


CONTENTS

PART A: ATOMIC STRUCTURE AND TRANSITIONS

CHAPTER 1

REeLATIVISTIC AND QUANTUM ELECTRODYNAMIC
ErFects oN AToMIC INNER SHELLS

W. R. Johnson and K. T. Cheng

1. Introduction . . . . . . . . oL L0000
2. Review of the Dirac-Fock Methed . . . . . . . . . . .
3. Breit Interaction . . . . . . . . . . . ... .o
4. Quantum Electrodynamic Corrections . . . . . . . . .
5. Conclusion . . . . . . . . . ... .o

References . = : = « & @ 5 5w 5 ® = 55 s o % & @ &

CHAPTER 2

ReraTivisTic CALCULATION OF ATOMIC
TRANSITION PROBABILITIES

May Hsiung Chen

l. Introduction . . . . . . . . .. ...
2. The Relativistic Theory of Many-Electron Atoms . . . . .
2.1. Relativistic Hamiltonian from Quantum Electrodynamics
2.2. Interpretation of the Dirac-Fock Approach . . . . .
3. Relativistic Transition Energies . . . . . . . . . . ..
3.1. Atomic Binding Energies and X-Ray Transition Energies
3.2. AugerEnergies . . . . . . .. .. ...
4. Radiative Transitions . . . . . . . . . . . . . ...
4.1. Introduction . . . . . . ... .. L.
4.2. Formulation of Relativistic Radiative Transitions . . .
4.3. Effects of Relativity, Retardation, and Higher Multipoles
4.4. Exchange and Overlap Corrections . . . . . . . . .
4.5. K X-Ray Hypersatellites . . . . . . . .. . ...
5. Radiationless Transitions . . . . . . . . . . . . . ..
5.1. Introduction . . . . . . .. ... ...
5.2. Relativistic Theory of Auger Transitions . . . . . .
5.3. Effects of Relativity on Auger Transitions . . . . . .
5.4. Analysis of K-LL and K-MM Auger Spectra . . . . .
6. Auger and Fluorescence Yields of Multiply Ionized Atoms .
6.1. Fluorescence Yields of Atoms with Multiple Vacancies .
6.2. Effects of Relativity on the Decay of Few-Electron lons
7. Summary . . ... L oL e e
References . o v ¢ 5 ¢ wom s w s s w s 58 5 w & o5

CHAPTER 3
Many-Bopy EFrFecTs IN ENERGETIC AToMIC TRANSITIONS

T. N. Chang

L. Introductions & : s & s @ ¢ w % 2 ® 8§ 52 G 5 B W s mW s Wy kB s 6
2. Higher-Energy Processes: Transitions from Inner Shells . . . . . . . . . ..

ix

16
22
28
29

31
33
33
35
36
36
47
52
52
53
55
60
61
65
65
66
70
75
77
78
80
87
89

97
98



X CONTENTS

2L Introduction . . . . . . . e e s e s e e e e e e e e e e e e s 98
2.2. Binding Energy . . . . . . . . ..o 100
23. Intensity . . . . . .. ..o e e e e e e e e 102
2.4. Satellites . . . . . . . . ..o e e e e e e e e e e 106
3. Low-Energy Processes: Transitions from Subvalence Subshells . . . . . . . . 108
3.1. Weak Inner-Shell Transitions in the Presence of Strong Outer-Shell
Transitions 108
3.2. Strong Inner-Shell Transitions with Weak Outer-Shell Transitions s oaom s 112
4. Concluding Remarks . . . . . . . . .. ... . .... LR 114
References . . « v v v e v e e e e e e e e e e e e e e e e e e 116
CHAPTER 4
AUGER-ELECTRON SPECTROMETRY OF CORE LEVELS OF ATOMS
W. Mehlhorn
I. Introduction . . . . . . . L L L oL oo e e e e e e e e 119
2. Theory of Auger Transitions and Basic Considerations . . . . . . . . . . . . 120
2.1. Definitions and Notation . . . . . . . . . . . . . . . . ... 120
2.2. Theory of Auger Transitions; the Wentzel Ansatz . . . . . . . . . . .. 122
2.3. The Auger Effect Treated beyond the Wentzel Ansatz . . . . . . . . . . 126
3. Experimental Arrangements . . . . . . . . . . . ... .00 .. 130
4. Diagram Auger Transitions . . . . . . . . . . . . . ... ... 132
4L ENEIGIES « + w e s w e v e wos s e i s mwe e e m o e m de e e 132
42 Tntensities « « w « = # » ® 3 B & § @ ¥ F @™ s & W & mi ¢ m b & e 134
43. Linewidths . . . . . . . . . . . ..o Lo 140
5. Auger Satellite Transitions Due to Many-Electron Effects . . . . . . . . . . 143
5.1. Satellite Transitions Due to Final-Ionic-State Configuration Interaction
(FISGE) & ¢ mw v m ¢ £ @ & % § ® v 8 # & $ % & &9 § B & = = 3 144
5.2. Satellite Transitions Due to Initial-State Configuration Interaction (ISCI) . 146
6. Auger Spectra of Multiply Ionized Atoms . . . . . . . . . . . ... ... 152
6.1. The (1s2p) ! Auger Spectrumof Ne . . . . . . . . . . . .. .. .. 155
6.2. Auger Spectra of Li-like TargetIons . . . . . . . . . . ... . ... 158
7. Projectile Auger-Electron Spectrometry . . . . . . . . . .. Lo 160
8. Anisotropic Angular Distribution of Auger Electrons . . . . . . . . . . .. 162
8.1. Particle-Impact Experiments with Axial Symmetry . . . . . . . . . .. 164
8.2. Photon-Impact Experiments with Axial Symmetry . . . . . . . . . .. 166
8.3. Experiments with Plane Symmetry . . . . . . . . . . . . .00 L 168
9. Postcollision Interaction Effects in Auger Spectra . . . . . . . . . . .. .. 169
References . . . . . . . . . Lo 174
CHAPTER 5

ExPERIMENTAL EvVALUATION OF INNER-VAcANCY LEVEL
ENERGIES FOR COMPARISON WITH THEORY
Richard D. Deslattes and Ernest G. Kessler, Jr.

l. Introduction and Overview . . . . . . . . . . . ..o 0. 181
2. Methods for Determining Levels and Level Differences . . . . . . . . . .. 184
2.1. Absorption Spectroscopy . . . . . 4 4 . 4 e e e e e e e e 184
2.2. Photoelectron and Auger-Electron Spectroscopies . . . . . . . . . . . . 188
2.3. Appearance-Potential Spectroscopy . . . . . . . ..o Lo oL 190

2.4. X-Ray Emission Spectroscopy . . . . . . . . . .. 0.0 190



CONTENTS

. Experimental Techniques for High-Accuracy Spectroscopy . . . . . . . . . .

3.1. Wavelength Determination in the Grating Region . . . . . . . . . ..

3.2. Wavelength Problems in Crystal-Diffraction Spectroscopy

3.3. Local Scales and Conversion Factors . . . . . . . . ... .. .. ..
3.4. Wavelengths Based on X-Ray Interferometry . . . . . . . . . . . ..
3.5. Wavelength Measurements with Focusing Instruments . . . . . . . . . .

. Selected Experimental Results . . . . . . . . . ... . ... ... ...

4.1. Measurements from Direct-Reading Instruments . . . . . . . . . . ..

4.2. Measurements Referred to Directly Measured y-Ray Lines
4.3. Measurements Referred to Directly Measured X-Ray Lines
4.4. One-Electron and Few-Electron Spectra . . . . . . .

. Theoretical Calculations and Comparison with Experiment

5.1. Relativistic Self-Consistent-Field Calculations S
5.2. Theoretical Relativistic SCF Estimates . . . . . . .
5.3. Comparison with Experiment . . . . . . . . . ..
5.4. Conclusions Derived from Comparison . . . . . . .

. Summary and OQutlook . . . . . . . . . . ... ...

6.1. Relation between Single-Electron and X-Ray Spectra .
6.2. Future Measurements and Applications . . . . . . .
References = ¢ v o s sw 2 9 ¢ s v 88 ¢ 3% s ©

€ CHAPTER 6
MEecHANIsMS FOR ENERGY SHIFTs oF Atomic K X Ravs
P. G. Hansen, B. Jonson, G. L. Borchert, and O. W. B. Schult

B0 N =

-Introduction . . . . ... L0000
. The Experimental Method . . . . . . . . . . . .. ... ... ....
. The Isotope Shift . . . . . . . . . ... ... ... ... ...
. The Chemical Shift . . . . . . . . . . .. ... .. ... ......

4.1. Origin of the Chemical Shift . . . . . . . . . . .. ... ......
4.2. Examples of Data and Applications . . . . . . . . .. . ... ...,

. The Is Hyperfine Shift . . . . . . . . . . ... .. ... .......

5.1. Population of the Hyperfine-Structure Components in EC Beta Decay and
Internal Conversion (IC) . . . . . . . . . .. .. ... ......
5.2. Experimental Observations of ls Hyperfine Shifts . . . . . FR R S

6.1. Outer-Shell Shake-Off and Its Effects on K X-Ray Energies

. The Dynamic Shift . . . . . . . . . ... ... ... ........

6.2. Experimental Detection of the Dynamic Shift . . . . . . . . . . . . .

8.1. Deviations from the Breit-Wigner Single-Level Line Shape

8.2. The Coupling of Atomic and Nuclear Excitations . . . .
. Concluding Remarks . . . . . . ... ... ......
References . . . . . . . ... ... ... ... ..

. The Atomic Structure Shift for Transitions with 42=1 . . . . . . . . . . .
7.1. The6sElements . . . . . . . . .. .. .. ....
"72. The4fElements . . . . . . . . . ... .. ....
73. The4dElements . . . . . . . . ... . ......
74. The5dElements . . . . . . . . ... ... ....
. Other Contributions . . . . . . . . .. ... .....

xi

196
197
197
199
200
204
206
207
207
207
209
214
214
216
219
220
226
226
230
232

237
239
244
248
248
249
250

251
254
257
258
261
264
268
268
269
269
271
271
273
275
276



xii CONTENTS

CHAPTER 7
ATomic Puysics RESEARCH WITH SYNCHROTRON RADIATION
Bernd Crasemann and Frangois Wuilleumier

. Introduction . . A T

. Synchrotron Radlatlon

. Techniques . . . . . . .« « o . . o .o . w o

. Many-Electron Effects e

. Excitation/Deexcitation Dynamics g ¥

. Photoionization of Atoms in Excited States . . . . . . . . . . . . . . ..
. Molecular Physics . . . . . . . . . . oo e
. Conclusion @ o

REfEFENEES = o s o 2 2 o & 5 i § & % & % w o w e o i o wom e owmow e e

0~ U W N -

CHAPTER 8

INVESTIGATIONS OF INNER-SHELL STATEs BY THE ELECTRON ENERGY-Loss
TecuniQuE AT HigH REsoLuTION

George C. King and Frank H. Read

1. Introduction . . . . . . . . . . . . Yoo g o ow
1.1. Early Inner-Shell Excitation Studies . . . . . . . . P U
1.2. High-Resolution Studies . . . . . . . . . . . . . .. . ... ...
1.3. Comparison of the Photoabsorption and Electron Energy-Loss Techniques
2. Experimental Details 5 v
2.1. Electron Source and Energy Selector s M Em OE @ s 5 W § Ew § B
2.2. Energy Analyzer and Detection System LR
2.3. Energy Calibration ¢ ¥ B oW s om 8 F o5 Eom o8
2.4. Multidetection Techniques . . . . . . . . . .. R
3. High-Resolution Studies of Atoms . . . . . . . . . . ..
3.1. Analysis of Energy-Loss Spectra R
3.2. Argon . . . . ... e T
33. Krypton . . . .. L oL L oo e e e e e e e e e e
34. Xenon . . . . ...
3.5. Equivalent-Core Model i@ oE s WY HW g § 3 ¥ B om g mo s owow
4. High-Resolution Studies of Molecules . . . . . . . . . . . . . ... ...
4.1. Nitrogen . . . . . . . 5romon % om o5 oM
4.2. Carbon Monoxide . . . . . . . . ..
4.3. The Application of the Equlvalent-Corc Model to Chlormc
4.4. Polyatomic Molecules R T R s L Y s @ o
5. The Observation of Electric-Dipole-Forbidden Inner-Shcll Transmons .....
5.1. Experimental Details . . . . . . . . . ... ... o000 oL
5.2. Electric-Dipole-Forbidden Inner-Shell Transmons in Atoms .......
5.3. Electric-Dipole-Forbidden Inner-Shell TransitionsinN, . . . . . . . . .
5.4. Electric-Dipole-Forbidden Inner-Shell Transitions in Other Molecules
6. Inner-Shell Resonances . . . . . . . . . . . .. ...
6.1. Experimental Details . . . . . w o e mooa e B B BB R G
6.2. Inner-Shell Resonancein N, . . . . . e o & o slEa o ole o T
6.3. Inner-Shell Resonance in Other Moleculcs ...............
References V

281
283
286
290
296
301
305
311
313

317
317
320
322
326
326
328
329
330
330
331
333
337
339
340
341
342
348
350
354
357
357
357
361
364
365
366
367
369
372



CONTENTS xiil

CHAPTER 9
CoHERENCE EFFECTs IN ELECTRON EMIssioN BY AToMs
A. Niehaus
l. General Introduction . . . . . . . . . . . ... ... RN 377
2. Interference of Contributions from Different Magnetic Substates—Angular
Electron Intensity Distribution . . . . . . . . . . .. ... ... ... 379
2.1 Introduction . . . . .. ... 379
22. Theory . . . . . . . L 380
2.3. Comparison with Experimental Results for Autoionization of He**(2p2) 'D . 383
3. Interference of Contributions from Different States in One Atom . . . . . . . 386
3.1 Introduction . . . ... L., 386
32 Theory . . . . . .. 389
3.3. Comparison with Experimental Results for Collisions of Li * with He RO 390
4. Interference of Contributions from Direct and Indirect Processes . . . . . . . : 393
4.1 Introduction . . . . . . .. ... L R 393
4.2. Theory R N R R R T T T I 396
4.3. Comparison with Experimental Results for the Process e~ + He —
He*(Isnl)+e™ . . . . . . . . .. 398
5. Interference of Contributions from Different Distances on One Potential Curve . 399
5.1 Introduction . . . . . . . ... 399
52. Theory . . . . . ..., 403
5.3. Comparison with Experimental Data for Inner-Shell Electron-Impact
Ionization of Ar L Followed by Auger Decay . . . . . . . . . . .. .. 406
6. Interference of Contributions from Different Atoms . . . . . . . . . . . . . 409
6.1. Introduction . . . . . . . . . ... L 409
62 Theory . . . . ... L 409
6.3. Comparison with Experimental Data . . . . . . . . . ... ... .. 412
References . . . . . . . ... 415

PART B: SCATTERING AND COLLISION-INDUCED PROCESSES

CHAPTER 10
INeLasTIC X-RAY SCATTERING INCLUDING RESONANCE PHENOMENA
T. Aberg and 7. Tulkki

L Introduction . . . . . . . .. ... 419
2. Theory . . . . ., 420
2.1. Resonant Scattering Involving Photons and Electrons . . . . . . . . . . 421
2.2. Statistical Formulation of Inelastic Scattering . . . . . . . . . . . .. 424
23. Nonrelativistic Cross Section . . . . . . . . . . . .. ... ..., 426
3. Nonresonant Scattering . . . . . . . . .. .. ... 427
4. Resonant Scattering . . . . . . . . ... ... L 431
4.1. Evolution of Resonant Scattering into Fluorescence . . . . . . . . . . . 432
4.2. Total Cross Section . . . . . . . . . . . ... ... ... 439
4.3. Infrared Divergence . . . . . . . . . ... ... ... ... .. 442
5. Relativistic Amplitude for Inelastic Scattering and Gauge Invariance . . . . . . 446
5.1. Relativistic Formulation . . . . . . . . .. ... .. ... ... . 447
52. Gauge Invariance . . . . . .. .. ... .. 449

5.3. Length versus Velocity Forms . . . . . . . . . . . . . . ... ... 450



Xiv CONTENTS

6. Angular Distribution and Polarization . . . . . . . . . .. .. ... ..
6.1. General Formalism for Inelastic Photon Scattering . . . . . . . . . ..
6.2. Scattering Patterns in Dipole Approximation . . . . . . . . . . . . ..
Appendix s s ¢ w s ox w05 s w2 mE Fom s ¥ W 55w s om 4 s W s @ oW
References . . . . . . . . .. ..o

CHAPTER 11

RAYLEIGH ScATTERING: ELAsTic PHOTON SCATTERING
BY Bounp ELECTRONS

Lynn Kissel and R. H. Pratt

L. Introduction . . . . . . . . oL L0
2. Physical Features of Elastic Scattering . . . . . . . . . . . . ... ...
2.1. The Blue Sky of John William Strutt . . . . . . . . . . . . . . ...
2.2. “Elastic” versus “Coherent” Scattering . . . . . . . . . . . . . .. ..
2.3. Scattering by Free Electrons: Thomson and Compton Scattering . . . . .
2.4. Photon Polarization Effects . . . . . . . . . . . . ... .00
2.5. Classical Scattering by a Bound Charge . . . . . . . . . . ... ...
2.6. An Independent-Electron Atomic Model . . . . . . . . . . . .. ..
2.7. High-Energy Scattering and the Form-Factor Approximation . . . . . .
2.8. Scattering from a Compound System . . . . . . . . . . ... .. L.
3. Developmentof Theory . . . . . . . . . . . . . . ...,
3.1. The Rayleigh Scattering Amplitude . . . . . . . . . . . ... ...
3.2. Simple Atomic Scattering-Factor Theories . . . . . . . . . . . . . ..
3.3. Total-Atom Elastic Scattering Amplitudes . . . . . . . . . . . . ...
4. Development of Experiment . . . . . . . . . .. ...
4.]1. Direct Measurements of do/dQ2 . . . . . . . . . . .. .. ... ...
4.2. The Anomalous Scattering Factors . . . . . . . . . . . . .. .. ..
5. A Comparison of Theory and Experiment . . . . . . . . . . . .. . ...
5.1. Differential Scattering of Low-Energy Gamma Rays . . . . . . . . . .
5.2. Small-Angle Scattering . . . . . . . .. ..o 0L L.
6. Rayleigh-Scattering Applications . . . . . . . . . . . .. ... .. ..
6.1. Solid-State Structure Studies . . . . . . . . ... oL L.
6.2. Nuclear Structure Studies . . . . . . . . . . .. . ...,
6.3. Observation of Delbriick Scattering . . . . . . . . . . . . ... ...
6.4. X-Ray Diagnostics . . . . . . . . . . . ... ...
6.5. Narrow-Beam Attenuation . . . . . . . . . . . . ... ... ...
7. Further Research Topics . . . . . . . . . . . . . .. ... .. ....
References . . . . . . . . . . . .. ... L.

CHAPTER 12
ELECTRON-ATOM BREMSSTRAHLUNG
R. H. Pratt and 1. §. Feng

<Introduction  « v . v v v s s m s s om s mom o m s s om o B oW oEom b b oW
. Observables and Assumptions . . . . . . . . . . . ... ... .. ...
CHIBIOTY: & o v v v w e s e e m s s o e s o s m o s m s W § m
. Characteristic Distances and Appropriate Formulations . . . . . . . . . . .
. The Coulomb Spectrum . . . . . . . . . .. . ...,
N1 - 1 R R E TR N S
. End Points of the Spectrum . . . . . . . ..o L0000 L,

SN L WO N

445
451
455
459
461

465
468
468
469
470
472
477
478
478
485
486
486
493
503
510
510
518
520
520
521
522
523
524
525
526
526
526
529

533
535
539
542
547
554
557



8.
9.
10.

CONTENTS

Angular Distributions and Polarization Correlations i owow
Comparison of Theory and Experiment . . . . . . . . .
Some New Developments . . . . . . . . . . . . ...
References & v « o s + 5 s w @ 5 % ¢ w0 & o @ o = o

CHAPTER 13

X-RAy AND BREMSSTRAHLUNG PRODUCTION IN
NucLEAR REACTIONS

R. Anholt

1.
2.

4.

Introduction . . . . . . . .. ... ..o
Theory of Interference Experiments . . . . . . . . . .
21. BasicIdea . . . . .. .. .. ... ... ...
2.2. Survey of Atomic Collision Processes . . . . . . . .
2.3. Quantum-Mechanical Theory . . . . . . . . . ..
24. Discussion . . . . . .. ..o
. Interference Experiments . . . . . . . . . .. . ...

3.1. K-Shell Ionization in Elastic Proton Scattering Reactions
3.2. Bremsstrahlung Emission near Elastic Proton Resonances

3.3. Ionized Electron Measurements . . . . . . . . . .
3.4. Isobaric Analog Resonances . . . . . . . . .. ..
3.5. K-Shell Ionization by Neutrons . . . . . . . . . .
3.6. Cross-Section Measurements . . . . . . . . . . .
3.7. K-Shell Ionization in Inelastic Nuclear Reactions . . .
United-Atom X Rays . . . . . . ... . ... ...
41, Theory & : s s s 5 & 5 & 5 8@ 3 @ & w0 @ 3
4.2 Experiments . . . . . . .. ... ... ...
4.3. Widths of United-Atom K X-Ray Lines . . . . . . .
. Conclusion . . . . . . . . ... ...
References . . . . . . . . . . . o000

CHAPTER 14
PositroN ProbucTioN IN HeEavy-Ion CoLLisIONS
H. Backe and B. Miiller

1.
2.

Introduction . . . . . . . . . . . .00 ..

Electron—Positron Excitations in Superheavy Quasimolecules

2.1. Time-Dependent Perturbation Theory . . . . . . .

2.2. Ionization and Electron Emission . . . . . . . . .

. Positron Creation . . . . . . . ... .. ......
3.1. Inclusion of Supercritically Bound States . . . . . .
3.2. Collisions with Nuclear Delay . . . . . . . . . ..
. Experimental Configurations for In-Beam Positron Spectroscopy . . . . . . .
4.1. Requirements for the Detection Systems . . . . . . .
4.2. The Orange-Type B Spectrometer . . . . . . . . .

4.3. Solenoidal Positron Transport Systems . . . . . . .

. Data Evaluation and Background Subtraction . . . . . .
. Experimental Results and Discussion . . . . . . . . ..
6.1. First Results and Gross Features . . . . . . . . ..
6.2. Positron Spectra in Deep Inelastic Collisions . . . . .

.........

.........

.........

.........

XV

561
565
571
576

581
583
583
585
587
590
592
592
595
595
596
601
604
606
616
616
618
620
622
623

627
631
631
634
638
638

644
646

651
654
654
656



Xvi CONTENTS

6.3. Peak Structure in the Positron Spectra at “Elastic” U+ U and U+ Cm

Scattering . . . . . . . . . e e e e e e e e e e e e e e e 657

7. Summary and Outlook . . . . . . . . . . . .o 663

References . : o« 5 & 5 o § © 5 » @ o s o w6 s w8 owow s moe w 664
CHAPTER 15

X-Ray Processes IN HEavy-Ton CoLLISIONS
P. Vincent

I. Introduction . . . . . . . . . o e e e e e e e e e e e e e e 669
2 KX Rays ... .o e e e e e e e e e e e e 672
2.1. Lighter Systems . . . . . . . . . . Lo e 672
2.2. Heavy Systems . . . . . . . . ... oo e e 685

L MOXREYE . o o oo o oo s i oEE O E R s W H o :oE 8 B 3 oW ¢ 698
3.1. Lighter Systems . . . . . . . . .« . .. ..o oo 698
3.2. Heavy Systems . . . . . . . . . . . ..o oo e e e 711

4 Other X Rays . . . . . . . o 0 o 0 e e e 720
5 IConelusions! . . ¢ » « : w5 2§ ¥ ¥E § M s L mE B E g omow s ow 728
References . . . . . .« o o e e e e e e e e e e e e e e e e e 728
SUBJECTINDEX . 5 w ¢ w o & @ & & @ ¢ @ € 8 & # # ¢ & % £ & @ « @ & & @ o 735

AUTHOR INDEX & & 5 & o & % # 5.9 5 @ ¥ 8 @ s % & 5 © 8 ® @ s = 5 w & = 745



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

