
Valeri P. Frolov,

Univ. of Alberta, Edmonton

“Conformal Anomalies: Theory and 
Applications”

May 31-June 2, 2022, Tours

Killam Trust



                    

(1) "Two-dimensional black holes in the limiting curvature 

theory of gravity", JHEP 08 (2021) 154; eprint: 2105.12808.

(2) "Bouncing cosmology in the limiting

 V.F. and A. Zelnikov: 

( )

( )

 curvature theory of 

gravity", Phys.Rev.D104 2021 10,104060; eprint:2108.09927.

(3) "Spherically symmetric black holes in the limiting curvature 

theory of gravity", Phys.Rev.D105 2022 2,024041;

eprint:2111.12846.



According to famous Penrose and Hawking theorems 

the General Relativity is an incomplete theory.

Its solutions have inevitable singularities both in 

cosmology and inside black holes.
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 One or more new universes formation 

   inside a BH;

 Bouncing solutions in cosmology;

 Solution of the mass inflation problem.
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In this talk I shall present a recently proposed

approach which allows one to control growth

of the curvature in gravity equations. This

is achieved by imposing inequality constraints

on the curvature invariants. In what follows

I describe this method and its application to

two problems: contracting universe and black

hole interior.
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Harmonic oscillator with limiting velocity
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Displacement  as a function of time. Left: For limiting 

velocity case. Right: For the relativistic oscillator.
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Oscillator with limiting velocity as a 

"pure man" relativistic oscillator.
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Cosmology in the LCG theory



Let us consider a closed collapsing homogeneous

isotropic universe filled with the thermal radiation. 

The equation of state is / 3. We denote by

 its (conserved) entropy. 
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( ) ( ) ,

 is a metric on a 3D unit sphere .

Any symmetric tensor , which respects  
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General case



Any scalar invariant constructed from the

Ricci tensor can be written in the form

of a function of its eigenvalues  and .

We write the curvature constraint in the 

form ( , , ) 0.  is a parameter

defin

p q

f p q  = 

ing the limiting curvature.



The constraint curve  intersects lines , and 

( ) along  is monotonically growing function

C

q q p C



=



a →

a 



2

2

/3

1/3

0

0.35 ( / ) ,

,

1
,

.

1
,

1

m Pl B

Pl b

B

a S k

S
a l a

k

a




=

 
 
 

=  =
−



“Big Picture”: Bouncing oscillating cosmology

After the contracting universe reaches the point where its 
curvature becomes critical, the solution evolves along the 
constraint. 

During this supercritical phase it reaches a point of bounce 
after which the scale function grows. 

The control function can become zero again at this phase and 
the universe can leave its supercritical regime. 

After this, one has an expanding universe filled with thermal 
radiation which follows the corresponding solution of the 
Einstein equations.



Black hole interior in the limiting 

            curvature gravity
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(1) Any scalar invariant constructed from the curvature

     can be wrirren as a function of , ,   and . 

(2) The curvature eigen-values , ,   and  can be 

     written as functions of 4 basic curvat

p q v u

p q v u

ure invariants.

(3) To restrict the values of the curvature invariants

      it is sufficient to impose bounds on , ,   and .p q v u
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 Summary



 Limiting curvature gravity theory is obtained by 

   adding terms to Einstein-Hilbert action which 

   provide inequality constrains restricting curvature 

   invariants;

 Sub- and supercritical regime

•

• s;

 Solutions are modified in the supercritical regime.

 Control functions guarantee consistency of the 

   equations.

•

•



In the contracting homogeneous isotropic cosmology no singularity 

is formed. Instead of this one has a Bouncing cosmology where after 

passing throug

        Application of the LCG theory to cosmology: 

h the Big Crunch phase the universe scale factor reaches 

its turning point and begins its inflationary expansion. At this super-

critical phase its evolution is close to the deSitter solution. After the 

curvature reduces to its critical value, a new subcritical phase starts, 

in which one has an expanding FRW universe filled by the thermal 

radiation. This does not require a reheating phase, and happens because 

of the "memory" of the entropy during the supercritical regime. The 

number of the e-folds is controled by the fundamental length .



 An eternal black hole has two (oscillating) deSitter 

   cores.

 Oscillating solution for BH interior of a charged BH 

  (Novikov and Starobinsky, 1980)

 

Application of the LCG theory to black holes: 

•

•

• What happens if the BH is formed as a result of the

   matter collapse?

 Role of particle creation during supercritical phase?•



 New Universe formation inside a black

  hole (V.F., Markov and Mukhanov, 1989,90).

 Timelike wormholes vs spacelike wormholes.

•

•
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