Contents of Part C

Contentsof Part A . . . . . . . . . .. ..o
Contentsof PartB . . . . . . . . . ... ... .. e e
Introduction by H. J. Beyer and H. Kleinpoppen. . . . . . . . . . . . . . ..

Chapter 1

The k Ordering of Atomic Structure

R. M. Sternheimer

1.

Introduction” . . . . . . . . . . L L L e e

2. The Limiting Ionicity 8§, and the Limiting Angular Momentum [, . . . . . .

3.

wn

The k Ordering of Atomic Energy Levels and its Relation to the Fine-Structure
Inversion in Atomic and Ionic Spectra . . . . . . . . . . .. .. ...

. The k Ordering of Atomic Energy Levels and its Relation to the Spectroscopic

Quantum Defects . . . . . . . . .. L

. k-Symmetry Breaking in Atomic Spectra . . . . . . . . . .. ... ..
Conclusions . . ... L L L Lo s e e e

Chapter 2
Multiconfiguration Hartree-Fock Calculations for Complex Atoms
Charlotte Froese Fischer

1.

>

Introduction . . . . . . . .. ..o Lo 0oL
1.1. The Hartree-Fock Approximation . . . . . . . . . . . . ... ..
1.2. Brillouin’s Theorem . . . . . . . . . . . . . . . . . ... ...
13, LS Dependence . . . . . . . . .. ..o e e e

. Correlation and the MCHF Approximation . . . . . . . . . . . . . ..

2.1. The MCHF Method . . . . . . . . . . . . . . .. ... ....
2.2. Zero-and First-Order Sets . . . . . . . . . . . . . . ... ...
2.3. Brillouin’s Theorem and Interaction with Series . . . . . . . . . . .
2.4. Unconstrained Orbitals . . . . . . . . . . . . .. . ... . ...
25. Reduced Forms . . . . . . . . . ... e e

. Excited States . . . . . . . . .. L ...

10

15
20
23
26

29
29
30
31
32
33
33
34
36
37

40
44



sse

viii Contents of Part C

6. Transition Probabilities . . . . . . . . . . . .. ... .. ... ... 48
6.1. A First-Order Theory for Oscillator Strengths . . . . . . . . . . . . 48
6.2. Core Polarization and Ionization Energies . . . . . . . . . . . . .. 49
6.3. fValueTrends . . . . . . . . . . . ... ... 51
6.4. RelativisticEffects . . . . . . . . . . .. ... ... 54
References . . . . . . . . . . Lo 55

Chapter 3

New Methods in High-Resolution Laser Spectroscopy
B. Couillaud and A. Ducasse

1. Introduction . . . . . . . . . .. ..o 57
2. New Sources in High-Resolution Spectroscopy and Their Frequency
Calibration . . . . . . . L. L. e e 59
2.1. TheRingLaser . . . . . . . . . . . .« . . . 59
2.2. Mode-Locked Lasers . . . . . . . . . . . . ... ... 63
2.3. Color Center Lasers . . . . . . . . . . . v v v v v v 65
2.4. Precise Wavelength Calibration for Tunable Lasers . . . . . . . . . . 68
3. Frequency Doubling and Sum Frequency Mixing for High-Resolution
Spectroscopy inthe Nearuv . . . . . . . . . . . . . . . .. ... .. 72
3.1. Second-Harmonic Generation (SHG) . . . . . . . . . . . .. ... 74
3.2. Sum Frequency Mixing (SFM) . . . . . . . . . . . ... ... .. 79
4. New High-Resolution Spectroscopy Techniques Using Single-Mode Lasers . 82
4.1. New Techniques Improving the Resolution . . . . . . . . . . . .. 83
4.2, New Techniques Improving the Sensitivity . . . . . . . . . . . . . 93
5. High-Resolution Spectroscopy with Short Light Pulses . . . . . . . . . . 101
5.1. Quantum Interference Effectsin Two-Photon Spectroscopy . . . . . . 102
5.2. Saturated Absorption and Polarization Spectroscopy with a Coherent
Train of Short Light Pulses . . . . . . . . .. .. ... ..... 108
References . . . . . . . . L L e e e e e e e e 110
Chapter 4

Resonance Ionization Spectroscopy: Inert Atom Detection
C. H. Chen, G. S. Hurst, and M. G. Payne

1. Introduction . . . . . . . . . L. 115
2. Resonance Ionization Spectroscopy . . . . . . . . . . ... ... ... 116
3. RIS on Rare Gas Atoms, Including Various Laser Schemes . . . . . . . . 121
3.1 Imtroduction . . . . . ... L. L0 e 121
3.2. Two-Photon Excitation of Inert Gases with Broad Bandwidth Lasers . . 121
3.3. RIS Schemes for Ar,Kr,andXe . . . . . . . . . . . . .. ... 125
3.4. Effective Volume for Ionization . . . . . . . . . ... ... ... 128
4. RIS Experiments with Xe Atoms . . . . . . . . . . . . .. .. .... 132
5. On the Realization of Maxwell’s Sorting Demon . . . . . . . . . .. .. 138
6. Applications . . . . . . . .. ..o o e 143
6.1. Baryon Conservation . . . . . . . . . . . .. w e 143
6.2. Solar NeutrinoFlux . . . . . . . . . . . . .. ... .. .. .. 144
6.3. BB Decay . . ... 145

6.4. Oceanic Circulation . . . . . . . . . . . . . ... ... .... 146



Contents of Part C

6.5. Polar Ice Caps and Old Aquifers . . . . . . . . . . . . . ... ..
6.6. Waste Isolationand PuinSoil . . . . . . . . . . .. .. ...
6.7. Diagnosis of Bone Diseases and Fast Neutron Dosimetry . . . . . . .
6.8. Conclusion . . . . .« . . o e e e e e e e e e e
References and Notes . . . . . . . . . . ...

Chapter 5
Trapped Ion Spectroscopy
Giinther Werth

1. Introduction . . . . . . . . . . o oL e e e e e e e e e e
2. StOTAZE - -« o e e e e e e e e e e e e e e e
2.1. PenningTrap . . . . . . . . . . . ..o
22.ofTrap . . . . . oo e
2.3. OtherDevices . . . . . . .« . . . Lo e e e e
2.4. Ion Creation and Detection . . . . . . . . . . . . . .. .. ...
3. Optical Double Resonance Spectroscopy . . . . . . . . . . . . . .. .
3.1. Continuous Broadband Light Source: "°Hg* . . . . . . . .. . ..
3.2. Pulsed Laser Excitation: Ba™ . . . . . . . ... ... ......
3.3. Ton Cooling: ®Mg* . . . . . . ... ...
3.4. Possible Applications as Frequency Standards . . . . . . . . . . . .
4. Lifetime of Metastable States . . . . . . . . . . .. ..o L.
S. Conclusion . . . . . . . ..o oL o e e e e e
References . . . . . . . . . . .0 e e e e

Chapter 6
High-Magnetic-Field Atomic Physics
J. C. Gay

1. Introduction . . . . . . . . .. L L
1.1, Historical Survey . . . . . . . . . . .. ...
1.2. Outlook on the Production of High Fields
1.3. Other Sources of MagneticFields . . . . . ... ... ......
1.4. Atomic Diamagnetism: A Cross-Disciplinary Problem with Wide

Implications in Physics

2. Contentsof the Review . . . . . . . . . . . .. ... ... .....

3. The Atom ina MagneticField . . . . . . . . . ... .. ... ....
3.1. Hamiltonian and Symmetries . . . . . . . . . . . . . ... ...
3.2. The Various Magnetic Regimes in Atomic Spectra

4. Applications of Zeeman Effect at Strong B Fields
4.1. High-Field Anticrossing Experiments
4.2. Dynamics of Atom-Atom Interactions

5. Landau Regime for Loosely Bound Particles
5.1. Classical Mechanics Aspects
5.2. Quantum Mechanical Aspects
53.SpinEffects . . ... ...
5.4. Absorption and Emission of Radiation in the Landau Spectrum

146
146
147
147
147

151
152
152
153
156
157
158
160
163
168
170
171
174
174

177
177
178
178

179
179
180
180
184
185
185
195
205
206
206
208
208



Contents of Part C

. Theoretical Concepts of Atomic Diamagnetism . . . . . . . . . . . . . .

6.1. Phenomenological Description of the Atomic Spectrum . . . . . . . .
6.2. Semiclassical WKB Approach . . . . . . . . ... ... ... ..
6.3. Generalized Semiclassical Methods . . . . . . . . . . .. .. ...
6.4. Quantum Mechanical Approach . . . . . . . ... .. .o L.
6.5. A Brief Review of Other Methods . . . . . . . . . . .. . .. ..
6.6. Dipole Selection Rules and Short-Range Corrections to the Coulomb
Potential . . . . . . . . L. L. e
6.7. The Hydrogen Atom in Crossed (E,B) Fields . . . . . . . . . . . .

. Experimental Advances in Atomic Diamagnetism . . . . . . . . . . . .

7.1. Basis of the Experiments . . . . . . . . . . . . . . .. .. ...
7.2. The Discrete Nature of the Quasi-Landau Spectrum . . . . . . . . .
7.3. Conclusions . . . . . . ... L0 Lo o e e

. Ultra-High-Field Regime and Quantum Electrodynamics . . . . . . . . .

8.1. Relativistic Solutionfory>»1 . . . . . . . . . .. .. ... ...
8.2. Spontaneous Decay of the Neutral Vacuum at Strong B Fields . . . . .
8.3. Radiation, Chemical Reactivity, and Miscellaneous Questions in Strong

Magnetic Fields . . . . . . . e e e e e e e
8.4. Laboratory Fields and Weakly Bound Particles . . . . . . . . . ..

CConclusions .. . L L L L L L o e e e e e e e e e e e e

References . . . . . . . . L . L0 L e e e e e e e e e

Chapter 7
Effects of Magnetic and Electric Fields on Highly Excited Atoms
Charles W. Clark, K. T. Lu, and Anthony F. Starace

1.
2.

Introduction . . . . . . . . .. oL oL
Diamagnetic Effects in the Hydrogen Atom . . . . . . . . . . .. ...
2.1. The Equationsof Motion . . . . . . . . . . . .. .. ... ...
2.2. Solutions near the Ionization Threshold . . . . . . . . . . . . . ..

. Stark Effect in the Hydrogen Atom . . . . . . . . . . . . . ... ...

3.1. Semiclassical Treatments: Photoionization Cross Section . . . . . . .
3.2. Perturbative Treatment: Excited Rydberg States . . . . . . . . . . .

. Nonhydrogenic Atoms in External Fields . . . . . . . . . . ... ...

4.1. Introduction . . . . . . . . . ... L e e
4.2. Quantum Defect Theory of Rydberg Spectra . . . . . . . . . . ..
4.3, Paramagnetism: Channel Mixing Effects on Magnetic Shifts . . . . . .
4.4. Diamagnetism: Magnetic Contribution to Channel Mixing . . . . . . .
4.5. The Stark Effect: Coupling of Parabolic Channels by Scattering from the
IonCore . . . . . . . . .

. Competition of Magnetic and Electric Forces . . . . . . . .. ... ..

5.1. Introduction . . . . . . . ... L L0 L

5.2. The Induced Stark Effect: Coupling of Magnetic Sublevels by Nuclear
Motion . . . . . L L L e e e e e e e e

5.3. Crossed External Electric and Magnetic Fields: Transition between 3 fiw,
and %hwc Spacing . . . . . . . L. Lo e

. General Properties of Atoms in Magnetic Fields of Astrophysical Strength

6.1. Atomic Shell Structure . . . . . . . . . . ... ... ...
6.2. Magnetic-Field-Induced Binding . . . . . . . . . . . . ... ...
6.3. Landau Level Resonances . . . . . . . . . . . . . . ... ....
Referencesand Notes . . . . . . . . . . . . v e e e e

210
211
212
213
214
217

221
222
226
227
228
233
234
234
235

236
237
238
240

247
250
250
253
287
287
292
293
293
295
298
300

305
306
306

307
310
313
313
315

315
316



Contents of Part C X1

Chapter 8
X Rays From Superheavy Collision Systems
P. H. Mokler and D. Liesen

1. Introduction . . . . . . . . o .o e e e e e e e 321
2. Experimental Procedures . . . . . . . .. ... ..., 327
2.1. The X-Ray Information . . . . . . . . . . . . .. ... ..... 327
2.2. Total X-Ray Yields . . . . . . . . . .. ... ... ...... 330
2.3. Impact Parameter Dependences . . . . . . . . . . . . . .. ... 332
24. DataReduction . . . . . . . . . . ... oL 337
3. Total Excitation Cross Sections . . . . . . . . . . . . ... .. ... 340
3.1. Experimental Results . . . . . . . . ... ... ... .. ... 340
3.2. Discussion . . . . .. .00 oo oo 346
4. Impact Parameter Dependences . . . . . . . . . . . .. . ... ... 355
4.1. Experimental Results . . . . . . . . . .. ... ... ...... 355
4.2. Discussion . . . . . . ... ..o 362
5. Quasimolecular Radiation . . . . . . . . . . . . .. .. .. .. ... 375
5.1. Spectra and Emission Characteristics . . . . . . . . . . .. .. .. 375
5.2. Coincidence Measurements . . . . . . . . . . . . .. ... ... 380
6. Spectroscopy of Superheavy Quasimolecules . . . . . . . . .. . . ... 383
References . . . . . . . . . . o e 390
Chapter 9
Recoil Ion Spectroscopy with Heavy Ions
H. F. Beyer and R. Mann
1. Introduction . . . . . . . .. ..o 397
2. Some Aspects of Highly Ionized Atoms . . . . . . . . . . .. .. ... 399
3. Experimental Approaches . . . . . . . . . . . .. . ... ... ... 400
3.1. Experimental Techniques . . . . . . . . . . . . ... ... ... 401
3.2. Characteristics of Experimental Techniques . . . . . . . . . . . . . 407
4. Production of Highly Charged Targetlons . . . . . . . . . . . .. ... 408
4.1. Monatomic Targets . . . . . . . . . . . .. .. ... ... 408
4.2. Recoil Energy Distribution . . . . . . . . . . .. ... .. ... 427
4.3. Molecular Fragmentation . . . . . . . . . . .. ... ..... - 429
4.4, Outer-Shell Rearrangement . . . . . . . . . . . . . . . ..... 434
4.5. Lifetime Measurements . . . . . . . . . . . . .. .. ... ... 437
4.6. Comparison of Projectile-, Target-, and Plasma-Ion Stripping . . . . . 439
5. Secondary Collision Experiments . . . . . . . . . . . . . ... . ... 440
5.1. Selective Electron Capture . . . . . . . . . . . . . ... . ... 442
5.2. Potential Applications . . . . . . . . . . .. .. ... ... .. 453
References . . . . . . . .. 453
Chapter 10

Investigations of Superheavy Quasi Atoms via Spectroscopy of
6 Rays and Positrons
Hartmut Backe and Christophor Kozhuharov

L Introduction . . . . . . .. . ... ... ... 459



xii

. Spectroscopy of High-Energy§ Rays . . . . . . . . . . . .. e

2.1. General Considerations . . . . . . . . . . . . . .. ... ...
2.2. Physical Quantities in 5-Ray Spectroscopy . . . . . . . . . . . ..
2.3. Experimental Arrangements . . . . . . . . . . . . ... ...
2.4, Test of the Basic Concept—*‘Light” Collisions Systems with Z,, < 107

2.5. 8-Ray Spectroscopy in the High-Z, Region . . . . . . . . . . . ..

. Spectroscopy of Positrons . . . . . . . . ..o o000 000

3.1. Remarks on Positron Creation in Strong Electric Fields . . . . . . . .
3.2. Physical Quantities in Positron Spectroscopy . . . . . . . . . . . . .
3.3. Experimental Configurations for In-Beam Positron Spectroscopy

3.4. Evaluation of Atomic Positrons . . . . . . . ... ..o
3.5. Results and Discussion . . . . . . . . . . . . ... ...

O0utlook .. L L L e e e e e e e e e e e

Appendix . . . . oL oL 0L oL e e e
References . . . . . . . . . . . . . e e

Chapter 11
Impact Ionization by Fast Projectiles
Rainer Hippler

1.

Introduction . . . . . . . . . Lo e e
1.1. Plane Wave Born Approximation PWBA) . . . . . . . . . . . ..
1.2. Semiclassical Approximation (SCA) . . . . . . . . . . . . .. ..
1.3. Perturbed Stationary States (PSS) Approximation . . . . . . . . . .

. Total Cross Sections . . . . . . . . . . . . . .0 e e e

2.1. Outer Shell Ionization . . . . . . . . . . . . . ... ...
2.2. Outer s-Shell Ionization . . . . . . . . . . . . . .. .. ...
2.3. Ionization of Inner Shells . . . . . e e e
2.4. Electron Capture . . . . . . . . . .. u e e e e e

. Differential Cross Sections . . . . . . . . . . . . . . .. 000

3.1. Differential Cross Sections for §-Electron Ejection . . . . . . . . ..
3.2. Impact Parameter Dependence . . . . . . . . . . . . . .. ...

CAlignment .. L L L L L L L L L L s e e e e e

4.1, ElectronImpact . . . . . . . . . . ..o e e
42. ProtonImpact . . . . . . . .. . ... L.
4.3. Differential Alignment Measurements . . . . . . . . . . . . . ..

D Applications . . .. L L L L L L Lo e

5.1. Auger Electron Spectroscopy (AES) . . . . . . . . . ..o
5.2. Particle-Induced X-Ray Emission (Pixe) . . . . . . . . . . . . ..
5.3. Proton and Electron Microprobe . . . . . . . . . . . . . ... ..
5.4. Determination of Charge State Distribution of Impurity Ions in Tokamaks
References . . . . . . . . . . .0 e e e e e e e

Chapter 12

Amplitudes and State Parameters from Ion- and Atom-Atom
Excitation Processes

T. Andersen and E. Horsdal-Pedersen

1.

Introduction . . . . . . . . . L Lo e e e e e

Contents of Part C

461
461
463
465
468
472
482
482
486
487
493
496
500
503
507

511
512
517
518
520
520
528
531
545
546
547
549
551
555
557
560
563
563
564
566
568
570

577



461
461
463
465
468
472
482
482
486
487
493
496
500
503
507

511
512
517
518
520
520
528
531
545
546
547
549
551
555
557
560
563
563
564
566
568
570

571

4. Results of Experiments and Numerical Calculations

Contents of Part C

2. Angular Correlation between Scattered Particles and Autoionization Electrons
or Polarized Photons Emitted from States Excited in Atomic Collisions
2.1. Photon Emission

2.2, Electron Emission . . . . . . . .. ... ... ...
2.3. Selectively Excited Target Atoms. . . . . . . . . .. . ... ...
Experimental Methods for Obtaining Information’ on the Alignment and
Orientation Parameters of Atoms or Ions Excited in Specific Collisions

w

4.1. Quasi-One-Electron Systems
42. He*-He Collisions . . . . . . . . . . . . . . . . ... .....
4.3. Other Collision Systems

5. Future Aspects and Possible Applications of the Polarized-Photon, Scattered-

Particle Coincidence Technique to Atomic Spectroscopy
5.1. Future Aspects

5.2. Possible Application of Polarized-Photon, Scattered-Particle Coincidence
Technique to Atomic Spectroscopy
References and Notes

579
579
584
584

586
591
592
603
607

608
608

608
609

611



