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4 bhstract.

The departures from the Poisson distribution of sources over the sky for an angular

wale of 0.8° — 1.0°, obtained from the analysis of Zelenchuk surveys, may be of cosmological
wizin. The character of these departures indicate some objects connected with the large-scale
reriodical structures to be present in the Universe. These sources may be related to superclusters
@ voids. The following limitations on the Universe deceleration parameter ¢ and on the red
25 = of the epoch of formation of large—scale structures are obtained at a 95 % confidence level:

115,z < 14,
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B introdution

0 swstence of mosaic scales for a spatial inhomo-
A the Universe has been established to exist.
0 weest scales of superclusters and voids reach
Wil 2" Mpc. Optical data for rich clusters of
s 3 v the presence of a characteristic scale,
S0 8T Mpe, in regularity of the supercluster —
S swwerk [ Broadhurst et al., 1990; Mo et al., 1992;
B =t 2l | 1994).
e other hand, extra—galactic radio sources
A gt to be associated with - giant elliptical
A o clusters in the regions surrounded by
il matter. They may be used as indicators
= isieton” of the large-scale structure of the
e Shaver, 1991). All the lists of radio sources
[l Bom the search surveys gave hopes for de-
| o sible departure from the Poisson distri-
W sources over the celestial sphere. However,
S e for distortions of the Poisson distribution
s carried out for many years has not provided
CWs smndence for such departures, which has been
AU et to be due to the smearing effect of the
S g of luminosity functions (LF) of sources,
oy ¢\ mearby and very distant objects fall on
PSS off sight. Only the structure of the local su-
e has been confirmed by radio astronomical
e Shawer 1291).
S e the reasons connected with the radio lu-
0 o tion of galaxies and quasars, there may

ress: mgl@sai. msu.su

be the conditions responsible for the negative results:
the sparse number of statistical data used, and the in-
sufficient depth of the surveys. That is why, after the
completion of Zelenchuk survey (Z2) and data pro-
cessing for some zones we have analysed the distri-
bution of the Z2-survey sources (Amirkhanyan et al.,
1989). The extensive material (about 11.5 thousands
radio sources) raised hopes for obtaining new infor-
mation about the problem of interest (Amirkhanyan
et al., 1989; Larionov, 1991).

In 1987 we have published the results on reveal-
ing the departure from Poisson distribution for the
Z2 survey sources on the scale of about 0.5° by the
method of counting the sample surfaces with different
number of sources in them (Larionov, 1987). Different
areas of the survey had the same character of depar-
tures and suggested the presence of regular structures
in the distribution of sources. To confirm the results
the equatorial deep survey of up to 20 mJy has been
made in the last years using another configuration of
the RATAN-600 (Larionov et al., 1994). This survey
has cancelled some suspicion of a possible selection
effect related to the low (about 20) ratio of the area
of the minimum surface element to the square beam
width.

2. Computation

The statistics of the number of areas with different
number of objects in thern follows the Poisson distri-
bution and determines the probability of occurrence
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of some event for a random quantity

me—a

p(m) = = ; (1)

m!

where « is the average number of sources in an area
of a certain dimension; m is the number of sources in
the area (the ordinal number of independent degrees
of freedom). :

The method is efficient to a maximum at small o
and m. This situation is realized in our investigation.

The hypothesis of random distribution has been
tested using the criterion

(Bi = N -p;
UZ Nplp))

where p; is calculated from equation (1), but N is the
total number of areas in the survey zone analyzed.

The statistics U obeys the y? distribution with
(r—1) degrees of freedom at large N. The quantity N
is about thousand in our case. The single-parameter
distribution function is

(2)

2y —
fx*) = 5oz X
where v = rn—1 is the number of independent degrees
of freedom. This function permits the probability of
Poisson distribution to be determined

(x*) = 7.}‘(1')611

where f(z) is the distribution function of x?.

By this means the whole zone of the deep survey
(« from 0" to 24" and 6 from 0° to —1°) was divided
into areas from 5 to 0.08 square degree in size. The
number of the areas of each size for different degrees of
freedom has been calculated. The theoretical Poisson
distribution was found from equation (1), where the
probability density per one area is presented. For the
area of each size y? was found using equation (2)
and the value of random realization was calculated by
integrating equation (4). The hypothesis of random
distribution of sources over the celestial sphere was
adopted. About 700 sources of the deep survey and
the same numbér of Z2 survey in the zone near the
deep survey were investigated.

The statistics of areas for the deep survey and for
part of Z2 survey is shown in Table 1 for a surface of
0.25 square degree.

The tendency of distortions of the Poisson distri-
bution in the two surveys is identical. There is defi-
ciency of areas that do not contain sources and the
areas with multiple structures.

(4)

But the areas with
~(16-18) %. The ac-

tual distribution is more narrow than Poisson. It may

a single source are In excess,

Table 1:
m Nexp. p(m) N Nexp. p(m)-N
deep deep 72 7?2
0.00 426.00 467.40  398.00 432.00
1.00 393.00 336.40 370.00 316.00
2.00 127.00 121.00 116.00 116.00
> 3.00 14.00 35.10 19.00 33.60

suggest the presence of quasi-regular structures of
sources. The probability of random realization in the
distribution of sources p(x?) is given in Table 2 for
the deep survey, for part of Z2 survey and also for
both surveys (unified data) (sections I, I, I, respec-
tively).

The clearly defined scale of the departure, about
0.5°, characteristic of the two surveys of different
depths, gives grounds to suppose that the sources
in clusters of galaxies are responsible for this scale
since it is only on the scales of superclusters, (100-
150)h=! Mpc, that quasi-regular structures revealed
in optical studies of rich superclusters are observed.

Similar results probably, by
Kooiman et al. (1995) using the angular correlation
function for the 87GB survey. The positive and neg-
ative components of the angular correlation function
in their calculations formed a period of about one
degree.

were obtained,

3. Data analysis

Table 3 shows the probability of random realization
in the distribution of sources as a function of the dou-
bled angular scale of areas into which the survey zone
was divided.

Because the statistics of areas shows the empty
areas to be deficient in number and the single—source
areas to be in excess as compared with the Poisson
histogram, the interpretation of the effect obtained
leads to the conclusion that the periodical component
of double angular size is present, assuming the regu-
lar large-scale structures to exist. The deficit of the
empty squares and the excess of the squares with one
source determine the scale of superclusters together
with voids. A considerable (at level of five standard
deviations) departure from Poisson distribution on
scales from 0.8° to 1.0° is visible. The sharp droj
in the relationship towards the decreasing size of the
analyzed areas can be explained neither by statistical
parameters nor by possible selection effects connected
with the decrease in the ratio of the size of areas an-
alyzed to the square beam width. The statistics of
squares in first case is improved, while the ratio i
second case is about a hundred. The shape of the droj
is identical for both surveys (deep and Z2). We sup-
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e rolloff can be directed to the epoch of
“““ o of regular structures of the Universe. This
: o s related to structures associated with
.\ wwev sources. A comparison of the two sur-
stinguish one from the other at about

sives similar results, and we obtained an
ment in favour of our assumption.

-d the standard cosmological models

. smological term. There were used the

“““ = w=umption based on the enumerated facts:

"% e detected distinctions in the visible distri-

 wowrces are connected with regular large-
f the Universe, obtained from opti-
wonal data for the local Metagalaxy large—

W e amgular period revealed in the distribution
g of sources from 0.8° to 1.0° at some epoch
- the linear size of structures at the

Table 2:
section I IT 111
07 m_ x> p(X)) D) xX* p(xY)
50 2 056 7.7-100F 071 71077 11 5.8107°
062 5 149 1.01072 128 251072 244 1.6-107*
031 4 19.0 8.0-107* 18.0 1.0.107% 336 9.0-1077
023 3 258 1.0:107° 1938 1.9-10~* 434 25.10°°
0.16 3 242 23.10°° 135 3.7.107% 339 26-1077
011 3 181 4.2:107* 6.2.10-2 25.6 1.4-107°
0.08 2 563 6.0-1072
. current epoch and is equal to 130 h~! Mpc;
Table 3: . . ) .
e the cosmological Universe ‘expansion causes
28)%, sq. degree p(x?) then the large—scale structure size to change in the
0.30 6.0-10™2 way the scaling factor does. The last assumption
0.42 4.2-.107* means that there is no gravitational connection be-
0.52 511073 tween the centres of superclusters.
0.64 2.3.10-5 L. .
0.80 3.0-10-5 The metric distances are adopted from Mattig
0.99 8.9.10-6 (1958) and the relationship between the linear and.
1.08 9.9.10~2 a.ngular sizes of sources are determined by the func-
1.24 8.010~4 Bisemal
1.56 4.0-10°3 L H-2(1+ 2)?
18 A0 R P W ko R
2.16 8.0-1073
2.47 1.0-1072 where ¢, qo, z, H — the light velocity, the Universe de-
2.80 7.0-10~2 celeration parameter, the redshift and Hubble’s con-
3.12 1.5.1073 stant. The linear size L is the function of redshift and
3.43 3.5:10~%2 Hubble’s constant:
3.76 6.0-107! q r
408 <'5.10-2 _ 130 13 10* _ (6)
425 5.0-10~3 h(1+z) H(l+z)
4.72 3.6:1072 Hubble’s constant is absent in the final form of the
5.03 4.2:107!

relationship

_ 1.3-10% - ¢2(1 + 2)
~ clgoz + (g0 — (VT +2q0z = 1)
By fixing of the angular scale 0.8° we get a functional

connecting go and z. The indicated relation is shown

in Table 4.

(7)

4. Discussion

It is seen that go only slightly depends on z at gqo
larger than 0.1. The value of the deceleration param-
eter can practically not be larger than 0.25. The red-
shift at this epoch is 50 and large-scale structures
of the Universe could hardly exist at that time. Even
the wide range of luminosity functions of galaxies and
quasars and possible selection effects connected with
the fact that the samples analyzed are limited in stel-
lar magnitude could not disguise from observation of
the sources in such a wide range of z (from 6 to 50),
if a specific case of formation of large-scale structure
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Téble 4:

qo z
1.0-10-2 5.3
2.0-1072 5.6
4.0-10% 6.2
6.0.1072 7.1
8.0-10-2 8.0
1.0-10°! 9.2
1.2.107Y  11.0
1.410-1 129
1.6-10°!  15.3
1.8.1071 18.1
2.0-107! 227
2.2.1071 272
2.4.10-1 395
2.6-10-! 68.3

is not supposed, when at very large z objects of ex-
tremely low luminosity are formed whose luminosity
grows with epoch. The range of possible values of ¢q,
that have been found, lies below 0.15 at a confidence
level of 95 % with allowance for errors in the method
used and experimental data. The age of objects con-
nected with large-scale structures is then about 16
billion years. The situation is aggravated by the intro-
duction of evolutionary characteristics of gg(2), which
is natural from the physical point of view. The rela-
tion becomes steeper with increasing z under this as-
sumption. The epoch of formation of large-scales as
we suppose lies within the redshift range (5-10).

The deduced limitations on the Universe cosmo-
logical parameters are consistent with a number of
known experimental data based on the counts of faint
galaxies. As an example, we can cite the work of
Guideroni and Rocca-Volmerange (1990), where the
authors obtained a low value, ¢o=0.05, by the model
matching of counts of galaxies. They noted that the
values, ¢o=0.5 and z=2, are highly contrary to the
experiment. The maximum values given by them,
g0=0.15 for the epoch of galaxy formation, 2=10,
are comparable with ours, ¢o=0.15 and z=14, respec-
tively. The disagreement with the inflation scenario
may have different explanations:

e the enumerated experiments include either
methodical, or logical, or actual mistakes;

e the experiments contain selection effects that
have not been taken into account;

e the models considered are not incomplete and
one should examine the models with a non-zero cos-
mological term;

e the models do not reflect real cosmology at all:
e the inflation models are inconsistent with the
observed Universe.

One must examine other models and assumptions.
first of all a model with a non-zero cosmological term.

5. Conclusion

1. The departures from the Poisson distribution
for the sources over the sky on the angular scale from
0.8° to 1.0°, revealed in the Zelenchuk surveys, may
be of cosmological origin.

2. The form of the departure from random distri-
bution suggests the presence of an appreciable share
of radio sources-related to the large—scale supercluster
structures of the Universe.

3. A lower limit has been obtained on the deceler-
ation parameter, ¢o < 0.15, which corresponds to the
epoch of formation of large-scale structures, z < 14.
if standard cosmology is adopted.

4. The angular scale of the departure from the
Poisson distribution is close to that reported by
Kooiman et al. (1995) from the analysis of the 87GE
survey.
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