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Abstract : We present a study of spin vector orientations of 44749 r and u-magnitude SDSS (Sloan Digital Sky Survey)
galaxies having redshift 0.10 to 0.11. The r and u-magnitudes are observed through 616.5 nm and 354.3 nm CCD (charge
coupled device) filter attached to SDSS telescope located at New Mexico, USA. We have converted two dimensional data to
three dimensional galaxy rotation axes. Our aim is to find out non-random effects in the spatial orientation of galaxies. In
addition, we wanted to check r and u-magnitude dependence in the spatial orientation. The expected isotropy distribution
curves are obtained by removing the selection effects and performing a random simulation method. In general, spin vector
orientations of galaxies is found to be random, supporting Hierarchy model of galaxy formation. A local anisotropy is observed
in few samples suggesting a gravitational tidal interaction between neighbor galaxies, a merging process in which the
angular momentum vector distort the original alignment of evolution of rotational supported system to the randomized system.
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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 samein all directions. On the other hand,
huge low redshift galaxy surveys such as the 2-degree
field galaxy redshift survey (2dFGRS, Colless et
al. 2001) and the Sloan Digital Sky Survey (SDSS,
York et al. 2000) 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 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.
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.

Galaxy clusters are gravitationally bound large
scale structures in the universe. To understand the
evolution of these aggregates it is essential to know
when and how they have formed and how their
structures and constituents have been changing with
time. Gamow (1952) made it clear that the observed
rotations of galaxies are important for cosmology.
According to them, the fact that galaxies rotate
might be a clue of physical conditions under which
these systems formed. Thus, understanding the
distribution of spatial orientations of the spin vectors
(hereafter SVs) or angular momentum vectors of
galaxies is very important. It could allow us to know
the origin of angular momenta of galaxies.

There are three predictions about the spatial
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orientation of spin vectors of galaxies. These are
the *pancake model', the *hierarchy model,' and the
‘primordial vorticity theory." The ‘pancake model
(Doroshkevich 1973; Doroshkevich & Shandarin
1978) predicts that the spin vectors (SV's hereafter)
of galaxies tend to lie within the cluster plane.
According to the “hierarchy model' (Peebles 1969),
the directions of the SVs should be distributed
randomly. The ‘primordial vorticity theory'
(Ozernoy 1971, 1978; Stein 1974) predicts that the
spin vectors of galaxies are distributed primarily
perpendicular to the cluster plane. In the present
work we intend to work on SDSS (7" data release)
database of galaxies that have radial velocity in the
range 30,000 km/s to 33,000 km/s (0.10 < z < 0.11).
We are interested to check whether magnitude
dependence exist concerning galaxy orientation or
not.

2. SDSS PHOTOMETRY

The distribution of r and u magnitudes gives
important information regarding the process of
star formation activity in the star. The apparent
magnitudes do not tell us about the true brightness
of stars, since the distances differ. A quantity
measuring the intrinsic brightness of a star is the
absolute magnitude. The absolute magnitude M of
any star is defined as the apparent magnitude at a
distance

of 10 pc from the star in the absence of astronomical
extinction.

We know that the relation between magnitude,
distance and opacity is given by (Padmanabhan
2006),

m - M = 5logr - 5 + (2.5loge)ar (1)
Here m, M and o represent apparent, absolute
magnitudes and opacity of the medium.
For r and u filter,

m - M = 5logr - 5 + (2.5loge)a r (2)

m - M = 5logr -5+ (2.5loge)a r (3)
Subtracting equation (3) from (2) we get,
r=[(m -m)-(M -M)]/[2.5]oge (a-a)]  (4)

This equation is useful to calculate the value of
distance to the galaxy. Thus, the magnitude through
various filters gives precise information about
distance.
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Figure 1: Distribution of galaxies through two (r
& u) filters. The observed distribution with +1c
error bars can be seen. The solid lines represent the
Gaussian fit.

In our database we have included the apparent
magnitude of the galaxies. Magnitude distribution
for u and r filters is shown as in Fig. 1. We found that
the observed magnitude distribution of galaxies for
the u-filter fits well with the Gaussian distribution
but for r filters, growing function is normal but
decaying function is sharply falling (see Fig. 1).

3. DATA COMPILATION

We use the database of SDSS galaxies that have
redshift in the range 0.10 to 0.11. These database
were downloaded from Sloan Digital Sky Survey
(SDSS) Data Release 7. There are 44,830 galaxies in
the region of interest.
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Figure 2: All sky distribution of galaxies covered by SDSS
7% data release in the equatorial co-ordinate system (left).
Wavelength bands of the filters used by SDSS telescope (right).
The transmittance through u-filter is relatively weak compared
to that of other filters because of the absorption feature of

Earth's atmosphere.

Figure 2 shows the all sky distribution of galaxies
of our database. The apparent distribution of the
galaxies is because of the nature of the survey.
Acharya (2012) carried out a study on the same
database and found that the optical search limit is
complete for the galaxies that have major diameter
a > 24 arc minutes. We plotted bin size versus
standard error of the database and use basic statistic
and obtained the appropriate bin size in order to
classify subsamples.

4. GODLOWSKIAN TRANSFORMATION

The three dimensional orientation of the SV of a
galaxy is characterized by two angles: the polar angle
(0) 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 6
and ¢ are given in Flin & Godlowski (1986). When
using equatorial coordinate system as reference,
then © and ¢ can be obtained from measurable
quantities as follows:

sin @ = —¢osisin L + sinisin Pcos B (5)

i g = (eos0) [ osicok Bsin L + sin(F in Psin Bsin LT éos PeosL)]  (6)

where i is the inclination angle, the angle between
the normal to the galaxy plane and the observer’s
line-of-sight. The inclination angle can be computed
from the formula

(qz -9 *23 (7)
ti-g*)

This expression is valid for oblate spheroids
(Holmberg 1946). Here, g and g* represent the
measured axial ratio (b/a) and the intrinsic flatness
of the galaxy, respectively. The intrinsic flatness of a
disk galaxy depends on the morphological type and
is taken from Heidmann et al. (1971). Hiedmann
et al. (1971) showed that the values of g* range
from 0.083 for Sd spirals to 0.33 for ellipticals. For
the galaxies with unknown morphology ¢*=0.20 is
assumed.

costi=

5. NUMERICAL SIMULATION

Here we describe the procedure for the removal the
selection effects to obtain the isotropic distributions
for both 6 and ¢ as given by Aryal & Saurer (2000).
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 se lection effect. Aryal
& Saurer (2000) 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 L and P can be distributed randomly,
and the equation (5,6) can be used to calculate the
corresponding values of polar (0) and azimuthal
(). We run simulations in order to define expected
isotropic distribution curves for both the 6 and ¢
distributions. The isotropic distribution curves are
based on simulations including 107 virtual galaxies.
At first we observed the distributions of L, B, P and
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i for the galaxies in our samples and distributed
by creating 107 virtual galaxies for respective
parameters. We use these numbers to make input
file and the expected distribution by running
simulation in MATLAB 7.0. The program file is as
follows:

name of the program _le: polarl

clear all; % making the work place free of memary

t=cputime;

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

deltal = asin(_cos(i).*sin(B)+ sin(i).*sin(P). *cos(R)); %polar angle

deltaZ = asin(_cos(i).*sin(B)_ sin(i).*sin(P).*cos(B)); Ypolar
angle
etal = asin sin(i).*(_

((_cos(i).*cos(R).*sin(L) ~ +
sin(P).*sin(B).*sin(L) _cos(P).*cos(L)))./ cos(thetal)); %azimuthal
angle

eta = asin ((_cos(i).*cos(R).*sin(L) + sin(i).*(+sin(P).*sin(B).*s
in(L)+

cos(P).*cos(L)))./cos(theta?)); %azimuthal angle

deltal = deltal. *I80/pi; % changing to degrees

deltaZ = deltaZ.*I80/pi;

etal = etal. *I180/pi;

etaZ = eta.*|80/pi;

delta=[deltal; deltaZ); %polar angle

eta=(etal; etaZ]; %azimuthal angle

vec=[-30:0:30]; %making 36 bins of a_interval

(delta n, dx) = hist(delta, vec); %histogram showing polar angle
distribution
(eta n,dx) = hist(eta, vec); %histogram showing azimuthal angle

distributiion

delta n = delta n' %placing theta in column matrix
eta n = eta n' %placing phi in column matrix
sprintf('Calculation time: %f seconds '.cputime-t)

6. METHOD OF ANALYSIS

Our observations (real observed dataset) are
compared with the isotropic distribution curves
(obtained from simulation) in both 6 and ¢
distributions. For this comparison we use three
different statistical tests: chi-square-, Fourier-, and
auto correlation-test.

Chi-square test

The ¢ test is a measure of how well a theoretical

probability distribution fits a set of data. ¢* test is an
objective way to examine whether the observational
distribution deviates from the expected distribution
(in our case, to the isotropic distribution), which is
based on the reduced ¢? value given by,

=~ (8)

Z‘N°' ©)

Here, n represents the number of bins, N, and N,
represent the observed and expected isotropic
distributions and v is the degree of freedom (v =

n-1). For an isotropic distribution, the yZvalue is
expected to be nearly zero. The quantity P(> y2)

gives the probability that the observed y? value is
realised by the isotropic distribution. The observed
distribution is more consistent with the expected

isotropic distribution when P(> y2) is larger. We set

P(> #Z) =0.050 as the critical value to discriminate
isotropy from anisotropy, it corresponds to the
deviation from the isotropy at 2c level.

Fourier test

If the deviation from isotropy is only slowly varying
with 0 or ¢, the Fourier test can be applied. A
method of expanding a function by expressing it
as an infinite series of periodic functions (sines and
cosines) is called Fourier series. The frequencies of
the sines and cosines are increased by a constant
factor with each successive term. The general
mathematical form of the Fourier series is:

)= D, 605 v +b, S x)+ e, €052+ b §inx) 4 (10)
The €onstantsa, a, b,,........ etc., called Fourier
coefficients, are obtained by the formulae:
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a, 1 If(x)éoénxdx
T

-

b =— j £x)sin nxdx (11)

We compare the observed distributions of the polar
and azimuthal angle (6 and ¢) of the galaxy rotation
axis with the expected isotropic distributions. If the
deviation from isotropy is a slowly varying function
of the angle 6 (or ¢), one can use the Fourier test. Let
N denote the total number of solutions for galaxies
in the sample, N, the number of solutions in the k"
bin, N, the mean number of solutions per bin, and
N, the expected number of solutions in the k" bin.
Then the Fourier series (equation 8) becomes

N, = N,fi+A, ¢0s20, +A, §in2f, +A, ¢osdf, +A, sind, +--)

Here the angle g, represents the polar angle in the
kth bin. Taking first order Fourier mode,

N, = Nyt1+A, €0$20, +A, sin20,) (12)
Here the Fourier coefficients D, and D,, are the
parameters of the distributions. We obtain the
following expressions for the Fourier coefficients D |
and D,

Z(Nk — Ny, )€0826,
_ k=

Al n
D" Ny, €0s? 20,
k=1

D N, — N, )sin20,
A — k=1
1

DN, sin®26,

k=1

(13)

The standard deviations 6(D,,) and o(D,,) can be
obtained using the expressions

n -142
ofA, )= (ZN% ¢os* 2«%]

k=1

n -1
otA, )= (2 N,, sin® 20kj
= (14)

The probability that the amplitude

42

A, :(A12+A12) (15)

is greater than a certain chosen value is given by the

formula
PE>A) = eip(—ZNoAf), (16)
with standard deviation
2 147
AY=|— 17
2] w

The Fourier coefficient D, is very important because
it gives the direction of departure from isotropy.
In the analysis of the polar angle (q), if D, <0 an
excess of galaxies with rotation axis parallel to the
reference plane is present, whereas for D >0 the
rotation axis tend to be perpendicular to that plane.
In the analysis of the azimuthal angle (f), if D, <0
an excess of galaxies with rotation axis projections
perpendicular to the direction of the Virgo cluster
center, whereas with D >0 the projections tend to
be parallel to that direction. The first order Fourier
probability function P(>D,) estimates the depth of
the preferred orientation. The first order Fourier
probablity function P(>D,) estimates whether
(smaller value of P(>D))) or not (higher value of
P(>D,))apronounced preferred orientation occursin
the sample. We set P(>D ) = 0.150 as a critical value.

Auto correlation test
Auto correlation test is a measure of a degree to
which there is a linear relationship between two
variables. In our case, it takes account the correlation
between the number of galaxies in adjoining angular
bins. The correlation function is
C= i(Nk — NOk)(Nk+l — N0k+1)
) €Ny Ny )

(18)

with the standard deviation

otCy=(n)"
In an isotropic distribution any correlation vanishes,
so we expect to have C—0
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Reliability of Statistics in Galaxy Orientation
Study

It is clear from the expression (9) that the ¢* value
increases when the number of solutions per bin
for both the observed (N,) and the expected (N,)
distributions is increased by the same factor. As the
c? value increases, P(>c?) decreases. So, our result
isotropic’ can change into 'anisotropic'if the database
is filled with additional galaxies. However, the result
‘anisotropic' remains the same even if the database
increases. Because of the incompleteness of database
the numbers we deal with are lower limits. So, our
result "anisotropic' can be seen as more reliable than
the result 'isotropic'. The same will happen in the
case of the correlation coefficient C and the Fourier
probability function P(>D,). However, the Fourier
coefficient D, /(D) value remains unchanged
even if the database increases.

7. RESULTS & DISCUSSION

Any  deviation from  expected isotropic
distribution will be tested using four statistical
parameters, namely chi-square probability (P >c?),
autocorrelation coefhicient (C/C(c)), first order
Fourier coefficient (D, /c(D,)) and first order
Fourier probability (P >D,). For anisotropy, the
limit of chi-square probability P(>c?) is < 0.050,
auto correlation coefficient (C/C(c)) is > 1.0, first
order Fourier coefficient (D,,/c(D,,)) is > 1.5 and
Fourier probability P(> D)) 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 and Table 2
respectively. In the statistics of 0, 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
coeflicient suggests that the spin vectors of galaxies
tend to be oriented parallel with respect to the
equatorial coordinate system. Whereas, in the
statistics of ¢, a positive (D,,/c(D,,) 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 (D,,/c(D,,) implies
that the spin vector projection of galaxies tend to
orient tangentially with respect to the equatorial
coordinate system.

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 and azimuthal angle
distributions. The solid curve, in the histogram of
the 0-distribution, represents the expected isotropic
distribution whereas dashed curve is the cosine
distribution. The solid circles with +1c error bars
represent the observed distribution. The shaded
portion represents the range 0° < 0 < 45°. A hump (or
dip) in the smaller 0 suggests that the spin vectors of
galaxies tend to orient parallel (or perpendicular)
with respect to the equatorial coordinate system.

Table 1: Statistics of the polar (below) and azimuthal angle
(next, see page 7) distributions of u-magnitude SDSS galaxies
having redshift in the range 0.10 to 0.11 in the subsamples.
The P(> ¢?) represents the chi-square probability (second
column). Similarly, C/C(c) represents the auto-correlation
coeflicient (third column). The last two columns give the first
order Fourier coefficient (D, /c(D,,) and first order Fourier
probability P(>D,).
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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 +1c
error bars represent the observed distribution.
The shaded portion represents the range -45° <
¢ < +45° 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° to +90°. In the histogram of the
¢-distribution, ¢ = 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 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.
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Figure 3: The polar (0) and azimuthal angle (¢) distributions
of SDSS galaxies having u-magnitude. The solid line represents
the expected isotropic distributions. The cosine and average
distribution (dashed) is shown for the comparison. The
statistical error (+1c) bars are shown for the observed counts.

Table 1 shows the statistics of the polar angle
distribution of galaxies in samples with respect to
equatorial coordinate system. The statistics for the
polar angle distribution in the sample 401 shows the
value of chi-square probability (P(>c2)) to be 0.217
i.e. 21.7%. Table 1 shows the statistics of the polar
angle distribution of galaxies in samples with respect
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to equatorial coordinate system. The statistics for
the polar angle distribution in the sample #01 shows
the value of chi-square probability (P(>c2)) to be
0.217 i.e. 21.7% (greater than the significant level
0.050 ie. 5.0%). The auto-correlation coefficient
(C/C(0)) is found to be 0.4 (less than the limit 1c).
The first order Fourier coeflicient (D /c(D,,)) is
found to be less than the limit 1.5c. The first order
Fourier probability (P >(D))) is found to be 0.568
i.e., 56.8% (more than 15% limit). All the statistics
suggest isotropy.

The polar angle distribution of galaxies in the sample
101 is shown in the Fig. 3. The number of observed
and expected solutions for small angle (<45°) is 54
and 63 respectively i.e. the observed distribution is
9 less than the expected. There is a significant dips
at angle 7.5° with > 2c error limit and no significant
humps at angle other than bimodal region. At
bimodal region (at 45°), the observed solution is
greater than the expected solution by 6 because
of hump at 42.5° with 2c error limit. For the large
angles (>45_), there is no significant humps and
dips. So the number of observed and expected
distributions is balanced.

The statistics for the azimuthal angle distribution
(Table 1) in the sample 401 shows the value of chi-
square probability (P(>c?)) to be 0.040 (smaller than
the significant level 0.050). The auto-correlation
coefficient (C/C(o)) is found to be -1.2 (smaller
than the limit 15). The first order Fourier coefficient
(D, /o(D,) is found to be 0.2 (within the limit
1.50). The first order Fourier probability (P >(D)))
is found to be 0.659 i.e. 65.9% (greater than 15%
limit). Here, chi-square probability (P(>c?)) and
the auto-correlation coeflicient (C/C(c)) shows a
weak anisotropy whereas other two statistics show
isotropy.

Fig. 3 shows the ¢-distribution for the galaxies in the
sample u01. A humps are seen at -45°, -5°(25) and
75.5°. At angles -75°, -10°, 35° and 55° (with > 20)
error limit, dips are seen. The numbers of observed
and expected solutions are 54 and 55 respectively for

central eight bins. These numbers suggest a balance
between the observed and expected distributions.
In this sample, statistics is rather poor, particularly
in the ‘dips' of the 6 and ¢-distributions where the
number of solution is less than seven. Thus we do
not conclude isotropy in this sample.

Similar to this, other samples showed isotropy,
in general, in the polar and azimuthal angle
distributions. The distribution of spin vector and
spin vector projections of galaxies are found to be
random in all subsamples, except in the subsample
ul4. In general, our results support Hierarchy model
(Peeble 1969). The galaxies that have magnitudes in
the range 20.46 to 20.69 (subsample u14) showed
anisotropy in azimuthal angle distribution. The spin
vector orientation of these galaxies tends to oriented
parallel to the equitorial plane, suggesting pancake
model. It is probably due to strong tidal connection
between the galaxies of this group. The cause of this
anisotropy should be studied in the future.

Table 2: Statistics of the polar (left) and azimuthal angle (right)
distributions of r-magnitude SDSS galaxies having redshift in
the range 0.10 to 0.11. The P(> ¢?) represents the chi-square
probability (second column). Similarly, C/C(c) represents
the auto-correlation coefficient (third column). The last two
columns give the first order Fourier coefficient (D, /5(D, ) and
first order Fourier probability P(>D)).
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Figure 4: The polar (0) and azimuthal angle (¢) distributions
of SDSS galaxies having u-magnitude. The solid line represents
the expected isotropic distributions. The cosine and average
distribution (dashed) is shown for the comparison. The
statistical error (+1c) bars are shown for the observed counts.

.

.
T 0.502 05 _1.3 0.342 No preferred alignment is noticed in the spatial
rls 0.353 —0.3 —0.3 0.415 orientation of spin vectors of r-magnitude SDSS
19 (.00 3.3 1.7 0.019 galaxies that have redshift in the range 0.10 to 0.11,
:::‘f'll Il: ;E‘:T _t ’ _l_]"}' :",:“f II suggesting Hierarchy model. However, local effects
199 0.608 07 0.9 0.845 are found in the samples r02, r04, r07, r14 and r19.

In these samples, we suspect a local tidal connection
between the rotation axes of galaxies or due to the
_ merging process, the angular momentum vector of
: few galaxies get affected. A random alignment of
spin vector projection of galaxies is noticed in all
samples suggesting Hierarchy model and supporting
the better reliability of reference co-ordinate system.

8. CONCLUSION

We have studied the r and u-magnitude dependence
in the preferred alignment of spin vector orientation
of 44,749 SDSS galaxies that have redshift in the
range 0.10 to 0.11. The r and wu-magnitude is
sensitive towards Lymen, Balmer and Paschan
lines of Hydrogen atoms. The emission from these
lines is a characteristics of huge HII region or AGN
activity in the galaxy. We used the method proposed
by Flin & Godlowski (1986) in order to compute
two-dimensional data to three dimensional galaxy
rotation axis (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
theoretical distribution of galaxy rotation axes. We
have compared the differences between theoretical
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distributions and observed distributions using three
statistics, namely chi-square, auto-correlation and
the Fourier. We conclude our results as follows:

1. The distribution of spin vector and spin vector
projections of u-magnitude SDSS galaxies that
have redshift in the range 0.10 to 0.11 are found
to be random in all subsamples, except in the
subsample u14. In general, our results support
Hierarchy model (Peeble 1969). The galaxies
that have magnitudes in the range 20.46 to 20.69
(subsample ©14) show anisotropy in azimuthal
angle distribution. The spin vector orientation
of these galaxies tends to oriented parallel to the
equatorial plane, suggesting pancake model. It is
probably due to strong tidal connection between
the galaxies of this group. The cause of this
anisotropy should be studied in the future.

No preferred alignment is noticed in the spatial
orientation of spin vectors of galaxies, suggesting
Hierarchy model, as suggested by Peebles (1969).
However, a local effect is noticed in the samples
102, r04, r07, r14 and r19. In these samples, we
suspect a local tidal connection between the
rotation axes of galaxies or due to the merging
process, the angular momentum vector of few
galaxies get distorted. The luminosity profile
of these groups should be studied in order to
understand the effect of intra galactic medium.
A weak trend is noticed in the spatial distribution
of spin vectors of r-magnitude galaxies. The low
r-magnitude (bright) galaxies seem to support
Pancake model and high r-magnitude (faint)
galaxies support Primordial vorticity theory.
This trend is not prominent within our redshift
limit. Probably, this trend can be tested if we have
a database of galaxies that have r-magnitudes
from 9 to 35.

A local effect that causes the humps and dips in
the angular momentum distribution is observed
in different subsamples. 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.

2.

3.

4.
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5. We have used equatorial system as a physical
reference in order to study non-random eftects
concerning galaxy orientation. Hierarchy model
predicts that the choice of co-ordinate system
do not alter preferred alignments. However
pancake model advocates the importance of
physical reference system. We found mixture
results: in most cases Hierarchy model and in a
few cases Pancake model. This problem should
be addressed by using another system such as
Galactic or Supergalactic systems.

A random simulation for 107 virtual particles
(i.e, galaxies) carried out successfully by using 4
GB RAM pc. We intend to carry out simulation
generating 10° virtual galaxies in order to find
out sufficiently smooth expected isotropic
distribution curves in the future.

6.

In general, our results support Hierarchy model.
This model predicts that the spatial orientation of
angular vectors of a system of rotationally supported
large scale structure (eg. Spiral galaxies) should
vanish. In order words, these vectors should align
randomly. The spatial orientation of galaxies in
112 clusters were studied till date (Godlowski et al.
1986-2011; Flin et al. 2001, Aryal et al. 2004-2011).
In most cases no preferred alignment is noticed
(Hierarchy model). However, few clusters strongly
support Pancake model. Aryal et al. (2007) 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-1IT and BM III) show a preferred alignment
than that of elliptical-rich (early-type) clusters.
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