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The existence of bodies with dimensions less than Rg = 2GM/c? at the early stages of ex-
pansion of the cosmological model leads to a strong accretion of radiation by these bodies.
If further calculations confirm that accretion is catastrophically high, the hypothesis on
cores retarded during expansion [3, 4] will conflict with observational data.

Ambartsumyan has long held the view that stars
and galaxies formed from hypothetical superdense
D-objects, whose material never passed through a
low-density state before conversion into ordinary
celestial bodies [1, 2]. In 1964 one of the authors of
this note advanced the hypothesis [3] that the D-ob-
jects might be individual pieces of matter, or cores,
in an expanding Friedmann universe, which for
reasons that we shall not review here have been re-
tarded in their expansion for an external observer,
are located inside their Schwarzschild spheres of
radius R = Rg =2GM /c2, and emerge from these
spheres only after a long period has passed since
the beginning of the general expansion. Subse-
quently, and independently, a similar hypothesis
was advanced by Ne'eman [4].

This hypothesis was treated within the scopeof a
cosmological model in which the density of all
forms of radiation was considered negligibly small.

The discovery of general cosmic radiation with
T =~ 3K would appear to argue for a hot cosmologi-
cal model. This circumstance radically changes the
situation regarding the retarded-cores hypothesis.
If these bodies had existed at an early epoch in the
expansion, when the mean radiation density p,. was
large and much greater than the baryon density g,
then accretion (gravitational capture) of radiation by
the retarded cores might have been catastrophically
strong.! Let us estimate this effect.

Stationary accretion of relativistic gas by a
gravitating center of mass M may be regarded either
as the motion of noninteracting particles (if the
mean free path is greater than Rg) or as the motion
of a continuous medium. Both approaches yield the

same expression, in order of magnitude, for the
mass variation of the body. The formula for non-
interacting particles is '
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Substituting pr = 3/327Gt?, as is the case for
the Friedmann model, and integrating over the in-
terval from t =t; to time t =t;, when py =pp =
1077 g/em?, with t; = 3 - 10! sec (at subsequent
times py will declme more rapidly, like t=%3, and
its contribution will be small), we obtain

81 GM, (1 1)
M=o (1— 555" (% TJ'

)

nRgcor.

(2)

Equation (2) may yield infinite values of M;, for
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To a certain extent this singularity is a formal one
since Eq. (2) is applicable only for a stationary flux,
and it is clear that the mass of a core within the
Schwarzschild sphere cannot increase because of
accretion by more than the value of the mass that a
perturbation wave can penetrate up to time t; at the
velocity of light (approximately equal to the sound

' a radiation-free model there is a solution in which a retarded
core is surrounded by a region of lower density; the mean density
does not change, and there is no accretion. Obviously, the reason
for the difference in the hot-model case is the motion of quanta,
equivalent to a quantum-gas pressure p = €/3, unlike the dust for
which p = 0. Accretion has been considered in [5-7].
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velocity), beginning at the time t; of collapse of the
core, or at ty = 0-if the core has existed from the
start of the expansion.

In the first place, then, M, should definitely be
less than the mass of the radiations in the meta-
galaxy out to the optical horizon at time t;;2 that is,
M, = ~1016M@. This limit is very high;captured
radiation will not participate in the cosmological
expansion 3

Secondly, if the core has existed since the start
of the expansion, then until the time when the op-
tical horizon encompasses a mass of order M, of
surrounding material the mass of the core will not
grow appreciably; it is this time that should be used
in Eq. (2) in place of t;. -

This epoch is determined by the relation
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and corresponds to the mean density of the cos-
mological model, being equal to the characteristic
density of gravitational self-closure for a body of
mass My, namely p, = M/ (4/311‘3%).

Of course these considerations give only the
order of magnitude of t;. From formulas (3) and (4)
it follows (t; >t;), that t; is of just the order of the
critical value tj, giving a formal singularity, or
more explicitly implying an accretion of radiation
mass out to the current optical horizon.

Thus the answer depends essentially on the
numerical coefficient in the exact nonstationary ex-
pression for dM/dt. If up to the time when the mean
density equals the gravitational self-closure density
pe = My/ (4/31rR9é) the expression for dM /dt differs
from Eq. (1) by a factor significantly less than unity
(more accurately, < 32/81), then the increase in the
mass of the retarded cores due to accretion of ra-
diation will be of the same order as the mass of the
cores themselves;! otherwise the captured mass
would tend to be catastrophically large.

The value of the factor should be determined
by more detailed calculations, and it may depend on
the particular assumptions made. One might show
that the hypothesis of nuclei retarded in expansion
and existing from the early stages of expansion is
contrary to observation in certain respects.
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Finally, we note that if gravitational collapse
of any body occurs at a time when the mean radia-
tion density is less than the gravitational self-
closure density of the body, then accretion of radia-
tion will already be unimportant.

Apart from the question of the accretion of ra-
diation, the fraction « of allthe material that suffered
collapse at an early stage (when p,. > p},) should
be small. In fact, py./pp Will decline during the
expansion, while the radiation in the cores will not
participate in the cosmological expansion but will
have po /pp = const, where p is the density of
the collapsed masses averaged over all space.

The observations now imply p, /py < 160. One
can thereby show that o < 1078(M/Mg)¥?2, where
M is the mass of the collapsed bodies. Similar
considerations provide bounds on the initial spec-
trum of inhomogeneity fluctuations.
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%Or at the present time. The important thing is that the limit on
M, is very high.

*such a body is similar to a geon [8]: its mass is much greater than
the rest mass of the baryons comprising it. The distinction from
specific Wheeler models is that a nonstationary collapsing forma-
tion is considered essential here,

“In this event it would be interesting to study the observable effects
associated with collisions between expanding cores and relativistic
gas falling in from outside.
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