
Index

04016+2610 10, 94, 100
04108+2803B 93
04169+2702 93
04239+2436 93
04248+2612 93–4
04302+2247 93–4
04191+1522, IRAM 85
20126+4104 109
ρ Oph 274
σ Ori cluster 270–271
η Cham 270
AA Tau 10, 11, 167, 174–5, 244, 283
AB Aur 16–17, 161, 185
absorption lines 176–7, 219, 220, 227
accretion

disk see disk, accretion
competitive 126
magnetospheric 15, 159–60, 175–7, 183, 185, 213–246,

279
luminosity 83, 85, 91, 99, 155–156, 158, 164, 167,

178–9, 200, 203–204, 210, 228, 253, 259,
261

rate, see mass accretion rate
ages

molecular cores 21–9, 39
pre-main sequence stars 1, 6, 7, 11, 16, 83, 121, 183,

213, 247, 251, 259–265, 268, 289–290
Alfvén point (surface, radius) 231, 232, 236, 239–240
Alfvén velocity 76, 142, 231
Alfvén waves 24, 233,
ALMA (Atacama Large Millimeter Array) 1, 12, 288, 290
alpha Persei cluster 183
alpha viscosity 95–6, 144–5, 182, 208–9
AM Her 240
ambipolar diffusion 55–9
angular momentum 1, 2, 11, 18, 19, 38, 59, 60,

68–9, 70–6, 80, 97, 110, 115–8, 129–59, 176, 180,
182, 185, 228, 231–2, 235–46, 253, 268–76, 281,
287–91

angular momentum transport 2, 59, 74, 76, 132, 139, 143,
146–59, 180, 182, 188–9, 236–7, 268, 271

associations, stellar 6, 25, 43, 270
asymmetric lines 105–108, 159, 213, 216, 242–243

B1 44
B35 44
B68 51–4
B335 104, 106–7
Balbus–Hawley instability see magnetorotational

instability
Balmer lines 224, 243

Balmer continuum jump 173–174, 178
binary systems 5, 11, 18, 19, 59, 95–8, 112–8, 159, 162,

179, 183–4, 187, 205, 247, 261, 264, 267, 275–6
birthline 247, 253–65
blackbody (radiation) 10, 79, 87, 90–1, 129, 140–1, 156,

165, 168, 184, 193–4, 203, 270–1, 298–300
blueshifted (spectral lines) 98, 105–108, 190, 214–217,

219–225, 244
Bonnor–Ebert sphere 66–7, 78, 99
boundary layer 15, 139, 152–4, 158–9, 200, 202,

210–1, 243
boundary conditions 49, 51, 61, 62, 66, 90, 134, 135,

140–141, 149, 193, 202, 232, 248, 253, 257, 261,
300, 302

BP Tau 14, 167, 174–5, 178, 243–4
Bok globules 4, 51, 107
brown dwarfs 4, 6, 116, 118, 123, 127, 180, 182, 269

cavity (outflow) 84, 94, 100, 103, 109, 114–115, 192,
204–205, 214–215

centrifugal radius 68, 71–5, 80, 91–3, 99
Cep OB2 27–9, 266–7
Cha I 274
chromospheric emission 158–159, 173, 183, 188, 200, 244
CI Tau 175
Class 0 objects 11, 19, 53, 83, 98–9, 107–8, 212, 260
Class I objects 3, 10–1, 19, 34, 35, 53, 82–6, 91–6, 99,

100, 101–2, 107–8, 112, 114–5, 170, 210, 212, 246,
259, 260, 271

Class II objects 3, 10–1, 14, 25, 84–6, 100–1, 170, 181
Class III objects 3, 10–1, 14, 35, 84–6, 120, 270
cloud collapse

inside-out 53–4, 62, 65–6, 68
outside-in 66
rotating 68–74
similarity solution 61–5

cloud, magnetically subcritical or supercritical 32, 45, 51,
55–8, 76

CoKu Tau/1 94
CoKu Tau 4 186
collision rates 56, 164, 225–6
collisional excitation 225
continuity equation 233, 292
contraction, gravitational 83, 247, 251, 254, 285
convection 143, 248–9, 251, 255, 261
cooling 6, 7, 21, 41, 87, 127–8, 151–2, 196, 205–6, 226–7,

256–8, 285
coronal emission 158–159, 183
corotation radius 177, 228
critical density 32, 128
critical mass for magnetic support 57
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CY Tau 283
CW Tau 219, 244

DE Tau 167, 174
deuterium fusion 6, 83, 247, 251, 253–62
DF Tau 175, 219
DG Tau 94, 175, 237–9, 244, 259
DI Tau 173, 175, 183
DR Tau 219
differential rotation 131, 196–8, 211
diffusion approximation 90, 202, 249
disk

apparent luminosity 141, 156, 168–9
accretion 14–9, 30, 76, 81, 83, 98, 109, 129–56, 158–60,

173, 177, 179–80, 183, 185, 189, 200–1, 205, 210,
212, 213, 222, 225, 227, 235–7, 240–2, 247–67, 272,
278, 286–7

circumbinary 97–8, 117, 162, 183, 276
dead zones 147, 172, 203, 205, 208–10, 268, 285, 287,

290–1
diffusion equation 133–4
dust 16, 158–9, 161, 163–4, 184–5, 268, 281, 288–90
dust emission 10, 11, 17, 95, 160, 183, 187, 283, 288
dust coagulation 19, 161, 164, 166, 185, 172, 268, 272
dust settling 157, 278, 282
debris 11, 16, 17, 18, 282, 288–90
evolution 1, 19, 76, 129, 134, 138, 143, 160, 183, 185,

187, 247, 268–91
evolution; similarity solution 28, 61–63, 68–69, 74–75,

83, 134, 137–40, 181, 273–5
flared 156, 163–4, 169
gravitational instability 32–38, 129, 131, 148–52,

180–2, 185, 208, 284–6
holes 161, 278, 287–90
irradiation 14, 130, 153, 155–7, 164–7, 179, 182, 195,

195, 204, 272
mass 160, 168–72, 180–2
magnetospheric truncation radius 160, 241
photoionized 160, 185, 277–9
optically thick emission 169, 288
optically thin emission 11, 141, 154, 163, 168, 288
radial accretion velocity 143
reprocessing 14, see also disk irradiation
rotation 149, 155, 159, 161–2, 176, 184, 220, 247, see

also differential rotation
scale height 142–5, 150–3, 155–7, 164, 166, 186,

199–200, 211, 279–80, 296
self-luminous 134, 148, 185
sizes 160, 183, 269, 273
spectra 163, 166– 70, 174, 177, 181, 185–6, 288
steady 140–3, 156, 163, 169, 193–6, 199–201, 203
surface gravity 194–195
surface or effective temperature, see effective

temperature, disk
thermal instability 205–10
thin 70, 132–9, 158–87
wall 184–187, 288, see also dust destruction radius

DF Tau 219
DK Tau 283
DL Tau 244
DM Tau 162
DN Tau 244
DO Tau 219
DQ Tau 167, 174, 183
DR Tau 219,244
DS Tau 244
dust destruction radius 91, 162, 182, 185

dust extinction 3, 6, 11, 76–79, 81, 86, 88, 103, 110, 141,
194, 198, 274, 285

dust opacity, see dust extinction

effective temperature
disk 140, 157, 194, 202, 207, 285, 300
protostar 88, 190, 248–253, 259–263,
stellar 6–8, 98

electron density 224, 226
Emden equation 49
emission lines

permitted 6, 8, 14–15, 159, 192, 210, 213, 216, 222,
241, 242, 244

forbidden 214, 222, 225–226, 239
envelopes (protostellar) 9–12, 73, 76, 82–83, 86–87,

90–92, 94, 102–104, 114, 159, 189, 194, 196, 205,
208, 252, 259, 300–301

excess emission
blue, see hot continuum emission
infrared, see infrared excess emission

EXor outbursts 18, 19, 210
extinction, dust (reddening) see dust extinction
extrasolar planets 2, 20, 268
EUV 17, 268, 278–279

filaments 34–40
flat spectrum sources 100–101
flux-freezing (magnetic) 293
forbidden emission lines 214, 225, see emission lines
fragmentation 19, 32–36, 38, 43, 67, 112, 115–118, 121,

127–8, 151, 152, 284, 286, 294–297
free-fall time 53, 57, 59, 61–65
free-fall velocity 60, 64, 78, 241
FU Ori outburst 15–16, 18–19, 98, 188–211
FU Orionis objects 15, 83, 98, 158, 188–211, 261
FU Ori disk winds 217–222, 227–228, 234, 237, 240

GG Tau 100–1, 276
giant planets 11, 18, 20, 210, 268–269, 284–285,

287, 290
GM Aur 162, 186
gravitational instability

cloud 35, 294–295
disk 129, 131, 148–153, 208, 284–286

H II 12, 27–28, 76, 81, 109–111, 266–267, 276
Hayashi track 249–253, 260, 264
Haro 6–5B 94
HD 141569 16
Herbig Ae/Be stars 7, 184, 283
Herbig–Haro objects 214
Hertzsprung–Russell diagram 6–8, 15, 247, 249, 251–254

258–264
HL Tau 100–2, 219, 265
HH 30, 13, 95
HN Tau 219, 266
hot continuum emission 14–15, 159–160, 173–174,

176–177, 179, 183 213, 245
HR 4796A 16–17, 290
Hubble Space Telescope 1

NICMOS 16, 94, 114
Space Telescope Imaging Spectrograph (STIS) 238

hydrostatic equilibrium 36, 43–45, 47, 49–50, 53, 61–63,
67, 123, 248–249, 251, 294

IC 348 25, 124, 270
imaging 1, 16–17, 82, 97–98, 130, 158, 237, 238, 287, 290
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infall
magnetospheric 15, 145, 159, 217, 218
protostellar 9–13, 18–19, 37–38, 53, 59, 60–112, 116,

125, 126, 137, 189, 205, 208, 210, 213
infrared excess emission 11, 14, 279
initial mass function 4, 112, 123–125
instability

see gravitational instability
thermal 21, 41, 127, 205, 206–210

interferometry
near-infrared wavelength 185
radio-wavelength 1, 13, 107, 161, 184, 290

ionization 80, 109, 129, 146–148, 188, 199, 201 , 206,
208–209, 224, 226, 253, 277–278

IP Tau (LkCa 8) 283
irradiation, disk 130, 153, 155–157, 192, 195, 204, 272
IRAS (Infrared Astronomy Satellite) 1, 9–10, 27, 44, 93,

100–101, 107, 109 ,114, 158, 288
ISO (Infrared Space Observatory) 1

Jeans instability 33, 66
Jeans mass 32–34, 36, 38, 48–49, 53, 67, 78, 122,

127–128, 294–297
jets 2, 16, 30, 94, 95, 97, 213–216, 218, 222, 226, 228,

235, 237, 239–240,

Kelvin–Helmholtz timescale 247, 251, 252
Keplerian rotation, see disk rotation

L43 44
L63 44
L134A 44
L234 44
L260 44
L1152 44
L1251 44
L1262 44
L1400G 44
L1489 44, 108
L1495 44
L1498 44
L1512 44
L1535 44
L1551 IRS 5 94–98, 190, 205, 214–215, 227, 259
Large Velocity Gradient (LVG) approximation, 104–105
Larson’s laws 22
Lithium line 189, 197, 264
line broadening 105, 199–200, 217, 241
line profile 104–106, 159, 169, 177, 180, 199–200, 213,

221–224, 242–244
LkCa 7, 10–11, 174
LkCa 15, 162, 174, 272, 288
local thermodynamic equilibrium (LTE) 221, 226, 301
luminosity

accretion 83–85, 91, 155–156, 164, 178–179, 203, 210,
228, 253, 261

stellar 77, 80, 156, 158, 167, 180, 182–183, 247, 249,
251, 261

Lyman continuum 268, 276–279

magnetic activity 158–159, 173, 176, 264, 276, 278–279
magnetic fields 15, 21, 24, 30–32, 43, 44, 47, 53–59, 68,

75, 93, 126, 131, 132, 143–148, 154, 158–159,
176–177, 210, 213, 228–237, 240–245, 292–293

magnetic flux problem 57–59
magnetocentrifugal acceleration 228, 234, 238

magnetohydrodynamics (MHD) 24, 30, 229–240, 242,
292–293,

magnetorotational instability (MRI) 129, 143–148, 159,
164, 166, 180, 182, 185, 188, 189, 199–201,
208–210, 240, 268, 271, 274, 280, 282, 287

magnetospheres 140, 154, 159–160, 173, 175–177, 218,
228, 237, 242–245

magnetospheric accretion 15, 159, 213, 244, 279
mass accretion rates 15, 18, 137, 140, 143, 148, 158, 173,

180, 182, 188, 189, 193, 201, 202, 206, 208, 210,
213, 227, 228, 241, 256, 273

mass loss rates 28, 81, 82, 213, 222, 224–228, 234, 235,
240, 244, 277, 278

massive protostars 76–111
massive stars 9, 21, 22, 26, 28, 30, 40, 75, 76, 79,

109–111, 121, 124, 126, 247, 263, 264, 269
Maxwell equation 230, 292
Maxwellian distribution 225
meteorites 284
migration 20, 269, 278, 284–287, 291
minimum mass solar nebula 11, 165, 170, 201, 203
molecular cloud cores 4, 21, 43, 53, 55, 56, 59, 60, 76, 91,

121, 125
molecular clouds 1–6, 18, 21–30, 43, 59
multiple systems 18, 19, 60, 103, 112–118, 128, 162, 187,

228, 276

Na I 191, 218, 224–225
near-infrared excess 14, 183, 188, 222
near-infared extinction 51
NGC 1333 IRAS 4 207
NGC 2023 22, 122
NGC 2024 22, 122, 270
NGC 2169 264
NGC 2264 25, 266
NGC 2362 264, 265
NGC 3603 124
NGC 7129 270
NGC 7160 27–9, 267, 270

opacity 11, 76–81, 86–91, 98, 103, 110, 128, 141, 157,
194, 198, 202, 206–208, 224, 243, 248–253, 274,
280, 285, 286, 298–301

optical depth 80, 86–91, 103, 105–106, 195, 196, 202,
208, 223, 224, 243, 248, 249, 280, 286, 299–302

optically thick disk 11, 16, 130, 139–141, 163, 169, 269
Ophiuchus molecular cloud complex 2, 26, 53, 85, 86, 92,

99, 114
Ori 1a/b 270, 274
Orion molecular cloud complex 2, 4, 22, 26, 30, 39–40,

58, 122
Orion Nebula cluster 12, 22, 25, 109, 161, 182, 185, 262,

279
oscillator strength 221, 224
outbursts

EXor 18–19, 210
FU Ori 15, 16, 18, 19, 189, 202, 208–211, 261

outflows 2, 9, 13, 16, 30, 80, 81, 82, 84, 93–95, 99,
104–108, 109, 114, 115, 125, 147, 148, 192, 201,
204, 213–219, 222–223, 228–240, 253, 268, 277

P Cygni profiles 216–218, 220
Parker sonic point 233, 234
plane-parallel approximation 220, 298–302
Planck function 103, 165, 168, 298, 300
planet formation 16–20, 160–161, 210, 268–291
Pleiades cluster 112, 183, 246
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photoevaporation 160, 185, 268, 272, 276–279, 290
photosphere

disk 152, 157, 219, 220
dust 88

Poisson equation 292, 294
polarization 176, 241, 243
polytrope 248, 249, 252, 255, 258
polytropic index 248
post-T Tauri problem 24
Poynting–Robertson effect 16, 278, 288–9
pre-main sequence star 7, 9, 58, 59, 83, 130, 158–162,

199, 213, 247, 249, 252, 254, 256, 261, 263
proper motion 26, 39, 96, 109, 121, 214
proplyds 12, 279
protostars 3, 5, 8–11, 18, 19, 26, 34, 35, 53, 60, 68,

76–89, 92, 108–111, 114, 115, 116, 126, 258,
259, 267

protostellar core, see protostars
pseudo-disk 67, 68, 75

quasi-equilibrium 22, 24
quadruple systems 5, 113, 114, 162

R Mon 219
radial drift 281–282, 285–286
radial velocity 23, 62, 70, 113, 133, 154, 162, 205, 222,

225, 281, 289, 290
radiation pressure 16, 76, 77, 80, 81, 110, 123, 213, 228,

289, 299
radiative core 6, 251, 264
radiative equilibrium 89, 91, 164, 220, 300
radiative transfer 81, 86, 89, 94, 195, 298–302
Rayleigh–Jeans distribution 11, 103, 163, 168
reddening 6, 85, 86, 173, 178, 193, 200, 265, 266
redshifted (spectral lines) 105–108, 159, 21–217,

221–222, 243–244
Roche lobe 275–276
Rosseland mean opacity 90, 202, 248, 249, 286, 301
rotating collapse 68, 69, 72, 91–94
R Mon 219
RW Aur 244
RY Tau 115, 219

S curve 207–207
Salpeter slope 4, 124, 139
scale height 22, 36, 142, 145, 150–151, 157, 166, 199,

211, 279–280, 296
scattered light 16, 94, 101, 103, 115, 160–161, 205, 259,

265
Sco OB2 25–6
Shakura–Sunyaev viscosity parameter 142
sheets (gaseous) 34–40, 122, 296–297
shocks

accretion 15, 192, 194, 224, 241, 243, 278
Herbig–Haro 214
infall 65, 67, 74
molecular clouds 28–29, 40–42

silhouette 12
silicate feature 10, 90, 92, 93, 102, 166–167, 194, 195,

196, 204, 280, 282–283
singular isothermal sphere 77, 78, 82, 83, 89, 96, 110, 114,

131, 142, 150
Sobolev approximation 14–105, 223–224
solar system 20, 161, 268, 284, 289
sonic point 233–234 , 276
sound speed 22, 24, 33, 43, 60, 126, 142, 228, 232–234,

268, 276–277, 280

Spitzer Space Telescope 1, 5, 9–10, 17, 35, 82,
84–86, 92–93, 118, 193, 208, 269, 270,
282–283, 288–289

IRAC 25, 167, 269–271
IRS 93, 167, 187, 193, 203, 208, 269, 282
MIPS 35, 167, 270

spectral energy distribution (SED) 9–11, 16–17, 82, 86,
93–94, 99, 101, 103, 141, 190, 195, 267, 282, 288

stability, cloud 46–49, 54, 61
steady disk 156–159, 172, 182–185, 188–192
stellar ages 252, 254
supernovae 36, 39, 40–45
streamlines 70–72 , 74, 230–231, 238, 242
surface density 2, 37–39, 75, 121, 135, 137, 142–143,

145–148, 202, 206, 208–210, 280, 285, 295–296

thermal instability 35, 55, 143, 192, 194, 195, 197, 198,
199, 240

thermal timescale 195–196
T Tau 102–103
T Tauri stars

strong-emission T Tauri star (CTTS) 7, 10, 14, 15, 83,
84, 159, 222, 227, 240, 242, 245, 260, 266

weak-emission T Tauri star (WTTS) 7, 10, 11, 14, 16,
18, 19, 84, 159, 183, 213, 240, 241, 260, 266

Taurus molecular cloud complex 2–5, 7–11, 13, 15, 16, 23,
25–26, 34, 36, 46, 53, 83–85

terrestrial planets 20, 284, 285
time-variability 177–179, 188, 203–205, 214, 226, 240
Toomre criterion (Q) 149–152, 185, 285
Tr 37 27, 270
transitional disks 11, 185–187, 269, 271, 278, 279
Trapezium cluster 12, 118, 124, 270
truncation radius 160, 241, 242, 245, 275
turbulence 3, 21–26, 34, 40–43, 122, 126–7, 142, 144, 147,

151–152, 188, 199, 240, 245, 268, 280–281, 285, 291
TWA (association) 274
TW Hya 25

ultra compact HII regions (UC HII) 109–11
ultraviolet continuum 14–15, 158
Upper Sco 270
UX Tau 288
UY Aur 219, 244
UZ Tau 219

V346 Nor 192
V1057 Cyg 189–205, 208, 218
V1515 Cyg 189–194, 201–203, 205, 208, 218–222
variability, see time variability
veiling, 173, 177, 178, 183, also see hot continuum

emission
virial equilibrium 39, 47, 49, 121–122, 250
virial theorem 46–47, 250
viscosity 132–146, 202, 206, 209, 274–274
viscous disk 129, 132, 152, 182, 203, 211, 273, 275, 287
viscous heating 157, 206
viscous timescale 203, 278, 287
VLA 97, 99
VLA 1623 99

Walker 90 (V590 Mon) 266
winds

disk 110, 148, 221–240
stellar 22, 25, 26, 28, 30, 80, 81, 109, 211, 246, 268
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winds (cont.)
T Tauri 222–223, 228
FU Ori 234

X-ray emission 6, 147, 158, 159, 182–183, 185 264
X-wind 237, 240
XZ Tau 216

young stellar objects (YSOs) 8, 10, 13–14, 16, 30, 43, 53,
94, 129, 147, 157, 214

Z CMa 196–197, 200–201, 210, 218
Zeeman broadening 176
zero-age main sequence (ZAMS) 6–8
zodiacal dust 11, 289

© Cambridge University Press www.cambridge.org

Cambridge University Press
978-0-521-53199-3 - Accretion Processes in Star Formation, Second Edition
Lee Hartmann
Index
More information

http://www.cambridge.org/9780521531993
http://www.cambridge.org
http://www.cambridge.org

