Contents

1 Introduction and Background Physics ......................
1.1 The Einstein—Podolsky—Rosen Paradox . ..................
1.2 Bell Inequalities and Local Hidden-Variable Theories . ........
1.3 Motivation and Scope of This Thesis. . ...................
1.4 Background I: Physical Systems . .. .....................

1.4.1 Entanglement and Non-locality
with the Two-Mode Squeezed Vacuum State . . ........
1.4.2  Spontaneous Four-Wave Mixing in Colliding
Bose—Einstein Condensates. . . ....................
143 Spinor BEC .. ... ... .. ..
1.5 Background II: Phase-Space Methods. . . . .................
1.5.1 The Wigner Representation .. ....................
1.5.2 The Positive-P Representation. . . . .................
References . .. ... ...

2 Proposal for Demonstrating the Hong—Ou-Mandel Effect
with Matter Waves . . ................. ... 0.,
2.1 Introduction .. ........ .. .. ...

3 Proposal for a Motional-State Bell Inequality Test
with Ultracold Atoms. . . .. ....... ... ... ... ... ... ... ...
3.1 Introduction . ......... ... ..t
3.2 Proposed Atomic Rarity—Tapster Setup . ..................
33 Simple Toy Model. . . . ... .. .. .. .. . ..
3.4 Stochastic Bogoliubov Simulations: Results and Discussion . . . . .
3.5 ConClusions . . .. ..v ittt
References . . . . . ... .

oo W W N —

XV


http://dx.doi.org/10.1007/978-3-319-41048-7_1
http://dx.doi.org/10.1007/978-3-319-41048-7_1
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec1
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec1
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec7
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec7
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec8
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec8
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec9
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec9
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec10
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Sec10
http://dx.doi.org/10.1007/978-3-319-41048-7_1#Bib1
http://dx.doi.org/10.1007/978-3-319-41048-7_2
http://dx.doi.org/10.1007/978-3-319-41048-7_2
http://dx.doi.org/10.1007/978-3-319-41048-7_2
http://dx.doi.org/10.1007/978-3-319-41048-7_2#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_2#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_2#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_2#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_2#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_2#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_2#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_2#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_2#Bib1
http://dx.doi.org/10.1007/978-3-319-41048-7_3
http://dx.doi.org/10.1007/978-3-319-41048-7_3
http://dx.doi.org/10.1007/978-3-319-41048-7_3
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_3#Bib1

XVi Contents

4 Sensitivity to Thermal Noise of Atomic Einstein—-Podolsky—Rosen

Entanglement . . ... ... ... ... ... ... L L 71
4.1 Introduction ... ... ... ... ...t 71
4.2 The System . . ... ..t 73
4.3 Results and Discussion. . .. ........... ... ... 74
4.3.1 Population Dynamics. . . . ......... .. ... 74
432 EPR Entanglement ................. .. .. ....... 75
4.3.3 Quadrature Squeezing and Inseparability . ............ 78
44 SUMMATY . . .ottt e 80
References . . . .. ... . 80

5 An Atomic SU(1, 1) Interferometer via Spin-Changing

Collisions . . . ... ... ... .. . e 83
5.1 Framework of a Two-Mode Interferometer . . .. ............. 83
5.1.1 SU(, 1) Interferometer . ... ..................... 85
5.2 Theoretical Analysis of an Atomic SU(1, 1) Interferometer. . . . . . 87
5.2.1 Ideal Solution in the Undepleted Pump Approximation ... 88
5.2.2 Effects of Off-Resonant Collisions. . .. .............. 91
53 Conclusion. . .. ..... .. ... e 93
References . . . ... ... . .. 94

6 On the Relation of the Particle Number Distribution of Stochastic

Wigner Trajectories and Experimental Realizations . ... ........ 95

6.1 Formal Derivation. .. ... ........ ... .. ... ..., 97

6.2 Similarity of Py and P, ... .. .. 100
6.2.1 Thermal State. . ................. ... .. ... .... 100

6.2.2 Squeezed Coherent State . .. ..................... 102

6.3 Breakdown of Relationship. . . ....... ... ... ... ... ... ... 106

6.4 ConClusion . ... ... ... ...t 109
References . . ... ... .. 110

7 Conclusion . ....... ... . ... ... 113
References . . ... ... . 115
Appendix A: Analytic Models of Condensate Collisions. . . . ......... 117
Appendix B: Mean-Field Theory of Bragg Scattering . . . ........... 131
Appendix C: Supplementary Material for Chapter 2 .. ............ 137
Appendix D: Supplementary Material for Chapter 3 .. ............ 147

Appendix E: Supplementary Material for Chapter 4. . . .. .. ... ... .. 155


http://dx.doi.org/10.1007/978-3-319-41048-7_4
http://dx.doi.org/10.1007/978-3-319-41048-7_4
http://dx.doi.org/10.1007/978-3-319-41048-7_4
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec1
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec1
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec7
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Sec7
http://dx.doi.org/10.1007/978-3-319-41048-7_4#Bib1
http://dx.doi.org/10.1007/978-3-319-41048-7_5
http://dx.doi.org/10.1007/978-3-319-41048-7_5
http://dx.doi.org/10.1007/978-3-319-41048-7_5
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec1
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec1
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_5#Bib1
http://dx.doi.org/10.1007/978-3-319-41048-7_6
http://dx.doi.org/10.1007/978-3-319-41048-7_6
http://dx.doi.org/10.1007/978-3-319-41048-7_6
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec2
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec3
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec4
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec5
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec6
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec7
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Sec7
http://dx.doi.org/10.1007/978-3-319-41048-7_6#Bib1
http://dx.doi.org/10.1007/978-3-319-41048-7_7
http://dx.doi.org/10.1007/978-3-319-41048-7_7
http://dx.doi.org/10.1007/978-3-319-41048-7_7#Bib1

2 Springer
http://www.springer.com/978-3-319-41047-0

Ultracold Atoms for Foundational Tests of Quantum
Mechanics

Lewis-Swan, R.).

2016, XV, 156 p. 35 illus., 14 illus. in color., Hardcover
[SBM: 878-3-319-41047-0



	Contents



