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A model of a gravitational field which interacts with the fields of matter was used to
find the instanton which describes the branching off from a flat universe of a little,
closed universe which subsequently expands classically under inflationary
conditions. The existence of such instantons raises the possibility of self-nucleation
of systems of expanding universes.

The possibility that little, closed universes can branch off from the large universe
(including a flat universe) has recently been widely discussed.'” These processes,
which are connected with the quantum fluctuations of the topology, can lead to in-
triguing physical consequences,'~ such as the loss of quantum coherence, nonlocaliza-
bility, the vanishing of the cosmological constant, etc. Classical solutions of Euclidean
field equations (gravitational instantons) can be used to describe the branching pro-
cesses. An explicit example of such instanton was given by Giddings and Strominger.>
Its metric has an O(4) invariant form of the type

ds? =d7* +a* (1)d Q3

This corresponds to a Euclidean manifold illustrated in Fig. la.

We know that an analytic continuation of the given solution, with 7 = 0, to the
metric with a Lorentzian signature, 7—it, is a closed universe which classically con-
tracts from the radius gq,=a(7=0) to a = 0. The instanton used by Giddings and
Strominger® thus describes the branching off of a contracting universe. In this letter we
show that some models have gravitational instantons which describe the branching off
of an expanding universe and which have the shape illustrated in Fig. 1b (since in the
analytic continuation, which is realized at ¢ =0, we have d— — i, the manifolds
illustrated in Fig. 1, a and b, actually correspond to the branching off of contracting
and expanding universes.)

Let us consider a model defined by Euclidean action

S=[d**\/g [-~R+——1:rfM ;(a“«p)’+V(w)1, (D

where H,,, = V ,4,,  is the strength of the axion field, and the behavior of V() is
illustrated in Fig. 2a. We need to find a solution in O(4) invariant form as in (1). We
assume ¢ = @(7), Hy,; =0, and H,; = Ne,,, where N does not depend on 7. We
need to solve the field equations
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where the boundary conditions @(0) = ¢(0) =0; a(7) > 7,@(7) =@, as T— .

Equation (2) formally describes the motion of a particle with the “coordinate” ¢
in the potential — ¥ (Fig. 2b) with a “viscous friction” 34/a . The boundary condi-
tions correspond to the motion, with zero initial velocity, from a certain point
@(T=0) = @, to the point ¢(7= =) = ¢_ . Such a motion can occur if the “fric-
tion” is negative (a/a <0) at certain values of r, which is consistent with Fig. 1b.

Let us consider the case V| /V, ., ~kVoa (AT)2<1, K72V, &N ', where A7 is
the time scale for the sliding without friction. The evolution of a(7) and ¢(+) would
then occur in two stages: ¢ first would vary between @,~¢, and the values close to
@., With a =a,~+3/«V,, remaining virtually constant. The function a(7) would
then vary, tending to the asymptotic limit a¢(7— « ) = 7, with ¢ ~¢_, remaining con-
stant. It follows from (3) and (4) that at the first stage we would have
a/a=~ —k/2§5¢%dr and a would vary negligibly: Aa/ay~«V,,,, (A7)?. The work
done by the (negative) frictional force in this case is estimated to be

A= — 3j —@dr~kV%, (A7)? which is sufficient to reach the point ¢ = ¢ _ . If

max
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FIG. 2.
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FIG. 3.

the value of 7 is large (at the second stage), the effect of the field ¢ can be ignored and
the solution will match the Giddings and Strominger’s® instanton, for which
a(r— ) = 7. The solution is shown schematically in Fig. 3.

In the approximation under consideration the Euclidean action for the instanton
which we found is

Yo
S=2na} £ de V2V (1+0 (NV,k%/?)),
[}

We note that S> 1, suggesting that the semiclassical approximation can be used. We
should also note that instanton parameters are different from Planckian parameters by
a wide margin.

Analytic continuation (at 7 = 0) of the described solution to the Lorentz signa-
ture corresponds to the classical expansion of a closed universe filled with a scalar field
that oscillates near ¢ = @,. The oscillations decay with the passage of time and the

expansion reaches the stage of inflation with the Hubble constant y«V,;/3.

The existence of instantons which describe the branching off of expanding uni-
verses raises the possibility of self-nucleation of a universe or a system of universes, as
illustrated in Fig. 4. This possibility stems from the fact that the concept of time is not
understood in the framework of quantum gravitation in the nonclassical region. Such a
model can conceivably be used to dynamically determine the coupling constants in a
self-consistent way and to explain the vanishing of the cosmological constant.

FIG. 4.
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