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Outline
Å Motivation: why explore black hole collisions?

ï gravitational wave astronomy, and understanding the highly dynamical, 
strong-field regime of general relativity

Å rest mass dominated mergers: of relevance to gravitational wave 
astronomy

ï brief overview of the anatomy of black hole mergers in the universe ī 
adiabatic inspiral

Å kinetic energy dominated collisions:  of relevance to putative 
scenarios of black hole formation at the LHC

ï the black hole scattering problem

ï aside: but what do black hole collisions have to do with particle collisions?

ï recent results: may contain regimes where near 100% of the total energy of 
the system is radiated in gravitational waves (even for a deflection), ñzoom-
whirlò behavior is seen, and the remnant black hole in a merger is near-
extremal

Å Conclusions



Motivation: why study black hole collisions?

Ågravitational wave astronomy

ïalmost overwhelming circumstantial evidence that black holes 
exist in our universe

ïto obtain conclusive evidence, we need to ñseeò the black holes 
in the ñlightò they emit é gravitational waves. However, isolated 
single black holes do not radiate, so we need to look for binary 
mergers for the cleanest direct signature of the existence of black 
holes

ïunderstanding the nature of the waves emitted in the process is 
important for detecting such events, and moreover will be crucial
in deciphering the signals

Åextracting the parameters of the binary

Åobtain clues about the environment of the binary

Åhow accurately does Einsteinôs theory describe the event?



The network of gravitational wave detectors

LIGO Hanford

LIGO Livingston

ground based laser interferometers
LIGO/VIRGO/GEO/TAMA

space-based laser interferometer (hopefully 

with get funded for a 20?? Launch)

LISA

ALLEGRO/NAUTILUS/AURIGA/é
resonant bar detectors

ALLEGRO

AURIGA

Pulsar timing network, CMB anisotropy

The Crab nebula é a supernovae 

remnant harboring a pulsar 

Segment of the CMB 

from WMAP  
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relics from the big bang, inflation

exotic physics in the early universe: phase transitions, cosmic strings, domain walls, é

1-10 M BH/BH 

mergers

NS/BH mergers

NS/NS mergers

pulsars, 

supernovae

EMR inspiral

NS binaries

WD binaries

102-106 M BH/BH 

mergers

>106 M BH/BH mergers

CMB 
anisotropy

Pulsar timing LISA LIGO/é
Bar 
detectors

Overview of expected gravitational wave sources



Anatomy of a Merger

Å inspiral quasi-circular inspiral (QSI)

ï In the inspiral phase, energy loss through gravitational wave emission is 
the dominate mechanism forcing the black holes closer together

ï to get an idea for the dominant timescale during inspiral, for equal mass, 
circular binaries the Keplarian orbital frequency offers a good 
approximation until very close to merger 

Åthe dominant gravitational wave frequency is twice this

ï Post-Newtonian techniques provide an accurate description of certain 
aspects of the process until remarkably close to merger

ï if the initial pericenter of the orbit is sufficiently large, the orbit will loose 
its eccentricity long before merger [Peters & Matthews, Phys.Rev. 131 (1963)]
and become quasi-circular


