
Contents

Preface page xi

1 Introduction 1
1.1 Pairing in nuclei, superconductors, liquid 3He and neutrons stars 1
1.2 Macroscopic wavefunction and phase rigidity 3
1.3 Broken symmetry and collective modes 6
1.4 Superfluid 4He (He II) 8
1.5 Critical velocity for superconductors 13
1.6 Pairing in nuclei 14
1.7 Superconductivity 19
1.8 Superfluidity of liquid 3He 25
1.9 Comparison of pairing in nuclei with superconductivity 26
1.10 Neutron stars 30

2 The pairing force and seniority 33
2.1 Evidence for pairing correlations 33
2.2 The pairing interaction 36
2.3 The δ-function nucleon–nucleon potential 39
2.4 The degenerate model and quasi-spin 42
2.5 Pairing binding energy formula 44
2.6 Quasi-spin wavefunctions 45
2.7 Pairing rotations 47
2.8 Exact solution of the pairing Hamiltonian 48

3 The BCS theory 52
3.1 The BCS wavefunction 52
3.2 The energy 55
3.3 Excited states and quasiparticles 57
3.4 The mean-field Hamiltonian 60

vii

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521395402 - Nuclear Superfluidity: Pairing in Finite Systems
David M. Brink and Ricardo A. Broglia
Table of Contents
More information

http://www.cambridge.org/0521395402
http://www.cambridge.org
http://www.cambridge.org


viii Contents

3.5 The correlation energy 61
3.6 Pairing correlations in the wavefunction 64
3.7 The degenerate model in the BCS approximation 65
3.8 Gauge invariance 66
3.9 Matrix elements of one-body operators 67
3.10 Pairing and isospin 69

4 Spontaneous symmetry breaking 72
4.1 General background 72
4.2 Pairing in atomic nuclei (0D systems; ξ�R) 75
4.3 Infinite 3D neutral superconductors (ξ�L) 88

5 Pairing vibrations 92
5.1 The two-level model 92
5.2 Applications 102
5.3 Multipole pairing vibrations 108

6 Phase transitions 117
6.1 The experimental situation 119
6.2 Static pairing correlations: the BCS theory of pairing phase transitions

in strongly rotating nuclei 122
6.3 Pairing fluctuations 138
6.4 Moments of inertia 141
6.5 Condensation-induced tunnelling 144
6.6 Response function technique to calculate RPA fluctuations 145

7 Plastic behaviour of nuclei and other finite systems 154
7.1 Exotic decay 155
7.2 A variety of applications 163
7.3 Low-lying surface vibrations 165
7.4 Fission in metal clusters 168

8 Sources of pairing in nuclei 170
8.1 The bare nucleon–nucleon potential and the pairing interaction 171
8.2 Mean-field theory 177
8.3 Random phase approximation 184
8.4 Correlation energy contribution to nuclear masses 199

9 Beyond mean field 204
9.1 Doorway states 204
9.2 Effective mass (ω-mass) 211
9.3 The ω-mass and the induced interaction 215

10 Induced interaction 219
10.1 Simple estimates 219
10.2 Microscopic calculations 223

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521395402 - Nuclear Superfluidity: Pairing in Finite Systems
David M. Brink and Ricardo A. Broglia
Table of Contents
More information

http://www.cambridge.org/0521395402
http://www.cambridge.org
http://www.cambridge.org


Contents ix

10.3 Slab model 231
10.4 Induced pairing interaction, effective mass and vertex correction

processes 239
10.5 Superfluidity in the inner crust of neutron stars 244

11 Pairing in exotic nuclei 257
11.1 The halo nucleus 11Li 258
11.2 The halo nucleus 12Be 275
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