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Spectroscopy of magnetlzed BHs and topologlcal stars
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Motivations

» Fuzzball program of string theory: classical BH horizon as a coarse-grained description of a superposition of
regular quantum states:

= Some microstates involve smooth horizonless geometries:
gravity coupled with extra degrees of freedom (gauge and scalar fields).

= Higherdimensions and non-trivial topologies

= These solutions are quite involved, and the study of their dynamics is a hard task!

» Study toy theories and toy models (gravity + extra fields) whose solutions share key aspects
with the fuzzball paradigm:

4D reduction

« Einstein-Maxwellin5D =) Einstein-Maxwell -scalarin 4D thatadmits magnetically charged BH
and regular solitons (topological stars TS)

Task: study stability and spectroscopy of these solutions.
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Topological stars (TS) and magnetized black string

Consider Einstein - Maxwell theory in 5D

1 1
S5 = /d5$\/ —g (ﬁR — ZFABFAB)
5
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Topological stars (TS) and magnetized black string

Consider Einstein - Maxwell theory in 5D

1 1
S5 — /dSQZ'\/ —g —2R — —FABFAB
2KE 4
This theory admits black string with magnetic charge and topological star:
05> = —fodi® + fpdy® + ~di® +r2d02 | Fs=1-"7 fo=1-"".
= —Js BaY h 2 r r 2 parameters family
F = Psin0df A do h= fofs. P:ii 37“520“3 . of solutions
K5
« ’'B < I's magnetized black string = ’B > T's topological star

Jr-:[l o+

- Bah, Heidmann PRL 2021
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Kaluza — Klein dimensional reduction to 4D

Letus assume no y-dependence in the involved fields:

ds: = e~ q)ds4+e 5 ®(dy + A, dz")?
Fapdr?ds® = F,, do"dz” + (0,2dz") A (dy + A,dxH)
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Kaluza — Klein dimensional reduction to 4D

Letus assume no y-dependence in the involved fields:
dilatonic field

4D metric extra gauge field

N ~

ds: = e~ q)ds4+e F o (dy + A, dzt)?
Fapdr?ds® = F,, do"dz” + (0,2dz") A (dy + A, dzt)

N

4D Maxwell field extra scalar field

The action in 4D reduces to

1 1
da*/— _ 29,B0HD — —eVIE, FH
/ T [2/434 (R 2(% 0 46 P )

1 1 s , 1 _2vs _
+ 8_2 (_Ze 3 (I)F’LLVFM — 56 3 (I)(au‘:)2>]
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Fields equations in 4D

\/§ y k2 124/3 _22 9 V3 y

O® — ~2eV32F,, FH + 6;* 3¢ Vs (9,E) — SCeViFL, P =0
V3

A4 (e 3 cI)FM)> =0,
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4D background solution

The background solution in 4D that describes both the magnetized BH and the topological star is

ds3 = — fsfy “dt* + dr? + 12 f3 23

1/2
SJB even parity (polar)
3
¢ = g log /5
F=+e@,,sin0df N\ dop = ii gfrBrs sinfdf A d¢ odd parity (axial)
fig V

F =0==Z decoupled

* singularat?” =— T'B (just an artifact of the 4D reduction)

ADM mass magnetic charge
2T 1 /3
M =52 Qu = —1\/5rs7s
/{Z ( rs + TB) V2

Marco Melis, Sapienza, University of Rome | INFN Roma1 5



XVII Black Holes Workshop, Aveiro — December 20t , 2024

Parameter space
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Parameter space
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The solution interpolates between BHs, ultracompact objects and stars.
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Linear perturbations in Regge-Wheeler gauge

—
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Linear perturbations in Regge-Wheeler gauge
Type | sector: -
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odd-parity metric
even-parity EM
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Linear perturbations in Regge-Wheeler gauge
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Type I and Type Il [=0

— typical effective potential

for a BH

— cavity for TS!

peculiar negative divergent
potential for radial perturbation
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QNMs of magnetized BHs (rg < rg)
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QNMs of TSs (rg 2 rg)
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QNMs of TSs (rg 2 rg)
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Echoes in the ringdown
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A time-domain analysis confirms the QNMs spectrum and finds echoes!
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Type |l sector spectroscopy
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Conclusions

» Toy models (Einstein-Maxwell in 5D) are useful to capture key aspects of the fuzzball paradigm:

 These models describe gravity coupled with extra degrees of freedom.
* Much simplerto study.
* The solutions may come from a higher dimensional theory.

* They show attractive beyond GR features (e.g. echoes!).

» Next steps (ongoing) -
* Complete the QNMs spectrum and t-domain analysis for Type Il sector. (to appear soon)

 EMRI around topological stars (ongoing project in collaborations with R. Brito and P. Pani)

see next slide
» Future steps:

* Love numbers for magnetized BHs and TSs
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Scalar energy flux resonance
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Thank you for the attention
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Appendix: Gregory-Laflamme instability

= Black strings suffer of the Gregory-Laflamme instability for 7 < 7“5/2 :

|

magnetized BH (in 4D): instability against spherical perturbations with e'ky

"= Double Wick rotation: BHs +— TSs by (t, Yy,Ts, TB) — (iy, it, B, 7“5)

If there is a zero mode for BHs 0.10.

= 0.06/ Type Il =0

Instability of TS
purely imaginary mode for TSs for 0.04

rg > 2rg von

2.1 2.2 2.3 2.4 25
s / r's

Marco Melis, Sapienza, University of Rome | INFN Roma1




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24

