
CONTENTS

Volume I

PREFACE vii

INTRODUCTION 1

PART I. FLUCTUATING FIELDS AND RANDOM CHAINS

Chapter 1. StatisticalPhysics 7
1.1. Classicalstatistics 7
1.2. Classicalfields 10

1.3. Freefields 12
1.4. Fieldcorrelationfunctions 18

1.5. Wick'stheorem 23
1.6. Quantum statistics 25

Chapter 2. PerturbationTheory 31
2.1. Generalformalism 31
2.2. Vacuum contributionZ[0] 34
2.3. Two-pointfunctionandself-energygraphs 39

2.4. Four-pointand vertexfunctions 42
2.5. Specialfeaturesoflocaltheories 45
2.6. Momentum spacediagrams 47

2.7. Relationbetweenvacuum diagramsand correlationfunctions 53



Chapter 3. Gauge InvariantFieldTheories 55

3.1. Free magnetic fields 55

3.2. Gauge-fixingfactors 62

3.3. Charged scalarfields 66

3.4. Feynman diagrams 68

3.5. Non-Abelian gauge theories 72

3.6. Non-Abelian fieldtheoriesinvolvingthespace group 83

Chapter 4. Low Temperature Expansion Around Extrema 92

4.1. Extremal fieldconfigurations 92

4.2. Saddle-pointapproximationofintegrals 95

4.3. Saddle-pointapproximationforfluctuatingfields 97

4.4. Connected correlationfunctions 101

4.5. Symmetry propertiesof extremal fieldconfigurations:

currentsand conservationlaws 105

Appendix 4A. Vacuum diagrams 110

Chapter 5. EffectiveEnergy 114

5.1. Extremal principle 114

5.2. Tree graphs and vertexfunctions 116

5.3. Graphicalcontentof theeffectiveenergy 120

5.4. The one-particleirreducibilityofГ [0] 124

5.5. Properself-energy 128

Appendix 5A. Graphs contributingto(1/7) W[j] 130

Chapter 6. Feynman Diagrams and Random Walks 133

6.1. Generalremarks 133

6.2. Singlerandom walk 136

6.3. Materialrandom chainsin thermalequilibrium 145

6.4. Grand canonical ensemble of closed orientedrandom chains

and disorderfields 149

6.5. Criticalregion 151

6.6. Closed random chainsand loop diagrams 153

6.7. Open random chainsand linesin Feynman diagrams 154

6.8. Fieldfluctuationsversuslinefluctuations 156

6.9. Ensembles of fluctuatinglinesin thecriticalregion 162

6.10. GeneralpropertiesoflatticeGreen functions 164

6.11. CalculationoflatticeGreen functionsviathe hopping expansion 167

6.12. Improving theconvergence of hopping expansion 180

6.13. Exact one- and two-dimensional Coulomb Green function on

a squarelattice 193

6.14. Fluctuationdeterminants 204

6.15. Finite-sizeeffectson the fluctuationdeterminant and quantum

statisticsof a freefield 212

6.16. Short-rangestericinteractionsbetween chains versus

fieldinteractions 220

6.17. Incorporatinglong-rangeforces 226

6.18. Interactingrandom chainsand Feynman diagrams 231



Appendix 6A. Green functionsand fluctuationdeterminants for non-cubic

lattices 232

PART II. GAUGE FIELDS IN SUPERFLUID HELIUM

Chapter 1. Superfluidity 255

1.1. Basicproperties 255

1.2. Fielddescriptionof superfluidphase transition 258

1.3. Nambu-Goldstone modes and superfluidvelocity 266

1.4. Straightvortexline 267

1.5. Vortexlinesof arbitraryshape, vortexdensity 275

1.6. Branching vortexlines 280

1.7. Hydrodynamic energy of vortexlines 282

1.8. Vector potentialversusphase angle 290

Chapter 2. Grand Canonical Ensembles Of InteractingVortex Lines 300

2.1. Disorderfieldsforvortexlines 300

2.2. Thermodynamic quantities 302

2.3. Nambu-Goldstone modes of thedisorderfield 304

2.4. Inclusionof hydrodynamic forces 304

Chapter 3. Ginzburg-Landau Theory of Superconductivity 307

3.1. London equations 307

3.2. Order parameter 309

3.3. Order field 310

3.4. Ginzburg-Landau energy 312

3.5. Gorkov' s derivation 313

3.6. Ginzburg-Landau equations 316

3.7. Criticalmagnetic field 319

3.8. The two length scalesand typeI versustypeIIsuperconductivity 320

3.9. Singlevortexlineand criticalfieldHCl 324

3.10. The field//(;!when superconductivityisdestroyed 330

3.11. Fluctuationcorrections 332

3.12. Phase transitionin disorderfieldtheory and disorderversion

ofthe Meissner effect 341

Chapter 4. LatticeModel of theSuperfluidPhase Transition 346

4.1. Motivation 346

4.2. TheXYmodel 348

4.3. High temperatureexpansion 352

4.4. Physicalinterpretation 392

4.5. Estimateofcriticalpropertiesviatheratiotest 393

Appendix 4A. Graphs of order/10 401

Chapter 5. Mean FieldMethods forLatticeModels 409

5.1. Variationalestimatesof thermodynamic properties 409

5.2. Equivalentfieldformulationof theXY model 417

5.3. Fluctuationmodes 423

5.4. One-loop correctiontothe mean-fieldenergy 430



5.5. Local formulation with two complex fields 436

5.6. Correlation functions of the XY model 440

5.7. Improvement of the mean-field-plus-one-loop approximation 442

5.8. Effective energy approach 449

Appendix 5A. Generalization to classical0{n) spin models 462

Chapter 6. Vortex Lines in the XY Model 466

6.1. Integer-valued gauge fields 466

6.2. Vortex lines 474

6.3. Formal low temperature limit of the vortex-linerepresentation 480

6.4. Improved treatment of the low temperature limit 485

Chapter 7. The Villain Approximation and the VillainModel 489

7.1. The Villainapproximation 489

7.2. The Villain model 498

7.3. High and low temperature expansions of the Villain model 499

7.4. Monte Carlo simulation of the Villain model 518

7.5. Comparison of the XY model with itsVillainapproximation 520

7.6. The XY model versus Villain model of superfluidity 535

7.7. Perturbation expansions of the Ｘy model (l/β―expansion) 537

7.8. Hartree-Fock resummation 540

7.9. Comparison with the mean-field-plus-loop approach 544

7.10. Vortex corrections 546

Appendix 7A. The low temperature expansion of the Villainapproximation 550

Chapter 8. Gauge Fields of Vortex Lines 553

8.1. Vortex-gauge fieldand vortex-gauge invariance 553

8.2. Physical meaning of vortex-gauge invariance 554

8.3. Continuum description 557

8.4. Vortex gauge theory for the Villain model ― double gauge theory 559

8.5. Derivation of energy of vortex lines from vortex-gauge fields 563

8.6. Continuum limit 565

Chapter 9. Correlation Functions 568

9.1. Path-integralrepresentation 568

9.2. Monopole gauge field - triplegauge theory 570

9.3. Other representations of correlationfunctions in the Villain model 573

9.4. High temperature expansion for the two-point correlation

function and susceptibility 578

9.5. Ratio testforthe susceptibilityexpansion 590

9.6. Isotropy of high temperature correlationfunctions atlarge distances 591

9.7. Low temperature expansion of the correlation function in the

Villainmodel 595

Chapter 10. Gas of Monopoles 598

10.1. Zn Villain model 599

10.2. Villain model in a generalized external magnetic field 601

10.3. Relation to latticegauge theory 602

10.4. Zn cosine models 608



10.5. High temperatureseriesofZn models 612

10.6. Z2 (lsing) model, Z3 (three-statePotts) model, Z4

(Ashkin-Teller)model 612

Chapter 11. Two-Dimensional Considerations 618

11.1. Films ofsuperfluidhelium 618

11.2. High temperatureexpansionof D = 2 XY model 619

11.3. Vortex representationin two dimensions 620

11.4. Low temperatureexpansion of the Villainmodel 629

11.5. Determinationof thetransitionpoint 639

11.6. Villainapproximation forD = 2 641

11.7. Vortex correctionsin D = 2 XY model 643

11.8. Correlationfunctionsin the2-dimensionalVillainmodel 653

11.9. Explicitcalculationof the two-point correlationfunction at

low temperatures 658

11.10. The renormalizationgroup 663

11.11. Coherence length 669

11.12. Universalityofthe criticalstiffness 672

11.13. Exact formula for the renormalizationof superfluiddensity

by vortices 675

11.14. Equivalence of the Villainmodel to the limitingcase of the

sine-Gordon model 679

11.15. Estimateof the criticaltemperaturein thesine-Gordon model 681

11.16. Self-consistentapproximation to the coherence length of the

XY and sine-Gordon models 685

11.17. Surfaceroughening and crystalgrowth 688

Chapter 12. LatticeDerivationof DisorderFieldTheory 694

12.1. Equivalenceof theX Y model to alatticesuperconductor 694

12.2. From latticesuperconductortoGinzburg-Landau theory 697

12.3. Comparison withapproximate disordertheory 701

12.4. Naturalcoreenergies 703

12.5. Type-I or type-Ⅱdisordertheory 707

12.6. Quantum vortexdynamics in filmsof superfluidhelium 709

Chapter 13. Vortex Lines in the Ginzburg-Landau Theory and Their

DisorderFieldTheory 716

13.1. General discussion 716

13.2. Vortex-linerepresentationofa generallatticesuperconductor 717

13.3. Disorderfieldtheoryof vortexlinesinlatticesuperconductors 717

13.4. Limitingcases 726

13.5. Phase transitionsinlatticesuperconductors 729

13.6. Tricriticalpointin a superconductor 736

SUBJECT INDEX


	page1
	page2
	page3
	page4
	page5

