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Motivation

• Search for non-singular BH-like solutions in classical gravity
• Exact solutions combining properties of BH, WH, and non-singular

cosmological models
• Phantom scalar fields in the context of the accelerated cosmological

expansion (estimates give w . −1, e.g., Planck-2015)
• Possible existence of a global primordial magnetic field (∼ 10−15 G)

causing correlated orientations of quasars distant from each other
(Poltis and Stojkovic, 2010). Possible global anisotropy

• Different geometric and causal structures and their connection with
some cosmological scenarios

• Phantom fields are not observed ⇒ the “trapped ghost” concept
• Problems with “trapped ghosts” (instability) ⇒ possible “invisible

ghosts”



What is a wormhole?



Wormholes (Spherical vs. Cylindrical)

SPH: twice asymptotically flat WH 
topology (S^2 x R)
CYL: topology (S^1 x R x R)

A wormhole is a “handle”? A shortcut 
between remote parts of the universe (or a 
time machine if times at A and B are 
essentially different)

A “hanging drop” wormhole.
Topology: R^3 for SPH and CYL

A “dumbbell” wormhole.
SPH: topology S^3
CYL:  topology S^2 x R



Black Universes

A black universe (BU) is a regular black hole where, 
beyond the horizon, instead of a singularity there is 
an expanding, asymptotically isotropic space-time.
It combines the properties of the following objects:

• A black hole (BH) — a Killing horizon separating static 
and non-static space-time regions;
• A wormhole (WH) — no center and a regular minimum 
of the area of coordinate spheres;
• A nonsingular cosmological model — at large times the 
nonstatic region reaches a de Sitter (dS) mode of 
isotropic expansion;



The Model



Properties of function A(ρ), r(ρ) for 
WH’s and BU’s



Fields



Einstein and Scalar Field Equations



Solution



Solution 2



Symmetric Asymptotically Flat Configurations (A)



Asymmetric Asymptotically Flat Configurations (B)



Asymptotically Flat Configurations With m > 0



Parametric Map of Asymptotically Flat Solutions
on The (q, m) Plane



Trapped Ghosts



Trapped Ghosts 2



Trapped Ghosts - Solutions



Trapped Ghosts – Solutions 2



Invisible Ghosts



Invisible Ghosts 2



Invisible Ghosts 3
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