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The first detection - GW150914
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Inspiral-Merger-Ringdown
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@ Ringdown phase is well described by perturbing the background black hole
spacetime by any test field.

@ It is assumed that this model is valid only when black hole is very close to reaching
its equilibrium.
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@ Stability of black holes: Given the initial perturbation, will the perturbation remain
bounded at all times?

[Regge, Tullio and Wheeler, John A. (Phys. Rev 1957]
@ Gravitational wave Astronomy: To extract information of the black hole like their
mass, charge, and spin.
@ Tests of General Relativity: Different modes should give us a stringent test for GR.
Using different techniques within GR independently to test GR.

@ Confirmation of BHs: Detection of these frequencies also confirm the existence of
the BHs.
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The aim of the project
field
'l\ﬁ I

Black Hole

What will happen to the black hole when it is perturbed by an external field?

@ A perturbed black hole will go through quasinormal modes ringdown. The aim of the
project was to calculate these quasinormal modes.

@ As a toy model | will treat scalar fields as an external test field.
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Scalar Perturbation-Introduction

@ Klein Gordan Equation for massless scalar field in spherically symmetric and static
background

Op=0
@ Decomposing the function as

L

t r,o ¢ Z Z \US O e)efiwteifmi)
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@ By using tortoise coordinate r, defined as j’—é = (fh)'/2, we get the Schrodinger
equation:
d?ws=0
ar?

n [w2 — vo} Ws=0 — 0

where effective potential reads as Vy = f"(”” + (fh)/
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Boundary Conditions

e Effective Potential V™ = (1 — w) (WH) + ,%/,)

r r2

@ Horizon: Classically, nothing should leave horizon, therefore

@ Infinity: Discarding unphysical waves entering from infinity.
¢ ~ e—iw(t—r+)

@ Now our aim is to solve for w in the radial equation satisfying the above boundary
conditions and show that the eigen functions are damped in nature.
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WKB Method

@ For any massless spin (s=0 scalar, s=1 Electromagnetic, s=2 Gravitational):

d2
d2 +Q(r*)wf
whereQ(r*):[wz—Vs],VS:f(r2+ )7571 2 A= +1)

@ Validity: Due to boundary conditions, the transmitted and reflected waves should
have comparable amplitudes. Therefore, turning points degenerate or very close to

each other.
@ In middle region, expanding Q about maxima and using boundary conditions, we get
Nt 1 iQy
5 T T N2
2 (2ap)Y

@ Using the above result to get

_ifns] 2 2MN (A 28M
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Application
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For scalar field in RN spacetime assuming g = 0.5 4
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Inferences

@ Converting into Physical units
v = —32;726 (Mwp) kHz, T= 7”'0'42%%;;0_55
@ Bandwidth of LIGO is 10 Hz - few kHz, Corresponding mass range of BH is
10M, < M < 103M,,
@ Bandwidth of LISA is 10~% — 10~ 1Hz , Corresponding mass range of BH is
1.2.10°M, <M <1.2-108M,,

@ Test no-hair theorem and stability of black holes
@ In eikonal limit, we can relate QNM to lyapunov exponent

, 1
wQNM = QCI + 1 <n —+ 2> ‘)\‘

where ) is the Lyapunov exponent (measures of the rate at which the trajectories
diverge) of the null orbit.
Q. is the orbital angular velocity of the null orbit.
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Open Question

@ Can we quantify the beginning of the ringdown through observations?

L1 whitened strain H1 whitened strain
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Thank You

Email: ashleychraya@gmail.com
Website: ashleychraya.github.io
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