
Fundamental Physics with Gravitational Waves

Thomas Hertog



• Gravitational Waves & Fundamental Physics

• Example: plunges into Gargantua

• Prospects GW science in/for Belgium

Outline



"for decisive contributions to the LIGO detector and the 
observation of gravitational waves"



Laser Interferometer GW Observatory

Livingston, LA Hanford, WA
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Nobel Prize Physics, 2017

[LIGO/VIRGO Collaboration, PRL 116, 2016]



A binary black hole merger
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Af ≥ A1 + A2



Whether, in the end, he is the 
first to detect gravitational 
waves or someone else does 
it, hardly matters.

He will deserve the 
credit for leading the way. 
No one else had the courage
to bring Einstein’s 
equations into the lab and 
look for gravitational waves 
until Weber showed that it 
was within the realm of the 
possible.

[J. Wheeler]

Joe Weber





Binary neutron star merger

[LIGO/VIRGO Collaboration, PRL 119, 2017]





This is just the beginning..



Black hole theory

• Are black holes uniquely characterized 
in terms of their Mass and Spin?

• Does the area theorem hold,

• Are quantum gravity signatures `generically’ 
hidden behind a horizon?

Af ≥ A1 + A2 ?



Laser Interferometer Space Antenna

Multi-band gravitational wave astronomy



Black Hole Spectroscopy

Extreme Mass Ratio Inspirals

à numerical challenge





Near-horizon geometry

� ⌘
r

1� a2

M2
⌧ 1

[Bardeen & Horowitz (1999)]

ds2 = 2M2�(✓)

✓
�R2dT 2 +

dR2

R2
+ d✓2 + ⇤2(✓)(d�+RdT )2

◆
Near-horizon extremal Kerr (NHEK):

rISCO = M + 21/3�2/3M �! RISCO = 21/3

Very near-horizon extremal Kerr (near-NHEK):
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Enhanced (conformal) symmetry SL(2,R) x U(1)



Conformal symmetry

(Complex) conformal transformations relate all equatorial orbits 
to two circular seed orbits (in NHEK and near-NHEK)
[Porfyriadis et al.; Hadar et al.]

Plunging in 
near-NHEK

Circular
in NHEK
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• Zero-damped quasi-normal modes in extremal limit

• Polynomial decay, due to coherent mode stacking [Yang et al./ (2014)]

• Near-horizon behavior for tr > 10M  

• Transition to exponential decay as tr ~ M/λ

Asymptotic waveform plunge
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Critical behavior
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LISA observations

EM observations of GRS1915+105:  a/M = .98 ± 0.01 [Miller et al. (2014)] 
However: Thorne bound a/M ≤ 0.998
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Four `smoking gun’ signatures:

• extremal frequency f = 1/4πM

• amplitude suppression  |h| ~ λ1/3 or λ1/2

• polynomial ringdown |h| ~ tr-1/2 or tr-1

• critical behavior as angular momentum  l -> l*

à self-force corrections  ~ m0/M ?

Plunges into Gargantua
[Gralla, Hughes, Warburton (2016);
Compère, Long, TH, Fransen (2017)]



• Gravitational Wave Center provides science platform. Join us!

• LISA: Phase A starts April 2018. Three science working groups.

Einstein Telescope:

• 2018: set up Belgian GW exp/instr consortium

• 2019: ET ESFRI proposal

• 2021: NL-BE-DE bid?

Prospects for GW science in Belgium



https://fys.kuleuven.be/gwc/

https://fys.kuleuven.be/gwc/

