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A new window of the 
universe

LIGO Livingston LIGO Hanford Virgo

Einstein’s space-time waves
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GEO600

GEO600
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Credit: NASA 4 Yoshinta Setyawati. Monitoring the non-thermal universe 2018.



The birth of gravitational 
waves era

GW150914
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Gravitational waves 
detections
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5 binary black-holes 
1 binary neutron-star
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GW170608

GW170104 GW170814

GW151226

GW170817
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Data analysis
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Expectation Reality
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Expectation Reality

Matched 
filtering
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Source modelling
• Analytical: Post newtonian 

• Simulation: Numerical relativity

Ohme 2012

Credit: Benjamin Knispel

Credit: Wolfgang Kastaun
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Source modelling
Other models: 

• Effective-one-body 
• Phenomenological 
• Reduced order modelling 
• Enriched basis
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Phenomenological model

Credit: Sebastian Khan

Yoshinta Setyawati. Monitoring the non-thermal universe 2018.



Binary black-hole
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Binary black-hole

• Do they exist? 

• Consistency with general relativity? 

• Echoes 

• Hawking area theorem
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Echoes

•  

Westerweck et al 2018https://cerncourier.com/linking-waves-to-particles/
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Hawking area theorem

If two black holes coalesce, the area of the final 
event horizon is greater than the sum of the areas 
of the initial horizons.  

Area of Kerr black hole: 

Cabero et al 2017
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A = 8⇡m2(1 +
p
1� �)

Af > A1 +A2
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Binary neutron-star
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GEO600
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Binary neutron star: 
GW170817

Sky localisation 31 deg2

Distance 40±8 Mpc
LIGO/NASA/Leo Singer
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GW
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Constraining the neutron 
star equation of state

Yagi & Yunes 2016

Abbott et al (LVC) 2018
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Hubble constant

Abbott et al (LVC), Nature 2017
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vH = H0d

Combining the distance 
measured from gravitational waves 
and NGC4993 recession velocity.

H0 = 70+12
�8 km s�1Mpc�1
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Other sources
• Compact binary coalescences: 

• Neutron star-black hole binary? 

• Intermediate mass black hole binary? 

• Spinning neutron star (continuous waves)? 

• Core collapse supernovae? 

• Other exotic objects?
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Thank you!

From electromagnetic waves we see the universe, 
through gravitational waves we hear the universe, 
and with neutrinos we taste the universe. 

Cochem, 19 September 2018 
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