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Quantum fluctuations and a nonsingular universe
V. F. Mukhanov and G. V. Chibisov

R N. Lebedev Physics Institute, Academy of Sciences of the USSR, Moscow

(Submitted 26 February 1981; resubmitted 15 April 1981)

Pis'ma Zh.Eksp.Teor. Fiz. 33, No. 10, 549-553 (20 May 1981)
Over a finite time, quantum fluctuations of the curvature disrupt the
nonsingular cosmologicai solution corresponding to a universe with a polarized
vacuum. If this solution held as an intermediate stage in the evolution_ofthe

PACS numbers: 98.8O.Bp,98.5O.Eb

A nonsingular cosmologicai model with a polarized vacuum has been attracting
particular interest recently.1 It has been pointed out elsewhere that quantum fluc-
tuations may prove important in cosmology at energy densities comparable to the
Planck value.2 Since these are in fact the energy densities characteristic of the non-
singular polarized-vacuum model,1 we believe it is worthwhile to study the role of
quantum fluctuations in order to determine whether there is a singularity in this mo-
del.

For an isotropic metric, the single-loop corrections describing the polarization of
the vacuum of physical fields in a strong gravitational field lead to the following Ein-
stein equations3:

n-\K =

0)

where the coefficients M2 andi?2 result from the sum over the effects of all the
fields. For stability of the Minkowski space,M2 must be positive. For H2 > 0, Eqs.
(1) have a particular solution of the "de Sitter" type,1

ds 2 = Badxl' dxk = a^j}) (dj]2 - 2 (dxa)2) , (2)

Ia ~
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Q(k) • ' H

The fluctuation spectrum is thus nearly flat. The quantity Q (fc) is a measure of the
amplitude of perturbations with scale dimensions l/k at the time the universe begins
the ordinary Friedmann expansion. WithAff ^ l O ^ - l O " 5 andMjH^i0.1— these
values are consistent with modern theories of elementary particles—the amplitude of
the perturbations of the metric on the scale of galactic clusters turns out to be equal
to !CT3-lCr5, and these pertujjjatfonscaiUeaxHotheobser^^
oRhejm^gr^g. The form of spectrum (9) is completely consistent with modern
theories for the formation of galaxies.5

To summarize: Using a de Sitter model as an example, we have shown that
quantum fluctuations (zero-point vibrations) cause the universe to spend a finite
time in a state with a polarized vacuum. This result casts doubt on the possibility
of a nonsingular origin for the universe. However, models in which the de Sitter
stage exists only as an intermediate stage in the evolution are attractive because fluc-

tuations of the metric sufficient tor the formation of galaxies can occur. Thus we
have one possible approach for solvingjthe problem of the appearance of the original
perturbation spectrum.

We thank V. L,Ginzburg, Ya. B. Zel'dovich,M. A. Markov, and A. A. Starobin-
skii for discussions.
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M/String Theory, S-branes and Accelerating Universe
M. Gutperle, R. Kallosh and A. L. hep-th/0304225

Accelerating cosmologies from compactifica-
tion Compact hyperbolic extra dimensions

Townsend and Wohlfarth, Ohta, Emparan and Garriga, ..

DARK ENERGY FROM M THEORY??? Tran-
sient period of acceleration related to S-branes

Major problem: KK mass gap is practically nonexistent

mKK ~ vV ~ H ~ 10

The Compton wavelengths of KK modes are the same

as the size of the cosmological horizon, and therefore

particles should be able to freely move in all 11/10 di-

mensions of space.
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