Contents

1 Imtroduction .......... .. ... ... ... . ... i 1
1.1 Flow Equations to Solve an Integral . ................... 4
1.2 Functional Integral Representation of Quantum Field Theory . . . 8
1.2.1 From the Lattice to Field Theory . ................ 9
1.2.2 Expectation Values, Correlation Functions. . . . ... .... 10
1.2.3 Functional Derivatives, Generating Functionals .. ... .. 11

1.2.4 Microscopic Actions in Real Time and Analytic
Continuation. . . ........ ..t innnn.. 13
1.2.5 Matsubara Formalism . ........................ 14
References . ... ... .. i e 15
2 The Wetterich Equation. . . ... ............. ... ... ....... 17
2.1 Scale Dependent Schwinger Functional . ................. 17
2.2 The Average Action and its Flow Equation . .............. 19
2.3 Functional Integral Representation and Initial Condition . . . ... 20
Reference . .. ... ... . . 21
3 Generalized Flow Equation ... .......................... 23
3.1 Scale-dependent Bosonization. . . ...................... 23
32 Flowing Action. .. ... ... i 27
3.3 General Coordinate Transformations . ................... 29
References . . ... ... i e 31
4 Truncations. . ... ... ... ... ... it 33
4.1 Symmetries as a Guiding Principles. . . .. ........... . 34
42 Separationof Scales. . ....... ... .. ... i 35
4.3 Derivative Expansion. . . .. ..., . . i 36
5 Cutoff Choices. . ........ ..ot 39
References . ... ..t e e e 42
vii

Bibliografische Informationen digitalisiert durch & ,S:
http://d-nb.info/1002961815


http://d-nb.info/1002961815

viii Contents
6 Investigated Models. ........... ... ... ... ... . ... 43
6.1 Bose Gas in Three Dimensions . . .. .................... 43
6.1.1 Lagrangian. . ... ... .. ...t 44

6.2 Bose Gas in Two Dimensions. . ... .................... 46

6.3 BCS-BEC CrossOVer. . .« v v vt ie ittt it iiaiainenen 48
6.3.1 Lagrangian. ... ... ... ... ...t 51

6.4 BCS-Trion-BEC Transition . . .. ..........c...vo.on.. 52
6.4.1 Lagrangian. ... ....... ... ...t 53
References . . . ... ... . e 54

7 Symmetries . . . ... ... e 59
7.1 Derivative Expansion and Ward Identities . ............... 59
7.1.1 Propagator and Dispersion . . .. .................. 63

7.2 Noethers Theorem......... ... ... ... .. ... ... . ..., 65
References . . .. .. .. i e 69

8 Truncated Flow Equations. . . . ......... ... ... ... ... ... 71
81 BoseGas . ... . 71
8.1.1 Flow Equations for the Effective Potential . . ... ... ... 73

8.12 Kinetic Coefficients. . . . .......... ... ... .. ... 76

82 BCS-BEC Crossover. . . .. ..uuvuuieeiieaeaneneennn 78
8.2.1 Flow of the Effective Potential. . . ... ............. 79

8.3 BCS-Trion-BEC Transition . . ........................ 82
References . ... ... . i e 83

9 Few-Body Physics .......... ... ... .. ... . ... . ... .. 85
9.1 Repulsive Interacting Bosons ... ................ ... ... 86
9.1.1 Vacuum Flow Equations and their Solution ford =3 ... 86

9.1.2 Logarithmic Running in Two Dimensions . .......... 89

9.2 Two Fermion Species: Dimer Formation . ................ 91
921 Two-body Problem . ............. ... ... ... ... 92

9.22 Renormalization . .. ......... ... .. ... . ..... 93

923 BindingEnergy. ... ..... ... ... .. 95

9.24 Dimer-Dimer Scattering . ...................... 96

9.3 Three Fermion Species: Efimov Effect. . .. ............... 97
9.3.1 SU(3) Symmetric Model ... .................... 98

9.3.2 Experiments with Lithivm . ... .................. 107
References . . .. ... o i e 115

10 Many-Body Physics . .. ... ... ... ... . 117
10.1 Bose-Einstein Condensation in Three Dimensions. .. ........ 117
10.1.1 Different Methods to Determine the Density . ........ 117

10.1.2 Quantum Depletion of Condensate .. .............. 118

10.1.3 Quantum Phase Transition . . .. .................. 120



Contents ix

11

12

10.1.4 Thermal Depletion of Condensate. ... ............. 123
10.1.5 Critical Temperature . . ... ..................... 126
10.1.6 Zero Temperature Sound Velocity. . . .............. 127
10.1.7 Thermodynamic Observables . ... ................ 129
10.2 Superfluid Bose Gas in Two Dimensions . ... ............. 144
10.2.1 Flow Equations at Zero Temperature. . .. ........... 144
10.2.2 Quantum Depletion of Condensate . . .............. 146
10.2.3 Dispersion Relation and Sound Velocity ... ......... 147
10.2.4 Kosterlitz—Thouless Physics . .. .. ... ... . ... .. 149
10.3 Particle-Hole Fluctuations and the BCS-BEC Crossover . . . . .. 154
10.3.1 Particle-Hole Fluctuations . . .. .................. 154
10.3.2 Bosonization. . .. ........... 0 157
10.3.3 Critical Temperature . . .. ........ ... .. ......... 161
1034 Phase Diagram . . .. ...... ... ... 162
10.3.5 Crossover to Narrow Resonances . .. .............. 164
10.4 BCS-Trion-BEC Transition . . . ....................... 166
References . . ... o i 168
Conclusions . . ... ... ... ... ... ... 171
References . ... ..o e 175
Appendices . ... .. ... e 177
12.1 Appendix A: Some Ideas on Functional Integration and
Probability ... ... ... e 177
12.1.1 Functional Integral with Probability Measure . . . ... ... 178
12.1.2 Correlation Functions from Functional Probabilittes . ... 184
12.1.3 Conservation Laws for On-Shell Excitations ... ... ... 187
12.14 Conclusions . . .. .. oo v vt 188
12.2 Appendix B: Technical Additions ... ................... 189
12.2.1 Flow of the Effective Potential for Bose Gas . ... ..... 189
12.2.2 Flow of the Effective Potential for
BCS-BEC Crossover. . .. ... oiiiv i innnen.n 191
12.2.3 Hierarchy of Flow Equations in Vacuum. ... ........ 196

References . . ... i e e e 199



