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Gravitational Waves
• Gravitational waves are a 

feature of Einstein’s 
general theory of relativity!

• Accelerating mass emits 
gravitational waves!

• “Ripples in space-time” 
propagate away from 
source at the speed of 
light
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Evidence for Gravitational Waves
• PSR 1913+16 found by 

Hulse and Taylor in 1974!

• It is part of a binary 
system and the companion 
is also a neutron star!

• Measuring pulse arrival 
time gives precise 
measurement of orbital 
period
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Sources of Gravitational Waves
Continuous Waves:!
Spinning Neutron  
Stars

Short Bursts:!
Supernovae,!
Gamma Ray Bursts

Coalescing Binaries:!
Merging black holes  
and neutron stars

Stochastic Sources:!
GW from the Big Bang
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Modelling black hole collisions

• When black holes are far 
apart, calculate waveforms 
analytically!

• Close to merger, need to 
solve non-linear Einstein 
equations numerically!

• Calculate binary evolution 
and gravitational wave 
emission
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Simulations of Extreme Spacetimes (black-holes.org)

http://black-holes.org


Future Challenges

• Black hole spins complicate 
matters: cause system to 
precess!

• Naive coverage of parameter 
space would require ~10,000 
simulations!

• Typical simulation takes a 
month on 256 cores
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Simulations of Extreme Spacetimes (black-holes.org)

http://black-holes.org


The detectors
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Advanced LIGO Detector

18

Quadruple Suspension for Advanced LIGO

C Torrie, M Perreur-Lloyd, E Elliffe, R Jones

From Harry et al, CQG (2010) 10



A global network

LIGO Hanford,  
USA

LIGO 
Livingston,  

USA GEO 600,!
Germany

Virgo,!
Italy

KAGRA,!
Japan

LIGO!
India
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Searching for gravitational waves
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Search results



Future challenges
• Advanced detectors will have ten 

fold increase in sensitivity, expect 
to make first observations!

• Need to search months or years of 
data using ~10,000 template 
waveforms for early runs (2015-16)!

• Increases to millions of waveforms 
at final sensitivity (~2019), 
incorporating spin and precession 
effects!

• Data is full of noise transients 
(“glitches”) that can mask signals

Non-precessing

Precessing14
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Astrophysical Motivation
Detecting Gravitational Waves from NS

Status of the global GW detector network
Data-analysis of continous waves
Pipelines and Observational Results

The Crab pulsar

The Crab pulsar is young (remnant of SN 1054), local (2
kPc), and has a large ḟ

X-ray observations of the wind nebula give ◆, .

Beating the spin-down limit by a factor of 7
• Restricted the power radiated in GWs to be < 2% of the
spin-down power.

C. Messenger Gravitational Waves from Neutron Stars

Spinning Neutron Stars

• Small “mountain” on a 
spinning neutron star gives a 
continuous gravitational wave 
signal!

• Motion of earth modulates 
signal frequency!

• Fully coherent search requires 
more computing than available
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Einstein@Home
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The payoff

• New insights provided by “multi-wavelength” astronomy!

• Gravitational wave observations will provide  
“multi-messenger” astronomy
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