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ABSTRACT

It is shown that the universe evolution in the chaotic
inflation scenario has no end and may have no beginning.
According to this scenario, the universe consists of exponentially
large number of different mini-universes inside which all
possible metastable vacuum states and all possible types of

compactification are realized.

MIRAMARE - TRIESTE
May 1986

* To be submitted for publication.

%% Permanent address. .

1. There exist two very iwportant problems related to cosmology
and to the elementary particle physics. ‘'he first one is the cosmolog -
ical gingularity problem. The main part of this problem is not the
existence of singularities in the universe, but the statement that the
universe does not exist eternally and that there exists “some time at
which there is no space-time at all". The second problem is related to
the uniqueness of the universe, The essence of this problem was formu-
lated by binstein in his talk with E.Strauss : "What I am really
interested in is whether God could create the world ditferently". This
problem now becomes especially important since the ettective potentials
V(Y ) describing symmetry breaking in unified theories of elementary
particles often have many different deep minima, and in Kaluza-£lein
and superstring theories there is an enormously large number of possible
types of compactification of extra dimensions. This makes it extremely
difficult to understand why just the world of our type has appeared
after compactification and spontaneous symmetry breaking.

As it will be argued below, it is possible to relax or even to
resolve these two problems in the context of the chaotic inflation

scenario nHI#V.

2. In this paper we will consider a simplest model of inflation
based on the theory of a massive noninteracting scalar field F% with

the Lagrangian

M2 M 2
L=- R 3392 —Qe* o
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and jn this sense such a domain can be considered as a separate infla-
tionary mini-universe. After the typical time At = H! the size of
this domain grows e times, its volume grows ow times, and it becomes
effectively divided into oﬁow ) mini-universes of a size ohmaHv contain-
ing the field P — AP + IM%OOR ¥ +\Mp¢ﬁ03 . Since a typical wave-
length of the field .M%CC generated during the time At = BT is
o(i™1) , end the amplitude of B'P(x) is O(H), the value of the field
6 approximately in a half of the mini-universes of a size oﬁm..Hv
nwon.owmmm by O(H), whereas in another half of these domains the field
6 grows, ¥ + 39 (x) ....Dﬁ? \p + O(H). Thus, the physical volume of
the universe occupied 3. dﬁo growing field 6 during each time inter-
val At = s grows on 3 u times. Therefore, though the average field
.uo decreases due to the slow rolling to the minimum of its potential
energy (4), the total physical volume of the universe filled with a
permanently growing field ¥ increases as exp((3-th2) HY)Z exp A..m_% t,
and the physical volume of domains,in which the field YWY does uo_w
decrease, grows almost as fast as W exp(3Ht)., This leads to two
important consequences,

i) Domains (mini-universes) of initial size &V oAmle containing
the field £V ngl infinitely reproduce other mini-universes with
Yz Ow,\lww.nv » This process occurs without end, and therefore there is
no_end of the universe evolution in the chaotic inflation scenario.

Moreover, there may be no need to assume that tié'Uhi'vevkd ‘was

created as a whole at some initial moment t = O

: The process of the
universe creation and self-reproduction may occur eternally, it may
have no beginning and no end. This possibility seems especially inter-

esting

and requires a more detailed investigation (5,11) .
For completeness one should mention that the process of the uni-
verse self-reproduction may occur (I2-16) in the old inflationary
(12)

universe scenario and in the new inflationary universe mombmﬁwoﬁqw

-5-

Since no realistic versions of the old and of the new inflationary
universe scenario have been suggested so far (see (3,4) for a discussion
of the present status of the inflationary universe scenario), we will
not consider this possibility here. It is worth mentioning, however,
that in the context of the chaotic inflation scenario the possibility
that the universe has no beginning is more likely (1D than the analo-
gous possibility suggested in the context of the new inflationary
universe scenario (15 .

ii) ebo vu.oommm of formation of mini-universes occurs at ‘P2 Z_L.l
i.e. at W Gm .ﬂ? HOlm
at densities which are much msﬁwmu than the Planck density oﬁzwv.

« Therefore this process may occur

At small densities quantum fluctuations of metric in the mini-universe
at the moment of its formation are small, and the structure of space-
time inside the new-born mini-universes remains unchanged. However, at
the same time large-scale fluctuations of all scalar fields ﬂv with
masses ___A. << H, which may be present in the theory, are formed Am.lmv.
Since the Hubble parameter H ~ .|3|.% at that time is greater than
oﬁoumv:v » fluctuations of the movmwwu fields nw are strong enough to
transfer the classical fields @ in the new-born mini-universe from
one local minimum of the effective potential <A® .%v to mboﬁumww This
changes the low-energy elementary particle physics inside this mini-
universe, which after inflation becomes exponentially large.

:m_.i..ﬁp....em,m ‘mini-universe of initial size O(H™) 1

3%~

of unity. Therefore, if the theory (I) can be considered as a part of

oCnm ) formed at
:v fluctuations of metric at a scale on=Hv ) are of the order

a Kaluza-Klein (or superstring) theory, then at the moment of the mini-
universe formation the type of compactification (and the number of com-
pactified dimensions) inside the mini-universe can be changed almost
independently of what occurs in causally-disconnected regions outside

it. (The only possible constraint on the local change of space-time

-6~
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