
Valeri P. Frolov & Andrei Zelnikov

Phys.Rev. D95 (2017), 044042

http://inspirehep.net/author/profile/Frolov, Valeri P.?recid=1504239&ln=en
http://inspirehep.net/author/profile/Zelnikov, Andrei?recid=1504239&ln=en


Suppose there exists such a fundamental theory of 
gravity, in which black holes do not have singularities. 

What might be properties of black holes in such a 
theory? It is natural to expect, that the modified 
theory of gravity should include some fundamental 

length scale l .



A natural requirement to nonsingular black hole metrics
is that at large radius they correctly reproduce the
Schwarzschild black hole solution of the general 
relativity. The curvature inside the black hole, being
regular, nevertheless depends on the value of its mass, 
angular momentum, etc.. In a general case it may 
infinitely grow for a special limit of these parameters. 
The requirement, that it does not happen and the 
curvature always remains finite and is limited by some 
fundamental value (      ), can be imposed as an 
additional principle, which restricts the variety of 
nonsingular black - hole models. The limiting curvature 
principle was first formulated by Markov (1982).
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For a spherically symmetric black hole this principle implies that the 
apparent horizon cannot cross the center r = 0. In other words, besides 
the outer part of the apparent horizon there should also be an inner part .
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When a black hole evaporates, the event horizon does not exist 
and the apparent horizon is closed. Such a model was first 
proposed by V. Frolov and G. Vilkovisky (Phys. Lett. B 106, 307, 1981.)
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Condition for an apparent horizon Ὣ Ὢὺȟὶ π

We study quantum radiation of massless particles 
from nonsingular black holes. To attack this problem 
we assume a number of simplifications. 

To describe a spherically symmetric black hole which 
has finite life -time we assume that a black hole is 
formed a result of the collapse of the null shell of 
positive mass M and ends its existence as a result of 
collapse of another null shell with negative mass -M . 
We call it a sandwich black hole . 

Certainly such a model is quite different from a òrealó 
evaporating black hole. However some of its 
predictions are robust and remain valid for more 
realistic òsmooth modelsó. 
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The most general spherically symmetric metric in the four -dimensional
spacetime can be written in the form

The function  f at spatial infinity must take the value 1 in order to escape a 
solid angle deficit 

Using an ambiguity in the choice of ὺ, we impose the (gauge fixing) condition

Non-singular black holes imply the regularity of the metric at the center ὶ=0 . 
It leads to the conditions
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In a general case, when                     , the rate of the proper time   at the 
center differs from the rate of time
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Here  Љis some fundamental 
scale larger than the Planck 
length. 
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We assume now that a regular metric 

describes the black hole, which is created as a result 
of a spherical collapse at the moment ὺ π, and which 
disappears after some finite time q.
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Consider an incoming radial null ray described by the 
equation ὺ const. It propagates from the past null 
infinity Ὅ and reaches the center ὶ π. After 
passing the center, it becomes an outgoing radial null 
ray.
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We choose the retarded null time 
parameter ό so that at ὶ=0  one has 
ό ὺ. In the initial flat domain, where 
ὺ π

However, in a general case, for  ὺ π
this relation between ό and ὺis not 
valid. In particular, in the final flat 
domain, where ὺ ή, the null coordinate 
ό ὺ ςὶdiffers from ό , and one 
has relations 
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