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absorption lines, 153
acceleration mechanism
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gravitational, 78
accretion, 45, 56
Active Galactic Nuclei, 45, 56, 112
active optics, 8
adaptive optics, 8, 109
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age of the universe, 12, 26
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angular momentum transport, 56, 64
angular-diameter distance, 15, 48
annihilation line radiation, 55
anomalous transport, 57, 73
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Arecibo telescope, 37
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astrometric precision, 29
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atmospheric transmission, 4

atmospheric turbulence, 7
atomic hydrogen 21-cm line, 6, 38
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ballerina skirt effect, 75
ballistic missile, 35

bar modes, 148

barotropic fluids, 61

baryonic matter, 144, 160
baseline, 8, 38

basic state, 63, 96, 147

Bell Telephone Laboratories, 41
bending waves, 147, 148
BeppoSAX, 55, 60

binding potential, 129
black-body radiation, 40
Borexino experiment, 73
bound orbits, 114

boundary conditions, 114, 129
Bremsstrahlung, 57

bulge, 88, 96, 141

Bullet cluster, 125, 170

capacitor, 126
Cassini-Huygens mission, 69
¢D galaxies, 46

central cusp, 123, 162

central potential, 113

central solid-body rotation, 136
centrifugal potential, 51
Cepheids, 86

Chandra X-ray Observatory, 55
Chandrasekhar limit, 27, 42, 67
channel maps, 133
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characteristic overdensity, in cosmological
structures, 161
circular frequency, 116
circular velocity, 155
classical satellites of the Galaxy, 163
closed orbits, 115
CNO cycle, 71
collective instabilities, 57, 73
collisionless Boltzmann equation, 154
collisionless collapse, 155
collisionless dark matter, 127
collisionless plasma, 76
collisionless stellar systems, 153
color gradients, 97
column density contours, 133
Coma cluster, 57, 121, 123
combined stellar dynamics - strong lensing
analyses, 165
combined X-ray - strong lensing analyses, 125
combined X-ray - weak lensing analyses,
123, 170
comet tails, 70
compact dwarfs, 94
companions, 95
Compton scattering, 59
conservation of angular momentum, 114
conservation of energy, 100
conspiracy
in ellipticals, 155
in spirals, 144
constellation
Fornax, 25
Leo, 7
Sagittarius, 37, 108
Ursa Major, 6, 24, 46
continuity equation, 61
cool disks, 135
cool-core clusters, 123
cooling flow, 122
cooling time, 122
core of dark matter halos, 115, 142
Coriolis acceleration, 34
Cosmic Background Explorer, 41
Cosmic Microwave Background radiation,
39, 159
cosmic quadrupole amplitude, 41
cosmic rays, 68
cosmic shear, 167
cosmological constant, 26
cosmological curvature parameter, 27
cosmological density parameter, 26, 157
cosmological dimming, 15

cosmological evolution equations, 27
cosmological helium, 141
cosmological model
ACDM, 40, 159
Einstein—de Sitter, 26, 157
Friedmann—Lemaitre, 26
inflationary, 40
static, 29
cosmological redshift, 6, 15
Coulomb scattering, 59
mean free path, 76
Crab nebula, 37, 43
critical density
for cosmology, 27
for gravitational lensing, 47
for tidal disruption, 32
z-dependent, 161
crossing time, 93
Cyg X-1, 56

DAMA experiment, 68
dark matter - pressure anisotropy degeneracy,
155
dark remnants, 18, 45, 164
data-cube, 133
de Vaucouleurs, Gérard, 155
Debye length, 58
declination, 12
deflection of light by a point mass, 45
degeneracy
disk-halo, in spirals, 144
mass-sheet, 123
degeneracy pressure, 42, 67
degeneracy strip in parameter space, 144
density distribution of dark matter
asymptotic, 140
Einasto profile, 162
in a non-spherical isothermal halo, 145
Navarro—Frenk—White profile, 160
regular isothermal sphere, 140
density of a normal sheet of paper, 92
density of nuclear matter, 50
density waves, 147
determinant of a linear system, 35
differential rotation, 64
diffraction limit, 6
Dirac 6-function, 139
direct problem, 19, 48
directional or beamed emission, 61
discovery of galaxies, 119
discovery of the Galaxy differential
rotation, 109
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discovery of the muon, 68

discovery of the neutron, 42
discovery of the positron, 68

Disk Mass Project, 128

disks of satellites, 95, 158, 163
distance to the Galactic center, 92
distribution function, 19, 153
Doppler effect, 10, 12

duration time bimodality of GRBs, 61
dwarf spheroidals, 94, 164
Dwingeloo Radio Observatory, 37, 39, 135
dynamical time, 91

early-type galaxies, 88, 119
Earth’s magnetotail, 70
Eddington, Arthur, 67
effective potential, 114
Einstein Cross, 47
Einstein Observatory, 55
ellipsoidal figures of equilibrium, 34, 50, 147
emission lines, 157
energy equipartition, 122
epicyclic approximation, 116
epicyclic frequency, 117
equation of state, 62, 129
equations of stellar dynamics, 101
equatorial current sheet, 70, 75
equatorial dynamical time, 93
equatorial eccentricity, 50
Euclid mission, 30
Euler equation, 62, 102

for an axisymmetric disk, 64
Eulerian description of fluids, 61
European Extremely Large Telescope, 23
European Southern Observatory, 22
European Space Agency, 55
exponential disks, 97, 137, 139
exponential growth, 35
exponential length, 97, 140
exposure time, 7, 24
extended sources, 16
extinction, 9, 24, 97, 109
extra-planar atomic hydrogen, 96
extra-solar planets, 38

far-infrared, 4

feedback processes, 159

Fermi Observatory, 55, 75
Fermi-bubbles, 55

Feynman, Richard, 83, 152, 167
fine tuning, 144, 158

flag flapping in the wind, 149

flat geometry, 28, 157

flat rotation curves, 136, 149, 156, 166
flocculent spiral structure, 88

fluid model, 101

Fourier analysis, 147

full width at half maximum, 7

fusion energy, 71

GADGET?2, 159

Gaia, 29, 78, 163

Galactic thickness, 126

Galilean satellites, 7

Gauss theorem, 103, 130

Geiger counter, 54

geomagnetic storms, 70

geophysical flows, 147

giant molecular clouds, 96

Giazotto, Adalberto, 69

global modal analysis for spiral
galaxies, 148

globular clusters as discrete kinematical
tracers, 157

grand-design spiral structure, 88

granularity of the gravitational field, 97

gravitational energy

for a homogeneous sphere, 103

for a spherically-symmetric system, 103

gravitational redshift, 120
gravitational wave, 43
grazing incidence, 54
GRB 150101B, 75

GRB 170817A, 75

GRB 970228, 61

Greek camp asteroids, 33
Green’s identities, 103
GW170817, 59, 74

GZK limit, 638

Ha line, 6

Hale telescope, 6

half-light or effective radius, 15, 91,
153,163

hard X-rays, 4

harmonic potential, 50, 115

Helios spacecrafts, 76

helioseismology, 73

heliosphere, 70

boundary with interstellar space, 70

Hess, Victor, 68

HI or neutral hydrogen, 19, 39, 96, 132

High Surface Brightness galaxies, 94

HII regions, 16, 96
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Hipparcos, 29, 126 K-band observations, 98, 109
Homestake Solar Neutrino Detector, 71 Kamiokande experiment, 72
hotness of a self-gravitating system, 102 Keck Observatory, 23
Hubble Kelvin, lord, 83
constant, 12, 26, 49, 87 Kelvin—Helmbholtz
expansion, 120 instability, 149
galaxy morphological classification, 87 time scale, 67
law, 12 Kepler’s third law, 31, 32, 111
Legacy Field, 24 Keplerian decline, 135
sequence, 88, 136 Keplerian orbits, 107
time, 92 kilonovae, 75
Ultra Deep Field, 25
Hubble Space Telescope, 23, 45 lack of rotation in bright ellipticals, 153
Hubble, Edwin, 85-87, 120 Large Magellanic Cloud, 149
hurricanes in planets, 69 Laser Interferometer Space Antenna,
30, 69

hydrostatic equilibrium, 108, 122

collisionless, 155

in slab geometry, 129

in spherical symmetry, 62
hyperbolic cosine function, 130
hypervelocity stars, 78

late-type galaxies, 88, 119

Lenz vector, 115

light disks, 127, 145

LIGO-Virgo collaboration, 43, 69, 74

line profiles, 19, 133
double-horned, 132

line shifts, 133

line widths, 133

line-of-sight velocity, 133

linear perturbations, 34, 147

LISA Pathfinder, 30, 69

Local Group, 91, 92, 163
velocity vectors of galaxies, 163

dynamical, 33 . . . .
L local measure of velocity dispersion
secular or dissipative, 33 .
anisotropy, 154

.INTEGRAL Observatory, 75 look-back time, 15, 25
interferometry, 8, 38, 69, 112 lopsidedness, 96
interlopers, 122 Lovelace, Richard, 37

Interplanetary Kite-craft Accelerated by Low Surface Brightness galaxies, 94, 142
Radiation Of the Sun, 70 luminosity distance, 15

interstellar dust, 10, 96 luminous-dark matter decomposition

IceCube Neutrino Observatory, 74
lustris Project, 159

lustrisTNG Project, 160, 163
inelastic collisions, 92

innermost stable circular orbit, 57
instability

interstellar medium, 92, 96 in clusters of galaxies, 63
IntraCluster Medium, 57, 122 in ellipticals, 155, 165
invention of the maser, 109 in spirals, 141
inverse problem, 19, 48 Lya line, 6
Irvine—Michigan—-Brookhaven detector, 73
isothermal halo, 145 M101, 85, 88
isothermal sphere, 123, 140, 166 M31 or Andromeda galaxy, 14, 85, 87, 88,
isovelocity contours, 133 96, 163

rotation curve, 39, 84, 135
Jacobi ellipsoids, 51 M33, 87, 88
James Webb Space Telescope, 23 rotation curve, 138
Jansky, Karl, 37, 108 M51, 85, 88
Jeans equations, 154 M60-UCDI, 91, 112
Jeans theorem, 154 M81, 84, 85, 88, 142
Jodrell Bank Observatory, 38 rotation curve, 136
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M83, 88 NGC 3198, 139, 168
rotation curve, 136 rotation curve, 144

M87, 57, 112 NGC 3379, 155
Maclaurin spheroids, 51 NGC 4244, 149
MACS J1206.2-0847 cluster, 125 NGC 4378
magnetic sectors, 70, 75 rotation curve, 138
magnetohydrodynamic simulations, 160 NGC 4472
main-sequence stars, 16 luminous-dark decomposition, 155
Mariner missions, 77 NGC 4559, 133
mass budget in clusters of galaxies, NGC 4565, 96, 149

123,158 NGC 4631, 149
mass density NGC 4647, 112

in the solar neighborhood, 126 NGC 4993, 75

mass resolution of cosmological simulations, NGC 5128, 96

160 NGC 5247, 89
mass-to-light ratio, 17, 120, 138, 141 NGC 5364, 89
maximum disk, 134, 143, 144 NGC 5907, 96, 149
Maxwellian distribution function, 19, 128, NGC 7217

145, 153 rotation curve, 138
mean motions, 18, 102, 153, 154 NGC 7331, 83
mergers of galaxies, 152 NGC 7_793
micron, 4 rotation curve, 138

NGC 801

microwaves, 4

Millennium Simulation, 159

missing mass, 106, 136

Mizar, 6

modified Bessel functions, 140

Modified Newtonian Dynamics, 167
acceleration scale, 168

molecular gas, 96, 141

molecules i{l the. interstellar medium, 109 oblate ellipsoid, 50

moment Of inertia, 101 Occhialini, Giuseppe, 55

Mount Wilson Observatory, 87 Oort, Jan, 109, 125, 140

MSW effect, 73

musical instruments, 147

optical rotation curve, 135
NGC 891, 96, 149
non-cool-core clusters, 123
nuclear burning, time scale, 71
nucleosynthesis, 68

O and B stars, 16, 56, 98, 110
lifetime, 92

optical radius, 136

optically thin emission, 59, 63

orbital poles, 163

Ostriker—Peebles criterion of instability, 148
outer boundary of dark matter halos, 158

naked eye GRB, 61
natural gravitational frequency, 26, 51,

115, 130
nature of dark matter, 143 paradox of youth, 110
Navier—Stokes equation, 62 Parker Solar Probe, 70
near-infrared, 4, 9, 98, 109 Parker, Eugene, 70
negative specific heat, 99, 101 parsec, 11
Neil Gehrels Swift Observatory, 55 Penzias, Arno, 41
neutrino oscillations, 73 periodic boundary conditions, 159
neutrino spectrum, 71 periodic motion, 114
neutron stars, 16, 42, 56, 67 Perseus cluster, 57
NGC 2403, 85, 139 perturbations, 97
NGC 2841, 88 phase space, 10, 19, 153, 165
NGC 2903, 168 Pierre Auger Observatory, 75
NGC 3079, 46 Pioneer interplanetary probes, 169
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Planck function, 41
Planck mission, 41
plane of the orbit, 114
planetary nebulae as discrete kinematical
tracers, 157
plasma equilibrium configurations, 147
plasma frequency, 59
plasma parameter, 58
Poincaré, Henri, 20, 83
Point Spread Function, 8
Poisson equation, 62, 103, 145
for an infinitesimally thin disk, 139
in slab geometry, 128
in spherical geometry, 63
polar aurorae, 70
polar eccentricity, 50
Polaris, 86
Pontecorvo, Bruno, 73
population synthesis, 17
position-velocity diagrams, 133
pp chain, 71
pressure tensor, 154
primary mirror, 6
prolate ellipsoid, 50
proper motions, 12
protostellar and protoplanetary systems,

38,56
pseudo-velocity, 129
pulsar

binary, 37, 43, 75
Crab, 37, 43
first, 42

millisecond, 37, 43, 49

quadrupolar character of tidal forces, 31
quasi-circular orbits, 92

radial convection, 64
radial velocity, 133
radially-biased pressure anisotropy, 155
radian, 11
radius-luminosity diagram for globulars and
dwarfs, 163

random motions, 18, 98, 102, 153
recombination, 40
red giants, 98
reflection symmetry of the disk, 147
refraction index in gravitational lensing, 46
regular HI disks, 139

in ellipticals, 153
Regulus, 7
relativistic effects, 91

Index

relaxation
incomplete violent, 155
star-star relaxation time, 92, 153
thermodynamical, 20

repulsive force in disks with central holes, 142

restricted three-body problem, 32

right ascension, 12

Ring cluster, 170

Roberts, Morton, 136

Roche problem, 31

Rossi, Bruno, 54

rotating spherical bowl, 33

rotation curves, 39, 108
decomposition, 134
decomposition in quadrature, 142
in a fluid model, 64
self-consistent decomposition, 145

rotation of clusters of galaxies, 122

round dark matter halos, 127

RR Lyrae, 85

RX J1347.5-1145 cluster, 122

S-cluster of stars at the Galaxy center, 110
Sancisi, Renzo, 139
Sandage, Allan, 84
Saturn’s polar hexagon, 69
scaling laws, 14
fundamental plane relation, 15
period-luminosity relation for Cepheids,
14, 87
Tully—Fisher relation, 14, 144, 158, 169
Schmidt model of the Galaxy, 84, 135
Schwarzschild radius, 112
Sco X-1, 56
Search for Extra-Terrestrial Intelligence, 38
seeing, 7
self-consistency, 126, 128
SgrA*, 37, 108-110
Shapley—Curtis debate, 85
shear, 64
simulation particles, 159
Sirius, 67
slab model, 93, 128
slingshot or swing effect, 77
Sloan Digital Sky Survey, 159
small stellar systems, 158
Smith, Sinclair, 120
soft X-rays, 4
Solar and Heliospheric Observatory, 30
solar corona, 70
solar flares, 70
solar luminosity, 11

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781316519318
www.cambridge.org

Cambridge University Press & Assessment
978-1-316-51931-8 — Visible and Dark Matter in the Universe
Giuseppe Bertin

Index

More Information

Index 179

solar mass, 17 triangulation, 13
solar neighborhood, 92 Trojan camp asteroids, 33

controversy, 126 tuning fork diagram, 87
solar neutrino flux, 72 turbulent motions, 19, 98
solar wind, 70, 75 turning points of the motion, 114
space age, 54, 70 twinkling of the stars, 7
space plasmas, 69 two-stream instability, 149
Space Telescope Science Institute, 24
Special Astrophysical Observatory, 6 UGC 2259, 168
Sputnik, 54 UGC 2885, 91, 168
Square Kilometer Array, 38 optical rotation curve, 135
stability of Lagrangian points, 33 Uhuru, 55
standard candle, 14, 86 Ultra Diffuse Galaxies, 94, 164
standard rod, 14, 49 ultra-compact dwarfs, 94
standard solar model, 71 Ulysses mission, 70
star formation, 96 unrestricted three-body problem, 77
star formation history, 17
star formation rate, 17 van Albada, Tjeerd, 139
stellar atmospheres, 153 van de Hulst, Hendrik, 38
stellar dynamics, 154 van Maanen, Adrian, 85
stellar populations, 16, 143 Vela program, 55, 59

Population I, 86, 96 velocity dispersion, 20, 98, 121, 153

Population II, 86, 96 anisotropic, 76, 153
strahl, 76 in the solar neighborhood, 126
strong gravitational lensing, 47 isotropic, 20

time delays, 48 tensor, 154
structure formation, 159, 167 vertical, 128
substructures, 158 vertical dynamical time, 93
sunspot cycle, 11-year, 73 Very Large Array, 38
Sunyaev—Zeldovich effect, 59 Very Large Telescope, 9, 22
super spirals, 94 Very Long Baseline Interferometry, 37
supermassive black holes, 45, 77, 112 Virgo cluster, 57, 112, 121
supernova virial coefficient, 121

Crab, 43 virial equilibrium, 107

Refsdal, 49 virial radius, in cosmological

SN 1987A, 73 context, 161

type la, 14, 26, 27 virial theorem
superthin galaxies, 96 for clusters of galaxies, 120
surface brightness, 15 for the general case, 100
symmetry break, 34, 147 viscous stress tensor, 62

viscous torque, 64

tangentially-biased pressure anisotropy, 155 Vlasov equation, 154
temperature anisotropy, 76 Voyager missions, 69
thin disk, 98
thin lens approximation, 47 warps, 96, 147
tidal disruption, 32 water maser emission, 109
tidal stretching, 31 wavebands, 4
tightly wound spiral structure, 89 weak gravitational lensing, 48, 122
tilted-ring model, 149 Weakly Interacting Massive Particles, 68, 127,
total gravitational energy, 102 140, 143
Townes, Charles, 109 Westerbork Synthesis Radio Telescope, 38,
tree codes, 159 84,134
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white dwarfs, 16, 42, 67 X-ray binaries, 56

Wilkinson Microwave Anisotropy Probe, 41 X-ray diagnostics in ellipticals, 157
Wilson, Robert, 41 XMM-Newton Observatory, 55
Wolter, Hans, 54

Woltjer, Lodewijk, 163 Zwicky, Fritz, 120
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