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medium version of the Pound-Rebka experiment in gravity. This parallel lends valid-
ity to the "effective medium" approach. The probability of stability of a certain object
is redefined in terms of reflection (R) and transmission (T ) coefficients of the perturba-
tions hitting the throat or horizon. Our conclusion is that there is a non-zero probability
that EB and phantom wormholes could appear stable or unstable depending on the lo-
cation of observers, leading to the possibility of ghost wormholes (similar to ghost stars).
Schwarzschild horizon, however, would always appear stable (R = 1, T = 0) to observers
independently of their locations. Phantom wormholes of bounded mass in the extreme
limit a →−1 are also shown to be stable just as the Schwarzschild black hole is. We shall
propose a thought experiment showing that our non-deterministic results could be nu-
merically translated into observable deterministic signatures of ghost wormholes.
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The study of vacuum polarization effects in strong gravitational fields is a pertinent
issue since such effects may play a role in the cosmological scenario and the construction
of a self-consistent model of black hole evaporation. These effects may be taken into
account by solving the semiclassical backreaction equations,

G
µ
ν = 8π〈T µ

ν 〉, (1)

where 〈T µ
ν 〉 is the expectation value of the stress-energy tensor operator for the quantized

fields.
Themain difficulty in the theory of semiclassical gravity is that the effects of the quan-

tized gravitational field are ignored. The popular solution for this problem is to justify ig-
noring the gravitational contribution by working in the limit of a large number of fields,
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in which the gravitational contribution is negligible. Another problem is that the vac-
uum polarization effects are determined by the topological and geometrical properties
of spacetime as a whole or by the choice of quantum state in which the expectation val-
ues are taken. It means that the calculation of the functional dependence of 〈T µ

ν 〉r en on
the metric tensor in an arbitrary spacetime presents formidable difficulty. Only in some
spacetimes with high degrees of symmetry for the conformally invariant fields 〈Tµν〉r en
can be computed and equations (1) can be solved exactly [1–5]. Let us stress that the sin-
gle parameter of length dimensionality in such a problem is the Planck length lPl. This
implies that the characteristic scale l of the spacetime curvature (which correspond to
the solution of equations (1)) can differ from lPl only if there is a large dimensionless pa-
rameter. As an example of such a parameter one can consider a number of fields, the
polarization of which is a source of spacetime curvature 1. For the quantized scalar field
such a parameter can be the coupling constant ξ of scalar field to the curvature of space-
time. In the case of |ξ| ≫ 1,ξ< 0 the vacuum fluctuations of a quantized scalar field can
determine the curvature of spacetime so-called a long throat [6].
In this work we have shown that in a long throat the effect of vacuum polarization of a

quantized scalar field in the thermal state does not depend on temperature and conditions
at infinity. This implies that in considered situation 〈ϕ2〉 is a local quantity for any finite
mass m of the quantized field, including m = 0.
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