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The formation of black holes is analyzed as a particular example of a process which
results in the following situation: In the stage just preceding the collapse of the
universe, the various forms of matter may, while unifying, retain only the
properties of a gravitating hydrodynamic matter. Even these properties, however,
arelost in the final stage of the collapse, in which the matter arises in the form of a
A-term devoid of a gravitational constant and of displacement properties.

It was hypothesized some time ago that there might be a limiting density for any
form of matter in the universe (in the comoving coordinate system). A specific expres-
sion was proposed for this limiting density"*: p, = ¢’/#ux ~10°* g/cm®, where «, is
the gravitational constant.

The present letter poses the hypothesis that when the limiting density is reached,
all differences in the forms of matter (or fields) become unified, and at the limiting
density the matter should be characterized by only hydrodynamic properties. The
physical meaning of this hypothesis is that at some densities in the course of the
contraction of the matter the particles which make up the matter must lose their
specific characteristics. Expressed in a different way, the meaning is that at the corre-
sponding densities (which may differ for different classes of particles) there will be
violations of the conservation laws which will involve the violation, in particular, of
the invariance of Abelian and non-Abelian symmetries. In connection with the hy-
pothesis of a limiting density of matter, our attention is drawn by the circumstance
that the right side of Einstein’s equation has no quantities of any sort characterizing
the gravitational field. The right side of this equation contains only the density tensor
of various forms of matter. In other words, the hypothesis of the existence of a final
density of solely these types of matter does not rule out the appearance of a singularity
in the course of the collapse of the universe. This singularity might be associated with,
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for example, gravitational background radiation. The energy density of this radiation
is presently estimated to be p,,,, ~ 10> g/cm’. It is thus about two orders of magni-
tude lower than the density of the background photon radiation.® If we take the size of
the universe to be R_,, ~10°® cm, then we find that the density of the gravitational
energy of the background gravitons alone would reach the Planck density p, ~ 10
g/cm® when the universe is at a radius—we wish to stress this point—R ~ 107> ¢m in
the course of its collapse. The energy density of the gravitational field is described in
general not by a tensor but by a pseudotensor, and in many cases this quantity may
disappear under certain coordinate transformations. For the case of the rofal energy
and momentum of an isolated system, however, the corresponding pseudotensor ac-
quires the properties of a tensor.* Furthermore, realistic possibilities for the conversion
of the energy of gravitons into other forms of matter were taken up in quantum
mechanics a long time ago.” In other words, the gravitational energy must also be
limited to a certain density. In general the classic studies®’ of the perturbations of the
metric of a gravitational field indicate that the difficulties stem from the singularities
that arise: these difficulties have yet to be overcome in the existing models of universes.

Returning to the discussion of the hypothesis of a unification of all forms of
matter at extreme densities, we should recall in connnection with the appearance of
such entities as black holes in the theory that “black holes have no hair,” as Wheeler
would say. A black hole as a whole can have only a mass, an electric charge, and an
angular momentum. We know that a closed universe cannot have a nonzero total
mass, a nonzero charge, and, as follow; from Ref. 8, a nonzero angular momentum. As
a result of these arguments, it seems logical to suggest that when a closed universe, in
the course of its collapse, reaches a density of matter at the Planck level, all the matter
of the universe will unify into a collection of elementary black holes— ‘maximons”® in
our terminology—which may have neither an electric charge nor a spin. Furthermore,
in this stage of the collapse the matter consisting of maximons could apparently also be
absolutely cold. A heating of this matter consisting of a “close” packing of maximons
having a mass of limiting density might disrupt the hypothesis of a limiting density.
There is the suggestion that elementary black holes might either form directly from a
gravitational field or undergo a prior transformation into other forms of matter. We
are talking here about both transverse perturbations (gravitons) and longitudinal per-
turbations (sound). In any case, this hypothesis seems natural in the linear approxi-
mation. We do not rule out the possibility that a description of the nonlinear region of
events in classical terms will reduce to a formalism of the Born-Infeld type, i.e., a
finiteness of the curvature.!

So far we have been talking about stable elementary black holes in a “close pack-
ing” in a “continuous” maximon medium. An analysis of the physical properties of
such matter requires a systematic quantum theory and a theory of the gravitational
field. In principle, the example of a neutron which is stable in a bound state might be
instructive. There are astrophysical considerations which argue against the stability of
a final state of a free black hole, just as there are such considerations which argue
against the existence of a large number of magnetic monopoles. There are also several
arguments in favor of their stability’’ (Refs. 10-12).

In a series of papers we have analyzed a hydrodynamic model in an oscillating
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universe, in particular, one filled with dusty matter. In the preceding papers we
showed that a model of this sort, in which the role of the dust is played by an ensemble
of elementary black holes, may prove capable of describing the state of the universe at
times close to the final stage of collapse. On the other hand, we see that a specific
version of the model of this collapse, which we set forth in several papers'*'*—specifi-
cally, the model of an “oscillating Friedmann—de Sitter universe with a A term which
depends on the state of the matter”—has much in common in the initial stage of the
expansion of the universe with models of so-called inflationary universes.”’

We recall Einstein’s equation, which we adapt to the case of an oscillating Fried-
mann dusty universe:
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where a is the “radius” of the universe, p is the density of matter, and A’ is a constant
with the dimensionality of a mass density. The functions F and 6 are chosen in such a
way that we have F-0 as p—p,, 61 as p—p,, F—1 as p<p,, and 60 as p<p,,.
Here
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is a constant (the A, term). We wish to stress that the second term in (1) does not
contain the gravitational constant «,: It is a ~ A'k,-term, which depends on only the
density of matter. At low densities (F— 1;6,A'0-0), Eq. (1) thus describes a closed
Friedmann universe: The A-term essentially disappears. In the limit p—p,, on the
contrary, a A-term arises. In the limiting case it also is equal to a constant, x,A’, while
the density of the gravitating energy tends toward zero (pF—0), and the universe
becomes a purely de Sitter universe. The pumping of the density of the observable
gravitating energy pF into the A-term is described by the “conservation equation”

1_ 20 Y 0 g
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which follows automatically from the vanishing of the covariant divergence of the left
side of Einstein’s equation. The functions F and 6 are chosen on the basis of an
additional condition: In this case, it is required that the collapse of the universe stop at
densities p = p,,.. Sp, and at a radius of the universe a,;, ~/p, =+hxy/c’ ~107% cm.
These conditions are satisfied by the simple functions

min

F=[1-(p*p3)]1; 8= p*/p} and AYps=2, (3)

The duration of the de Sitter phase, i.e., the phase of the new expansion of the universe
after the collapse has stopped, depends on the choice of the functions F and € and on
the values of p,,, and” A’. The duration of this phase varies dramatically with the
particular values of the constants p, and A’ and with the particular functions ¥ and 6.
An integration of Eq. (2) gives us a relationship among p, p,, A', @, and the integra-
tion constant M, which represents the total mass of all the dust particles forming the
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closed universe:
(po +p) ]A/Po _Mopoz
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In the limit p—p,.,, in which Eq. (1) becomes

(a/ca)* + = =~ Ao, (5)
we have

a~a, et VAt (6)

in the de Sitter phase. In inflationary models the role of the A-term is usually played
by the potential energy of a scalar field @. It is assumed that @ is small. In an early
stage of an inflationary universe, the physical distinction between our model of the
universe and inflationary models is that the latter have no true A, term and no true
constant of the de Sitter metric, which characterizes a peculiar nongravitating form of
matter.” Accordingly, upon the collapse of an inflationary universe it does not revert
to the state of an initial de Sitter universe, and ¢ does not automatically vanish in the
course of the collapse. Furthermore, the universes which arise from “nothing,” which
have become quite fashionable, must by definition be closed.

A A, -term was introduced by Einstein on the left side of an equation which does
not contain the gravitational constant «; R,, — 1/2g, R +g,, Ay = k,T,,,. In infla-
tionary models, the role of a A-term is usually played formally by a scalar field ¢, i.e.,
by gravitating matter. In results generated under these assumptions (¢ =0), it is
possible to obtain a solution of the de Sitter type at the initial time, but, strictly
speaking, we would be dealing with a quasi~de Sitter initial phase of the universe.

I wish to thank V. Mukhanov for useful discussions.

DAt black-hole masses close to the Planck mass, the Hawking radiation spectrum would apparently be
deformed, since there is reason to believe that the levels of a quantized black hole do not overlap greatly.

The formation of galaxies requires an analysis of various perturbations in the “rebound” phase in the given
model.”

1t follows from the discussion above that a unification of matter in the form of a medium of elementary
black holes would be a step in the subsequent conversion of the matter into a physical reality describable
by a A-term, which is essentially the primordial matter in the Anaxagoras sense'* (which would not
consist of parts capable of being moved with respect to each other).
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