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Gilles Nogues, Adrian Lupaşcu, Andreas Emmert, Michel Brune, Jean-Michel
Raimond and Serge Haroche

10.1 Introduction 311
10.2 Superconducting Atom Chip Setup:

Similarities and Differences with Conventional Atom Chips 312
10.2.1 Experimental Considerations 312
10.2.1.1 Chip Fabrication and Wiring 312
10.2.1.2 The Cryogenic Cell 314
10.2.2 Trapping and Cooling: First Results 316
10.2.2.1 Magnetic Trap 316
10.2.2.2 Forced Evaporation and Quantum Degeneracy 317



�

�

Jakob Reichel and Vladan Vuletíc: Atom Chips — 2010/12/2 — page XI — le-tex

�

�

�

�

�

�

Contents XI

10.3 Perspectives for Cryogenic Atom Chips:
A New Realm of Investigations 319

10.3.1 Probing the Superconducting Film Current Distribution 319
10.3.2 Integration of Atom Chips with Superconducting Circuit Elements 321
10.3.2.1 Coupling with a Superconducting Qubit 321
10.3.2.2 Coupling with a Superconducting Resonator: On-Chip CQED 322
10.3.3 Atom Chips for Circular Rydberg States 325
10.4 Conclusion 328

References 329

11 Atom Chips and One-Dimensional Bose Gases 331
I. Bouchoule, N.J. van Druten and C.I. Westbrook

11.1 Introduction 331
11.2 Regimes of One-Dimensional Gases 332
11.2.1 Strongly versus Weakly Interacting Regimes 334
11.2.2 Nearly Ideal Gas Regime 335
11.2.3 Quasi-Condensate Regime 338
11.2.3.1 Density Fluctuations 340
11.2.3.2 Phase Fluctuations 341
11.2.4 Exact Thermodynamics 342
11.3 1D Gases in the Real World 345
11.3.1 Transverse Trapping and Nearly 1D Bose Gases 345
11.3.2 Applying 1D Thermodynamics to a 3D Trapped Gas 347
11.3.3 Longitudinal Trapping 347
11.3.3.1 Local Density Approximation 348
11.3.3.2 Validity of the Local Density Approximation 349
11.3.4 3D Physics versus 1D Physics 349
11.4 Experiments 351
11.4.1 Failure of the Hartree–Fock Model 352
11.4.2 Yang–Yang Analysis 353
11.4.3 Measurements of Density Fluctuations 355
11.4.3.1 A Local Density Analysis 355
11.4.3.2 Ideal Gas Regime: Observation of Bunching 356
11.4.3.3 Quasi-Condensate Regime:

Saturation of Atom Number Fluctuations 358
11.5 Conclusion 359

References 360

12 Fermions on Atom Chips 365
Marcius H.T. Extavour, Lindsay J. LeBlanc, Jason McKeever, Alma B.
Bardon, Seth Aubin, Stefan Myrskog, Thorsten Schumm and Joseph H.
Thywissen

12.1 Introduction 365
12.2 Theory of Ideal Fermi Gases 366
12.2.1 Thermodynamics 366
12.2.2 Density Distribution 368



�

�

Jakob Reichel and Vladan Vuletíc: Atom Chips — 2010/12/2 — page XII — le-tex

�

�

�

�

�

�

XII Contents

12.2.3 Crossover to Fermi Degeneracy 370
12.3 The Atom Chip 371
12.3.1 Chip Construction and Wire Pattern 372
12.3.2 Electrical and Mechanical Connections 372
12.3.3 The Z-Wire Magnetic Trap 373
12.4 Loading the Microtrap 373
12.4.1 Laser Cooling and Magnetic Transport to the Chip 374
12.4.2 Loading Bosons and Fermions onto the Atom Chip 374
12.4.3 Effective Trap Volume 375
12.4.4 A Full Tank of Atoms: Maximum Trapped Atom Number 376
12.4.5 Effect of Geometry on Loaded Atom Number 377
12.5 Rapid Sympathetic Cooling of a K-Rb Mixture 377
12.5.1 Forced Sympathetic RF Evaporation 378
12.5.2 K-Rb Cross-Thermalization 379
12.5.3 Density-Dependent Loss 380
12.5.4 Required Temperature 380
12.5.5 Experimental Signatures of Fermi Degeneracy 381
12.6 Species-Selective RF Manipulation 382
12.6.1 Sympathetic RF Evaporation 383
12.6.2 Species-Selective Double Wells 385
12.7 Fermions in an Optical Dipole Trap near an Atom Chip 387
12.7.1 Optical Trap Setup 388
12.7.2 Loading the Optical Trap 388
12.7.3 Microwave and RF Manipulation 389
12.8 Discussion and Future Outlook 390

References 391

13 Micro-Fabricated Chip Traps for Ions 395
J.M. Amini, J. Britton, D. Leibfried and D.J. Wineland

13.1 Introduction 395
13.2 Radio-Frequency Ion Traps 396
13.2.1 Motion of Ions in a Spatially Inhomogeneous RF Field 396
13.2.2 Electrode Geometries for Linear Quadrupole Traps 398
13.3 Design Considerations for Paul Traps 399
13.3.1 Doppler Cooling 399
13.3.2 Micromotion 401
13.3.3 Exposed Dielectric 402
13.3.4 Loading Ions 403
13.3.5 Electrical Connections 404
13.3.6 Motional Heating 405
13.4 Measuring Heating Rates 406
13.5 Multiple Trapping Zones 407
13.6 Trap Modeling 408
13.6.1 Modeling 3D Geometries 408
13.6.2 Analytic Solutions for Surface-Electrode Traps 409



�

�

Jakob Reichel and Vladan Vuletíc: Atom Chips — 2010/12/2 — page XIII — le-tex

�

�

�

�

�

�

Contents XIII

13.7 Trap Examples 411
13.8 Future 415

References 417

Index 421



�

�

Jakob Reichel and Vladan Vuletíc: Atom Chips — 2010/12/2 — page XIV — le-tex

�

�

�

�

�

�




