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Ringdown, sum of quasi-normal modes

Quasi-normal modes are the proper excitation of black holes
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However General Relativity is nonlinear

Linear order solution act as source for nonlinear order
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Extremal black hole scenario

Additional symmetries simplify the problem
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Extremal black hole scenario

Additional symmetries simplify the problem
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Described with a CFT
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J. M. Bardeen et al. (1999), M. Guica et al. (2008)



Kerr Black Hole Non-Linearity

And 1ts estimate in Extremal lIimit
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Linear level frequency change

A bump in the potential modifies the proper response
of the black hole
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Analytical prediction on frequency migration

Using the transfer matrix formalism
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Summary and outlook

* Ringdown is crucial for the future of Gravitational Wave
analysis

* A lot of techniques are being developed to evaluate it
precisely

* Some features could be captured by symmetry






0) x(2,2,0) |

(2,2,
(4,4)

A

| A(4,4,0)]

©
Do

<
pannd

©
DO

&
[—

Second-order amplitudes are sizeable
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2D CFT correlators

Exploiting the duality

Gravitational strain in bulk

“)CFT =
Stress-Energy tensor on boundary

iSlh] — < e Jonas Ty,

(Tw))T(Wwy)), (Tw)T(wy)T(w;)) Known correlators in 2D CFT

W; = ¢i — M, Fourier transform of correlators

A. Kehagias, D.P, F. Rlva, A. Riotto (2023)



Kerr/CFT correspondence
Evaluating the Asymptotic Symmetry Group

AdS; metric

SL(2,R) ® U(1) Boundary CFT
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Kerr/CFT correspondence
Evaluating the Asymptotic Symmetry Group

AdS; metric

#UM)  _ Boundary GFT
Not extended Half Virasoro Algebra, ¢ = 12J
- Infinite Gap Left movers excited
INn extremal limit with T, = —
21T

M. Guica et al. (2008)



Prescription

» Calculate correlators of the 2D energy-momentum tensor at finite
temperature

Lo, Toys AT, T, T,

* Find the gravitational strain correlators
2Re(T,, Ty, Ty )

IT; (-2Re(T,, T_,,))
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* Integrate the spin-weighted spherical harmonics over the polar angle 0

A. Kehagias, D.P, F. Rlva, A. Riotto (2023)



Near Horizon Extremal Kerr geometry

Zooming close to the Horizon
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NHEK is a warped AdSs geometry

Isometry group SL(2,R) ® U(1)
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