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N = 4 Super Yang-Mills, 297-298, 507
’t Hooft coupling, 327
’t Hooft limit, 327, 332, 353

ABJM model, 330, 500, 505, 507-510, 520, 522,
528-529, 533, 537, 540, 567

abelian reduction, 512-514

gravity dual, 510

ground state, massive, 509

maximally supersymmetric mass deformation, 508
Abrikosov vortex lattice, 119, 139
AdS Fermi hair, 486, 490491
AdS space

definition, 320-324
AdS/CFT

definition, 327

motivation, 324-327
advanced Green’s function, 416
Aharonov-Bohm effect, 141, 152
Anderson insulator, 161

holographic, 565
Anderson localization, 154, 158-160, 165
anomalous dimension matrix, 354-357
antiferromagnetism, 18, 26
anyon, 144-148, 493, 503, 535
anyons

in AdS/CFT, 537

in harmonic trap, 537-540
area-preserving diffeomorphisms, 493-495
axion field theory, 152

bad metal state, 577
band insulator, 154, 161
baryon susceptibility, 409
BCS theory, 117, 124, 129-134, 137, 445
Bekenstein-Hawking entropy, 212, 402, 559
Belinfante tensor, 95, 455, 458, 551
Berry
connection, 141-143, 151, 162-163, 535
curvature, 143
phase, 141-142, 147, 535
Berry phase
from AdS/CFT, 535-536
Bethe ansatz, 357-359, 361, 378-381
algebraic, 78-79, 374, 376
asymptotic, 379-380

coordinate, 6972, 79-81
equations, 71, 80, 379
thermodynamic, 8488, 369
Bethe ansatz equations
thermodynamic, 88
Bethe equations
thermodynamic limit, 361, 374
Bethe root, 71, 81, 87, 362
density, 363
Bethe strings, 81, 361, 363, 374
Birkhoff’s theorem, 201, 488
Bjorken flow, 468, 471473
boost invariant conformal, 466
Bjorken scaling, 469
black hole thermodynamics, 208, 402
laws, 211-214
BMN limit, 341, 379
BMN operator, 346, 348, 352, 358
Bogoliubov transformation, 54
Boltzmann entropy, 10, 98
Boltzmann equation, 178-183
bosonization, 52, 54-60, 247-248
Boulware-Deser ghost, 572
BPS bound, 206, 238, 243
on SYM operators, 342
braid group, 148
Breitenlohner-Freedman bound, 439, 445447, 485,
568
Brillouin function, 21, 66
Brillouin zone
first, 36, 47, 143
bulk viscosity, 183, 185, 418, 453, 456, 463, 551, 554
bulk-edge correspondence, 493, 502, 505
Buscher rules, 303

category theory, 497
central charge

conformal field theory, 95, 557, 559
Chandrasekhar limit, 488
chemical potential

N =4 SYM at finite temperature, 405407
Chern number

first, 151, 162

second, 163
Chern-Simons action, 145, 152, 163, 493, 508
chiral boson, 505
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chiral order parameter, 408
Christoffel symbol, 195
classical string
as Bethe string, 366-369
Clausius-Clapeyron relation, 8
closed string variables, 496
coherence length, 124, 133, 448
comoving coordinates, 493
complex structure moduli, 304
conduction band, 33, 35, 37, 109, 154, 162, 168,
172
conductivity
Kubo formula, 418
conformal block, 149-150
conformal flow
boost invariant, 472
conformal fluids, 455-457
conformal Galilean algebra, 385, 387
gravity dual, 386
conformal gauge, 265, 269-270, 272, 343, 364-365
conformal weight, 455
consistent truncation, 220, 223, 232-234, 513-514
continued fraction, 150, 504
Hirzebruch-Jung, 504
continuity equation, 181-182, 453
incompressible, 466, 468
Cooper pair, 99, 118, 124, 127, 129, 131-133, 135,
150, 445, 515
correlation length, 91, 98, 463
coset manifold, 218, 361
cosmic string, 240
cosmological constant
negative, 394, 405, 408, 439, 588
covariant derivative, 184, 196
critical behavior, 91
critical dimension
superstring, 295
Cuntz oscillators, 351
Curie law, 15, 17, 21
Curie-Neel law, 19
Curie-Weiss law, 18, 24
curvature of space
positive and negative, 193
cyclotron frequency, 105

DBI action, 283-288, 295, 450, 497, 543,
547-553

DBI scalar

QGP hydrodynamics, 551-554
de Donder gauge, 199, 570
density functional theory, 161
density of states

Fermi, 30
diamagnetism, 17

Landau, 17, 20

Langevin, 17, 19

diffusion
particle, 179
diffusion coefficient, 430, 578
dilatation operator, 355-357, 378-379, 537-538, 540
dilaton, 242, 279
dilute gas approximation, 346, 351-352, 359, 361
dipole theory, 388
Dirac quantization condition, 252
generalized, 253
Dirichlet boundary condition, 265-266, 272, 282,
307, 498
discrete light cone quantization (DLCQ), 387
dispersion relation
acoustic branch, 45
monoatomic solid, 44
optical branch, 45
distribution
Bose-Einstein, 13
Fermi-Dirac, 13
Maxwell-Boltzmann, 12
quantum, 12
distribution function, 178
of statistical ensemble, 9
domain wall, 67, 240
drag coefficient, 429
Drude model, 32, 154, 172
Drude peak, 155, 565, 575, 577
dumb holes, 545
dynamical critical exponent, 383, 582
Dyson equation, 158

Eddington-Finkelstein coordinates, 458
edge current, 109
effective horizon

time dependent, 473
effective metric

fluid flow, 546
Einstein frame, 243, 310, 587
Einstein relation

diffusivity, 180
Einstein’s equation, 191, 194-195, 197-199
Einstein-Hilbert action, 197

string theory, 403
electric field of point charge

higher dimensions, 229
electric susceptibility, 8
electromagnetism

in higher dimensions, 226
electron star, 486, 488, 490, 578, 589
energy gap

superconductor, 118, 132, 444
energy-momentum tensor

gravity dual, 329

holographic, 459

ideal conformal fluid, 456

improved, 456, 552
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ensemble
canonical, 10
generalized canonical, 11
grand-canonical, 11
isothermal-isobaric, 11
microcanonical, 9

entanglement entropy
area law, 557
conformal field theory in d dimensions, 561
Fermi surface, 561
holographic, 586
holographic, in two dimensions, 559
in quantum field theory, 556

enthalpy, 6

entropy current, 184, 462

entropy density
gravity dual, 403

equivalence principle, 195

ergodic hypothesis, 9

Euler equation, 182, 184, 453
hydrodynamics, 182
thermodynamics, 5

Euler number, 263

event horizon, 201, 205, 208, 425, 460, 559,

577
extremal black hole, 206, 238, 243
extrinsic curvature, 408, 459

Fefferman-Graham coordinates, 471
Fermi droplet, 479, 481
Fermi gas, 28, 32, 479483, 487
Fermi integral, 30-31
Fermi liquid, 38, 52, 59, 137, 175-176, 479, 483-486,
489, 491, 558, 562, 592
Fermi liquid theory
Landau, 38
Fermi surface, 29-30, 33, 37, 53, 131, 138, 151, 162,
170, 173, 479-486, 487, 558, 578-579, 583-584,
586, 589
holographic definition, 560-562
ferrimagnetism, 19, 25-26
ferromagnetism, 17, 23-25, 65
Fick’s law, 180-181
Fierz-Pauli action, 199
filling fraction, 106, 113, 150
finite temperature
quantum field theory, 391
fireball
quark-gluon plasma, 544
first Chern class, 109, 111
first order action
point particle, 258-260
relativistic string, 262-265
flat connection, 375, 377
fluid-gravity correspondence, 453, 455
flux quantum (fluxon), 107

fluxon, 126, 129, 133
focusing equation, 462, 468
fractional D-branes, 500
fractional statistics, 144—148
free enthalpy, 6
free fermions
from V' = 4 SYM, 480
from matrices, 479
gravity dual of, 481
Froissart unitarity bound, 542
Fubini-Study metric, 500
fusion, 148
fuzzy funnel, 509
fuzzy sphere, 509

gap equation, 132
gauge/gravity duality
definition, 330
gauged nonlinear Schrédinger equation, 124, 520
Gauss-Codazzi equation, 462463, 468
Gedanken experiment, 195
generalized enthalpy, 6
Gibbons-Hawking-York boundary term for gravity,
408
Gibbs phase rule, 7
Gibbs potential, 6, 7, 11, 120, 579
generalized, 6
Gibbs-Duhem equation, 5, 456, 470
Goldstone bosons
would-be, 513
grand-canonical potential, 6, 13, 20
graphene, 162, 578
gravitational field of point mass
higher dimensions, 229-231
graviton, 222, 279, 310, 329, 545, 572, 574, 588
gravity
in higher dimensions, 227
Green-Schwarz anomaly cancellation mechanism,
315
Gross-Pitaevskii equation, 126, 520
group velocity, 45, 547
Gupta-Bleuler quantization, 275

Hall conductance, 105, 108-109

Hall resistance, 105

Hall voltage, 104-105

hard-wall model, 544, 549

harmonic function, 206, 239, 242-244, 326, 339

Hartree-Fock approximation, 161

Hawking radiation, 208-211, 324, 392, 396, 545

Hawking temperature, 210, 392, 471

heavy fermion materials, 402

heavy fermions, 137, 175-176

heavy ion collisions, 9, 402, 468, 542, 551

Heisenberg Hamiltonian, 69, 97, 156, 353, 355,
379
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Heisenberg model, 24, 26, 68, 78, 82
DBI, 542, 545, 548
DBI, gravity dual, 549-551
Heisenberg spin chain, 62, 78, 81, 85, 351, 357,
361
helical lattice, 576
Helmbholtz potential, 6
heterotic superstring, 315
hierarchical FQHE, 502, 505

high T, superconductors, 38, 119, 133, 137-138, 438,

445, 485, 507, 514, 570
holographic lattice, 569-571, 574, 578,
588
holographic renormalization, 408, 421
holography, 326
holon, 52, 58
Hopf algebra, 374
Hopf fibration, 510
horizon expansion, 461, 467
horizon momentum, 461, 468
horizon shear, 468
traceless, 461
Hubbard insulator, 569
Hubbard model
bosonic, 100
fermionic, 52-54, 154-155, 157, 160
hydrodynamic electron flow, 588-589
hydrodynamics
nonviscous, 181-183
viscous, 183
hyperscaling violation, 582, 585, 588
exponent, 582

induced metric, 261, 263, 283, 425, 467,
501
infalling boundary conditions
black hole, 425, 433, 443, 485
information loss
quantum, 545
instanton number, 145
insulating state, 577
integrability
quantum, 375, 378
integrable systems
classical, 75-76
quantum, 76-78
intersection matrix, 504
Ising model, 92, 96, 150
1-dimensional, 63—64
2-dimensional, 65
mean field approximation, 65-66
transverse field, 99
tricritical, 96

Jackiw-Pi model, 516, 520, 537
Jackiw-Pi vortex, 522, 531

Josephson effect
AC, 135-136, 448, 451, 535
DC, 134135, 446

Josephson junction, 98, 134, 141
holographic, 446, 449

Josephson loop, 136

K theory, 497, 499
Kéhler moduli, 304
Kalb-Ramond field, 279
Kaluza-Klein

background metric, 217

expansion, 217-219

Lorentz spin decomposition, 220222

metric, 218

original theory, 222

reduction ansatz, 219-220

theory, 216-217
Kerr solution, 207
Kerr-Newman solution, 207-208, 210, 212
Killing spinor, 222

commuting, 222
Killing vector, 207, 210, 384, 462
Knudsen number, 463
Kondo

effect, 167

Hamiltonian, 167, 174

lattice, 175-176, 402, 589

model, 167

temperature, 167, 169-174, 589
Kondo effect

supersymmetric holographic, 589
Kondo problem, 167, 173-175

holographic, 582

real holographic, 592
Kosterlitz-Thouless phase transition, 97, 98
Kramers-Kronig relations, 415
Kramers-Wannier duality, 67-68, 247
Kruskal coordinates, 201
KSS bound, 578
Kubo formulas, 417419, 422, 424, 428-429, 431,

571

Landau frame, 185, 551
Landau levels, 20, 106-112, 494
Landau theory

second order phase transitions, 119-122
Landau-Ginzburg equation, 124, 127, 520
Landau-Ginzburg model, 117

effective, relativistic, 511
Landau-Ginzburg theory, 124

relativistic, 101

relativistic, effective, 507
Langevin diffusion, 424, 429434
Langevin equations, 432
Larmor frequency, 19
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Laughlin quasiparticle, 494
Laughlin wavefunction, 106, 112, 148
Laughlin’s gauge principle, 109
laws of thermodynamics, 4
Lax connection, 377
Lax equation, 75, 78, 376, 378
Lax operator, 78, 376
Lax pair, 75
level
Chern-Simons, 145
string mode, 276
level-matching condition, 352
modified, 302
Lifshitz algebra, 384
Lifshitz scaling, 383, 385, 489, 582
gravity dual, 384
lightcone
coordinates, 365
lightcone coordinates, 270
lightcone gauge, 270, 274
lightcone gauge quantization
string, 276
lightcone Hamiltonian
string, 276-277
line element, 191
Lobachevski space, 193194, 320
localization length, 160
London equations, 117, 127
London-London model, 127
long strings
in AdS, 363,374,378
Lorentz invariance anomaly, 277
Luttinger liquid, 52, 54, 59

M-theory, 313-315, 330, 479, 496, 500, 510, 540,
567
M2-brane, 316, 500, 567
M9-brane, 316
magnetic length, 107, 109
magnetic susceptibility, 8, 16-17, 64, 167, 592
magneto-electric effect
topological, 165
magnon, 69-71, 79, 81, 86, 353, 357-359, 361,
379
mass
gravitational, 195
inertial, 195
massive gravity, 579, 588
effective model for lattice, 571
higher derivative, 572
master action, 249
for duality, 247, 249, 250, 523
Maxwell duality, 252, 529, 251-531
Meissner effect, 118
membrane paradigm, 424-429, 460464, 573
memory kernel, 430

metallic state, 165, 577
metric, 192
minimal unitary series, 96
mirror symmetry, 304
modulus, 302
momentum broadening, 429434
momentum dissipation, 155, 565, 571, 575, 589
holographic lattice, 569, 588
random disorder, 565
momentum flux density tensor, 183
monopole
Dirac, 145, 251
Mott insulator, 154, 157, 160-161, 575
Mottness, 160
Moyal product, 495, 497
Mukhi-Papageorgakis Higgs mechanism, 513, 523
mutual information, 557

naked singularity, 206, 238
Nambu-Goto action, 260, 263-264, 266, 433
Navier-Stokes
scaling limit, 466
Navier-Stokes equation, 178, 182, 184, 453, 460, 464,
466, 468, 473
relativistic, 185, 454, 463
Neumann boundary condition, 264, 266, 272,
281-282, 287, 306, 498
neutron star, 486, 488—490
Neveu-Schwarz-Neveu-Schwarz sector, 288, 295
Neveu-Schwarz-Ramond (NS-R) sector, 295
Newtonian limit for gravity, 199-200
no-hair theorems, 207, 440
non-Fermi liquid, 38, 59, 137, 438, 479, 491, 507,
562, 585
nonabelian statistics, 148, 535
in AdS/CFT, 540
nonabelion, 148-150
noncommutative Chern-Simons theory, 493, 495
nonlinear KK ansatz, 233
normal ordering constant
string Hamiltonian, 277
null energy condition, 562, 583
null Melvin twist, 388

old covariant quantization of string, 275
open string variables, 496
open strings on Dp-branes
quantization, 289
operator product expansion (OPE), 92
operator-state map, 538
holographic, 328
Oppenheimer-Volkov limit, 488
orbifold, 504
order parameter, 7, 99, 119, 121, 124, 160, 408
orientifold, 501
orientifold plane, 498

© in this web service Cambridge University Press

www.cambridge.org


www.cambridge.org/9781107180383
www.cambridge.org

Cambridge University Press
978-1-107-18038-3 — String Theory Methods for Condensed Matter Physics

Horatiu Nastase
Index
More Information

608

Index

p-brane, 240-241
black Schwarzschild, 240
solution, 242244
p-brane superpositions
supersymmetric, 244
parallel-plane (pp) waves, 337
paramagnetism, 17
Brillouin, 17
Langevin-Brillouin, 20-21
Pauli, 17, 21-22
van Vleck, 17, 22
particle-vortex duality, 250-251
as Maxwell duality in AdS, 529
constraints on transport, 525-528
in the ABJM model, 528
in the path integral, 522525
nonrelativistic limit, 531
penetration depth, 128, 133
Penrose diagram, 322-323
Penrose limit, 339-341, 351-352, 361, 483
of AdS/CFT, 341-342
phase transition type
Ehrenfest, 7
Landau, 7
phase velocity, 44, 547
phonon, 31, 32,4248, 104, 117, 129, 172, 276,
575
pionless hole, 547
Planck scale
higher dimensional, 230
plasma frequency, 49, 578
plasma models
phenomenological, 407410
plasma properties
N =4 SYM at finite T, 402
plasmon, 48
Poincaré
metric, 322
patch, 322
Poincaré duality, 252-254
Poincaré patch, 323, 569
Polyakov action, 262, 265, 269, 272
Pontryagin index, 145
poor man’s scaling, 173
pp wave
Brinkmann coordinates, 340
maximally supersymmetric 10-dimensional, 339,
341
maximally supersymmetric 11-dimensional,
338
Rosen coordinates, 340
primary states, 539
chiral, 539

quantum critical phase, 97, 137, 507, 514
quantum geometry, 292

quantum Hall effect
fractional, 106, 146, 149, 493, 499, 540
integer, 106, 109, 162

quantum phase transition, 97-99, 160, 522, 575,

592

quantum spin Hall insulator, 162

quantum well, 162

quasinormal modes, 434—436
black hole, 424, 443, 446

R symmetry, 328, 405, 481, 508, 516, 538
radial gauge, 484, 529
Ramon-Neveu-Schwarz (NS-R) sector, 295
Ramond-Ramond sector, 288, 295
random phase approximation, 49
rapidity, 77, 81, 84, 379, 469
spacetime, 469
rapidity density, 86
reciprocal lattice, 36, 47
reference frame
inertial, 191
reference metric, 572
Reissner-Nordstrom solution, 204-205
higher dimensions, 237-239
relaxation time, 104, 155, 175, 178, 432, 578
reparametrization invariance, 257, 263
resistivity minimum, 169-173
retarded Green’s functions, 413-415
Reynolds number, 464
Ricci
scalar, 196
tensor, 196
Riemann tensor, 195
Riemann zeta function, 31, 277
Rindler coordinate, 474
RKKY scale, 176
RKKY temperature, 589
Ryu-Takayanagi prescription, 558

S-duality, 311-313, 327
Sakai-Sugimoto model, 550
scaling dimension, 92, 484, 538
scattering length, 385
Schouten tensor, 426
Schrédinger algebra, 386387
Schwarzschild black hole, 201
Schwarzschild solution, 191, 200-201
higher dimensions, 236
second superstring revolution, 283, 324
Seiberg-Witten map, 497
semiconductors, 33
extrinsic, 35
intrinsic, 34
Serre relations, 374, 376
shear viscosity, 183, 185, 453, 551, 554,
578
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black hole, 459 no force, 244

Kubo formula, 419 off-shell, 297

over entropy density for black hole, 459 on-shell, 296
shockwave collisions, 543 surface gravity, 210-211, 461, 468, 546
shockwave scattering susceptibility

gravitational, 549 thermodynamic, 415

on the IR cutoff, 545 symmetry current
Sine-Gordon vs. massive Thirring duality, 59 gravity dual, 329
singularity theorems, 206
slave fermions, 593 T-duality
Son and Starinets finite temperature prescription Chan-Paton factors, 307-309

retarded Green’s function, 419, 434, 485 closed strings, 300
sonic booms, 545 nonabelian, 304
sound velocity, 456 of spectrum, 302-303
source and operator VEV open string, 306-307

in dual field expansion, 420 path integral, 248-249
spacetime dimension tachyon ground state, 278

bosonic string, 277 tensor
specific heat, 8 contravariant, 196

free electron gas, 31 covariant, 196
spectral curve, 76 thermal conductivity, 579
spectral function, 138, 402, 413, 415417, 430, thermalization, 424, 434-436

484-485, 490 thermodynamic potentials, 5

spectral parameter, 76, 377 thermodynamic sum rule, 415
speed of sound thermoelectric conductivity, 579

in plasma, 410 thermoelectric conductivity parameter, 571
spheres theta term, 164

higher dimensional, 227-228 Thomas-Fermi approximation, 49-50, 489, 589
spherical harmonics, 218, 221, 224, 392, 435, 481, topological field theory, 497

509 topological insulator, 154, 161-165, 493, 497, 499,

spin chain 502, 505, 537

SO(6), 353 topological superconductor, 150-152, 162, 493, 497
spin structure, 392-393 TOV equations, 488
spin-charge separation, 58—59 transfer matrix, 63, 374, 376
spinon, 52, 58 turbulence, 464
static gauge, 266, 284 type I superstring, 315
statistical gauge field, 143-144, 526 type IIA superstring theory, 309

strange metal, 137, 479, 489, 570, 578, 588-589, 592 type 1IB superstring theory, 309
holographic, 582, 585

stress tensor Umklapp process, 47, 129
fluid conservation equation, 453 universality
string duality web, 315-316 gravity duals at finite temperature, 405
string frame, 243, 310, 587
string Hamiltonian valence band, 33, 35, 37, 109
on-shell closed, 273 Verma module, 96
on-shell open, 273 vielbein, 258
pp wave, 342-344 Virasoro algebra, 95, 280, 319
string quantization, 274-275 Virasoro constraints, 274, 301, 365
SU(2) sector, 355-357, 363, 380 Fourier modes of, 273
superconductor viscous stress tensor, 453
holographic, 438
supergravity, 309 Weingarten map, 461
action, 309-311 Weiss theory, 23
superstring, 278 Weyl invariance, 263, 269-270, 456
superstring theory, 288 Weyl invariance anomaly, 277
supersymmetry, 296297 Weyl tensor, 426, 511
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Wilson line, 307 worldvolume, 243, 282-283

Wilson loop, 307, 367, 559, 590 WZ term, 288-289, 298, 493, 498-499, 501, 537,
supersymmetric, 591 551

winding, 300-301, 306

Witten construction, 329-330 Yang-Baxter equation, 77, 79, 81, 84, 374, 376

Witten metric, 397-399, 403, 405, 432, 434 Yangian, 374, 375-377

Witten prescription algebra, 374, 375
finite temperature, 394-397 Yangian charges, 377

worldline, 256

worldsheet, 260 zeta function regularization, 277
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