Contents of Part A

Contents of Part B

Chapter 16
The Spectroscopy of Highly Excited Atoms
Daniel Kleppner

W N -

cIntroduction . . . . L L L oL L L oL L
. ExperimentalMethods . . . . . . . . . . .. ... Lo
. Field Ionization . . . . . . . . . .. . ... .. .
. Two-Electron Systems . . . . . . . . . . . . . ... ... ...
References . . . . . . . . . . . . ..o e e e

Chapter 17
Optical Spectroscopy of Short-Lived Isotopes
H.-Jiirgen Kluge -

1.
2.

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

Information on Nuclear Properties of Short-Lived Isotopes from hfs and IS

2.1. Hyperfine Structure . . . . . . . . . . . ... oo oo
22. Isotope Shift . . . . . . . . ... oL Lo o oo
. Nuclear-Radiation-Detected Optical Pumping of Short-Lived Isotopes
(RADOP) . . . . . . o o e e i e e e e e e
31. TheMethod . . . . . . . . . . .. ... .. e
3.2. In-Beam Experiments on Alkali Isotopes . . . . . . . . . . . ..
3.3. RADOP Experiments on Mass-Separated Alkali Isotopes . . . . .
3.4. RADQP Experiments on Mass-Separated Hg Isotopes . . . . . . .
. Laser Spectroscopy on Short-Lived Isotopes . . . . . . . . . . . . . ..
4.1. On-Line Laser Spectroscopy of NalIsotopes . . . . . . . . . . . ..
4.2. On-Line Laser Spectroscopy of Hg Isotopes . . . . . . . . . . . ..
.Discussion . . . .. L L L L L oL oL L
References . . . . . . . . . . . . . . ... ..o

Chapter 18
Spin and Coherence Transfer in Penning Ionization
L. D. Schearer and W. F. Parks

1.
2.

Introduction . . . . . . . . . . .. ... ...
SpinTransfer . . . . . . . . . . .. . ...

Introductionby W. Hanle and H. Kleinpoppen

xiii
XXi

713
714
717
721
724

727
728
728
729

730
731
741
744
747
750
751
753
760
765

769
769



. Experimental Conditions for Observing Spin Transfer
. Coherence Transfer in Penning Collisions: Hanle Signals in a Rotating Reference
Frame . . . . . . . . . . . .00
. Experimental Observations of Coherence Transfer . . . . .
References . . . . . . . . . . ... .. ...

Chapter 19
Multiphoton Spectroscopy
Peter Brdunlich

1.
2.

~3 O\ W

Introduction . . . . . . . . . .. L0000 oL
Transition Probabilities for Multiphoton Processes . . . . .
2.1. Time-Dependent Perturbation Theory . . . . . . . .
2.2. Calculation of Multiphoton Cross Sections . . . . . .
. Experimental Investigation of Multiphoton Transition Probabilities . . . . .
3.1. Photon Statistics . . . . . . . . .. ... ... ..
3.2. Measurements of Multiphoton Cross Sections . . . . .
. Survey of Multiphoton Emission Phenomena . . . . . . . .

4.1. Stimulated Two-Photon Emission and Raman Scattering

42 OpticalMixing . . . . . . . ... ... .....
. Resonance Effects . . . . . . .. ... ... ... ..
. PolarizationEffects . . . . . . . . . ... ... ...
. High-Resolution Multiphoton Spectroscopy . . . . . . . .
7.1. Multiphoton Ionization Spectroscopy . . . . . . . . .
7.2. Doppler-Free Spectroscopy . . . . . . . . . . . ..

7.3. Applications of Two-Photon Doppler-Free Spectroscopy

. Concluding Remarks . . . . . . . . .. . ... ....
References . . . . . . . . . . . . . . o

Chapter 20
Fast-Beam (Beam-Foil) Spectroscopy
H. J. Andrd

1.

Introduction . . . . . . . . . ... 0oL
2. The Fast-Beam Spectroscopic Source . . . . . . . . . . .
2.1. BasicPrinciple . . . . . . .. ... ...
2.2. lon-Beam-Target Interaction . . . . . . . . . . . .

2.3. Experimental Equipment and Procedures
2.4. Specific Features of Fast-Beam Spectroscopy

3.1. Rydberg Levels
3.2. Multiply Excited Terms by Photon Detection

3.3. Multiply Excited Terms by Electron Detection
3.4. Metastable Levels in H- and He-like Ions
3.5. Lamb Shift in High-Z lons
3.6. Regularities of Oscillator Strengths

4.1. Quantum Interference—An Introduction

. Levels and Lifetimes

. Coherence, Alignment, Orientation: “Doppler-Free”” Methods

Contents of Part B

770

773
774
775

777
779
779
787
790
790
792
796
797
799
802
804
808
808
810
816
821
822

829
833
833
836
841
858
859
861
863
869
875
883
885
889
889



Contents of Part B

42,  StarkBeats . . . . . . . ... .00 L.
4.3. Excitation Symmetry: Foils, Tilted Foils, Inclined Surfaces
4.4. Zeeman Beats and Hanle Effect . . . . . . . . . . .
4.5. Zero-Field Quantum Beats . . . . . . . .. . . ..
4.6. High-Field Level Crossing . . . . . . . . . . . ..
4.7. Fast-Beam rf Experiments . . . . . . . . . . . ..

. Selective Laser Excitation . . . . . . . . . . . . . ...

5.1. Precision Lifetimes . . . . . . . . . . . . .. ...
5.2. QuantumBeats . . . . . . . .. ... ... ...
5.3. High-Resolution Fluorescence Spectroscopy . . . . . .,
Referencesand Notes . . . . . . . . . . . ... ...,

Chapter 21
Stark Effect
K. J. Kollath and M. C. Standage

1.
2. Theory . . . . . . . e e e e e e e e

Introduction . . . . . . . . . ... oo L.

2.1. Stark Effectof Hydrogen . . . . . . . . . . . . ..
2.2. Stark Effect for Nonhydrogenic Atoms . . . . . . . .

. ExperimentatMethods . . . . . . . . . .. .. ...

3.1. LevelCrossings . . . . . . . . . . . . .. ...
3.2. Level Anticrossings . . . . . . . . . . . ... ..
3.3. The Pulsed-Field Method . . . . . . . . . . . . ..
3.4, Atomic-Beam Experiments . . . . . . . . . . . ..
3.5. Maser and Laser Stark-Effect Experiments . . . . . .
36.Summary . . . . . ... . e e e
References . . . . . . . . . . . . .«

Chapter 22
Stored Ion Spectroscopy
Hans A. Schuessler

1.
2.

Introduction . . . . . . . . . . . . ...
The Containment of Isolated Ions . . . . . . . . . . ..
2.1. The TrapGeometry . . . . . . . . - . . . . . ..
2.2. Description of the lonMotion . . . . . . . . . . ..
2.3. Measurement of the Ion Number Signal . . . . . . . .

. Reorientation Spectroscopy of StoredIons . . . . . . . . .

3.1. The Ion Storage Exchange Collision Method . . . . .

3.2. State Selection by Selective Quenching of Stored Ions .

3.3. Optical Pumping and Laser Spectroscopy of Stored Ions
3.4. Alignment of lons by Selective Photodissociation . . . .

. Limitations of Stored Ion Spectroscopy . . . . . . . . . .

4.1. Line Shifts and Widths of Resonances of Stored Ions . .
4.2. Pulsed Spin Precession Reorientation Method . . . . .
4.3. Motional Sideband Spectra . . . . . . . . .. . ..

893
896
907
912
921
923
923
923
933
936
942

955
957
959
967
972
973
980
982
985
989
993
995

1000
1000
1003
1006
1007
1007
1015
1015
1016
1017
1017
1020
1021



vill

5. Some Results of Precision Measurements of Stored Ions

6. Conclusion . . . . . . . . . .. . .. .. ...
References . . . . . . . . . . . .. ... .. ..

Chapter 23
The Spectroscopy of Atomic Compound States
J. F. Williams

1. Introduction . . . . . . . . . . . . .. ... ..
2. Experimental Considerations . . . . . . . . . ..
3. Interpretationof Spectra . . . . . . . . . . . ..
3.1. Threshold Spectra . . . . . . . . . . .. ..
32. LineProfiles . . . . . . .. ... .. ...
33. LineSeries . . . . . . . .. ... ... ..
4, AtomicData . . . . . . . . .. ...
4.1. Atomic Hydrogen . . . . . . . . . . . . ..
42 InertGasAtoms . . . . . . . . . . ... ..
43. Alkali Atoms . . . . . . .. ... ...
44. AtomicOxygen . . . . . . . . . . . .. ..
45 Mercury . . . . ... oL oo L.
References . . . . . . . . . . . . ... ... ..

Chapter 24

Contents of Part B

Optical Oscillator Strengths by Electron Impact Spectroscopy

W. R. Newell

. Introduction . . . . . . . . .. ...

SRR R - VI NI S

—

References . . . . . . . . . . .. ..

Chapter 25
Atomic Transition Probabilities and Lifetimes
W. L. Wiese

1. Introduction . . . . . . . . . . . ... . ...
2. BasicConcepts . . . . . . . . . . ... ...
3. Transition Probability Measurements . . . . . . . .

3.1. The Emission Technique . . . . . . . .. ..

CApparatus . . L L L L L L L oL L
Theory . . . . . . . . . . .. ...
Normalization Procedures . . . . . . . . . . . .
. Validity of the Born Approximation . . . . . . . .
Extrapolation Procedure . . . . . . . . . . . ..
. Summary of Results for Discrete Transitions . . . .
. The Bethe Surface . . . . . . . . . . . .. ..
. Continuum Distribution of Oscillator Strength . . .
.Conclusion . . . ... Lo oL

1024
1027
1028

1031
1035
1038
1038
1038
1043
1044
1044
1047
1062
1066
1069
1069

1075
1076
1078
1083
1085
1085
1086
1091
1094
1097
1097

1101
1104
1106
1106



Contents of Part B

3.2. The Absorption Technique . . . . . . . . . . . . . . ... ...
3.3. The Anomalous Dispersion or “Hook™ Technique . . . . . . . . . .

. Transition Probability Calculations . . . . . . . . . . . . . ... ...

4.1. Advanced Caleulations . . . . . . . . .. .. ... L. R
42 . ErrorBounds . . . . . . . . .. ..o
4.3. RelativisticEffects . . . . . . . . . . ... ..o oo
4.4. High-Volume Calculations . . . . . . . . . . . ... ... ...

. Regularities in Atomic Oscillator Strengths . . . . . . . . . . . . . ..

5.1. Systematic Trend of 2 Given Transition Along an Isoelectronic Sequence
5.2. Homologous Atoms . . . . . . . . . . . . . ..o
5.3. Regularities in Spectral Series . . . . . . . . . .. .. ...
5.4. Oscillator Strength Distributions in Spectral Series Along Isoelectronic
Sequences .. . . . . L L oL L oo o e e e e

. Lifetimes of Excited Atomic States . . . . . . . . . . . . . ... ...

6.1. GeneralRemarks . . . . . . . . . . . . .. ...
6.2. The Cascading Problem . . . . . . . . . . . . .. . ... ...
6.3. Advances in Lifetime Techniques . . . . . . . . . . . . ..

. Forbidden Transitions . . . . . . . . . . . . . . .. ...

References . . . . . . . . . . .. .. oL oL

Chapter 26
Lifetime Measurement by Temporal Transients
Richard G. Fowler

b WN =

Introduction . . . . L L L L L L L L L e e e e
. ExcitationMethods . . . . . . . . . . . . . . L. ..o
. ObservationMethods . . . . . . . . . . . . . . . .. . ...
. Datalnterpretation . . . . . . . . . . . .. ...
.DataProcessing . . . . . . . . . ... .o o s
.Results . . . . ... Lo

Chapter 27
Line Shapes
W. Behmenburg

1.
2.

Introduction . . . . . . . . . . .o . oo e e e
Experimental Methods . . . . . . . . . . . . . .. PN
2.1. Influence of Instrumental Effects . . . . . . . . . . .. . .. . ..
2.2. Doppler-Limited Spectroscopy . . . . . . . . . . . . ..
2.3. Doppler-Free Spectroscopy . . . . . . . . . .. .. e o

. Atomic Interactions . . . . . . . . . . o e e e e e e

31 LineCenter . . . . . . . . . . . e
32.LineWings . . . . . . . o e e e e e e e e
33 Satellites . . . . ... . . ..o e e
3.4. High-Pressure Effects . . . . . . . . . . . . . . . . . ...
3.5. Collisional Line Broadening and Depolarization . . . . . . . . . . .

1115
1120
1122
1122
1124
1126
1127
1129
1129
1131
1132

1133
1135
1135
1136
1143
1147
1149

1157
1157
1160
1166
1174
1177
1185

1187
1188
1188
1189
1192
1194
1196
1205
1210
1215
1217



Contents of Part B

. Interaction with Strong Radiation Fields . . . . . . . . . .. . .. ...

4.1. PowerBroadening . . . . . . . . . . . . . ... oo
4.2. Line Splitting: Linear Stark Effect . . . . . . . . . . . . . . . ..
4.3. Line Shift: Quadratic Stark Effect . . . . . . . . . . .. . .. ..
References . . . . . . . . . ..o e e e

Chapter 28
Collisional Depolarization in the Excited State
W. E. Baylis

1.

Introduction: Purpose andScope . . . . . . . . . . .. ..o

2. Characterizing the Excited State . . . . . . . . . . . . . ... . ...

. Relaxation Matrix y

. Experimental Methods

. Comparison of Results

2.1. Polarization and Multipoles . . . . . . . . . ... ..o 0L
2.2. Liouville Space and the Density Matrixp . . . . . . . . . . . . ..
2.3. Time Evolution of p Due to Radiation and Collisions . . . . . . . . .
2.4. Effectof ExternalFields . . . . . . . . . . ... ... .. ...
2.5. Excited-State Coherence . . . . . .
2.6. When Can Coherence Be Neglected? . . . . . . . . . . . . . . ..
2.7. Making and Monitoring the Multipoles . . . . . . . . . . . . . ..
3.1. Multipole RelaxationRatesy; . . . . . . . . . . . . . . . . ...
32. mjMixingRates . . . . . . ... ..o L0000
3.3. Symmetries and Selection Rules
34. Calculationsof ¥y . . . . . . . . .. ...
3.5. MagneticField Dependence . . . . . . . . . . . . .. ... ...
3.6. Complications of Nuclear Spin

4.1. Traditional Measurements in Fluorescence Cells and Flames . . . . . .
4.2. Radiation Trapping and Other Problems . . . . . . . . . . . . ..
4.3. Broadening of Hanle, Level-Crossing, and Double-Resonance Signals .
4.4. Time-Resolved Measurements; Delayed Coincidence . . . . . . . . .
45. D, Optical Pumping . . . . . . . . . .. ... ..o
4.6. Isolating the Zeeman Sublevels; High-Field Measurements . . . . . .
4.7. Atomic-Beam Measurements . . . . . . . . . . . . ... ...
4.8. Laser Methods of Investigating Depolarization

5.1. Alkali Depolarization in Collisions with Noble Gases
5.2. Other Depolarization in Foreign-Gas Collisions
5.3. Depolarization in Resonant Collisions
References

Chapter 29

Energy and Polarization Transfer
M. Elbel

1.
2.

Introduction: Transfer of Energy and Polarization . . . . . . . . . . . .
Transferof Energy . . . . . . . . . . . . . . ..o
2.1. Experimental . . . . . . . . . .. 0 ...
2.2. Energy Transfer in Collisions of Alkali Atoms with Inert Gas Atoms

1218
1219
1219
1222
1224

1227
1228
1228
1231
1233
1237
1239
1240
1241
1244
1244
1245
1248
1252
1261
1263
1265
1265
1267
1271
1273
1274
1276
1277
1278
1279
1279
1289
1291
1291

1299
1299
1299
1301



Contents of Part B

2.3. Energy Transfer in Collisions between Similar and Dissimilar Alkali Atoms
2.4. Energy Transfer in Collisions of Other Dissimilar Atoms . . . . . . .

3. Transfer of Alignment and Orientation . . . . . . . . . . . . .. ...

3.1. Gough’s Prediction . . . . . . . . . . . ... ...
3.2. Alignment and Orientation Transfer in Collisions of the Second Kind

3.3. Chéron’s Analysis of Collisional Transfer . . . . . . . . . . . . ..
3.4. Transfer between Isotopes of the Same Element . . . . . . . . . ..
3.5. Hanle Signals in Sensitized Fluorescence . . . . . . . . . . . . ..
3.6. Transfer between Hyperfine Sublevels . . . . . . . . . . .. . ..
3.7. Transfer between Fine-Structure Sublevels of the Same Element
References . . . . . . . . . . . . ..o e e

Chapter 30
X-Ray Spectroscopy
K.-H. Schartner

1.

Introduction . . . . . . . . . . . . .. ..o e e e

2. Experimental Techniques . . . . . . . . . . . . . .. ... ... ..

2.1. Sources for Ions with Inner-Shell Vacancies . . . . . . . . . . . ..
2.2. X-RayDetectors . . . . . . . . . . .o e

X-RaySpectra . . . .. L L Lo o e e

3.1. Satellite Spectra Emitted in Heavy-Atom Collisions . . . . . . . . .
3.2. Lifetime Measurements . . . . . . . . . . . . . . .. ... ..
3.3. Satellite SpectrafromPlasmas . . . . . . . . . ..o 0oL
3.4. Two-Electron—~One-Photon Transitions, Radiative Electron
Rearrangement, Radiative Auger Effect . . . . . . . . . . . . ..
3.5. Continuous X-Ray Spectra . . . . . . . . . . . . .. ... ...

. Concluding Remarks . . . . . . . . . . . . . . . ...

References . . . . . . . . . . . . . .o

Chapter 31
Exotic Atoms
G. Backenstoss

1.
2.

Introduction . . . . . . . . . . . . . .o e e
Theoretical Background . . . . . . . . . . . .. oo
2.1, AtomicCascades . . . . . . .« . . . . oo o e e e
2.2. Level Scheme for a Pointlike Nucleus . . . . . . . . . . . . . . ..
2.3. Electromagnetic Corrections . . . . . . . . . . . . ...
2.4. Strong Interaction Effects . . . . . . . . . . . . . ..o

. Experimental Methods . . . . . . . . . . . . ..o oo

3.1. Generationofthe Atoms . . . . . . . . « . . . . o ..
3.2. X-RayDetection . . . . . . . . . .« o oo e

. Results Obtained from Exotic AtomData . . . . . . . . . . . . . . ..

4.1. AtomicCascades . . . . . . . . o e e e e e e e e e e
4.2. Particle Properties . . . . . . . . . . . .. oo oo e
4.3. Electromagnetic Interactions (Muonic Atoms) . . . . . . . . . . . .
4.4. Strong Interactions—Nuclear Properties . . . . . . . . . . . . . .
4.5. Outlook . . . . . . e e e e e e e e e e e
References . . . . . . . . . . . . .. . i e e e e e e e

1308
1314
1317
1320
1324
1327
1333
1340
1341
1347
1352

1357
1358
1358
1359
1362
1362
1368
1370

1372
1377
1382
1383

1385
1389
1389
1390
1392
1395
1396
1396
1398
1401
1401
1406
1408
1416
1424
1425



Chapter 32
Positronium Experiments
Stephan Berko, Karl F. Canter, and Allen P. Mills, Jr.

W -

~N

. Positronium Annihilation Rates
. Future Developments . . . . . . . . . . . .. ... ...

Introduction . . . . . L L L L L0 Lo oL Lo
. Annihilation Selection Rules and Positronium Detectlon Techniques
. Tests of Charge Conjugation Invariance . . . . . . . . . . . .
. Methods of Positronium Formation . . . . . . . . . . . . ..

4.1. Positronium Formationin Gases . . . . . . . . . . . ..
4.2. Positronium Formation in Oxide Powders . . . . . . . . .
4.3. Slow PositronBeams . . . . . . . . . . . . .. .. ..
4.4, Positronium Production with Slow Positrons . . . . . . . .

. Energy-Level Measurements . . . . . . . . . . . .. .. ..

5.1. The Fine-Structure Interval of the Positronium Ground State
5.2. The Positroniumn=2State . . . . . . . . . . . . . ..
5.3. Fine-Structure Measurementinthe n =2 State . . . . . . .

References . . . . . . . . . . . . . . .. .. ...

Chapter 33
Applications of Atomic Physics to Astrophysical Plasmas
Carole Jordan

1.
2.

Introduction . . . . . . . . . . ... .. ... ..
Energy Levels and Line Identifications . . . . . . . . . . . .
2.1, Introduction . . . . . . . . ... .. ... ..o
2.2. Spectra of Solar Active Regions and Flares . . . . . . . .
2.3. Other Forbidden Lines . . . . . . . . . . . ... ...

. Atomic Data for Plasma Diagnostics . . . . . . . . . . . ..

3.1. Oscillator Strengths . . . . . . . . . . . . ... ...
3.2. Collision Cross Sections . . . . . . . . . . .. ... ..
References . . . . . . . . . . . . .. ..o

Chapter 34
Wavelength Standards
Kenneth M. Baird

- B TN S

.Introduction . . . . . . . L oL L Lo Lo 0oL
Sources . . . L L L L L Lo Lo Lo e

Measurement Methods . . . . . . . . . . . . . ... .

. The Primary Standard . . . . . . . . . . . . .. ... ..
.LaserStandards . . . . . . . . . . . .o
. Secondary Standards . . . . . . . . . ..o oo oo .

References . . . . . . . . . . . ... 0o oo

INDEX

Contents of Part B

1427
1428
1430
1430
1431
1432
1433
1434
1436
1436
1441
1442
1447
1450
1450

1453
1454
1454
1456
1461
1467
1467
1470
1481

1485
1487
1488
1491
1493
1496
1499

xxv



