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Abstract.

On the basis of CCD photometric and spectral observations on the 6-m telescope

relative distances are measured and an estimation of the peculiar velocities of clusters of galaxies
in Ursa Major supercluster and at the neighbourhood of a giant void, having a diameter of
300 Mpc and a radial velocity of the centre of 32000 km/s, not far from the direction to Northern
Galactic Pole are done. The Hubble relation between radial velocity and distance is fulfiled for
the supercluster. The peculiar velocities do not exceed 500-1000 km/s. At the neighbourhood of
the void the systematic deviation of cluster distances from those followed from the Hubble law is
discovered: the motion of clusters to the outside of the void is observed. A total amplitude of the
expansion velocity on a scale of 15000 km/s (~ 300 Mpc) is 900 and 200 (+200) km/s without
and with accounting for luminosity evolution of galaxies, respectively.
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At present the determination of distances by
methods independent from measuring redshifts are
at the first place in investigations of large scale dis-
tribution of galaxies. The Hubble law gives a possi-
bility to determine distances to extragalactic objects
in the first approximation, ignoring their peculiar ve-
locities. Measuring a distance by another method, for
example, using photometric or structural parameters
of the object, it is possible to separate from an ob-
served velocity (cz) a component additional to the
Hubble velocity — a peculiar velocity of the object
(galaxy or galaxy cluster). A knowledge of the three-
dimensional coordinates of the objects and their pe-
culiar velocities permit to study a dynamics of galaxy
systems and cluster systems — superclusters, as well
as a geometry and a dynamics of the Universe as a
whole.

For understanding of an origin and evolution of
the large scale structure it is important to study in-
homogeneities of the largest size (mass) — superclus-
ters and voids. Corresponding scales are 100-300 Mpc
(here and further we use Ho = 50 km-c™*- Mpc™!)
and a mass excess (a deficit for voids) may reach
1016 — 10'® M. If a contrast of density of both vis-
ible and unvisible matter in these inhomogeneities is
large then it should be displayed by large velocities
of motion inside and at the neighbourhood of these
objects. If an unvisible matter is distributed more ho-
mogeneously then peculiar velocities should be small.

Clusters of galaxies, the most massive gravitation-

galaxies: clusters: general: distances and velocities

ally bounded objects, are the convenient mean to in-
vestigate the distribution of the matter and veloci-
ties up to very large scales (300-1000 Mpc). Galaxies
of early morphological types, elliptical and SO, pre-
dominate in the clusters and have as a rule a regular
structure — a radial brightness distribution is well
described by de Vaucouleurs law (r'/4). A star veloc-
ity dispersion in galaxy along with an effective radius
and a mean surface brightness on effective radius de-
fine so called “Fundamental Plane” (FP) populated
by early type galaxies with a small spread (Djorgov-
ski and Davis, 1987). From large samples of galaxies
several relations were found, being FP projections,
which allow to determine galaxy distances. The cen-
tral velocity dispersion of stars depends on the total
luminosity, Lt o« 0 (Faber and Jackson, 1976), and
the effective radius R. and the surface brightness .
are related as p. o 3 -log(R.) (Kormendy, 1977).
Our measurements for luminous E-SO galaxies give
the relation (Fig.3)

pe = 2.8(£0.15) - log(R.) + const. (1)

Measurements of the central velocity dispersion with
a high required precision is a difficult task which can-
not practically been performed at present if we deal
with many faint distant galaxies. The relation (1) al-
lows to determine galaxy distances on the basis of
photometric observations only. Though the error of
the individual distance determination is increased, for
clusters situation is looked rather hopeful, so far as
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Figure 1: Supercluster in Ursa Magjor. (For descrip-
tion see the text).

t is possible to average by several galaxies (from 5
:0 20, on dependence of richness of a cluster) and to
sbtain the distance for a cluster as a whole with high
enough precision. '

We have selected for investigation a supercluster
of galaxies in Ursa Major (further on UMa) and a
ziant void in the distribution of clusters of galaxies
further on GV = “Giant Void”) discovered on BTA
rom the observations on the “Northern Cone” pro-
zramme (Kopylov et al., 1984, 1988). A GV diameter
— a maximum diameter of a sphere without clusters
»f galaxies of richness R > 1 — is equal to 300 Mpc. A
radial velocity corresponding to a centre of the void is
:bout 32000km/s. The redshifts of 13 out of 17 clus-
cers surrounding the void were measured for the first
time on BTA.

Fig. 1 shows the distribution of clusters in UMa
supercluster in equatorial coordinates. A size of the
region shown is 55 x 28 Mpc for a middle veloc-
ity of the supercluster of 18000 km/s. A mean ra-
{ial velocity in km/s and a name are given for each
“luster. Clusters from the Abell catalogue are shown

v crossed circles and poorer clusters (Baier, 1980;
Shectman, 1985) — by circles.

Fig. 2 shows the distribution of clusters at the
neighbourhood of GV projected on the plane passing
accross the centre of the void. The diagram covers
the region of space with coordinates on right ascen-
sion 10" — 16", redshift z < 0.2 and opening angle in
ieclination 30° (275 Mpc at a distance of 600 Mpc,
-orresponding to GV centre position). The rich com-
pact clusters observed in the “Northern Cone” pro-
zramme are shown by filled squares, other Abell clus-
ters of richness R > 1 by filled triangles, and by cir-
“les — 17 clusters (all of richness R = 1) being at
the distance of 150-200 Mpc from GV centre. For the
latter we have determined the photometric distances
and estimated peculiar velocities relative to the GV
centre.

The observational data (the direct images with R,
flter) have been obtained with the help of 520 x 580
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Figure 2: Distribution of clusters in the vicinity of the
giant void.

CCD on BTA in 1994-95 years. The mean seeing for
GV was equal to 174 (FWHM) and for UMa — 1”8.
The observations on the 1 m Zeiss telescope with an
analogous CCD allowed to bring almoust all data to a
common photometric scale with an accuracy of better
than 0203. On the 1 m telescope we have obtained
the additional data for several bright galaxies too.

The photometric measurements (a synthetic mul-
tiaperture photometry) were performed for more than
200 galaxies in 17 clusters around the void and
for about 100 galaxies in UMa supercluster. To the
measured values of p, and R, cosmological correc-
tions (Ape o (1 + 2)*%, the K—correction, an angular
to linear size transformation) were applied, that is
all data are considered in comoving coordinate sys-
tem for the “standard” cosmological model (Hy =
50 km- ¢! - Mpc™!, qo = 0.5).

Fig. 3 shows log(R.) — e diagram for galaxies
in clusters around the GV observed with the BTA
and Zeiss telescopes. Filled circles show galaxies with
Mg < —2273, pluses — galaxies with M > —2273
and crosses — deviating galaxies which we have not
used.

The galaxies with absolute magnitude Mp <
—22M3 were used for determination of distances. For
each cluster the average value of Co = pe—2.8:10g(R,)
was calculated, which must be the same for all clus-
ters in the case of an absence of deviations from the
Hubble law. The mean error of Cy taking average on
3-11 galaxies is equal to 0™06 that is about 5% in
distance determination.

In our study of UMa supercluster, using the new
observational data with better seeing quality, we con-
firm our previous result (Kopylov and Kopylova,
1996). The supercluster is looked as compact on a
projection only. In total radial distances of clusters
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Figure 3: Kormendy diagram 1g(Re) — pe for galazies
in clusters surrounding the void. (For description see
the text.)

correspond to their Hubble velocities. It is not ex-
cluded that the clusters are grouped into 3 associa-
tions with mean velocities of 15900, 18600 and 20800
km/s. Its internal dynamical velocities do not exceed
500-1000 km/s. So, the UMa supercluster is rejected
from candidates to the supermassive gravitationally
bounded objects.

Fig. 4 demonstrates the main result concerning
the void. Here crosses mark 3 clusters with insuffi-
cient number of measured galaxies (1-2). For others
we used from 3 to 11 galaxies. Three clusters shown
by open circles form the supercluster which may have
a large peculiar velocity, but so far we have no a re-
liable photometric calibration for 2 of these clusters
which are most strongly deviating. It is necessary to
carry out additional control observations for them.
For other clusters it is observed a systematic devia-
tion of distances from the Hubble ones: clusters form-
ing the front “wall” of the void lie systematically fur-
ther, and clusters on the back “wall” lie nearer. A
regressional relation for 11 clusters marked by filled
circles is

Co = —1.53(%0.31) - z + 18.720(%0.024) ()

So, on average, clusters show outward motion rel-
ative to the void centre. A total amplitude of the
expansion velocity on the scale of 15000 km/s (~
300 Mpc) is equal to 900(£200) km/s not taking into
account a luminosity evolution of galaxies. If we take
into account the evolution (Am = —1.2 - z) then the
expansion velocity is lowered to 200 km/s. The ob-
served picture corresponds to a weakly perturbed mo-
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Figure 4: Relative photometrical distance (average
value of zero-point relation (1)) as a function of the
redshift for the clusters in the vicinity of the void.

tion of matter at the neighbourhood of the void,
what means that there is a small negative contrast of
the total mass density in the void. An investigation
of a distribution of such objects as galaxy groups,
active galaxies and quasars at the neighbourhood of
the void and a comparison with the objects in high
density regions is of a great interest.

A method of determination of cluster distances
with the help of the Kormendy relation, for the first
time used by us in investigations of superclusters and
voids, may be applied also for the Tolman cosmo-
logical test, to verify that the redshift is an effect
of real expansion of the Universe. Up to now we
have obtained observational data for 39 clusters, in-
cluding nearby Coma cluster, in a redshift range of
z = 0.02 —0.15. In this task especial care is necessary
to examine and take into account evolutionary effects
of changing of surface brightness of galaxies.
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