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1. Introduction

Singularity? Topological star/black hole model [1,2,3]

Similar to the classical black hole in macrostate geometries

Constructed from type IIB string theory

[1] I. Bah and P. Heidmann, Phys. Rev. Lett. 126, 151101 (2021),  [2011.08851].

[2] I. Bah and P. Heidmann, [2012.13407].

[3] S. Stotyn and R. B. Mann, Phys. Lett. B 705, 269 (2011), [1105.1854].

A five-dimensional Einstein-Maxwell theory
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1. Introduction

KK reduction

A four-dimensional Einstein-Maxwell-dilaton theory

A four-dimensional static spherical symmetric charged black hole with scalar hair

becomes to imaginary

is the end of the spacetime

Metric
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1. Introduction

Electromagnetic field

Mass and magnetic charge
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1. Introduction

Gregory-Laflamme instability [4]?

[3] S. Stotyn and R. B. Mann, Phys. Lett. B 705, 269 (2011), [1105.1854].

[4] R. Gregory and R. Laflamme, Phys. Rev. Lett. 70, 2837 (1993), [hep-th/9301052].

The second solution is stable [3].

The stability of small perturbations

where

NS

RN

larger
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2. Perturbation equations

Perturbed fields

spherical symmetric spherical harmonic

scalars, two-dimensional vectors, 
and two-dimensional tensors

background perturbations
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2. Perturbation equations

Scalar base

Vector bases

Tensor bases

Even or polar parity

Odd or axial parity

Space inversion
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2. Perturbation equations

Background scalar field and metric field are even parity

Background magnetic field is odd parity

Scalar perturbation and even-parity parts of the metric perturbations couple to the 

odd-parity parts of the electromagnetic perturbations (type-I coupling)

The odd-parity parts of the metric perturbations couple to the even-parity parts of 

the electromagnetic perturbations (type-II coupling)
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2. Perturbation equations

In the Regge-Wheeler gauge [5]

Following ref. [6] 

[5] T. Regge and J. A. Wheeler, Phys. Rev. 108, 1063 (1957).

[6] F. J. Zerilli, Phys. Rev. D 9, 860-868 (1974).
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2. Perturbation equations

Equivalent to

Tortoise coordinate
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Master perturbation equations 

where

2. Perturbation equations
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3. Quasinormal modes

Boundary conditions

Pure ingoing waves at the event horizon

Pure outgoing waves at spatial infinity 

Compact form 

Matrix-valued direct integration method [7]

[7] P. Pani, Int. J. Mod. Phys. A 28, 1340018 (2013)
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3. Quasinormal modes

Matrix-valued continued fraction method [8]

[8] E. W. Leaver, Proc. R. Soc. Lond. A 402, 285-298 (1985).

Eigenfunctions

where
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A three-term recurrence relation can be obtained through a matrix-valued version of 

the Gaussian elimination

Solve the inverse of the coefficient matrices

seven-term recurrence relations

3. Quasinormal modes
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3. Quasinormal modes

The QNMs are those which make the determinant of the coefficient matrix is zero.
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3. Quasinormal modes
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3. Quasinormal modes

The differences of the frequencies of fundamental QNMs between the 

charged black hole with a  scalar hair and the RN balck hole are very small.
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3. Quasinormal modes
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3. Quasinormal modes
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4. Conclusions

We studied the QNMs of this charged black hole by studying the linear 

perturbation of the gravitational field and the electromagnetic field.

Thanks for your attention!

We obtained two coupled perturbation equations.

The extra dimension radius Ry has no effect on the QNMs.

The differences of the frequencies of fundamental QNMs between the 

charged black hole and the RN balck hole are very small.
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