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α-effect, 209, 260

and magnetic buoyancy, 366

and mean flow helicity, 211

and parity breaking in Early Universe, 503

and the random speed, 219

catastrophic quenching, 363, 364

and magnetic buoyancy, 369

Krause’s formula, 211, 219

magnetic, 235, 250

and magnetic helicity density, 250

MRI and sign of, 372

non-linear, representations of, 240

α2-dynamo, 222

τ -approximation, 238

minimal, 238

scale-dependent relaxation time, 238, 239

Mg II absorption, 312, 435

acceleration four-vector, 76

accretion

and galactic dynamo, 355, 371

cold mode, 315

gravitational, 450

hot mode, 315

in spiral galaxies, 288

magnetically driven, 357

radius, 451

accretion disc, 316, 337, 355, 370

magneto-centrifugal wind and dynamo, 373

mean-field dynamo, 355, 372

sign of the α-coefficient, 372

accretion shock, 315

active galactic nucleus, 273, 281, 355

magnetically driven accretion, 357

adiabatic invariant, 420

Alfvén crossing time, 45, 51, 52, 62–64

Alfvén velocity, 40

Alfvén wave, 41, 62

and MRI, 49

in Early Universe, 504, 523

damped regime, 505

fluid velocity, 514

free-streaming damping, 514

free-streaming damping scale, 508

free-streaming regime, 506

pseudo-Alfvén wave, 41, 64

and energy cascade, 64

radiative damping, 508

shear Alfvén wave, 41, 64

and energy cascade, 64

Alfvén’s (rope) dynamo, 167

Alfvén’s theorem, 13, 14, 18

ambipolar drift, 34, 35, 263, 532

‘diffusivity’, 35

and interstellar filaments, 114

and magnetic α-effect, 37

and starlight polarization, 109

condition for significance, 36

plasma heating, 37

Ampère’s law, 6

applied mathematician, 331

autocorrelation function, 139

averaging, 138, 212

and scale separation, 212

azimuthal (toroidal), 212

azimuthal, horizontal and filtering, 251

ensemble, 212

and over Wiener paths, 227

filtering, 213

and Reynolds rules, 212

generalized statistical moments, 214

invariance of turbulence equations, 214

horizontal, 212

kinetic energy density in compressible fluid, 215

Reynolds rules, 212

spatial and temporal, 212

time-reversibility, 226

volume and ensemble averages, 132

axion, 490

baroclinic effect

battery mechanism, 268

vorticity, 18

barotropic fluid, 18, 20
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barred galaxy, 288

magnetic field, 397

magnetically driven accretion, 357

radial gas flow, 289

see also NGC 1097; NGC 1365

baryogenesis, 500, 502

baryonic matter, 309

battery, 30, 268

baroclinic, 268

Biermann, 25, 269

and Weibel instability, 272

cosmological shocks, 270

during the reionization epoch, 269

Betti numbers, 186, 258, 409

per correlation cell, 410

Biermann battery, 30

Big Bang, 477, 495

Bohr magneton, 115

bouncing universe, 497

boundary conditions, 322, 342

boundary layer, 330, 367, 368

bulk viscosity, 489

causal contact, 478

centrifugal force, 17

CGM, see circumgalactic medium

Chandrasekhar–Kendall functions, 242

chaotic flow, 358

controlled energy spectrum, 187

Chern–Simons number, 501

chiral anomaly, 502

and magnetic field, 503

circular polarization, 87

of electromagnetic wave, 101

and linear polarization, 103

circumgalactic medium, 309, 312

density distribution, 290

rotation, 300

CMB, see cosmic microwave background

comoving

coordinates, 484, 507

distance, 310, 478

electric and magnetic fields, 484

fluid element, 8

magnetic field, 484

observer, 475

radius, 475

variables and magnetic helicity, 485

Compton scattering, 486

inverse, 532

conformal time, 484, 493

present-day value, 526

conformal transformation, 490

continuity equation, 8

Lagrangian solution, 10

cooling length, 411

Copernican principle, 474

coronal heating, 205

corotation radius, 407, 415, 419

correlation function, 56

transverse, longitudinal and helical, 56

correlation length, 130

Gaussian random function, 130

correlation scale

longitudinal, 58

of scalar random field, 59

of solenoidal vector field, 59

transverse, 59

correlation tensor, 55

correlation times of the velocity and magnetic fields,

236

cosmic microwave background, 97, 309, 471

anisotropy, 472, 519

conformal invariance, 529

helical magnetic field, 529

bispectrum, 529

fluctuations

correlation function, 520

multipole anisotropy, 520

non-Gaussian, 529

spherical harmonics expansion, 519

magnetic effects, 520

compensated mode, 521

inflationary mode, 522

passive mode, 521, 523

passive tensor mode, 528

scalar mode, 523

tensor mode, 523, 527

vector mode, 523

polarization, 473, 506

anisotropy, 526

Faraday rotation, 529

temperature, 477

trispectrum, 529

cosmic rays, 137, 290, 291, 412

and correlated random walk, 545

and magnetic mirrors, 303, 379

and spiral arm, 420, 421

diffusion length, 137

diffusivity, 421

electron energy spectrum, 73, 303

electron–proton energy ratio, 301, 378, 447

energy density, 301

energy equipartition and pressure balance with

magnetic field, 303, 378–379

energy loss and spectrum, 78

energy loss time, 78

in elliptical galaxies, 431

in galaxy clusters, 447

in intermittent magnetic fields, 191

injection spectrum, 79, 301

propagation and energy spectrum, 304

spatial distribution, 302

cosmic web, 433

magnetic field, 436

cosmological principle, 475
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cosmological scale factor, 474

Coulomb logarithm, 28, 486

Crofton intersection formula, 188

cross-helicity, 274, 455

curvature, 15

perturbation, 522

scalar, 521

curvature constant, 475

damped Ly α absorber, 313

magnetic field, 435

dark energy, 476, 477, 536

dark matter, 285, 286, 477, 535

and structure formation, 310

density perturbation, 473, 533–535

dark matter halo, 289, 290, 310, 538

angular momentum, 314, 315

Einasto density profile, 278

NFW density profile, 277

density

critical, 476

density wave, 275, 419

depolarization, 92, 122

RM gradient in Faraday screen, 151

RM gradient in synchrotron source, 150

differential Faraday rotation, 124

external Faraday dispersion, 145

Faraday, 122, 123

and simplified formulae, 142, 143

Faraday screen, 122, 123

foreground, 123

internal, 123

internal Faraday dispersion, 138

symmetric slab, 140

joint action of differential Faraday rotation and

dispersion, 142

opaque layer approximation, 143

visible layer, 125, 143

wavelength-independent, 123, 129, 132

derivative

covariant, 479

on the sphere, 83

spatial projection, 481

Eulerian and Lagrangian, 8

diffusivity

ambipolar, 35

magnetic, 6

fully ionized plasma, 28

scale-dependent, 260

see also ambipolar drift

dilaton, 490

disc dynamo

Rα and Rω , 318

action of differential rotation, 349

adiabatic approximation, 333

boundary conditions, 334, 335

disc flaring, 334

field oscillation frequency, 354

growth rate, 335

non-axisymmetric solutions, 353

non-linear, 354, 360

radial boundary conditions, 353

radial scale of the solution, 334

and discontinuous α(z), 325

and magneto-centrifugal wind, 374

and radial flow, 355, 356, 371

suppression of, 357

asymptotic solution

accuracy, 328, 329, 331, 348

and radial flow, 356

large dynamo number, 330

non-local form, 354

small dynamo number, 327

thin-disc asymptotics, 335

boundary conditions

at disc axis, 353

vacuum conditions, 319, 322

vacuum conditions, non-local, 335, 336

dimensionless variables, 317

dipolar, quadrupolar and mixed-parity solutions,

323

dominance of quadrupolar magnetic field, 326

driven by magnetic buoyancy, 365, 367

steady state, 368

dynamo number, 318, 320

helicity balance equation, 362

in non-axisymmetric disc, 354

in thick disc, 428

integral form of the equations, 324

local and global growth rates, 333

local equations, 321, 323

magnetic buoyancy

and magnetic helicity, 369

magnetic front, 340

and disc flaring, 341

and seed field, 341

no-z approximation, 331

non-linear, 361

steady state, 364

non-axisymmetric modes, 351

control parameters, 352

non-linear, 359

helicity transport, 361

optimal outflow speed, 363

outer radius, 320

role of magnetic diffusion, 325

symmetry conditions, 324

thick disc, 428

non-axisymmetric fields, 349

turbulent diamagnetism, 338

vector potential, 318

dispersion measure, 377

in galactic discs and coronae, 387

displacement current, 6

DLA, see damped Ly α absorber

Doppler beaming, 431
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drag force, 507

dwarf galaxy, see low-mass galaxy

dynamo

and axially symmetric magnetic field, 164

and planar flow, 164

and primordial magnetic field, 548

and spherical flow, 165

and two-dimensional flow, 163

anti-dynamo theorems and turbulence, 169

applicability of anti-dynamo theorems, 166

as an open system, 245, 326, 359

fast, slow and intermediate, 161

feedback loop, 162, 207, 210

hydromagnetic, 160

in collisionless plasma, 469

in turbulent flow, necessity of, 169, 376, 449

kinematic, 160

Möbius strip, 166

mean-field and fluctuation, 169

Ponomarenko, 161

saturated, or non-linear, 161

seed field, 160

steady and oscillatory, 161

subcritical, 349

super-exponential field growth, 366, 368, 446, 469,

470

threshold, 162

turbulent, 169

large-scale and small-scale, 169

see also disc dynamo; fluctuation dynamo;

mean-field dynamo

dynamo number, 318

critical, 328

local, 320, 323, 334

Early Universe

Alfvén wave

affected by viscosity, 505

decaying MHD turbulence, 511

electric resistivity, 486

electron and positron annihilation, 486

energy and mass densities, 471

epoch of

dark energy domination, 477

matter domination, 477

epoch of inflation, 476–478

conformal time, 493

helical magnetic field, 495

magnetic field, 489, 491

power-law inflation, 494

scale-invariant magnetic spectrum, 495

Schwinger effect, 497

slow-roll, 491, 494, 522

strong coupling problem, 497

epoch of radiation domination, 477, 496

electric conductivity, 486, 487

electric current carrier, 486

expansion (scale) factor, 310

first structures, 538

Ohmic dissipation time, 502

recombination, 309, 478

reheating, 479, 487, 530

eddy turnover time, 61

turbulence

compressible modes, 506

viscosity, 487–489, 504, 505, 514

viscosity-dominated period, 515

epoch of reionization, 311, 530

H I temperature, 540

and magnetic field, 473, 538, 539

magnetic field constraint, 517

eddy turnover time, 61

EDQNM closure, 236

Einstein’s equation, 476, 487, 496, 535, 542

in FRW metric, 476

Ekman number, 20

in galactic corona, 297

electromagnetic

interaction, unified with weak interaction, 491

electromagnetic action, 490

conformal invariance, 489

breaking of, 490

electromagnetic field

action, 479

in curved space, 480, 484

Lagrangian, 492

polarization vectors, 492

quantization, 492

commutation relations, 493

spectral energy density, 493

tensor, 480

dual, 480

elliptical galaxy

cosmic rays, 431

efficiency of SN energy conversion, 306

evidence for magnetic field, 431

Faraday rotation, 432

interstellar gas, 305

chemical composition, 305

hydrostatic equilibrium, 305

non-thermal pressure, 305

random flow, 305

fractional volume, 307

speed, 306

supernova frequency, 305

supernova frequency and distribution, 307

supernova remnant, 306

Elsässer variables, 63, 64

EM, see electromagnetic

emission measure, 89

energy conservation equation, 21

in Early Universe, 488

enthalpy, 21

entropy conservation, 496

EOR, see epoch of reionization

epicyclic frequency, 47
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equation of state, 476

ergodicity, 184, 212

escape speed, 290

in virialized system, 290

ESO 379–006 (galaxy), 289

Euler characteristic, 187, 410

evolving galaxy

RM probability distribution, 438

fluctuation dynamo, 444

galaxy mass and dynamo efficiency, 442

magnetic field

non-monotonic evolution, 442, 444

EWPT, see phase transition, electroweak

Faraday

depth, 124, 138, 156, 395

Faraday-thin source, 124

thickness, 124, 138

Faraday rotation, 103, 121

RM variance and magnetic correlation tensor, 463

and (anti-)correlation of ne and B, 377

and mirror symmetry, 101

and primordial magnetic field, 542

cosmic microwave background, 529

elliptical galaxy, 432

Faraday-thick regime, 122

in a system of clouds, 155

in decaying turbulence, 467

in dipolar and quadrupolar magnetic fields, 128

in intermittent magnetic field, 464

in random magnetic field

correlation length, 131

in synchrotron-emitting regions and Faraday

screens, 127

multi-layer system, 127

non-Gaussian statistics, 438, 439

relativistic plasma, 104

versus redshift, 542

Faraday rotation measure, 103, 122

Faraday synthesis, 156

RM spread function, 157

and wavelet transform, 159

Faraday dispersion function, 156

Faraday spectrum, 156

limitations of, 159

point-spread function, 157

Faraday’s law, 5

fast dynamo, 161

role of magnetic diffusion, 167

fast radio burst, 437

Fermi bubble, 370

filamentarity, 113, 188

and structure in three-dimensions from

two-dimensional cross-section, 113

fluctuation dynamo

and a large-scale seed field, 274

and magnetic diffusivity, 176, 183

and magnetic Prandtl number, 181, 198

and polarization by interstellar dust, 184

and velocity spectrum, 182

critical Rm, 177, 197

energy release statistics, 205

Hall effect, 195

in anisotropic, inhomogeneous flow, 175

in chaotic flow, 187

in compressible flow, 182

in elliptical galaxy, 432

in multi-scale flow, 198

in transonic and supersonic flow, 466

intermittency, 183, 186

and magnetic Prandtl number, 200

non-Gaussian statistics, 185

Kazantsev’s equation, 175

eigenmodes, 176

in Fourier space, 179

Kazantsev’s spectrum, 180

in multi-scale flow, 199

localized initial conditions, 203, 206

magnetic field directions, correlation tensor of, 184

magnetic field probability distribution, 185

magnetic field statistical moments, 184, 193, 231

magnetic field strength, probability distribution of,

183

magnetic line curvature, 185

magnetic reconnections, 201

magnetic structures, 178, 183, 185, 188, 191

dependence on Rm and velocity spectrum, 188

fractional volume, 191

non-linear effects, 190

thickness of, 181

modified by the α-effect, 261, 262

non-linear, 191, 193, 194

intermittency, 193

magnetic field scale and energy, 200

magnetic spectrum evolution, 199

modified spectral equation, 196

suppression of turbulent magnetic diffusivity, 205

velocity shear quenching, 196

non-locality, 179

numerical simulations, 197

reconnecting flux ropes, 202

and large Rm limit, 202

scale-dependent flow renovation time, 182

FOSA (first-order smoothing approximation), see

mean-field dynamo

Fourier transform, 227, 492

FPSF, see Faraday synthesis, point-spread function

free-decay modes

planar geometry, 326

spherical geometry, 342

Friedman–Robertson–Walker metric, 475, 482

conformally flat, 490

connection coefficient (Christoffel symbol), 482

Einstein’s equation, 476

EM field four-vector, 482

fundamental observer, 483
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tensor perturbation, 527

FRW, see Friedman–Robertson–Walker metric

fundamental observer, 480, 482

galactic corona, 421

and accretion from CGM, 290

and mean-field dynamo, 421

field parity, 422

magnetic helicity, 422

perturbation solution, 347

Ekman number, 297

energy supply rate, 295

magnetic field, 421

CHANG-ES survey, 423

X-shape structure, 424

random flow, 294

observational evidence, 295

Reynolds number, 295

rotation, 298

ballistic and hydrodynamic models, 299

corotation with the disc, 298

gravitational and hydrodynamic effects, 300

of stars, 299

viscous coupling to the disc, 300

scale height, 289

turbulent diffusivity, 297

galactic disc

flaring, 276, 286, 320

formation redshift, 314

gas scale height, 286, 293, 384

and spiral arms, 287, 412

gravitational acceleration, 286

ionized layer, 280

outflow speed, 291

galactic dynamo

and accretion flow, 370–374

and disc inflation by magnetic field, 370

and disc–corona connection, 326

and external magnetic field, 370

and gas outflow, 362, 400

and multi-phase ISM, 321

and propagating magnetic front, 339

and spiral pattern, 406

and parametric resonance, 415

role of corotation radius, 419

and the multi-phase ISM, 362, 385

equipartition of magnetic and turbulent energies,

399

helicity transport, 361

kinematic and non-linear, 384

magnetic helicity balance, 400

magnetostrophic balance, 400

mean-field transport coefficients, 253

non-linear

and seed magnetic field, 385

outer boundary, 384

time scale, 384

vacuum boundary conditions, 384

galactic evolution

evidence of dynamo action, 445

mean-field dynamo, 445

galactic fountain, 285, 290, 298, 399, 422, 434

and galactic dynamo, 330, 358, 369

and star formation rate, 294

chimney model, 291

energy supply rate, 294

radial extent, 291

speed, 292

suppression by magnetic field, 291

galactic magnetic field

along line of sight and in sky plane, 394

and gas outflow, 435

and magnetic helicity, 359

and multi-phase ISM, 287, 408

and necessity of dynamo action, 7

and radial flow, 355

magnetic pitch angle, 356

and spiral arm, 387

and spiral pattern, 414, 419

azimuthal structure, 394, 396

bisymmetric, 407

dipolar and quadrupolar, 389, 391

necessity of dynamo support, 376

pitch angle, 387, 395

and spiral arm, 388

primordial theory, 376, 393, 398, 416

radial component, 387

random

anisotropy, 382, 414

scale, 381

strength, 381

types of, 380

reversal, 335

and azimuthal structure, 406

and seed field, 404

in evolving galaxy, 406

localized, 406

position and migration speed, 403

spiral magnetic lines, 387

turbulent diamagnetism, 338

vertical component, 317, 318, 386

galactic outflow

mass-weighted speed, 362

simulations, 256

see also galactic fountain; galactic wind

galactic rotation, 276

and galaxy formation, 314

specific angular momentum, 315

see also rotation curve

galactic wake, 450, 459

galactic wind, 290

and galactic dynamo, 422

and star formation rate, 291

galaxy cluster

A2163, 448

A2255, 469
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Coma, 447

Faraday rotation, 467

merging components, 456

core radius, 457

decaying turbulence, 453

Faraday rotation, 467

and magnetic intermittency, 464

in decaying turbulence, 467

radial profile, 464

fluctuation dynamo, 450, 460

numerical simulations, 461

magnetic field strength, 461

formation, 452

merger rate, 455

galactic wake

and viscosity, 460

length, 460

turbulent speed and scale, 460

magnetic field

decay time, 449

during cluster formation, 462

during turbulence decay, 462

in turbulent wake, 463

necessity of dynamo action, 450

Perseus, 451

plasma dynamo, 469

radio emission

polarization, 468

radio relic, 469

ram pressure stripping, 456

stripping radius, 457

random speed, 451

subcluster wake

fractional volume and area, 459

length and volume, 457

turbulent speed and scale, 458, 459

turbulence, 453

during cluster formation, 455

turbulent wake, 457

virial radius, 452

virial temperature, 452

galaxy formation, 314

and dynamo action, 441

fluctuation dynamo, 444, 445

ideal MHD simulations, 440

time reversibility, 441

MHD models, 440

role of magnetic field, 441

semi-analytic models, 440

and dynamo models, 442

supernova feedback, 434

gauge boson

charged, 500

gauge coupling, 490, 493

gauge transformation, 6, 22

Gaussian closure, 194, 195, 263

Gaussian random variable, 138, 139

geostrophic balance, 19

ghost (state of negative kinetic energy), 490

grand unified theory, 477

gravitational

torque, 288

wave, 474, 521, 527

gravitational lensing, 437, 541

magnetic effects, 541

shear correlation function, 541

E and B modes, 541

Green’s function, 227, 336

advection and diffusion equations, 231

Gunn–Peterson effect, 311

GUT, see grand unified theory

gyration

frequency, see Larmor frequency

radius, see Larmor radius

Hall effect, 30, 35, 195

and fluctuation dynamo, 195

Helmholtz decomposition, 83

hierarchical structure formation, 310

Higgs boson, 500

Hough transform, 112

Ho II (galaxy), 426

Hubble

constant (parameter), 310, 311, 476

expansion law, 474

expansion rate, 476

radius, 478

comoving, 478

hydrostatic equilibrium, 276, 305

ICM, see intracluster medium

IC 10 (galaxy), 425, 427

IC 1613 (galaxy), 427

IC 2574 (galaxy), 425, 426

IC 342 (galaxy), 384, 417

magnetic arms, 415

magnetic pitch angle, 388

rotation curve, 278

IGM, see intergalactic medium

impact parameter, 313, 432

inclination angle, 395

induction equation, 6

and magnetic field solenoidality, 6

in curved space–time, 484

in partially ionized plasma, 36

Lagrangian solution, 10, 224

mean-field, 218

differential form, 228

integral form, 227

inertia (effective mass), 486

inflaton, 490, 495, 498

instability

magnetic buoyancy, 44

magneto-rotational, 46

Parker, 44, 365, 419

and cloud formation, 46
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and mean-field dynamo, 365

stabilizing and destabilizing factors, 46

plasmoid, 52

Rayleigh’s criterion, 48

Rayleigh–Taylor, 365

tearing, 52

intergalactic medium, 269, 270, 309

density, 310

epoch of reionization, 310

ionization, 310

magnetic field, 436

observational bias, 438

residual ionization fraction, 310

interstellar clouds

and turbulence, 119

anisotropic compression, 118

magnetic field strength, 116

and kinetic energy density, 119

magnetic support, 118

one-dimensional compression, 118

interstellar dust, 106, 280

and household dust, 107

filamentary structure, 111–115

and dynamo action, 114

infrared radiation, 97, 104

polarization of starlight, 104

interstellar magnetic field

and kinetic energy density, 119

independence of gas density, 119

non-Gaussian statistics, 381

scaling with gas density, 118

interstellar medium

centrifugal equilibrium, 285

filamentary structure, 111

and ambipolar drift, 114

and magnetic field, 112, 114

diagnostic methods, 112

parameters in three dimensions, 113

hot gas, 283

and GCM, 290

cooling rate, 294

fractional volume, 284, 291

outflow speed, 285, 294

scale height, 290

hydrostatic equilibrium, 285

ionized, 287

multi-phase structure, 283

magnetic field effects, 411

role of spiral arms and magnetic fields, 412

simulations, 256, 338, 408, 410

domain shape, 256

Reynolds number, 257

with imposed and dynamo magnetic fields, 411

interstellar medium simulations

imposed magnetic field, 256

of turbulent dynamo, 256

interstellar turbulence

RM fluctuations

correlation scale, 109, 131

anisotropy, 109, 136

and galactic outflow, 136

correlation time, 282

energy-range scale, 281

renovation time, 282

spatial variation, 338

supersonic, self-regulation of, and radiative cooling,

62

vorticity, 307

intracluster medium, 309

inverse Compton scattering, 75

ionization front, 269

ISM, see interstellar medium

Isserlis’ theorem, 131

Jacobian matrix, 9

Jeans

length, 311, 537

magnetic, 508, 536, 538, 541

mass, 507, 533

magnetic, 538

jet, 373

Kazantsev’s equation

and compressible flow, 183

and helical flow, 260

see also fluctuation dynamo

Kelvin’s theorem, 18

Klein–Nishina cross-section, 78

Lagrangian

chaos, 187, 358

derivative, 8

perturbation, 42, 43

adiabatic, 43

momentum equation, 43

variables, 8

Lagrangian perturbation, 43

Laing–Garrington effect, 431

Large Magellanic Cloud (galaxy), 427

escape speed, 290

Larmor frequency, 69

Larmor frequency and radius, 30

last scattering surface, 478, 519, 525

particle horizon at, 478

LF, see Ly α forest

Liénard–Wiechert potential, 72

Lie–Trotter–Kato formula, 230

linking number, 26

LLS, see Lyman limit system

Lockman layer, 293

Lorentz

factor, 68, 302, 420, 544

and magnetic field compression, 420

force, 14, 15, 20, 30, 68, 366, 399, 521

and electric current, 6

and magnetic pressure and tension, 15
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and twisted magnetic field, 249

compressional component, 472, 521, 531, 537

electric and magnetic parts, 14

flow driven by, 487, 511, 514, 526, 536

in rotating frame, 17

rotational component, 510, 523, 525

velocity driven by, 193, 195, 236

transformation, 483

low-mass galaxy, 425

disc thickness, 426

dynamo number, 427

hosting mean magnetic field, fraction of, 427

magnetic field, 427, 442, 443

mean-field dynamo, 428

rotation, 425

turbulence, 426

LSS, see last scattering surface

Lundquist number, 51

Ly α absorber, 311, 313

optical depth, 311

size, 313

velocity dispersion, 314

Ly α forest

absorber size, 311

turbulent speed, 312

Ly α forest, 311, 313, 542

Lyapunov exponent, 171

Lyman limit system, 311, 313

magnetic field, 435

M31 (galaxy)

anomalous depolarization, 152, 154

depolarization mechanisms, 149, 150

ionized gas scale height and length, 288

local dynamo number, 321

magnetic field, 392

absence of reversals, 405

azimuthal structure, 397

magnetic pitch angle, 149, 388

rotation curve, 277, 278

M33 (galaxy), 136, 384

anisotropic random magnetic field, 382

cosmic rays, 379

ionized gas scale height and length, 288

local dynamo number, 321

magnetic field, 395

magnetic pitch angle, 388

rotation curve, 278

M51 (galaxy), 98, 354, 407

RM correlation length, 132

anisotropic turbulence, 109

anomalous depolarization, 152

inclination angle, 395

ionized gas scale height and length, 288

local dynamo number, 320, 321

magnetic field and spiral arms, 396

magnetic field reversals, 403

magnetic pitch angle, 388

rotation curve, 278

spiral pattern in various tracers, 416

M81 (galaxy), 387, 398

magnetic field, 395

rotation curve, 278

Mach number, 183

magnetic arms, 415–419

magnetic buoyancy, 365

magnetic diffusion

and random walk, 226

anomalous, 40

non-linear, 195

Wiener process, 226

magnetic diffusivity, 6

dependent on magnetic field, 194

hyper-diffusion, 195

microscopic (Ohmic), 175

total, 175, 179

turbulent, 175, 233

turbulent, scale-dependent, 175, 182

magnetic field

bisymmetric, 351, 393

covariant and contravariant, 10, 483

decay time in turbulent flow, 449

equipartition strength, 320

in Early Universe

comoving, 484

non-linear evolution, 510

role of viscosity, 515

in turbulent flow, necessity of dynamo, 169, 376,

450

intergalactic, 544

Lagrangian solution in curvilinear coordinates, 10

of random flux tubes and current loops, 273

primordial, 436

H I emission, 540

and structure formation, 533

Faraday rotation, 542

Gaussian statistics, 503

plasma heating and ionization, 532

quadrisymmetric, 394

spectral tensor, 57

survival in high-Rm turbulent systems, 169, 376,

449

magnetic front, 340, 442

in stable and unstable systems, 340

non-local effects, 337

magnetic helicity, 25, 246, 485

and ambipolar drift, 36

and anomalous depolarization, 153

and baryogenesis, 500, 502

and batteries, 25

and synchrotron emissivity, 131

and weak interaction, 503

and Zeldovich’s dynamo, 168

balance, 23

conservation in the unified fluctuation and

mean-field dynamo, 264
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density, 245

evolution equation, 249

gauge invariance, 246

in inhomogeneous system, 247

flux, 248

Gauss’s linkage formula, 25

inverse cascade, 513

linkage, write and twist, 26, 53, 168

relative, 25

magnetic pitch angle, 149, 328, 332, 376

and radial flow, 356

magnetic Prandtl number, 16, 40, 230, 488

role in the unified mean-field and fluctuation

dynamo, 267

magnetic reconnection, 49

and dynamo action, 53

and helicity conservation, 53

and hyper-diffusion, 201

and vortex lines, 53

Petschek, 51

plasmoid, 51

rate, 51

Sweet–Parker, 50

turbulent, 51

magnetic Reynolds number, 7, 37

flow driven by the Lorentz force, 487

in astrophysical plasmas, 55

in curved space–time, 485

in Early Universe, 487

magnetic spectrum, 57

blue and red, 495

flat, 473

scale-invariant, 495, 510, 522

magneto-centrifugal wind, 373

magneto-ionic medium, 124

correlation scales, 132

diversity of, 129, 147

magneto-rotational instability, 372

magnetohydrodynamic turbulence, 62

and dynamo action, 67

anisotropic spectrum, 66

critical balance, 65

decaying, 511–513

with partially helical magnetic field, 513

elongated correlation cells, 65

energy cascade, 64

inverse energy cascade in helical and non-helical

flows, 511

Iroshnikov–Kraichnan spectrum, 63

isotropic, 63

local anisotropy, 64–65

non-linear interaction time, 65

numerical simulations, 66

strong, 65

three-dimensional spectrum, 65

three-wave interaction, 64

transverse spectrum, 65

velocity and magnetic field alignment, 66

wave polarization, 64

weak, 63, 65

magnetohydrodynamics

anisotropic transport processes, 30

continuity (mass conservation) equation, 8

energy conservation, 21

frozen magnetic field, 14

magnetic field stretching, advection and

compression, 7

magnetic flux, 9

conservation in curved space–time, 484

conservation law, 9, 13

magnetic line as material line, 9, 14

magnetic pressure and tension, 15

magnetic vector potential, 5

magnetosonic wave, 41, 64

meridional magnetic line, 319

poloidal and toroidal magnetic fields, 342

scalar potentials, 342

magnetostrophic balance, 401

mass conservation equation, 8

material derivative, see Lagrangian derivative

Maxwell’s equations, 5

in curved space–time, 480, 481, 484

in spatially flat space–time, 482

mean electromotive force, 218

mean flow helicity, 219

mean free path, 27, 28, 32, 39, 514

and Re, Rm and Prm, 40

and Larmor radius, 31

and viscosity, 37

comoving, 506, 510, 514

of ions and electrons, 29

mean-field dynamo

α-quenching, 359

asymptotic solutions, 359

αω, α2 and α2ω, 222, 318

α2, homogeneous, 222, 243, 262

and magnetic buoyancy, 367

and Parker instability, 365

and scale separation, 259

and vanishing mean helicity, 229

catastrophic quenching, 241

and magnetic helicity, 249

FOSA (first-order smoothing approximation), 220

at Rm ≪ 1, 220

at Rm ≫ 1, 222

in a spheroid, 427

in helical-wave flow, 231

in inhomogeneous turbulence, 234

mean and fluctuating magnetic fields as a single

eigenfunction, 261

MEGA asymptotic solution, 353

modified by the fluctuation dynamo, 263, 265

non-exponential solutions, 349

non-linear

τ -approximation, 238

and magnetic fluctuations, 235
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and magnetic helicity, 240, 245, 249, 250

dynamic non-linearity, 358

EMF relaxation, 240

hyper-diffusivity, 238

quasilinear approximation, 236

suppression of helicity fluxes, 249

time scale of magnetic α-effect, 236

turbulent magnetic diffusion, 237

numerical simulations of, 230, 244

transport coefficients, 252, 254

operator splitting, 230

quasilinear approximation, 222

shear–current effect, 234

short-sudden approximation, 230

spherical, 341

boundary conditions, 342

dipolar and quadrupolar free-decay modes, 344

perturbation solution, 346

states of definite helicity sign, 265

turbulent diamagnetism, 233

mean-field electrodynamics, 211

metric, 10, 475

conformal transformation, 490

conformally flat, 489

de Sitter, 493, 498

flat, 483

Minkowski, 490

perturbation, 521

spatial, 480

tensor, 475

see also Friedman–Robertson–Walker metric

MHD, see magnetohydrodynamics

Milky Way, 299

anomalous depolarization, 153

circumgalactic medium, 290

corona

random flow, 296

rotation, 299

cosmic rays, 379

escape speed, 290

gas velocity dispersion, 286

ionized gas scale height and length, 288

local dynamo number, 320, 321

magnetic field

central region, 370, 391, 393

North Polar Spur, 391

Perseus arm, 391

Radio Loop II, 391

reversal, 391, 401, 404

magnetic pitch angle, 388, 391

radio emission, 96

radio spectrum, 96

rotation curve, 277, 278

spiral arm

Orion, 401, 404

Perseus, 391

Sagittarius, 401, 404

synchrotron emissivity and H II regions, 95

synchrotron spectral index, 89

synchrotron spectrum, 94

thermal electron distribution, 280

total mass, 290

virial radius and temperature, 290, 315

Minkowski functionals, 112, 187, 188, 258

and thickness, width and length, 188

planarity and filamentarity, 188

lack of additivity, 188

mirror-symmetric flow, 172

molecular weight, 16

momentum equation, 15

baryonic fluid, 507

for Lagrangian perturbation, 43

in Early Universe, 488

MRI, see magneto-rotational instability

multiplicative integral, 225

nanoflare, 205

Navier–Stokes equation, 15

in rotating frame, 17

neutrino

and viscosity, 487, 488

background, 477

magnetic moment, 473

NGC 1097 (galaxy)

magnetic field, 397

magnetic pitch angle, 388

NGC 1365 (galaxy)

magnetic pitch angle, 388

NGC 1569 (galaxy), 427

NGC 253 (galaxy), 155

magnetic field, 424

NGC 2683 (galaxy), 287

NGC 2997 (galaxy)

magnetic arms, 416

NGC 4244 (galaxy)

off-planar gas, rotation of, 299

NGC 4449 (galaxy), 427

random speed, 296

NGC 4565 (galaxy)

radio halo, 423

NGC 4631 (galaxy), 401

radio halo, 423

NGC 4666 (galaxy), 296

magnetic field reversal, 401

random flow, 296

NGC 5023 (galaxy), 426

NGC 6822 (galaxy), 427

NGC 6946 (galaxy), 155, 282, 384, 416

H I holes, 284

anomalous depolarization, 152

magnetic arms, 415, 416

rotation curve, 278

NGC 891 (galaxy)

corona

random flow, 296

rotation, 299
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ionized gas, 288

radio halo, 423

North Polar Spur, 98, 391

nucleosynthesis, 473, 477

OB association, 281, 283

Ohm’s law, 6

magnetized plasma, 31

partially ionized plasma, 35

relativistic form, 481, 484

two-fluid approximation, 30

OMC-1 (molecular cloud), 109

Orion (molecular cloud complex), 106, 280

oscillation theorem, 335, 403

Parker instability, 421

particle horizon, 478

path integration, 226

percolating cluster, 385

persistence diagrams, 186

perturbation

adiabatic, 43

cosmological

evolution equation, 534

standard deviation, 538

density, 269, 271, 431, 433, 478, 534, 535, 538

magnetically driven, 537

Eulerian, 42

Lagrangian, 42–44

perturbation solution

disc dynamo, 327

spherical dynamo, 341

phase transition, 472

analytic crossover, 498

and magnetic field, 498, 500, 503

scale, 499, 502

strength, 499

battery effect, 500

electroweak, 498–501

first-order, 498, 499, 502

GUT and electroweak, 477

QCD, 488, 498–500

second-order, 499

and magnetic field, 500

photon-to-baryon ratio, 478

pitch angle

of particle trajectory, 69, 95

of spiral arm, 388, 406, 407, 414

and magnetic pitch angle, 388

scattering, 38

see also magnetic pitch angle

planarity, 188

Planck units, 475

plasma

astrophysical

parameters of, 27, 55

birefringence, 103

collisionless, 37

anomalous resistivity, 40

electron and ion pressure anisotropy, 39

fluid description, 37, 39

transport phenomena, 39

cosmological

ionization degree, 530

instabilities, 38

and transport processes, 38

magnetized, 31, 37

anisotropic pressure, 38

Ohm’s law, 31

viscosity, 31

partially ionized, 34

viscosity of, 32

polarization

and parity inversion, 84

circular, 80, 81, 86

complex, linear, 121

coordinate-independent representation, 82

correlation function and length, 147

degree of, 81

elliptical, 80

intrinsic angle of, 121

statistical properties, 133

intrinsic degree of, 121, 122

linear, 80

E and B modes, 83, 85

Stokes parameters, 80, 122

tensor, 83

CMB polarization, 527

poloidal flux function, 319

Poynting flux, 20

projection operator, 238

propagator, 227

proper

scale, 479

time, 475

protogalaxy, 270

pseudo-scalar, 17

pseudo-tensor, 219

pseudo-vector, 17, 219

QCD, see quantum chromodynamics

quadrisymmetric mode, 397

quantum chromodynamics, 477

quasi-monochromatic wave, 79

quasilinear approximation (FOSA), 220

radiation

bremsstrahlung, 89

brightness, 82

brightness temperature, 82

coherent, 80

electromagnetic, 79

emissivity, 82

flux, 81

free-free emission, 89

incoherent, 80
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Stokes parameters, 81

intensity, 82

absolute, 96

inverse-Compton, 75–77

power and cross-correlation spectra, 84

stellar, energy density of, 77

thermal, 89, 93, 97

unpolarized, 81

see also synchrotron radiation

radiative viscosity, 505, 506, 508

radio emission, 73, 82, 97, 98

free-free, 89

spectrum, 89, 96

thermal, 89

thermal fraction, 93

see also radiation

ram pressure stripping, 450, 456

random field

Gaussian, 59, 109, 130, 133, 135, 138, 146–148,

377, 380

and interstellar magnetic field, 381

maxima, minima and saddle points, density of,

410

statistical moments, 193

Wick’s (Isserlis’s) theorem, 131

homogeneous, 55, 57

intermittent, 183

log-normal, 183

non-Gaussian, 131, 148, 186, 410

and intermittency, 185, 193, 410

and interstellar magnetic field, 380

morphology, 187

topological data analysis, 186, 409

one-dimensional spectrum, 58

spectrum, 57

weakly inhomogeneous, 55, 232

random flow, 54, 232

δ-correlated, 56, 172

compressible, 61, 66, 182

correlation time, 183

helical-wave, 231

mean helicity, 18

renovating, 130, 224, 230, 231

and interstellar turbulence, 282

correlation function and time, 224

Gaussian statistics, 182

scale-dependent renovation time, 230

short-correlated, 220, 223

single-scale, 177, 230, 260, 430

spectrum, 57, 60

redshift, 476

reference frame

locally inertial, 483, 484

rotating, 17

reionization, 539

relativistic particle

electron energy loss rate, 77

equation of motion, 68

radiation power, 70

renormalized charge, 496

resistive scale, 221

resistivity, 27, 36, 40, 43, 49, 161, 470, 486, 495, 515

of magnetized plasma, 31

Reynolds number, 16, 308, 489, 510, 514, 530

and onset of turbulence, 54

in astrophysical plasmas, 55

in Early Universe, 488

in numerical simulations, 257

Reynolds rules, 212

RM synthesis, see Faraday synthesis

Rossby number, 19, 276, 297

rotation curve, 276

and solid-body rotation, 277

Brandt’s, 277

dark-matter halo, 278

exponential disc, 277

solid-body approximation, 383

vertical variation, 277

Sagdeev’s formula, 40

scale factor, 475

scale separation, 216, 226, 259

Schmidt–Kennicutt law, 412

second-order correlation approximation (FOSA), 220

seed magnetic field, 261

baroclinic effect, 268

ejections from stars and active galactic nuclei, 273

of large-scale produced by fluctuation dynamo, 273

plasma instabilities, 271

rotating protogalaxies, 271

vortical cosmological perturbations, 271

self-organized criticality, 205

Silk

damping, 506, 508

scale, 523, 526

singular value decomposition, 251, 254

Small Magellanic Cloud (galaxy), 427

small-scale dynamo, see fluctuation dynamo

SN, see supernova

Solar corona, 205

sound crossing time, 45

sound speed

adiabatic, 16

isothermal, 16, 44

spectral line

Doppler parameter, 312

equivalent width, 313

thermal width, 312

sphaleron, 501

spin parameter, 314

spiral arm, 275, 376, 416

and H I distribution, 280

and cosmic rays, 420

and magnetic field, 396, 398

and multi-phase ISM, 412

and synchrotron emission, 420
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disc thickness, 287

magnetic field compression and refraction, 414

pitch angle, 387

and magnetic pitch angle, 388

streaming velocity, 277, 394

spiral galaxy

angular momentum transfer and accretion, 288

efficiency of SN energy conversion, 281

spiral pattern, 276

and dynamo, 321, 407, 414

and gas velocity, 394

and magnetic reversal, 407

as a weak perturbation, 275, 277

corotation radius, 275

density wave, 276, 360, 419

evolving, 419

offset between various tracers, 415

standard deviation, 132, 139

star formation, 412

and interstellar turbulence, 282

starlight

energy density of, 77

polarization, 104, 107

Chandrasekhar–Fermi method, 110

Chandrasekhar–Fermi method, revised, 110

polarization angle

and equipartition of magnetic and kinetic

energies, 110

and fluctuation dynamo diagnostics, 109

autocorrelation function, 108

correlation length, 109

magnetic field strength, 110

mean and standard deviation, 107

structure function, 108

stellar wind, 281

STF, see Zeldovich’s (rope) dynamo

Stock 2 (star cluster), 107

STP, see symmetric traceless polarization tensor

stripping radius, 459

strong interaction, 477

strong-coupling approximation, 34

structure formation, 452

superbubble, 284

breakout from the gas layer, 293

expansion, 293

supernova, 280

clustering, 281

energy conversion into kinetic energy, 281, 306

feedback, 434

symmetric traceless polarization tensor, 83

synchrotron radiation, 71–75

and (anti-)correlation of cosmic rays and magnetic

field, 378

and H II regions, 95

and spiral arms, 420

characteristic frequency, 72

circular polarization, 86

emissivity, 74, 121

and equipartition of cosmic rays and magnetic

field, 137

correlation function, 130

correlation length, 131

mean and standard deviation, 133

of compressed gas, 420

free-free absorption, 95

in anisotropic magnetic field, 109, 136

in random magnetic field, 75

in uniform magnetic field, 74

intrinsic polarization, 86

relativistic beaming, 71

self-absorption, 95

spectral break, 93

spectral index, 89

spectral maximum, 72

Tsytovich–Razin effect, 96

Taylor microscale, 59, 61

longitudinal, 58

scalar random field, 59

transverse, 59

Taylor–Proudman theorem, 18, 20, 298

telescope beam, 121

flat, 121

Gaussian, 121

tensor

correlation, 54

electromagnetic field, 479, 488

dual, 480

energy–momentum, 476, 488

scalar, vector and tensor contributions, 522

isotropic, second-order, 55

magnetic stress, 472

projection, 58, 480, 481, 525

rate of strain, 15, 31, 162

Ricci, 476

spectral, 58

isotropic, 58

stress, 29, 522

viscous, 31

totally antisymmetric, 480, 481

turbulent diffusion, 56

velocity shear, 481

terminal velocity approximation, 526

test-field method, 252, 259

tetrad, 483

thermal

conduction, 32

energy, 21

Thomson scattering, 78, 527

cross-section, 77, 505

tidal force, 44

torque, 314, 355

topological data analysis, 186, 258, 408

total derivative, see Lagrangian derivative

transport coefficients, 229

triangulation, 410
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turbulence, 3, 51, 53

acoustic, 61, 66

anisotropic, 62

compressible, 455

decaying, 454, 467, 510, 533

cross-helicity and magnetic helicity, 455

in galaxy cluster, 453

energy cascade, 60, 61

helical, 56, 208

in Early Universe, 511

inertial range, 60

interstellar

and star formation rate, 282

and supernovae, 281

spatial variation, 282–283

Kolmogorov spectrum, 61

mean helicity, 209

shock-wave, 61, 131, 282

and energy sources, 62

and Faraday rotation, 155

and magnetic field, 75, 380, 381

spectrum, 61

spectral energy transfer rate, 61, 62

transport coefficients, 218

vortical, 60

see also magnetohydrodynamic turbulence

turbulent diamagnetism, 233, 338

affected by the Lorentz force, 234

and magnetic helicity transport, 339

in spiral galaxy, 254

turbulent transport coefficients

from simulations, 251

turbulent wake, 306, 455, 457

Prandtl’s solution, 457

Universe: flat, closed or open, 476

vector potential, 319

Coulomb gauge, 25, 246, 247, 250, 491

evolution equation, 496

resistive gauge, 242

virial, 452

mass, 279, 456

radius, 279, 290, 309, 314, 315, 433, 445, 452, 456,

459, 461

temperature, 301, 310, 315, 433, 452

velocity, 279, 456

viscosity, 31

kinematic and dynamic, 15

of fully ionized plasma, 29

of magnetized plasma, 31

of partially ionized plasma, 32, 33

radiative, 525

visibility function, 525

vorticity, 17, 481

baroclinic effect, 307, 452

produced at shock front, 452

tensor, 481

vorticity equation, 18

W-boson, 488

wavelet, 389, 416

anisotropic, 112, 416

power spectrum, 389

transform and Faraday synthesis, 159

weak gravitational lensing, 536

weak interaction, 491, 502

parity violation

magnetic helicity, 503

Weibel instability, 271, 274

Weinberg angle, 486

white noise, 454, 511

Wick’s theorem, 131

Wiener process, 226

non-anticipating, 229

window function, 538

Zeldovich’s (rope) dynamo, 166

and magnetic helicity, 168
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