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Perturbing supersymmetric black holes
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An investigation of the perturbations of the Reissner-Norastidack hole inN=2 supergravity is pre-
sented. We prove in the extremal limit that the black hole responds to the perturbation of each field in the same
manner. We conjecture that we can match the modes of the graviton, gravitino, and photon because of
supersymmetry transformatiorf$0556-282(97)50108-1
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The extreme Reissner-Nordatnoblack hole is very im-  background solution, these perturbation equations can all be
portant particularly in the context of supergravities. First, inreduced to the Regge-Wheeler-type equations. For the gravi-
supersymmetric theories the mass of the black hole i$on and photori6], the radial equations are given by
bounded below by its chargd]. Then the extreme black

2
hole _saturates this bour_1d. This mass bound i_s surprisingly {iz-erz—Vs(r) Z4(r)=0, 1)
identical to the bound imposed by the cosmic censorship dri
conjecture. Thus we can naturally avoid naked singularities
in supergravity theorief2]. At the same time, the extreme where
black hole has the symmetry that the nonextreme black holes dar A
do not have since the spacetime admits the Killing spinor = —, 2

o

=
*

—

field, which means the extreme black hole is invariant
under the supersymmetric transformations. The state is A 202
a close analogy of a Bogomol'ni-Prasad-Sommerfield- \/S:_S[Ar_qSJr _} 3
(BPS)saturated state for supersymmetric particles. Second, r r

all orders of quantum corrections should vanish in the
extreme state. This feature of the supergravity theories
may lead to an insight to the quantum effects around black 5 .
holes(3]. q;=3M—IM?+4Q?*(A-2), (5)

So far, the extreme black holes in supergravities have

A=r?—2Mr+Q?, (4)

been discussed only in the case of static configurations. 02=3M+OM?+4Q*(A-2), 6
However, to know more about the role of black holes in the L

supergravity theories, we need to work on the dynamical A=]s(jst1), @)
aspects of black holes. In the preceding pddér we have j=l+s (1=012..). ®

investigated the quasinormal frequencies of the extreme

Reissner-Nordstra black hole in the Einstein-Maxwell The cases ob=1 ands=2 correspond to the electromag-
theory and found an interesting fact that these frequenciesetic and the gravitational perturbation, respectively. Here,
were completely identical for both the electromagnetic and, andQ are the mass and charge of the black hole, jaris

the gravitational perturbation. The fact may have something,, angular multipole index of the perturbation. For the grav-

to do with the supersymmetry, since the fields with differentj;; [7,8], the same equation as Ed) is obtained. On the
spins are related to each other. Thus, we continue our analyzar h1an,d the potential is given by

sis to the @2) extended supergravith)p] to investigate the

perturbations of the Reissner-Nordstrdolack holes to get dT,

an insight on the black hole in supergravity theories. Va=G— g 9)
The Q2) extended supergravity field equations reduce to *

the usual Einstein-Maxwell equations when the gravitino A

fields vanish. By linearizing the field equations about a solu- G=—5(\r?+2Mr—2Q?), (10

tion with vanishing gravitino fields, we obtain a consistent '

set of equations for the photon, gravitino, and graviton fields 1
on a background solution of the Einstein-Maxwell equations. T,=
When we consider the Reissner-Nordstrblack hole as a F-2Q

: (11)

dF
[——m/ml
dr,
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FIG. 1. Solid lines, short dashed lines, and long dashed lines are F1G. 2. The bounded box in the above figure is zoomed in. The
the trajectories of the first order WKB quasinormal frequencies 0fqyasinormal frequencies are equal only in the extremal limit. This is

the photon, gravitino, and graviton, respectively. Each left endpointgnsistent with the fact that the black hole preserves supersymmetry
of lines corresponds to the frequency of a charged black hole °6n|y in the extremal limit.

Q=0.8, and each right end point corresponds to the frequency in
the limit of maximal charge. A trajectory of each quasinormal fre- . ) . - . .
quency meets at the right end with the two corresponding trajecto-Y1(Fx 1J1=1) =Valy .jap=]+ 3)=Vo( =Ty ,j,=]+ 1),

ries. This means that supersymmetry is recovered in the extremal (21)
limit. wherej is a positive integer. The first equality is obvious in
6 Egs. (15 and (16); the potential of the Rarita-Schwinger
F= r G (12) field is identical to that of the electromagnetic field if we
shift a multipole index by 1/2. The second equality is proved

by using the readily verifiable relation
A=(jap— 3)(jap+ 2), 13
(Jare= 2) (32t 2) (13 f(ro)=f(=r.). (22
jar=1+3 (1=012...). (14  ThereforeV, can be obtained by reflecting, or V5, about

o o r,=0. It is noteworthy that this transformation corresponds
In the extremal limit under the normalization of to the exchange of the horizon and infinity. Equati@1)
M=Q=1, the potentials for the three fields surprisingly re-means that a scattering problem for each perturbed field with

duce to similar forms: a corresponding multiple index results in the same transmis-
df sion and reflection amplitudes. Obviously, the relation
L ar s, 262 Vi(re,j1=j)=Va(—r, ,jo=j+1) proves our numerical
Vi +(Jl+l)dr* APt DT 19 resuits in the previous papgt].

Next, we consider the cases of the nonextreme black
_ 1\ df ) 1\2 5 holes. It is necessary to see how the supersymn{8tisY)
Japt 5) dT—4f3+ (JsmL 5| f% (18 breaking of the black hole influences on these three modes.
* Since the potentials are complicated in the nonextreme cases,
it is difficult to analytically find a symmetry even if it exits.
—4f3+j2f2, (170  Instead, we will numerically calculate the quasinormal fre-
quencies, which are the resonant poles of the problem. The
) coincidence of these quasinormal modes is then a necessary
je=I+s (1=012...), (18 condition for all fields to have the same transmission ampli-
tude. The quasinormal modes of black holes have so far been
calculated through several methof@@-14. We use the
WKB method[11] to calculate the quasinormal frequencies.

Vap=+

_df
V2:_szr
*

wheref is defined by

f= r—zl, (19 The WKB frequencies are related to the potential in the fol-
r lowing:
and 1
wi=Vy—i n+ 5 V-2Vg, (23
1
—r_ _ 2_
rey=r—1+In(r-1) r—1° (20) where the subscript 0 denotes the value at the top of the

potential and the subscriptis 0 or a positive integer called
These three potentials are related in the following way:  the mode number. Thus we can evaluate how these potentials
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are close to each other. Using the above formula, the firanultipole indexjs here describes the total angular momen-
two quasinormal modes of the electromagnetic, gravitino’stum, this shift is explained by the supersymmetric transfor-
and gravitational perturbations fbr=0,1,2 are calculated for mation that increases the spin by 1/2 and hence increases the
nearly extreme black holes. As easily seen in Figs. 1 and Zotal angular momentum by 1/2.

three modes approach continuously as the charge of the Here we reach a new insight on the black hole in super-
black hole increases and then meet in the extremal limit. Thigrayities. It is expected that for any supergravity theory, the
is consistent with the fact that only the extreme black holeyerturhed fields such as a dilaton studied 6] around the
preserves the supersymmetry. Quasinormal frequencies @fps saturated black hole should have a similar behavior; a
the electromagnetic field move fastest in the compiex gcattering problem around the black hole is the same from
plane when we change the charge of the black hole, becaugge field to another. This is because all the fields can be
the electromagnetic field is most sensitive to the change of,aiched with each other using supersymmetry transforma-
the charge and quasinormal frequencies of the gravitino fielgons and the character of the black hole does not change
is approximately the average value of the electromagnetiGhatever field we consider around it. Recently the extreme
and the gravitational frequencies. , black holes have been intensively studied in the context of
_ We have found the relatio®1) for the effective poten- e strings andD-branes and these studies have led to the
tials of the perturbed fields and prov.ed the commdence'of the st microscopic description of the black hole entrdf].
quasinormal mode frequencies which we had found in th§; i interesting to obtain explicitly the supersymmetric trans-
previous papef4]. This coincidence found among the gravi- tormations and relate them to E@1), because our scenario

ton, gravitino, and photon in the extremal limit can be €on-cap pe clearly understood and will shed new light on this
sidered a consequence of the supersymmetry. It is Wegubject. This is under investigation.

known that the extreme Reissner-Nordstrblack hole ad-

mits a Killing spinor field[1]. It means that the background  We would like to thank Professor G. W. Gibbons for
solution is invariant under the supersymmetry transformapointing out the possible relation between our previous re-
tions with respect to the Killing spinor field. This implies sults and his joint work with Professor C. M. Hull. We
that all the perturbed fields can be related to each other usingould like to thank Professor A. Hosoya for his continuous
the supersymmetry transformations, which conservesSthe encouragement and Dr. B. Meister for reading the manu-
matrix. Our results show that the gravitino is matched withscript. The research was supported in part by the Scientific
the photon by adding 1/2 to the multipole index. Since theResearch Fund of the Ministry of Education.
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