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It is shown that, with the account of the gravitational interaction, the physical vacuum can spontaneously partially
”dissociate” into particles and antiparticles without violation of any conservation laws. Possible cosmological signif-
icance of this effect is discussed. A ”vacuum cosmological model” is formulated, in which vacuum is taken as the
initial state of the Metagalaxy. A generalization of the classical cosmological Einstein equations is made which allows

one to take into account phenomenologically the effect of gravitational instability of vacuum.
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1. The purpose of the present paper is to pay at-
tention to the effect of the gravitational instability of
vacuum and to consider its possible cosmological sig-
nificance. The essence of this effect is that, with the
account of the gravitational interaction, the vacuum
in finite spatial volumes can spontaneously partially
“dissociate” into particles and antiparticles (we call
it “bimatter”) without violation of the law of conser-
vation of energy: the created bimatter falls into its
own gravitational potential well and, in the case of
sufficiently large proper mass M of bimatter (which
is the mass without the account of the gravitational
binding energy), this well can be sufficiently deep so
that the gravitational binding energy U (M) totally
compensates for the energy Mc?:

M +U(M)=0. (1)
Such strong fields should be considered in frames of
the general theory of relativity (GR); in this case, GR
leads to the notion of a closed space [1, 2] (see below),
but the essence of the effect can be qualitatively un-
derstood already on the level of the Newtonian de-
scription of gravity. In frames of the Newtonian the-
OrY?

UM) = -nGM?*a™!, (2)

where G is the gravitational constant, a is the spatial
size (radius) of the system, and 7 is a dimension-
less positive coefficient depending on the details of
the mass distribution (n = 3/5 in the case of a uni-
form ball). Substituting (2) into (1), we arrive at the

n~1,

equation

which admits two solutions, namely, M = 0 and

02a

M = G (4)
The first solution corresponds to the vacuum state
of quantum fields; the second one corresponds to
the configuration under consideration (we shall call
it “null system”) arising as a result of partial dis-
sociation of vacuum into particles and antiparticles.
Both states have equal (zero) total values of strictly
conserved quantities — energy, charge, baryon and
lepton numbers (the difference is only in their spatial
density distributions) — and, therefore, transitions
between them are possible. In this case, dissociation
of vacuum is a thermodynamically favorable process.
Indeed, the vacuum, as a state without excitations,
should be assigned zero entropy, whereas a null sys-
tem is characterized by high entropy: because of de-
cays of unstable particles and pair annihilations, it is
quickly heated to temperatures corresponding to its
density (T ~ p'/*), even if it had zero temperature
at the time of its creation.

In the transition |vacuum) — |null system), the
average mass density p increases from pyac = 0 to
some maximum value pg which can be roughly es-
timated by assuming that the creation of the null
system corresponds to a situation in which the com-
ponents of every created hadron pair turn out to be
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separated by distances

(5)

starting from which one already can speak of the ex-
istence of real particles. Since hadron masses are of
the order m ~ 1 GeV/c?, this corresponds to the
following condition on the average mass density:

r>ro~10"%cm,

p<po~ 5 ~10Pg-cmS, (6)
7o

Expressing M in (4) through p,

M=¢d’p, £~4, (7)

we find
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From the physical reasoning, it is clear that most
probable is creation of a null system with minimal
possible values of a and M, hence, with maximal p.
Accepting condition (6) for p, on the basis of (8), we
obtain

Mpin ~ 7-10%* g ~ 35M, .

(9)
This estimate is, of course, conditional and can be
modified with the modification of the estimate (6) of
the upper bound for density. We note that the for-
mally possible increase, relative to (5), of the “pack-
ing” of hadron pairs does not immediately lead to an
increase of the mass density because one should take
into account that, in this case, the mass deficit due
to strong interactions also rapidly increases.

Amin ~ 3-10%cm ,

2. From the viewpoint of GR, the space occupied by
a null system created from the vacuum is curved and
closed. Its closeness is connected with the equality of
the total energy to zero [1, 2]. In Fig. 1, we schemati-
cally show the curvature and topology of space before
and after the creation of a null system. The space
of the null system Sy sort of “branches-off” from the
vacuum space Sy. This process should be regarded
as a peculiar tunneling transition from one quasi-
stationary state of quantum fields to another one.

So
Sy Sy

Here, we will not discuss the equations describing
quantum transitions of this kind and the magni-
tude (undoubtedly, very small) of the corresponding
probabilities. We shall pay attention to the impor-
tant question of the future evolution of the created
null system. Since, according to estimate (8), a null
system is a macroscopic multi-particle state, for an
approximate description of its evolution, one can

Sy

Fig.1

apply the classical semi-phenomenological approach
considering it as a result of averaging of the quantum
equations. The evolution of the metric of the space
of Sy should be described in this case by the classical
FEinstein equations, somewhat generalized, however,
to take into account the gravitational instability of
the vacuum. We are talking now about the instabil-
ity of the vacuum filling the curved space of the null
system Sy. This instability is of two kinds. First,
new closed spaces S| etc. can branch-off from Sy as
well as from S,. These processes, however, do not
affect the evolution of the space Sy itself, and we will
not take them into account. Second, the dissociation
of the vacuum of Sy can lead simply to an increase
of the number of particles and antiparticles in the
space Sy and to the corresponding increase in the
mass M of bimatter and entropy of the null system.
This process is energetically allowed since, according
to (4), an increase in M can be compensated by an
increase in the system radius a (the role of which is
played by the curvature radius in GR); moreover, it is
thermodynamically favorable and, therefore, should
necessarily occur. The question about its intensity
cannot be solved theoretically at present and should
be considered on a phenomenological level.

How should one generalize the Einstein equations
to take into account phenomenologically the disso-
ciation of vacuum? Vacuum can be characterized
by energy-momentum tensor of the form [2, 3, 4]
T = —Aguw- We assume that the invariant vac-
uum energy density A depends on the curvature of
space (hence, on space and time coordinates), and,
just for a trial, we take the simplest dependence

A =ke 'R(z), (10)

where k = 8mGc™?, R is the scalar curvature, and k is
a dimensionless constant having the meaning of the
“coefficient of elasticity of vacuum.” This assump-
tion agrees with the idea due to A. D. Sakharov [5]
that vacuum resists curving of space, demonstrating
the property of “elasticity,” and can in principle be
verified in frames of quantum field theory in a Rie-
mannian space. With the account of (10), the Ein-
stein equations take the form

R, — (; — k) guwR =KT,, . (11)
The divergence of the tensor of mass of bimatter 7},
is now different from zero, T}, # 0, which reflects,
in frames of the made assumptions, the contribution
from the dissociation of vacuum. It is not difficult to
show that equations (11), under certain conditions
on the parameter k, indeed lead to an increase of the
mass of bimatter M and to an increase of the vol-
ume of the space of Sy. These equations, at the same
time, do not contradict the known gravitational ef-
fects since, outside the masses, they reduce to the
usual equations I, = 0.

3. The effect of gravitational instability of vac-
uum gives a foundation for a new approach to the



cosmological problem. Assuming that it is this ef-
fect that determines the creation and evolution of the
Metagalaxy, we arrive at a “vacuum” cosmological
model the main provisions of which can be formu-
lated as follows:

1. The initial state of the Metagalaxy is vacuum;

2. The Metagalaxy is a “null system,” i.e., it is
characterized by zero total values of the strictly
conserved quantities: energy, charge, baryon
and lepton numbers; the consequence of this,
according to GR, is the spatial closeness of the
Metagalaxy;

3. The Metagalaxy is created from vacuum at
some moment of time ¢ = 0 as a result of the
quantum transition |vacuum) — |null system)
of the type described above, and has size and
proper mass of order (9) at the moment of cre-
ation;

4. After that, its mass and entropy increase as
a result of continuous dissociation of vacuum;
this growth causes expansion of the space of
the Metagalaxy;

5. The evolution of the Metagalaxy is approxi-
mately described by the Einstein equations of

type (11).
Equations (11), in particular, imply that dissoci-
ation of vacuum proceeds with maximal intensity at
places with maximal mass density — this opens up
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the possibility of explaining the mysterious activity
of galactic nuclei [6]. In this case, one can indicate
(this will be published elsewhere) a sufficiently effec-
tive mechanism of separation of the bimatter created
in the nuclei into matter and antimatter and, there-
fore, to rebut the known arguments [2] against the
charge death of the Universe.

A more detailed development of the discussed is-
sues will be published elsewhere.
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T'PABUTAILIMOHHA SI HEYCTOMYNBOCTHh BAKYYMA U KOCMOJIOTUYECKA 51
ITPOBJIEMA

II.U. ®omun

ITokazano, 9To Tpu ydere TPABUTAIIMOHHOTO B3aUMOJEHCTBUsA, (PUIMIECKUN BAKYyM CIIOCOOEH 0e3 Hapy-
[IEHUsT KAKUX-JUO0 3aKOHOB COXPAHEHUs CIIOHTAHHBIM OOPa30M YACTUYHO "JIMCCONMUPOBATH"HA YACTUIIBI
u anTndacTunbl. O6GCYyXKIaeTcsT BO3SMOYXKHOE KOCMOJIOTHYECKOe 3HadeHue 3Toro sddekrta. Popmymupyercs
"BaKyyMHAs KOCMOJIOTUYECKAsh MOJEIL", B KOTOPOil BakKyyM IPUHUMAETCS 3a HadajbHoe cocTosinue Mera-
rajaktuku. Cresnano obOOIeHne KJIACCHIECKIX KOCMOJOTHIECKUX yPaBHEHU DWHIITENHHA, TTO3BOJISIIONINE
denomeHoTOrTYECKN YIecTh 3(DMEKT IPABUTAIIMOHHON HEYCTOWINBOCTH BaKyyMa.

Pabora nonoxkena Ha cemuHape oT/iesa Teopun rpasuTtannu 26.01.1973r.

(PyxoBoguress cemunapa K.A. ITuparac).

I‘PABITA].I;IfIHA HECTINKICTDb BAKYYMY I KOCMOJIOTTYHA IIPOBJIEMA
II.I. ®omin

IToxkazamno, mo mpu BpaxyBaHHI rpaBiTaliitHol B3aeMoil, PUIIBUIHNI BaKyyM CIPOMOXKHUN 0€3 MOpyIIeH-
Hsl OyJIb-SIKUX 3aKOHIB 30€perKeHHsT CHOHTAHHUM CIIOCOOOM YacTKOBO "mucornioBaTn'Ha YaCTHHKH Ta aHTHU-
qacTuHKU. OOroBOPIOETHCSA MOXKJINBE KOCMOJIOTiYMHE 3HadeHHsI 1bOro edekra. PopMmymioeThes "BakyyMmHa
KOCMOJIOTiuHa MOJIesIh", B gKiil BaKyyM HPHIMAEThCA 3a HOYATKOBHI cran MertarasakTuku. 3pobJeHo y3a-
raJIbHeHHS KJIACMIHUX KOCMOJIOTIYHUX piBHSHBb EiHIITENHA, Kl JO3BOISIOTH (DEHOMEHOJIOTIIHO BPaXyBATH
edeKT rpaBiTaIiifHol HECTIMKOCTI BaKyyMa.

Pabora momosimarack Ha cemuHapi Biiy Teopil rpasitarii 26.01.1973p.

(Kepisuuk ceminapy K.A. Iliparac).



