
Index

0528+134, 7
3C279, 8, 119
4C38.41, 7

accretion disks, 77, 206
advection dominated (ADAF), 210
advection, winds, 210
Alfvén velocity, 211
angular momentum flux, 208
Boussinesq approximation, 211
buoyancy, 211
cooling, 210
Doppler shifts, 99
emission spectrum, 210
epicyclic frequency, 213
gravitational waves, 206, 211
gravitational-wave dominated, 265
hydrostatic equilibrium, 207
hyper-accretion, 210
inefficient (RIAF), 210
isentropic stratification, 211
kinematic viscosity, 207
last stable orbit, 210
magnetic tension, 211
magneto-rotational instability,

209
magnetosphere, 272
masers, 206
MeV emission, 210
neutrino dominated, 265
neutron-to-proton ratio, 210
opacity, 210
poloidal magnetic field, 213
polytropic index, 212
Rayleigh criterion, 216
Reynolds stress, 208
Shakura–Sunyaev, 209
sound speed, 207, 215
think disk approximation, 207
Thomson optical depth, 210
torque, 208

torus shape, 216
turbulence, 215
UV emission, 210
virial temperature, 210
viscosity, 206
winds, 206
X-ray emission, 210
X-ray spectroscopy, 206, 221, 267

active galactic nuclei (AGN)
duty cycle, 255
gamma-ray emitting, 7
intermittent, 255
lifetime, 255
unified model, 7

adiabatic compression, 125
adiabatic index, 125
adiabatic reaction forces, 228
ADM formalism, 95
advection, 170
affine connection, 128
Alfvén, 123
Alfvén fronts, 103
Alfvén surface, 146–148, 150
Alfvén wave, 253
ALMA, 32
AMANDA detector, 34
Andromeda (M31), 36, 40
ANITA, 35
Antarctic ice sheet, 34
apparent horizon surface

area, 240
apparent velocity, 81
ASCA, 99, 206
atomic energy scale, 51

baryon number, 133
BATSE, 17, 259
beaming

cone, 56
opening angle, 45
relativistic, 45, 61
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Bell, S. J., and Hewish, A., 13
Bianchi identity, 88
binary

gamma-ray, 13
high mass X-ray (HMXB), 10

BL Lac, 8
black body radiation, 81
black holes

accretion, 175
Bekenstein–Hawking entropy, 107
binary, 1, 238
Brill–Lindquist coordinates, 229
bulge relation, 10
Carter’s theorem, 106
corona, 77
cosmic censorship, 231
electrostatic capacitance, 105
entropy creation, 107
Faraday induction, 254
first law of thermodynamics, 105
horizon magnetic flux, 106
lifetime of spin, 255
Liouville theorem, 231
luminosity, 254
multihole solutions, 237
Schwarzschild, 229
singularities, 232
spin energy, 31
spinning top, 31
supermassive, 1, 254
surface gravity, 229
temperature, 107
viscous spin down, 32
Wald equilibrium charge, 106

Blandford, R. D, 149
blast waves, 169, 183

adiabatic, 185
Blandford–McKee solution, 191, 203
emissions, 190
energy, 186
equations, 185
Fermi acceleration, 190
light curves, 193
optical flashes, 201, 203
radiative losses, 189
self-similar solution, 186
self-similarity, 199
shell model, 185
SSC emission, 192
stability, 202
synchrotron emission, 191
thermal energy, 190
thin shell approximation, 197
vorticity generation, 204

blazar, 2, 6
high-frequency-peaked, 8
TeV, 8

Bohm diffusion, 182

Bohm limit, 111
Bohr radius, 51
Boltzmann equation, 123
Boltzmann factor, 81
Boyer–Lindquist coordinates, 98
bremmsstrahlung, 29
brightness temperature, 60, 73
BRK09, 10
broad line emission, 3
Brunt–Väisälä frequency, 211
Burgers’ equation, 181

shock capturing, 181

CANGAROO, 29
Carter, B., 221
Cas A, 28, 203
causality, 9, 84
central engine, 6
centripetal acceleration, 51
Cerenkov experiments, 110
Cerenkov imaging telescopes

MAGIC, 8
HESS, 8
VERITAS, 8

Cerenkov radiation, 33
Cerenkov Telescope Array (CTA), 32
CFHQS J2329-0301, 37
Chandra X-ray satellite, 16
Chandrasekhar mass limit, 24
charge neutrality, 60
chirp mass, 30, 97
Christoffel symbols, 86
closed loop, 85
cloud, 4

molecular, 33
optically thin, 71

CMB, 34, 42, 119
thermal photons, 119

collimation, causality scale, 193
collision frequency, 72, 169
collisions

pp, 29
damping, 169

common horizon envelope, 241
Compton catastrophe, 73
Compton drag, 70
Compton Gamma Ray Observatory, 7
Compton rocket, 70
Compton scattering, 61

multiple, 72
Compton wavelength, 41
comptonization, 175

parameter, 72
convective derivative, 154
core-collapse supernovae (CC-SNe),

27, 268
cosmic accelerators, 37
cosmic-ray muons, 34
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cosmic rays
ankle, 112
bottom-up, top-down, 112
diffusion time, 111
galactic, extragalactic, 111
SNRs, 112
spallation, 112
spectrum, 111
stellar abundances, 112

cosmological IR background, 120
cosmology

2MASS, 1
CfA Redshift Survey, 1
CMB, 1
dark matter, 1
filaments, 1
large scale structure, 2
SDSS, 1
Sloan Great Wall, 2
voids, 1

covariant derivative, 85, 128
non-commutativity, 87

Crab Nebula, 16, 33, 81
age, 82
continuum X-rays, 16
disk morphology, 16
SNR shell, 16
spin axis, 16

crosssection, photopion, 117
curvature deficit angle, 90
curved spacetime, 128
cyclotron emission, 52
cyclotron energy, 51
Cyg X-1, 40

dark energy, 37
dark matter, 37
de Sitter precession, 91
diffusive acceleration, 42
distribution

Bose–Einstein, 71
spectral energy (SED), 74

distribution function, 123
Doppler factor crises, 70
downstream, 158
duty cycle, causality, 163

E-ELT, 32
early Universe, 34, 38
EBL, 37
Eddington accretion rate, 10, 209
Eddington luminosity, 39, 113
EGRET telescope, 7, 34
eigentime, 84
Einstein coefficients, 58
Einstein relations, 58
Einstein Telescope (ET), 36
Einstein tensor, 88

electrical conductivity tensor, 127
electric four-current, 126
electromagnetic field tensor, 126
electromagnetic stress–energy

tensor, 126
electron degeneracy pressure, 23
electrons

catastrophic cooling, 73
cooling, 192
cooling rate, 73
creation, annihilation, 75
heating, 170
non-thermal, 8, 59
pair creation, annihilation, 8
pair production, 77
recoil, 66
thermal, 71
thermal distribution, 66

electroweak phase transitions, 38
emission lines, 3
energy gain factor, 71
enthalpy, 60
entropic force, 229
entropic gravity, 228
equation of state, 24
ergosphere, 292, 294
escape probability, 72
Euclidean space, 85
Euler–Lagrange equations, 85
event horizon, dimension, 251
EXO 0748-676, 24
extensive air showers (EAS), 33, 110
extragalactic background light (EBL), 8

past star formation, 37
extrasolar planets, 37
extrinsic curvature tensor, 94

Faber–Jackson relation, 4
Faraday induction, 211
Faraday’s equation, 104
Fermi Observatory, 7
Fermi/GLAST

GBM, 21
LAT, 21
XRT, 22

Feynmann diagram, 75
fireball, 136

mass loading, 138
fluid dynamics

Boltzmann, 163
continuity, 128
energy–momentum, 128
first law of thermodynamics, 128
four-velocity, 124
Mach number, 158
Maxwell’s equations, 128
MHD in divergence form, 128
nonlinear steepening, 153
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relativistic, 128
shock capturing, 128
single fluid description, 127
small amplitude waves, 129
sound speed, 130
streamlines, 125

flux density, 44
Fly’s Eye, 34
frame dragging, 31, 84, 97

radiation, 100
free–free emission, absorption, 177

Galactic X-ray binary (XRB), 10
galaxies

AGN, 2
BL Lacs, 2
bulge, 4
dispersion relation, 5
elliptical, 26
evolution, 4
Fanaroff–Riley type, 255
merger, 5
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
aspherical explosions, 19
Band function, 18
baseline, 259
beaming, 18
calorimetry, 22
circumburst medium, 19
collimating wind, 23
collimation, 20
collisionless shocks, 19
cosmological origin, 17
diversity, 19
durations, 17
Eddington luminosity, 19
event horizon, 23
Fermi-LAT, 19
gravitational waves, 23
Hopf bifurcation, 220
host environment, 18, 22, 195
inner engine, 19, 20
inner jet, 23
internal shocks, 21
inverse (self-)Compton, 19
isotropic energies, 18
Kerr black hole, 23
kinetic energies, 22
light curves, 17, 20
local event rate, 19

Lorentz factor, 20
mergers, 23
MeV neutrinos, 23
normalized light curves, 257
opening angles, 20
peak energies, 18, 256
peak luminosity, 21
progenitors, 17, 272
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
UHECRs, 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
dispersion relation, 96
equivalence principle, 101
harmonic gauge, 95
hyperbolic structure, 95
light cones, 96

geodesic deviation, 251
geometrical units, 84
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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globular clusters (cont.)
truncated Boltzmann distribution, 301
virialized, 302

gravitation, 227
cosmological event horizon, 229
event horizon, 229
Hawking, 229
light cones, 229
outermost trapped surface, 229
Unruh temperature, 229

gravitational lensing, 89
gravitational radiation, 241
gravitational waves, 95

all-sky surveys, 271
asymptotic frequency, 272
blind searches, 271
chirps, 268
detection algorithm, 272
detector sensitivity, 274, 276
QPOs, 266
quadrupole formula, 30, 94
time–frequency domain, 276

Gravity Probe B, 84
GRB 030329, 19, 186
GRB 050505, 20
GRB 050509B, 269
GRB 050590, 194
GRB 050709, 269
GRB 050820A, 20
GRB 050904, 19, 20
GRB 050911, 19, 20, 38
GRB 060418, 20
GRB 060614, 20, 21, 39, 271
GRB 070123, 271
GRB 070125, 6, 19, 20, 38
GRB 070201, 40
GRB 080319B, 19, 20
GRB 080916C, 20, 21, 37
GRB 990123, 202
GRS 1915+105, 11
GRS 1915+105, 119
GZK

cosmic rays, 35
cut-off, 34, 119
suppression, 112

Hamiltonian constraint, 95
Hawking, S. W., 229
HDE 226868, 40
HE 2523-0901, 37
helium burning phase, 23
HESS, 29
Hess, V., 110
HETE II, 256
Hewish, A., 13
Hilbert action, 88

3+1 form, 95
variational princple, 88

Hillas relation, 113
HiRes, 112
Hodge dual, 104
Hubble distance, 119
hydrogen burning phase, 23

IACT, 33
IC443, 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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Poynting flux dominated, 254
radiation decoupling, 139
radiation trapping, 137
radio, 10
terminal Lorentz factor, 137
Thomson optical depth, 137
transonic, 138

Kα lines, 99
KAGRA, 36
kaons, 34
Kelvin–Helmholtz instability, 116, 203
Kepler, 203
Kerr black holes, 273

Carter’s magnetic moment, 221
causality, 222
efficiency, 151
energy extraction, 150
equilibrium magnetic moment, 103
ergosphere, 150
extremal, 258
frame dragging, 222
free-falling observers, 149
ISCO, 258
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
spin evolution, 257
spinning tops, 106
UHECRs, 267
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

Latin indices, 84
LCGT, 36
Legendre polynomials, 180
Levi-Civita tensor, 127
Lie derivative, 94
lifetime of stars, 27
light cone event horizon, 230
lighthouse effect, 13
LIGO, 35
LIGO–Virgo, 269
line-element, 84
LINERs, 255
Liouville’s theorem, 44
LISA detector, 38

SgrA∗, 265
Local Universe, 274
LOFAR, 27, 32, 269
Lorentz force, 104, 106, 126, 223
Lorentz invariants, 123
Lorentz transformation, 45
LS 5009, 10
LS 5039, 12
LS I+61 303, 12
LSST, 27, 32

M–σ 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
Earth, 81
QED, 52
Saturn, 81
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

3+1 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, pγ , 114

O stars, 116
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+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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millisecond, 14
open magnetic field lines, 14
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

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. I., 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 J1713.7+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

Type Ib/c, 26
Type II, 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
Tully–Fisher relation, 4
turbulence, 94

forcing, 105
galactic B, 111
IR spectrum, 103
magnetic, 170
MRI instability, 103
Reynolds number, 266
UV spectrum, 103

Tycho, 203

ultra-high energy cosmic rays (UHECRs),
110, 252

AGN association, 255
composition, 111
EeV, 35
GZK, 255
hadronic, 110
knee, 110
repeat events, 111

ultra-high energy protons, 120
unit sphere, 85
Unruh, W. G., 229
upstream, 160

diffusive injection, 171
particle injection, 171
radiation dominated, 180

UV fluorescence tracks, 33

Vela, 17
Vela junior, 112
VERITAS, 33
vertical equivalent muons (VEM), 34
very high energy (VHE), 28, 33

gamma-rays, 116, 120
neutrino burst, 117
neutrinos, 10, 34, 110, 115, 116, 120
opacity effects, 11
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