Abstract
This project aims to describe the behavior of strongly-coupled
fluid-like particles, or plasma, in the vicinity of a black hole. To
achieve this, we employ holography as the foundational
framework, utilizing the AdS/CFT correspondence to translate
the otherwise intractable large-IN SYM problems into a classical
approximation within gravity theory, allowing us to obtain
quasinormal modes.
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We then apply hydrodynamics to explore the dispersion relation
and compute complex spectral curves. Through detailed
plotting,we identify some concepts with physical implications
such as critical points and convergence, and extend to more
advanced theoretical interpretations such as pole-skipping and
univalence.

Quasinormal Modes — Gravitational Perturbations

QNDMs describe the oscillations of a perturbed black hole,

characterized by its complex frequencies and hotizon boundary
condition; S
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To compute it: for fluctuating hydrodynamics variables -
Build up ODEs upon 1t, and the spectral curve P is just the determinant of such a matrix
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Complex Spectral Curves
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Shear Channel Example:
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Hvdrodvnamics — Dispersion Relation

Shear mode:
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The dispersion relation is the solution of this formula:.
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With transport coefficients determined:

Wshear ( (l)

(a)

BN -

Shear Mode ¢, | Sound Mode a,,

MSc Dissertation Project: The Plotting and Analysis of Complex Spectral Curves from
Black Holes through AdS/CFT Correspondence and Hydrodynamics

Extension: Pole-skipping and Quantum Chaos

Pole-skipping refers to a special situation in Green’s
function:

At certain points in frequency-momentum space, instead of a
well-defined pole of G, it skips a pole.

- Documented pole-skipping points in three channels:
Scalar channel:

Shear channel: q.

Sound channel: q.

Quantum Chaos:

usually refers to a system that cannot be calculated or
described analytically and exactly, different elements mnside
the system disturb each other in a complicated way

The pole-skipping points (w*, g*) are connected to measuring
chaos through the relations where A_L. (= 2zT) is the
Lyapunov exponent and #_/ 1s the butterfly velocity

— Maximal chaotic system

5-D anti-de
Sitter spacetime

Hot radiation




