
of the Meissner effect, and fermion masses appear for
the same reasons as the energy gap in a superconduc-
tor. This analogy suggests (and this is confirmed by an
exact calculation) that at a sufficiently high tempera-
ture—on the order of 1—100 GeV in the various models-
the particle system should undergo a phase transition
with recovery of the originally broken symmetry and
with loss of the particle masses; in a sufficiently
strong external field, this transition can take place
even at zero temperature. This also applies to a
vacuum—a state with zero values of the total charges
(electrical, baryon, lepton). The type of phase transi-
tion depends on the model chosen—it may be of either
the first or second order.

When applied to the "hot" (big-bang) model of the
universe, the pattern described above produces a num-
ber of cosmological consequences:

a) The density of the condensate depends on tem-
perature, and, consequently, also on time. The same
applies to such fundamental quantities as the masses of
particles (they decrease with backward movement in
time, disappearing after a certain instant) or the Fermi
weak interaction constant (which, to the contrary, in-
creases with motion backward in time, becoming in-
finite at the initial epoch, which corresponds to long-
range action of the weak interaction).

b) Like an ordinary vacuum in field theory, the Bose
condensate is manifested as a cosmological term in

Einstein's equations. However, this quantity depends on
time, so that an apparent violation of the energy balance
arises as a result of its being "pumped" into the unob-
servable Bose condensate (or back).

c) At the epoch corresponding to the phase transi-
tion, buildup of the fluctuations, the appearance of
nuclei, etc. should take place in the Universe. The pos-
sibility that this fact may prove essential for the as yet
unsolved problem of the formation of galaxies can not
be overlooked.
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L. M. Ozernoi. Patterns in Systems of Galaxies, and
Their Relation to the Problem of "Latent" Mass. For
several decades now, extragalactic astronomy has con-
fronted a problem that has proven as difficult to solve
as it was easy to formulate: are systems of galaxies
stationary?

The dynamics of the systems is of enormous interest
not only for astrophysics (where its importance is ob-
vious from the bare fact that over 80% of all of the
galaxies are observed in space not isolated but as parts
of agglomerates containing any number of galaxies
from pairs to superclusters), but also for natural
science as a whole. In fact, proof of the nonstationarity
of systems of galaxies (specifically, that they are ex-
panding with velocities on the order of the velocity dis-
persion observed there) would mean an explosive origin
of the systems, accompanied by the release of prodigious
amounts of energy (up to 1064 erg) during a time that is
in some cases shorter than 108 years! The existence
of sources of such power (> 3 χ 1048 erg/sec) would not
only contradict generally held cosmological concep-
tions , but could hardly be explained even within the
framework of contemporary physics. On the other hand,
if it were established that the galactic systems are
stationary, the consequences would not be quite as
dramatic for physics and cosmology, but they would
also be important: this would shed light on the cosmo-
gonic processes during which an expanding Universe,
but one with a structureless past, acquired its present
aspect by breaking up into galaxies and systems of
galaxies.

The nontrivial nature of the dynamic problem is
clearly detailed by the following fact: in their linear
scales (or in the masses that they include), systems of
galaxies occupy a position intermediate between the

galaxies themselves (whose radii R i ~ 10"2—10"1 Mpc)
and the radius R2 ~ 10z Mpc of the region of the Meta-
galaxy in which the distribution of matter can still be
regarded as homogeneous with good accuracy. While
the inner limit Rx of this scale does not by any means
depend on time (galaxies do not expand or contract; they
are stationary), the outer limit R2 definitely partici-
pates in the over-all expansion of the Universe. Clearly,
there is as yet no interpolation, no a priori principle
from which we might draw an inference as to the dy-
namics of systems belonging to the intermediate range
of scales Ri < R < R2o Solution of this problem re-
quires a specific analysis of the galactic systems them-
selves.

It has long been known that the apparent mass of the
galaxies in galactic systems ranging from pairs to rich
clusters is in many cases much smaller than the mass
necessary for stationarity of the systems (the so-called
"virial" mass). It was precisely this discrepancy that
presented the alternatives: either the systems are non-
stationary or they contain invisible ("latent") mass,
which provides the necessary stationarity. The lack of
clear indications of either nonstationarity or the pres-
ence of "latent" masses in the necessary amount has
stimulated the research for patterns in galactic sys-
tems interpretation of which might resolve the dilemma.
Numerous empirical studies have been undertaken in
this direction, especially in regard to the noncorre-
spondence between the virial and observed masses'1"4 1.
Although a number of interesting correlations have been
brought out, no definite interpretation has as yet been
found for them.

However, without resorting to calculation of the
virial characteristics of the systems (this procedure
introduces a number of additional uncertainties), and
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operating only with the basic observed quantities, it is
possible to indicate a relationship that is the key for
the choice between the stationary and nonstationary al-
ternatives. We refer to the correlation between the
dispersion V of the velocities of the galaxies in the sys-
tem and its radius R, which is conveniently repre-
sented1^1 in the form of a relation between the charac-
teristic time required for a galaxy to travel the radius
of the system ("crossing time") and the radius T C

= R/V. The figure shows the correlation between TC

and R as constructed from the averaged characteristics
of 143 galactic systems ranging from pairs to rich
clusters and super clusters, which were taken from[6]

o

Similar correlations are, of course, also observed for
individual systems of galaxies of the same type (com-
pact groups, rich clusters, etc.), where they can be
studied in detail. For example, in the groups of[?1, the
values of TC, in addition to their dependence on R,
exhibit a correlation (though a weaker one) with the
morphological type of the system. Thus, in groups con-
sisting for the most part of elliptical galaxies, the
values of TC are systematically lower than in groups in
which spiral galaxies predominate^3"51.

The relation between the radius of the system and
the dispersion of its internal velocities contains the key
to solution of the problem of galactic-system dynamics.

It is found that the observed relation of T C to R can
be explained in quantitative form as a consequence of
the theory proposed earlier1 8 ] for the formation of
galactic systems. According to these notions, galaxies
and galactic systems appear in the course of evolution
of cosmological turbulence. Small inhomogeneities are
generated at the time of recombination of the hot plasma
(which occurs at a red shift ζ ~ 103) in scales containing
a mass far in excess of the mass of the typical galaxy.
They grow under the influence of gravitational instability.
This growth of perturbations in the "dust" of proto-
galaxies ultimately results in their differentiation from
the cosmological background (wherever the perturba-
tions have time to grow to unity and differentiate). The
final product of this process would be gravitationally
bound systems of galaxies. Then, accurate to a numeri-
cal factor of the order of unity, TC would equal the age
of the Universe at the time of differentiation of the
particular system of galaxies, and TQ and R would be
related by

ID

s -

xe» ΙΟΏ-""(Λ/Ι Mpc)'/' yr, (1)
which is that shown in the figure at Ω = 1 (Ω is the
ratio of the average density of the Metagalaxy to the
critical density of Friedmann models). The absence of
the only unknown parameter of the theory in (1) (the
velocity of vortical motions in the maximum scale of
the turbulence) is due to the fact that this parameter
appears in the expression for the maximum mass of
the galaxy, which was assumed equal to 101 2Μο. Rela-
tion (1) is approximate basically because of two sim-
plifications: 1) the end of the linear stage of density-
perturbation growth was arbitrarily taken as the time
of differentiation of the system in the form of the stand-
ard criterion ΰρ/ρ = 1; 2) the change in the average
density of the system during the time from its differen-
tiation to its arrival in the stationary state was ignored.
Despite these simplifications, the agreement between
observations and the theory is found to be quite satis-
factory. This also explains1*1 a certain "stratification"
of the values of TC as a function of the average mor-

-
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Poor clusters ^r

Triples / t o l " "
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Superclusters

ο Rich clusters

phological composition of the galactic system that is
superimposed on the growth of TQ with increasing R.

If the rather good agreement between observations
and the theory^81 on which the concept of stationary
galactic systems is based is not accidental, then it can
hardly be interpreted otherwise than as strong evidence
in favor of the stationarity of most observed systems of
galaxies. To make it conclusive, however, it is neces-
sary to make certain that the relationships derived con-
tradict conceptions in which the observed systems are
nonstationary.

Up to now, nonstationarity of galactic systems has
usually been identified with only one possibility: ex-
plosive formation of the galaxies themselves. Here T C ,
the characteristic time of expansion of the system,
should coincide essentially with the age of the galaxies
of which it consists. However, as has been noted more
than once, this idea is in sharp conflict with observa-
tional data because of the disagreement between the dy-
namic and evolutionary times: for many systems, the
hypothetical expansion time is found to be 2—3 orders
smaller than the actual age of the galaxies in the system.

Another, more subtle possibility has thus far re-
ceived much less attention: the galactic systems are
nonstationary as a result of continuous (or quasicon-
tinuous) loss of mass. In this situation, r c no longer
coincides with the dynamic age of the system (since the
expansion rate is now dictated by the rate of mass loss).
Therefore the contradiction between the dynamic time
scale of the cluster as a whole and the evolutionary
scale of the galaxies composing it vanishes in this
version of nonstationarity.

The most probable causes of mass loss from galac-
tic systems could prove to be ejection of gas as a re-
sult of one-time or repeated explosive activity of the
galactic cores on the one hand and gravitational radia-
tion on the other. Without going into the details of these
mechanisms, one can obtain quite general consequences
of the very fact of mass loss by the systems1-91. Com-
parison of these consequences with observational data
indicates that interpretation of galactic systems as
being in a state of decay owing to mass loss requires
an anomalously large loss. Moreover, a qualitative dis-
agreement with observations is observed in groups of
galaxies for which the volume of the available data is
sufficient for comparison of the expected consequences
of the disintegration hypothesis separately for groups in
which elliptical and spiral galaxies predominate. All of
this forces us to the conclusion that the mass lost by
the systems is immaterial and that the associated dis-
integration hypothesis is without basis.

The difficulties encountered by the notion of nonsta-
tionarity of the galactic systems (either in the explosive-
expansion variant or in the case of slow disintegration)
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are so enormous that we must now acknowledge the sta-
tionarity idea as the only one possible. Thus there is
good justification for the search for "latent" masses in
the systems, which would ensure the necessary station-
arity.

It is paradoxical, however, that all attempts to ob-
serve the sought "latent" mass in galactic systems
have thus far been unsuccessful. According to detailed
(though not exhaustive) calculations (see, for exam-
ple[101), the most realistic candidates—stars of low
luminosity and hot gas—can make only a small contribu-
tion to the "latent" mass compared to that which is
required. Also unresolved is the even more general
question: where is the latent mass localized?11

The discovery of broad faintly luminous coronas
around numerous galaxies in recent years[11~131 revived
the long-standing hope that the "latent" mass would be
concentrated in the galaxies themselves. Dynamic argu-
ments1 1 4""1 are inclined to favor this idea, but a number
of facts stand in the way of its final acceptance. Thus,
the ratio of the virial mass to the observed mass con-
tinues to increase with increasing system radius even
in systems whose dimensions are substantially larger
than the average extent of the galactic coronas; this in-
dicates the possibility that most of the "latent" mass
is localized outside of the galaxies, in intergalactic
space118>19]. Further, the dynamic arguments lead to an
isothermal (ρ ~ r"2) distribution of the "latent" mass
in the galaxies^20»21!, while photometric data on the dis-
tribution of mass in the broad faintly luminous
coronas[11] indicate an exponential distribution. The
most likely implication of this is that the "latent" mass
in the galaxies cannot be identified with their extensive
faint coronas, but is of a different nature.

It appears that further progress in solution of the
"latent"-mass problem will be possible only by com-
parative analysis of the virial characteristics of galac-
tic systems in which galaxies of one morphological type
or the other predominate. A preliminary analysis^221

brought out a difference in the virial velocities of
groups composed primarily of elliptical and primarily
of spiral galaxies. There need be no doubt that future
efforts to observe "latent" mass will be rewarded by
valuable results, with pertinence not only to the physics
and cosmogony of galactic systems, but also to cosmo-
logy in general.

" i t is appropriate to emphasize that explanation of the galactic-
system relationships discussed above did not require specification
of either the nature of the "latent" mass or its localization.
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