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● The Big Picture: BH microstructure

● Topological Stars as toy models

● Linear stability analysis:
○ Regge-Wheeler-Zerilli perturbation scheme
○ Linear response in t-domain: stability, echoes & QNM spectrum

● Summary & Follow-up
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5D Einstein+Maxwell:

● horizon
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● Magnetized Black String: 



Topological Stars in 5D

● 1st kind TS :

● 2nd kind TS :

(stable) (unstable)

Gregory-Laflamme instability: 

(unstable)



Kaluza-Klein reduction to 4D

KK reduction (assume no y-dependence):

Einstein-Maxwell-scalar:

Field equations:

decouple!



Topological Star in 4D

Compactified TS(/MBH):

● Background for perturbation scheme

● Warning! Compactification introduces singularities!

● 5D solution implies regularity boundary conditions

Mass and charge:



Regge-Wheeler-Zerilli perturbation scheme

magnetic charge background → parity-mixing of perturbations 

axial gravitational + polar EM (l≥1)

Type-I Type-II

polar gravitational + polar scalar + axial EM (l≥0) 

See Pereñiguez (2021) for alternative approach



Linear response in t-domain

Master equation for Type-I (l>=1) and Type-II (l=0):

Generalized tortoise coordinate:

Effective potentials:

Type-II (l>0)? Coming soon!
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● fixed mass (M=1)
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Linear response in t-domain

1st kind Top Star:
● fixed mass (M=1)
● star-like compactness
● highly-damped, higher frequencies 

(w-modes)

Near-extremal MBH:
● (type-I) gravitational-induced 

perturbation
● fixed mass (M=1)
● ringdown + tail

2nd kind Top Star:
● fixed mass (M=1)
● very compact
● e∆Q/M≈0.3%
● initial BH-like ringdown
● long-lived modes: echoes!

strongly damped QNM
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Summary & Follow-up

● Topological Stars as toy models of BH microstate geometries
● Two-parameter solution that interpolates between regular UCOs and BHs
● Linear response in time (this talk) and frequency domain (attend Marco’s talk!)
● Verified linear stability under Type-I perturbations and (radial) Type-II
● QNM spectrum of MBH and Top Stars

○ BH-like QNMs
○ Long-lived modes (echoes)
○ Strongly-damped (w-modes)

● Next steps:
○ Type-II, l>0
○ Nonlinear stability and 3+1 dynamics
○ More complex microstate geometries
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