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Index

a
acceleration noise 255
acceleration of the universe 352
accretion-induced collapse 165
actuation function 231, 240
adiabatic 37, 182
ADM formalism, see Arnowitt–Deser–Misner

formalism 130
admittance 232, 234–235, 263
Advanced LIGO 198, 229, 244–245, 248–250
Advanced Virgo 198
affine 25, 45
affine parameter 45
ALLEGRO 197, 356
ambiguity function 282, 323
amplitude strain sensitivity 218
anti-resonant 209
antisymmetric output port

199, 202, 211–212, 216–
217, 220, 224, 239, 243, 245–246, 250, 265

arm cavity gain 209, 359
Arnowitt–Deser–Misner equations 134
Arnowitt–Deser–Misner formalism 130–139
atlas 12
AURIGA 197, 356
autocorrelation function 271

b
background 297
bank, see template bank 278
bar detectors, see resonant mass detectors 65
Baumgarte–Shapiro–Shibata–Nakamura

formalism 137, 136–138
Bayesian confidence interval 291–292
Bayes’s theorem 275–276, 292, 311
beam pattern

244, 259, 265, 300, 302, 355, 358
beam splitter 211
Bianchi identity 29, 32, 55, 60, 114–115

Big Bang Observatory (BBO) 256
binary inspiral 84–91, 109–114, 158, 161–

163, 319–332, 363–370
binary merger 158, 164
black holes 47, 123, 157
Boltzmann distribution 232
Bowen–York approach 142
BSSN formalism, see

Baumgarte–Shapiro–Shibata–Nakamura
formalism 137

burst signals 75, 150, 157–171, 317–333

c
central limit theorem 171
centrifugal force 5, 25
CFS instability, see

Chandrasekhar–Friedman–Schutz
instability 154

Chandrasekhar–Friedman–Schutz instability
154, 192, 353

Chandrasekhar mass limit 166, 165–166
characteristic signal-to-noise ratio 280
charts 12
chirp 89
chirp mass 89
Codazzi equation 133, 143, 146
coefficient of viscosity 92
coherent combination 299, 301
coherent excess-power statistic 304
coincidence 296
coloured noise 274
commute 22
completeness 276
compound mirror 206
concordance model 178
conditional probability 276
confidence interval 291
confidence level 291
confidence region 291
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conformal flatness 141
conformal time 120
connection 17, 16–17, 24
connection coefficients

17, 20, 23, 25, 28, 33, 47, 137–138
constraint equations 134
continuity equation, see equation of continuity

21
continuous-wave signals 149, 151–157, 318
contrast defect 217
control signal 240
coordinate acceleration 3–5, 25, 33
Coriolis force 5, 25, 154
cosmic gravitational-wave background 173
cosmic inflation

122–123, 173, 181, 179–185, 335
cosmic microwave background 172
cosmic strings 169, 186
cosmological constant 119, 177
cosmological time 119
covariant derivative 17
Crab pulsar 84, 153–154
credible interval 291
critical density 178
cross-spectral density 335
curvature 25–31

d
decay rate 66
Decihertz Interferometer Gravitational wave

Observatory (DECIGO) 256
density parameter 178
detection probability 297
differential arm feedback loop 239
directional derivative 15
dummy indices 1
dust 36

e
effective distance 320
effective stress-energy tensor 69, 100
efficiency 331
Einstein delay 257
Einstein field equations 38
Einstein–Infeld–Hoffman equations 107
Einstein Telescope (ET) 202
Einstein tensor 32
electromagnetic decoupling 173
electromagnetism 38
ellipticity 81
EMRI, see extreme mass ratio inspiral 158
end test mass 207
energy function 88
Enhanced LIGO 217

enthalpy 37
equation of continuity 21, 21–22, 144
equation of state 36
equivalence principle 4
error signal 239
Euler equation 37, 46
Euler–Lagrange equations 46
evidence 276
excess-power 293
expectation value 269
EXPLORER 197, 356
externally triggered burst search 318
extreme mass ratio inspiral 158, 351
extrinsic curvature 132
extrinsic parameters 283

f
false alarm probability 297
false dismissal 297
Faraday tensor 38
finesse 210
Fisher information matrix 287
fitting factor 285
flatness problem 181
FLRW cosmology, see

Friedmann–Lemaître–Robertson–Walker
cosmology 174

fluctuation–dissipation theorem 231
flux 74
flux function 88
folding 256
Fourier transform 2
free indices 2
free spectral range 210
freely falling frame of reference 5
frequentist confidence interval

292–293, 314, 331, 333, 344, 346
Friedmann equations 119, 177
Friedmann–Lemaître–Robertson–Walker

cosmology 119–120, 174

g
gauge freedom 13
gauge transformations 13
Gauss equation 133, 143, 146
Gaussian distribution 171
Gaussian noise 273
Gaussian random processes 270
general theory of relativity 9
GEO 600 198, 202, 356–357
geodesic 24–25
geodesic deviation 31, 31–32, 34
geodesic equation 25
geodesic slicing 139
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geodesics 24
geometric optics 55
Grand Unified Theory 173, 179
gravitars 156
gravitational collapse 165–169
gravitational wave 50
gravitational-wave background 171
gravity gradient noise 237

h
Hamiltonian constraint 134
hardware injections 298
harmonic coordinates 42, 42–43, 140
harmonic slicing 140
Hellings–Downs curve 337
heterodyne 309
high frequency band 149
horizon distance 322
horizon problem 180
Hubble constant 122, 170, 178, 335, 352
Hubble length 173, 178
Hubble parameter 121, 170, 178
Hubble time 178

i
IGEC, see International Gravitational Event

Collaboration 197
IMRI, see intermediate mass ratio inspiral

161
indistinguishability criterion 290
inflation, see cosmic inflation 173, 177
Initial LIGO 198, 209–210, 213, 216–

219, 221, 223, 226, 229, 231, 236–
237, 349, 359–361

Initial Virgo 198, 349
inner product 16, 275, 277
innermost stable circular orbit 94, 164
input test mass 207
interferometric detectors 356–357
intermediate mass ratio inspiral 161
International Gravitational Event

Collaboration 197
intrinsic curvature 26
intrinsic parameters 283
inverse Fourier transform 2

j
Jacobian determinant 14
Jacobian matrix 14
Jeffreys prior 310
joint probability 275

k
Kerr spacetime 123, 126–128, 350

ketchup 92
Kronecker delta 6

l
lapse function 130
Large Cryogenic Gravitational Telescope

(LCGT) 198, 202
Laser Interferometer Space Antenna (LISA)

197, 252–256
laser interferometry 198
Levi-Civita symbol 38
Lie derivative 24, 24
light storage time 210
LIGO 202
LIGO Hanford Observatory 356–357
LIGO Livingston Observatory 356–357
likelihood ratio 276
line of nodes 243
linearized gravity 40–43
locally inertial frame 12
locally optimal detection statistic 341
Lorentz factor 9
Lorenz gauge 41–42, 44, 49, 51, 56, 100
loss angle 234
loudest event 331
low frequency band 149

m
manifold 12
marginal probability 276
marginalized likelihood 278
matched filter

277, 276–277, 279–281, 309, 319
matter dominated 174, 177
maximal slicing 140
maximum likelihood 278
metric 12
Michelson interferometer 199
minimal match 284
Minkowski spacetime 13
mismatch 330
moment of inertia tensor 7
momentum constraint 134

n
NAUTILUS 197, 356
network matched filter 299
neutron star 90, 151–152, 157, 256, 307
Newtonian limit 40, 43–45
Newtonian potential 4
Neyman method 292
NIOBE 197, 356
normal coordinates 12
normal neighbourhood 25
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null combination 300–302, 304, 318, 345
nullspace 302

o
odds ratio 275
one-plus-log slicing 140
open loop gain 241
optimal detection statistic 275
optimally located 320
optimally oriented 320
overlap 283
overlap reduction function 335

p
parallel transport 16
Parseval’s theorem 270
perfect fluid 36, 36, 38
Planck energy 123
Planck time 173
Poincaré transformations 11
Poisson distribution 331
Poisson equation 4
polarization angle 243
posterior probability 276
power recycling 202
power spectral density 270
power spectrum 270
principle of general covariance 11
principle of relativity 8, 11
prior probability 276
proper time 9
pulsar 84, 152, 256, 309
pulsar timing 256–260
puncture method 142

q
quadrupole tensor 7
quality factor 66
quasi-normal modes 126–129, 158, 168, 350

r
radiation 36
radiation dominated 174, 177
radiation pressure 202, 226
radiation reaction 78
radiative gauge 53
radio-frequency readout 219, 219, 221
random process 269
recycling gain 359
reduced mass 85
reduced quadrupole tensor 7
reflectivity 203
resonant mass detectors

65, 77, 260, 260, 265, 355–356

resonant sideband extraction 247
resonant transducer 261
response function 241
restricted post-Newtonian 319
RF readout 219
Ricci equation 134, 143
Ricci scalar 32
Ricci tensor 32
Riemann curvature tensor 26
Riemann normal coordinates 25, 29, 35
Riemann tensor 28, 34, 50, 55
ringdown 129, 146, 158, 164, 168, 319
Robertson–Walker metric 119
Robinson–Walker 176
Roemer delay 257

s
Saganac effect 254
Saganac interferometer 254
scale factor 119, 176
Schnupp asymmetry 213, 219
Schwarzschild radius 75
Schwarzschild spacetime 47, 123–126
self-force 78
sense-monitor range 322
sensor noise 227
Shapiro delay 257
shear tensor 92
shift vector 130
short-wavelength approximation 55
shot noise 201, 272
signal recycling 202, 247
signal recycling mirror 245
signal-to-noise ratio 280
sine-Gaussian 333
software injections 298
solar system barycentre time 257
source confusion 171
spacetime 9, 11
special theory of relativity 8
spin-weighted spherical harmonics 112
spin-weighted spheroidal harmonics 127
stack-slide method 317
standard post-Newtonian gauge 105
standard quantum limit 228
stationary random process 269
stochastic background 150, 171
Stokes relations 205
stress-energy tensor 35
stress tensor 35
strings 185
sucker 33
super kick 164
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super-potential 101
surface of last scattering 179
symmetric hyperbolic equation 135
symmetric mass ratio 87
symmetric output port

199, 202, 210–212, 214, 265

t
TAMA 300 198, 202, 356–357
tangent spaces 15
tangent vector 15
TaylorF2 369–370
TaylorT1 112, 366
TaylorT2 111, 366–367
TaylorT3 111, 367–368
TaylorT4 112, 368–369
template 279
template bank 278, 282–285, 318, 322–326
Teukolsky equation 125, 127, 163
tidal acceleration 5–6, 33–34, 58
tidal tensor field 5
tidal work 7
time delay interferometry 252

time-slide method 297
timing noise 258
timing residual 258
topocentric time 257
trace-reversed metric perturbation 41
transmissivity 203
transverse traceless gauge 52

v
vector 14–16
vector field 22
Vela pulsar 153
very low frequency band 149
veto 296
Virgo 202, 356–357
volume element 14, 14

w
Weyl scalars 124
Weyl tensor 124
white dwarfs 157, 166
white noise 273




