
Contents 

Neutron Scattering Lengths and Fundamental Neutron Interactions 

By L. Koestev. With 19 Figures 

1. Introduction ... 1 

2. Nonmagnetic Scattering of Neutrons . 2 

2.1 Neutron Data . 2 

2.2 Neutron Scattering by Single Particles . 3 

2.2.1 Scattering Amplitude, Fermi Scattering Length and 

Effective Range . 3 

2.2.2 Potential and Resonance Scattering . 3 

2.2.3 Neutron Scattering by the Coulomb Field of Nuclei. 4 

Neutron-Atom Scattering Length . 4 

2.2.4 Nuclear Force Interaction . 6 

2.2.5 Coherent and Incoherent Scattering . 6 

2.2.6 Recommended Notations for Nonmagnetic Scattering Parameters .. 7 

2.3 Refractive Index . 7 

2.4 Neutron Scattering Cross Sections . 9 

2.4.1 Free Cross Section . 9 

2.4.2 Corrections Due to Solid State Effects . 10 

3. Methods for the Determination of Scattering Lengths . 12 

3.1 Bragg Diffraction Methods . 12 

3.2 Pendellosung Fringes . 14 

3.3 Prism Refraction . 16 

3.4 Bi-prism Interferometer. 18 

3.5 Perfect Crystal Interferometer . 18 

3.6 Mirror Reflection .   21 

3.7 Neutron Gravity Refractometer . 24 

3.7.1 Principle . 24 

3.7.2 Arrangement. 24 

3.7.3 Neutron Reflection . 25 

3.7.4 Accuracy . 26 

V 

Bibliografische Informationen
http://d-nb.info/770159834

http://d-nb.info/770159834


3.8 Christiansen Filter . 26 

3.9 Transmission .   31 

3.9.1 Introduction . 31 

3.9.2 Experimental . 31 

4. Experimental Results . 34 

4.1 Scattering Lengths . 34 

4.2 Incoherent Cross Sections . 34 

4.3 Neutron and Gravity . 3g 

4.4 Neutron-Electron Interaction . 41 

4.4.1 Introduction . 41 

4.4.2 Experiments and Methods . 41 

4.4.3 Results . 43 

4.5 Neutron-Proton Interaction .   45 

4.5.1 Introduction . 45 

4.5.2 Experiments and Results . 45 

4.6 Neutron-Deuteron Interaction . 47 

4.6.1 Introduction . 47 

4.6.2 Experimental Results . 48 

4.6.3 Theoretical Calculations . 50 

References . 52 

Very Low Energy Neutrons 

By A. Steyerl. With 21 Figures 

1. Introduction . 57 

2. Fundamentals of Very Low Energy Neutrons . 30 

2.1 Index of Refraction . gg 

2.2 Implications of the Low Energy of Very Cold Neutrons . 62 

2.2.1 Large Disorder Scattering . 52 

2.2.2 Acceleration and Focusing by Gravity or Magnetic Fields . 63 

2.2.3 Spectral Transformation by Mechanical Devices . 63 

2.2.4 The 1/v Law. 53 

2.2.5 Intensity Considerations . 53 

3. Production, Guidance and Detection of Very Slow Neutrons . 64 

3.1 General Remarks . 
. 64 

3.2 Converters . gg 

3.2.1 Theory of the Homogeneous Converter . 55 

3.2.2 Real Converters . 

VI 



3.3 Mechanical Generators of Ultracold Neutrons . 69 

3.4 Propagation of Very Low Energy Neutrons . 72 

3.4.1 Vertical Guide Tubes . 74 

3.4.2 Horizontal Channels for Ultracold Neutrons . 76 

3.5 Detectors for Very Low Energy Neutrons . 77 

3.6 Survey over Various Facilities for Very Low Energy Neutrons . 79 

4. Interaction of Very Cold Neutrons with Matter . 80 

4.1 Reaction and Inelastic Scattering Cross Sections . 84 

4.1.1 Nuclear Capture . 34 

4.1.2 Neutron-Phonon Scattering . 85 

4.1.3 Scattering by Low Energy Excitations .   86 

4.2 Elastic Scattering on Inhomogeneities . 88 

4.3 Transmission Through Thin Films . 90 

5. Neutron Containment in Material Bottles . 91 

5.1 The Elementary Theory . 92 

5.2 Experiments and Results... 95 

5.3 Theoretical Attempts to Explain the Data . 105 

5.3.1 The Perturbation Method . 105 

5.3.2 Considerations of Various Wall Perturbations . 106 

5.3.3 Search for Faults in the Elementary Theory . 109 

5.4 Containment of Faster Neutrons . 110 

6. Possible Specific Applications of Very Low Energy Neutrons . Ill 

6.1 Experimental Search for the Neutron Electric Dipole Moment . Ill 

6.1.1 Principle and Limitations of EDM Experiments Using Magnetic 

Resonance . 112 

6.1.2 Advantage and Feasibility of the Use of Ultracold Neutrons .. 113 

6.1.3 Preparatory Experiments and First Results . 116 

6.1.3.1 Polarization and Spin Flip of Ultracold Neutrons ... 116 

6.1.3.2 Other Preparatory Work . 118 

6.1.3.3 First Results .   118 

6.2 Magnetic Neutron Containment and a Possible Lifetime Experiment .— 119 

6.2.1 Principle and Feasibility of Magnetic Neutron Containment ... 120 

6.2.2 First Experiments and Results . 124 

6.2.3 The Case of an Improved Neutron Lifetime Experiment Using 

Stored Neutrons .   124 

6.3 Possibility of an Experiment in Search for the Neutron's Electric 

Charge .   125 

References . 125 

Classified Index for Volumes 36-80. 131 

VII 


