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Evolution of a black ring by Hawking evaporation
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Summary of thesis contents

Evolution of a black ring by Hawking evaporation

In four spacetime dimensions, a stationary, asymptotically flat, vacuum black
hole is completely characterized by its mass and spin angular momentum. In
particular, the topology of its event horizon must be a sphere. By contrast, in
five dimensions, in addition to the Myers—Perry black hole which is a natural
generalization of the four-dimensional Kerr black hole, various exact solutions
of black objects with non-spherical horizon topologies have been found. In this
thesis, we focus attention toblack ring solutions with the S'x S horizon topology.
A black ring solution rotating in the direction of S' was found by Emparan and
Reall. Since a five-dimensional spacetime can have two angular momenta,
Pomeransky and Sen’ kov extended it to a solution with two independent rotation
parameters (i.e., spinning both in the directions of S' and $?).

A black hole is known to evaporate due to quantum effects of fields in curved
spacetime as shown by Hawking. The rate of mass and angular momentum loss by the
Hawking radiation for a Kerr black hole was first studied by Page taking account
of fields with spins 1/2, 1 and 2, and it was shown that a Kerr black hole spins
down to a nonrotating black hole regardless of its initial state. However,
Chambers et al. showed that if only a massless scalar field is taken into account
(i.e., inthe absence of fields with nonzero spin), a four-dimensional Kerr black
hole evolves to a state with the nonvanishing dimensionless rotation parameter,
a/M=0.555. This analysis was extended to five-dimensional Myers—Perry black
holes by Nomura et al. They showed that any such black hole with nonzero rotation
parameters a and b evolves toward an asymptotic state with a/M/*=b/M'/? =
0.1975(8/3 ) "% Here, this value is independent of the initial values of a and
b.

[t is interesting to extend these studies to the case of a black ring. Although
the Hawking radiation of black rings has been studied in various context, the
time evolution of a black ring has not been studied up to now. The difficulty
in this study is that the method of mode decomposition of the Klein—-Gordon field
inthis spacetime is not known since separation of variables has not been real ized,
and therefore, two-dimensional numerical calculations of eigenfunctions are
required. In order to avoid this difficulty, we consider a thin black ring with
a small thickness parameter, A L1. Here, “thin” or the small thickness
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parameter A means that the S? radius is much smaller compared to the S' radius.
In such a situation, a black ring can be approximated by a boosted black string
Then, the separation of variables for the scalar field can be done, and we have
well defined modes

Using this thin-limit approximation, we give a formulation to study the
evolution of a thin Pomeransky-Sen’ kov black ring by the Hawking radiation, and
discuss general features that do not depend on details of the greybody factor.
[t is shown that a black ring evaporates without changing the thickness parameter
A. Then, we apply our method to a special case of the Emparan—-Real| black ring
without S% rotation, and derive a semi—analytic formula for the time evolution
of the evaporation. Here, the formula is semi—analytic in the sense that the
evolution is expressed by analytic formulas but they include one parameter
related to the greybody factors that have to be evaluated numerically. By
developing a numerical code, we also determine the value of this parameter with
sufficient numerical accuracy. In the evaporation, the shape of the Emparan-Real |
black ring keeps similarity to its initial configuration. The lifetime of a black
ring is shorter by a factor of 0(1?) compared to a five—dimensional Schwarzschild
black hole with the same initial mass.

In addition to the time evolution, we present numerical results on detailed
properties of the evaporation of a thin Emparan-Real | black ring. Specifically,
we examine the energy and angular spectra of emitted particles in the evaporation.
Compared to the energy spectrum for a four-dimensional Schwarzschild black hole,
the energy spectrum for a black ring shifts to high—frequency region. It is also
shown that the angular spectrum has a similar shape to that of the energy spectrum
except in the low-frequency region where the angular spectrum becomes negative
due to the effect of the greybody factors

As a closely connected system to a thin black ring, we apply our method also
to the evaporation of a thin black string whose Schwarzschild radius 2M is much
smal ler than the compactification scale L along the string direction. In addition
to the formulas for time evolution, we give the numerical results on detailed
properties of evaporation of a five-dimensional unboosted Schwarzschild black
string by comparing them with those of a four—-dimensional Schwarzschild black
hole. Because of the contribution of the Kaluza—Klein modes, the energy emission
rate of a black string is larger by a factor of 0(L/ My) compared to that of a
black hole. The energy spectrum of a black string shifts towards the higher

frequencies compared to that of a black hole if we compare them fixing M.
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