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adiabatic cooling, 114, 118, 216 from equivalent width, 48-50
adiabatic index (y), 107, 217 of damped Lyman alpha systems, 214
adsorption, 172 of hydrogen (Ng), 134-135
Andromeda Galaxy (M31), 182, 189 of Lyman limit systems, 214

luminosity (Lyrw), 189 of molecular hydrogen (N(H»)), 164, 165
antenna temperature (7 ), 60, 61, 160 of neutral hydrogen (Ngy), 57, 62
association, direct radiative, 170 Coma Cluster, 152, 189-196
attachment cooling function (A), 20, 122, 224

radiative, 171 Ci, 24

versus recombination, 171 Lyman «, 25
attenuation coefficient (ky), 34, 43, 159 01,24
auroral line, 90 cooling mechanisms, 23-26

coronal gas, see hot ionized medium
cosmic microwave background (CMB), 65, 158
affected by reionization, 208
cosmic noon, 212, 213
cosmic rays, 21, 168
cosmic star formation rate, 212
cosmological simulations, 220-221
phase diagram, 223
critical density of colliders (nj;), 68, 86, 92, 158
cross section
absorption (o), 39, 159, 200
collisional (o), 14-17

blackbody radiation, 35

photon number density (1, ), 204

photon occupation number, 64
Boltzmann distribution, 17, 65, 67
bremsstrahlung, see free—free emission
brightness temperature (73), 60

at 1420 MHz, 66
broadening parameter (b), 41

in Local Bubble, 127

in molecular clouds, 165

circum® coronene (N >0), 144

circumgalactic medium (CGM), 1, 181-189 dust grain extinction (Gext), 136
warm-hot and hot, 184 photoionization (opno), 19, 71, 78, 125, 226
CO (J = 1 — 0) transition, 157-162 radiative recombination (oyr), 19, 73, 84
1300 versus 12C0, 162-163 stimulated emission (oy¢), 58
cold neutral medium (CNM), 4, 23-51 Thomson (o), 208
cooling, 24 curve of growth, 46-50
heating, 22 flat part, 4849, 214
collision strength (), 91 linear part, 4748
collisional ionization equilibrium (CIE), 121-125 square-root part, 50, 214
time to reach, 125
collisional rate coefficient damped Lyman alpha system, 214-215
de-excitation (kyy), 66, 158 damping width (y,,¢), 40
excitation (kg ), 66, 158 dark ages, 205
ionization (k.;), 121 dark nebula, 9, 162
collisional time (t.qq)), 16 de-excitation
color excess, 134 collisional, 38, 66
column density (N), 44 radiative, 64
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detachment
associative, 171
photodetachment, 171
versus ionization, 171
dielectronic recombination, 122
diffuse intergalactic medium (DIM), 1,
198-218, 221
cooling, 26, 216
heating, 23, 216
metallicity, 224
pressure, 6
diffuse ionized gas, see warm ionized medium
dissociation
collisional, 154, 168
photodissociation, 154, 174
dust
2175 A bump, 134
circumstellar, 130, 149
equilibrium temperature (Teq), 147
extinction, 132
grain radius growth rate, 149
half-mass grain size (aq 5), 145
intergalactic, 2
interstellar, 2, 130-152
polarization of starlight, 132
reddening, 131
sputtering, 151-152
very small grain, 143, 173

efficiency factor (Q), 136, 146
Einstein A coefficient, 37
COJ=1—0),157
hydrogen 21 cm, 55
Lyman «, 37
Einstein B coefficient, 37
emissivity (jy), 34, 60
free—free emission, 192
equivalent width, 46-51
dimensionless (W), 46
velocity (Wy), 63
wavelength (W), 46
excitation
collisional, 66, 85
radiative, 64, 175
excitation equilibrium, 17-18
excitation temperature (Texc), 18, 56
extinction curve, 133
extinction paradox, 139

first ionization energy, 5, 71
forbidden transition, 38, 86
fractional ionization (x), 24, 70, 74-75
collisional ionization equilibrium, 124
during recombination, 204
during reionization, 216
free electron density (r.), 16, 92
free—free emission, 25-26, 192
cooling rate, 84, 111

gain (G), 20
for dust grain, 146
galactic wind, 187-189
AGN driven, 187
supernova driven, 187
Gaunt factor, 192
frequency-averaged (ggf), 84, 111, 193
grain catalysis, 171
Gunn-Peterson effect, 201-202, 207
fluctuating approximation, 218

Hu region, 10, 75, 81-87
cooling, 83-86
heating, 82-83
Orion Nebula, 10
spectrum, 38, 88
ultracompact, 86
heating mechanisms, 21-23
high-velocity cloud (HVC), 182-184
hot ionized medium (HIM), 4, 106128
cooling, 25, 122-123
heating, 23, 122
hydrogen 21 cm, 4, 55-68
from high-velocity clouds, 182
prediction, 55
hyperfine transition, 55

index of refraction (72), 136137
integrated line intensity, 62, 166, 167
intensity (1), 33

and brightness temperature, 60
interstellar medium (ISM), 1

energy densities, 6

mass in Milky Way, 4

phases, 26, 28

pressure, 6
intracluster medium (ICM), 1, 190-196

cooling flow, 195

heating by AGN, 195
ionization

collisional, 18, 70, 120

photoionization, 18, 70-72

secondary photoionization, 79
ionization equilibrium, 18-19, 77
ionization front, 95

plane parallel, 97

R-type versus D-type, 100

spherical, 95-96

strong versus weak, 100
isotopologue, 162

kinetic equilibrium, 15-17
kinetic temperature (7), 15

Large Magellanic Cloud (LMC), 13, 182
mass of Hi, 182
metallicity, 134

line profile (®,), 39, 41

line width, 3941
intrinsic, 39
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natural, see intrinsic
thermal, 41
Local Bubble, 4, 28, 106, 126

Local Fluff, see Local Interstellar Cloud

Local Group, 189
Local Interstellar Cloud, 106
Lockman Hole, 57, 226
Lorentz function, 40
full width at half maximum, 40
loss (L), 20, 170
for dust grain, 146
Lyman «, 24, 32, 50
absorption by IGM, 199
absorption optical depth, 44
deuterium, 51
effective optical depth (zefr), 206
Lyman alpha forest, 213-215
Lyman and Werner bands, 174, 177
Lyman limit system, 214
Lyman series, 32

MB82 (starburst galaxy)
CO emission, 163
galactic wind, 187
supernova rate, 187

M87 (elliptical galaxy)
mass of ISM, 5

Mach number (M), 109, 114
isothermal, 112

Magellanic Stream, 182

maser, 18, 34

Maxwellian distribution
particle energy, 19
particle velocity, 15

metallicity (Z), 5
effect on cooling, 87, 224
evolution with time, 224
of Lyman alpha systems, 215
solar (Zp), 5

Mie scattering, 138

Milky Way Galaxy
interstellar radiation field, 65
luminosity (Lyrw), 189
mass of ISM, 4
virial mass, 182
virial radius, 182

missing baryon problem, 220

molecular clouds, 3, 154-179
cooling, 24, 168-170
heating, 21, 168

molecule
diatomic, 154
dissociation energy (Dg), 154
electric dipole moment (), 157

rotational quantum number (J), 156
vibrational quantum number (v), 156

nebular line, 90
nebulium lines [O111], 8, 38, 86, 90

on-the-spot approximation, 73
optical depth (ty), 34, 44, 133

at line center (tp), 44

damping (tgamp)- 48

from Thomson scattering (), 209

partition function, 162
permitted transition, 37-38
photodissociation region, 178-179
photoionization rate ({pho), 72
by blackbody radiation, 204
photon occupation number (71y), 64, 158
Planck function (B,), 35
planetary nebula, 11
Cat’s Eye Nebula, 7,9, 11
Ring Nebula, 11
polycyclic aromatic hydrocarbon (PAH), 143
emission features, 144
pressure equilibrium, 19-20, 77
pulsar wind nebula, 114

quasar, 199
absorption lines, 199
ionizing photon emission, 210, 213

radiative recombination, 18, 72-74
Case A (optically thin), 74
Case B (optically thick), 74
cooling rate, 83
in hot ionized medium, 121
radiative recombination rate («), 19, 73
for He, 79
radiative transfer equation, 33-34, 159
line emission, 59
Rankine—Hugoniot conditions, 109
Rayleigh scattering, 131, 138
recombination (cosmological), 203-205
redshift of, 205
recombination time (trec), 73, 76, 124, 211
reflection nebula, 9
Pleiades, 9, 132
reionization (cosmological), 205-213
by active galactic nuclei, 212-213
by massive stars, 210-212
optical depth (), 209
redshift of (zx), 210

Sedov—Taylor solution, 113, 116
self-shielding, 176-178, 214
self-shielding factor (Bss), 177
shock front, 101, 107
breakout, 189
isothermal, 112
plane parallel, 108
radiative zone, 110
shock heating, 23
silicate, 140, 141
absorption/emission features, 142
astrosilicate, 142
olivine (Mg Fep_2,Si0y4), 141
pyroxene (MgyFe_,SiO3), 141
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Small Magellanic Cloud (SMC), 13, 182
mass of H1, 182
mass of ISM, 4
metallicity, 134
solar abundance, 5
solar metallicity (Zp), 5, 87
sound speed (cy), 77, 107
isothermal, 99
source function (S)), 34, 60, 159
spin temperature, see excitation temperature
Stromgren radius (Ry), 102
Strémgren sphere, 10, 75-81
supernova rate (XgNR)
solar neighborhood, 120
starburst galaxy, 187
supernova remnant, 11, 113-119
Crab Nebula, 11, 114
Cygnus Loop, 11, 115
free expansion phase, 113-114
Sedov-Taylor phase, 114-116
snowplow phase, 118-119
synchrotron radiation, 65

thermal radiation, 35

total to selective extinction (Ry), 134
turbulence, 20, 165

two-photon emission, 88

virial mass (M>q0), 182
virial radius (rpqq), 181-182

virial theorem, 165, 181, 191
Voigt profile, 41
Voigt-Hjerting function, 41
volumetric cooling rate (£), 20
adiabatic expansion, 217
free—free, 84, 111
line emission, 112, 170
radiative recombination, 83
volumetric heating rate (g), 20
photoionization, 83, 216

warm intercloud medium, see warm neutral medium
warm ionized medium (WIM), 4, 13, 70-102
cooling, 25
heating, 22
warm neutral medium (WNM), 4, 54-68
cooling, 25
heating, 22
warm-hot intergalactic medium (WHIM), 2, 220-228
cooling, 26, 224-225
filamentary structure, 221
heating, 23, 222
metallicity, 224
pressure, 6
wavelength (air versus vacuum), 8
work function (w), 22

X-factor (Xco), 166
density dependence, 167
metallicity dependence, 167
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