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Abstract
We studied the Spatial orientations of 1015 SDSS galaxies in the SDSS CGG 23005 using 7th data 

release. Our main goal is to examine the non- random effect and to study the spatial orientation of 
galaxies in the SDSS CGG 23005 of three different scenarios ('hierarchy model', 'primordial vorticity 
theory', and 'pancake model') using Godlowski theory. To check for anisotropy or isotropy we used three 
statistical tests: Chi-square, Auto-correlation, and the Fourier test. By analyzing the result evolution of 
galaxies in the SDSSCGG 23005 supports the "hierarchy model" (Peebles, 1969). 
Keywords: angular momentum, cluster galaxy group (CGG), Galaxies, Marker galaxy, SDSS

Introduction
The galaxy evolution processes are not well understood at present. Galaxies have evolved with 

time to give us the galaxy populations seen today. Most galaxies appear to have been formed fairly 
early on (>10 Gigayears ago). There remain many problems relating to their formation and evolution, 
and even with aspect of their structure. Fortunately, extragalactic research currently is very active 
and our understanding is changing, and improving, noticeably each year. Galaxies are difficult to 
understand is that they are made of three very different entities: stars, an interstellar medium and dark 
matter. The gravitational effects of other galaxies can be important. Galaxies can sometimes interact 
and even merge to form groups, cluster of galaxies, and Superclusters. Superclusters are so large that 
they are not gravitationally bound and consequently, partake in the Hubble expansion. Their mutual 
gravity binds them together into long filaments. Generally for closed structure of up to 50 galaxies, we 
call them groups. The galaxy groups and clusters are collection of galaxies that are held together by 
gravity. Those groups and clusters and additional isolated galaxies in turn form even larger structures 
called Superclusters.

In this work, we intend to study the preferred alignment of the spin vectors of galaxies using 
"position angle-inclination" method (Flin and Godlowski 1986).

In this work, we have studied the spatial orientation of 1015 galaxies in the Supercluster of SDSS 
CGG 23005.
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Materials and Methods

Database
Liivamagi et al. (2012) published a catalogue of Superclusters using the data of galaxies from 

the SDSS survey. They used luminosity density fields to delineate Supercluster by defining it as a 
region above a threshold density. We selected a SDSS CGG 23005 from their catalogue and obtained 
photometric data of the galaxy in the Supercluster from SDSS data base. It contained 1023 galaxies out 
of which we selected only 1015 of them discarding with axial ratio (b/a) less than 0.13.

 
Determination of Inclination Angle

According to Holmberg [Holmberg E., 1946], the inclination angle (i) of a galaxy can be computed 
from the formula,

                                            (1)

Where, q=b/a is the axial ratio and q* is the flatness factor (true axial ratio) of the galaxy taken 
from Heidmann et al. (1971).

Flin-Godlowski Transformation
The angular momentum vector (SV) of a galaxy can be expressed by two angles: the polar angle 

(θ) and the azimuthal angle (ϕ). These angles are given by Flin and Godlowski (1986), 
sinθ = −cosisinδ ± sinisinpcosδ;	 (2)

sinϕ = 
−cosicosδsinα + sini(∓sinpsinδsinα ∓cospcosα)

;	 (3)
cosθ

sinϕ =  
−cosicosδcosα + sini(∓sinpsinδcosα ± cospsinα)

cosθ							       (4)

Where, i, δ, α and P represent the inclination angle, declination angle, right ascension angle and 
position angle respectively. 
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Result and Discussion

Figure 1: All sky plot of galaxies in the SDSS CGG 23005. Each point represents a galaxy and the
 Marker galaxy (brightest galaxy of the SDSS CGG 23005) is shown as a red circle.

The extended distribution of 1015 galaxies in the SDSSCGG 23005 is clearly seen from the all-
sky map in the figure 1, which indicates the inhomogeneous distribution of galaxies. In the all sky 
distribution plot, we can see galaxies were found to be concentrated between at 223°(R.A.) and at 22° (Dec.). 
These concentrated galaxies forming subcluster region in future. 

                                
			 

		  Figure 2: Velocity contour maps of galaxies in SDSS CGG 23005.
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These are the galaxies those have redshift (z) in the range 0.11 to 0.12. Velocity contour maps will 
show how the galaxies with same radial velocity are distributed within the SDSS CGG 23005. Since a 
common radial velocity for a group of galaxies permits us to identify the group as a cluster of galaxies, 
which may be a great importance for study the structure evolution in large scale. Here, the velocity 
contour map of our database on the basis of redshift values as shown in the figure 2. 

We describe our results concerning the polar (θ) and azimuthal angle (ϕ) distributions of galaxies. 
Any deviation from expected isotropic distribution will be tested using four statistical parameters, for 
anisotropy , namely chi-square probability (P (> χ2)) is <0.050, autocorrelation coefficient(C/C(σ)) is > 
1.0, first order Fourier coefficient (∆11/σ(∆11)) is > 1.5 and first order Fourier probability (P (> ∆1)) is 
< 0.150 respectively. The statistics for the polar angle (θ) and azimuthal angle (ϕ) distribution is given 
in Table 1.

The statistics for the polar angle (θ) distribution of total galaxies is given in table 1. Table 1 shows 
that chi-square probability (P (> χ2)) is 0.912 (greater than 0.050 limit), autocorrelation coefficient 
(C/C(σ)) is -0.074 ( less than the limit 1σ) , first order Fourier coefficient (∆11/σ(∆11)) is 0.988 (smaller 
than 1.5σ limit ) and first order Fourier probability (P (> ∆1)) is 0.401 (greater than 0.150 limit) 
respectively. These entire statistics test supports strong isotropic distribution.

 Figure 2 shows the polar angle (θ) distribution for the total galaxies.  In polar angle less than 
(θ>45°), Two dips (bins with less solution than the expected) are seen at angles 38° and 42° with  ±σ 
error limit.  There are no significant hump (bins with more solutions than the expected) are observed. In 
between 45°<θ>90°, there are significant hump are seen at an angle 48°. But no dips are seen between 
45°<θ>90°. These humps and dips suggest that the projection of galaxies tend to oriented randomly 
and support hierarchy model. 

The statistics for the azimuthal angle (ϕ) distribution (table 1) of total galaxies shows the value 
of chi-square probability (P (> χ2)) is 0.972 (greater than the significant level 0.050), auto correlation 
coefficient (C/C(σ)) is -0.034 ( less than the limit 1σ) , first order Fourier coefficient (∆11/σ(∆11)) is 
0.059 (smaller than 1.5σ limit ) and first order Fourier probability (P (> ∆1)) is  0.256 (greater than 
15%.) respectively. All these statistics test supports isotropy.

Figure 3, shows the azimuthal angle (ϕ) distribution of galaxies, at (ϕ < 45°), small 'dip' is seen at 
 In the bimodal region (−45° < ϕ < +45°) three small dips at -22°, 18°, and 38° are seen and two 

'humps' at -5°and 8° are seen. At (ϕ > +45°), one dip at 58° can be observe. We again conclude that there 
is no preferred alignment among spin vectors of galaxies.

After careful examination of the statistics and graphs of polar and azimuthal angles, we found 
isotropy in spin-vector orientation of galaxies in the SDSS CGG 23005. This supports hierarchy model 
of galaxy evolution.
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Figure 2: The polar angle (θ) distribution of galaxies in the SDSS CGG 23005.  

 Figure 3: The azimuthal angle (ϕ) distribution of galaxies in the SDSS CGG 23005. 
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Table 1. Table showing the Statistics of the polar (θ) and azimuthal (ϕ) angle distributions of 
galaxies in the SDSS CGG 23005.

Statistics Polar angle(θ) Azimuthal angle(ϕ)

P (> χ2) 0.912 0.972

C/C(σ) -0.076 -0.034

∆11/σ(∆11) 0.988 0.059

P (> ∆1) 0.401 0.256

Comparison with previous works
Aryal and Saurer (2000) found anisotropy when analyzing 296 galaxies in A3558 region in both 

two dimensional (equatorial PA-distribution) and three dimensional analysis (θ and ϕ distributions).In 
the three-dimensional analysis, they studied the preferred orientation with respect to the Supergalactic 
coordinate system and found that the spin vector orientation of galaxies tend to lie parallel to the Local 
Supercluster center (Virgo cluster center). However, no preferred alignment is noticed in our work.

Godlowski et al. (2011) found that the cluster galaxies that are at > 300 Mpc show random 
alignments of angular momentum vectors of galaxies with respect to equatorial coordinate system. 
Their result is similar to that of our result. They concluded hierarchy model for the galaxy evolution 
in the cluster. 

Conclusion
We studied the spatial orientation of 1015 SDSS DR7 galaxies, using the 'position angle-inclination' 

method (Flin & Godlowski 1986) and a random simulation method (Aryal & Saurer 2000, 2001). Our 
conclusion is as follows:

The angular momentum vectors of galaxies in the SDSS CGG 23005 are found to be random 
orientation, which support the 'hierarchy model', as suggested by Peebles (1969).

The redshift of galaxies in the SDSS CGG 23005 are found to be independent of the distribution of 
angular momentum vectors and its projections, supporting the hierarchy model of galaxy formation as 
suggested by Peebles (1969).
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