
Contents 

1 Introductory Remarks 1 

2 Analysis of Atomic Collisions 5 
2.1 Classification of Atomic Collision Processes 5 
2.2 Approaches to Complete/Perfect Scattering Experiments 8 
2.3 Basic Atomic and Molecular Scattering Processes 9 

2.3.1 Total and Differential Cross Section 9 
2.3.2 Analysis of Atomic Photoionization and Scattering 

Processes 12 
2.3.3 Experimental Methods for Measuring Photoionization 

Cross Sections Including Applications of Synchrotron 
Radiation 13 

2.3.4 Results for the Total Cross Sections 23 
2.3.5 Differential Cross Sections, Partial Wave Analysis 

and Ramsauer-Townsend Effect 27 
2.3.6 Resonance Structures 34 

2.4 Coincidence Experiments 44 
2.4.1 Scheme of a Typical Electron-Photon Coincidence 

Experiment 45 
2.4.2 The k—% Representation of the 'So —• lPo —> 'So 

Excitation/De-excitation Process 49 
2.4.3 Quantum Mechanical Coherence in the Electron 

Impact Excitation of Atoms 51 
2.4.4 Alignment and Orientation 54 
2.4.5 Super-Elastically Scattered Electrons 58 
2.4.6 (e, 2e) and Multi-ionization Processes 59 

2.5 Spin Effects in Atomic Collisions 62 
2.5.1 Degree of Polarization for Electrons and Single-

Electron Atoms and Ions 62 
2.5.2 Spin and Angular Correlation Experiments Including 

Photon Polarization Detection 65 
2.5.3 Scattering Processes with Polarized Electrons 

and Polarized Single Electron Atoms 72 

xi 

http://d-nb.info/1038191610

http://d-nb.info/1038191610


xii Contents 

2.5.4 Production of Polarized Atoms 76 
2.5.5 Universal Apparatus for Scattering of Polarized 

Electrons on Polarized Atoms 78 
2.5.6 Advanced Implementations and Developments 87 

2.6 Ion-Atom and Atom-Atom Collision Processes 89 
2.6.1 Impact Parameter Representation in the Classical 

Approximation 90 
2.6.2 Quasi-Molecular Bonds 91 
2.6.3 Potential Scattering and Quantum Mechanical 

Structure Effects 98 
2.6.4 Coincidence and Spin Experiments 102 
2.6.5 Antiproton-Atorn Collisions 108 

3 Auger Emission and Inner Shell Hole Experiments Ill 
3.1 Basic KLL Auger Transitions Ill 
3.2 Auger Matrix Elements in jj Coupling 113 
3.3 Excited Sodium KLL Auger Transitions 122 

3.3.1 Relative and Absolute Line Intensities 124 
3.3.2 Interpretation and Analysis of Spectra 125 
3.3.3 Designation of States 125 
3.3.4 Auger Transition Energies 126 
3.3.5 Auger Rates and Relative Intensities 127 
3.3.6 Angular Distribution 131 
3.3.7 Angular Distribution for an Unresolved Resonance 134 
3.3.8 Angular Distribution: Anisotropy Coefficients a2 135 

3.4 Advanced Experiments: Resonant Ar*(2p^j2As\/2 + 3d3/2)^_, 
Auger Emission 140 
3.4.1 Theoretical Considerations 141 
3.4.2 Experimental Set-Up 142 
3.4.3 Numerical Methods 144 
3.4.4 Numerical Versus Experimental Results 145 

3.5 Generation and Detection of Inner Shell Holes 151 
3.5.1 Polarization States of Photons 151 
3.5.2 Photoexcitation State Multipoles 154 
3.5.3 State Multipoles of Photoionization 155 
3.5.4 Orientation and Alignment of Inner Shell 

Photoionization 164 
3.5.5 Photoionization of Open Shell Atoms 169 
3.5.6 Photoionization of the Radionucleides 178 
3.5.7 State Multipoles of Electron Impact Excitation 179 

3.6 Tasking Complete Experiments in Atomic Auger Decay 184 
3.7 Molecular Auger Processes: Angle Resolved Auger 

Emission from CO Molecules 188 
3.7.1 Theoretical Framework 189 



Contents xiii 

3.7.2 Numerical Results 193 
3.7.3 Auger Emission from Fixed-in-Space Molecules 196 

4 Complete Experiments in Atomic Photoionization 201 
4.1 General Theoretical Background 201 

4.1.1 Formalized Definition of Complete Experiments 201 
4.1.2 Multipole Expansion of Photoionization Amplitude 202 
4.1.3 What is the Complete Experiment on Atomic 

Photoionization? 204 
4.1.4 Counting the Number of Independent Amplitudes 207 
4.1.5 Theoretical Methods for Calculating Photoionization 

Amplitudes 209 
4.2 Photoelectron Spectrometry 210 

4.2.1 Angular Distribution of Photoelectrons 210 
4.2.2 Spin Polarization of Photoelectrons 214 

4.3 Polarimetry of the Residual Ion 222 
4.3.1 General Features of the Residual Ion Alignment 

and Orientation 222 
4.3.2 Secondary Electron Spectrometry 225 
4.3.3 Secondary Fluorescence Polarimetry 230 

4.4 Coincidence Photoelectron-Auger Electron Spectrometry 238 
4.5 Coincidence Photoelectron-Fluorescence Spectrometry 244 
4.6 Photoionization of Polarized Atoms 247 

4.6.1 Angular Distribution of Photoelectrons from Polarized 
Atoms and Dichroism 247 

4.6.2 Photoionization of Atoms Polarized by Laser Optical 
Pumping 249 

4.6.3 Photoionization of Atoms Polarized by Magnetic Field . . 254 
4.6.4 Resonant Two-Colour Two-Photon Ionization 257 

< 4.7 Non-Resonant Multiphoton Ionization 267 
4.8 Photoionization in the Region of Resonance 273 

4.8.1 Scanning Across Resonances 273 
4.8.2 Photoinduced Resonant Auger Decay 278 

4.9 Non-Dipole Effects 283 

5 Concluding Remarks 293 

References 297 

Index 319 


