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ABSTRACT. The problem of the formation
of structures in the universe is one of the most
important issues of modern extragalactic astronomy
and cosmology. The tool enabling the verification of
a particular formation scenario is analysis the spatial
orientation of the galaxies from deprojection of their
images. Obtaining correct analysis results obliges to
take into account the fact that galaxies are oblate
spheroids with the real axis ratio depending on the
morphological type, which, however, is not given in
most of the currently available astronomical data.
According to the approach used in the new method
of investigation, on the basis of estimated frequencies
of occurrence of given morphological types, obtai-
ned using sufficiently numerous observational data,
simulations are performed, which enable to recognize
new angle distributions used in orientation studies.
These distributions already contain information on the
frequency of the appearance of galaxies of particular
morphological types in clusters, allowing for more
accurate results of the statistical tests carried out
during the analysis. The method is an extension of
results developed in Godlowski 2012 and Pajowska et
al. 2019.
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AHOTAIIIA. TIpobsiema dhopMyBaHHS CTPYKTYD Yy
BcecsiTi € oanieto 3 HaliBaxK IUBimMmMX MpobIeM Cy<acHOl
Io3arajJakTHYHOl acTpoHoMil Ta KocMmosoril. [mcrpy-
MEHTOM, TIIO JIO3BOJISIE TICPEBIPUTH 3aJaHUil CIIeHAPI, €
aHaJII3 TPOCTOPOBOI OPIEHTAIIIT TAJTAKTUK HA OCHOBI Jie-
MpoeKIil X 300paxKeHb. OTpUMaHHS TPABUIBLHAX Pe-
3yJIbTATIB aHAII3y BUMAara€ BpaxXyBaHHS TOrO (axTy,
MO0 TAJAKTUKHU € CILUTIOCHYTUMHU cdepoitamu, (paKkTu-
YHE CIIBBIIHOIIEHHS OCell IKUX 3aJIEKUTh BiJ Mopdo-
JIOTIYHOTrO THUITY, IO HE MepeadadeHo B OLIBIIOCTI Ha-
ABHUX HA JAaHUH MOMEHT aCTPOHOMIYHUX JaHuX. Bis-

MOBI/THO 10 HOBOTO MiJIXOJy, BUKOPUCTAHOI'O B HOBOMY
METO/Ii, Ha OCHOBI OIlIHEHUX YaCTOT 3yCTPIYaJbHOCTI
3a1aHuX MOPQOJIOTiYHAX THUIIB, OTPUMAHUX 3 BUKO-
PHUCTAaHHSIM JIOCTATHBO BEJIMKOI KiJTBKOCTI JTaHUX CITO-
CTEPEKEHb, IPOBOJATHCA MOJIETIOBAHHS, SKi JTIO3BOJIS-
IOTH OTPUMATHU HOBi KyTOBi PO3MOJL/IN, IKi BUKOPUCTO-
BYIOTbCS B Opi€HTAITHIX Jociimkenasx. i posmomi-
JIV ByK€ MICTATH iH(MOPMAITIIO PO YACTOTY TOSBU TT€B-
HUX MOPQOJIOriYHUX THINB y CKYIYEHHAX IajaKTHK,
IO JIO3BOJISIE OTPUMYBATHU TOYHINI PE3YJbTATH CTa-
TUCTUYHUX TEPEBIPOK, MPOBEICHUX il Yac aHAJII3y.
[eit MeTon € PO3MUPEHHSIM PE3YJIbLTATIB, OTPUMAHUX
Godlowski 2012 ta Pajowska ta i 2019 pixk.

KirouoBi cioBa: [MalakTuku: CKyIr4eHHs, Opi€eHTalli,
MOPQOJIOTTYHI THIIN.

1. Introduction

The state of knowledge regarding the formation of
structures in the Universe has developed significantly,
but this problem still remains one of the most impor-
tant issues of modern extragalactic astronomy and cos-
mology. Over the years, the original theories of the
formation of galaxies and their structures have been
verified many times and have also undergone modifica-
tions, resulting in the creation of new versions of the
models. The model of hierarchical clustering has re-
mained valid and has been significantly improved.

According to the commonly accepted ACDM cosmo-
logical model, the Universe is considered to be spatially
flat, isotropic and homogeneous on an appropriately
large scale, and structures are formed from primor-
dial, adiabatic, self-scaling Gaussian fluctuations (Silk
1968, Peebles & Yu 1970, Sunyaev & Zeldovich 1970,
Stephanovich & Godlowski 2015). A standard test of
scenarios for the formation of galaxies and their struc-
tures, enabling comparison of predicted theoretical re-
sults with observations, is the investigation of galaxy
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orientation. This results from different predictions re-
garding the distributions of galaxy angular momentum
postulated by individual scenarios of the formation and
evolution of cosmic structures (Romanowsky & Fall
2012; Joachimi et al. 2015; Kiessling et al. 2015).
These analyses assume that normals to the galaxies
planes are their rotation axes, which is especially true
for spiral galaxies.

The first application of the research method that be-
came a standard tool for searching galaxy alignments
was realized in the paper of Hawley and Peebles (1975).
It consisted a statistical analysis of the galaxies angu-
lar momenta based on the observed angles of the main
axes of the galaxy image, in order to detect possible
deviations from the isotropic distribution. However,
because the direction of the angular momentum is per-
pendicular to the direction of the major galaxy axis,
the original version of the method only allowed for the
analysis of side-viewed galaxies.

The use of galaxies with all possible orientations
and locations on the celestial sphere in the study is
possible applying a method based on the deprojection
of galaxy images, proposed by Opik (1970), applied
by Jaaniste and Saar (Jaaniste 1977, Jaaniste & Sarr
1978) and significantly modified by Flin and Godlowski
(Flin & Godlowski 1986, Godlowski 2012, Pajowska,
Godlowski et. al 2019). For this purpose, this method,
in addition to the positional angles of galaxies, also
uses their ellipticities. Obtaining correct results, how-
ever, obliges one to take into account the Holmberg ef-
fect in the analysis, which consists of the fact that the
measured, especially optical, ellipticity of the image of
galaxies differs from the true ellipticity of the image
(Holmberg 1946, 1958, 1975, Fouque & Paturel 1985),
and the fact that galaxies are flattened spheroids with
the actual axis ratio depending on their morphological
type.

Nowadays, it is becoming increasingly common
practice to make high-quality, readily usable astro-
nomical data widely available. Sky surveys such as
SDSS, DESI, Euclid, and Kilo-Degree Survey provide
the opportunity to create catalogs of galaxy clusters
and then conduct studies of the orientation of their
members. Like most astronomical data currently pub-
lished, these surveys do not contain information about
the morphological types of galaxies. For this reason, in
the case of studies carried out using data that did not
contain information about the values of the actual axis
ratio of galaxies, the average value of this parameter
was used. However, in some cases this solution is
insufficient (see Godlowski 2011 and Pajowska 2012).
This paper presents a new, improved method of inves-
tigation the orientation of galaxies in clusters, allowing
for more accurate analysis results using the estimated
frequencies of occurrence of given morphological types.

2. New method of investigation of the orien-
tation of galaxies in clusters

The new method of investigation the orientation of
galaxies in clusters is an extension of the approach pre-
sented in the papers of Flin and Godlowski (1986),
Godlowski (2012) and Pajowska et al. (2019). The
method calculates two angles determining the spatial
orientation of galaxies. The first is the “polar” angle
0p - the angle between the normal to the galaxy plane
and the main plane of the coordinate system. The
second one, the “azimuth” angle 7, describes the di-
rection between the projection of this normal onto the
main plane and the direction towards the zero initial
meridian. In the case of a supergalactic coordinate sys-
tem, the main plane is the supergalactic equator, and
these angles can be expressed as the relationship be-
tween the latitude and longitude angles, B and L, the
position angle P, and the inclination angle ¢ (Figure 1).
Deprojection of galaxy images on the celestial sphere
gives four solutions for the angular momentum vector.
In the absence of information about the direction of
galaxy rotation, it is sufficient to examine only the di-
rections perpendicular to the galaxy plane. This fact
transfer into the need to take into account two possible
settings of galaxies. The formulas for calculating the
d0p and n angles are expressed by the following rela-
tionships:

(1)

sindp = — cosisin B £ sind cosr cos B,

siny = (cosdp) " [~ cosi cos Bsin L+

(2)

sini (F cosrsin Bsin L + sinr cos L)],

cosn = (coséD)*1 [— cosicos B cos L+ 3)

sini (F cosrsin B cos L Fsinrsin L)],

where r = P - Z

5+ As a result of the reduction of the
analysis into two solutions only, it is necessary to con-
sider the sign of the expression: S = —cosicosB F
sinicosrsin B and for S > 0 should be reversed the
sign of §p respectively. In the investigation is an uni-
form distribution of angles on the sphere. For this rea-
son, numerous ranges of ép and n angles should be
characterized by cosine and uniform distributions, re-
spectively. As part of the study, using statistical meth-
ods, the obtained real distributions of these angles are
confronted with the theoretical distributions.

The inclination angle can be computed from the im-
age of the galaxy using Holmberg’s formula for oblate
spheroids (Holmberg 1946)

@ - g
1-— qg ’

i=cos ! <
d

where ¢ = 5 is the ratio of the minor to the ma-
jor axis diameters, and q¢ is the ”true” axial ratio.

(4)
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Figure 1: A schematic illustration of angles ép (the
polar angle between the normal to the galaxy plane
and the main plane of the coordinate system) and 7
(the azimuth angle between the projection of this nor-
mal onto the main plane and the direction towards the
zero initial meridian). The angle of inclination 7 is the
angle between the normal to the plane of the galaxy a
observer’s line of sight, while P is the angle of the posi-
tion in the frame of reference. N7 and N, are possible
positions of the normal to galaxy plane directed line
segment inside the sphere. L and B are the longitude
and latitude of the reference coordinate system.

Each morphological type, using the Heidmann, Hei-
dmann and de Vaucouleurs (HHD) approach, can be
assigned a corresponding value of the ¢y parameter.
In the absence of information about the morphologi-
cal types of galaxies, go = 0.2 is used (described in
Pajowska et al. 2019). An alternative approach was
used by Tully in his catalogue (Tully 1988), taking this
constant value of q0 and adding 3° to the calculated
inclination angle to compensate for the failure to take
into account different morphological types of galaxies
i=cos ! (\/(q2 —-0.22)/(1 - 0.22)) + 3°.

According to the approach presented in the new
method, the lack of information about the morphology
of galaxies can be compensated by using the estimated
frequencies of occurrence of given morphological types.
Assuming an isotropic distribution of normals to the
plane of the galaxy in space, an isotropic random
distribution of inclination angles is generated. By
using the known frequencies of occurrence of given
morphological types and the HHD approach for
parameter qg, the Holmberg formula can be reversed
and a new ”isotropic” distribution of the ”observed”
axial ratio ¢ can be obtained. This allows to perform

numerical simulations for the examined clusters of
galaxies, which enable to learn new values of the
inclination angle ¢ through one of the formulas. Using
these new values of i, new values of angles dp and 7
can then be calculate. “Theoretical isotropic distribu-
tions” of angles dp and 7 contain information about
the frequency of appearance of galaxies of particular
morphological types in clusters.

3. Application of a new method of investiga-
tion

Determining the effectiveness of a new method re-
quires testing it under controlled test conditions. For
this purpose, the Tully Nearby Gaslaxies (NBG) Cata-
log (Tully 1988) was used to implement the method,
which contains all the necessary information about
galaxies, in particular about their morphological types
and affiliation to structures. It has been carefully
screened for the completeness of the sample and the
removal of non-galactic objects from it. The galax-
ies included in the catalog are devoid of background
objects and provide relatively even coverage of the en-
tire unobstructed sky (Tully 1987). The use of the
Tully’s catalog in other research works (Godlowski &
Flin 2010, Godlowski 2011, Pajowska 2012) also makes
it possible to indicate the correlation of the obtained
results.

To implement the method from the NBG Catalog, 18
groups with at least 40 members were used. The actual
coordinates of the galaxies were used to calculate the
d0p and n angles. The information on the morphology
of galaxies contained in the catalog was used to cal-
culate the estimated frequencies of occurrence of given
morphological types.

To analyze the distribution of dp and 7n angles, sta-
tistical methods described in the paper Pajowska et al.
2019 were used: the x? test, the First Autocorrelation
test, the Fourier test, the Kolmogorov-Smirnov test,
the Cramer-von Mises test and the Watson test. The
first three of these tests were originally proposed in the
paper of Hawley & Peebles 1975. The analyzed range
of the test angle theta (equal to 0p + 5 or ) is divided
into a particular number of equal to the width of bins,
in this case n = 18.

The x?2 test uses the statistic:

n

=)

k=1

(N — Npk)2
Npy

where N is the total number of galaxies in the cluster,
Pk is the probability that the selected galaxy will fall
into the k-th bin, and N, and Ny are the obtained
and expected numbers of galaxies in the k-th bin.
The First Autocorrelation test determines the corre-
lations between galaxy numbers in neighboring angle
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bins. The statistic C is given by:

(6)

where N,4+1 = Nj.

The Fourier test was significantly improved by
Godlowski (2012). In the test, deviation from isotropy
is a slowly varying function of the angle 6, according
to the relationship:

N = N()’k(l + Aqq cos 20y, + Aoq sin 20+

7
+ Ao cosdly, + Agasindly, + ...) (™)

In that case all Ny j are equal. The Fourier coefficients

are given by formulas:

Ay, — Sony (Ng — Noi) cos 2J6),
Y > r—q No i cos? 2Ty,

(8)

_ 2221 (Nt — Noj) sin 276y,

A
2/ 22:1 N()yk Sil’l2 2J0k

(9)

with standard deviations given by:

o(Ary) = (Z No cos? 2J0k>

k=1

O'(AQJ) = (Z NO,k Sin2 2]6‘k>

k=1
The probability that the amplitude

Ay = (AT, +45) 7 (12)

described by the two-dimensional Gaussian distribu-

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

JOVEEIS (U(AA%J) ’ a(AAg%]ﬂ)) - (18

By using the auxiliary variable J = ¥,3;G;1;1;,
where G is the inverse matrix to the covariance matrix
of A;j, it is possible to write:

1
P(>A;) =exp <—2J> , (14)
where the vector I is:
A
I= . 15
(2) (15)
The probability that the amplitude
_1
A= (A% + A5 + AL +AS) ” (16)

described by the four-dimensional Gaussian distribu-
tion, is greater than a certain chosen value is given by
the formula:

pea= (1 Ja) o (~20),

where vector I has the form:

(17)

ANT!
Aoy
JAND
Ago

I= (18)

In Kolmogorov-Smirnov test, the D,, statistic is cal-
culated,

D,, = sup |F(z) — S(x)] (19)

which is the largest absolute difference between the the-
oretical distribution function F'(z) and the empirical
distribution function S(x), calculated on the basis of
an ordered sample, and then the A statistics is calcu-

lated:
A =+/nD,.

In the Cramer-von Mises test, the W? statistic is
computed:

(20)

n

2i—1\> 1
2— . JE— R
W _Z(F(xl) on ) 12,

i=1

(21)

where F(z;) again is theoretical distribution. In the
advanced modification, called Watson test, one uses

statistic:
_1\?
U2:W2—n<F—2>

where the average value F' = 13" | F(z;).

The ”theoretical isotropic distributions” simulated
as part of the new method for three examples of groups
differing in size are presented in Figure 2. During the
calculations, various variants of calculating the inclina-
tion angle were considered. The consequence of com-
paring the obtained distributions was the statement of
a noticeable deviation caused by the addition of 3° to
the inclination angle. The method used in some re-
search works (see Tully 1988) to compensate for the
failure to take into account morphological types by
adding a 3° may therefore not meet its original as-
sumption.

The results of the analysis of the distributions of §p
and 7 angles for the Tully groups, performed using the
new research method, are presented in Tables 1 and 2.
Since the data from the Tully catalog have been sub-
jected to statistical tests many times, e.g. in Godlowski
2011, Pajowska et. al. 2012, Godtowski and Mrzygtod
2023, it is possible to state that the results obtained us-
ing the new method are comparable to those obtained
for known morphological types. In the case of both

(22)
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«ll=Distribution for qO dej
° i,

pends on the morphological type.
0 depends on the morphological type, with added 3° equalization
0 equal to 0.2
0 equal to 0.2, with added 3° equalization
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Figure 2: Simulated distributions of the angle dp and 7 for groups 12 (left panels), 21 (center panels) and 52

(right panels)

Table 1: Test for isotropy of the distribution of the angle dp of galaxies, obtained using the

new method of

investigation.

Group N C SRS A A P(A) P(A) A w2 U?
11 626 59.24 23.837 -5.127 0.302 0.288 0.0000 0.0000 1.340 0.9076 0.0284
12 332 23.51 0.701 -2.590 0.209 0.195 0.0346 0.1072 0.879 0.2563 -0.2613
13 128  22.40 -2.716 -0.299 0.048 0.174 0.9304 0.8442 0.405 0.0473 -0.1276
14 426 26.87 6.327 -2.483 0.183 0.215 0.0358 0.1166 0.900 0.2252 -0.6374
15 130  9.52  -1.566 -0.042 0.082 0.142 0.7928 0.8999 0.603 0.0975 0.0884
17 80 8.26 -2.106 -0.971 0.183 0.240 0.5284 0.6738 0.722 0.1157 0.1095
21 248 2046 1.613 -0.759 0.218 0.298 0.0446 0.0695 1.267 0.7711 0.7104
22 126 6.81 -2.527 0.205 0.044 0.053 0.9384 0.9975 0.224 0.0095 -0.1159
23 100 10.41 1.246 0.471 0.073 0.160 0.8812 0.8719 0.438 0.0418 -0.0487
31 210 36.41 19.094 1.667 0.456 0.466 0.0000 0.0001 2.163 2.0593 1.5171
41 192 27.75 11.562 -0.274 0.312 0.392 0.0069 0.0017 1.804 0.9063 -0.6480
42 230 30.49 3.900 -0.431 0.188 0.333 0.1172 0.0522 1.269 0.6391 -0.9776
44 80 23.95 5304 -0.990 0.316 0.390 0.1277 0.1055 1.213 0.3297 -0.1475
51 228 30.51  7.548 0.933 0.323 0.400 0.0021 0.0013 1.901 1.3166 1.0980
52 172 32.83 9.707 -2.363 0.412 0.399 0.0006 0.0019 1.841 1.0431 1.0122
53 260 21.10 -8.961 -0.429 0.146 0.152 0.2312 0.5331 0.715 0.2149 0.1665
61 258 1447 1.584 -0.702 0.088 0.198 0.6123 0.3232 0.638 0.1630 -0.5230
64 102  15.93 0.741 0.666  0.227 0.229 0.2564 0.6032 0.904 0.2979 -0.3018
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Table 2: Test for isotropy of the distribution of the angle n of galaxies, obtained using the

new method of

investigation.

Group N C s A A P(A) P(A) A w2 U?
11 626 51.09 34.516 5.977 0.362 0.364 0.0000 0.0000 2.083 1.4864 1.4824
12 332 38.26 14.673 -0.920 0.361 0.362 0.0000 0.0002 2.096 1.5317 -0.7605
13 128 14.28 -3.196 0.739 0.141 0.279 0.5306 0.2900 0.482 0.0908 -0.0924
14 426 30.46  2.379 1.485 0.206 0.210 0.0113 0.0521 1.801 0.8471 -0.9937
15 130 14.22  -0.256 0.451 0.064 0.198 0.8737 0.6347 0.723 0.1404 0.1404
17 80 34.01 -15.640 -0.414 0.315 0.317 0.1415 0.4103 0.990 0.2576 0.2576
21 248 33.80 3.921 1.321 0.239 0.248 0.0289 0.1073 1.630 0.5451 -0.5519
22 126 18.46 7.166 2.031 0.318 0.405 0.0417 0.0353 1.357 0.4754 0.4349
23 100 27.23  5.659 -1.408 0.473 0.513 0.0041 0.0111 1.571 0.7560 0.6315
31 210 18.66  4.842 1.580 0.202 0.291 0.1164 0.0629 1.289 0.4804 0.4539
41 192 30.01 18.142  3.521 0.451 0.476 0.0001 0.0002 2.036 1.0864 0.9845
42 230 3296 6.630 -0.174 0.337 0.390 0.0015 0.0015 1.603 1.0393 -0.5294
44 80 19.60 -1.483 0.030 0.273 0.421 0.2254 0.1314 1.120 0.1952 -0.1201
51 228 26.59 -2.132 3.079 0.295 0.298 0.0070 0.0381 1.184 0.3519 0.3292
52 172 42.00 16.865 2.490 0.457 0.514 0.0001 0.0002 2.021 1.4674 1.1505
53 260 11.53 -5.162 0.520 0.047 0.050 0.8673 0.9880 0.266 0.0230 -0.1978
61 258 10.94  2.142 0.849 0.186 0.188 0.1072 0.3355 1.012 0.2731 -0.4037
64 102 52.33  2.005 3.120 0.526 0.683 0.0009 0.0001 2.149 1.5422 1.1508

Table 3: Test for isotropy of the distribution of the angle §p obtained using the values of ¢y depending on the
morphological type and Fouque and Paturel correction.

Group N C Sy A A P(A) P(A) A w2 U?
11~ 626 29.10 -5.254 -1.302 0.087 0.111 0.3443 0.4907 0.677 0.0710 -0.5891
12 332 1272 -4.261 -0.935 0.076 0.079 0.6408 0.9215 0.384 0.0455 -0.3625
13 128 27.84 2881 1.7564 0.251 0.438 0.1580 0.0280 0.786 0.2241  0.0307
14 426 1925 6.103 0.000 0.033 0.219 0.9108 0.0589 0.623 0.1024 -0.7387
15 130 2310 -7.212 0.799 0.134 0.200 0.5977 0.6819 0.789 0.0932 -0.2091
17 80 558 0.524 0.148 0.106 0.244 0.8311 0.7163 0.559 0.0890 0.0890
21 248 19.39 -6.411 0.285 0.084 0.190 0.6978 0.4134 0.889 0.1671 0.1328
22 126 14.82 3.064 0.675 0.120 0.176 0.6707 0.7872 0.707 0.1110 -0.1888
23 100 17.97 -1.012 1.602 0.264 0.318 0.2056 0.3434 0.614 0.1435 -0.0934
31 210 31.90 -0.093 1.240 0.233 0.279 0.0887 0.1243 0.966 0.2677  0.2560
41 192 11.74 5787 1044 0.179 0.269 0.2636 0.1864 0.722 0.2679 -0.4889
42 230 1749 4119 1245 0.128 0.279 0.4208 0.0946 0.786 0.1954 -0.4389
44 80 12.06 0.588 -1.046 0.328 0.330 0.1610 0.4258 0.900 0.2598 -0.2228
51 228 1744 -4.402 0.683 0.092 0.118 0.6561 0.8442 0.552 0.0833  0.0054
52 172 17.94 5950 -1.504 0.364 0.358 0.0082 0.0450 1.454 0.7803 0.7109
53 260 9.79 -0.320 -0.698 0.077 0.109 0.7056 0.8484 0.523 0.0901 -0.5060
61 258 1576 0.848 0.780 0.141 0.213 0.3385 0.2690 0.802 0.1902 0.1498
64 102 19.78 -0.098 0.481 0.172 0.226 0.5297 0.6798 0.594 0.0868 -0.1816
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Figure 3: Maps of s = Aj1/0(Aq;1) versus the chosen cluster pole supergalactic co-ordinates (L, B) for the

cluster 12.

In the maps, the results of the Tully data are shown on the left, while results obtained using

the values of gy depending on the morphological type and Fouque and Paturel correction are given on the
right. The maps are presented for ALL cluster galaxies (upper panel), for Spiral (middle panel) and Nonspiral
(bottom panel) sub-samples. In the map important directions have been indicated, as seen from the centre of

the considered cluster: 1.) three cluster poles (full star, square and triangle),
3.) the direction of the Virgo A cluster centre (open square) and 4.) the line

Supercluster centre (open circle),

2.) the direction to the Local

of sight from the Earth (asterisk). Red ellipses mark the maxima that correlate with the line of sight.

delta and eta angles, some groups showed that the dis-
tribution was non-random. However, the final result of
the papers that analyzed the studied groups was that
no significant alignment was observed.

The mere consideration of the morphological type
does not lead to "fully satisfactory” analysis results,
because there is a strong systematic effect in the NBG
catalogue data, generated by the process of galactic
axis de-projection from its optical image. This effect
makes it significantly difficult to find the real alignment
during analysis of the spatial orientation of galaxies
in clusters, but it can be analyzed in more detail us-
ing the methodology described in Godlowski and Os-
trowski 1999. For this purpose, for each angle ép for
each cluster, is computed the Aj; parameter describ-
ing the alignment of the axes galactic relative to the
selected pole of the cluster, divided by its formal error
0(A11), denoted as s A11/0(A11). Changing the
position of the pole of the coordinate system along the
celestial sphere causes the main plane of the system
to also change its position. For each such instanta-
neous coordinate system, we the parameter s is com-

puted. The maps resulted in this way can be analyzed
in terms of the correlation of their maxima with im-
portant points on the maps. This procedure makes it
possible to easily find both preferred and undesirable
alignment directions normal to the galaxy planes, if any
existed in these clusters. This is because if the rota-
tion axes of galaxies preferred to be aligned in a certain
plane, there would be a deficit in the rotation axis in
the direction perpendicular to that plane. However, if
the orientation of the rotation axes of galaxies favored
a particular direction, then there should be a surplus
of galaxies with spins pointing in that direction.

Example maps for cluster 12 are presented in
Figure 3. In the left panels, obtained for the original
NBG Catalog data, strong maxima are observed that
correlate with the line of sight. Taking into account
the morphological types of galaxies combined with
converting q to standard photometric axial ratios
according to the formulas of Fouque and Paturel
(1985) makes these maxima disappear, as shown in
the right panels. The results of the statistical analysis
for the data after taking both of these corrections into
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Table 4: Test for isotropy of the distribution of the angle 1 obtained using the values of gy depending on the

morphological type and Fouque and Paturel correction.

Group N C A5 A A P(A) P(A) A w2 U?
11 626 36.84 14.121 3.574 0.213 0.278 0.0009 0.0001 1.101 0.4450 0.0557
12 332 17.37 2464 -0.595 0.097 0.154 0.4599 0.4165 0.860 0.2365 -0.5615
13 128 17.12 6.297 1208 0.165 0.382 0.4194 0.0529 1.110 0.2416 0.2405
14 426 1496 0.338 0.469 0.112 0.144 0.2655 0.3551 0.775 0.1649 -0.5359
15 130 13.72 2092 0.132 0.115 0.278 0.6530 0.2863 0.643 0.1576 0.1575
17 80 9.10 0550 -0.135 0.118 0.229 0.7567 0.7188 0.683 0.1061  0.1052
21 248 17.35 -4.710 -0.031 0.064 0.122 0.7749 0.7616 0.564 0.0917 0.0438
22 126 1657 -2.571 0.172 0.031 0.242 0.9707 0.4506 0.535 0.0286 -0.0656
23 100 10.16 -0.820 -0.856 0.149 0.174 0.5729 0.8232 0.444 0.0477 -0.0294
31 210 17.31 -0.514 1270 0.147 0.228 0.3238 0.2418 1.104 0.3029  0.3005
41 192 2438 0375 2631 0.289 0.344 0.0181 0.0228 0.962 0.2555 0.1976
42 230 16.05 0478 -0.083 0.117 0.221 0.4551 0.2283 0.879 0.2468 -0.4326
44 80 14.05 1.000 0.407 0.096 0.393 0.8306 0.1871 0.472 0.0678 0.0524
51 228 2858 0.158 1.468 0.150 0.249 0.2769 0.1317 1.214 0.4058 0.3993
52 172 17.63 4.651 1.095 0.310 0.314 0.0161 0.0758 1.339 0.6194 0.5459
53 260 14.85 -4.192 0.113 0.121 0.136 0.3857 0.6592 0.675 0.0943 0.0221
61 258 11.86 0.977 1.316 0.133 0.195 0.3174 0.2960 0.955 0.2249 0.2211
64 102 12.71 2118 1.805 0.274 0.281 0.1482 0.4019 0.627 0.1198 0.0714

account are presented in Tables 3 and 4. The failure
to observe any significant alignment for either group
indicates that the orientation of the galaxies in the
studied Tully groups is random. These results are
therefore analogous to those in other research papers
regarding this catalog.

4. Conclusions

Data from the Tully Nearby Galaxies Catalog, com-
bined with the results of research analyzing the groups
of galaxies used, made it possible to confirm the ef-
fectiveness of the new research method. The obtained
results indicate that the method may be important in
future studies of galaxy clusters. In the case of any
astronomical data, the use of the method will involve
carrying out an analysis using the designated ”theoret-
ical isotropic distributions”, which will be previously
compared with the ”observational” distributions ob-
tained assuming the value of the parameter ¢y equal
to 0.2. Since, according to the current view, in the
case of catalogs based on automatic galaxy measure-
ments, the Holmberg effect should not be significant,
consequently the new method, unlike in the case of the
NBG Catalog, can be used without taking into account
the photometric correction. Otherwise, however, it will
be necessary to first independently estimate this type
of correction.

The results of galaxy investigations of orientation
are particularly important because they provide
information for testing scenarios of the formation of
galaxies and their structures. The result obtained in
this paper is consistent with the new version of the

hierarchical clustering model, which takes into account
tidal effects (Catelan & Theuns 1996), as well as with
the Li model (Li 1998). According to the current
state of knowledge, the ordering of galaxies in clusters
increases with their number. For this reason, in small
clusters such as Tully’s groups, alignment should not
be observed - which has been confirmed.
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