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diffusion time, 111

galactic, extragalactic, 111
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spectrum, 111

stellar abundances, 112
cosmological IR background, 120
cosmology
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dark matter, 1

filaments, 1
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covariant derivative, 85, 128
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crosssection, photopion, 117
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curved spacetime, 128
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distribution
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radiation, 100

free—free emission, absorption, 177

Galactic X-ray binary (XRB), 10
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bulge, 4
dispersion relation, 5
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evolution, 4
Fanaroff-Riley type, 255
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radio loud, 2
Seyfert, 2, 42, 99, 113, 255
spiral, 26
star formation, 5
gamma-ray binaries, 33
gamma-ray bursts (GRB), 5, 79
achromatic breaks, 22
afterglows, 19
Amati relation, 18
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collimating wind, 23
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gravitational waves, 23
Hopf bifurcation, 220
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inner engine, 19, 20
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Kerr black hole, 23
kinetic energies, 22
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peak energies, 18, 256
peak luminosity, 21
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prompt emission, 18, 195
radio images, 19
radio-loud supernovae, 19
redshift distribution, 18
relativistic blast wave, 19
relativistic supernovae, 19
remnants, 268
star formation rate, 18
star forming regions, 23
stellar mass objects, 19
supernovae, 19
Swift sample, 20
synchrotron radiation, 19
T90, 17, 256
thermal component, 19
true energies, 256
true energies in gamma rays, 22
Type Ib/c branching ratio, 19
UHECRSs, 21
unification, 266
universal inner engine, 23
VHE neutrinos, 22
X-ray afterglow, 18
X-ray tails, 21, 268
gamma-rays
luminosity, 7
spectral index, 7
gamma-sphere, 118
gaps, 115
gauge covariance, 84
Gauss curvature, 85
Gauss—Bonnet formula, 85
general relativity, 84
curvature-driven gauge, 95
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equivalence principle, 101
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light cones, 96
geodesic deviation, 251
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Gibbs’ principle, 227, 236
Global Positioning System (GPS), 89
globular clusters, 37
Ambartsumian—Spitzer time, 301
evaporation time, 300
half-mass, virial mass, 300
Kelvin—Helmholtz time, 301
mass—temperature relation, 300
relaxation limited evolution, 301
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gravitation, 227
cosmological event horizon, 229
event horizon, 229
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light cones, 229
outermost trapped surface, 229
Unruh temperature, 229
gravitational lensing, 89
gravitational radiation, 241
gravitational waves, 95
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blind searches, 271
chirps, 268
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helium burning phase, 23
HESS, 29
Hess, V., 110
HETE I, 256
Hewish, A., 13
Hilbert action, 88
341 form, 95
variational princple, 88

Hillas relation, 113

HiRes, 112

Hodge dual, 104

Hubble distance, 119
hydrogen burning phase, 23
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1C443, 29
IceCube, 32, 34
ideal MHD, 127
innermost stable circular orbit (ISCO)
angular velocity, 98
specific angular momentum, 98
specific energy, 98
X-ray spectroscopy, 99
Inter Planetary Network (IPN), 19, 271
interstellar medium (ISM), 28, 29
inverse Compton scattering, 28, 29, 42, 114
ion plasma frequency, 169
isotropic distribution, 58

James Webb Telescope, 32
jansky, 44
jets
acceleration zone, 136
Alfvén front, 254, 255
anti-correlation with spin, 259
asymptotic Lorentz factor, 136
baryon conservation, 136
baryon loading, 117
baryon-free, 137
capillary, 252, 253
coasting zone, 137
collimation, 135
conical, 116
de Laval nozzle, 140
entrainment, 116
entropy, 136
fast magnetosonic front, 255
force-free, 254
GRBs, 117
hadronic contaminants, 254
horizon half-opening angle, 255
injection point, 135
ion, 254
ionic contaminants, 254
linear acceleration, 254
low/hard states, 13
luminosity, 255
mass loading, 135
MHD, 113
minimum power, 61
morphological evolution, 128
neutron pick-up, 117
opening angle, 139
optical depth, 136
pair density, 137
photosphere, 137
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radiation decoupling, 139
radiation trapping, 137

radio, 10

terminal Lorentz factor, 137
Thomson optical depth, 137
transonic, 138
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LCGT, 36

Legendre polynomials, 180
Levi-Civita tensor, 127

Lie derivative, 94

lifetime of stars, 27

light cone event horizon, 230
lighthouse effect, 13

Ko lines, 99 LIGO, 35

KAGRA, 36 LIGO-Virgo, 269
kaons, 34 line-element, 84
Kelvin—Helmbholtz instability, 116, 203 LINERs, 255

Kepler, 203 Liouville’s theorem, 44

Kerr black holes, 273
Carter’s magnetic moment, 221
causality, 222
efficiency, 151
energy extraction, 150
equilibrium magnetic moment, 103
ergosphere, 150

LISA detector, 38
SgrA*, 265
Local Universe, 274
LOFAR, 27, 32, 269
Lorentz force, 104, 106, 126, 223
Lorentz invariants, 123
Lorentz transformation, 45

extremal, 258 LS 5009, 10
frame dragging, 222 LS 5039, 12
free-falling observers, 149 LS I+61 303, 12
ISCO, 258 LSST, 27, 32

Killing vectors, 103

luminosity, 106, 151

Maxwell stresses, 104, 149, 222
minor and major emissions, 222
numerical simulations, 222
open magnetic flux tube, 100
passive load, 104

QPOs, 271

scale-free, 263

slip boundary conditions, 104
slowly spinning, 221

spin connection, 104, 222

spin down, 223, 256

M—o relation, 4

M87, 81, 255

Mach number, 175
Alfvén, 169

Mach’s principle, 98

MAGIC, 33

magnetars, 6, 15
decay of magnetic field, 17
radio-quiet, 15
spin down energy, 17

magnetic fields
amplification, 203

spin evolution, 257 Earth, 81
spinning tops, 106 QED, 52
UHECRs, 267 Saturn, 81

viscous spin down, 107, 259
Kerr metric, 98
Kerr spacetime, 148

ZAMO, 148
kinematic conditions, 63
Kirchhoff’s law, 45, 59
Kompaneets equation, 71
Konus, 17

LAGEOS satellites, 84

Landau states, 58

lapse function, 94

Large Area Telescope (LAT), 14
Large Hadron Collider, 130
Larmor formula, 52

Larmor frequency, 169

Larmor radius, 111, 113
laser-interferometric detectors, 35

toroidal, 146
Magneto-rotational instability (MRI), 103, 211
magnetohydrodynamics (MHD)
adiabatic flow, 154
constraint, 129
continuity, 154
eigenmodes, 130
fast, slow magnetosonic waves, 130
force-free, 222
frozen-in condition, 134
inertial, 222
infinite conductivity, 133, 160
intermediate waves, 130
magnetization parameter, 160
magnetosonic wave, 157
Maxwell stresses, 182
place wave solutions, 129
Reynolds stresses, 222
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magnetohydrodynamics (MHD) (cont.)
simulations, 203
stresses, 41
transverse, 154
turbulence, 38
IR, UV spectrum, 222
waves in SU(N), 130
well-posedness, 130
main sequence, 23, 40
matched filtering, 92, 259, 272
band pass filter, 275
goodness of match, 263
Pearson coefficients, 276
phase (in)coherence, 274
SNR, 276
time sliced (TSMF), 272, 274
Maxwell’s equations, 127
MCG 6-30-15, 99, 206, 221, 255
metric tensor, 85
341 decomposition, 94, 293
microquasars, 2, 10, 33
Milky Way
galactic disk, 111
galactic scale height, 111
SgrA*, 2, 38
Minkowski spacetime, 230
model templates, 92
momentum constraints, 95
Mrk 421, 33, 120
multimessenger observations,
32,37
muons, 33, 34, 121
energies, 115

NED, 42
neutrinos
cosmogenic, 35
cross section, 40
detectors, 10
flavors, 114
MeV, 25
mixing, 114
pion decay, 114
neutron drip line, 257
neutron stars, merger, 32
Newton’s constant, 84
Newton’s law, 227
NGC 4256, 206
NGC 6240, 1
nuclear collisions
inelastic, 115
optical depth, 116
pp, pn, py, 114
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occupation number, 58
opacity ratio, 120
optical depth, 59

P-cygni H-lines, 28
Pan-STARRS, 27
Papaloizou, J. C. B., 216
parallel transport, 85
Penrose cosmic censorship, 232
Penrose process, 150, 294
phase space, 43
invariance, 49
photo-ionization, 3
photomeson interactions, 10, 117
photomultiplier tubes, 33
photons
diffusion, 180
distribution, 43
quantization, 43, 49
seeds, 72
photopion optical depth, 118
photopion production, 119, 120
Pierre Auger Observatory (PAO), 32,
112, 267
triangulation, 34
pion production, 116
pionosphere, 118
pions, 34
energies, 115
PKS 2155-304,9
Planck constant, 43, 81
plasma, electron—positron, 60
polytropic index, 23
Poynting flux, 160
pressure, total, 60, 154
primordial waves, 36
Pringle, J. E., 216
PSR 1013+16, 93
PSR 1913+16, 31
PSR B1259-63, 13
PSR J0751+4-1807, 25
PSR J0751+1807, 272
PSR J1614-2230, 25, 272
pulsars, 5, 13
anomalous X-ray (AXP), 15
brightness temperatures, 14
calorimetry, 14
clock, 15
coherent emissions, 14
death line, 15
discovery, 13
emission energies, 14
Fermi LAT Catalog, 14
inverse Compton emissions, 15
lifetime, 15
magnetic dipole moment, 15
magnetosphere, 14
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orbital phase, 13
plerion, 15
polar outflows, 14
radio-quiet, 14
spin down energy, 14
TeV emissions, 15
wind nebula (PWN), 13, 15, 255
winds, 145
pulse width, 54

quantum recoil, 71
quasars, 2
big blue bump, 210
redshift, 3

quasi-periodic oscillations (QPOs), 2, 38, 221, 266,

271,288

radiation
absorption coefficient, 51
absorption, emission, 44
circularly polarized, 54
Compton, 68
Compton scattering, 65
constraints, 79
cooling time, 52
cyclotron, 81
dipole, 50
Doppler effect, 45
Doppler factor, 46, 60
Doppler relations, 64
elliptically polarized, 54
emitted power, 50, 52
energy—momentum, 66
equipartition, 59
intensity, 72, 180, 192
isotropic, 52, 64
kinematic conditions, 66
Klein—Nishina, 65, 73
line broadening, 58
linearly polarized, 54
mean free path, 51
optical depth, 44, 51
pitch angle, 56
polarization, 53, 62
power ratio, 67
quantum effects, 63
soft, 78
solid angle, 55
stress tensor, 44
Thomson formula, 63
Thomson scattering, 61
transfer, 44
transfer equation, 65
radio astronomy, 60
radio bands L1, L2, 90
radio images, 59

Index

radio intensity, 59
radio jets, 6
radio sources, 7
compact, 7
relativistic, 8
Rankine-Hugoniot jump condition, 157
Rayleigh-Taylor instabilities, 202
red supergiant phase, 23
redshift factor, 88, 234
reionization, 36
reverberation, 3
Ricci scalar, 88
Ricci tensor, 87, 234
Riemann invariants, 155
Riemann tensor, 84, 87
curvature—spin coupling, 102
degrees of freedom, 87
dimension, 100
Jacobi identity, 87
Kerr metric, 101
Papapetrou force, 100
potential energy, 100
Rindler observer, 230
Roche lobe overflow, 206
Ruffini, R., 149
RX J0852.0-4622, 112
RXTE, 28

Salpeter mass function, 27
Sanduleak-69° 202a, 25
scatterers
non-relativistic, 71
relativistic, 70
scattering
elastic, 172
Fokker-Planck, 173
Markov process, 173
Schwarzschild line-element, 89
self-absorption, 59
seyfert galaxies, 254
SGR 1806-20, 16, 36
SgrA*, gravitational waves, 265
Shakura, N. 1., 209
shift vectors, 94
shocks, 123
ambient medium, 183
anisotropy, 179
Boltzmann equation, 173
break-out in supernovae, 175
collisional, 153
collisionless, 168
compression ratio, 163
contact discontinuity, 164
dissipation, 153
efficiency, 163
electromagnetic instabilities, 168
Fermi acceleration, 170
formation, 156
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shocks (cont.)
forward, reverse, 183
internal, 179
jet power, 167
mean free path, 169
Monte Carlo simulations, 175
oblique, 161
optically thick, 175
pair creation, 177
photon-rich, 179, 180
radiation-mediated, 175
radiative losses, 168
ram pressure, 166
recollimation, reconfinement, 166
relativistic, 175
reverse shock formation, 195
skip depth, 153
spectral index, 175
terrestrial, astrophysical, 169
Thomson mean free path, 153
ultra-relativistic, 187
simulation, particle in cell (PIC), 169
Sirius A, B, 24
skin depth, 169, 170
SN 1006, 29, 42, 112
SN 1987A, 25, 32, 40, 219
SN 2008D, 38
SNR 1006, 29
SNR DEM L71, 183
SNR J1713.74-3946, 29
SNR RXJ1713-3946, 112
soft gamma-ray repeaters (SGR), 5
flares, 17
pulsating tail, 16
specific enthalpy, 125, 154
specific intensity, 43
Square Kilometer Array (SKA), 27
SS 433,47
stagnation point, 223
stellar evolution endpoints, 6
Stokes parameters, 53, 62, 82
strain amplitude, 273
scaling, 94
sensitivity, 36
strain noise amplitude, 274
Gaussian, 275
Sunyaev, R. A., 209
superluminal motion, 6
supernovae, 5, 169
free expansion, 28
hydrogen envelope, 28
hyper-energetic, 26
kinetic energy, 27
radiative cooling, 28
radio loud, 38
remnants (SNR), 28, 202
Sedov phase, 28
shock break-out, 271
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Type Ib/c, 26

Type 11, 26
suspended accretion, 264
Swift, 256, 271
synchrotron cooling, 114
synchrotron emission

radio, 28

X-ray, 28
synchrotron radiation, 42, 51
synchrotron self-Compton (SSC),

8, 72,204

’t Hooft, G., 97
Takahashi, R., 150
TAMA 300m, 36, 274, 275
data frames, 276
sampling frequency, 274
tangent space, 85
Taylor—Couette, 215
template light curves (tLC), 259
TeV emission, 29
TeV photons, 33, 42
thermal pressure, 40
thermodynamic equilibrium, 45
Thomson cross section, 40, 52
Thomson scattering, 82
tidal break-up, 30
time-symmetric initial data, 234
torus, 104
Alfvén velocity, 257
bifurcation points, 217
catalytic conversion, 32, 106
competing torques, 105
equivalence to pulsars, 222
fixed point, 273
forced MHD turbulence,
217,222
gravitational waves, 222, 264
gravitational-wave backreaction, 220
hot, 216
ion, 254
ISCO, 272
kinetic energy, 256
magnetosphere, 32, 103, 222
MeV emissions, 222
non-axisymmetric instabilities, 216, 272
Papaloizou—Pringle instability, 216
QPOs, 221
quadrupole mass inhomogeneity, 221
Rayleigh bound, 217
sub-Keplerian, 217
super-Keplerian, 217
superstrong magnetic fields, 223
suspended accretion, 219, 222
turbulent spectrum, 221
van Putten-Levinson bound, 217
velocity of sound, 257
Transient Universe, 32, 38
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trapped surface, entropy jump, 238 waves
Tully—Fisher relation, 4 Alfvén, 155
turbulence, 94 fast magnetosonic, 155
forcing, 105 incompressible, 211
galactic B, 111 method of characteristics, 156
IR spectrum, 103 Riemann invariants, 153
magnetic, 170 simple, 155
MRI instability, 103 sound, 155
Reynolds number, 266 ‘Waxmann-Bahcall bound, 35
UV spectrum, 103 Weibel instability, 169
Tycho, 203 Whipple Observatory, 33
white dwarfs, 26
ultra-high energy cosmic rays (UHECRs), Wilson, J. R., 149
110, 252 winds
AGN association, 255 adiabatic, 139
composition, 111 Blandford-Znajek solution, 149
EeV, 35 critical surfaces in MHD, 146
GZK, 255 efficiency, 147
hadronic, 110 equipotential surfaces, 144
knee, 110 flux surfaces, 148
repeat events, 111 force-free limit, 147
ultra-high energy protons, 120 Grad-Shafranov equation, 143
unit sphere, 85 in gravitational field, 141
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