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Perturbations on the (d — 2)-sphere

-

# For a system with spherical symmetry (metric and all
other fields);

# Metric of the type
ds® = —f(r)dt*+ f~H(r)dr? +r*dQ5_;

# General tensors of rank at least 2 on the (d — 2)-sphere
can be uniquely decomposed in their tensorial, vectorial
and scalar components;

# One can in general consider perturbations to the metric
and any other physical field of the system under
consideration;

® Variation of the metric

huw = 0guu- J
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The Master Equation

-

The perturbation/field equation can be written as a "master
equation”

-

2 2
(‘9_(1) — (‘9_(1) =: VO,
ox?  Ot?
dx/dr =1/f ("tortoise" coordinate);
¢ : "master"” variable;

V . potential,

e o o @

both ® and V depend on the type of gravitational
perturbations or field considered.
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QNM solutions of the master equation

- N

# We consider solutions of the form ®(z,t) = !¢ (z);
# Master equation is then written in the Schrodinger form

dx?

v o) = o0

# Quasinormal modes : solutions with complex
frequencies subject to the boundary conditions

poxe " x— +oo; px e, Tz — —o0;

#® They are given in terms of a multipole number /¢ and
an overtone number n.
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-

For d-dimensional asymptotically flat spherically symmetric

The etkonal Iimit ¢ — +o00

-

BHs in Einstein gravity (Cardoso et. al. 2009):

9

9

9

VER[f(r)] = €2f (for all perturbations);
eikonal QNMS: w, = €Q —i (n + 3) A;

0 =Y J;(“): angular velocity at circular null geodesics;

C

A = \/_ 2fQ§C) & (;;)TITC: principal Lyapunov exponent
corresponding to such orbit.

r.. radius of the circular null geodesic, verifying
2f(re) = ref'(re), maximizing V[ f(r)].

|
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Leading o’ corrections

- N

® Effective action in the Einstein frame

A Vpo d
/\/ [R— —(a“gb)a ¢+ ez2-d a0l 72“ P RWW] d”x,
A= %, % (bosonic, heterotic).

# Field equations

1
2(d —2)

Ry + rezTa? (RWUTRVP‘” _ 9w Rooar R W) 0;

A 4
. Vg — Zequﬁ (Rpoar RP7AT) = 0. N
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The string-corrected tensor potential
- -

Wl = g (S D@00 269 Qo) @010
4 7%[(2£(£+rd_3)+(d_4)(dT_5)f(r)+(d_g)(i_f(r))+(d_4)f/("“)>

X (21 — 1) + f’(r)) + (3(d— 3) — (4d — 13)f(r)) f'(r) _

Tr Tr

”?“2
- 4UWﬂ2+M—®fWﬁWﬂ—O££§)]ﬂﬂ-

# This potential for tensor—type gravitational perturbations

was obtained by perturbing the A\—corrected metric field
equation (Moura 2013).

# In classical EH gravity (A = 0) it Is the same as the
L potential for test scalar fields (Cardoso/Lemos 2002). J
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The Callan-Myers-Perry black hole

- N

# Solution of the d-dimensional effective action (CMP
1989) with

d—3
RH

1) = o) (1 1) ) folr) = 1= T

(d—3)(d—4) RE3 1— B,
5f(7“):— 9 d31 Rd3'

® o = 0: Schwarzschild-Tangherlini solution;
# Dblack hole temperature:

d—3 (d—1)(d—4) A
L = 4 Ry (1_ 2 R%) J
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Eikonal [Imit (tensorial perturbations)

-

¥

-

VK f(r)] = 62%9,
g(r) = Fr) 1+ 220~ f() +7f' (7)) ;

maximization of V¢ no longer defines a circular null
geodesic: 2g(ry) = r+g'(1¢);

eikonal QNMSs: W] = (Qr — i (n + l) Ar;

= VI Ar =/~
T — 29(r¢) da:2 r re
Concretely
s d—1
2 2(d—3 d—2 2 d—3
o = 2T/ 25 () 1+ 8722 =2, <d—4+3(m) )]
d—1 d—1

o= (20) 9 [t serattpien (1 (2) B )]

|
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Eikonal limit (scalar test fields)

-

Same formulas as Einstein gravity (with implicit o/
corrections);

eikonal QNMSs: w,, = (2 —i (n + 5) A. Concretely,

d—1

omaeny 25 () [ (00 (2) )|
NEUIERL luww(;x; ) ( <d21>“>] |

(2 #£ Q) (Isospectrality Is raised), but
Is this equality valid for other perturbations? J

Is this equality valid to higher orders in o/?
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Shadow cast by the black hole
B -

# For asymptotically flat spherically symmetric BHs
(including higher derivative corrections):

# the silhouette forms a disk whose radius is related to
the real part of the eikonal QNM frequencies of test
scalar fields as (Singh/Ghosh 2018)

1
Ro = —.
5T Q

#® For the CMP black hole,
RS:\/ZCZ;l)% [1+R§{d24 (1 (Cﬁl)gé’)] Ry.
| |
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Some speculations

- N

# Physical quantities such as the black hole mass and
temperature can be expressed in terms of Rg and be
estimated, if the shadow radius of a black hole turns to
be measured.

# Eikonal QNM frequencies can, therefore, be estimated
knowing Rg. Since they can also be independently
measured, these estimates can be confronted with
experimental results, at least in some limits.

o |
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Conclusions

-

We computed QNM frequencies in the eikonal limit
corresponding to test fields and tensorial gravitational
perturbations for a d—dimensional spherically
symmetric black hole with o’ corrections in d
dimensions.

Differently than in Einstein gravity, the real parts of
these frequencies are no longer equal.

The corresponding imaginary parts remain equal to the
principal Lyapunov exponent corresponding to circular
null geodesics, to first order in ¢'.

We computed the radius of the shadow cast by these
black holes.

Further work: the asymptotic limit (see Joao Rodrigues’J
talk).
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