The strong cosmic censorship conjecture may be violated
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Penrose’s intense cosmic censorship conjecture asserts that the Cauchy horizon inside the dynam-
ically formed black hole is unstable to the remaining material field that falls into the black hole. The
physical importance of this conjecture stems from the fact that it provides the necessary conditions
for general relativity to become truly deterministic gravity. In a recent paper by Hod, it provides a
proof based on Beckenstein ’s second law of generalized thermodynamics that confirms the validity
of the interesting Penrose conjecture in the space-time of curved black holes. Recently, an article
of mine obtained interesting results about the superradiant stability of Kerr black holes. The result
contains some conclusions that violate the "no-hair theorem”. We know that the phenomenon of
black hole superradiation is a process of entropy reduction, and connecting Hod’s paper with my
paper, I found that the strong cosmic censorship conjecture may be violated.
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I. INTRODUCTION

The strong cosmic censorship conjecture asserts that general relativity, like classical mechanics, is a deterministic
theory. In other words, the state of the deterministic system is doomed at the initial moment.In order to ensure the
certainty of general relativity as a successful gravitational theory, Penrose proposed the cosmic censorship conjecture,
according to which the mysterious ”cosmic censorship” can prevent distant observers from being disturbed by highly
curved space-time. This interesting conjecture concludes in particular that the Cauchy horizons in physically realistic
(dynamically formed) black holes are singular, and these layers mark the boundary where the Einstein field equation
loses its predictive power. If correct, the powerful form of Penrose ’s conjecture would mean that physical observers
are always confined to living in space and time, and general relativity is a physically successful and mathematically
deterministic gravity theory. Hod[9] proved that internal black hole space-time cannot be extended beyond these
horizons in a non-unique (uncertainty) manner and physically realistic (dynamically formed) black hole space-time
respects Penrose’s strong cosmic censorship conjecture.

In 1972, Press and Teukolsky[13] proposed that It is possible to add a mirror to the outside of a black hole to make
a black hole bomb (according to the current explanation, this is a scattering process involving classical mechanics and
quantum mechanics[3, 6, 11, 12]).

When a bosonic wave is impinging upon a rotating black hole, the wave reflected by the event horizon will be
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amplified if the wave frequency w lies in the following superradiant regime[13, 15, 16]
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where m is azimuthal number of the bosonic wave mode, Qg is the angular velocity of black hole horizon.This
amplification is superradiant scattering. Therefore, through the superradiation process, the rotational energy of the
black hole can be extracted. If there is a mirror between the black hole’s horizon and infinite space, the amplified
wave will scatter back and forth and grow exponentially, which will cause the black hole’s superradiation to become
unstable.

Since the physical behavior of the singularity is unknown, if the singularity can be observed by other parts of space-
time, then the causality will be broken, and physics may lose the ability to predict. According to Penrose-Hawkin’s
singularity theory, singularities are inevitable in the case of physical significance, which makes the above hypothesis
(the existence of naked singularities will cause the causality to break) also inevitable.

In addition, if the naked singularity does not exist, then the universe will become deterministic-it is possible
to depend only on the state of the universe at a certain moment (more precisely, a space-like three-dimensional
hypersurface called the Cauchy surface State), inferring the entire evolution of the universe (perhaps it is necessary
to exclude the limited space hidden in the horizon of the singular point). If the cosmological examination hypothesis
fails, it will lead to the definite failure of the universe, because it is impossible to derive the space-time behavior of the
universe from the causality of the singular point. The cosmic censorship hypothesis is a formal concern of the physics
community. When referring to the event horizon of a black hole, some form of cosmological censorship hypothesis is
always involved.

From [4][5], 1t = yw, we get inequality (2)
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where p is the mass.

That result contained some conclusions that violated the strong cosmic censorship conjecture.

II. DESCRIPTION OF THE KERR-BLACK-HOLE SYSTEM

The metric of the Kerr black hole[8, 10] (in natural unit G=c=1) is

sin?6

A ) 2 2 2
ds?® = _ﬁ(dt — asin®0de)” + %dr2 + p2do? + = [adt — (r* + a®)d¢]". (3)
A =712 —2Mr+d?, p? = r? + a®cos?6. 4)
We know the Klein-Gordon equation
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Eigenvalues of the above formula and spherical harmonic functions can be written as

Ui (t, 1, 0, ¢) = Zeim¢81m(9)R1m(r)e'iwt. (6)
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Substituting (6) into the Klein-Gordon wave equation, we get that the angular function S, (6) satisfies the following

equation[l, 7, 14]

1 d(siné d“zle’" ) m?
K 20,2 2\ 2p _ 0
g dg ket = w)sin’ = e Sim = 0 @)
For the references[1, 7, 14],we know inequality(8)
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where [ is the spherical harmonic index, m is the azimuthal harmonic index with — < m <[ and w is the energy of

the mode.

IIT. KERR-BLACK-HOLE-MASSIVE-SCALAR-FIELD SYSTEM AND SUPERRADIANT QUANTUM
EFFECT

The radial Klein-Gordon equation[7, 14] obeyed by Ry, is given by

Ad(i}?) +UR=0, (9)
where
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and
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The inner and outer horizons of the black hole are
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We use tortoise coordinate r,. by equation CZ”;; = % and another radial function ¥ = rR.We get the following
equation
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Then we get the asymptotic solutions for the radial wave equation below
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When
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there is a bound state of the scalar field.

When ¢ = Az R, radial potential equation(9) can be transformed into the following equation
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It was previously proved[4]that, the no-hair theorem is not necessarily true under the superradiation quantum
effect. The previous literature[2] indicates that the superradiation effect is a process of entropy subtraction. The
superradiant instability(The case under the no-hair theorem) of black holes is actually a phenomenon that occurs

when the entropy reaches the maximum when the boson enters the black hole.

IV. THAT RESULT CONTAINED SOME CONCLUSIONS THAT VIOLATED THE STRONG COSMIC
CENSORSHIP CONJECTURE

For p? = y2w?, when y > 4.352, there exists a certain interval to let the inequality
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be satisfied. So the Kerr black hole is superradiantly stable at that time [5].

We see that when y is very large, the superradiant stability interval of u can always include some numerical solutions
of the superradiant instability (The case under the no-hair theorem) obtained by previous people. For[4],at that time,
the black hole entropy began to decrease.Hod[9]showed that the entropy of black holes remains constant even under
scalar interference, so the strong cosmic censorship hypothesis holds. A recent article[4] showed that the entropy of a

black hole can be reduced under superradiation.I found that the strong cosmic censorship conjecture may be violated.

V. SUMMARY

We know that the phenomenon of black hole superradiation is a process of entropy reduction, and connecting Hod’s

paper with my paper, I found that the strong cosmic censorship conjecture may be violated.
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