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Abstract. Kerr—Newman and Kottler’s metrics with two horizons are considered. Evaporation
of Kerr — Newman’s horizons in Hawking’s effect and Penrose’s process as well as de Sitter’s
horizon decay and Schwarzschild’s horizon evaporation for Kottler’s metric have been analyzed
in terms of an effective temperature, using lifetimes on the horizons. The results are applied to
black hole physics and cosmology.

1. Introduction

The metric horizons result in distortion of the spectrum of vacuum zero oscillations followed by vacuum
polarization and particle creation [1]. The presence of horizons is related to a loss of information, rise
of entropy and appearance of an effective temperature of vacuum and particles being born. Metrics with
two horizons will be considered, viz Kerr — Newman’s metric [2] describing a rotating charged black
hole and Kottler’s cosmological metric [3] for inflation models. Horizon lifetimes determining their
evolution have been evaluated.

2. Metric Horizons, Their Lifetimes. An Effective Temperature on the Horizons
Kerr — Newman’s metric horizons are roots of the equation
2GMr a* GQ?
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where I' is the radius (in the spherical coordinate system), M the mass, @ the specific angular
momentum and Q the black hole charge. Since there do not exist massless rotating and / or charged
black holes, then the relation
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where a = const, is valid. Kerr — Newman’s metric horizons are written in the form:
GM a’c’ +GQ* a’
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where I is the event horizon, I Cauchy’s horizon. At a=0 Kerr -Newman’s axially symmetric

2
metric reduces to Reissner — Nordstrom’s spherically symmetric metric [4, 5] for which —- =0,
r

where g, the temporal component of the metric. For Kottler’s metric
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where I is Schwarzschild’s horizon, I, de Sitter’s, in the metrics with horizons enters a surface gravity

[6]
2
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equal to the acceleration on the horizon I, .

The effective temperature on the horizon is given by the formula

hx
KT, =—. 6
iy (6)
The horizon lifetime
dE,
Th =J—> (7)
R
where E, is the quantity depending on the form of the metric.
P =4zxr’oT} (8)
is the power of horizon evaporation or decay,
21,4
K
o=—— 5, 9)
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Stefan — Bolzmann’s constant.

3. Evaporation of Kerr — Newman’s Horizons in Hawking’s Effect and Penrose’s Process

Assume that the charge and angular momentum contribute insignificantly to the horizon, i.e.
2

A= E <« 1. Then Kerr—Newman’s metric has two horizons:

2GM
= 2 =Ty, (10)
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The ratio of these horizon radii
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The effective temperatures of the particles born on the horizons:

T.= 8:§M ’ (49
KT = Zﬁsﬁ . (14)

The ratio of the temperatures on the horizons
LS, .

The energies being lost on the horizons

E,=Mc’, E = aer 2 = 2Mc?. (16)

From formulae (12), (15) and (16) we obtain:

6

Z—;:%(%Zj <1. (7

This means that Cauchy’s horizon evaporates considerably faster than the event horizon for a rotating
and / or charged black hole, provided that Cauchy’s horizon radius is much less than the event horizon
one. While evaporating Schwarzschild’s horizon in Hawking’s effect [7], particles are born. The
particles, with a charge opposite to that of the black hole, fall under the horizon diminishing the charge
of the latter, which is interpreted as Cauchy’s horizon evaporation related as well to a loss of the angular
momentum of the black hole due to Penrose’s process [8]. Cauchy’s horizon evaporation, converts the
black hole into Schwarzschild’s, which agrees with the results obtained in a manner quite different from
ours [9, 10].

4. De Sitter’s Horizon Decay and Evaporation of Schwarzschild’s for Kottler’s Metric
For I, > 1, the equation gy, =0 has two roots r =1, and r =r;, which are Schwarzschild and de

Sitter’s horizons respectively.
The effective temperatures on the horizons:
Schwarzschild’s with the effective temperature of particles being created

hc
KT,y =—. (18)
Arr,
and de Sitter’s with the effective temperature of vacuum being polarized

fic
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(19)

The ratio of the temperature of particles born on Schwarzschild’s horizon to de Sitter’s vacuum
temperature

T—H:r—°>>l. (20)
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Using the quantities

c'r 4 c'r
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where
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is de Sitter’s vacuum energy density, from formulae (20) — (22) we obtain the ratio of de Sitter’s horizon

lifetime to that of Schwarzschild’s:
. 3
T I
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This means that Schwarzschild’s horizons of supermassive black holes at the centres of galaxies
evaporate faster than de Sitter’s horizon of dark energy, which is a well-known result [11]. However, in
case

Tos o1, (4)
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,
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i. e. de Sitter’s horizon in the early Universe decays before the evaporation of primordial black holes.

5. Conclusion

The evaporation of Cauchy's horizon before the event one of Kerr — Newman’s metric proceeds due to
a loss of mass, charge and angular momentum in Hawking’s effect and Penrose’s process. De Sitter's
horizon decay and Schwarzschild's horizon evaporation for Kottler's metric are due to particle creation
after the first inflation in the early Universe (Big Bang) and the evaporation of massive black holes in a
more stable de Sitter vacuum before the completion of the second inflation (dark energy).
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