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[220] M. Roček and E. Verlinde, Duality, quotients, and currents, Nuclear Phys. B

373 (1992), 630–646.

[221] W.-D. Ruan, Lagrangian tori fibration of toric Calabi-Yau Manifold III: Sym-

plectic topological SYZ mirror construction for general quintics, preprint, 1999

(math.DG/9909126), to appear in J. Differential Geom.

[222] Y. Ruan and G. Tian, A mathematical theory of quantum cohomology, J. Differ-

ential Geom. 42 (1995), 259–367.

[223] N. Sakai and I. Senda, Vacuum energies of string compactified on torus, Prog.

Theor. Phys. 75 (1986), 692–705. [Erratum: ibid. 77 (1986), 773.]

[224] R. Schoen and J. Wolfson, Minimizing volume among Lagrangian submanifolds,

in Differential Equations: La Pietra 1996 (Florence) (M. Giaquinta, J. Shatah

and S. R. S. Varadhan, eds.), Proc. Sympos. Pure Math. vol. 65, Amer. Math.

Soc., Providence, RI, 1999, pp. 181–199.

[225] N. Seiberg, Naturalness versus supersymmetric nonrenormalization theorems,

Phys. Lett. B 318 (1993), 469–475.

[226] P. Seidel, Lagrangian two-spheres can be symplectically knotted, J. Differential

Geom. 52 (1999), 145–171.

[227] P. Seidel, Graded Lagrangian submanifolds, Bull. Soc. Math. France. 128 (2000),

103–146.

[228] P. Seidel, Vanishing cycles and mutation, in European Congress of Mathematics,

vol. II (Barcelona, 2000), Progr. Math. vol. 202, Birkhäuser, Boston, 2001, pp.
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A-model, 87, 647, 658, 661, 671, 688, 730

A-twist, 401, 408, 586, 850, 855, 856

action, 146

ADE singularity, 99, 337, 677

adjunction formula, 53, 521, 667

affine structure, 703

ALE space, 372

almost complex structure, 68, 487, 488,

627

integrable, 488

angular momentum, 282

annulus amplitude, 657, 661

anomaly, 295, 833

axial, 353, 589, 813

factorization, 660

holomorphic, 593, 597, 654, 657, 662,

668, 672

Quillen, 597, 646, 656

R-anomaly, 809

anomaly-free, 809

anti-brane, 708, 739

anti-chiral superfield, 273

twisted, 274

anti-topological theory, 427

arithmetic genus, 490

Aspinwall–Morrison formula, 537, 546,

635

asymptotic freedom, 366

Atiyah–Bott fixed-point theorem, 58

autoequivalence, 760

auxiliary field, 277

B-brane, 800, 805, 838, 847, 855, 856,

872

B-cycle, 707

B-field, 254, 294, 687, 798, 803, 806, 867

B-model, 87, 654, 655, 657, 658, 685,

686, 730

B-twist, 401, 416, 420, 592, 850, 856

bare

coupling, 325

field, 325

Batyrev’s construction, 665

Bekenstein–Hawking entropy, 612

Beltrami differential, 422, 590, 596

Bernoulli number, 552, 610, 638

beta function, 326, 327, 329

Bianchi identity, 50, 75, 247, 252

black hole, 612

entropy, 695

blow-down, 126

blow-up, 97, 123–125, 369

boson–fermion equivalence, 266

bosonic, 155

Bott residue formula, 537

Bott–Morse function, 233, 303

bound state, 704

boundary

state, 454, 779, 847ff

boundary condition, 450, 766ff

Dirichlet, 450, 659, 767ff

Neumann, 450, 659, 767ff

twisted, 259

boundary divisor, 500, 510

boundary field theory, 697
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boundary lemma, 513

boundary stratum, 499

BPS

configuration, 447, 469

soliton, 435ff, 436, 447, 470

state, 606, 607, 615, 616, 619, 636, 671,

694

bubbling, 499, 513

bundle

polystable, 736, 737, 743, 744, 755

semistable, 736, 744

c-theorem, 790

Calabi–Yau, see Calabi–Yau, manifold

condition, 74

correspondence, 393

form, 91

hypersurface, 130

manifold, 55, 64, 72, 77, 299, 329, 337,

416, 434, 464, 523, 571ff, 587, 720,

761, 851, 857

mirror, 603

non-compact, 474, 842

moduli space, 78, 82

n-fold, 455, 654, 816, 867

threefold, 130, 548, 562, 587, 589, 600,

617, 625, 630, 662, 679, 853

Cardy’s construction, 871

Čech cohomology, 34

Čech–de Rham cohomology, 36

Čech–Dolbeault isomorphism, 37, 81

characteristic class, 45

charge, 114, 115

central, 283, 693, 790, 870

conserved, 208, 214, 279, 776

R-charge, 826, 830, 836, 863

charge fractionalization, 390

charge lattice, 859

Chern

character, 51, 704, 740

class, 45ff, 297, 317, 810

Chern–Simons theory, 680, 684–687, 690

holomorphic, 705

chiral field, 164

twisted, 466

chiral multiplet, 284, 351, 472

twisted, 284

chiral operator, 398

twisted, 398

chiral ring, 164, 165, 337, 397ff, 404ff

twisted, 398

chiral superfield, 273, 335, 435

twisted, 281, 382

Chow group, 116

Chow ring, 485

classifying space, 58

Clemens conjecture, 561

Clifford algebra, 254

coherent sheaf, 707, 708, 736, 739

comparison lemma, 513, 528

complete conic, 502

complete intersection, 374, 377

complex

manifold, 78

structure, 67, 70

submanifold, 806

complex of sheaves, 740

Compton wavelength, 327

cone, 102, 105, 108, 122

polyhedral, 102

confinement, 381

conformal field theory, 335

conformal structure, 487

conifold, 95, 684

singularity, see singularity, conifold

transition, 98

conjugate momentum, 174, 769

connect sum, 758, 759, 763

connection, 13

HYM, 731, 735, 743, 762

Levi–Civita, 15

conservation equation, 238

conserved current, 239, 279, 293

coordinates, 4, 25

flat, 457, 588

homogeneous, 25, 105, 123, 133

correlation function, 163, 410, 418, 421

topological, 404, 418
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correlator, 553, 560, 562, 564, 571, 577

correspondence principle, 724

cotangent bundle, 9

holomorphic, 69

crepant resolution, 95

critical point, 197, 202, 205, 836, 847

curvature, 16

D-brane, 449ff, 606, 684, 692ff, 709, 729ff,

742, 767

worldvolume, 696

∂̄-operator, 71, 731, 735

D-term, 274, 331, 438, 463

D2-brane, 609, 615, 618

de Rham

cohomology, 20, 71, 210, 410

cohomology complex, 19

decoupling, 331

Dedekind eta function, 246, 650, 771

deformation, 161

conifold, 96

Hamiltonian, 751, 752, 755, 760

invariance, 160

long exact sequence, 506

obstructions to, 505, 748

of complex structures, 79

unobstructed, 748

deformation theory, 504

degeneration, 495

Dehn twist, 757, 760

del Pezzo surface, 369

Deligne–Mumford stack, 484, 541, 542,

572

derived category, 708, 719, 730, 738ff

autoequivalence, 739

inverting arrows in, 741

descendant invariant, 526ff, 557

determinant, 660

differential form, 10, 18

dilaton equation, 514, 527

dimensional transmutation, 331, 354

Dirac fermion, 254, 260, 278, 768, 775,

782, 787

Dirac operator, 411, 660, 827

Dirac’s sea, 259

Dirac–Born–Infeld action, 700

divisor, 39

T -invariant, 107, 108, 129, 136

divisor equation, 527

Dolbeault

cohomology, 41, 58, 839

operator, 215, 410, 812

Donaldson–Uhlenbeck–Yau theorem, 736

dual graph, 489

dualizing sheaf, 492

Dynkin diagram, 99, 677

edge, 103, 105, 106

effective action, 325, 382

elliptic curve, 78, 495, 591, 641, 714, 762

elliptic fibration, 130, 667

elliptic rational surface, 643

entropy

boundary, 791, 793

bounded, 789

enumerative prediction, 672, 673

equation of motion, 170, 252, 326, 449

equivariant cohomology, 58ff, 62, 535ff,

566

Euler characteristic, 18, 45, 58, 191, 589,

610, 625, 626

Euler class, 45, 63, 523, 550, 617

Euler–Lagrange equation, 170

evaluation map, 503

exceptional

collection, 869

pair, 868

sheaf, 868

exceptional divisor, 97, 370

excess intersection, 47, 65

formula, 525

extension class of sheaves, 743

extensions of holomorphic bundles, 737

F-term, 275, 331, 387, 463, 602, 604, 608

twisted, 275, 331, 405

F-theory, 130

fan, 101ff, 115, 128, 131

morphism of, 127



924 INDEX

normal, 133

simplicial, 124

Fano manifold, 365, 559, 568, 640, 868

Fayet–Iliopoulos (FI) parameter, 112, 118,

351, 353, 465

Fermat quintic, 478

fermion number operator, 185

fermionic, 155

Feynman diagram, 152, 154, 172, 320,

585, 599, 681, 683

Feynman graph, 681, 692

fixed point, 57

flag, 542, 543

flat U(1) connection, 747

Floer cohomology, 749, 832, 838

Floer homology, 831

flop, 125

forgetful map, 528

forgetful morphism, 498, 503

Fourier–Mukai transform, 708, 723, 739

free energy, 154

of a point, 515

frequency, 314

Frobenius manifold, 87

Fubini–Study metric, 359, 360

Fukaya composition, 719

Fukaya’s A∞ category, 710, 730, 745

Fulton–MacPherson configuration space,

502

fundamental solution, 555

g-theorem, 791

gauge

field, 146, 296, 342, 800

symmetry, 341

gauged linear sigma model (GLSM), see

sigma model, gauded linear (GLSM)

Gauss–Manin connection, 84, 430

Gaussian measure, 153

generating function, 647

geometric engineering, 108, 130, 677

gerbe, 707

Givental’s polynomiality condition, 577

GKO construction, 870

GKZ decomposition, 113, 118

Goldstone

boson, 344

mode, 344

Goldstone’s theorem, 344

Gopakumar–Vafa invariant, 611, 615ff,

635ff, 670

graded Lagrangian, 715

gradient flow, 44, 737, 836

grading, 745, 754, 759

Grassmann variables, 155

Grassmannian, 329, 502

Lagrangian, 815, 818

gravitational descendant, 725

invariant, 526

Gromov–Witten

invariant, 64, 94, 526ff, 546, 550, 564,

611, 617, 619, 627, 633, 635, 640,

647, 671

open string, 706

potential, 635, 637

theory, 615, 627

Grothendieck–Riemann–Roch formula, 52,

56, 488, 717

ground state, 306, 307

Ramond–Ramond (RR), 645

RR, overlap with, 849, 878

group cohomology, 58

GSO projection, 266, 872

Hamiltonian, 147, 171, 173, 174, 282

Hamiltonian deformation, 745, 746

harmonic oscillator, 239

simple, 174

supersymmetric, 194

helix, 869

Hermitian metric, 70

Hermitian symmetric space, 329

Hermitian-Yang–Mills

connection, see connection, HYM

equation, 697, 730, 731, 733

Hessian, 201, 303, 664, 859

Higgs mechanism, 346, 704

Hilbert scheme, 623, 625, 630
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Hirzebruch surface, 29, 106, 371

Hirzebruch–Riemann–Roch theorem, 586

Hitchin–Kobayashi correspondence, 761

Hochschild cohomology, 725

Hodge

bundle, 84

bundle, 83, 86, 516, 550

decomposition, 22

numbers, 71

star, 21

theory, 22

holomorphic bundle, 730, 739, 855, 867,

884

holomorphic Casson invariant, 747

holomorphic Chern–Simons functional, 749,

750

holomorphic vector field, 57, 217

zeroes, 57

holonomy, 72, 453, 600, 685

homological mirror symmetry conjecture,

730

Hopf index, 58

hyper-Kähler rotation, 756

improved connection, 860

index, 812, 815, 827

supersymmetric, 848

index theorem, 297

infrared, 314

divergence, 346

instanton, 220, 224, 680

number, 559, 667

integrality conjecture, 641

integration, 18

intersection number, 114, 115, 438, 442

intersection product, 43

Ishibashi state, 871

isotropy group, 484

j-line, 495

Jacobian, 18

Jordan–Hölder decomposition, 737, 762

K-theory, 741, 742, 867, 868

Kähler

class, 317, 329

complexified, 361, 593, 687

cone, 74, 363

metric, 71, 315

potential, 72, 86

Kaluza–Klein reduction, 147, 601

knot, 688

invariant, 690

trivial, 689

Kontsevich’s

conjecture, 709, 719, 727, 730, 739,

742

recursion, 509, 512

theorem, 515

Lagrangian

connect sum, 754

graded, 745, 760

stable, 760

submanifold, 688, 745, 751, 801, 802,

821, 857

Landau–Ginzburg

A-brane, 875

B-brane, 881

correspondence, 393

model, 202, 216, 219, 284, 291ff, 408,

416, 435ff, 834ff, 842, 853, 861

supersymmetric, 148

orbifold, 376

theory, 162, 456, 458, 472, 477, 478,

693

Laplace–Beltrami operator, 210

Laplacian, 22, 605

large complex limit point, 729

large Kähler limit point, 729

large volume limit, 303, 853

Lefschetz decomposition, 620

Legendre transform, 703

Lichnerowicz equation, 77

line bundle, 30, 38

hyperplane, 30

tautological, 30

vacuum, 84, 85

linear equivalence, 510, 741
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local Calabi–Yau threefold, 131

local mirror symmetry, 95, 100

localization, 157, 225, 411, 535ff, 565,

572

formula, 62, 575

principle, 158, 199ff

loop space, 301

M-theory, 607, 671

M2-brane (membrane), 607, 608, 612

magnetic monopole, 51, 693

Majorana fermion, 262

Maslov

class, 745

index, 716, 810, 813, 815–817, 819, 827

matrix model, 683

McKay correspondence, 99

mean curvature flow, 753, 761

metric, 12

minimal model, 443

N = 2, 870

Mirror

conjecture, 553, 559, 571ff

family, 138

map, 663

quintic, 88ff, 664

mirror symmetry, 94, 137ff, 149, 284ff,

307, 310, 463ff, 553, 645ff, 677ff, 692ff,

726, 884ff

with bundles, 704

MMMS equation, 731, 733, 737

modular invariance, 651

modular transformation, 246

moduli space, 412, 428, 519, 520, 590,

698

coarse, 484

of curves, 54, 493ff

of stable maps, 501

moment map, 235, 735, 753

momentum, 251, 282

Monge–Ampère equation, 720

monodromy, 84, 754, 758, 759, 859, 860,

862, 863

Mori cone, 117, 119, 120, 363

morphism, 126, 714

Morse complex, 44

Morse function, 220, 235, 820

perfect, 236

Morse index, 44, 201, 221, 231, 829

relative, 227, 826

Morse theory, 43

Morse–Witten complex, 230, 231, 236,

831

Mukai vector, 730, 740, 744

multiple cover formula, 65, 551

mutation, 868

left, 868

right, 868

Narain lattice, 650, 651

nef manifold, 365

Neveu–Schwarz sector, 262

Newlander–Nirenberg theorem, 68

Nijenhuis tensor, 68

nodal curve, 489, 491

node, 96, 125

Noether

charge, 171

procedure, 171, 183, 238, 279

non-confinement, 390

non-renormalization theorem, 333

non-singular, 485

normal ordering, 242

with respect to the ground state, 261

normalization, 489

observable, 725

physical, 403

obstruction, see deformation, obstructions

to

one-parameter subgroup, 109, 110, 122

open string, 769

open string sector, 704

operator

lowering, 185

raising, 185

orbifold, 121, 122, 124, 126, 376, 474, 484

ordinary double point, 96, 97
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partition function, 151, 155, 162, 172,

174, 244, 262ff, 786, 822

path-integral, 146, 178, 199ff, 250, 310,

649, 652

anti-topological, 428

topological, 426

period, 84, 666, 851

integral, 852, 878

Pfaffian, 156

physical operator, 409, 417, 421

Picard group, 38

Picard–Fuchs differential equation, 91, 560,

853

Picard–Lefschetz

monodromy, 439, 760

theory, 435, 869

Poincaré duality, 42, 413, 415, 854

Poincaré’s Lemma, 275

Poisson resummation, 179, 652, 675

polylogarithm, 671

polytope, 101, 132ff, 138

polar, 138

reflexive, 137

principal bundle, 11

propagator, 668

proper, 485

pseudo-holomorphic curve, 627, 628

pull-back, 10

push-forward, 9

Q-cohomology, 210, 397, 820, 831, 843

quantum cohomology, 94, 553

quantum cohomology ring, 530, 532

big, 532

small, 533

quantum differential equation, 553ff

small, 555

quantum field theory (QFT), 145

quantum gravity, 146

quantum mechanics, 169ff

quantum product, 531

quasi-homogeneous function, 295

quasi-isomorphism, 708, 730, 741

quasi-modular form, 644

quintic

hypersurface, 54, 88, 664

threefold, 64, 82, 140, 521, 546, 635

R-charge

axial, 273

vector, 273, 282

R-rotation

axial, 273

vector, 273

R-symmetry, 294, 386, 793, 809, 822, 844,

847

axial, 282

vector, 282

Ramond sector, 262

Ray–Singer torsion, 654, 657, 707

reconstruction

genus 0 descendant, 528

regularization, 322

renormalization, 315, 322, 323, 467

renormalization group, 323

flow, 313ff, 354, 385, 477, 791

invariant dynamical scale, 354

renormalized field, 326

resolution

conifold, 96

resolution of singularities, 125

Ricci tensor, 75, 327

Riemann bilinear identity, 852

Riemann surface, 16, 487

Riemann’s bilinear identity, 854

Riemann–Roch theorem, 488

Riemann-Hurwitz formula, 538

scale, 313

transformation, 313

scattering amplitude, 692

Schubert cell, 64

section, 7

covariantly constant, 14

global, 35

selection rule, 410, 586

Serre duality, 38, 52

sheaf, 32
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sigma model, 146, 177, 179, 180, 206,

246ff, 327

Calabi–Yau, 317, 420, 586

gauded linear (GLSM), 102, 111, 114,

118, 123

linear, 339ff

non-linear, 291ff, 302, 356ff, 408

perturbation theory, 317

supersymmetric, 148, 307, 796

supersymmetric linear, 348

supersymmetric non-linear, 292

toric, 391

sine-Gordon model, 420

N = 2, 444

singularity, 27, 90, 95, 686

conifold, 90, 96, 125, 368, 686

quotient, 27

skyscraper sheaf, 740

sLag, see special Lagrangian

sLag Fukaya category, 730

slope, 736, 738, 747

soliton, 389, 693

solitonic state, 436

special geometry, 434

special Lagrangian, 701, 711, 720, 723,

745, 746, 753, 851, 860

deformation, 702

fat, 762

moduli space, 701

special point, 497

spectral flow, 226

of fermion number, 262

of Hessian eigenvalues, 227

splitting principle, 51

stability, 736

stable

bundle, 730

curve, 495

map, 501

orbit, 736

pointed curve, 497ff

string equation, 514, 527

string theory, 694, 695, 791

Strominger–Yau–Zaslow conjecture, 691

structure sheaf, 34, 484, 707, 740

subvariety, 104

T -invariant, 104, 106, 109

supercharge, 184, 208, 213, 282, 294, 316,

400, 793, 824, 839, 842

conserved, 279

superconformal symmetry, 871

supercurrent, 294, 793, 794, 796, 847

superfield, 272

vector, 349

superHiggs mechanism, 358

superpotential, 102, 141, 277, 469–471,

602, 875

quasi-homogeneous, 408

twisted, 282, 382, 465

superspace, 149, 272

(0, 2), 288

supersymmetric cycle, 697

supersymmetric gauge theory, 679

supersymmetric ground state, 188, 192,

195, 201, 205, 221, 299, 308, 819,

825, 838

overlaps with, 873

supersymmetric index, 187, 189, 197

supersymmetric quantum mechanics, 182ff,

187, 206

supersymmetry, 156, 157, 183

(0, 2), 288

(1, 1), 285

A-type, 793

B-type, 793

N = (2, 2), 271ff

Type IIA, 599, 678

Type IIB, 599

supersymmetry algebra

N = (2, 2), 284

N = 2, 693

symmetric product, 621, 622

symmetry

spontaneously broken, 344

symplectic reduction, 362

T-duality, 149, 249, 309ff, 465, 470, 658,

698, 701, 727, 777ff, 791
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tachyon, 708, 739

condensation, 708

tangent-obstruction

exact sequence, 506

theory, 628

target space physics, 599

tautological

bundle, 536

line bundle, 512

theta angle, 351, 385

theta function, 268

Thom

class, 43

form, 42

three-point function, 705

Todd class, 52, 840

topological amplitude, 645, 647

topological field theory, 397, 403, 404,

684

topological metric, 407

topological open string, 709

topological string, 585ff, 599ff, 648, 680

amplitude, 606, 689

topological twisting, 397

topology change, 393

toric

fan, 28

geometry, 101, 141

toric manifold, 356, 361, 362, 887

toric variety, 28, 101, 104–106, 109, 472

affine, 103

morphism of, 126, 127

projective, 132, 135

torus action, 565

torus fibration, 699, 701

tt∗ equations, 423, 430, 431, 434, 444

tt∗ geometry, 447

twisting, 399, 603

ultraviolet, 314

universal curve, 498

universal map, 504

unobstructedness, 82

vacuum bundle, 424

vacuum expectation value, 603

vanishing cycle, 438

vector bundle, 5

Hermitian, 811

Verlinde

algebra, 877

ring, 870

vertex operator, 242, 243

Virasoro algebra, 336, 337

Virasoro constraints, 515

virtual fundamental class, 519, 617, 629,

631

virtual localization, 548, 552

virtual normal bundle, 548

wall crossing, 742

wave-front, 437

trajectory, 802

weighted projective space, 27

Weil–Petersson metric, 85, 434, 656, 703,

722

Wess–Zumino gauge, 349

Wess–Zumino–Witten model, 870

Wick rotation, 171, 243, 781

Wilson line, 84, 767, 778, 785

winding number, 247, 251

Witten index, 189, 191, 210, 397, 645,

823, 831, 836, 837, 846, 850, 858,

873

open string, 849

Witten’s conjecture, 515

Witten–Dijkgraaf–Verlinde–Verlinde (WDVV)

equation, 500, 532, 588

Yang–Mills action, 744

Yau’s theorem, 76, 736

zeta function, 268

regularization, 172, 177, 241, 257, 770






