
PART II-ATOMIC PHYSICS IN THE VUV AND X RANGE

Course 5. Application of many-body problems to atomic phy-
sics,by Goran Wendin 555

1.Introduction 558

2. Qualitativediscussionofelectronicexcitationspectra 563
2.1.The photoionizationprocessin realspaceand time 564
2.2.A stationarystatepicture 566
2.3.When isthemany-electronresponseparticularlyimportant? 569



3. Collectiveeffectsin photoionizationprocesses 572

3.1.Introduction 572

3.2.Theoreticalformulationof the mean-fieldapproachin realspace 575

3.3.Matrix formulationof the mean-fieldproblem 581

3.4.Applicationsto atomic Ba: RPAE and beyond 585

3.5.Applicationto Ba, La and Ca: thelocal-densityRPA 589

4. Many-electroneffectsin corehole spectra 603

4.1.Introduction 603

4.2.Outlineof the theoryfor thespectralfunctionof a core hole 606

4.3.Model problems 607

4.3.1.Two-configurationmodel 607

4.3.2.Discretelevelinteractingwitha resonance 609

4.4.The caseof the missing4p levelin Xe and relatedproblems 610

4.5.Effectsof screeningon X-ray and Auger emissionprocesses 614

5. Resonance photoionizationof atomic calcium 618

5.1.Introduction 618

5.2.The photoabsorptionspectrum of atomic Ca (3p64s2) 618

5.3.Qualitativediscussionof thresholdand resonanceeffectsin the photo-

electronspectrum of atomic Ca 622

5.3.1.Photon energy well above the 3p-ionizationthresholds(ω=

47.3eV) 622

5.3.2.Justabove the 3ps4s2thresholds(to= 36.5eV) 622

5.3.3.In the regionof the 3p-≫3dgiantdipoleresonance(ω= 31.6eV) 626

5.3.4.In a triple-excitationresonanceat to= 30.0eV 629

5.4.A model treatmentof the triple-excitationresonance:the problem of

resonantsatellites 632

6. Conclusion 636

References 636

Course 6. The physics of non-Rydberg states, by Jean-Patrick

Connerade 643

1.Introduction 646

2. Holes,corevacanciesand quasi-particles 647

2.1.Heisenberg'sconceptof holes 647

2.2.Quasi-particles 647

2.3.The breakdown of the quasi-particleconcept 648

3. Non-Rydberg excitation 650

3.1.Delayed onset 651

3.2.Giant resonancesand double-valleypotentials 656

3.3.Similarsituationsin otherareasof physics 663

3.4.Experimentalexamples 666

3.5.Hybrid wavefunctionsand controlledcollapse 670

3.6.Instabilitiesof valence 672



3.7. Halides of the lanthanides and actinides 674

3.8. Emission and absorption spectra of 3d→4f transitionsin the lan-

thanides 677

3.9. Further work on double valleys 678

4. Double excitationand double escape 680

4.1. Supernumerary series 680

4.2. Genuine double excitations 682

4.3. Series enhancement and seriesquenching 684

4.4. Resonances in the Wannier continuum: two-step autoionization 687

5. Conclusion 693

References 694

Course 7. Atomic physics of high-Z systems, by Harmut Backe 697

1. Introduction 700

2. Hypothetical high-Z hydrogen-like atoms 701

2.1. Dirac equation 702

2.2. Eigenvalues and radial wave functions for point and extended nuclei 703

2.3. Momentum and energy distributionsof electrons 708

2.4. Continuum solutions 711

2.5. Quasibound positron states 714

3. Collisionalsuperheavy systems 716

3.1. Solutions of the Dirac equation in a statictwo-center Coulomb poten-

tial 717

3.2. Dynamic aspects 721

4. Models forinner-shellionization and positron production 725

4.1. Inner-shellionization 725

4.2. Positron production 730

5. Inner-shellionization experiments 732

5.1. lsσ excitation 732

5.2.δ-rayemission 738

6. Positron experiments 741

6.1. Definition of experimental quantities 742

6.2. Experimental configuration forin-beam positron spectroscopy 744

6.2.1. The orange type β-spectrometer 745

6.2.2.Solenoidal positron transport systems 747

6.2.3.The Tori spectrometer-an S-shaped positron transport system 753

6.3. Evaluation of atomic positron spectra 755

6.4. Results and discussion 759

6.4.1. The totalpositron cross section 759

6.4.2. Total positron production probabilities 760

6.4.3. Energy differentialpositron production probabilities 762

6.4.4. Positron spectra 764

References 773



PART III-AT THE FRONTIER OF ATOMIC PHYSICS

Course 8. Fundamental problems in small molecules,by Brian R.

Judd 779

1.Introduction 782

2. Sphericaltensors 782

3.Eulerangles 783

4.Rotatedframes 784

5.Commuting vectors 786

6.Double tensors 786

7. Coordinatesasdoubletensors 787

8.Coupledforms 788

9.Differentialoperatorsas tensors 789

10.Spin 790

11.Nucleardisplacements 791

12.The rigidrotator 792

13.Matrixelements 793

14.The octahedralgroup 794

15.Classificationofdisplacements 796

16.The l matrix 797

17.The modes pictured 797

18.Translations 798

19.The Eckartconditions 799

20.Remainingmodes 800

21.Coupledstates 800

22.Diatomicmolecules 801

23.R splittings 802

24.Clustering 803

25.Hard and softaxes 80S

26.Superfinestructure 806

27.Electric-dipoleradiation 807

28.Nuclearpermutations 809



29.Intensities 811

30.Non-feasibleoperations 812

31.Spin-rotationHamiltonian 813

32.Momentum 814

33.Angularmomentum 815

34.Conversiontodoubletensors 817

35.Combinationsofnuclearspins 819

36.HyperfinestructureofA2u 819

37.Vibrationalangularmomentum 821

38.Comparisonwithexperiment 822

39.Second-orderperturbation 823

References 824

Bibliography 825

Course 9. Introduction to gauge theories,by Fernand Hayot 827

Introduction 830

1.Quark structureofhadrons 831
1.1.Colordegreesoffreedom 834
1.2.Constituentquarkmasses 836

2.Quantum electrodynamics(QED) 837
2.1.Lagrangianformalism 837
2.2.Gaugeinvariance 841

3. Quantum chromodynamics(QCD) 845
3.1.Asymptoticfreedom 851

4. QCD and experiment 854
4.1.Deep inelasticelectron-protonscattering 854
4.2.Electron-protonannihilationintohadrons 858
4.3.The confinementproblem 861

5. Spontaneoussymmetrybreaking 863
5.1.Introduction 864
5.2.GlobalSU(2) 865
5.3.LocalSU(2) 868

6. Weak and electromagneticinteractions:theWeinberg-Salammodel 872
6.1.Gauge bosons 873
6.2.Quarksandleptons 877
6.3.Structureoftheweak neutralcurrent 879
6.4.Quark masses 883



Seminar 7. Parity violation in atoms, by Marie-Anne Bouchiat 887

1.Introduction 888

1.1.Historicalbackground 888

1.2.Order of magnitude estimates 891

1.3.Which role can atomic physicsplay in the study of weak neutral

currents? 894

2. Parityviolationin atomic physicsas a manifestationof neutralcurrents 896

2.1.The parityviolatingelectron-nucleuspotential 896

2.2.Paritymixingin atomic wave functionsand the possibleenhancement

mechanisms 902

2.3.How to observeparitymixing due to neutralcurrents? 907

3. Review of the variousexperimentalattemptsto observeparityviolationin

atomic physics 911

3.1.Opticalrotationin atomic bismuth vapour 912

3.2.Excitationof forbiddenMl transitionsin cesium and thallium 916

3.3.Rf experimentsin the metastablestateof atomic hydrogen 926

4. Observationof parityviolationin atomic cesium 933

4.1.Principleof the experimentbased on symmetry considerations 933

4.2.Apparatus and experimentalmethods 936

4.3.Systematiceffects 941

4.4.Consistencychecks 943

4.5.Experimentalresult;comparison withtheory 944

Conclusion 947

References 948

Seminar 8. Parity violation in atomic bismuth, by Richard C.

Thompson 951

1. Introduction 952

2. Experimentaloutline 954

3. Operation of the experiment 958

4. Results 961

5. Future prospects 962

References 963

Seminar 9. Order αGμ corrections to the parity-violating elec-

tron-quark potential in the Weinberg-Salam

theory: parity violations in one-electron atoms, by

Bryan W. Lynn 965



Course 10. General relativity and modem optics, by Wolfang

Schleigh and Marian O. Scully 995

Introduction 999

1. Conceptual gravityfrom Newton to Einstein 1002

1.1.Newtonian gravity 1003

1.2.A "picoreview"of specialrelativity 1004

1.3.Inertialforcesand lineelements 1009

1.3.1.Rotatingframe of reference 1009

1.3.2.The uniformlyacceleratedframe 1011

2. Mathematicalante 1013

2.1.Tensor algebra,gμυand allthat 1014

2.1.1.Geometricalapproach 1014

2.1.2.Mathematical approach 1018

2.2.Tensor calculusand covariantdifferentiation 1021

2.3."F = ma" in curved spacetimeor "space tellsmatterhow to move" 1026

3. Einstein'sfieldequationsin the weak fieldlimit 1029

3.1.A sourceequationforthe metricor "mattertellsspace how tocurve" 1030

3.2.Determination of the metric hμυ,for some important examples, or

gravityby analogywithelectricityand magnetism 1033

3.3.Line element of a staticand a rotatingsphere 1035

4. Opticsin a gravitationalfield 1038

4.1.Specialrelativisticelectrodynamics 1038

4.2.Transitionto curved spacetimecoordinates 1041

4.3.Gravitationalfield= dielectricmedium 1042

4.3.1.The "three+ one (3+ 1)" pointof view 1043

4.3.2.Maxwell'sequationsin Plebanskinotation 1045

4.4.An excursionintothe parametrizedpost-Newtonian(PPN) formalism 1048

4.5.A master equationfor the electromagneticfield 1050

5. Gravito-opticaleffects 1052

5.1.Time delay 1053

5.2.Einsteindeflectionoflight 1055

5.3.Frame-draggingeffects 1060

5.3.1.Solutionof the masterequationforframe draggingeffects 1062

5.3.2.Frame draggingor machian deflectionoflight 1064

5.3.3.Opticalactivity= "gravitationalFaraday" effect 1065

5.4.GeneralizedSagnac effect 1067

5.4.1.Derivationof the frequencyshiftin terms of the metric 1068

5.4.2.Rotatinginterferometerand the classicalSagnac effect 1070

5.4.3.GeneralizedSagnac effect 1071

5.4.4.Reprint:Proposed opticaltestof metricgravitationtheories 1075

6. Gravitationalradiation 1089

6.1.A shortintroductionto gravitationalradiation 1090

6.2.Gravitationalwave detectionvialaserinterferometry 1094



AppendixA 1096
Solutionstotheproblems 1098
References 1122

Course 11. Lecture on spin-polarizedhydrogen by Thomas J.

Greytak and Daniel Kleppner 1125

1.Introduction 1129
1.1.Background 1129
1.2.ElementarypictureofBose-Einsteincondensation 1131
1.3.EvidencefortheBose-Einsteintransition 1135
1.4.A shorthistoryofspin-polarizedhydrogen 1137
1.5.Some parallelhistory 1139
1.6.The motivationforstudyingH↓ 1139
1.7.How tocreateH↓ 1140
1.8.What hasbeenlearnedso far? 1142

2. TheidealBose gas 1142
2.1.The grandpartitionfunction 1142
2.2.Thermodynamicfunctions 1144

3. The weaklyinteractingBose gas 1149
3.1.The simplifyingapproximations 1150
3.2.Self-consistentfieldapproximation 1151
3.3.The Bogoliubovtheory 1152
3.4.Superfluidity 1155
3.5.Hard sphereBose gas 1155
3.6.CriticalbehaviornearTo 1162
3.7.ExtensionsofthetheoryforH↓ 1165

4. AdsorbedH ↓:a two-dimensionalBosegas 1167
4.1.The antiferromagneticinstability 1167
4.2.Surfaceadsorption 1168
4.3.Bindingenergiesforhydrogenon helium 1169
4.4.InteractionsbetweenH ↓ atomson thesurface 1172
4.5.The Kosterlitz-Thoulesstransition 1176
4.6.Effectofdynamicalmodes ofthesurface 1177

5. EquationsofstateforH↓ 1179
5.1.Why isH↓ a Bosesystem? 1179
5.2.The roleof zero-pointenergy 1180
5.3.The quantum theoremofcorrespondingstates 1181
5.4.EquationsofstateforH anditsisotopes 1182
5.5.Summary ofourcurrentunderstanding 1185

6.Molecularrecombinationofatomichydrogen 1186
6.1.Recombinationof unpolarizedhydrogen 1186
6.2.Magneticresonancestudiesofunpolarizedhydrogen 1188



6.3.Recombination in H ↓: a surveyof possiblemechanisms 1193

6.4.Recombination in a highfield 1197

6.5.Populationdynamics of H ↓ 1199

7. Experimentalstudiesof H ↓ 1199

7.1.Firstobservations- the experimentof Silveraand Walraven 1199

7.2.Pure magneticconfinement:the MIT experiment 1201

7.3.Measurement of the pressureof H ↓ 1203

7.4.Observationof nuclearpolarization 1205

7.5.Nuclearrelaxation 1208

7.6.Other studies 1209

8. Opportunitiesand applicationsforspin-polarizedhydrogen 1209

8.1.H↓ as a quantum fluid 1210

8.2.Spin-polarizeddeuterium 1212

8.3.Applicationsto atomic and molecularphysics 1212

8.4.Low temperaturehydrogen maser 1214

8.5.Applicationsof magneticresonanceto H ↓ 1216

8.6.Open cellgeometry 1216

8.7.Polarizedproton sourcesand targetsfornuclearand particlephysics 1218

8.8.The possibilityof creatingsolidpolarizedH2 and D2 1220

8.9.Fusion applications 1222

Postscript 1223

References 1223

Seminar 10. Nuclear polarization of gaseous 3He: optical pum-

ping and expected quantum properties at low tem-

peratures by Pierre Jean Nacher and Michele Leduc 1231

Introduction 1232

1. Laser opticalpumping of 3Hc 1233

1.1.The opticalpumping method. Kinetics 1233

1.2.The laserset-up.Experimentalresultsat 300 K, 77 K and 4 K 1237

2. Transportpropertiesin dilutequantum fluids(3He↑) 1241

2.1.Derivationof the transportcoefficients 1241

2.1.1.Expected effectsof the nuclearpolarization(an intuitiveap-

proach) 1241

2.1.2.Quantum mechanicaltreatmentof collisions 1243

2.1.3.A Boltzmann equationfor thespindensitymatrix 1244

2.1.4.Resultsfor heatconductivityk and viscosityη 1245

2.1.5.Resultsof thespindiffusion 1246

2.2.Nuclearrelaxationin an inhomogeneous magneticfield 1247

2.2.1.A traditionalcalculationand itslimits 1247

2.2.2.Hydrodynamical pointof view 1248

2.2.3.Resultsand expectedordersof magnitude 1249

References 1250


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

