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Plan of the talk

e Gravitational wave basics
— Einstein gravity

— physical effects

e Detectors: earth-based versus space-based
— LIGO and LISA sensitivity/schedules

e Black hole neutron star binaries as sources
— nature of the systems and event rates

— what'’s needed for gravitational-wave astronomy

e Radiation reaction
— Teukolsky formalism and why it fails
— Formal expression for local radiation reaction force

— Towards an efficient calculational technique

e Concluding remarks
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instein s e ations:

Spacetime atter
Split the spacetime metric up as then the
eld equations are
where
and is the matter stress-energy and is the at space

d’Alembertian
Plane wa e sol tions

There are obvious wavelike solutions to the lineari ed and
matter free equations

where is constant and

and
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e ropagate at the speed of light
e [ransverse
e [wo polari ation states and

ser ational conse ences

The waves are represented by the spatial tensor

hysical effects are determined by curvature the interesting
components are

plus-polarization cross-polarization

t=0, 1/2f , 1/f
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Ring of particles moving freely

eak- eld limit of General Relativity implies

G: ewton’s constant
C. speed of light

. quadrupole moment of the source
r: distance to source

Gravitational waves provide a unique probe of strong eld

gravity and carry very different information than electromagnetic
waves
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Coal escence of

Massi ve Bl ack Hol es
NS-NS and BH- BH
Coal escence
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interferometric detectors at two sites separated by

km
Optimal sensitivity near from to
First science: - Full-scale observatory -
A
Space-based interferometric detector
spacecraft in heliocentric orbit separated by km
Optimal sensitivity near from to

ay Vv as early as

RB April 27, 2000



At ical s ste

neutron star S orbits a super-massive black
hole B
e S takes about vyear to spiral in from to inner-
most stable circular orbit ISCO
e Gravitational waves sweep from thru
LISA optimal sensitivity band
e Approximately cycles of radiation: good prospects

for parameter extraction with optimal Itering
hat infor ation is carrie the wa es

They carry an imprint of the spacetime traversed by the S
robes strong eld region of spinning black hole

e S orbits ellipse with
e cllipse rotates within plane with frequency
e plane rotates about B spin axis with frequency
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hat is nhee e to e tract the infor ation

Accurate computation of the gravitational waveforms for the
of observation:

e integrate geodesic orbits over many periods
e radiation produced by S in arbitrary orbit
e effects of radiation on S orbit radiation reaction
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e B has mass
e S has mass

ithout S spacetime is err black hole with metric Kerr

The presence of the S alters the gravitational eld Treat
this change perturbatively:

kerr

Treat S as -function and lineari e Einstein’s equations:

where
° is tra ectory of S thru spacetime
° is the velocity of S thru spacetime

At leading order the S follows a geodesic of err spacetime
The rst order correction to the motion can be viewed as a
radiation reaction force:

kerr
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AsSs €

e Adiabatic inspiral: orb
e S evolves from one geodesic orbit to another

Geodesics in  err spacetime are characteri ed by conserved
quantities: energy angular momentum and the Carter
constant

e sSing Teukolsky formalism compute the radiation at in nity

e Read off rad and rad
e Equate
orb rad
and
orb rad

as been applied successfully to orbits in Schwar schild spacetime
equatorial orbits in err
circular orbits in err
etho fails in general

It is not known how to read off the change in the carter
constant from the radiation at in nity

do not know orb

eed calculation of radiation reaction force
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e The Green function

is distributional on the light-cone
The metric perturbation

diverges at the S
ow does change the S orbit
e T he radiation reaction force is given by

where the indicates regulation and averaging over an
in nitesimal sphere around the S

e S moves on geodesic of spacetime with metric Kerr

where

tail —

o is nite since  tall has support only inside
the light-cone
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