Contents

Supervisor’s Foreword VII
Abstract IX
Acknowledgments XV

1 Field-theoretical basics

on superconductivity 1
1.1 A preliminary outline . . . ... ... .. ... ........ 2
1.2 Spontaneous U(1) symmetry breaking . . ... ... .. ... 3
1.3 Field theory approach to neutral and charged superfluids . . 5
1.4 A low-energy Lagrangian for superconductivity . . . .. . .. 9
1.5 Green’s functions and the Usadel equation . . . . . . ... .. 14
1.6 Density of states and
dynamical conductivity . . . .. ... ..o 18
2 Experimental studies on disordered NbN thin films 21
2.1 The superconductor-insulator quantum phase transition . . . 22
2.1.1 The insulating side: scaling theory of conductivity . . 22
2.1.2  The superconducting side: Anderson theorem . . . . . 24
2.1.3 The quantum-critical regime . . ... ... ... ... 26
2.2 Tunneling spectroscopies on the SIT . . . .. ... ... ... 29
2.3 Measurements of the
dynamical conductivity . . ... ... ... 0L 31
2.4 The Higgs mode and the Higgs mass . . . . . ... ... ... 40
2.5 Some concluding remarks on the Higgs mode in disordered
systems ... 52
3 Experimental studies on granular Al thin films 57
3.1 Some considerations on nano-scale superconductivity . . .. 58
3.1.1 The number-phase uncertainty . . ... .. ... ... 58
3.1.2 Theshelleffect . . .. ... ... ... . ...... ... 59
3.2 Superconductivity in granular aluminum . . . . . ... .. .. 62

3.2.1 The phenomenology . . ... ... ... .. ...... 62



XX CONTENTS
3.2.2 The broader context:
superconducting domes and energy scales . . . . . .. 64
3.3 Measurements of the transport and dynamical conductivity . 66
3.3.1 Resistive transition and paraconductivity . . . .. . . 66
3.3.2 The dynamical conductivity and superconducting en-
ergyscales. . . . .. L Lo Lo 69
3.4 Enhanced pairing versus
suppressed coherence . . . . ... ... 74
3.4.1 Shaping the superconducting dome . . . . . . . . . .. 74
3.4.2 The pseudogap for phase-driven
superconductivity . . .. ... ..o L. 76
3.4.3 Multi-fractal wave functions - an alternative to enhance
O 82
3.5 Goldstone modes . . . . . .. ... 84
3.6 The effect of magnetic sub-gap bands? . . . . . ... ... .. 94
3.7 Outlook . . ... .. .. 97
4 Experimental studies on the Heavy Fermion metal CeColn; 99
4.1 A walk-through introduction to CeColng . . . . . . . . .. .. 100
4.1.1 Metallic and Kondo regimes . . . . . . ... ... ... 100
4.1.2 Heavy-Fermion state and quantum criticality . . . . . 102
4.1.3 A brief review of optical studies on CeColns . . . . . . 104
4.2 Interludium I: Optics on correlated systems . . . . . ... .. 106
4.3 Measurements of the transport and dynamical conductivity . 109
4.4 Interludium II
FL, non-FL, and hidden FL. . . . . . . ... ... ... .... 114
4.5 CeColns - a hidden
Fermi Liquid . . . . .. .. .. ... 118
4.6 Scaling behavior of the effective mass . . . . . . .. ... ... 125
4.7 Outlook . . . . . . . 131
A Experiment and
Analysis 135
A.1 Sample preparation . . . . . . ... oL 135
A.1.1 NbNthinfilms . ... ... ... ... ......... 135
A12 Granular Al . . . ... ... ... ... ... ... ... 136
A13 CeColng . . . . . .o oo 137
A.2 Frequency-domain THz spectroscopy . . . . . . . . ... ... 139
A.3 Analysis of the complex transmission data . . . . . . ... .. 142
A.4 Measurement protocols and low-T characteristics . . . . . . . 148

Bibliography 153



2 Springer
http://www.springer.com/978-3-319-72801-8

Electrodynamics of Quantum-Critical Conductors and
Superconductors

Pracht, L.5,

2018, XX, 176 p. 62 illus., 1 illus. in color., Hardcowver
ISBN: 978-3-319-72801-8



	Contents



