03 17.36 0.110587
227.7317 +30.8157 115.17 40.65 17.78 0.108789 230.3331 +32.0449 201.07 75.14 16.87 0.110598
231.1844 +29.8198 172.17 50.89 17.77 0.108854 226.7850 +30.1491 142.41 51.96 16.36 0.110598
229.2022 +31.1842 178.83 58.87 17.20 0.108904 227.0850 +29.5572 89.48 52.14 17.54 0.110611
227.5972 +33.4104 114.53 35.51 17.63 0.108932 231.1678 +29.8302 59.82 45.11 17.54 0.110614
227.5476 +33.4984 75.47 17.17 17.50 0.108976 231.7030 +29.8948 159.91 84.78 16.96 0.110635
227.4941 +33.4736 131.42 23.57 17.76 0.108980 227.4990 +33.4628 57.96 38.38 16.62 0.110651
227.5838 +33.4860 63.03 32.90 15.81 0.109025 228.7367 +30.6949 80.10 55.83 17.01 0.110653
227.7413 +30.8481 185.09 34.53 17.06 0.109086 227.9825 +31.3761 44.32 36.28 17.62 0.110656
227.1503 +31.2372 47.20 34.77 17.48 0.109105 227.2796 +29.8290 202.93 23.54 16.33 0.110663
229.2334 +31.1048 156.80 61.10 17.35 0.109117 227.0330 +31.0094 198.69 44.91 17.03 0.110664
228.8492 +31.0486 176.38 78.52 16.62 0.109119 228.0074 +31.1319 96.13 67.21 16.72 0.110680
227.8281 +30.3489 187.53 69.74 17.19 0.109202 228.8736 +30.5566 187.16 46.32 17.11 0.110711
227.0137 +29.1735 107.52 50.20 16.73 0.109287 227.7702 +31.0965 102.28 78.68 16.75 0.110719
227.7119 +30.0433 44.50 58.38 17.77 0.109292 228.6076 +32.6195 100.10 79.14 16.84 0.110755
228.1918 +30.4040 63.49 68.10 17.45 0.109298 230.7987 +31.7924 178.86 49.56 17.15 0.110765
230.2967 +32.0455 141.94 49.69 17.19 0.109298 227.5847 +33.4903 105.01 51.89 17.14 0.110775
228.8784 +30.8864 203.43 21.44 17.33 0.109321 227.5033 +33.2515 168.18 35.07 15.79 0.110788
227.3559 +29.7391 114.03 64.23 17.79 0.109342 226.7713 +34.5169 94.37 66.62 17.46 0.110794
228.2062 +30.3340 87.26 52.71 17.57 0.109373 227.1334 +29.4344 51.38 78.93 16.92 0.110804
228.7817 +31.1190 158.55 37.78 16.98 0.109399 230.3013 +32.0811 105.31 37.45 17.87 0.110807
227.7888 +30.2260 81.45 47.22 17.83 0.109407 228.2146 +30.1572 158.51 58.49 17.40 0.110829
226.8347 +29.4493 104.03 60.35 17.31 0.109440 228.3576 +30.2597 72.19 75.83 17.86 0.110847
227.5091 +33.5380 180.16 19.20 17.77 0.109466 228.2718 +30.2341 128.57 43.73 16.87 0.110849
228.3026 +30.0709 46.31 54.76 17.78 0.109467 227.2814 +33.3701 200.95 31.90 17.64 0.110853
227.3383 +30.1861 132.35 24.58 17.83 0.109482 229.6878 +32.5451 107.51 49.22 17.49 0.110863
227.5033 +33.5139 104.66 65.21 17.42 0.109496 230.3441 +37.0733 193.02 75.55 17.06 0.110872
230.3439 +29.5048 100.84 44.01 17.33 0.109548 227.1312 +29.4136 180.11 50.89 17.84 0.110880
227.5172 +33.4732 38.26 57.51 17.41 0.109550 231.8135 +29.5626 179.54 82.67 17.77 0.110890
227.0597 +29.2561 186.41 60.91 17.24 0.109569 231.0654 +29.7530 129.76 70.03 16.98 0.110913
228.2021 +30.3197 94.35 44.19 17.31 0.109611 228.2439 +31.6597 100.98 57.91 17.34 0.110930
230.4072 +32.2084 161.95 68.92 17.42 0.109624 230.7595 +30.9979 173.57 37.91 17.51 0.110932
228.1547 +31.1380 77.07 56.86 16.30 0.109636 227.5959 +31.4663 46.96 37.61 17.03 0.110936
228.0706 +30.9313 66.41 56.55 17.55 0.109721 230.4594 +31.3467 208.77 45.79 17.07 0.110940
229.2587 +31.0864 60.05 37.37 17.81 0.109771 227.7189 +31.0737 68.98 60.43 16.69 0.110954
227.2698 +29.2123 128.85 44.32 16.46 0.109815 230.4078 +32.0019 140.01 64.31 17.36 0.110962
227.1211 +29.4543 140.43 58.50 17.62 0.109832 226.9362 +31.2168 40.67 62.39 16.94 0.110977
228.9781 +30.4760 158.29 78.10 17.36 0.109832 230.5837 +29.3197 147.93 30.10 17.46 0.110999
230.3769 +32.1086 116.23 65.09 17.59 0.109837 231.1349 +29.5764 99.20 51.83 16.75 0.111000
230.4994 +32.2972 102.72 36.25 16.50 0.109932 227.7221 +30.8504 32.32 20.81 17.27 0.111015
227.2980 +29.7861 106.39 71.46 17.24 0.109952 229.4392 +33.2526 156.45 55.27 16.58 0.111021
228.3835 +31.0831 158.43 27.61 17.50 0.109963 226.9399 +31.2394 155.96 49.81 17.36 0.111025
227.7632 +33.7524 71.96 45.11 17.33 0.109992 231.3832 +29.8298 166.98 77.58 16.01 0.111033
228.3389 +31.0213 79.11 52.50 16.75 0.110006 230.3603 +31.9650 74.07 68.73 17.80 0.111035
227.6437 +30.1075 38.09 28.63 16.17 0.110074 230.3466 +32.1072 206.89 52.88 16.23 0.111040
227.1203 +29.3779 84.08 61.35 17.06 0.110089 230.3830 +32.2232 166.82 19.92 17.20 0.111041
228.3463 +34.1264 99.93 58.93 17.83 0.110093 227.7668 +33.0740 156.84 41.11 17.44 0.111041
228.0578 +32.9111 90.14 48.13 17.67 0.110102 230.2400 +29.4549 58.44 47.67 16.72 0.111044
228.2037 +30.4168 26.15 30.48 17.57 0.110136 230.9929 +29.9058 116.99 53.71 17.45 0.111050
228.4938 +29.0542 39.29 31.31 17.30 0.110152 230.6409 +31.8448 184.79 53.31 17.56 0.111056
231.1373 +29.8227 77.71 71.96 17.76 0.110170 228.9763 +34.7326 136.03 86.39 16.55 0.111057
230.5198 +32.1560 104.93 53.48 17.80 0.110182 231.1626 +29.8466 114.59 46.61 17.57 0.111058
227.0333 +29.2392 164.90 65.26 17.67 0.110187 226.9133 +34.6078 170.93 59.71 16.89 0.111091
227.2605 +30.3006 83.35 35.38 17.44 0.110191 232.4311 +30.6883 198.26 32.36 17.74 0.111110
230.4674 +32.1250 153.72 26.57 16.83 0.110192 229.2918 +33.3984 130.85 17.35 16.70 0.111113
230.8752 +30.3530 168.71 40.64 17.07 0.110220 227.5797 +31.6438 189.62 49.24 17.54 0.111119
226.4746 +30.0284 124.65 46.85 17.55 0.110259 227.1405 +29.2927 193.37 47.00 16.23 0.111123
227.3121 +34.3322 188.43 36.23 17.61 0.110267 228.1802 +31.0884 133.57 1.19 17.48 0.111125
227.8487 +30.2655 82.28 77.73 17.72 0.110272 227.2426 +30.7837 195.57 56.57 17.22 0.111130
229.0301 +34.8767 68.90 35.46 17.03 0.110272 230.6513 +36.9753 163.52 26.69 16.87 0.111136
227.4195 +29.8685 187.19 81.03 17.35 0.110278 229.8309 +31.6183 114.86 74.13 17.06 0.111149
226.6146 +34.4591 146.81 43.65 16.91 0.110314 230.0847 +36.6762 58.18 57.22 16.73 0.111154
227.1207 +30.1908 202.64 26.88 17.78 0.110315 228.9486 +32.8881 179.38 51.71 17.41 0.111158
229.0732 +30.0652 204.87 35.72 17.96 0.110336 227.3628 +34.3533 52.44 54.11 17.21 0.111165
230.6714 +29.8666 174.23 58.97 17.66 0.110356 230.1896 +32.8007 162.44 28.60 17.77 0.111171
228.1785 +30.8252 58.56 49.81 16.60 0.110358 231.5056 +29.8746 60.46 32.60 17.76 0.111172
227.2615 +31.6318 99.99 14.32 17.80 0.110359 228.7562 +32.1977 39.76 49.39 17.85 0.111194
230.9556 +32.2306 198.98 38.21 17.04 0.110362 230.9334 +30.9520 202.13 65.79 17.53 0.111196
227.3804 +31.5613 53.95 48.56 16.28 0.110380 231.3257 +30.6420 149.89 18.13 17.42 0.111198
228.3469 +29.8257 35.43 52.77 17.40 0.110420 229.9059 +32.7539 45.31 60.85 17.59 0.111199
227.8002 +30.5422 35.60 34.40 17.18 0.110428 230.9650 +29.9154 153.11 19.06 17.14 0.111212
227.4618 +30.1698 97.13 66.87 17.81 0.110439 231.8977 +30.8126 199.90 57.76 17.26 0.111212
227.8765 +31.2013 160.52 57.72 17.08 0.110447 232.0389 +30.9759 194.19 62.43 17.22 0.111217
227.1878 +30.8016 76.40 33.31 16.99 0.110450 227.1887 +29.8172 150.91 61.60 17.70 0.111219
227.6342 +31.4043 190.70 56.21 17.79 0.110458 227.2153 +30.6215 126.94 31.49 17.15 0.111226
227.2895 +32.7483 129.78 74.45 17.31 0.110468 227.5627 +33.3874 112.10 13.79 17.20 0.111227
228.4652 +31.0616 50.64 38.54 17.05 0.110472 231.0335 +32.7349 162.27 72.58 16.33 0.111230
230.3282 +32.0185 111.79 15.78 17.44 0.110486 227.3230 +30.2388 157.91 32.58 17.75 0.111232
228.2092 +29.8343 144.72 21.77 17.55 0.110492 230.8656 +30.0207 111.27 49.67 16.99 0.111239
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Table 40: SDSS DR7 of galaxies in the supercluster S[231+030+0117] that have redshifts range 0.018 to
0.123.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

227.6560 +31.8016 29.75 49.44 17.51 0.111255 227.1005 +35.0391 62.12 64.56 17.38 0.111886
227.0884 +33.4958 53.16 26.43 16.75 0.111258 227.2678 +31.7236 139.65 11.92 17.54 0.111896
230.2956 +29.4458 119.58 45.55 17.53 0.111263 227.7930 +36.0159 182.67 83.40 17.28 0.111907
226.9207 +29.1587 190.34 42.65 17.27 0.111267 230.8434 +30.0554 202.11 66.56 17.53 0.111908
227.3139 +30.2611 160.40 46.38 15.41 0.111270 227.3969 +33.4317 128.85 68.37 17.54 0.111922
228.2182 +30.2266 179.83 31.45 17.02 0.111272 230.8117 +31.0054 30.70 21.71 16.84 0.111922
231.4211 +29.8286 176.86 38.42 17.72 0.111281 226.6813 +34.4720 149.48 59.69 17.55 0.111929
228.9786 +34.7295 146.28 63.24 15.87 0.111289 227.7230 +33.6468 104.98 54.21 17.47 0.111936
230.6434 +29.0188 95.66 15.94 17.36 0.111289 230.8804 +30.6283 193.82 69.94 17.29 0.111943
230.6976 +32.0843 153.38 55.34 17.34 0.111292 231.8140 +29.5500 81.77 30.79 17.22 0.111946
226.9710 +31.2215 120.75 52.33 17.62 0.111296 227.7020 +32.4342 157.84 62.90 17.63 0.111954
227.2517 +31.0329 67.76 77.97 17.18 0.111313 230.6152 +31.0271 106.10 38.70 16.56 0.111981
230.9404 +29.7431 146.63 41.57 17.20 0.111314 228.9977 +34.8053 75.43 61.44 17.18 0.111994
227.4887 +33.1751 144.30 61.13 16.95 0.111330 229.2830 +33.5207 100.40 64.83 17.74 0.111996
229.9456 +31.6847 144.77 48.95 17.31 0.111334 230.9257 +30.0838 90.05 12.40 16.89 0.112000
227.2917 +33.3721 203.15 85.71 17.17 0.111345 227.3714 +33.2428 200.24 46.84 17.31 0.112017
230.6339 +36.8874 105.69 19.82 17.75 0.111354 227.1269 +31.2341 52.49 52.55 17.34 0.112018
230.6386 +29.0365 202.23 43.35 15.86 0.111386 227.8838 +33.6780 73.67 24.14 16.96 0.112018
230.0494 +29.1984 91.49 45.24 16.76 0.111397 227.3605 +31.3884 139.17 67.41 16.47 0.112019
228.7928 +32.7863 196.99 53.73 17.66 0.111415 229.9357 +31.9626 33.70 42.93 17.23 0.112032
227.5064 +33.3998 43.08 54.30 16.80 0.111418 232.1558 +29.0914 42.91 45.30 17.64 0.112041
231.0912 +29.7443 98.27 32.67 17.47 0.111426 228.1497 +30.2595 105.04 34.99 17.43 0.112065
226.9411 +29.1718 171.14 39.55 17.77 0.111427 227.2494 +30.1593 192.27 42.71 17.53 0.112067
231.2477 +29.5664 112.31 64.25 16.84 0.111430 227.4642 +33.1655 197.60 68.09 16.29 0.112075
230.8124 +30.9928 171.00 42.48 16.07 0.111434 230.5218 +29.1466 89.71 62.37 17.78 0.112082
231.0245 +31.2306 53.02 60.83 17.60 0.111438 229.2691 +33.3596 196.70 27.31 17.32 0.112084
229.6389 +33.2077 136.08 53.79 17.06 0.111441 229.3765 +35.5871 57.88 43.50 16.95 0.112099
230.1286 +32.6946 129.30 74.40 16.71 0.111451 230.0807 +31.6545 159.72 31.75 17.52 0.112176
227.0414 +29.2222 199.09 62.12 15.50 0.111455 229.3743 +35.4625 172.51 71.57 17.12 0.112180
229.9604 +31.8951 157.91 60.62 17.74 0.111459 229.5621 +36.1708 179.43 33.48 17.76 0.112183
229.0698 +34.8777 96.05 35.98 17.28 0.111470 230.9305 +29.9269 158.72 57.75 16.51 0.112184
232.0326 +30.9688 52.17 60.03 17.22 0.111474 231.0950 +30.3827 191.71 50.02 16.84 0.112214
228.3600 +29.6996 88.92 53.20 17.42 0.111477 231.9348 +30.6660 90.82 59.67 17.49 0.112219
227.2982 +30.2005 113.64 18.61 16.95 0.111479 230.2441 +29.1288 34.80 31.23 17.52 0.112225
229.2327 +31.2115 134.98 52.47 17.17 0.111479 231.0034 +30.0487 56.36 81.01 17.65 0.112233
230.2565 +36.8294 143.93 74.70 17.55 0.111498 228.1570 +28.3310 122.47 51.55 17.21 0.112236
231.1207 +29.8749 109.31 73.86 16.83 0.111511 231.0158 +29.9357 189.27 43.74 16.63 0.112247
227.6151 +33.2567 203.08 49.32 17.27 0.111517 230.5948 +32.4022 143.29 49.43 17.43 0.112252
228.6424 +32.4324 168.47 20.18 16.17 0.111528 228.7724 +36.0927 103.72 64.17 16.89 0.112255
230.6242 +36.6905 187.22 48.96 15.28 0.111529 229.8947 +36.1413 63.88 57.84 17.57 0.112271
227.1685 +29.3164 66.78 48.76 17.48 0.111537 230.6536 +29.1765 111.06 58.49 17.66 0.112271
230.8859 +30.9034 63.06 64.97 17.06 0.111541 231.4333 +29.8123 73.64 36.13 17.49 0.112275
228.5916 +32.2643 168.58 39.56 17.85 0.111544 230.6724 +30.8345 83.62 82.77 17.81 0.112275
230.2760 +32.0749 107.59 52.09 17.42 0.111565 227.0595 +34.0740 69.55 40.44 17.28 0.112283
230.3886 +29.0448 109.43 64.61 16.96 0.111575 229.0173 +28.0385 33.09 46.71 17.70 0.112294
227.6998 +32.4425 165.86 49.61 17.66 0.111583 228.2787 +29.5370 113.91 27.49 17.83 0.112304
228.2276 +30.1302 46.30 45.97 17.34 0.111603 228.4399 +28.0536 166.80 32.85 17.22 0.112324
227.7941 +31.5677 171.47 61.09 16.81 0.111610 228.0645 +28.3288 163.13 45.32 16.89 0.112327
228.6316 +36.0523 174.83 39.59 17.83 0.111614 228.6303 +28.4074 125.64 15.33 17.52 0.112330
230.3401 +32.2484 146.62 67.07 17.43 0.111615 231.1445 +32.2968 140.59 22.02 17.84 0.112365
230.5604 +28.8147 192.01 24.35 16.75 0.111615 228.2195 +35.7991 151.01 39.10 16.61 0.112370
230.4423 +32.1259 71.12 41.63 17.53 0.111616 227.5842 +28.4442 77.45 29.37 17.16 0.112371
229.2936 +35.4349 67.49 79.03 17.60 0.111627 227.0915 +35.5137 114.86 36.53 17.63 0.112375
228.8664 +29.8393 85.78 45.60 17.32 0.111628 230.0859 +30.6065 146.96 75.65 17.74 0.112378
230.7812 +29.9941 133.22 33.03 17.59 0.111628 228.1978 +35.4249 155.54 32.17 16.82 0.112379
229.3642 +36.5888 31.14 56.01 17.13 0.111647 229.8228 +31.2017 93.96 67.24 17.70 0.112380
230.5749 +37.0933 144.16 57.04 16.32 0.111659 230.4763 +36.2550 138.14 72.06 16.79 0.112397
230.2569 +36.1303 79.09 47.28 17.32 0.111662 231.1546 +29.7465 195.52 65.74 16.99 0.112404
230.1886 +36.6592 78.10 55.50 16.77 0.111671 227.1371 +35.8784 138.79 55.55 17.50 0.112404
231.8956 +29.5499 128.80 68.17 16.92 0.111671 229.4785 +35.2965 134.37 47.73 17.05 0.112406
227.1976 +34.0518 112.67 29.58 17.75 0.111677 228.6283 +32.3907 116.71 39.43 17.69 0.112411
230.2591 +37.0916 127.51 66.84 16.86 0.111678 230.5028 +32.2372 52.31 40.04 17.71 0.112414
226.4105 +33.4654 35.84 54.54 16.83 0.111682 227.3473 +31.7369 88.34 79.21 17.49 0.112442
230.4701 +31.8296 178.05 64.25 17.22 0.111684 228.1288 +32.0974 145.95 71.43 17.12 0.112446
230.8478 +29.9887 89.29 49.58 16.61 0.111687 230.2298 +31.0545 60.87 18.60 17.11 0.112449
227.7515 +33.6721 202.96 58.39 17.37 0.111696 228.3343 +27.7550 88.70 31.02 17.26 0.112451
230.6525 +36.9419 49.60 13.06 16.53 0.111712 227.2651 +33.8300 65.69 34.52 17.00 0.112452
230.8411 +30.9354 90.86 51.40 17.59 0.111730 229.5243 +33.0742 29.53 63.50 16.96 0.112454
227.2719 +33.7864 145.84 37.28 16.87 0.111733 227.2484 +36.1233 71.17 24.05 17.29 0.112460
231.1330 +30.1498 42.10 43.32 17.82 0.111734 231.4369 +29.6976 98.84 52.68 16.47 0.112460
231.4891 +29.8597 204.49 59.34 17.58 0.111736 231.8507 +29.6508 42.80 44.25 17.40 0.112465
231.3154 +29.6488 133.39 22.62 17.28 0.111741 229.3457 +35.1814 109.56 68.84 17.10 0.112472
231.2581 +31.4262 78.61 33.65 16.84 0.111757 230.9187 +30.0595 54.80 48.60 17.05 0.112473
230.5582 +37.0817 102.45 85.62 16.53 0.111764 228.9403 +29.8248 92.30 40.62 17.28 0.112484
230.4285 +32.1827 206.29 44.64 16.78 0.111776 230.7259 +32.1434 201.48 53.72 17.29 0.112485
226.6944 +34.3621 102.05 60.87 17.07 0.111785 231.2008 +29.5826 203.98 59.18 16.33 0.112498
229.6053 +35.5818 147.77 38.10 17.20 0.111791 230.3355 +29.1073 154.78 47.98 17.84 0.112499
228.8845 +33.6557 43.39 68.42 16.20 0.111796 229.3329 +35.8937 77.98 74.52 17.40 0.112499
230.5426 +32.4285 162.04 57.39 17.34 0.111806 227.3622 +30.2668 200.20 63.42 17.58 0.112503
230.6110 +32.0689 205.43 62.61 16.69 0.111807 230.9809 +29.7448 53.78 40.08 17.25 0.112508
230.6827 +29.9690 160.52 49.44 17.74 0.111807 230.6428 +31.7404 36.16 64.33 17.00 0.112517
229.5808 +33.1885 147.49 81.57 17.77 0.111808 227.9760 +35.6750 203.02 59.40 17.44 0.112521
230.3023 +31.8711 121.26 33.94 17.07 0.111811 230.0842 +31.6520 60.14 48.09 17.13 0.112522
230.3902 +32.0950 29.76 17.11 17.26 0.111816 230.0241 +36.7444 130.64 68.40 16.20 0.112524
227.4833 +33.1335 162.98 28.98 17.19 0.111822 227.8669 +36.2992 109.22 56.16 17.36 0.112524
228.8515 +33.6805 127.05 58.48 17.59 0.111824 231.3152 +31.4082 61.95 47.34 17.82 0.112532
227.4592 +33.6915 130.91 40.25 16.84 0.111824 229.5431 +33.2300 50.09 49.76 17.60 0.112536
231.2739 +29.6701 40.38 70.25 15.74 0.111830 227.4514 +34.9955 206.13 65.32 16.70 0.112539
229.0225 +28.0720 138.47 49.53 16.21 0.111863 227.2668 +36.1281 170.23 79.56 16.80 0.112547
229.5847 +35.7652 49.48 60.83 17.82 0.111873 229.1084 +33.8230 51.40 77.46 17.54 0.112551
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Table 41: SDSS DR7 of galaxies in the supercluster S[184+003+0077] that have redshifts range 0.070 to
0.085.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

176.4490 +4.2630 15.76 81.88 17.48 0.075888 177.6343 +4.8048 −54.77 51.65 16.66 0.0770
176.5229 +4.2048 17.64 58.29 16.93 0.075129 177.6404 +4.8102 62.48 79.89 16.72 0.0769
176.5375 +4.2589 124.57 78.50 17.46 0.076310 177.7470 +4.7515 5.64 52.71 17.05 0.0781
176.5426 +4.2377 64.59 76.20 17.24 0.077134 177.6432 +5.3963 105.80 69.46 17.04 0.0754
176.6407 +4.3028 134.23 32.10 15.75 0.077586 177.6527 +5.4670 141.35 77.11 17.25 0.0771
176.5123 +5.6571 90.67 48.70 15.31 0.075292 177.6696 +5.2704 83.76 76.85 15.68 0.0774
176.5178 +5.6785 158.02 73.66 17.57 0.075102 177.6758 +5.3589 53.77 52.92 17.12 0.0774
176.6167 +5.7244 110.59 74.83 16.32 0.075097 177.7472 +5.4038 94.16 73.75 16.81 0.0769
176.5542 +6.3420 71.46 41.04 16.04 0.075862 177.6975 +6.6948 28.21 80.18 16.65 0.0771
176.5959 +6.3273 29.87 84.44 17.24 0.075892 177.7136 +6.6405 113.76 54.64 15.23 0.0775
176.7434 +6.1542 125.22 31.21 17.60 0.074167 177.7541 +6.5438 72.77 31.39 15.66 0.0768
176.7932 +6.2523 16.01 60.27 17.23 0.075140 177.7633 +6.7818 55.92 60.56 17.78 0.0771
176.9031 +6.1867 145.71 60.26 17.72 0.075112 177.7357 +6.5158 17.23 59.62 16.24 0.0743
176.7545 +3.7419 80.86 66.52 17.81 0.076765 177.8246 +6.4172 4.75 87.88 17.82 0.0742
176.7859 +3.8481 119.66 84.29 16.45 0.075946 177.8248 +6.5136 130.53 32.65 17.40 0.0742
176.8489 +3.9068 61.24 62.60 15.46 0.076063 177.8758 +6.3322 161.62 34.97 17.65 0.0753
176.8755 +4.4026 71.09 53.90 17.45 0.077552 177.9014 +6.3075 130.87 32.17 15.79 0.0741
176.9762 +4.3941 4.82 63.01 16.88 0.076053 177.7666 +2.9765 74.78 54.74 17.56 0.0776
176.9687 +5.2491 131.13 52.34 15.91 0.076398 177.7849 +2.9869 33.12 66.66 17.40 0.0773
177.0623 +5.2057 26.32 56.70 17.47 0.076049 177.7963 +2.9682 113.58 54.76 17.87 0.0771
177.0759 +5.2408 171.86 54.59 17.70 0.075712 177.8232 +3.0002 1.75 67.89 16.84 0.0775
177.1193 +5.2838 161.22 41.05 15.84 0.075790 177.7879 +5.0428 101.48 26.44 16.17 0.0775
177.1228 +5.2740 151.02 54.34 16.88 0.074784 177.8025 +5.0622 43.77 1.12 16.52 0.0774
177.1238 +5.2246 15.20 23.35 15.27 0.074099 177.8026 +5.2274 141.76 63.15 17.00 0.0764
177.1266 +5.2392 105.79 47.43 17.61 0.075664 177.8148 +5.0432 27.37 66.16 16.96 0.0753
177.1554 +5.2993 76.11 80.36 17.27 0.075479 177.8231 +5.0317 67.53 65.63 17.34 0.0756
177.0558 +4.0077 147.64 24.04 16.28 0.075987 177.8269 +5.0474 38.39 55.01 15.83 0.0759
177.0770 +4.1202 110.35 77.58 17.66 0.076625 177.8447 +4.9834 60.00 73.34 17.43 0.0759
177.0987 +4.2213 50.97 76.19 16.85 0.076007 177.8541 +5.0385 28.23 39.49 16.19 0.0754
177.1404 +4.2290 105.95 46.30 16.89 0.076328 177.8763 +4.8114 9.66 30.23 15.37 0.0759
177.1494 +4.2337 120.58 28.62 16.85 0.075913 177.8878 +5.1015 −12.96 26.63 14.29 0.0772
177.1530 +4.1184 87.78 67.18 16.05 0.076337 177.8951 +5.0288 57.90 79.75 16.39 0.0763
177.1549 +4.1830 81.03 15.14 16.76 0.076502 177.8959 +5.0187 28.56 79.97 17.38 0.0761
177.1699 +4.1628 175.73 64.71 17.01 0.076393 177.9029 +5.1394 21.98 63.56 15.82 0.0774
177.1760 +4.2284 76.82 55.16 15.43 0.075994 177.9128 +4.8703 152.70 63.82 16.88 0.0766
177.1696 +5.0266 94.08 42.50 17.68 0.076353 177.9140 +4.9797 96.21 53.20 17.61 0.0768
177.2267 +5.0431 21.97 35.06 16.52 0.076405 177.9162 +5.0282 3.27 62.05 17.06 0.0772
177.1800 +4.8228 31.91 77.69 17.55 0.075635 177.9205 +5.1889 25.30 67.28 17.49 0.0771
177.1963 +4.8134 19.71 6.73 17.16 0.075632 177.9232 +4.7606 33.78 60.61 16.47 0.0762
177.1805 +2.8825 24.96 75.37 16.67 0.077873 178.0036 +5.0549 92.63 43.41 16.49 0.0771
177.2583 +2.9565 −40.80 32.99 16.94 0.077539 178.0344 +5.1306 53.40 36.02 17.73 0.0771
177.2912 +2.9472 36.28 48.25 15.93 0.077444 178.0365 +5.0172 20.13 73.96 17.78 0.0758
177.1811 +4.5699 90.10 79.90 17.56 0.076951 178.0688 +5.0202 −3.98 33.75 17.54 0.0787
177.2230 +4.4923 89.38 61.32 17.38 0.077991 178.1109 +5.0278 88.05 81.66 17.80 0.0776
177.2036 +3.9121 47.01 10.97 16.28 0.077278 178.1179 +5.0124 54.66 68.68 16.90 0.0785
177.2724 +4.0086 39.24 39.90 16.85 0.077012 178.1877 +5.0278 −45.11 34.24 15.79 0.0780
177.3331 +4.7047 65.99 68.00 17.52 0.077498 177.8071 +5.9774 165.23 47.33 15.59 0.0752
177.3465 +4.6851 77.47 55.86 16.26 0.078232 177.9025 +5.9186 117.26 66.83 17.77 0.0767
177.3713 +4.6204 146.61 77.18 17.43 0.077873 177.9046 +5.8989 141.63 67.23 16.20 0.0764
177.3410 +5.8815 11.22 66.12 16.99 0.075614 177.9456 +5.8483 166.78 51.08 17.07 0.0760
177.3578 +5.6903 83.38 34.55 17.35 0.076261 177.9520 +3.1758 15.68 33.30 16.11 0.0760
177.3911 +5.7824 165.18 47.89 17.25 0.077018 177.9535 +3.1545 −47.25 21.56 17.13 0.0766
177.4003 +5.6987 105.92 11.27 15.62 0.075999 178.0097 +5.4441 105.60 49.10 17.12 0.0790
177.4294 +5.6893 162.12 89.93 16.61 0.073402 178.0386 +5.5142 −24.51 79.19 17.24 0.0774
177.4652 +5.6611 157.33 62.40 17.06 0.073915 178.0260 +6.6877 19.26 59.43 16.54 0.0759
177.4721 +5.7008 44.36 38.75 15.15 0.075483 178.0564 +6.5589 136.54 80.74 17.58 0.0751
177.4758 +5.6867 137.69 48.03 17.38 0.077598 178.1157 +6.6028 70.35 59.50 17.54 0.0758
177.4797 +5.6795 113.13 79.26 16.75 0.074660 178.1325 +6.6891 18.61 57.03 16.35 0.0765
177.4838 +5.6640 82.02 38.78 17.78 0.077487 178.0682 +5.8067 −0.57 42.03 17.11 0.0766
177.4889 +5.7807 142.14 43.03 17.19 0.076689 178.1806 +5.8189 113.90 49.73 15.50 0.0768
177.4984 +5.6391 119.15 71.02 16.03 0.077234 178.2951 +5.8578 13.01 32.22 17.26 0.0762
177.5001 +5.7140 9.03 46.45 17.34 0.076304 178.1148 +4.0986 37.31 38.62 17.19 0.0774
177.5029 +5.6554 139.41 66.44 16.91 0.076224 178.1523 +4.1014 102.55 9.44 15.99 0.0776
177.5106 +5.6323 10.34 41.76 15.21 0.076487 178.1223 +4.2969 60.84 48.16 16.37 0.0783
177.5106 +5.7081 103.18 36.90 17.17 0.074366 178.1330 +4.3779 128.40 30.12 16.22 0.0766
177.5312 +5.6163 14.34 41.13 16.67 0.074740 178.1354 +4.3255 77.37 27.81 17.57 0.0773
177.5328 +5.6899 19.53 65.38 17.32 0.074243 178.1596 +4.3674 159.57 25.82 16.73 0.0770
177.5503 +5.6419 120.43 55.27 17.76 0.077029 178.2002 +4.2869 −27.38 33.69 16.97 0.0758
177.5573 +5.9371 135.35 44.69 17.66 0.076317 178.2145 +4.2546 −41.65 36.12 17.25 0.0776
177.5627 +5.6394 16.52 45.37 16.30 0.073366 178.2243 +4.3502 10.01 54.76 17.41 0.0778
177.5689 +5.6248 151.09 37.27 15.88 0.073715 178.2256 +4.3113 56.14 32.38 17.18 0.0731
177.5721 +5.9052 127.69 65.74 17.36 0.076386 178.2493 +4.3719 176.19 80.44 17.09 0.0746
177.5724 +5.7016 124.28 24.17 16.87 0.076869 178.2692 +4.3449 83.59 85.69 17.78 0.0755
177.5741 +5.5927 19.36 34.27 17.65 0.074164 178.2692 +4.3175 −38.88 58.22 15.57 0.0764
177.5795 +5.6676 79.83 69.33 17.02 0.077762 178.2792 +4.3650 88.33 51.11 17.58 0.0757
177.5894 +5.6760 134.01 50.88 17.24 0.075642 178.3065 +4.4245 1.75 55.78 17.64 0.0759
177.5981 +6.0228 26.40 47.19 16.74 0.076115 178.3409 +4.3532 51.42 41.82 15.80 0.0775
177.6209 +5.7902 171.41 62.46 17.19 0.076293 178.3538 +4.3261 6.40 81.08 17.62 0.0767
177.6371 +5.6661 91.46 36.77 17.51 0.075593 178.3668 +4.3717 108.95 57.54 17.70 0.0760
177.6490 +6.0822 127.10 22.98 17.07 0.076997 178.3870 +4.4132 −45.48 54.76 15.84 0.0757
177.6730 +5.6603 92.91 79.04 17.61 0.076006 178.1529 +6.4204 143.23 82.08 17.12 0.0743
177.6802 +5.6879 171.34 59.49 16.61 0.076062 178.2049 +6.4630 20.86 17.90 15.90 0.0766
177.6920 +5.6764 152.58 39.47 15.89 0.075097 178.2167 +6.5058 146.31 37.65 17.50 0.0750
177.7413 +6.0873 35.80 74.55 17.73 0.075437 178.1930 +7.0181 103.77 64.67 17.74 0.0768
177.4122 +4.0909 −42.94 83.35 17.06 0.078482 178.1962 +7.0524 18.29 58.99 16.99 0.0767
177.4123 +3.9987 32.92 81.33 16.97 0.076970 178.2001 +5.3156 171.19 49.68 16.63 0.0786
177.5622 +6.9631 60.19 36.41 16.07 0.078710 178.2413 +5.2781 118.66 79.19 17.12 0.0772
177.5662 +6.8421 134.76 36.07 16.86 0.077332 178.2963 +5.4584 59.83 24.75 16.84 0.0780
177.5749 +6.8243 142.61 21.36 16.19 0.078385 178.3408 +5.3647 114.21 56.06 16.20 0.0779
177.6119 +4.1024 81.48 46.16 16.82 0.076529 178.3445 +5.4543 −39.56 61.53 17.16 0.0782
177.6289 +4.1502 96.65 1.44 16.10 0.076585 178.4200 +5.3141 57.33 83.63 17.49 0.0766
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Table 42: SDSS DR7 of galaxies in the supercluster S[184+003+0077] that have redshifts range 0.070 to
0.085.The first two columns list the right ascension and declinations.The next two columns shows position
and inclination angle.The fifth and sixth columns represent the magnitude in r-band and redshift.

RA(J2000) Dec.(J2000) P(deg) i(deg) mr z RA(J2000) Dec.(J2000) P(deg) i(deg) mr z

178.3071 +4.9251 51.36 73.90 17.49 0.077052 179.4460 +5.2543 7.11 36.89 16.33 0.075308
178.3205 +5.0015 −2.93 69.13 17.38 0.077402 179.4579 +5.1744 83.41 14.19 16.96 0.075674
178.3172 +5.5865 −3.36 57.01 17.68 0.077196 179.4592 +5.2424 52.09 56.95 17.67 0.075726
178.4382 +5.5820 26.00 73.59 17.77 0.076758 179.4643 +5.1153 86.38 52.65 16.98 0.075842
178.3365 +3.8366 22.43 49.95 16.96 0.075185 179.4659 +5.0604 109.18 28.42 15.21 0.076684
178.4019 +3.8291 −15.77 83.12 17.36 0.075319 179.4771 +5.0477 −52.46 43.05 17.37 0.078094
178.4441 +4.7599 78.21 55.47 17.75 0.076368 179.4822 +4.9991 91.45 51.98 17.53 0.077463
178.4929 +4.8594 137.09 12.86 17.08 0.078073 179.4946 +5.0172 38.14 56.63 17.40 0.075710
178.4963 +4.8881 145.58 18.70 16.73 0.077957 179.5131 +5.0177 60.26 75.40 16.91 0.078013
178.5264 +3.9176 109.68 36.87 16.81 0.076219 179.5331 +5.0110 72.27 47.95 17.22 0.076600
178.5271 +3.8711 87.58 68.01 17.72 0.077740 179.5414 +5.2948 5.44 62.11 17.38 0.077108
178.5455 +3.8439 41.78 52.26 17.07 0.075488 179.5487 +4.9972 −16.07 53.49 17.69 0.077038
178.5527 +3.7826 119.00 48.50 17.07 0.076213 178.9081 +5.2316 113.74 52.50 16.48 0.075146
178.5549 +3.8819 99.79 47.72 15.95 0.076133 178.9416 +5.1466 10.27 73.02 17.40 0.074096
178.5961 +4.2739 16.01 39.35 17.67 0.074742 178.9609 +4.4423 114.80 44.87 16.39 0.074348
178.6502 +4.3536 31.97 70.26 17.53 0.076059 178.9977 +4.3483 74.92 70.69 17.33 0.075459
178.7185 +4.2700 40.90 52.83 15.02 0.073536 179.0633 +4.2456 −38.01 61.93 16.52 0.075329
178.7427 +4.2715 79.08 0.51 16.07 0.072745 179.0952 +4.1094 26.04 29.08 17.02 0.074882
178.7907 +4.1710 20.69 57.69 15.48 0.074667 179.1155 +4.1114 13.15 64.65 16.34 0.075664
178.8603 +4.2326 −59.53 45.94 17.60 0.076179 179.1714 +5.5638 59.77 69.53 16.84 0.077519
178.6755 +5.7781 14.29 77.51 17.65 0.076389 179.2013 +5.6457 −26.80 48.52 16.79 0.078209
178.7461 +5.8269 116.49 55.86 16.34 0.075610 179.1881 +0.7423 119.11 72.73 16.21 0.079196
178.8455 +1.5721 121.57 83.75 16.63 0.077961 179.2287 +0.7239 169.74 43.77 16.00 0.079176
178.8786 +1.5508 139.54 70.91 17.62 0.079588 179.2413 +0.7117 111.67 48.08 17.65 0.077773
178.8972 +1.5957 96.47 69.50 17.12 0.079785 179.2458 +3.6606 24.56 45.02 16.44 0.076567
178.8504 +4.9102 −4.22 69.07 17.69 0.074256 179.2891 +3.6491 96.22 74.39 17.34 0.076563
178.8590 +4.8054 55.57 80.84 16.81 0.075254 179.3037 +3.3755 118.25 24.28 17.79 0.076221
178.8800 +4.8539 14.05 41.06 17.13 0.076610 179.3232 +3.3147 −31.26 50.39 16.14 0.076608
178.9126 +4.8582 96.23 74.00 17.74 0.073426 179.4057 +3.4456 −42.39 30.53 17.65 0.077191
178.9769 +4.9574 56.23 87.87 16.95 0.075468 179.4730 +3.3865 −18.57 63.36 17.33 0.076594
179.0044 +4.9137 88.31 52.76 16.53 0.072684 179.4411 +3.6092 106.16 21.71 17.06 0.077238
179.0176 +5.0307 77.93 64.39 15.81 0.080075 179.4949 +3.6806 129.06 66.59 17.69 0.076470
179.0212 +4.9264 57.35 89.78 17.62 0.072519 179.4764 +1.3681 176.69 71.48 17.61 0.080068
179.0401 +4.8817 5.40 49.78 17.06 0.073968 179.4949 +1.3689 134.73 60.18 15.75 0.079480
179.0449 +4.9954 −41.22 36.01 15.47 0.080644 179.5352 +1.3705 159.64 40.96 17.63 0.078721
179.0526 +4.8041 118.93 56.89 17.56 0.074764 179.5602 +1.3556 93.26 68.83 16.29 0.079476
179.0547 +5.0164 −9.77 47.42 15.37 0.072725 179.5719 +0.7673 68.64 46.81 16.12 0.079388
179.0602 +5.0632 −47.99 62.37 17.44 0.078661 179.5898 +0.6655 104.42 56.88 17.04 0.078361
179.0629 +4.9679 9.25 29.70 14.35 0.073770 179.5975 +0.5519 4.56 39.29 15.54 0.077581
179.0706 +4.7722 66.72 70.80 17.72 0.073858 179.6088 +0.7131 151.00 73.64 15.29 0.079713
179.0723 +4.9995 112.70 72.92 15.68 0.073602 179.6344 +0.5982 13.19 57.10 17.15 0.077645
179.0737 +4.9472 133.16 16.46 17.65 0.074186 179.6346 +1.5777 172.00 69.12 17.39 0.079430
179.0808 +4.9603 177.17 58.52 17.00 0.075525 179.6361 +1.6940 168.20 62.15 16.02 0.081088
179.0896 +5.0115 16.95 36.37 17.48 0.077698 179.6928 +1.7125 29.92 69.55 17.56 0.078989
179.1124 +5.1740 101.26 49.52 17.66 0.074783 179.7174 +1.7283 37.37 66.84 16.20 0.079728
179.1208 +5.0216 3.89 45.85 16.31 0.074561 179.7248 +1.7357 41.37 42.25 16.75 0.079683
179.1209 +5.0019 28.27 53.58 17.10 0.079408 179.7829 +1.6435 136.10 79.51 16.88 0.080111
179.1254 +5.1209 59.92 81.24 17.62 0.073532 179.7875 +1.5714 90.57 41.34 17.35 0.079728
179.1273 +4.9664 98.61 85.59 17.65 0.074011 179.7975 +1.7102 79.18 57.25 16.29 0.078531
179.1282 +4.9239 74.70 67.79 17.05 0.074573 179.8376 +1.5185 63.39 77.33 17.35 0.079171
179.1301 +4.9328 178.73 88.26 17.20 0.077416 179.9052 +1.4960 151.82 60.68 17.21 0.079358
179.1425 +5.0531 −6.26 42.49 17.34 0.075629 179.6366 +5.1489 −30.95 41.81 16.35 0.077178
179.1568 +4.9952 64.87 78.42 16.98 0.075113 179.7026 +5.0718 −37.08 73.82 16.88 0.076781
179.1614 +5.0798 74.06 45.74 16.90 0.075883 179.7144 +5.1030 −0.95 36.52 15.51 0.076830
179.1824 +4.9632 −49.33 73.04 17.54 0.077030 179.7146 +5.1770 4.32 60.80 17.35 0.077020
179.1982 +5.0079 59.22 70.70 16.83 0.078530 179.7459 +5.1151 78.36 1.19 17.54 0.076704
179.1997 +5.0073 −49.57 18.33 15.89 0.075330 179.8008 +5.2127 16.97 63.99 17.22 0.078737
179.2053 +5.0378 98.01 68.82 16.14 0.072305 179.8182 +5.0122 11.61 45.46 17.39 0.077924
179.2137 +4.9588 78.92 19.56 15.77 0.076928 179.8757 +5.1224 55.83 70.45 17.47 0.077293
179.2210 +5.2680 84.91 31.16 15.45 0.074266 179.9008 +5.1143 −22.03 54.62 17.17 0.075647
179.2318 +5.0438 105.83 43.58 17.72 0.076202 179.7740 +0.5632 75.35 41.74 16.10 0.079868
179.2374 +4.9581 43.17 55.52 17.41 0.073625 179.7880 +0.4944 58.82 81.31 17.31 0.079672
179.2472 +5.1591 −48.88 68.90 16.06 0.075751 179.7836 +1.9189 154.88 66.31 17.06 0.078804
179.2559 +5.0997 47.53 10.99 16.73 0.076863 179.8755 +1.9051 142.13 75.81 18.03 0.077702
179.2563 +4.9909 105.12 48.49 16.79 0.077321 179.8960 +1.8671 24.72 51.25 16.29 0.078752
179.2690 +5.1038 75.05 46.84 16.56 0.080789 179.9364 +1.8298 115.47 56.63 16.36 0.078415
179.3019 +5.0757 −11.33 54.14 17.01 0.079305 179.9604 +1.7817 28.13 72.00 16.96 0.079410
179.3196 +5.1855 87.59 41.50 16.40 0.077013 179.9909 +1.7980 153.07 88.27 17.70 0.079732
179.3275 +5.0534 91.43 44.98 16.25 0.082291 179.9984 +1.8545 50.02 59.73 16.64 0.078747
179.3297 +5.1036 3.71 60.50 16.54 0.077963 180.0315 +1.8398 171.97 85.15 18.57 0.078686
179.3372 +5.2516 60.86 57.96 17.11 0.082576 179.7886 +5.2833 1.78 48.84 15.89 0.076211
179.3478 +5.2252 108.98 37.15 16.05 0.074438 179.8112 +5.3553 94.36 55.06 17.01 0.074511
179.3489 +5.2834 73.23 16.92 17.70 0.077179 179.8276 +5.2299 −2.91 63.25 16.36 0.073980
179.3495 +5.3086 1.86 69.87 17.44 0.079144 179.8925 +5.3377 −49.23 67.50 17.02 0.074575
179.3594 +5.2826 11.93 58.14 16.72 0.078886 179.8536 +3.0210 117.70 70.26 17.72 0.078582
179.3601 +5.0980 −34.84 44.52 17.23 0.077407 179.8711 +2.9824 12.07 38.59 16.31 0.077972
179.3781 +5.0798 49.84 52.76 16.86 0.076796 179.9165 +2.9172 118.65 28.49 17.23 0.077484
179.3792 +5.1002 −50.17 42.73 17.75 0.074804 179.9356 +1.2965 14.63 73.81 16.28 0.078825
179.3819 +5.1204 3.74 64.28 16.82 0.079173 179.9449 +1.3338 129.28 76.58 16.49 0.078444
179.3859 +5.0476 27.22 35.46 15.98 0.078169 179.9861 +1.3106 12.45 27.19 17.73 0.078052
179.3930 +5.0977 37.47 50.77 15.90 0.081136 179.9530 +5.8558 2.00 74.29 17.46 0.075395
179.3960 +5.1693 −39.55 75.89 16.63 0.078512 180.0082 +5.8693 28.87 46.38 17.64 0.075295
179.3994 +5.0548 91.97 66.62 17.46 0.079926 180.0197 +5.8824 73.09 16.42 17.68 0.075148
179.4128 +5.1115 −47.61 71.43 17.65 0.075758 180.1308 +4.4509 40.64 38.42 15.32 0.077752
179.4189 +5.1874 57.41 60.20 17.05 0.081449 180.1579 +4.3400 −45.25 20.24 17.62 0.077160
179.4237 +5.0409 −27.90 29.35 17.80 0.079771 180.1545 +2.6898 2.89 32.53 17.34 0.077766
179.4269 +5.2008 96.34 37.78 16.87 0.075531 180.2263 +2.6417 112.19 31.49 16.11 0.077687
179.4313 +5.0218 102.90 46.79 17.79 0.080325 180.2341 +2.6659 85.51 50.81 16.23 0.078499
179.4324 +5.1379 72.88 38.40 17.21 0.076544 180.1815 +1.1822 115.58 51.24 16.28 0.080305
179.4373 +5.1934 107.68 33.85 16.05 0.073115 180.2103 +1.1576 97.55 25.08 15.88 0.079736
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Appendix D

Program and Input Files

Matlab 7.0.1 is used to write programme and input files for the simulation. As an 
example, we give program and input file for the galaxies of sample S[195+027+0022]
(a sample described in the chapter 4.1.4). The Program and Input Files is as follows

PROGRAM FILE

Polar and Azimuthal angle for the galaxy rotation axes.

name of the program file: polar1

clear all; % making the work place free of memory
t=cputime;

input(Type the name of your input file: );

theta1 = asin(-cos(i).*sin(B)+ sin(i).*sin(P).*cos(B)); %polar angle

theta2 = asin(-cos(i).*sin(B)- sin(i).*sin(P).*cos(B)); %polar angle

phi1 = asin ((-cos(i).*cos(B).*sin(L) + sin(i).*(-sin(P).*sin(B).*sin(L)-
cos(P).*cos(L)))./cos(theta1)); %azimuthal angle

phi2 = asin ((-cos(i).*cos(B).*sin(L) + sin(i).*(+sin(P).*sin(B).*sin(L)+
cos(P).*cos(L)))./cos(theta2)); %azimuthal angle

theta1 = theta1.*180/pi; %changing to degrees
theta2 = theta2.*180/pi;
phi1 = phi1.*180/pi;
phi2 = phi2.*180/pi;

theta=[theta1; theta2]; %polar angle
phi=[phi1; phi2]; %azimuthal angle
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vec=[-87.5:5:87.5]; %making 36 bins of 5◦ interval
(theta_n, dx) = hist(theta, vec); %histogram showing polar angle distribution
(phi_n,dx) = hist(phi, vec); %histogram showing azimuthal angle dis-
tributiion
theta_n = theta_n’ %placing theta in column matrix
phi_n = phi_n’ %placing phi in column matrix

INPUT FILE

name of the input file: S[195+027+0022]
107 virtual galaxies are generated.
generated parameters

Right Ascension

R1=rand(3861,1);
R2=0.59;
R3=R1*R2;
R4=R3+170.75;

R5=rand(19305,1);
R2=0.59;
R6=R5*R2;
R7=R6+171.34;

R8=rand(54054,1);
R2=0.59;
R9=R8*R2;
R10=R9+1171.93;

R11=rand(38610,1);
R2=0.59;
R12=R11*R2;
R13=R12+172.52;

R14=rand(69498,1);
R2=0.59;
R15=R14*R2;
R16=R15+173.11;
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R17=rand(96525,1);
R2=0.59;
R18=R17*R2;
R19=R18+173.7;

R20=rand(135135,1);
R2=0.59;
R21=R20*R2;
R22=R21+174.29;

R23=rand(166023,1);
R2=0.59;
R24=R23*R2;
R25=R24+174.88;

R26=rand(409266,1);
R2=0.59;
R27=R26*R2;
R28=R27+175.47;

R29=rand(482625,1);
R2=0.59;
R30=R29*R2;
R31=R30+176.06;

R32=rand(158301,1);
R2=0.59;
R33=R32*R2;
R34=R33+176.65;

R35=rand(293436,1);
R2=0.59;
R36=R35*R2;
R37=R36+177.24;

R38=rand(305019,1);
R2=0.59;
R39=R38*R2;
R40=R39+177.83;
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R41=rand(111969,1);
R2=0.59;
R42=R41*R2;
R43=R42+178.42;

R44=rand(119691,1);
R2=0.59;
R45=R44*R2;
R46=R45+179.01;

R47=rand(96525,1);
R2=0.59;
R48=R47*R2;
R49=R48+179.6;

R50=rand(274131,1);
R2=0.59;
R51=R50*R2;
R52=R51+180.19;

R53=rand(366795,1);
R2=0.59;
R54=R53*R2;
R55=R54+180.78;

R56=rand(301158,1);
R2=0.59;
R57=R56*R2;
R58=R57+181.37;

R59=rand(289575,1);
R2=0.59;
R60=R59*R2;
R61=R60+181.96;

R62=rand(166023,1);
R2=0.59;
R63=R62*R2;
R64=R63+182.55;
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R65=rand(146718,1);
R2=0.59;
R66=R65*R2;
R67=R66+183.14;

R68=rand(104247,1);
R2=0.59;
R69=R68*R2;
R70=R69+183.73;

R71=rand(104247,1);
R2=0.59;
R72=R71*R2;
R73=R72+184.32;

R74=rand(84942,1);
R2=0.59;
R75=R74*R2;
R76=R75+184.91;

R77=rand(42471,1);
R2=0.59;
R78=R77*R2;
R79=R78+185.5;

R80=rand(54054,1);
R2=0.59;
R81=R80*R2;
R82=R81+186.09;

R83=rand(69498,1);
R2=0.59;
R84=R83*R2;
R85=R84+186.68;

R86=rand(57915,1);
R2=0.59;
R87=R86*R2;
R88=R87+187.27;
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R89=rand(54054,1);
R2=0.59;
R90=R89*R2;
R91=R90+187.86;

R92=rand(177606,1);
R2=0.59;
R93=R92*R2;
R94=R93+188.45;

R95=rand(189189,1);
R2=0.59;
R96=R95*R2;
R97=R96+189.04;

R98=rand(177606,1);
R2=0.59;
R99=R98*R2;
R100=R99+189.63;

R101=rand(115830,1);
R2=0.59;
R102=R101*R2;
R103=R102+190.22;

R104=rand(81081,1);
R2=0.59;
R105=R104*R2;
R106=R105+190.81;

R107=rand(115830,1);
R2=0.59;
R108=R107*R2;
R109=R108+191.4.24;

R110=rand(305019,1);
R2=0.59;
R111=R110*R2;
R112=R111+191.99;
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R113=rand(189189,1);
R2=0.59;
R114=R113*R2;
R115=R114+193.58;

R116=rand(285714,1);
R2=0.59;
R117=R116*R2;
R118=R117+193.17;

R119=rand(594595,1);
R2=0.59;
R120=R119*R2;
R121=R120+193.76;

R122=rand(1019305,1);
R2=0.59;
R123=R122*R2;
R124=R123+194.35;

R125=rand(783784,1);
R2=0.59;
R126=R125*R2;
R127=R126+194.94;

R128=rand(378378,1);
R2=0.59;
R129=R128*R2;
R130=R129+195.53;

R131=rand(270270,1);
R2=0.59;
R132=R131*R2;
R133=R132+196.12;

R134=rand(146718,1);
R2=0.59;
R135=R134*R2;
R136=R135+196.71;
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R137=rand(142857,1);
R2=0.59;
R138=R137*R2;
R139=R138+197.3;

R140=rand(73359,1);
R2=0.59;
R141=R140*R2;
R142=R141+197.89;

R143=rand(81081,1);
R2=0.59;
R144=R143*R2;
R145=R144+198.48;

R146=rand(38610,1);
R2=0.59;
R147=R146*R2;
R148=R147+199.07;

R149=rand(57915,1);
R2=0.59;
R150=R149*R2;
R151=R150+199.66;

R152=rand(88803,1);
R2=0.59;
R153=R152*R2;
R154=R153+200.25;

R155=rand(77220,1);
R2=0.59;
R156=R155*R2;
R157=R156+200.84;

R158=rand(42471,1);
R2=0.59;
R159=R158*R2;
R160=R159+201.43;
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R161=rand(7722,1);
R2=0.59;
R162=R161*R2;
R163=R162+202.02;

L = [R4 R7 R10 R13 R16 R19 R22 R25 R28 R31 R34 R37 R40 R43 R46 R49 R52 R55
R58 R61 R64 R67 R70 R73 R76 R79 R82 R85 R88 R91 R94 R97 R100 R103 R106
R109 R112 R115 R118 R121 R124 R127 R130 R133 R136 R139 R142 R145 R148
R151 R154 R157 R160 R163];
L = L* pi/180;
j=randperm(max(size(L))); % to make above matrix random again
theta2 = theta2.*180/pi;
LL=L(j(:));
L=LL;

Declination

D1=rand(3861,1);
D2=0.63;
D3=D1*D2;
D4=D3+14.25;

D5=rand(50193,1);
D2=0.63;
D6=D5*D2;
D7=D6+14.88;

D8=rand(23166,1);
D2=0.63;
D9=D8*D2;
D10=D9+15.51;

D11=rand(54054,1);
D2=0.63;
D12=D11*D2;
D13=D12+16.14;

D14=rand(104247,1);
D2=0.63;
D15=D14*D2;
D16=D15+16.77;
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D17=rand(154440,1);
D2=0.63;
D18=D17*D2;
D19=D18+17.4;

D20=rand(61776,1);
D2=0.63;
D21=D20*D2;
D22=D21+18.03;

D23=rand(115830,1);
D2=0.63;
D24=D23*D2;
D25=D24+18.66;

D26=rand(474903,1);
D2=0.63;
D27=D26*D2;
D28=D27+19.29;

D29=rand(857143,1);
D2=0.63;
D30=D29*D2;
D31=D30+19.92;

D32=rand(648649,1);
D2=0.63;
D33=D32*D2;
D34=D33+20.55;

D35=rand(320463,1);
D2=0.63;
D36=D35*D2;
D37=D36+21.18;

D38=rand(320463,1);
D2=0.63;
D39=D38*D2;
D40=D39+21.81;
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D41=rand(247104,1);
D2=0.63;
D42=D41*D2;
D43=D42+22.44;

D44=rand(138996,1);
D2=0.63;
D45=D44*D2;
D46=D45+23.07;

D47=rand(254826,1);
D2=0.63;
D48=D47*D2;
D49=D48+23.7;

D50=rand(239382,1);
D2=0.63;
D51=D50*D2;
D52=D51+24.33;

D53=rand(378378,1);
D2=0.63;
D54=D53*D2;
D55=D54+24.96;

D56=rand(250965,1);
D2=0.63;
D57=D56*D2;
D58=D57+25.59;

D59=rand(544402,1);
D2=0.63;
D60=D59*D2;
D61=D60+26.22;

D62=rand(880309,1);
D2=0.63;
D63=D62*D2;
D64=D63+26.85;
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D65=rand(1737452,1);
D2=0.63;
D66=D65*D2;
D67=D51+27.48;

D68=rand(806950,1);
D2=0.63;
D69=D68*D2;
D70=D69+28.11;

D71=rand(374517,1);
D2=0.63;
D72=D71*D2;
D73=D72+28.74;

D74=rand(216216,1);
D2=0.63;
D75=D74*D2;
D76=D75+29.37;

D77=rand(115830,1);
D2=0.63;
D78=D77*D2;
D79=D78+30;

D80=rand(158301,1);
D2=0.63;
D81=D80*D2;
D82=D81+30.63;

D83=rand(131274,1);
D2=0.63;
D84=D83*D2;
D85=D84+31.26;

D86=rand(142857,1);
D2=0.63;
D87=D856*D2;
D88=D87+31.89;
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D89=rand(57915,1);
D2=0.63;
D90=D89*D2;
D91=D90+32.52;

D92=rand(84942,1);
D2=0.63;
D93=D92*D2;
D94=D93+33.15;

D95=rand(46332,1);
D2=0.63;
D96=D95*D2;
D97=D96+33.78;

D98=rand(3861,1);
D2=0.63;
D99=D98*D2;
D100=D99+34.41;

B=[D4 D7 D10 D13 D16 D19 D22 D25 D28 D31 D34 D37 D40 D43 D46 D49 D52
D55 D58 D61 D64 D67 D70 D73 D76 D79 D82 D85 D88 D91 D94 D97 D100];
B = B* pi/180;
j=randperm(max(size(B))); % to make above matrix random again
BB=B(j(:));
B=BB;

% Position angle

P1=rand(177606,1);
P2=11.5;
P3=P1*P2;
P4=P3-7.5;

P5=rand(583012,1);
P2=11.5;
P6=P5*P2;
P7=P6+4;

P8=rand(501931,1);
P2=11.5;
P9=P8*P2;
P10=P9+15.5;
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P11=rand(729730,1);
P2=11.5;
P12=P11*P2;
P13=P12+27;

P14=rand(610039,1);
P2=11.5;
P15=P14*P2;
P16=P15+38.5;

P17=rand(648649,1);
P2=11.5;
P18=P17*P2;
P19=P18+50;

P20=rand(610039,1);
P2=11.5;
P21=P20*P2;
P22=P21+61.5;

P23=rand(667954,1);
P2=11.5;
P24=P23*P2;
P25=P24+73;

P26=rand(637066,1);
P2=11.5;
P27=P26*P2;
P28=P27+84.5;

P29=rand(702703,1);
P2=11.5;
P30=P29*P2;
P31=P30+96;

P32=rand(610039,1);
P2=11.5;
P33=P32*P2;
P34=P33+107.5;
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P35=rand(667954,1);
P2=11.5;
P36=P35*P2;
P37=P36+119;

P38=rand(706564,1);
P2=11.5;
P39=P38*P2;
P40=P39+130.5;

P41=rand(602317,1);
P2=11.5;
P42=P41*P2;
P43=P42+142;

P44=rand(633205,1);
P2=11.5;
P45=P44*P2;
P46=P45+153.5;

P47=rand(633205,1);
P2=11.5;
P48=P47*P2;
P49=P48+165;

P50=rand(277992,1);
P2=11.5;
P51=P50*P2;
P52=P51+176.5;

P=[P4 P7 P10 P13 P16 P19 P22 P25 P28 P31 P34 P37 P40 P43 P46 P49 P52];
P = P* pi/180;
j=randperm(max(size(P))); % to make above matrix random again
PP=P(j(:));
P=PP;

% Inclination angle

I1=rand(19305,1);
I2=5.88;
I3=I1*I2;
I4=I3-1;
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I5=rand(42471,1);
I2=5.88;
I6=I5*I2;
I7=I6+4.88;

I8=rand(123552,1);
I2=5.88;
I9=I8*I2;
I10=I9+10.76;

I11=rand(328185,1);
I2=5.88;
I12=I11*I2;
I13=I12+16.64;

I14=rand(386100,1);
I2=5.88;
I15=I14*I2;
I16=I15+22.52;

I17=rand(679537,1);
I2=5.88;
I18=I17*I2;
I19=I18+28.4;

I20=rand(837838,1);
I2=5.88;
I21=I20*I2;
I22=I21+34.28;

I23=rand(1003861,1);
I2=5.88;
I24=I23*I2;
I25=I24+40.16;

I26=rand(1030888,1);
I2=5.88;
I27=I26*I2;
I28=I27+46.04;

190



I29=rand(1023166,1);
I2=5.88;
I30=I29*I2;
I31=I30+51.92;

I32=rand(1142857,1);
I2=5.88;
I33=I32*I2;
I34=I33+57.8;

I35=rand(1142857,1);
I2=5.88;
I36=I35*I2;
I37=I36+63.68;

I38=rand(911197,1);
I2=5.88;
I39=I38*I2;
I40=I39+69.56;

I41=rand(806950,1);
I2=5.88;
I42=I41*I2;
I43=I42+75.44;

I44=rand(463320,1);
I2=5.88;
I45=I44*I2;
I46=I45+81.32;

I47=rand(57915,1);
I2=5.88;
I48=I47*I2;
I49=I48+87.2;

i = [I4 I7 I10 I13 I16 I19 I22 I25 I28 I31 I34 I37 I40 I43 I46 I49];
i = i* pi/180;
j=randperm(max(size(i))); % to make above matrix random again
ii=i(j(:));
i=ii;
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INPUT FILE
Substructure Analysis of Supercluster
A program file which is used to count number of galaxies within the Superclusters.

Galaxy Counting Code

ra=importdata(’ra.m’);

dec=importdata(’dec.m’);

sc=[ra,dec];

n=numel(ra)

repeat=’y’;

while repeat==’y’
radius=input(’Enter the radius of circle in degree: ’)
for i=1 : n
count=0;

for j=1 : n
r=(ra(i) - ra(j))^2 + (dec(i) - dec(j))^2;
if r <= radius*radius
count=count+1;

end

end

neighgal(i)=count;

end

str=input(’enter a _le name to store near galaxy numbers: ’,’s’)
_d=fopen(str,’wt’);

fprintf(_d,’fclose(_d);

repeat=input(’enter c if you wish to continue for another size or e to
exit: ’,’s’ ) end
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Abstract. We present spatial orientation of angular momentum vectors of 3038 galaxies in the
SDSS supercluster S[202-002+0084] having mean redshift 0.084. The selection effects in the
database are removed using random simulation method. The observed distributions of angular
momentum vectors of galaxies are compared with expected theoretical distribution using chi-
square, auto-correlation and Fourier tests. No preferred alignments of angular momentum vectors
of galaxies are noticed in the supercluster S[202-001+0084], supporting hierarchy model.

Keywords. Galaxies: evolution, galaxies: superclusters, galaxies: statistics

1. Introduction

Von Weizsacker and Gamow (1951 & 1952) predicted that the angular momentum of
galaxies might reveal the physical conditions under which they formed. The distribu-
tion of the angular momentum of galaxies is closely related to the physics of the early
universe. There have been handful of studies in the past, predicting various galaxy for-
mation scenarios. The ‘pancake model’ (Shandarin 1974) predicts that the rotation axes
(i.e., angular momentum) of galaxies tend to lie within the cluster plane whereas the
‘primordial vorticity model’ (Ozernoy 1978) says that the rotation axes of galaxies tend
to be oriented perpendicular the cluster plane. The ‘hierarchy model’ (Peebles 1969)
predicts random orientation. In the present study, we analyse preferred alignments of
angular momentum vectors of 3038 galaxies in SDSS supercluster S[202-001+0084].

2. Methods

We adopted the method proposed by Flin & Godlowski (1986) to find angular momen-
tum vectors of a galaxy. In their method, this vector is defined by two angles: polar (θ)
and the azimuthal (φ):

sin θ=− cos i sin δ± sin i sin P cos δ
sin φ= (cos θ)−1[− cos i cos δ sin α+ sin i

(∓ sin P sin δ sin α∓ cos P cos α)]
(2.1)

where α, δ, P and i are the right ascension, declination, equatorial position angle, and
the inclination angle, respectively. These two angles allowed us to find the orientations
of the two possible vectors normal to the galactic plane, one of them assumed to be
the galactic rotation axis or spin vector of the galaxy. The position angle of the galaxy
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Figure 1. (a) All sky (b) redshift (c) polar and (d) azimuthal angle distributions of galaxies in
the supercluster S[202-001+0084]. The solid curves represent Gaussian (b) and expected (c,d)
distributions. The dashed curves show cosines (c) and average (d) distributions. The statistical
±1σ error bars are shown.

(angle between major diameter and north reference direction) with respect to equatorial
coordinate system is called equatorial position angle. The inclination angle (i) of galaxies
are calculated using Holmberg’s (1946) formula: cos2i = [(b/a)2–q2]/(1–q2) with b/a the
measured axial ratio (b/a) and q the intrinsic flatness. We have included only spiral
and lenticular galaxies because of their precise intrinsic flatness. Since elliptical galaxies
are not supported by rotation, their intrinsic flatness can not be measured precisely.
We have not calculated magnitudes of angular momentum because of lack of mass and
rotational velocity of galaxy. We run numerical simulation to find the expected isotropic
distribution (Aryal & Saurer 2000). We assumed a spatial isotropic distribution of angular
momentum vectors of galaxies as a theoretical reference. Our observations are compared
with isotropic distribution curves in both θ and φ. For this we use three statistical tests:
chi-square, Fourier, and auto correlation, as suggested by Aryal et al. (2007).

3. Result & Discussion

Fig. 1a shows all sky distribution of 3038 galaxies in the supercluster S[202-001+0084].
Four substructures are seen when making number density map. These substructures
are found to be connected from eastern to western part. Fig. 1b shows redshift distri-
bution of galaxies in the supercluster. This distribution is found to be Gaussian with
Gaussian center 0.0841 and width 0.0094. The distribution of angular momentum vec-
tors (polar angle) of galaxies and their projections are shown in Fig. 1c,d. A very good
agreement between the solid curve and the observed distributions can be seen. Any hump
in the grey shaded region in Fig. 1c represents that the supercluster galaxies preferred
to lie in the reference plane, supporting pancake model. Similarly, any hump in the non
grey shaded region suggest primordial vorticity theory. In the polar angle distribution,
chi-square probability (P(>χ2)) is found to be 0.226, suggesting no preferred align-
ments. Similar trend is shown by auto-correlation test (C/C(σ)= 0.95). The first order
Fourier coefficient (P(>Δ1)) and probability (P(>Δ1)) are found to be 0.001 and 0.222,
advocating isotropy. In the azimuthal angle distribution, the statistical parameters are
found as follows: P(>χ2)= 0.630, C/C(σ)= 0.36, P(>Δ1)=−0.001 and P(>Δ1)= 0.983.
These values suggest that the angular momentum vectors of galaxies in the supercluster
S[202-001+0084] do not show any preferred trend, however their projections tend to be
oriented towards the center of the chosen co-ordinate system. The reason of this will be
studied in the future.
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Abstract. We present substructures and preferred alignments of 1 365 galaxies in the
supercluster S[184+003+0077]. A study of the magnitude, color, redshift and number density
of the nearest neighbor galaxies was carried out. The ’galaxy counting code’ is used to count
nearest neighbors of each galaxy by varying the radius. We found 4 substructures in the
supercluster region. An empirical relation between the number of galaxies and mean redshift
of substructures is observed. The spatial distribution of the angular momentum vectors
of galaxies in the supercluster and its substructures are studied. The selection effects in
the database are removed using the random simulation method. The observed distributions
of the angular momentum vectors of galaxies are compared with the expected theoretical
distribution using chi-square, auto-correlation and Fourier tests. No preferred alignments of
the angular momentum vectors of galaxies are noticed in the supercluster S[184+003+0077],
supporting the hierarchy model. In the substructures, local groupings are observed.
Key words: Galaxies: evolution galaxies: superclusters galaxies: statistics

1 Introduction

Superclusters are the largest observed structures in the Universe. A super-
cluster constitutes several clusters and groups of galaxies which are a gravi-
tationally bound system. A large database of superclusters is available in the
Sloan Digital Sky Survey Data Release 7 (SDSS DR7 hereafter) and the pi-
oneer work by Einasto et al. (2003, 2011, 2014, 2016). Einasto et al. (2003)
investigated superclusters of galaxies in the SDSS and found that the clusters
located at high-density environment showed luminosity a factor of 5-10 times
higher than in low-density environment of the field. Further Einasto et al.
(2011) classified the morphology of a set of superclusters using the SDSS DR7
database and calculated their luminosity to determine superclusters from a
flux-limited sample of galaxies and finally selected superclusters with 300 and
more galaxies. A widely different morphology of superclusters is found. In the
next paper, Einasto et al. (2014) compared the galaxy populations in SDSS
superclusters of different morphology in the nearby Universe (180 h−1Mpc < d
< 270 h−1Mpc) and concluded that both the local (group) and global (super-
cluster) environments play an important role in the formation and evolution
of galaxies. In the same year, Einasto et al. (2016) studied the dynamical state
of galaxy superclusters from the Sloan Great Wall (SGW) which is the richest
galaxy system in the nearby Universe. They concluded that the rich SGW
superclusters with their high-density cores represent dynamically evolving en-
vironments, which are well suited for studies of the properties of galaxies and
galaxy systems.

Von Weizsäcker and Gamow (1951 & 1952) predicted that the angular
momentum of galaxies can explore the initial conditions under which these
systems formed. The distribution of the angular momentum of galaxies in the
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supercluster might reveal the origin of the early universe. There have been a
handful of studies in the past, predicting three galaxy formation scenarios: the
‘pancake model’ (Shandarin 1974) predicts that the rotation axes (i.e., angular
momentum vectors) of galaxies tend to lie within the cluster plane whereas
the ‘primordial vorticity model’ (Ozernoy 1978) claims that the rotation axes
of galaxies tend to be oriented perpendicular the cluster plane. The ‘hierarchy
model’ (Peebles 1969) predicts a random orientation.

In order to understand the formation and evolution of a supercluster, its
substructures and their spatial orientation should be well understood. In the
present work, we aim to study as follows: (a) the color-magnitude diagram,
(b) the number density maps, (c) identify individual substructures in the su-
pertructures, (d) study the preferred alignments of angular momentum vectors
of galaxies in the substructures in the superclusters, and finally (e) compare
subclustering and the preferred alignments with the galaxy evolution models.

2 SDSS Supercluster S[184+003+0077]

We have compiled a database (positions, redshifts, r- and u-magnitudes) of
1 365 galaxies in the supercluster S[184+003+0077] using the SDSS database.
The all sky distribution of galaxies in the superclusters is shown in Fig. 1a.
A marker galaxy in the supercluster is the brightest galaxy near the highest
density peak in the supercluster volume (Liivamägi et al., 2012). The aim of
this is to tie a supercluster to an already observed cross identifier.

Fig. 1b shows the redshift contour map of the supercluster region. Redshift
is found to be distributed in such a way that the marker galaxy lies in the low
redshift region, whereas it is surrounded by a high redshift region. We have
analyzed the magnitude (mr), color (mu-mr) and redshift (z) distributions
of galaxies in the supercluster. The color (log(mu-mr)) – magnitude (mr)
diagram (Fig. 1c) is fitted by

log(mu −mr) = −0.04mr + 1.08 (1)

Here the slope is found to be slightly negative, suggesting that the color is
mostly independent of magnitude.

3 Methods

We have determined the number density around each galaxy using an algo-
rithm named ’galaxy counting code’ (Appendix A). The variable is the radius
(r) from each and every galaxy. We set the values of r from 0.1◦ to 2.0◦ in steps
of 0.05◦. We determined the standard deviation in each step. Then selected
the steps where the standard error of the deviation is found to be maximum.
In addition, the least number of galaxies in the substructures has been set as
the cutoff values of that particular standard deviation.

We have used the method developed by Flin & Godlowski (1986) to find
the angular momentum vectors of a galaxy. In their method, the angular mo-
mentum vector is defined by two angles: polar (θ) and azimuthal (φ):

sin θ = − cos i sin δ ± sin i sinP cos δ
sinφ = (cos θ)−1[− cos i cos δ sinα+ sin i

(∓ sinP sin δ sinα∓ cosP cosα)]
(2)
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where α, δ, P and i are the right ascension (R.A.), declination (Dec.), equa-
torial position angle, and the inclination angle, respectively. The inclination
angle (i) of galaxies is calculated using Holmberg’s (1946) formula: cos2i =
[(b/a)2–q2]/(1–q2) with b/a the measured axial ratio (b/a) and q the intrinsic
flatness. We run a numerical simulation to find the expected isotropic distri-
bution (Aryal & Saurer 2000). Our observations are compared with isotropic
distribution curves in both θ and φ. For this we use three statistical tests:
chi-square, Fourier, and auto correlation, as suggested by Aryal et al. (2007).

Fig. 1. (a) Sky distribution of the galaxies in the supercluster S[184+003+0077]. Each open
circle represents a galaxy. The marker galaxy is denoted by a filled square. (b) The redshift
map of the supercluster region. The redshift color bar is shown as well. (c) Color (log(mu-
mr)-magnitude (mr) diagram of galaxies in the supercluster S[184+003+0077]. Each black
dots represents a galaxy. The best fit lines and equation are shown.

For the plotting and statistics, we use the software ORIGIN 8.0. To count
the nearest neighbor galaxies within a radius r, a code was written using
MATLAB 6.1.
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4 Results & Discussion

Fig. 2a,b shows the number density map of the galaxies in the supercluster
S[184+003+0077]. The contour levels and the color bars are shown. We con-
sider the region of high density as a substructure of the supercluster. In the
supercluster S[184+003+0077], we noticed 4 such regions in which the number
density of galaxies exceeds the limits of the standard deviation. The respective
number of galaxies in these substructures is found as 170, 91, 68 and 70. The
names of substructures are given as S1[185+0035+0077], S2[180+0050+0079],
S3[185+0050+0079] and S4[183+0050+0080]. The mean values of the magni-
tude (mr) of these substructures are listed in the third column of Table 1.

Fig. 2. Number density map of galaxies in the supercluster S[184+003+0077]. Nearest neigh-
bor distance of each galaxies at r = 0.5◦ (a) and 1.0◦ (b). The color bars are shown.
(c) Number of galaxies in substructures versus mean redshift plot in the supercluster
S[184+003+0077]. The statistical ±1σ error bars are shown. Here S1, S2, S3, S4 repre-
sent substructures in the supercluster. The coefficient of regression is shown.

Fig. 2c shows a plot of the number of galaxies in the substructures versus
the mean redshift (< z >) of that substructure.
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The best fit line is,

N = −2.8× 104 < z > +2353.2 (3)

Substructures S2 and S3 showed similar values of the mean redshift (< z >)
and magnitude (mr) (Fig. 2a,c & Table 1), suggesting a close association
between them. They are either in the process of aggregation or separation.
Therefore, the angular momentum vectors of these two groups are expected
to show peculiarities.

We study the spatial orientation of the angular momentum vectors of galax-
ies with respect to the equatorial coordinate system. Any deviation from the
expected isotropic distribution will be tested using four statistical parame-
ters, namely the chi-square probability (P> χ2), auto-correlation coefficient
(C/C(σ)), first order Fourier coefficient ∆11σ(∆11), and first order Fourier
probability (P> ∆1). The conditions for anisotropy are the following: P(> χ2)
< 0.050, C/C(σ) and ∆11/σ(∆11) > 1, and P(> ∆1) < 0.150. These statistical
limits were proposed by Godlowski (1994). The polar (θ) and azimuthal (φ)
angle distributions of galaxies in S[184+003+0077] are shown in Fig. 3. The
statistical values are listed in Table 1. In the supercluster S[184+003+0077],
the value of the chi-square probability [P(>χ2)] is found to be 0.084, suggest-
ing no preferred alignments. A similar trend is shown by the auto-correlation
test [C/C(σ)=1.0]. The first order Fourier coefficient [∆11/σ(∆11)] and Fourier
probability [P(>∆1)] are found to be 0.6 and 0.790, suggesting isotropy.

A very good agreement between the observed (solid circle with error bars)
and expected (solid line) distributions can be seen in Fig. 3a. At θ = 27.5◦, a
hump can be seen. There is a larger number of observed galaxies (285) than
the expected (250). Thirty five galaxies showed a preferred alignment at this
angle. This preference might be because of a sub-clustering phenomena due to
the tidal or gravitational shearing effect. In the azimuthal angle distribution
(Fig. 3b), the observed and expected distributions are in closer agreement.
All four statistical parameters [(P(>χ2), C/C(σ), ∆11/σ(∆11)] and P(>∆1)
suggest isotropy (Table 1). This means that, the projections of the angular
momentum vectors of galaxies in S[184+003+0077] showed no preference. In
the shaded region, at φ = −5◦, a hump can be seen at the 2σ level. But this
hump is cancelled by two dips at −45◦ and 5◦. Therefore, vanishing angular
momentum is noticed in the supercluster.

The polar and azimuthal angle distributions of galaxies in four substruc-
tures of the supercluster S[184+003+0077] are shown in Fig. 4. The largest
substructure S1[185+0035+0077] consists of 170 galaxies. This means that,
redshift (< z >) is similar to that of the supercluster. In the polar angle (θ
hereafter) distribution, the value of the chi-square probability [P(> χ2)] and
first order Fourier probability [P(> ∆1)] are found to be 0.648 and 0.623. Both
these probabilities are more than 60%, suggesting no preferred alignments.
Similarly, the auto-correlation [C/C(σ)] and first order Fourier coefficients
[∆11/σ(∆11)] are found to be less than one, suggesting isotropic distribution.
In the azimuthal angle (φ hereafter) distribution of substructure S1, three
statistical parameters namely P(> χ2), P(> ∆1) and ∆11/σ(∆11) showed
isotropy (Table 1). Only the auto correlation coefficient [C/C(σ)] showed a
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Table 1. Statistics of the polar (θ) and azimuthal angle (φ) distributions of galax-
ies in the supercluster S[184+003+0077] and its four substructures S1[185+0035+0077],
S2[180+0050+0079], S3[185+0050+0079] and S4[183+0050+0080]. The first column lists
the name of the supercluster and its substructures. The second and third columns give
R.A.(J2000), number of galaxies (N), Dec.(J2000) and mean values of (mr) magnitude. The
fourth and fifth columns list the values of the chi-square probability (P(> χ2)) and auto-
correlation coefficient [C/C(σ)]. The last two columns give the first order Fourier coefficient
[∆11/σ(∆11)] and the first order Fourier probability [P(> ∆1))], respectively.

subsample P(> χ2) C/C(σ) ∆11/σ(∆11) P(> ∆1)
polar angle RA(J2000) N

S[184+003+0077] 183.815◦ 1365 0.084 +1.0 +0.6 0.790
S1[185+0035+0077] 179.205◦ 170 0.648 +0.9 +0.9 0.623
S2[180+0050+0079] 182.579◦ 91 0.888 +0.2 −0.2 0.973
S3[185+0050+0079] 184.378◦ 68 0.912 +0.1 +0.3 0.904
S4[183+0050+0080] 177.450◦ 67 0.815 −0.4 -0.5 0.846
azimuthal angle Dec.(J2000) mr

S[184+003+0077] +3.358◦ 17.9 0.580 +0.3 +0.8 0.490
S1[185+0035+0077] +3.601◦ 17.8 0.129 −1.1 +0.5 0.860
S2[180+0050+0079] +5.038◦ 17.9 0.960 −0.1 −0.3 0.909
S3[185+0050+0079] +5.350◦ 17.8 0.339 −1.1 −0.7 0.712
S4[183+0050+0080] +5.639◦ 18.0 0.822 −0.1 +0.5 0.885

Fig. 3. Polar (a) and azimuthal angle (b) distributions of galaxies in the supercluster
S[184+003+0077]. The solid curves represent the expected distributions. The dotted curves
show the cosines (a) and average (b) distributions. The statistical ±1σ error bars are shown.
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weak deviation (1.1σ) from isotropy. In Fig. 4a, a number of humps (12.5◦,
27.5◦, 32.5◦) and dips (2.5◦, 42.5◦) at small angles suggest a local effect, sup-
porting the formation of subgroups within the substructure S1. These effects
are possibly enhanced by the tidal effect, due to which the angular momentum
vectors of neighboring galaxies get affected (Godlowski, 2012). However, these
humps and dips cancel each other to show isotropy. Four alternative humps
(−25◦, −5◦, 15◦, 45◦) and dips (−45◦, −15◦, 5◦, 35◦) can be seen in the φ
distribution (Fig. 4b). A hump followed by a dip suggests either a binning
effect in the histogram or a successive deviation of the angular momentum
vectors and their projections due to subclustering. In the substructure S2,
there are 91 galaxies with mean redshift (< z >) 0.079 which is slightly larger
than that of the supercluster as a whole. Therefore, substructure S2 is mov-
ing away with a relatively larger speed than that of substructure S1. Thus,
the effect of gravitational shearing can not be denied here. Let us discuss its
effect in the alignments. The distributions of the angular momentum vectors
(polar angle, θ) and their projections (azimuthal angle, φ) of galaxies in the
substructures S2 are shown in Figs. 4c,d. All eight statistical values in both
θ and φ distributions suggest isotropy (Table 1). Similar to the substructure
S1, this substructure showed several systematic humps and dips in both the
θ and φ distributions. Instead of alternate humps and dips, here we noticed
successive groups of deviations (for example, 12.5◦ to 32.5◦, 37.5◦ to 57.5◦ in
Fig. 4c and −75 to −55◦, −15 to 5◦ in Fig. 4d) from the expected. In the
statistical tests, these deviations cancel each other to show isotropy in both
the θ and φ distributions.

Substructure S3 has exactly the same values of the mean redshift as S2.
This means that, both substructures are moving with identical radial veloci-
ties. Fig. 4e,f show the θ and φ distributions of galaxies in the substructures
S3. If we look at the observed distribution of galaxies in the polar angle, humps
(2.5◦, 22.5◦, 37.5◦, 47.5◦, 57.5◦, 67.5◦) and dips (7.5◦, 12.5◦, 42.5◦, 77.5◦, 77.5◦)
at both smaller and larger angles are seen. In the statistical tests, these humps
and dips cancel each other to show isotropy in the θ distribution. In the φ dis-
tribution, the statistical parameters P(> χ2), P(> ∆1) and ∆11/σ(∆11) show
isotropy (Table 1) whereas the auto correlation coefficient (C/C(σ)) shows a
small deviation (1.1σ) from isotropy. Similar to Fig. 4e, a large number of
humps and dips are seen in the φ distribution (Fig. 4f). The successive devi-
ation in the alignments might be a clue regarding the substructure formation
in the supercluster. So, the distribution of such a local effect should be studied
in the future.

The fourth substructure S4[183+0050+0080] has 67 galaxies with mean
redshift 0.080, which is larger than that of substructures S1, S2 and S3. In
other words, this substructure is leading in terms of mean radial velocity. If
we look at the distributions (θ and φ, Fig. 4g,h), a poor agreement between
the observed and expected values is seen. A large number of humps (at 2.5◦,
12.5◦, 32.5◦, 47.5◦, 57.5◦ in θ; at −85◦, −45◦, −35◦, −15◦, 15◦, 25◦, 45◦, 65◦

in φ) and dips (at 7.5◦, 17.5◦, 22.5◦, 42.5◦, 77.5◦ in θ; at −75◦, −65◦, −15◦,
5◦, 15◦, 55◦, 75◦, 85◦ in φ) can be seen. All these humps and dips are at >1σ
level. In contrast to these successive and alternative humps and dips, in the
statistical tests, all four statistical parameters suggest strong isotropy. There-
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Fig. 4. Polar (a,c,e,g) and azimuthal angle (b,d,f,h) distributions of galaxies in the substruc-
tures of supercluster S[184+003+0077]. The solid curves represent the expected distributions.
The dashed curves show the cosines (a,c,e.g) and average (b,d,f,h) distributions. The statis-
tical ±1σ error bars are shown. The names of the substructures are given.
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fore, the substructure S4 shows ’vanishing angular momentum’ as suggested
by Godlowski et al. (2010).

Melkonian & Nikogosian (1998) studied a substructure of the core of the
Perseus Supercluster of galaxies. They noticed hierarchical substructures in
which a radial segregation of galaxies is found. However, the position angle
distribution of galaxies is found to be uniform. Godlowski et al. (1998) stud-
ied the rich cluster of galaxies Abell 754 and found evidence for non-random
alignment of the galaxies and confirmed the presence of subclustering.

Baier et al. (2003) studied the galaxy cluster Abell 14 and confirmed the
presence of subclustering. They noticed a preferred alignment of the angular
momentum vectors of galaxies in the cluster Abell 14. Norena et al. (2018)
proposed an idea that substructures could be formed due to the tidal stream
produced in galactic mergers. Panko et al. (2018) investigated the 2D distri-
bution of galaxies in 254 rich open galaxy clusters. They noticed that about
25% of clusters showed four kinds of regular substructures namely crossing
and divaricating filaments (or X and Y-type peculiarities) and curved strips
with short dense chains. Malla et al. (2020) studied the preferred alignments
of galaxies in the SDSS supercluster S[202-001+0084]. They noticed a random
orientation of the angular momentum of galaxies in this supercluster. We also
noticed a similar result in the supercluster S[184+003+0077].

To sum up, we noticed a random orientation of the angular momentum vec-
tors and their projections in the supercluster S[184+003+0077], as well as in all
four substructures S1[185+0035+0077], S2[180+0050+0079], S3[185+0050+
0079] and S4[183+0050+0080] with a signature of local groupings. We intend
to study the alignment of galaxies in these small groups in the substructure
to reveal the reason behind it.

5 Conclusion

We have studied the distribution of the nearest neighbor galaxies to find sub-
structures in the supercluster S[184+003+0077] region. The spatial orienta-
tion of 1 365 galaxies in the supercluster S[184+003+0077] having a redshift
of 0.077 and its substructures are studied. We summarize our results as follows:

1. Four substructures are found in the supercluster S[184+003+0077]. These
are S1[185+0035+0077], S2[180+0050+0079], S3[185+0050+0079] and
S4[183+0050+0080] with a mean redshift of 0.077, 0.079, 0.079 and 0.080,
respectively. An empirical relation between the mean redshift (< z >) and
the number of galaxies (N) in the substructures is found.

2. The distribution of the angular momentum vectors of galaxies in the super-
cluster S[184+003+0077] showed isotropy, suggesting no preferred align-
ments. In the substructures, despite having alternate and successive devia-
tions from the expected distributions, the overall effect is found to be that
of a vanishing angular momentum. Thus, no preferred alignments of the
angular momentum vectors of galaxies are found in the supercluster and
its all four substructures, supporting the hierarchy model (Peebles, 1969).

3. The projections of the angular momentum vectors of galaxies in the su-
percluster S[184+003+0077] is found to be random. In the substructures,
these projections are found to be alternately deviated from the expected
distribution. However, isotropy is found to be maintained.
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4. The substructures showed higher values of the mean redshift than that
of the supercluster S[184+003+0077]. This corresponds to the fact that
the subclusters are moving with higher radial velocities than that of the
supercluster. Thus, the gravitational shearing effect can not be ruled out
in the large scale structure formation (Li, 1998)
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Appendix A

Galaxy Counting Code (MATLAB 6.1)
ra = importdata(’ra.m’);
dec = importdata(’dec.m’);
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sc = [ra,dec];
n = numel(ra) repeat = ’y’;
while repeat ==’y’ radius = input(’Enter the radius of circle in degree: ’) for
i=1 : n count=0;
for j=1 : n r = (ra(i) - ra(j))2 + (dec(i) - dec(j))2;
if r <= radius*radius count=count+1;
end
end
neighgal(i)=count;
end str = input(’enter a−le name to store near galaxy numbers: ’,’s’)−d=fopen(str,’wt’);
fprintf(−d,’fclose(−d);
repeat=input(’enter c if you wish to continue for another size or e to exit:
’end’)

107













BIBECHANA 17 (2020) 117-122 

117 

BIBECHANA 
ISSN 2091-0762 (Print), 2382-5340 (Online) 

Journal homepage: http://nepjol.info/index.php/BIBECHANA 

Publisher: Department of Physics, Mahendra Morang A.M. Campus, TU, Biratnagar, Nepal 

Spatial orientation of galaxies in supercluster S[227+006+0078] 

Janak Ratna Malla
1*

, Walter Saurer
2
,  Binil Aryal

3** 

1
Amrit Campus, T.U., Kathmandu 

2
Institute of Astro-particle Physics, Innsbruck university, Austria

2 

3
Central Department of Physics, kirtipur ,Kathmandu 

Email: 
*
Janak_malla@yahoo.com, 

**
aryalbinil@gmail.com

Article Information: 
Received: August 21, 2019 

Accepted: December 07, 2019 

Keywords: 

 SDSS 

Supercluser 

Redshift 

Galaxy 

ABSTRACT 

We present a study of spin vector orientation of 1218 SDSS (Sloan Digital Sky 

Survey) galaxies in Supercluster S [227+006+0078] having redshift 0.07 to 0.09. 

The database of these galaxies is taken from SDSS (Sloan Digital Sky Survey) 7
th

 

and 9
th

 data release. We have converted two dimensional data to three 

dimensional by Godlowskian Transformation using position angle-inclination 

angle method. We intend to find non-random effects in the spatial orientation of 

galaxies in the Supercluster.  No preferred alignment of angular momentum 

vectors is noticed, supporting Hierarchy model of galaxy formation.  

  
 

1. Introduction

Modern cosmology is based on two fundamental 

assumptions: First, the dominant interaction on 

cosmological scales is gravity, and second, the 

cosmological principle is a good approximation to 

the Universe. The cosmological principle states that 

the universe, smoothed over large enough scales, is 

essentially homogeneous and isotropic. 

‘Homogeneity’ has the intuitive meaning that at a 

given time the universe looks the same everywhere, 

and ‘isotropy’ refers to the fact that for any 

observer moving with the local matter the universe 

looks (locally) the same in all directions. Von 

Weizsacker and Gamow (1951 & 1952) verified 

that the observed rotation of the galaxies is 

important for cosmology: the fact that the galaxies 

rotate may be clue to the physical conditions under 

which these systems formed. In the instability 

picture, one imagines that large irregularity like 

galaxies grew under the in influence of gravity 

from small imperfections in the early Universe [1, 

2]. In this picture one must abandon the idea that 

the angular momentum of the galaxies was given as 

the initial value, or developed in some sort of 

primeval turbulence (as was proposed by von 

Weizsaker [3] and Gamow [4] , for otherwise the 

galaxies would have formed too soon [2]. On the 

other hand, huge low red shift galaxy surveys such 

as the 2-degree field galaxy red shift survey and the 

Sloan Digital Sky Survey (SDSS) [5] have 

convinced most cosmologists that not only isotropy 

but also homogeneity is in fact a reasonable 

assumption for the universe. The Universe is 

homogeneous and isotropic on scales larger than 
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100 Mpc, but on smaller scales we observe huge 

deviations from the mean density in the form of 

galaxies, galaxy clusters, and the cosmic web being 

made of sheets and filaments of galaxies. How do 

structures grow in the universe and how can we 

describe them? The most accepted view on the 

formation and evolution of large scale structure is 

that it was formed as a consequence of the growth 

of primordial fluctuations by gravitational 

instability [6]. In the current favored model, smaller 

structures collapse first and are later incorporated in 

larger collapsing structures in a bottom-up scenario 

that provides a natural explanation for the 

formation of galaxies, clusters, filaments and 

Superclusters [7] . 

There are three predictions about the spatial 

orientation of spin vectors of galaxies. These are 

the `pancake model', the `hierarchy model,' and the 

`primordial vorticity theory.' The `pancake model' 

[8, 9] predicts that the angular momentum vectors 

of galaxies tend to lie within the cluster plane. 

According to the `hierarchy model' [2], the 

directions of the angular momentum vectors should 

be distributed randomly. The `Primordial Vorticity 

Theory' [10,11] predicts that the spin vectors of 

galaxies are distributed primarily perpendicular to 

the cluster plane. 

In this paper, we analyze spatial orientation of 

angular momentum vectors of 1218 galaxies in the 

SDSS supercluster S [227+006+0078]. The 

methods and results are described in the following 

chapters. 

Godlowskian Transformation 

The three dimensional orientation of the angular 

momentum vectors of a galaxy is characterized by 

two angles: the polar angle (between the 

galactic SV and a reference plane (here equatorial 

plane), and the azimuthal angle  between the 

projection of a galactic SV on to this reference 

plane and the X-axis within this plane. The detail 

derivations of the expressions of the angles  and 

 are given in Flin & Godłowski [12] . When using 

equatorial coordinate system as reference, then  

and can be obtained from measurable quantities 

as follows:   

  cossinsinsincossin pii   (1) 

   coscossinsinsinsinsincoscos)(cossin 1 ppii  

(2) 

where , i is the inclination angle, the angle between 

the normal to the galaxy plane and the observer’s 

line-of-sight, α- is right ascension, δ is declination 

and p is position angle. The inclination angle can 

be computed from the formula 

)*1(

)*(
cos

2

22
2

q

qq
i




 (3) 

This expression is valid for oblate spheroids [13]. 

Here, q and q* represent the measured axial ratio 

(b/a) and the intrinsic flatness of the galaxy, 

respectively. Hiedmann et al.[14] showed that the 

values of q* range from 0.083 for Sd spirals to 0.33 

for ellipticals. For the galaxies with unknown 

morphology q*= 0.20 is assumed Holmberg [13]. 

2. Method of analysis

Here we describe the procedure for the removal the 

selection effects to obtain the isotropic distributions 

for both and as given by Aryal & Saurer [15]. 

Theoretically, the isotropic distribution curve for 

polar angle is cosine and that for azimuthal angle is 

the average distribution curve, with the restriction 

that the database is free from selection effect. Aryal 

& Saurer [15] concluded that any selections 

imposed on the database may cause severe changes 

in the shapes of the expected isotropic distribution 

curves. In their method, a true spatial distribution 

of the galaxy rotation axis is assumed to be 

isotropic. Then, due to the projection effects, i  can 

be distributed as sin i, B can be distributed cosB, 

the variables α and p can be distributed randomly, 

and the equation (1,2) can be used to calculate the 

corresponding values of polar () and azimuthal 

(). We run simulations in order to define expected 

isotropic distribution curves for both the and 

distributions. The isotropic distribution curves 

are based on simulations including 10
7 

virtual 

galaxies. At first we observed the distributions of α, 

δ, p and i for the galaxies in our samples and 
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distributed by creating 10
7
 virtual galaxies for 

respective parameters. We use these numbers to 

make input file and the expected distribution by 

running simulation in MATLAB 15.0. 

Our observations (real observed data set) are 

compared with the isotropic distribution curves 

(obtained from simulation) in both and  

distributions. For this comparison we use four 

different statistical tests: chi-square probability, 

First order Fourier Coefficient (11/(11)), Fourier 

Probability (P >1) and auto correlation-test 

(C/C()). 

3. Results and Discussion

Figure 1(a) shows all sky distribution of galaxies in 

the Superclusters  S [227+006+0078]  several  

groups of galaxies can be seen. These groups can 

form a substructure, ultimately a cluster of galaxies. 

Figure 1(b) shows redshift distribution of galaxy in 

this supercluster where we can see low redshifted 

galaxies in the substructure region. High redshifted 

galaxies are found to be distributed randomly.  

Any deviation from expected isotropic distribution 

will be tested using four statistical parameters, 

namely chi-square probability (P>2), 

autocorrelation coefficient (C/C()), first order 

Fourier coefficient (11/(11)) and first order 

Fourier probability (P >1). For anisotropy, the 

limit of chi-square probability P(>2) is <0.050,

auto correlation coefficient (C/C()) is >1.0, first 

order Fourier coefficient (11/(11)) is >1.5 and 

Fourier probability P(>1) is <0.150 respectively. 

Any `hump' (more solutions than the expected) or 

`dip' ( less solutions than the expected) in the 

histogram will be discussed as a local effect in the 

samples. The statistics for the polar and azimuthal 

angle distributions is given in Table 1 . In the 

statistics of , a negative value of first order 

Fourier coefficient suggests that the spin vectors of 

galaxies tend to be oriented perpendicular with 

respect to the equatorial coordinate system. 

Similarly, a positive value of first order Fourier 

coefficient suggests that the spin vectors of galaxies 

tend to be oriented parallel with respect to the 
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Fig. 1 :  (a) All Sky distribution of galaxies and (b) 

red shift distribution map. 

equatorial coordinate system. Whereas, in the 

statistics of , a positive (11/(11) with significant 

value suggests that the spin vector projections of 

galaxies tend to point radially with respect to the 

center of the equatorial coordinate system. 

Similarly, a significant negative value of 

(11/(11) implies that the spin vector projection 

of galaxies tend to orient tangentially with respect 

to the equatorial coordinate system. 

(b) 
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In addition to the statistical tests, we also study the 

`humps' and `dips' in the polar and azimuthal angle 

distributions. The solid curve, in the histogram of 

the -distribution, represents the expected isotropic 

distribution whereas dashed curve is the cosine 

distribution. The solid circles with ±1error bars 

represent the observed distribution. The shaded 

portion represents the range 0o<<45o
. A hump (or

dip) in the smaller suggests that the spin 

vectors of galaxies tend to orient parallel (or 

perpendicular) with respect to the equatorial 

coordinate system. Similarly, a hump (or dip) in the 

larger 45osuggests that the spin vectors of

galaxies tend to orient perpendicular with respect 

to the equatorial coordinate system. In figure 2, 

there is a hump on polar angle distribution at θ = 

46.This hump is due to 13 more expected solution

than observed solutions in the range 45o
.

Similarly, a hump (or dip) in the larger indicates 

that the spin vectors of galaxies tend to be oriented 

perpendicular with respect to the equatorial 

coordinate system .In the histogram of the -

distribution, solid curve represents the expected 

isotropic distribution whereas dashed curve is the 

average distribution. The solid circles with ±±1 

error bars represent the observed distribution. The 

shaded portion represents the range --45o<<+45o. 

The humps and dips in the histograms of -

distribution are not so easy to interpret as compared 

to -distributions. It is because the range of is -

90
o 

to +90
o
. In the histogram of the -distribution, 

= 0
o 

means spin vector projections tend to point 

radially towards the center of the equatorial 

coordinate system. A hump in the middle (central 

eight bins) of the histogram suggests that the spin 

vector projections of galaxies tend to point towards 

the center of the chosen co-ordinate system. 

Similarly, a hump at first four and last four bins 

indicates that the spin vectors projections of 

galaxies tend to be oriented tangentially with 

respect to the chosen reference co-ordinate system. 

A hump in the middle (central eight bins) of the 

plot suggests that the spin vector projections of 

galaxies tend to point towards the center of the 

chosen co-ordinate system. 

Table 1: Statistics of the polar and azimuthal angle 

distributions of galaxies in the Supercluster 

S(227+006+0078). The first column represents the 

statistics used, P(>2) represents the chi-square

probability (second row). Similarly, C/C() 

represents the auto-correlation coefficient(third 

row). The last two rows give the first order Fourier 

coefficient (11/(11) and first order Fourier 

probability P(>1). 

The statistics for the θ-distribution of galaxies of 

Supercluster S [227+006+0078] is shown in the 

Table 1. The statistics for the polar angle 

distribution in this sample shows that the value of 

chi-square probability (P(>χ
2
) to be 0.045  

(Smaller than the significant level 0.050 i.e., 5.0%). 

The auto-correlation coefficient (C/C(σ))is found to 

be  0.688 (Smaller than 1σ limit). The first order 

Fourier coefficient (Δ11/σ(Δ11)) is found to be 

0.0823 (smaller than 1.5σ the limit).  The first order 

Fourier probability   (P>( Δ1)) is found to be 0 

(Smaller than 0.15 i.e.,15%). Except first order 

Fourier coefficient and chi-square probability, other 

statistical tests suggest anisotropy. Isotropy in the 

first order Fourier coefficient test suggests that the 

direction of departure from isotropy.  

The statistics of the φ-distribution of galaxies of 

Supercluster S [227+006+0078] is shown in the 

Table 1. The statistics for the azimuthal angle 

distribution in this sample shows that the value of 

chi-square probability (P(>χ
2
)) to be 0.0 i.e., 

0(Smaller than the significant level 0.050 i.e., 

5.0%). The auto-correlation coefficient (C/C(σ)) is 

found to be  5.681 (greater than 1σ limit). The first 

Statistics Polar 

angle(θ) 

Azimuthal angle 

() 

P(>χ2) 0.045 0.000 

C/C(σ) 0.688 5.681 

11/(11) 0.823 -1.894 

P(>1) 0 0.000 
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order Fourier coefficient (Δ11/σ(Δ11))is found to be 

-1.894 (smaller than 1.5σ the limit). The first order 

Fourier probability (P>( Δ1)) is found to be 0.0 

(Smaller than 0.15 i.e., 15%). Except first order 

Fourier coefficient, other statistical tests suggest 

anisotropy. Isotropy in the first order Fourier 

coefficient test suggests that the direction of 

departure from isotropy.  
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Fig. 2: The polar () and azimuthal () angle 

distributions of galaxies in the Supercluster 

S[227+006+0078]. The solid line represents the 

expected isotropic distributions. The dash lines 

represent the cosine and average distributions 

respectively. The solid circles with ±1 error bars 

are represent the observed distribution. 

4. Conclusion

We have studied the preferred alignment of spin 

vector orientation of 1218 SDSS galaxies of 

Supercluster S [227+006+0078] that have redshift 

in the range 0.07 to 0.09. We used the method 

proposed by Flin & Godlowski [12] in order to 

compute two-dimensional data to three dimensional 

galaxy rotation axis (polar & azimuthal angles). We 

have carried out random simulation by creating 10
7
 

virtual galaxies and adopting the method proposed 

by Aryal & Saurer [15] in order to find theoretical 

distribution of galaxy rotation axes. We have 

compared the differences between theoretical 

distributions and observed distributions using three 

statistics, namely chi-square, auto-correlation and 

the Fourier. The distribution of spin vector and spin 

vector projections of total SDSS galaxies that have 

redshift in the range 0.07 to 0.09 are found to be 

random in all samples, our results support 

Hierarchy model [2]. 

However, a local effect that causes the humps and 

dips in the angular momentum distribution is 

observed in different samples. In the deep field, 

density fluctuation is expected and observed in the 

local scale. Existence of Superclusters in the region 

of interest cannot be ruled out. We have used 

equatorial system as a physical reference in order to 

study non-random effects concerning galaxy 

orientation. Hierarchy model predicts that the 

choice of co-ordinate system do not alter preferred 

alignments.  
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ABSTRACT 

The spin vector orientation of 1302 SDSS (Sloan Digital Sky Survey) galaxies in 

Supercluster S[173+014+0082] having redshift 0.076 to 0.091 has been analysed. 

The positions, position angles and inclination angles of galaxies are used to 

convert two-dimensional observed parameters into three-dimensional angular 

momentum vectors of the galaxy using the `position angle-inclination' method. 

The expected isotropic distribution curves are determined performing numerical 

simulation by generating 107 virtual galaxies. The observed distribution is 

compared with the expected isotropic distribution curves using three statistical 

tools namely Chi-square test, auto-correlation test and Fourier test. Redshift map 

is studied and found that the distributions fit with the Gaussian. No preferred 

alignment of angular momentum vectors is noticed, supporting Hierarchy model 

of galaxy formation.  
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1. Introduction

During the path of history different ideas had been 

recommended describing the starting place of the 

universe. The most persuasive model is the 

standard Big Bang model, which remains valid. 

This model shows the creation technique of the 

universe began with an enlargement 20 billion 

years ago. Nowadays, the big Bang model is 

believed to be the beginning of space and time. The 

tiny, hot (1012K) universe started out to cool and 

fundamental symmetry damaged down. The 

breaking of this symmetry results in the inflation of 

the universe exponentially. Within a fraction of 

second, after the Big Bang, the procedure of 

Nucleosynthesis, baryongenesis & leptogenesis 

took place. After this procedure the universe 

entered into the matter dominated era. During dark 

epoch, the stars and galaxies are assumed to be 

formed. Today, how matter is distributed in the 

universe is the crucial field of study in cosmology 

and astronomy. 

The mutual attraction between the galaxies due to 

the gravitational force leads to the formation of 

clusters. Depending upon the number of galaxies 

http://nepjol.info/index.php/BIBECHANA
mailto:janak_malla@yahoo.com
https://doi.org/10.3126/bibechana.v18i1.29165
https://creativecommons.org/licenses/by-nc/4.0/
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inside the cluster, they're labeled as poor and rich 

clusters. In case of poor clusters the force of gravity 

is weak to keep them tightly due to lower mass of 

the galaxy. Thus they seem irregular in shape. Our 

Milky Way is part of a poor cluster referred to as a 

local group which includes 54 galaxies [1]. The 

Virgo cluster is an example of a moderately rich 

cluster that is closest to us and the coma cluster is a 

rich cluster, has thousands of spiral and elliptical 

galaxies. The clustering technique of galaxy 

clusters lead to the formation of large scale 

structures known as superclusters. Thus they're 

collections of galaxy clusters, with 20-100h-1Mpc 

[2]. The scientist assumed that the variety of 

superclusters in the universe is set 10 million and it 

occupies the 10% area of the universe. As it 

contains organizations and clusters of galaxies, it 

provides the strong proof that galaxies inside the 

universe are not distributed uniformly. Abell 

catalogue is the pioneer work in the study of 

superclusters. It was proposed by George Abell in 

1958 and he called them second order cluster or 

clusters of clusters [3]. The study of superclusters 

highly benefited from the 2dF Galaxy Redshift 

Survey (2dFGRS) and the Sloan Digital Sky 

Survey (SDSS) [4]. Currently Sloan Digital Sky 

Survey (SDSS) is taking data from the deep sky. 

Our work is based totally on the data provided by 

SDSS-DR7. 

As suggested by Weizscker & Gamow [5, 6], the 

observe of origin of angular momentum of galaxies 

might be the clue for the physical properties of the 

initial situations of galaxies. Thus, the observed 

rotation of galaxy is critical to the cosmology and 

subsequently it is essential to recognize how they 

obtained their angular momentum. Pebbles [7] put 

forward detail calculations of the acquisition of 

angular momentum in early stage of proto-galactic 

evolution. He argued that, the gravitational 

interplay of quadrapole moment of the system with 

tidal field of the matter causes transformation of 

angular momentum to the developing proto-galaxy. 

The transformation of angular momentum between 

rotation and orbital motion is a outcome of the 

gravitational instability [8]. Peebles assumed that, 

as soon as the primeval plasma has recombined and 

decoupled from the primeval fireball radiation, 

gravitation appears to be the dominant force 

transferring the angular momentum to a developing 

proto-galaxy. 

On the basis of orientation of angular momentum 

vectors of galaxies one can determine the evolution 

of large scale structure, i.e., Supercluster. The 

alignment of rotational axes of galaxies in the 

Supercluster provides us information about the 

formation process of galaxies in early epoch [9]. 

There had been contradictory theoretical models 

predicting various galaxy cluster formation. The 

Hierarchy model [7] predicts random orientation of 

angular momentum vectors. The Pancake model 

[10] predicts the parallel orientation whereas the 

primordial vorticity model [11] says angular 

momentum vector distributed perpendicular to the 

cluster plane. We are interested to study the 

evolution of galaxies in the Supercluster by 

analyzing their preferred alignments. 

2. Materials and Method

Database 

The analyzed data set has been recorded by Sloan 

Digital Sky Survey (SDSS). With the collaboration 

of Prof. Walter Saurer's group at the Institute of 

Astro-particle Physics, Innsbruck University, 

Austria, we obtained the set of SDSS (7th Data 

release) data. This Supercluster S [173 + 014 + 

0082] contains a total number of 1302 galaxies 

having redshift ranges from 0.076 to 0.091. In this 

work, r-filter is used to study the spin vector 

orientation of the galaxies. In order to calculate 

inclination angle first of all we used intrinsic 

flatness (q*) = 0.2 (Holmberg, [12]) and, then 0.13 

for those galaxies whose inclination angle was 

undetermined from the previous value of q*. In this 

process nine galaxies were excluded whose 

intrinsic flatness is less than 0.13. Hence, finally 

there are 1293 galaxies in the data set whose 

position (right ascension and declination), position 

angle and inclination are known.  
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Godlowskian transformation 

The two dimensional parameters such as position, 

position angle and diameter can be transformed into 

3 dimensional parameters using the method 

proposed by Flin and Godlowski [13] and polar (𝜃) 

and azimuthal (𝜙) angle can be calculated for each 

galaxy. The polar angle (𝜃) is the angle between 

galactic spin vector (SV) and reference plane, and 

azimuthal angle (𝜙) is the angle between projection 

of a galactic spin vector to the reference plane and 

X-axis. These angles are given below. 

sin𝜃 = −cos𝑖 sin𝛼 ± sin𝑖 sin𝑝 cos𝛿 (1) 

sin𝜙 = (cos𝜃)−1[−cos𝑖 cos𝛿sin𝛼 +
sin𝑖(∓sin𝑝 sin𝛿 sin𝛼 ∓ cos𝑝cos𝛼)]  

(2) 

Here, i, δ, α, and 𝜌 represent the inclination angle, 

declination, right ascension and position angles 

respectively and ∓  and  ±  indicate the two 

possible solution. 

The inclination angle (i) defined the angle between 

normal to the galaxy plane and line of sight of  the 

observer. This is given by following relation: 

𝑐𝑜𝑠2𝑖 =
(

𝑏

𝑎
)

2
−𝑞∗2

1−𝑞∗2 (3) 

Here b/a is axial ratio and q*represents the intrinsic 

flatness factor of the galaxy. For the disk galaxies 

its value depends upon the morphological type. 

Holmberg [12] showed that the values of q*varies 

from 0.083 for Sd spirals to 0.3 for elliptical. At 

first, q*= 0.20 for morphologically unidentified 

galaxies which leads to the removal of a certain 

number of galaxies that have axial ratio (b/a) is less 

than 0.20. Then, we used q*= 0.13 for those 

galaxies that have b/a < 0.20. 

Method of analysis 

Aryal & Saurer [14], proposed a method for the 

removal the selection effects and the expected 

isotropic distribution curves (θ and ϕ) are 

determined using the numerical simulation. For 

this, a true spatial distribution of the galaxy rotation 

axis is assumed to be isotropic. Then, due to the 

projection effects, i can be distributed ∝sin i, 

latitude can be distributed ∝cos B, the variables 

longitude () and position angle (p) can be 

distributed randomly and formulae (1) and (2) can 

be used to simulate (numerically) the 

corresponding distribution of θ and ϕ. At first, the 

isotropic distribution curves are based on 

simulations including 107 virtual galaxies Aryal & 

Saurer [14]. We use these numbers to make an 

input file and the predicted distribution by using a 

running simulation in MATLAB 15.0. 

Finally, the observed and expected distributions are 

compared with the help of appropriate statistical 

tests. In order to use ORIGIN 5.0 to determine the 

all sky distribution of galaxies where as ORIGIN 

8.0 used for the redshift distribution of galaxy. 

3. Results and Discussion

All sky distribution is the pictorial representation of 

distribution of galaxies within a certain range of 

right ascension and declination in the sky. The all 

sky distribution plot for our Supercluster S 

[173++014+0082]  is shown in Fig. 1. The diagram 

shows that galaxies are distributed within the range 

of right ascension from 1700 to 1810 and declination 

from 60 to 180. 

Figure 1 shows that galaxies are distributed 

inhomogenously. To study the preferred alignment 

of each galaxy, we plotted the various parameters 

of galaxies. For each parameter the proper bin size 

is calculated using ORIGIN 5.0. These plots are 

presented in following Fig. 2. From these histogram 

plots of galaxies it is seen that the distribution of 

observed numbers of galaxies are clearly 

inhomogeneous. 

Figure 3 shows redshift distribution of the galaxy in 

the supercluster S [173 + 014 + 0082] [15]. In the 

map, low redshift galaxies are found in the 

substructure region. High redshifted galaxies are 

found to be distributed randomly [16]. The color 

map shows that the velocity dispersion is minimum 

in the region where the number density of the 
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galaxy is minimum. In the substructure region, at 80 

declination, the redshift dispersion is found to be 

Δz = 0.084, whereas the lower substructure shows 

Δz= 0.076 and 0.080, respectively. It seems that 

there is Gaussian distribution between redshift 

dispersion and number density of galaxies in the 

substructures. It shows that the Superclusters 

evolve naturally. 

Fig. 1: All sky distribution of galaxies in the SDSS 

Supercluster S[173 + 014 + 0082] in equatorial 

coordinate system. Right ascension (R.A.) and 

Declination (Dec.) are given in degree. 

In order to identify the preferred alignment of the 

spin vector of galaxies we have performed three 

different statistical tests [17]. For anisotropy, the 

limit of chi-square probability P (> 𝜒2) is < 0.050,

auto correlation coefficient (C/C (𝜎)) is > 1.0, first 

order Fourier coefficient (Δ11/𝜎(Δ11)) is >1.5 and

Fourier probability P( >Δ11) is < 0.150

respectively. 

For  θ distribution (Table 1), the result of these 

tests is found as: the chi square probability P (> χ2)

is 0.653 which is greater than critical value (0.05) 

for anisotropy. In addition to this, the auto-

correlation coefficient C/C (σ)) is 0.410 which is 

less than critical value; this result is in favor of 

isotropic distribution. Similarly, the first order 

Fourier coefficient  (Δ11/σ(Δ11))  and Fourier

probability (P >∆1) found to be 0.860 and 0.643

respectively. These two results also support the 

isotropic distribution of 𝜃. Hence, all three 

statistical tests show isotropic distribution of 

Supercluster S[173 + 014 + 0082] indicating 

random orientation of spin vectors of galaxies. 

From this result we can conclude that the galaxy 

formation model of Supercluster S [173 + 014 + 

0082] follows the Hierarchy model. According to 

this model galaxies are believed to be formed from 

the clustering. 

Fig. 4(a) shows the polar (𝜃) distribution of 

galaxies of the Supercluster S[173 + 014 + 0082]. 

In the figure, solid and dotted curves represent 

expected isotropic and cosine distribution. In the 

small angle (𝜃< 450) angle region i.e. shaded region 

no significant hump and dip are observed. While, in 

a larger angle (𝜃 > 450) a significant dip is observed 

at an angle 750 with 1𝜎 error limit. In the shaded 

region the observed number of solutions is 1674 

and expected number of solutions is 1652. Thus the 

observed number of solutions exceeds the expected 

solution by 22. This means that there are 11 more 

galaxies observed. On the other hand, in a larger 

angle region the observed solution is less than 

expected solution by 24. This causes deficiency of 

12 galaxies in that region. Furthermore, at the 

bimodal region one extra galaxy is observed. Thus 

these humps at small angle regions are totally 

nullified by the dip at the larger angle. The excess 

number of galaxies in the smaller angle can be 

regarded as transfer of the galaxies from the larger 

angle region. This may happen due to the 

gravitational tidal effect. 

In 𝜙 distribution, the statistics (Table 1) support the 

isotropic distribution. The chi square probability  ( 

P > 𝜒2) and auto-correlation coefficient (C/C(𝜎)

found to be 0.610 (greater than 0.05) and -0.481 

(less than 1𝜎). Similarly, the value of first order 

Fourier coefficient (∆11/𝜎 (∆11)) and first order

Fourier probability (P > ∆1) is -0.358 (less than

1.5𝜎) and 0.883 (greater than 0.15). These results 

are strong evidence to advocate the Hierarchy 

model of galaxy evolution in the Supercluster 

S[173 + 014 + 0082].  
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Fig. 2: The distribution of right ascension (𝛼), declination (𝛿), position angle (P) and inclination angle (i) of galaxies 

in the Supercluster S [173 + 014 + 0082]. The Y-axis represents the number of observed galaxies. 

The inhomogeneous distribution of galaxies can be seen.  

Fig. 3: (a) red shift map and (b) the distribution of galaxies in the Supercluster region. Solid curves 

represent Gaussian fit. The statistical error bars are shown. 
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Fig. 4(b) represents the distribution of azimuthal 

angle of Supercluster S[173 + 014 + 0082]. The 

solid and dotted line indicate the expected and 

average distribution. The observed number of 

solutions in the small angle region (-900 < 𝜙 < -450) 

is 19 more than expected solution; however, no 

significant humps are observed in the distribution 

curve. Similar result is obtained at a larger angle 

region (450 < 𝜙 < 900) also. The shaded region 

represents the bimodal region (-450 < 𝜙 < 450). In 

this region the expected and observed numbers of 

solutions are 1405 and 1396 respectively. From the 

figure, two crystal clear humps are observed at -50 

and 50and dip is observed at -150within error limit 

1𝜎. 

Table 1: Statistics of the polar and azimuthal angle 

distributions of galaxies in the Supercluster 

S[173+014+0082]. The first column represents the 

statistics used, P ( > 𝜒2)  represents the chi-square

probability (second row). Similarly, C/C(𝜎) 

represents the auto-correlation coefficient(third 

row). The last two rows give the first order Fourier 

coefficient (∆11/𝜎 (∆11)) and first order Fourier

probability P (>Δ1).

Fig. 4: (a) The polar (𝜃) and (b) azimuthal (𝜑) 

angle distributions of galaxies in the Supercluster 

S[173+014+0082]. The solid line represents the 

expected isotropic distributions. The dash lines 

represent the cosine and average distributions 

respectively. The solid circles with ±1  error bars 

are represent the observed distribution. 

4. Conclusions

The Supercluster S[173+014+0082] consists of 1302galaxies of 

which position angles, right ascension, declination, 

and axial ratio are known. These are obtained from 

two dimensional projections on the celestial sphere by 

SDSS DR 12 Survey. The conversion of two 

dimensional observed parameters into three 

dimensional is carried out by using `position angle-

inclination' method. In order to find out the theoretical 

distribution of galaxy rotation axes we ran random 

simulation by generating 107 virtual galaxies as 

proposed by Aryal & Saurer. Here we assumed 

cosmological principle: distribution of galaxies in the 

large scale structure is homogeneous and isotropic. 

The simulated results were compared with the 

observed distribution using the statistical tools namely 

chi-square test, auto-correlation test and Fourier test. 

The distribution of spin vector and spin vector 

projections of total SDSS galaxies that have redshift 

in the range 0.076 to 0.091 are found to be random in 

all samples. We conclude our results as follows: 

Statistics Polar angle 

(θ) 

Azimuthal angle 

() 

P ( > 𝜒2) 0.653 0.610 

C/C(𝜎) 0.410 -0.481 

(∆11/𝜎 (∆11)) 0.860 -0.358 

P (>Δ1). 0.643 0.883 
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(a) The polar and azimuthal angles of supercluster 

galaxies shows isotropic isotropic distribution 

suggesting no preferred alignment of angular 

momentum vectors as well as its projection. In 

other words we observed vanishing angular 

momentum in the Supercluster. This result 

advocates the Hierarchy model of galaxy 

evolution as suggested by Peebles. 

(b) The redshift distribution of galaxies in 

Supercluster showed Gaussian-like nature, 

suggesting the distribution of galaxies’ Hubble 

recessional velocity is isotropic, satisfying 

cosmological principle. 
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ABSTRACT 

The distribution of angular momentum vectors of 1,172 galaxies in the Supercluster S[231+030+0117] with redshift in 

the range 0.107 to 0.123 was studied. Present work aimed to check any deviation from isotropic distribution in the galaxy 

orientation study and interpret those deviations with the existing theoretical models that describe galaxy evolution in the 

Superclusters. For this purpose, two-dimensional observed parameters received from the SDSS telescope was 

transformed into the three-dimensional. Random simulation technique was applied to remove the selection effects in our 

database and obtain the expected isotropic curves using numerical simulation. Then the observed and expected 

distribution curves were compared using the three statistical tests namely: Chi-square, Auto-correlation, and the Fourier 

test. From statistical analysis, the study confirm that the evolution of galaxies in the Supercluster supports the `Hierarchy 

model' suggesting the angular momentum vectors of galaxies tends to be oriented randomly to the equatorial coordinate 

system. Besides, the magnitude of galaxies was found to be independent of angular momentum vectors and its 

projections in the Supercluster.
 

Keywords: Evolution, Galaxies, Orientation, Substructure, Supercluster 

INTRODUCTION 

The Universe is built up by various large scale structures. 

Stars are collected together into galaxies, galaxies 

aggregated into galaxy groups, and galaxy groups are 

gathered together into galaxy clusters. These are held 

together by gravity. Hence, galaxy clusters are 

gravitationally bound large scale structures in the 

universe. To understand the evolution of galaxy and 

galaxy clusters, it is essential to know when and how they 

were formed and how their structures and constituents 

have been changing with time. The galaxy evolution 

processes are not well understood to date. One reason 

behind it is that the galaxies are made of three very 

different entities: stars, an interstellar medium (gas, dust, 

etc.), and dark matter. We have more information about 

the star, only a few about the interstellar medium and 

almost nothing about the dark matter. The orientation of 

angular momentum vectors of galaxies can reveal its 

kinematics. 

Weizsaker (1951) and Gamow (1952) postulated that the 

observed rotations of galaxies are important for 

cosmology. According to them, the fact that galaxies 

rotate should provide a clue for the physical conditions 

under which these systems were formed. Thus, the 

angular momentum vectors of galaxies are important, 

which help reveal the directional preference of the galaxy. 

To explain the origin of the angular momentum of 

galaxies and their evolution, there are mainly three 

theoretical models namely: `Primordial vorticity model', 

`Pancake model' and `Hierarchy model'. According to the 

`Primordial Vorticity Theory' (Ozernoy, 1978; Stein 

1974), the spin vectors of galaxies are distributed 

primarily perpendicular to the cluster plane. The `pancake 

model' (Doroshkevich, 1973; Doroshkevich & Shandarin, 

1978) predicts that the angular momentum vectors of 

galaxies tend to lie within the cluster plane. The 

`Hierarchy model' (Peebles, 1969) predicts that the 

directions of the angular momentum vectors should be 

distributed randomly. According to this scenario, galaxies 

were first formed and then their angular momentum was 

obtained by tidal forces while they were gathering 

gravitationally to form a cluster with no dissipation. 

The redshift of any astronomical object is the 

displacement of its spectral features to longer wavelengths 

due to a combination of the gravitational redshift, Doppler 

motions, and the general expansion of the Universe. Using 

Hubble's law, the redshift can be used to calculate the 

distance of an object from the Earth. By combining 

redshift with an angular position data, a redshift survey 

maps the 3D distribution of matter within a field of the 

sky. These observations are used to measure the properties 

of the large-scale structure of the universe. By 

systematically and sensitively observing a large fraction 

of the sky, the Sloan Digital Sky Survey (SDSS) (York et 

al., 2000) will have a significant impact on astronomical 

studies as diverse as the large-scale structure of the 

Universe, the origin and evolution of galaxies, the relation 

between dark and luminous matter, the structure of Milky 

Way, and the properties and distribution of the dust from 

which stars like the sun were created. The SDSS has made 

enormous contributions across a wide span of 
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astronomical fields, including contributions to many of 

the discoveries. It has exemplified a new mode of 

astronomical discovery, with teams of scientists 

cooperating in organized, systematic surveys to produce 

large data sets that are made publicly available and 

support a rich variety of investigations. The SDSS will be 

a new reference point, a field guide to the Universe that 

will be used by scientists for decades to come. 

An investigation to study the spatial orientation of angular 

momentum vectors of 1,172 galaxies in the SDSS 

Supercluster S[231+030+0117], intended to answer 

following questions: (1) Do the orientation of galaxies in 

the Supercluster show a directional preference? (b) If yes, 

which theoretical model supports this preference? (3) 

Does inhomogeneity in the magnitude (or brightness) of 

galaxies play any roles in the preferred alignments of the 

angular momentum of galaxies in the Superclusters? The 

novelty of this work is to test the cosmological principle 

(isotropy and inhomogeneity) in the ground of galaxy 

evolution in large scale structure.
 

MATERIALS AND METHODS 

Data compilation 

In this paper, a Supercluster S[231+030+0117] was 

chosen with all photometric data obtained from Sloan 

Digital Sky Survey (SDSS) data release 7 (Percival et al., 

2010). The SDSS database was compiled in collaboration 

with the Institute of Astrophysics, Innsbruck University, 

Austria. At first, the values of the intrinsic flatness of 

galaxies were used to find the values of the inclination 

angle of galaxies (Heidmann et al., 1972). The inclination 

angle of 15 galaxies could not be determined due to their 

unknown morphology. Finally, we have 1,172 galaxies in 

this Supercluster S[231+030+0117] of which the positions 

(right ascension and declination), position angle, and 

inclinations were known.
 

Godlowskian transformation 

Transformation to the Supergalactic co-ordinate systems 

is essential to calculate angular momentum vectors using 

position angle (PA hereafter) and inclination angle of a 

galaxy to a given coordinate system. Based on the PA to 

the equatorial system (P), the PA concerning the 

Supergalactic co-ordinate system (p) can be calculated, 

which was first observed by Jaaniste and Saar (1978) and 

explained by Flin and Godlowski (1986). The 

`Godlowskian transformation' is the method to obtain 

three-dimensional information of the angular momentum 

vectors of galaxies. The method was epitomized as 

follows. At first,  position of the galaxy, its magnitude, 

diameters, and the position angles were compiled using 

SDSS database. The inclination angle i was calculated by 

using Holmberg formula (1946). 

(1) 

Where, b/a is the axial ratio and q* is a true axial ratio 

that represents the intrinsic flatness of the galaxy. The 

intrinsic flatness factor of the disk galaxy depends upon 

the morphological type. Heidmann et al. (1972) suggested 

a value of q*= 0.33 for elliptical and q*= 0.20 for oblate 

spheroid. 

The spatial (three dimensional) orientation of the angular 

momentum vector of a galaxy can be expressed by two 

angles namely, the polar angle (θ), the angle between the 

normal to the galaxy and the equatorial plane, and 

azimuthal angle (ф), the angle between the projection of 

this normal on the equatorial plane and directed towards 

the equatorial center. These angles were given by Flin and 

Godlowski (1986) in the 'Godlowskian transformation' 

equations as follows:
 

(2) 

(3) 

Where,  &  signs indicate two possible solutions. 

Here, i, ,  and p represent the inclination angle, 

declination, right ascension, and position angles 

respectively. 

Considering the ambiguity of the rotation direction of the 

galactic disk, there is more than one solution of the spatial 

distribution for a galaxy. All the possibilities were 

counted independently in the analysis. As a theoretical 

reference, a spatial isotropic distribution of spin vectors of 

galaxies was assumed. In the next step, the observations 

(the distribution of two angles) were compared with these 

isotropic distribution curves and analyzed by statistical 

methods to detect any non-random trends. 

According to the Hierarchy model, galaxies grow by 

subsequent merging of proto-galactic condensations or 

even by merging of already fully formed galaxies. Peeble 

(1969) assumed that the torque experienced by a young 

galaxy is the product of its quadrupole moment and the 

tidal field due to other galaxies. 

To find quadrupole moment of a young galaxy, a 

homogeneous ellipsoid of revolution model was taken into 

consideration. The quadrupole moment is given by 

(Peeble, 1969), 

r)drz3ρ(=Q 322  (4) 

Where, ρ represent volume charge density, z and r 

position of field point, and position of source point, 

respectively. 
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Considering another neighbor galaxy having mass M, is at 

a distance r away in a direction Ѳ relative to the z-axis,the 

magnitude of the torque exerted by the tidal field of this 

galaxy was given by, 

θsin2
r

GMQ

4

3
=τ

3
    (5) 

Now ensemble average value was determined by 

considering point masses and two-point distribution 

function. The expression for the mean square torque takes 

this form, 
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Here, p(r) is the two-point distribution function which 

gives the probability that a galaxy is at r0 + r, given that a 

galaxy is at r0 is the position of reference point. The radius 

of the volume belonging to each galaxy was found to be, 
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3

2  

A few globular clusters can be disrupted because of tidal 

interactions between merging fragments. In the 

hierarchical merger model, the disrupted systems would 

have led to the present distribution of halo stars 

throughout the spheroid. It can be expected that there is no 

net rotation of objects in the halo because of many 

random mergers. Besides, this model predicts that a few 

proto-galactic fragments should still be out there. A 

significant number of small galaxies orbiting the Milky 

Way and nearby Andromeda are possible examples. 

Method of analysis 

To remove selection effects from the database and 

determine expected isotropic distribution curves (Ѳ and 

ф) we adopted the numerical simulation method as 

proposed by Aryal and Saurer (2000). For this, a true 

spatial distribution of the galaxy rotation axis was 

assumed to be isotropic. Theoretically, the isotropic 

distribution curve for the polar angle is cosine and that for 

azimuthal angle is the average, with the restriction that 

the database is free from selection effects. Numerical 

simulation was performed by generating 107 virtual 

galaxies to find the expected distribution of angular 

momentum vectors of galaxies (Malla et al., 2020). 

Figure 1 shows the observed distribution of positions 

(right ascension or longitude and declination or latitude), 

position angle and inclination angle of galaxies in the 

Supercluster S[231+030+0117]. In each histogram, 

fluctuations were noticed either throughout the range or at 

the middle. These fluctuations suggest applying 

simulation by creating a large number of virtual galaxies 

in each bin, to satisfy the cosmological principle (isotropy 

and homogeneity). For this, we adopt the method 

suggested by Aryal and Saurer (2000) which satisfied the 

cosmological principles by removing selection effects in 

the SDSS database (observed fluctuations in Fig. 1). They 

concluded that any selections imposed on the database 

may propose severe changes in the shapes of the predicted 

isotropic distribution curves. 

In their method, a true spatial distribution of the galaxy 

rotation axis was assumed to be isotropic. Because of the 

projection outcomes, the inclination angle (i) and latitude 

(B) were distributed as  sini, and  cosB, respectively, 

and the variables longitude () and position angle (p) are 

distributed randomly (Aryal & Saurer, 2000). Now the 

equations (2) and (3) can be used to calculate the 

corresponding values of polar (Ѳ) and azimuthal (ф) 

angle. Also, we ran simulations to define predicted 

isotropic distribution curves for each of the Ѳ and ф 

distributions creating virtual galaxies. The isotropic 

distribution curves for both polar and azimuthal angles 

were based totally on simulations including 10
7
 virtual 

galaxies. At first, the distribution α, , p, and i were found 

for the galaxies in the samples and distributed with the aid 

of growing 10
7
virtual galaxies for respective parameters. 

Those numbers were used to make an input file and the 

predicted distribution by simulating in MATLAB 15.0. 

These observations (observed data set) were compared 

with the isotropic distribution curves (obtained from 

simulation) in both Ѳ and ф distributions. For this 

comparison, four different statistical tests were used i.e.: 

chi-square probability, First-order Fourier coefficient 

(Δ11/σ (Δ 11)), Fourier probability (P > Δ 1) and 

autocorrelation test (C/C (σ)). For the all sky distribution 

of galaxies, the ORIGIN 5.0 was used whereas for the 

redshift distribution of galaxy (the contour plot of 

Supercluster was done), in the ORIGIN 8.0. 

The number of galaxies was found to increase with right 

ascension (RA) and declination (Dec.) in the beginning 

and decrease finally (Fig. 1). The number of galaxies was 

found to be fluctuating with the position angle (P). 

Interestingly, the inclination angle (i) distribution seems 

to show normal distribution in Fig. 1. 

RESULTS AND DISCUSSION 

The all sky distribution of the total number of galaxies in 

the Supercluster S[231+030+0117], as shown in Fig. 2(a). 
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Fig. 1. The observed distributions of right ascension (α), 

declination (δ), position angle (P), and inclination 

angle (i) of the galaxies in the Supercluster 

S[231+030+0117] 

The homogeneous distribution of galaxies according to 

cosmological principles was expected.  But the figure 

shows that the galaxies are not equally distributed 

throughout the whole region i.e. a heterogeneous 

distribution. The galaxies are distributed homogeneously 

within the range of right ascension 226.4° to 233.5° and 

declination 26.5° to 37°. Morphologically, this 

Supercluster can be classified as filament type. Figure 

2(b) shows the redshift distribution of galaxies in this 

Supercluster where low red-shifted galaxies in the 

substructure region can be seen. High red-shifted galaxies 

were found to be distributed randomly. The mean redshift 

of Supercluster is 0.114. The contour levels are at the 

redshift 0.108, 0.112, 0.115, 0.119, 0.123. In the 

substructure region, galaxies hardly have identical 

redshifts.
 

 

 

Fig. 2. (a) All sky distribution of galaxies in the 

supercluster S[231+030+0117] and (b) redshift map 

of the same region. The levels of the contours are 

shown 

The color map shows that the velocity dispersion is 

minimum in the region where the number density of the 

galaxy is minimum, as shown in Fig. 2(b). In the 

substructure region at 28° declination, the redshift is 

found to be maximum (Δ z = 0.114). 
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Figure 3 shows the magnitude map of galaxies in the 

Supercluster S [231+030+0117]. The SDSS r-magnitude 

(mr) refers to the peak wavelength 6165.0 Å with the 

bandwidth 702.8 Å. This wavelength range covers H, 

ionized Oxygen, and ionized Nitrogen lines as well as 

respective continuum. In the substructure region, the mean 

magnitude was identical in both filters. In the u-filter (mu), 

the substructure located in the northern region has a 

higher magnitude. As it is known, the higher the 

magnitude, the lower is the brightness. Therefore, 

substructure regions are UV inactive regions, suggesting a 

lower abundance of newly formed stellar objects.
 

Gaussian fits in both magnitudes of the Supercluster S 

[195+027+0022] can be seen in Figs. 3 (c) and (d). The 

solid curve represents a Gaussian fits. The Gaussian 

center was found to be at 17.364 for r- and 19.769 for u-

magnitudes. Here, in both cases, distribution deviated 

from standard Gaussian distribution. This indicates that 

the magnitude distributions of galaxies in the Supercluster 

might be different from that of the field galaxies.
 

The main purpose of this study was to find the non-

random effects in the galaxy alignments. Any deviation 

from the expected isotropic distribution will be tested 

using four statistical parameters, namely chi-square 

probability (P > χ
 2

), autocorrelation coefficient (C/C (σ)), 

first-order Fourier coefficient (Δ 11/ σ (Δ 11)), and first-

order Fourier probability (P > Δ 1). For anisotropy, the 

limit of chi-square probability P (>χ
 2

) was <0.050, 

autocorrelation coefficient (C/C (σ)) was>1.0, first-order 

Fourier coefficient (Δ 11/ σ (Δ 11)) was>1.5 and Fourier 

probability P (>Δ 1) was <0.150 respectively. These 

statistical limits were proposed by Godlowski (1993, 

1994) in galaxy orientation studies. 

In the statistics of Ѳ, if the value of the first-order Fourier 

coefficient is negative then it suggests that the spin 

vectors of galaxies tend to be oriented parallel to the 

equatorial coordinate system. Similarly, if the value of the 

first-order Fourier coefficient is positive then it suggests 

that the spin vectors of galaxies tend to be oriented 

perpendicular to the equatorial coordinate system. 

Whereas, in the statistics of ф, a positive (Δ 11/ σ (Δ 11)) 

with significant value suggests that the spin vector 

projections of galaxies tend to point radially towards the 

center of the equatorial coordinate system. Similarly, a 

significant negative value of (Δ 11/σ (Δ 11)) implies that the 

spin vector projection of galaxies tends to orient 

tangentially to the equatorial coordinate system. In 

addition to the statistical tests, this paper also studies the 

`humps' (bins with more solutions than the expected) and 

`dips' (bins with fewer solutions than the expected) in the 

polar and azimuthal angle distributions. 

In the plot of the Ѳ –distribution, as shown in Fig. 4(a), a 

dip (or hump) at Ѳ< 45° suggests that the spin vectors of 

galaxies tend to  orient  perpendicular  (or parallel)  to  the  

 

 

 

 

Fig. 3. Magnitude maps of the galaxies in the 

Supercluster S[231+030+0117]: (a) r-magnitude 

(mr), (b) u-magnitude (mu). The color bars are 

shown. The contour levels are at 14.98, 16.00, 18.21, 

19.83, 21.44 for r magnitude and 17.35, 20.54, 23.73, 

26.91, 30.10 for u-magnitude, respectively. (c) r-

magnitude (mr) and u-magnitude (mu) distributions 
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equatorial coordinate system. Similarly, a hump (or dip) 

in the larger Ѳ (> 45°) indicates that the spin vectors of 

galaxies tend to be oriented perpendicular to the 

equatorial coordinate system. In the plot of the ф -

distribution [Fig. 2(b)], the humps and dips were not easy 

to interpret as compared to Ѳ -distributions. It is because 

the range of ф is -90°
 
to +90°. In plot, ф = 0° means spin 

vector projections tend to point radially towards the center 

of the equatorial coordinate system. A hump in the middle 

(central eight bins) of the histogram suggests that the spin 

vector projections of galaxies tend to point towards the 

center of the chosen coordinate system. Similarly, a hump 

at the first four and last four bins indicates that the spin 

vector projections of galaxies tend to be oriented 

tangentially to the chosen reference coordinate system. 

The statistics of polar angle (Ѳ) and azimuthal (ф) angle 

distribution of galaxies in this Supercluster S 

[231+030+0117] are given in Table 1. 

Table 1. Statistical parameters of the polar (Ѳ) and 

azimuthal (ф) angle distributions of galaxies in the 

Supercluster S [231+030+0117] 

Parameters Polar angle (θ) Azimuthal angle (ф) 

P(>χ
2
) 0.884 0.779 

C/C(σ) -0.601 -0.077 

Δ11/ σ (Δ11) 0.012 0.181 

P(>Δ 1) 0.999 0.905 

 

The statistics for the polar angle distribution in 

Supercluster S [231+030+0117] showed that the value of 

chi-square probability (P (>χ
2
) was 0.884 i.e., 88.4 % 

(Greater than the significant level 0.050 i.e., 5.0 %). The 

auto-correlation coefficient (C/C (σ)) was found to be -

0.601 (Smaller than 1σlimit). The first order Fourier 

coefficient (Δ11/σ (Δ11)) was 0.012 (less than 1.5σthe 

limit).  The first order Fourier probability (P> (Δ1)) was 

0.999 i.e., 99.4 % (more than 0.15 i.e., 15 %). All the 

statistical tests suggest very strong isotropy. 

The number of observed solutions for Ѳ< 45° was found 

to be 1559, whereas the expected solutions was 1554, as 

shown in Fig. 4(a). Thus, the number of observed 

solutions or galaxies was greater by 5 than that of the 

expected. There was one dip at an angle 22.5° and one 

hump at an angle 32.5° with 1.5σ and 1σ error limit. At 

the bimodal region i.e., (Ѳ ~45°), the number of observed 

and expected solutions was 228 and 240 respectively. This 

indicates that the number of observed galaxies is less by 

12 than that of expected galaxies. For large angles (Ѳ> 

45°), the observed number of solutions (557) exceeded the 

expected solutions (550) by 7. There was one significant 

hump at an angle 52.5° with a 1.5 σ error limit. The hump 

and dip observed in this distribution was due to the local 

effect. Thus, in the conclusion, no preferred alignment of 

spin vectors of galaxies is found was polar angle 

distribution. 

The statistics for the azimuthal angle distribution in 

Supercluster S [231+030+0117] showed the value of chi-

square probability (P (>χ
2
)) to be 0.779 i.e., 77.9 % i.e., 

(more than the significant level 0.050 i.e., 5.0 %). The 

auto-correlation coefficient (C/C (σ)) was found to be -

0.077 (Smaller than 1σlimit). The value of first-order 

Fourier coefficient (Δ11/σ (Δ11)) was 0.181 (less than 1.5σ 

the limit) and the first-order Fourier probability (P> (Δ1)) 

was 0.905 i.e., 90.5 % (Greater than 0.15 i.e., 15 %). All 

these statistical tests suggest that there was a strong 

isotropy. 

 

 

Fig. 4. (a) The polar (Ѳ) and (b) azimuthal (ф) angle 

distributions of galaxies in the Supercluster 

S[231+030+0117] 

In Fig. 4(b), the observed solutions in eight central bins ф 

~ (+45°,-45°) was found to be 1056 and that of expected 

solutions is 1052. This shows that the observed solution 

exceeds the expected by 4, but no humps and dips were 

observed in this region. In the bimodal region (ф ~ ±45°), 

the observed solutions (222) was 6 greater than expected 

(216). 
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The first four bins (ф<-45
º
), the observed solution (68) 

exceeded the expected (67) by only 1. Moreover, for the 

last four bins (ф> 45°), the observed and expected 

solutions were 998 and 1009 respectively. This indicates 

that the observed solution is less than the expected by 11. 

One hump was observed at an angle of 85° within 2 σ 

error limit, which was due to the local effect. Thus, no 

preferred alignment was noticed in azimuthal angle 

distribution. Thus, after a careful study of both statistics 

and graphs of polar and azimuthal angles, it was 

concluded isotropy in spin-vector orientation of galaxies 

in the Supercluster and lack of preferred alignment. This 

supports the hierarchy model of galaxy evolution. 

Yadav et al. (2017) studied preferred alignments of 

angular momentum vectors of galaxies in six clusters 

having multiple number-density peaks with a spatial 

segregation of high- and low-velocity galaxies. The 

position angle - inclination method was used to convert 

two-dimensional parameters into three-dimensional 

parameters (e.g., positions, diameters, PA). The observed 

and expected isotropic distributions were compared using 

five statistical tests, namely chi-square, autocorrelation, 

Fourier, K-S, and Kuiper-V. Thus, no preferred alignment 

was noticed for all six clusters, supporting the hierarchy 

model as predicted by Peebles (1969).
 

Aryal et al. (2012), studied the spatial orientation of spin 

vector orientation of 410 zone of avoidance (ZOA) 

galaxies found in the region 20° < <80°, -10°<b<-5° on 

the first Palomar Observatory Sky Survey. To find the 

three-dimensional rotation axis of galaxies from two-

dimensional, the position angle-inclination method was 

used (Flin & Godlowski, 1986). Moreover, this paper used 

the preferred alignments of spin vectors of galaxies to 

equatorial, galactic, and supergalactic coordinate systems 

and obtained all three possible scenarios (Pancake, 

Primordial vorticity, and Hierarchy model).
 

CONCLUSION 

We studied orientation of 1172 galaxies in the 

Supercluster S[231+030+0117] with redshift in the range 

0.107-0.123. We used the method proposed by Flin & 

Godlowski (1986) and Aryal & Saurer (2000) to find 

angular momentum vectors (polar and azimuthal angles) 

of galaxies for observed and expected distributions, 

respectively. Then, three statistical methods were used to 

check whether the distribution of angular momentum 

vectors throughout the Supercluster is isotropic or not. We 

conclude our results as follows: 

1. No preferred alignment of angular momentum 

vectors of galaxies was noticed in the supercluster 

S [231+030 + 0117].  

2. The redshift distribution of galaxies in supercluster 

showed Gaussian like nature, suggesting the 

distribution of galaxies within the supercluster is 

random. 

3. The magnitude distribution of galaxies in the 

supercluster was found to be independent of the 

distribution of angular momentum vectors and its 

projections, supporting Hierarchy model of galaxy 

formation. 

4. In the future, the substructure analysis should be 

carried out within the supercluster region. 
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ABSTRACT 

We present an analysis of spatial orientations of 1331 galaxies in the supercluster S 

[247+040+0029]. The main goal of this work is to search for a new substructure candidate and 

examine the orientation of angular momentum in the framework of three different scenarios 

(hierarchy, pancake, and primordial vorticity models) using “position angle-inclination 

method”, and to test the dependence on magnitude with the angular momentum orientations 

and their projections. We identified five substructures studying number density contour map 

with considerably high concentration of galaxies. Using random simulation method to remove 

the selection effect on database, we carried out expected isotropic distribution using 

cosmological principle. We then used three statistical tests: Chi-square, Auto-correlation, and 

Fourier to identify isotropy between observed and expected isotropic distributions. We varied 

radius in the range 0.3
o
to 1.0

o
 to find substructures in supercluster. From this we found five 

sub-structures when taking radius 0.3
o
 and two substructures for 1.0

o
 radius in the number 

density counter maps of galaxies. By analyzing the result obtained through statistical tests, we 

are able to conform that evolution of galaxy in the supercluster and substructures supports 

“Hierarchy model" giving the angular momentum of galaxies in the large scale structure tends 

to be oriented random with respect to the reference coordinate system.  

Keywords: Galaxies: evolution, Supercluser, Substructure, Orientation. 

1. INTRODUCTION

The galaxy clusters are gravitationally bound large-

scale structures of multiple galaxies. The evolution 

of these galaxy clusters is determined by time and 

scenario of formation of nature of change of their 

structures and constituents. Weizacker [1951] and 

Gamow [1939] postulated the rotation of galaxies 

might be a clue of physical conditions under which 

these systems formed. Thus, understanding the 

distribution of spatial orientation of the spin vectors 

of galaxies is crucial to understanding the origin of 

the angular momenta of galaxies. 

There are number of contradictory theoretical 

models predicting the various galaxy cluster 

formation scenarios. The `hierarchy model' 

(Peebles, 1969) predicts that the direction of 

angular momentum is entirely random. According 

to this scenario, galaxies were first formed and then 

obtained their angular momentum by tidal forces 

while they were gathering gravitationally to form a 

cluster with no dissipation. The `pancake 

model'(Doroshkevich, 1973; Doroshkevich & 

Shandarin, 1978) predicts that the angular 

momentum of galaxies tend to lie within the cluster 

plane whereas the `primordial vorticity 

model'(Ozernoy, 1978; Stein 1974) says that the 

angular momentum of galaxies tend to be oriented 

perpendicular to the cluster plane. Lee and Pen 

(2002) found the observational evidence for the 

alignment of galaxy spin axes with the local tidal 

share field. Their result is consistent with the linear 

tidal-torque model based on gravitational 

instability. In an analytical study, in order to 

concluded a large-scale coherence in the orientation 

of galaxies in the two-dimension sheet like 

structures in the frame of the tidal-torque theory. 



Spatial Orientations of Angular Momentum Vectors of Galaxies in Supercluster S [247+040+0029] and Substructures 

40 

 According to some scenarios of cosmological 

structure evolution, the orientation of galactic axes 

in clusters should favor a certain direction while in 

other scenarios galaxies are expected to be 

randomly oriented. Attempts to reveal any 

deviation from isotropy have been performed over 

the past years with different and sometimes 

contradictory results. The work done before 1985 is 

described by MacGillivray and Dodd (1985), they 

pointed out that, most studies agree on a random 

galactic distribution within the local super cluster 

(LSC) plane, however they suggested that the 

galactic planes can be oriented preferentially 

parallel to the LSC plane at some distance from it. 

In a paper Kapranidis and Sullivan (1983) analyzed 

samples of bright spirals belonging to the LSC and 

found no strong evidence for alignment of these 

galaxies.  

However, Jaaniste and Saar (1977) claimed the 

existence of mean perpendicularity of galactic 

planes with respect to the LSC plane. Since the 

earlier approaches were based mostly on analysis of 

highly inclined and edge-on galaxies, Jaaniste and 

Saar took all galaxies into consideration, including 

the face on ones. This approach was critically 

discussed and modified by Flin and Godlowski 

(1986). These authors and later Godlowski (1993 - 

1994) analyzed large samples within the LSC and 

come to the conclusion that there exists a 

preferential orientation of galactic planes 

perpendicular to the LSC plane and that there is 

evidence for aligning the galactic rotation axes 

along the direction toward the Virgo cluster centre. 

In the present study, we are interested to find our 

angular momentum vectors of all galaxies in a 

supercluster S [247+040+0029] and look at the 

number density map to find the possibilities of 

substructures there. Finally, we intend to correlate 

the orientation of galaxies in those substructures 

with the whole supercluster.  

2. DATABASE

In this work, we have chosen a supercluster 

S[247+040+0029]whose all photometric data came 

from SDSS survey (York et. al., 2000). We 

received the SDSS database through our 

collaboration with Prof. Walter Saurer's group at 

the institute of Astroparticle physics, Innsbruck 

University, Austria. This supercluster includes 1331 

galaxies out of which we excluded number of 

galaxies in our database based. Holmberg (1946) 

suggested a value of q
*
= 0.2  for oblate spheroid 

and q
*
= 0.13 for elliptals. At first, we used q

*
= 0.2 

to find inclination angle, we used q
*
= 0.13 for those 

galaxies which did not give inclination angle for 

q
*
= 0.2. Finally we have excluded those galaxies (5 

galaxies) which do not give inclination angle for 

q
*
= 0.13. Thus, we have 1326 galaxies in our 

sample of which position (Right Ascension and 

Declination), ratio of minor and major diameter, 

position angles in r-filter of all SDSS passbands are 

available. 

3. GODLOWSKIAN TRANSFORMATION

The Polar angle (ρ) between the galactic spin 

vectors and a reference plane, and the Azimuthal 

angle (ф) between the projection of a galactic spin 

vectors onto the reference plane and x-axis within 

this plane are used to view the three dimensional 

(spatial) orientation of the spin vector SV of a 

galaxy (Flin,  & Godlowski, 1986). These angles 

are given by the equations 

sin   cos sin  sin sin cos    1 

sin   cos      cos cos sin  sin   sin sin sin  cos cos   2 

Here i, and P represent the inclination angle, 

declination, right ascension and position angles 

respectively. 

The inclination angle (i) is the angle between the 

normal to the galaxy plane and the observers line-

of-sight and can be calculated by using the formula 

Holmberg (1946), 

cos          
   

     3 

Here q* represents the intrinsic flatness factor of 

the galaxy. The intrinsic flatness of a disk galaxy 

depends on the morphological type and is taken 

from Heidmann et. al. (1972). Any selection effect 

on the parameters (e.g. positions, position angles, 

inclination angle etc) in the right hand side of 

equation (1, 2) plays a major role in determining 

the expected isotropic distributions of polar angle 

() and azimuthal angle (ф). This effect can be 

observed in the inclination angle distribution also. 
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Thus in our database different kinds of selection 

effects can be noticed. To remove such selection 

effects, we use the method proposed by Aryal and 

Saurer (2000). 

 

4. METHOD OF ANALYSIS 

To reduce selection effects, we use the method 

proposed by Aryal & Saurer (2000) the spatial 

distribution of the galaxy rotation axis is assumed 

to be isotropic. Theoretically, the isotropic 

distribution of polar angle is cosine and that of 

azimuthal angle is the average distribution curve 

with the restriction that the database is free from 

selection effect. We run simulations in order to 

define expected isotropic distribution curves for 

both the theta and phi distributions. The isotropic 

distribution curves are based on simulations 

generating 10
7
virtual galaxies. 

Here we describe the procedure for the removal 

the selection effects to obtain the isotropic 

distributions for both  and ф as given by the 

Aryal & Saurer (2000). We present the process of 

numerical simulation for the galaxies in the 

sample S [247+040+0029]. At first we observed 

the distributions of , P and i for the galaxies 

in the sample S[247+040+0029]. Fig. 1 shows the 

distributions of , P and i for the galaxies in the 

sample S [247+040+0029]. The histograms 

represent the number of observed galaxies. We 

see that in the fig. 1 the right ascension (α) is 

randomly distributed from 240.09º to 252.97º in 

24 bins of bin size 0.56º. The declination is 

randomly distributed in the range 32.85  to 

45.15º in 42 bins of bin size 0.3º (Fig. 1). The 

distribution of the position angle P (Fig. 1) is 

little homogeneous and distributed in the range -

90º to 240º in 34 bins of bin size 10º. And there 

is again an inhomogeneous distribution of the 

inclination angle i in the range 1º to 89º in 23 

bins of bin size 4º (Fig. 1). 

 

            
 

            
                                                                                

Figure 1: The distributions of right ascension (), declination (), position angle (P) and inclination angle (i) of the 
galaxies in the sample S [247+040+0029]. The y-axes of histograms represent the number of observed galaxies. 

 

5. RESULTS & DISCUSSION 

The all sky distribution of galaxies of our 

database in supercluster S [247+040+0029] is 

shown in Fig 2, which indicates the 

inhomogeneous distribution of galaxies. We can 

see that, almost all the galaxies were found to be 

grouped in the different region of space of 

supercluster. 
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Fig. 2: All sky distribution of total galaxies of superclusters 
S[247+040+0029] in the equatorial co-ordinate system. 

The apparent distribution of the galaxies is because of the 
nature of the survey (7

th
data release). 

 

At first, we discuss the distribution of polar () and 

azimuthal (ф) angles of galaxy rotation axes in r-

filter in de Vaucouleurs system of supercluster S 

[247+040+0029]. Any deviation from expected 

isotropic distribution will be tested using four 

statistical parameters, namely chi-square 

probability (P>χ
2
), auto-correlation coefficient (C/C 

(σ)), first order Fourier coefficient (Δ11/ σ (Δ11)) 

and first order Fourier probability (P > Δ1). For 

anisotropy, the limit of chi-square probability P 

(>χ
2
) is <0.050, auto-correlation coefficient (C/C 

(σ)) is >1.0, first order Fourier coefficient (Δ11/ σ 

(Δ11)) is >1.5 and Fourier probability P (>Δ1) is 

<0.150 respectively. These statistical limits were 

proposed by the Godlowski (1993-1994) in galaxy 

orientation studies. 

Table 1: Statistical parameters in the polar and azimuthal angles of galaxies in the Supercluster S[247 

+040 + 0029] and its sub- structures (first column). The chi-square probability P>χ
2
) is given in the 

second column. The third and fourth columns show first order Fourier coefficient (Δ11/ σ (Δ11)) and 

Fourier probability P (>Δ1) the last column tests the auto co-relation coefficient (C/C (σ)). 

Sample (P (>χ
2
) (Δ11/ σ (Δ11)) P (>Δ1) (C/C (σ)). 

Polar Angle     

S [247 +040+0029] 0.511 -0.180 0.954 -0.747 

S1[247 +040+0029] 0.943 -0.316 0.952 -1.186 

S2[247 +040+0029] 0.909 -0.123 0.987 -0.886 

S3[247+040+0029] 0.893 0.179 0.982 -0.584 

S4[247+041+0029] 0.996 -0.327 0.871 -0.139 

S5[244 +035+0029] 0.822 -0.003 0.983 -1.098 

Azimuthal angle     

S [1247 +040+0029] 0.954 0.401 0.633 -2.206 

S1[247 +040+0029] 0.570 -0.260 0.855 -1.041 

S2[247 +040+0029] 0.911 0.166 0.964 -0.059 

S3[247 +040+0029] 0.969 -0.102 0.966 -0.028 

S4[247 +041+0029] 0.838 -0.469 0.804 -0.906 

S5[244 +035+0029] 0.081 1.383 0.303 -0.405 

 

The supercluster S [247+040+0029] from SDSS 

catalogue consists of 1331 galaxies out of which 

five galaxies have been omitted because of unclear 

position angles. As shown in table1, The values of 

chi-square probability (P(>χ
2
), first order Fourier 

coefficient (Δ11/ σ (Δ11)), first order Fourier 

probability P (>Δ1) and auto-correlation coefficient 

(C/C (σ)) obtained for the polar angle () are 

0.511,-0.180 , 0.954 & -0.747 respectively. Here, 

all statistics shows the isotropic distribution of spin 

vectors in the supercluster. 

We also study the `humps' (bins with more 

solutions than the expected) and `dips' (bins with 

less solutions than the expected) in the polar and 

azimuthal angle distributions in addition to the 

statistical tests. In the plot of the -distribution (see 

Fig.3a as an example), solid curve represents the 

expected isotropic distribution where as dashed 
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curve is the cosine distribution. The solid circles 

with ±1 σ error bars represent the observed 

distribution. A dip (or hump) at  <45º suggests 

that the spin vectors of galaxies tend to orient 

perpendicular (or parallel) with respect to the 

equatorial coordinate system. Similarly, a hump (or 

dip) in the larger  ( >45º) indicates that the spin 

vectors of galaxies tend to be oriented 

perpendicular with respect to the equatorial 

coordinate system. In Fig.3a there is a hump on 

polar angle distribution at  = 55º. This hump is 

due to 13 more observed solutions than expected 

solutions in the range  >45º. 

For the plot of azimuthal ф -distribution, the 

statistics value obtained for the chi-square 

probability (P> χ
2
), first order Fourier coefficient 

(Δ11/ σ (Δ11)), first order Fourier probability (P > 

Δ1) and auto-correlation coefficient (C/C (σ)) are 

0.950, 0.401, 0.633 and -2.206 respectively. Here, 

all statistical tests show strong isotropic distribution 

of spin vectors. 

In the figure 3b, solid curve represents the 

expected isotropic distribution whereas dashed 

curve is the average distribution. The solid 

circles with ±1 σ error bars represent the 

observed distribution. The humps and dips in the 

plots of ф -distribution are not so easy to 

interpret as compared to  -distribution. It is 

because the range of ф is -90º to +90º. In the plot 

of the ф -distribution, ф = 0º means spin vector 

projections tend to point radially towards the 

center of the equatorial coordinate system. A 

hump in the middle (central eight bins) of the 

plot suggests that the spin vector projections of 

galaxies tend to point towards the center of the 

chosen co-ordinate system. Similarly, a hump at 

first four and last four bins indicates that the spin 

vectors projections of galaxies tend to be oriented 

tangentially with respect to the chosen reference 

co-ordinate system. 

There are two small dip in the plot of azimuthal 

angle at ф = -75º and at ф = 55º, but they are 

insignificant and they are due to difference in 

number of observed solutions than that of expected. 

So, we can conclude that there is no preferred 

alignment of spin-vectors of galaxies. 

 

           
 

Fig. 3: (a) Polar and (b) azimuthal angle distribution of galaxies in supercluster S [247+040+0029]. The dashed line 
represents theoretical cosine distribution for polar angle and average distribution for azimuthal angle, B-spline 

represents expected isotropic distribution obtained through simulation and solid circles with ±1σ error bars 
represents observed distribution of polar and azimuthal angle. 

 

The substructure S1 [247 +040+0029] that we have 

chosen from the contour map of number density of 

galaxies of total supercluster (SDSS catalogue 

consists of 1365 galaxies) consist of 500 galaxies. 

By statistics, the values of chi-square probability 

(P> χ
2
), first order Fourier coefficient (Δ11/ σ (Δ11)), 

first order Fourier probability (P > Δ1) and auto-

correlation coefficient (C/C (σ)) obtained for the 

polar angle (ρ) are found to be 0.943, -0.316,0.952 

&-1.186, respectively. Here, all statistics shows the 

distribution of spin vectors is strong isotropic 

distribution. For the plot of azimuthal ф -

distribution, the statistics value obtained for chi-

square probability (P> χ
2
), first order Fourier 

coefficient (Δ11/ σ (Δ11)), first order Fourier 

probability (P > Δ1) and auto-correlation coefficient 

(C/C (σ)) are 0.570, -0.260, 0.855 and -1.041, 

respectively. 
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Figure 4: Number density map of galaxies in the Supercluster S[247+040+0029] having nearest neighbor distance of 
each galaxies at (a) r=0.2º, (b) r=0.3º,(c) r=0.35º, (d) r=0.4º (a) r=0.5º, (b) r=0.75º,(c)r=1.0º, (d) r=1.25º and The color bar 

is shown. As the radius increases, the subclustering becomes prominent. 
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In the Fig 5a, the number of observed solution that 

have Ρ < 45º is found to be 699 and that for 

expected solutions are 670. The difference between 

observed and expected solution in that range is 1. 

At this region, there is one dip at 22º. For the large 

angles (Ρ > 45º), the number of expected solutions 

are less by 1 than that of observed. Again there is 

one dip at 47º in that range. These dips are due to 

local effect. Thus, we conclude no preferred 

alignment of spin vectors of galaxies. 

In the azimuthal angle distribution as shown in Fig 

5b, the observed solutions for range -45º < ф <+45º 

are found to be 556, whereas the expected solutions 

are 549. This shows that observed solutions are 

more than the expected solution by 7. There is a 

significant dip at 38º. For ф < -45º, observed 

solution are 49 and that for expected are 52 that is 

observed solutions are 3 less than expected. Due to 

difference in observed and expected solutions, there 

is a dip at -55ºin this range. For the large angles (ф 

> 45º), the observed 395 solutions are 4 less than 

what was expected. There are no hump and dip in 

this range. So we can conclude that there is no 

preferred alignment among spin-vectors of 

galaxies. 

The substructure S2[247 +040+0029] that we have 

chosen from the contour map of number density of 

galaxies of total supercluster (SDSS catalogue 

consists of 1331 galaxies) consist of 188 galaxies. 

From statistics, the values of chi-square probability 

(P > χ
2
), first order Fourier coefficient (Δ11/ σ 

(Δ11)), first order Fourier probability (P > Δ1) and 

auto-correlation coefficient (C/C (σ)) obtained for 

the polar angle (ρ) are found to be 0.909, -0.123, 

0.984&-0.886 respectively. Here, all statistics 

shows the strong isotropic distribution of spin 

vectors of galaxies. For the plot of azimuthal ф -

distribution, the statistics value obtained for the chi-

square probability (P > χ
2
), first order Fourier 

coefficient (Δ11/σ(Δ11)), first order Fourier 

probability (P > Δ1) and auto-correlation coefficient 

(C/C (σ)) are 0.911, 0.166, 0.964 &-0.059 

respectively. In the Fig 5c, the numbers of observed 

solution are equal to that of expected solutions. At 

this region, there is one dip at 18º. For the large 

angles (Ρ >45º), there is again one significant dip at 

67º. These dips are may due to local effects. Thus, 

we conclude that there is no preferred alignment of 

spin vectors of galaxies. 

In the azimuthal angle distribution as shown in Fig 

5d, there is no significant hump and dip. We again 

conclude that there is no preferred alignment 

among spin-vectors of galaxies. 

The substructure S3[244+0035+0029] that we have 

chosen from the contour map of number density of 

galaxies of total supercluster (SDSS catalogue 

consists of 1365 galaxies) consist of 149 galaxies. 

By statistics, the values of chi-square probability 

(P> χ
2
), first order Fourier coefficient (Δ11/ σ (Δ11)), 

first order Fourier probability (P > Δ1) and auto-

correlation coefficient (C/C (σ)) obtained for the 

polar angle (ρ) are found to be 0.893, 0.179, 0.982 

&-0.584 respectively. Here, all statistics shows the 

distribution of spin vectors in large supercluster is 

strong isotropic. For the plot of azimuthal ф -

distribution, the statistics value obtained for the chi-

square probability (P> χ
2
), first order Fourier 

coefficient (Δ11/ σ (Δ11)), first order Fourier 

probability (P > Δ1) and auto-correlation coefficient 

(C/C (σ)) are 0.969, -0.102, 0.966&-0.028 

respectively. In the Fig 5e, the number of observed 

solution that have Ρ < 45º is found to be 206 and 

that for expected solutions are 208. 

The difference between observed and expected 

solution in that range is 2. At this region, there is 

one dip at 13º. For the large angles(Ρ >45º), the 

number of expected solutions are less by 2 than that 

of observed and there is one significant hump at 48º 

in that range which cancel the dip observed at lower 

angles . Thus, we conclude no preferred alignment 

of spin vectors of galaxies. 

In the azimuthal angle distribution as shown in Fig 

5f, the observed solutions for range -45º < ф <+45º 

are found to be 161, whereas the expected solutions 

are 165. This shows that observed solutions are less 

than the expected solution by 4. For ф <-45º, 

observed solution are 12 and that for expected are 

11 that is observed solutions are more than 

expected by 1. For the large angles (ф >45º), the 

observed 125 solutions are 3 more than what was 

expected. There is one significant dip at -75º which 

cancels the significant hump at -65º.But there is no 

more hump and dip in other range so we can 

conclude that there is no preferred alignment 

among spin-vectors of galaxies. 

The substructure S4 [247+0041+0029] that we have 

chosen from the contour map of number density of 

galaxies of total supercluster (SDSS catalogue 

consists of 1331 galaxies) consist of 134 galaxies. 

By statistics, the values of chi-square probability 

(P> χ
2
), first order Fourier coefficient (Δ11/ σ (Δ11)), 

first order Fourier probability (P > Δ1) and auto-

correlation coefficient (C/C (σ)) obtained for the 

polar angle (ρ) are found to be 0.996, -0.327, 

0.871&-0.139 respectively. Here, all statistics 

shows the isotropic distribution of spin vectors. For  
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Fig. 5: (a, c, e, g, i) The polar (Ρ) and (b, d, f, h, j) azimuthal angle (ф) distributions of galaxies in the substructure of 
supercluster S [247+040+0029]. The solid line represents the expected isotropic distributions. The cosine and average 

distributions (dashed) are shown for the comparison. The solid circles with ±1 σ error bars represent the observed 
distribution. 
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the plot of azimuthal ф -distribution, the statistics 

value obtained for the chi-square probability (P> 

χ
2
), first order Fourier coefficient (Δ11/ σ (Δ11)), first 

order Fourier probability (P > Δ1) and auto-

correlation coefficient (C/C (σ)) are 0.838, -

0.469,0.804 &-0.906respectively. In the Fig 5g, the 

number of observed solution that have Ρ <45º is 

found to be 173 and that for expected solutions are 

174. There is no significant difference between 

observed and expected solution in that range. At 

this region, there is one dip at 3º. For the large 

angles Ρ >45º, the number of expected solutions are 

less by 1 than that of observed. So there is no 

preferred alignment of spin vectors of galaxies. 

In the azimuthal angle distribution as shown in Fig 

5h, the observed solutions for range -45º < ф <+45º 

are found to be 143, whereas the expected solutions 

are 142. This shows that observed solutions 

exceeded the expected solution by 1. For ф <-45º, 

observed and expected solutions both are 11. For 

the large angles (ф >45º), the observed 114 

solutions are 1 less than what was expected. There 

is a significant hump at -45º. It is due to local effect 

but there are no other significant humps and dips. 

We again conclude that there is no preferred 

alignment among spin-vectors of galaxies. 

The substructure S5[244 +0035+0029] that we have 

chosen from the contour map of number density of 

galaxies of total supercluster (SDSS catalogue 

consists of 1365 galaxies) consist of 88 galaxies. 

By statistics, the values of chi-square probability 

(P> χ
2
), first order Fourier coefficient (Δ11/ σ (Δ11)), 

first order Fourier probability (P > Δ1) and auto-

correlation coefficient (C/C (σ)) obtained for the 

polar angle (θ) are found to be 0.822, -

0.003,0.983&-1.098 respectively. Here, all statistics 

shows the distribution of spin vectors in large 

supercluster is strong isotropic distribution. For the 

plot of azimuthal ф -distribution, the statistics value 

obtained for the chi-square probability (P> χ
2
), first 

order Fourier coefficient (Δ11/ σ (Δ11)), first order 

Fourier probability (P > Δ1) and auto-correlation 

coefficient (C/C (σ)) are 0.081, 1.383, 0.303 &-

0.405 respectively. 

In the Fig 5i, the number of observed solution that 

have θ<45º is found to be 120 and that for expected 

solutions are also 120. At this region, there is a 

hump at 9º and a dip at 13º due to local effects. For 

the large angles ( >45º), there is no significant 

hump and dip in that range. Thus, we conclude no 

preferred alignment of spin vectors of galaxies. 

In the azimuthal angle distribution as shown in Fig 

5j, the observed solutions for range -45º < ф <+45º 

are found to be 95, whereas the expected solutions 

are 88. This shows that observed solutions are more 

than the expected solution by 7. For ф <-45º, 

observed solution are 6 and that for expected are 3 

that is observed solutions are 3 more than expected. 

For the large angles (ф >45º), the observed 75 

solutions are 9 less than what was expected. There 

is one significant hump at 5º and a dip at 65º. It is 

due to local effect. We again conclude that there is 

no preferred alignment among spin-vectors of 

galaxies. 

 

6. CONCLUSION 

We have studied the spatial orientation of spin 

vectors of SDSS galaxies in supercluster S 

[247+040+0029] containing 1331 galaxies. The 

method involved for this study is proposed by Flin 

and Godlowski (1986).  To remove selection effect 

and obtain theoretically expected isotropic 

distribution, we randomly generated 10
7
 virtual 

galaxies through numerical simulation using the 

method suggested by Aryal & Saurer (2000). 

Furthermore, using the galaxies density map to 

identify substructure, three eminent substructures, 

namely S1 [247+040+0029], S2[247+040+0029], 

S3[244+0035+0029] , for radius value 0.3 degree 

and two substructures, namely S4 

[247+0041+0029]  and S5[244 +0035+0029] for 

radius value 1degree has been found. Three 

statistical tools are used to check whether the 

distribution of galactic plane throughout the 

supercluster and in identified sub-structure is 

isotropic or not.  

The main conclusions of our work are numbered as 

below: 

 In this work, no preferred alignment of spin 

vectors of galaxies is obtained in the supercluster 

S[247+040+0029], so there is no anisotropic 

distribution. This suggests that galactic rotation 

axes favor the “hierarchy model" as suggested by 

Peebles (1969) of galactic evolution within the 

supercluster. Same trend are found in the 

substructure evolution. However, local effect can 

be seen in some sub-structure suggesting 

gravitational shearing effect. 

 We also found no preferred alignment of angular 

momentum vectors of galaxies in any of the sub-

structures S1 [247+040+0029], S2 

[247+040+0029], S3 [244+0035+0029], S4 

[247+0041+0029] and S5[244 +0035+0029]. 

This suggests hierarchical evolution of galaxies 

in those substructures too.  
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The lack of preferred alignment of galaxies in 

superclusters as well as in its substructures suggests 

the substructures are yet to evolve by merging and 

collisions through gravitation to obtain anisotropy 

in galactic orientation. 
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ABSTRACT 

This paper presents an analysis of the spin vector orientations of SDSS (Sloan Digital Sky 

Survey) galaxies in the Supercluster S [195+027+0022] using the seventh data release (2008 

October). By using the spectroscopic database of galaxies, identified number density map in the 

region of Superclusters. Several density enhancements are observed, suggesting the possibility 

of substructure in the Supercluster. Two-dimensional observed parameters that we received 

from the database are used to compute three-dimensional galaxy rotation axes by applying 

`position angle-inclination' method. Apply the selection effects by performing the random 

simulation method. The expected distribution curves are obtained from the simulation. Chi-

square, auto-correlation, and Fourier tests are used to examine non-random effects in the polar 

and azimuthal angle distributions of the galaxy rotation axes. To check these results with the 

different galaxy evolution models namely Hierarchy, Primordial, and Pancake model. The 

result supports the Hierarchy model. 

 

Keywords:  Galaxy: Evolution, Supercluser, Substructure, Galaxies: cluster 

 

1. INTRODUCTION 

Galaxy formation is a core theme of cosmology. 

Galaxies are a slightly laborious topic in 

astronomy, with many problems relating to their 

formation and evolution and even with aspects of 

their structure. Study deeply about the origin and 

evolution of these large-scale structures. It is 

necessary to understand how and when galaxies 

formed and how their constituents have changed 

with time.  

According to Gamow (1952) [1] and Weizsacker 

(1951) [2]; the observed rotation of the galaxies is 

very important to understand the origin of the 

angular momentum of galaxies regarding the 

beginning of the large scale structures like galaxies 

and help to get right insight into the initial 

condition that triggered the formation of these 

structure Peebles, 1969 [3].   

This paper analyzes the spatial orientation of the 

angular momentum vector of galaxies and their 

densities in various regions in a Supercluster. In a 

previous study, a method of searching for sub-

clustering in galaxy clusters, based on the analysis 

of the alignment of the galaxy plane [4]. This work, 

studied substructure within Supercluster 

morphologically. 

Three main theories advocate predictions 

concerning the spatial orientation of angular 

momentum vectors of galaxies. According to the 

hierarchy model (Peebles, 1969) [3], the angular 

momentum vector of galaxies is distributed 

randomly to the plane of the Supercluster. In the 

turbulence model (Ozernoy, 1978) [5], the angular 

momentum vectors of galaxies tend to perpendi-

cular to the plane of the Supercluster. The pancake 

model (Doroshkevich & Shandarin, 1978) [6] 

angular momentum vector of galaxy parallel to the 

cluster plane [7]. 

 

2. MATERIALS AND METHODS 

Data base 

The database used in the current work comprises 

galaxies located within the survey region of Sloan 

Digital Sky Survey (SDSS) [8] that have redshift in 
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the range of 0.022 to 0.024. These databases have 

been obtaining from the SDSS database through our 

collaborator. There were 2,603 galaxies in the 

region of interest. Among them, 13 galaxies 

excluded due to the axial ratio (b/a) is 0.2, so their 

inclination angle cannot be determined shown in 

Fig. 1b. Thus, 2,590 galaxies are in the final 

sample. The value of right ascension, declination, 

position angle, and axial ratio (b/a) provided on the 

database. 

Godlowskian Transformation 

The two-dimensional (2-D) information obtained 

from primary data contains right ascension(α), 

declination (δ), position angle (p), and axial ratio 

(b/a) of galaxies in our Supercluster. Adopted 

position angle inclination method proposed by Flin 

and Godlowski to convert two-dimensional given 

parameters into three-dimensional parameters [5]. 

The inclination angle (i) of a galaxy is the angle 

between the normal to the galaxy plane and the 

observer’s line-of-sight. It can be calculated from 

the Holmberg formula [9], 
 

 os   
2

2

*

*2

1

)(

q

q
a
b




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Here q
* 
represents the intrinsic flatness factor of the 

galaxy. The flatness of a disk galaxy depends on 

the morphological type. Holmberg [9] suggested a 

value of q
*
= 0.20 for oblate spheroid.   

The distribution of the galactic plane and its PA are 

considered in the equatorial coordinate system. For 

each galaxy, two angles are determined: the polar 

angle (Ѳ), the angle between the normal to the 

galaxy and the equatorial plane, and azimuthal 

angle (ф), the angle between the proje tion of this 

normal on the equatorial plane and directed towards 

the equatorial center. These angles are given by the 

equation Flin and Godlowski [10]. 

 

sin    os sin  sin sin  os  ... (2) 

sin    os       os  os sin  sin   sin sin sin   os  os    ... (3) 

   ф    os       os  os  os  sin   sin sin  os   os sin    ... (4) 

 

Here, i, δ, α, and P represent the inclination angle, 

declination, right ascension, and position angles 

respectively and   and   indicates the two possible 

solutions. 

 

3. METHOD OF ANALYSIS 

The selection effect on the parameters (e.g., posi-

tion, position angles, inclination angles, etc.) in the 

right-hand side of equation (2, 3, and 4) affects the 

distributions of Ѳ and ф. In the database, three 

kinds of selection effects can be noticed: 

1. Inhomogeneity in the distribution of the position 

of galaxies  

2. Lack of knowledge of position angles (PAs) of 

face-on galaxies and 

3. Lack of edge-on galaxies. 

In the selection of position and inclination angle 

make by the SDSS survey, there may cause various 

errors in the results. To remove these selection ef-

fects, we have to use the numerical simulation 

method proposed by Aryal and Saurer [11]. For the 

simulation, the correct spatial distribution of the 

galaxy rotation axis is supposed to be isotropic. 

Then, latitude (δ), longitude (α), in lination angle 

(i), and position angle (p) can be distributed ran-

domly, and equation (2, 3, and 4) used to simulate 

the corresponding distribution of Ѳ and ф.  

 

4. RESULTS AND DISCUSSION 

From the all-sky distribution of galaxies in a large-

scale structure, the distribution of galaxies is not 

uniform (As shown in Fig. 1a). There seen some 

regions are high-density contrast, so must study such 

density contrast to understand how the overall 

structure and contrast region affect the evolution and 

formation of galaxies in that region. In order to 

identify substructure within the Supercluster S 

[184+003+00077], try to find the number of galaxies 

around each galaxy within the different radius values 

such as 0.5º, 0.75º, 1.0º, 1.25º, and 1.5º. By 

analyzing the distribution of galaxy in the contour 

map in various radius values, we choose the 

particular value of radius for which a clear 

substructure is seen. In Fig. 2a, we can see four clear 

high-density contrast regions at 28º declination. 

Now, the nearest neighbour distance is increased to 

0.75º, 1.0º and 1.25º from each galaxy. The number 

density contour map is shown in Figs. 2b, c. The size 

of the largest substructure at 28º declination 

continuously increased. But other different 

substructure, there is no prominent structure because 
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the density contrast region begins to overlap. Due to 

this region, it is very difficult to separate different 

substructure to study precisely. Similarly, in Fig. 2d 

and e, two additional substructures appeared at 20º 

declination. When the radius is increased to 1.5º, the 

lower substructure gets merged. It is, therefore, we 

set the nearest neighbour radius r = 1.25º for the 

substructure classification. 

 

     
 

Fig. 1: (a) All-sky distribution of total galaxies of Supercluster S [195+027+0022] in the equatorial coordinate system. 
R.A. and Dec. represent the right ascension and declination in degree. Each solid circle represents a galaxy. There are 
2590 galaxies in this Supercluster. Inhomogeneous distribution of galaxies can be seen. (b) Axial ratio (b/a) distribu-

tion of galaxies. The Y-axis represents the number of observed galaxies in the Supercluster S[195+027+0022]. 

 

For the substructure identifi ation, “Origin 8.0” 

and “Matlab 7.0.1” software are used. The 

contour plot is the process of figuring out the 

different structures within the given large 

structure of Supercluster. The contour plot of 

Supercluster S [195+027+0022] within the 

different radii of the circle is shown in figure 2 

below. 

 

      
 

       
 

Fig. 2: Number density map of Supercluster S [195+027+0022]. The above diagram, a, b, c, d, and e represent  
the contour map along the different radii of the circle namely, 0.5º, 0.75º, 1.0º, 1.25º, and 1.50º respectively.  

The X-axis and Y-axis represent right ascension (R. A.) and declination (Dec.), respectively. 
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This work explained the spatial orientation of the 

spin vectors of galaxies to the equatorial 

coordinate system based on the distribution of 

polar (θ) and azimuthal () angle of galaxy 

rotation axes in Supercluster S [195+027+0022]. 

By using statistical tools chi-square probability P 

(>
2
), auto-correlation coefficient (C/C ()), 

first- order Fourier coefficient (11/ (11)), and 

Fourier probability P (>1) to test any deviation 

from expected isotropic distribution. For 

anisotropy, the limit of chi-square probability P 

(>
2
) is < 0.050, auto correlation coefficient (C/C 

()) is >1.0, first order Fourier coefficient (11/ 

(11)) is >1.5 and Fourier probability P (>1) is < 

0.150 respectively. These statistical limits were 

proposed by Godlowski [12, 13] in a galaxy 

orientation study.  

The statistics for the polar angle (θ) and azimuthal 

angle () distribution is given in Table 1. In this 

study of polar angle (θ), a positive value of first 

order Fourier coefficient suggests that the spin 

vectors of galaxies tend to be oriented parallel with 

respect to the equatorial co-ordinate system. While 

negative value suggests that perpendicular 

orientation with respect to equatorial co-ordinate 

system. 

Similarly in the statistics of azimuthal angle (), a 

positive value of first order Fourier coefficient 

suggests that the spin vector projections of galaxies 

tend to point radially outwards the center of the 

equatorial co-ordinate system while negative value 

implies spin vectors projection of galaxies tend to 

orient tangentially with respect to the equatorial co-

ordinate system. In addition to the statistical tests, 

we also studied the `humps' (bins with more 

solutions than expected) and `dips' (bins with less 

solutions than expected) in the polar (θ) and 

azimuthal angle () distributions. 

In the following Table 1, the first column lists the 

sample, the second column represents chi-square 

probability (P (>χ
2
), the third column represents 

first order Fourier coefficient (Δ11/ σ (Δ11)), and the 

last two columns give first order Fourier probability 

P (>Δ1) and auto-correlation coefficient (C/C (σ)). 

 

Sample (P (>χ
2
) (Δ11/ σ (Δ11)) P (>Δ1) (C/C (σ)). 

Polar Angle     

S [195+027+0022] 0.932 0.24 0.942 0.06 

S1[195 +028+0022] 0.924 0.57 0.848 -0.29 

S2[176 +020+0023] 0.534 0.07 0.917 -0.35 

S3[181+020+0024] 0.976 -0.37 0.923 -0.08 

Azimuthal angle     

S [195+027+0022] 0.661 -0.15 -0.943 -0.81 

S1[195 +028+0022] 0.416 -0.27 0.999 -1.08 

S2[176 +020+0023] 0.274 -0.49 0.999 -0.17 

S3[181+020+0024] 0.980 -2.60 0.021 -0.35 

 

Fig. 2 shows polar (θ) and azimuthal () angle 

distributions of galaxies in the Spercluster S 

[195+027+0022]. Table 1 shows the statistics for 

the polar angle (θ-distribution in the Supercluster 

S [195+027+0022]. In the polar angle 

distribution, chi-square probability (P (>χ
2
) is 

found to be 0.932 i.e., 93.2% (greater than the 

significant level 0.050 i.e. 5.0 %). The first order 

Fourier coefficient (Δ11/ σ (Δ11)) is 0.24 (less than 

significant level i.e., 1.5), first order Fourier 

probability (P (>Δ1)) to be 0.942 i.e., 94.2% 

(greater than 0.15 i.e., 15%), and auto-correlation 

coefficient (C/C (σ)) is 0.06 which is less than 

1. Thus, all statistical tests suggest isotropic 

distributions. 

Here, the positive value of first order Fourier 

coefficient suggests that the spin vectors of galaxies 

tend to be oriented parallel with respect to the 

equatorial co-ordinate system. 

The polar angle (θ) distribution in the Supercluster 

S [195+027+0022] as shown in Fig. 2a, there are no 

significant hump and dip observed. This is due to 

binning effect. 
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Fig. 2: Polar (a) and azimuthal (b) angle distributions of galaxies in the Supercluster S [195+027+0022]. The solid cir-
cles with statistical error bars (±1σ) represent the observed distribution. The solid curves are obtained from random 

simulation assuming isotropic distributions. The grey shaded region shows a predominance of the Pancake model 
(Doroshkevich et al., 1978) [6] if observed solution is found to be more than that of expected. 

 

Fig 2(b) shows the azimuthal angle ( distribution. 

Table 1 shows the statistics for the azimuthal angle 

(-distribution in the Supercluster S 

[195+027+0022]. In the azimuthal angle 

distribution, chi-square probability (P (>χ
2
) to be 

0.661 i.e., 66.1% which is greater than 0.050 i.e. 

5%, first order Fourier coefficient (Δ11/ σ (Δ11)) 

found to be -0.15 less than 1.5, first order Fourier 

probability (P (>Δ1)) to be 0.943 i.e., 94.3% more 

than 0.150 i.e. 15% and auto correlation coefficient 

(C/C (σ)) is -0.81 less than 1. Thus, all statistics 

tests supporting isotropy.  

Here, the negative value of first order Fourier 

coefficient implies spin vectors projection of 

galaxies tends to orient tangentially with respect to 

the equatorial co-ordinate system. 

Fig 2b shows the azimuthal angle () distribution, 

there are no significant hump and dip are seen in 

the region except, for the region bimodal region (-

45º<<+45º), two dips at -25º and +25º are ob-

served. This is due to local effect. This suggests 

that the projection of spin vectors of galaxies tends 

to orient parallel with respect to the equatorial co-

ordinate system. 

Thus, these `humps' and `dips' suggest the 

possibility of grouping or substructuring because of 

the tidal or gravitational shearing effects between 

the co-moving galaxies. Thus, the random 

orientations of the angular momentum vectors of 

galaxies are found, suggesting the Hierarchical 

model of the structure formation as suggested by 

Peebles [3]. 

Table 1 shows statistics for the polar angle distri-

bution in the substructures S1 [195+028+0022]. 

In the polar angle (θ) distribution, chi-square 

probability (P (>χ
2
) is 0.924 i.e., 92.4% much 

more than 0.05 i.e., 5% significance level, First 

order Fourier coefficient (Δ11/ σ (Δ11)) is found to 

be 0.57 which is less than 1.5 σ. The First order 

Fourier probability (P(>Δ1)) to be 0.848 i.e., 

84.8%% greater than 0.15 i.e., 15% significance 

level and auto-correlation (C/C (σ)) to be found -

0.29 less than 1σ. However, all these statistical 

tests suggest isotropy. Thus, there is no preferred 

alignment of galaxies in the Supercluster S1 [195 

+ 027 + 0022]. 

The polar angle (θ) distribution is shown in Fig. 3a 

below. There are no significant `humps' and `dips' 

are observed, due to binning effect. No preferred 

alignment i.e. the random orientation is observed 

supporting the Hierarchical model (strong isotropy) 

as suggested by Peebles [3]. 

Table 1 shows statistics for the azimuthal angle 

distribution in the substructures S1 

[195+028+0022]. In the azimuthal angle () 

distribution, chi-square probability (P (>χ
2
) is 0.416 

i.e., 41.6% is greater than 0.005 i.e., 5%. 
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Fig. 3: Polar (a, c, e) and azimuthal angle (b, d, f) distributions of galaxies in the substructures of Supercluster 
S[195+027+0022]. Solid circles with statistical error bars (±1σ) represent observed distributions. The expected 

distributions are represented by solid curves. These solid curves are obtained by performing random simulations.  
The grey-shaded region supports the pancake model if there is excess solution than expected. 
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First order Fourier coefficient (Δ11/ σ (Δ11)) is -0.27 

which is less than 1.5level, Fourier probability (P 

(>Δ1)) is 0.999 i.e., 99.9% greater than 0.15 i.e., 

15% significant limit whereas value of auto-

correlation coefficient (C/C (σ)) is -1.08 less than 

1.5. All these statistics support the strong isotropy 

in distributions of this sample.  

The azimuthal angle () distribution is shown in 

Fig. 3b below. There are three `humps' at -65º, -

25º,-85º and three `dips' at -85º, -15º, and 25º are 

seen due to the expected and observed values. Like 

polar angle, no preferred alignment is seen in the 

azimuthal angle distribution. 

Table 1 shows statistics for the polar angle 

distribution in the substructures S2 

[176+020+0023]. In the polar angle (θ) distribution, 

chi-square probability (P (>χ
2
) is found to be 0.533 

i.e., 53.3% greater than 0.05 i.e., 5% significance 

level, First order Fourier coefficient (Δ11/ σ (Δ11)) is 

0.074 less than 1.5 σ. The First order Fourier 

probability (P(>Δ1)) to be 0.916 i.e., 91.6%% 

greater than 0.15 i.e., 15% significance level and 

auto-correlation (C/C (σ)) to be -0.347 less than 1σ. 

Thus, all these statistical tests advocate isotropy.  

The polar angle (θ) distribution is shown in Fig. 3c 

below. The observed solution for the region θ45º, 

two `dips' can be observed within the shaded region 

at 5º and bimodal regions (at 45º). Then a number 

of observed (538) and the expected (542) solutions 

for small angle (up to 45º), which indicates 4 less 

solutions are observed than expected.  Also, one 

hump is seen at 25º within a limit of 1 σ. There are 

no humps and dips observed in regions 45º θ90º. 

This is due to binning effects. 

The statistics for the azimuthal angle () 

distribution in the substructures S2[176+020+0023] 

as shown in Table 1. In the azimuthal angle () 

distribution, chi-square probability (P (>χ
2
) is 0.273 

i.e., 27.3% more than 0.05 i.e., 5% significance 

level, First order Fourier coefficient (Δ11/ σ (Δ11)) to 

be -0.490 which less than 1.5 σ. The First order 

Fourier probability (P (>Δ1)) is found to be 0.878 

i.e., 87.8% greater than 0.15 i.e., 15% significance 

level, and auto-correlation (C/C (σ)) to be -0.169 

less than 1σ. Here, all these statistical tests 

supporting isotropy.  

In Fig 3d, the azimuthal angle ()) distribution is 

shown. In the azimuthal angle ()) distribution, at 

(<45º), small `dip' is seen at -65º and in the 

bimodal region (-45º <<45º) two `humps' at -45º 

and 15º are seen and two strong `dips' at -5º and 5º 

are seen. The `humps' and `dips' in -distribution 

are not so easy to interpret as compared to the θ-

distribution. It is because the range of  is -90º to 

90º.  At (>45º), one `hump' at 55º and a small `dip' 

in 85º can be observed. 

Table 1 shows statistics for the polar angle 

distribution in the substructures S3 

[181+020+0024]. In the polar angle (θ) distribution, 

chi-square probability (P (>χ
2
) is 0.976 greater than 

0.05 significance level, First order Fourier 

coefficient (Δ11/ σ (Δ11)) is -0.370 less than 1.5 σ. 

The First order Fourier probability (P(>Δ1)) to be 

0.923 greater than the 0.15 significance level, and 

auto-correlation (C/C (σ)) to be  -0.082 less than 

1σ. All these statistical tests suggest the isotropic 

distribution of polar angle, suggesting random 

orientation of angular momentum of galaxies as 

suggested by Peebles [3]. 

The polar angle θ- distribution is shown in Fig. 3e 

below. In polar angle (θ no 

significant `humps' and `dips' are seen. This is due 

to binning effect. Thus, the random orientation of 

the angular momentum of the galaxies is found, 

suggesting the hierarchical model of structure 

formation as suggested by Peebles [3]. 

The statistics for the azimuthal angle () 

distribution in the substructures S3[181+020+0024] 

as shown in Table 1. In the azimuthal angle () 

distribution, chi-square probability (P (>χ
2
) is 0.980 

more than 0.05 i.e., 5% significance level, First 

order Fourier coefficient (Δ11/ σ (Δ11)) to be -2.602 

which less than 1.5 σ. The First order Fourier 

probability (P (>Δ1)) is found to be 0.021 i.e., 2.1% 

less than 0.15 i.e., 15% significance level, and auto-

correlation (C/C (σ)) to be -0.349 less than 1σ. 

Here, all these statistical tests supporting isotropy 

except First order Fourier probability. 

The azimuthal angle (- distribution is shown in 

Fig. 3f, there are several humps at (-25º, 35º, 45º) 

and dips at (-45º, 5º, 25º) are observed. These 

effects may be due to binning. 

 

5. CONCLUSION 

This paper studied the spatial orientation of 2,590 

galaxies surveyed by SDSS in the Supercluster S 

[195+027+0022]. These data (7
th 

data release) were 

taken by SDSS Telescope located at Apache Point 

Observatory, New Mexico, USA, and made 

available to us by collaboration with the Institute of 

Astroparticle Physics, Innsbruck University, 

Austria. From these data, we plotted all-sky 

diagrams and observed the nature of that plot. We 

have used the `PA-inclination method' proposed by 
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Flin and Godlowski [10] to convert two-

dimensional observed parameters to three-

dimensional galaxy rotation axes (polar and 

azimuthal angles) and carried out random 

simulation by generating 10
7
 virtual galaxies in 

order to remove selection effects from the database 

[11]. To check for isotropy and anisotropy, we have 

carried out three statistical tests: chi-square, auto-

correlation, and the Fourier. There are `humps' and 

`dips' in the polar angle distributions, these `humps' 

and `dips' do not alter the statistics of the sample. 

Thus we suppose these as binning effects. Similarly 

in azimuthal distributions, all samples show 

isotropic distributions as explained above. 

Since observed distributions do not vary 

significantly from the expected distributions for 

total sample and substructures S1 [195+028+0022], 

S2 [176+020+0023], and S3 [181+020+0024]. In 

general, observed that there is no preferred 

alignment of spin vectors of galaxies. The result of 

θ-distributions supports the hierarchical clustering 

scenario (Peebles1969) [3], which predict that the 

random orientation of the directions of the spin 

vectors of galaxies. Similarly for the -distribution, 

for total sample and substructures S1 

[195+028+0022], S2 [176+020+0023], and S3 

[181+020+0024], we found the negative value of 

first order Fourier coefficient. Therefore in general 

the spin vector projection of the galaxies tends to 

oriented perpendicular to the equatorial plane. 
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Study of substructure analysis of supercluster 

S [227+006+0078] radial velocity range of 21300 km/s to 
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Abstract: This paper presents the search for substructures within the Supercluster S [227+006+0078]. To use the 

spectroscopic database (7th data release) of galaxies, studied the number density, all-sky distribution, and redshift maps to 

identify substructures based on their richness and compactness. And also to find out the substructures within the 

Supercluster, using the contour plot of number densities of galaxies within the appropriate radius values and number of 

nearby galaxies.  

Keywords:  Large- scale structure of the universe- galaxies; Substructures; Supercluster; Orientation. 

Introduction 

The formation of the Universe is still an unsolved problem 

of astrophysical research. The Universe is based on 

observational evidence and a few theoretical concepts. The 

discovery of the Expansion of the Universe provided the 

most important established feature of the modern 

cosmological picture. In addition, the observation of the 

Cosmic Microwave Background Radiation (CMBR) 

provided a strong connection of the present cosmological 

picture to fundamental Particle Physics. Observational data 

support the picture of a Universe that is to a very good 

approximation homogeneous (all places are alike) and 

isotropic (all directions are alike). The hypotheses of 

homogeneity and isotropy are referred to as the 

Cosmological Principle. Such a Universe is called uniform. 

The most remarkable feature of the mega parsec-scale 

matter distribution in the Universe is the presence of a  

cosmic web the network of galaxies, groups, and clusters1. 

We have to understand the role of small-scale (group) and 

large-scale (Supercluster) environments in galaxy 

formation and evolution. We need to study the properties of 

Superclusters and their galaxy and group populations 

together. The large-scale structure of the Universe is formed 

by a hierarchy of galaxy systems from isolated galaxies to 

groups, substructures, and Superclusters of galaxies2. The 

clustering phenomenon does not stop with galaxies. Galaxy 

clusters attract each other to produce Superclusters. 

Superclusters are largest structures of the cosmos. 

Superclusters are important tracers of dark and baryonic 

matter in the Universe; they also provide information 

regarding the different orientations of angular momentum 

vectors of galaxies and their distribution which is beneficial 

to know about the initial condition of the formation of these 
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large scale structures. We have to search substructures 

within Supercluster and to understand their properties. We 

need to know how to identify them and how to quantify 

their properties. Supercluster varies in its shape, extension, 

galaxy content, etc. Morphology of a Supercluster studied 

with the help of Minkowski functional. The determination 

of cosmic structure using the density field, to study their 

morphology with Minkowski functionals and shape finders 

is quite an interesting approach. These Minkowski 

functional used to differentiate Superclusters into various 

morphological types Spider, multi spider, filaments, and 

multi-branching filaments2.  The study of the distribution of 

galaxies in the Supercluster can lead to the identification of 

substructure: visualized substructure cluster; galaxies group 

connected by filament etc. 

Einasto et al. analyzed the structure of rich galaxy clusters 

in Superclusters of different morphologies and showed that 

clusters in Superclusters of spider morphology have higher 

probabilities of having substructure and their main galaxies 

have higher peculiar velocities than clusters in 

Superclusters of filament morphology2, 3. 

Data compilation 

The database used in this work consists of galaxies within 

Supercluster S [227+006+0078] located within the survey 

regions of Sloan Digital Sky Survey (SDSS)4 (7th data 

release).  The Supercluster has a redshift limit in the range 

of 0.071 (or radial velocity 21300 km/s) to 0.078 (or radial 

velocity 23400 km/s). There were 1213 galaxies of 

Supercluster S [227+006+0078] after removing the galaxies 

having axial ratio, q = b/a < 0.13. Where a and b are semi-

major and semi-minor axes. All-sky distributions of 1,213 

galaxies were observed to identify substructures. Finally, 

we identified two substructures as S1 [228+006+0079], S2 

[227+008+0078] with galaxy numbers 287, and 188, 

respectively. 

Method of analysis 

According to cosmological principles, the expected 

distribution of galaxies in the equatorial coordinate system 

should be homogeneous5. In contrast, the all-sky 

distribution of galaxies shows the inhomogeneous 

distribution. Thus, for a detailed study of the Supercluster, 

the substructure within the Supercluster needs to be 

identified.  Density analysis of galaxy distribution could 

reveal the presence of substructures as a region of high 

galaxy aggregation, and their properties and distribution 

within a Supercluster6. The galaxies are not uniformly 

distributed within the Supercluster: they can consist of 

isolated individual galaxies, smaller galaxy groups, or rich 

clusters of galaxies. These substructures can be in the 

process of evolution through collision, merger, and 

fragmentation. 

Thus, In order to identified substructure within the 

Supercluster S [227+006+0078], to classified database 

(total sample) into substructure based on the number 

density of galaxies.  By analyzing the distribution of galaxy 

in the contour map in various radius values (0.25º, 0.5º, 

0.75º, 1.0º), we choose the particular value of radius for 

which a clear substructure is seen. So, we choose the 

suitable counting bin size of (0.25º, 0.5º, 0.75º, 1.0º one by 

one) square degree in the RA-Dec all sky map of 

Supercluster to count number of galaxies within the 

neighborhood of each galaxies in the Supercluster.   

The MATLAB7.0.1 code used for this purpose is as 

follows: 

Galaxy Counting Code 

ra = importdata('ra.m'); dec = importdata('dec.m');  

sc = [ra,dec];  n = numel(ra) 

repeat = 'y'; 

while repeat =='y' 

radius =input('Enter the radius of circle in degree: ') 

for i=1 : n count=0; 

for j=1 : n 

r = (ra (i) - ra (j)) ^2 + (dec (i) - dec (j)) ^2; 

if r <= radius*radius 
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count =count+1; 

end 

neighgal (i)=count; 

str = input('enter a _le name to store near galaxy numbers: 

','s')_d=fopen (str,'wt'); 

fprintf (_d,'fclose(_d); 

repeat =input('enter c if you wish to continue another size 

or to exit: 'end’) 

We have used ORIGIN8.0 for the calculation and plotting. 

Results and discussion 

The contour plot for different radius (0.25º, 0.5º, 0.75º, and 

1.0º) values of Supercluster S [227+006+0078] is shown in 

Figure 1 below. To identify, substructure within the 

Supercluster S [227+006+0078] through looking at the 

contour plot of different radius values, we can be 

distinguished, in which radius value of the clear 

substructure. 

Figure 1: Number density map of Supercluster S [227+006+0078]. In 

the above diagram, a, b, c, d and  represent the contour map along the 

different radius of circle namely, 0.25º, 0.5º,0.75º, and 1.0º 

respectively. The X-axis and Y-axis represent right ascension (R.A.) 

and declination (Dec.), respectively. 

In Figure 1(a), here r = 0.25º, we can see five high-density 

contrast regions at the different regions in the equatorial 

coordinate system. If we increase the radius value (r = 0.5º) 

in Figure 1(b), even though we can visualize different 

substructures, there is no prominent structure because the 

density contrast region begins to overlap. Due to this region, 

it is very difficult to separate substructures to study 

precisely. Similarly, in Figure 1(c) r = 0.75º and (d) r = 0.1º, 

there only seen two different substructures, however, we are 

searching for as many as different strong density regions. 

For radius values, 0.75º and 0.1º, found two substructures, 

namely S1 [228+006+0079] and S2 [227+008+0078], and 

found galaxy numbers 287 and 188, respectively. 

The all-sky distribution of the total number (1213) of 

galaxies in the Supercluster S [227+006+0078] is shown in 

Figure 2. This distribution reveals that the galaxies are not 

equally distributed throughout the whole region: a 

heterogeneous distribution. The inhomogeneous nature of 

the distribution of galaxies in this Supercluster shows that a 

large number of galaxies are concentrated in the region of 

right ascension between 227º to 228º. The morphology of 

this Supercluster can be defined as a spider-type as shown 

in Figure 2.  

Figure 2: All sky distribution of galaxies in the equatorial co-ordinate 

system for Supercluster S [227+0067+0078]. Each circle represents a 

galaxy. The X-axis and Y-axis represent right ascension and 

declination respectively. 
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Similarly, as shown in Fig. 3, all-sky view of the galaxy of 

substructures S1 [228+006+0079] and S2 [227+008+0078] 

with numbers of galaxy 287 and 188, respectively.  

Figure 4a shows a redshift map of galaxies in the 

Supercluster that have a mean redshift of 0.077. The color 

map shows that the velocity dispersion is minimum in the 

region where the number density of galaxy is minimum. 

The color bars for redshift are shown. The yellow region is 

the region of high redshift galaxies sky blue region consists 

of low redshift galaxies in this Supercluster. It seems that 

there is a linear relationship between redshift dispersion and 

the number density of galaxies in the substructures and 

found to be a good correlation coefficient as shown in 

Figure 4b. 

           

 

Figure 3: All sky view of substructures S1 [228+006+0079] and S2 

[227+008+0078].  

The redshift or radial velocity of galaxies in the 

Supercluster and substructures are found to be independent 

of the distribution of angular momentum vectors and its 

projection, supporting the hierarchy model of galaxy 

formation as suggested by Peebles (Figure 4).  

 

 

 

Figure 4: (a) Redshift map is shown for galaxies in the Supercluster S 

[227+006+0078]. (b) The Number of galaxies in two substructures and 

Supercluster itself versus redshift dispersion plot. The statistical ±1σ 

error is shown. 

 

Conclusion 

 

This paper identified two substructures S1 [228+006+0079] 

and S2 [227+008+0078], to the study of the number density 

map of galaxies, all-sky distribution of galaxies, and 

redshift map of galaxies in the Supercluster S 

[227+006+0078]. This Supercluster consists of 1213 

galaxies, and two substructures have 287 and 188 galaxies, 

respectively.  
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