Contents

Part I Theory of Quantum Mechanical Distribution Functions

1 Some Basics ........... 3
1.1 Classical Mean Value ........ ... ... ... ... 3
1.1.1 Ome Variable g ........ .. ... .. 3
1.1.2 Two Variables g and o ... .. ... .o 4
1.2 Expectation Value ......... .. . ... . . . 4
1.2.1  Quantum Mechanical Harmonic Oscillator .. ......... 4
1.2.2  Density Operator and Expectation Value ............ b)
2 Quantum Mechanical Distribution Functions ............. 9
2.1 Wigner Function ........ ... ... . i 9
2.1.1 Wigner Function of a Wave Packet ................. 10
2.1.2 Properties of the Wigner Function.................. 11
2.1.3 Derivation of the Wigner Function.................. 13
2.1.4 Wigner Function of the Harmonic Oscillator ......... 14
2.2 Q-Function ....... ... .. 16
2.3 A Systematic Approach of Quasi-Distribution Functions. . ... 17
2.3.1 Coherent States .......... ... i, 18
2.3.2 Normal Ordering of Operators (P-Function) ......... 22
2.3.3 Symmetric Ordering of Operators (Wigner Function) . 23
2.3.4 Anti-Normal Ordering of Operators (Q-Function). . ... 24
2.3.5 Quasi-Distribution Functions of Coherent States. . . ... 25
2.3.6 Q-Function of the Harmonic Oscillator .............. 25
2.3.7 Distribution Functions of a Radiation Field .......... 27
2.4 Uncertainty Relations and Squeezed States ................ 31
2.4.1 Uncertainty of the Coherent States ................. 31
2.4.2  Uncertainty of Squeezed States..................... 33

Part IT Optical Interferometry
3 Interferometry Using Wave Packets....................... 37
3.1 Beam Splitter . ... ... 38
3.1.1 Wave Packet .. ... .. .. . . i 38
3.1.2 Action of a Beam Splitter ......................... 40



XII

Contents
3.2 Mach-Zehnder Interferometer (MZ)....................... 41
3.2.1 Wave Functions of the MZ . ........................ 42
3.2.2 Spectra, Intensities and Visibility of the MZ ......... 43
3.3 Three Mach—Zehnder Interferometers ..................... 47
3.3.1 Wave Functions of Three MZs ..................... 47
3.3.2 Spectra, Intensities and Visibility of Three MZs ... ... 48
3.4 Double-Loop . ... ..o 56
3.4.1 Wave Functions in a Double-Loop .................. 57
3.4.2 Spectra and Intensities in a Double-Loop ............ 57
3.4.3 Simple Example of Visibility in a Double-Loop ... .... 60
3.5 Mach-Zehnder with Two Inputs............ ... ... .. ... 61
3.5.1 Wave Functions, Spectra and Intensities............. 62
3.5.2 Discussion of MZ with Two Inputs ................. 65
3.6 Comment on Two-Photon Interference ................. ... 67

Part III Neutron Interferometry

4

Introductory Remarks ........... .. .. .. .. .. .. .. . .. ... 71
4.1 Coherence Length ...... .. .. ... . . i 72
4.2 Wigner Function, Wave Packets and Shannon Entropy ...... 72
The Dynamical Theory of Diffraction ..................... 75
5.1 Interaction Potential ............. .. ... ... ... .. .. ... ... 76

5.1.1 Lattice Factor LF ....... ... . . .. . . . ... ... 76

5.1.2 Structure Factor SF ... ... ... ... ... .. . 78
5.2 Basic Equations ........... .. .. . i i 79
5.3 One-Beam Approximation ............. ... .. 80
5.4 Two-Beam Approximation.............. ... oo, 81
5.5 Solutions for Plane Plate in Laue Position ................. 84

5.5.1 Intensities of Laue Position ........................ 85

5.5.2  Wave Functions for Different Incident Directions .. ... 87
Laue Interferometer .......... ... .. ... .. .. ... .. .. ... ... 91
6.1 Wave Functions and Focusing Condition................... 91
6.2 Intensities and Phase Shift........... ... ... ... .. ... ... 94
Three Plate Interferometry in Phase-Space ............ ... 97
7.1 Superposition of Wave Packets ............ ... .. ... ..... 97
7.2 Wigner Function of Superposition ........................ 98
7.3 Momentum and Position Spectra .......... ... .. .. ... .. 102
7.4 Squeezing of Momentum Spectrum ....................... 104
7.5 Q-Function ........ .. .. . 108

7.5.1 Q-Function of a Wave Packet ...................... 108



Contents  XIII
7.5.2  Q-Function of Superposition ....................... 109
7.6 Dephasing in Wigner Formalism.......................... 111
7.6.1 Influence of Inhomogeneities of the Phase Shifter ... .. 112
7.6.2 Fluctuations of the Beam Parameter ................ 115
7.6.3 Decoherence in Neutron Interferometry.............. 115
8 Four-Plate Interferometry in Phase-Space ................ 119
8.1 Double-Loop System .. ........ ... .. i 119
8.1.1 Superposition of Three Waves...................... 120
8.1.2 Wigner Function of the Double-Loop System......... 121
8.1.3 Momentum Distribution and Squeezing ............. 121
8.2 Correlations in a Double-Loop Interferometer .............. 125
8.2.1 First LoOp. .. .ovv i 125
822 Second Loop........ ..o 126
8.3 Intensity and Visibility in a Double-Loop System ........... 128
8.3.1 Intensity Aspects ....... ..., 129
8.3.2 Visibility Aspects of Single and Double-Loops. . ... ... 131
Part IV Spin Interferometry
9 Spin-Echo System ........ ... ... .. . . . 141
9.1 Basic Description and Formulation ....................... 142
9.1.1 Wave Functions and Polarization ................... 143
9.1.2 Mean Intensity of the Wave Packet ................. 144
9.1.3 Wigner Function and Spectra ...................... 146
9.1.4 Squeezing of Spectra.......... ... .. i, 148
9.2 Dephasing and Spin-Echo After Two Magnetic Fields ....... 149
9.3 Influence of Space-Dependent Inhomogeneities of Magnetic
Fields . ..o 153
9.4 Experimental Verification........... ... .. ... ... .. ... 155
10 Zero-Field Spin-Echo ........... .. ... ... .. ... ... .. ... ..., 157
10.1 Dynamical Spin-Flip . ........ ... .. . . 157
10.1.1 Interaction of Neutrons
with a Rotating Magnetic Field .................... 158
10.1.2 Time-Dependent Polarization ...................... 163
10.1.3 Probability for m-Flip ........ ... o o il 163
10.1.4 Energy States of the System for Spin-Flip ........... 164
10.1.5 Energy Characteristics of a Dynamical Spin-Flipper .. 166
10.2 Wave Functions in the Case of Zero-Field Spin-Echo ........ 168
10.3 Polarization and the Wigner Function..................... 171
10.4 Spectra of Zero-Field Spin-Echo .......................... 172



XIV ~ Contents
11 SUMIMALY . ..ottt e

References . ... e



2 Springer
http://www.springer.com/978-3-540-26070-7

Quantum Interferometry in Phase Space
Theory and Applications

Suda, M,

2006, XMV, 182 p. 87 illus., Hardcowver
ISBEN: @78-3-540-26070-7



