
Contents

PartI CollisionTheory

1 PotentialScattering 3
1.1 Scatteringby a Short-RangePotential 4
1.2 Scatteringby a Coulomb Potential 10
1.3 AnalyticPropertiesoftheS-Matrix 16
1.4 EffectiveRange Theory 23

1.4.1 Short-RangePotentials 23
1.4.2 Long-RangePotentials 29
1.4.3 Coulomb Potential 35

1.5 VariationalPrinciples 41
1.6 RelativisticScattering:The DiracEquation 45

2 MultichannelCollisionTheory 57
2.1 Wave EquationandCrossSection 58
2.2 TargetEigenstatesandPseudostates 60

2.2.1 TargetEigenstates 60
2.2.2 TargetPseudostates 64

2.3 CloseCouplingEquations 69
2.3.1 FoundationsoftheMethod 69
2.3.2 DerivationoftheCloseCouplingEquations 74

2.4 K-MatrixandKohn VariationalPrinciple 84
2.5 S-Matrix,T-MatrixandCrossSections 91

3 Resonancesand ThresholdBehaviour 101
3.1 AnalyticPropertiesoftheS-Matrix 102
3.2 Bound StatesandResonances 109

3.2.1 Bound-StateandResonancePolesin theS-Matrix 110
3.2.2 BehaviouroftheS-MatrixNeara Resonance 112
3.2.3 BehaviourofEigenphasesNeara Resonance 117
3.2.4 Time-DelayMatrix 121



3.2.5 Feshbach ProjectionOperatorTheory 125

3.2.6 HypersphericalCoordinates 129

3.3 ThresholdBehaviourof CrossSections 135
3.3.1 Excitation:Short-RangePotentials 135

3.3.2 Excitation:DipolePotentials 139

3.3.3 Excitation:Coulomb Potential 145

3.3.4 MultichannelQuantum DefectTheory 151

3.3.5 ThresholdBehaviourofIonization 159

PartII R-Matrix Theory and Applications

4 IntroductiontoR-Matrix Theory: PotentialScattering 167

4.1 Wigner-Eisenbud Theory 170

4.2 GeneralizedR-Matrix Theory 175

4.3 VariationalPrinciplesfortheR-Matrix 179
4.4 R-Matrix ApproximationMethods 181

4.4.1 Homogeneous Boundary ConditionMethod 181

4.4.2 ButtleCorrectionstotheR-Matrix and Wave Function 184

4.4.3 ArbitraryBoundary ConditionMethods 187

4.4.4 LinearEquationsMethod 191

4.4.5 EigenchannelMethods 192

4.4.6 Lagrange Mesh Methods 197

4.4.7 B-SplineMethods 201

4.4.8 DirectCalculationofSiegertStateParameters 207

4.5 PropagatorMethods 209

4.5.1 Light-WalkerPropagator 210

4.5.2 BBM Propagator 213
4.6 DiracR-Matrix Theory 215

5 ElectronCollisionswith Atoms and Ions 227

5.1 MultichannelR-Matrix Theory 228

5.1.1 Introductionand Computer Programs 229

5.1.2 InternalRegion Solution 232

5.1.3 ExternalRegion Solution 238

5.1.4 AsymptoticRegion Solution 240

5.2 VariationalPrinciplefortheR-Matrix 242

5.3 Continuum BasisOrbitalsand CorrectionMethods 247

5.3.1 Homogeneous Boundary ConditionMethod 248

5.3.2 ButtleCorrectiontothe R-Matrixand Wave Function 250
5.3.3 ArbitraryBoundary ConditionMethods 254

5.3.4 PartitionedR-Matrix Method 256

5.4 Inclusionof RelativisticEffects 260

5.4.1 Transformationof theK- and S-Matrices 261

5.4.2 Breit-PauliHamiltonian 265

5.4.3 Frame-TransformationTheory 272

5.5 DiracR-MatrixTheory 275
5.5.1 IntroductionandComputerPrograms 276
5.5.2 InternalRegionSolution 277

5.5.3 ExternalRegionSolution 284
5.5.4 AsymptoticRegionSolution 287
5.5.5 ContinuumBasisOrbitals 289
5.5.6 ButtleCorrection 291

5.6 Low-EnergyElectronCollisionCalculations 292
5.6.1 ElectronCollisionswithH 292
5.6.2 ElectronCollisionswithHe 294
5.6.3 ElectronCollisionswithNe 298
5.6.4 ElectronCollisionswithSiIII 299
5.6.5 ElectronCollisionswithFeII 301
5.6.6 ElectronCollisionswithFe XV 307
5.6.7 ElectronCollisionswithXe XXVII 309

6 Intermediate-EnergyCollisions 311

6.1 OverviewofIntermediate-EnergyMethods 312
6.2 R-MatrixwithPseudostatesMethod 316
6.3 Intermediate-EnergyR-MatrixMethod 322

6.3.1 GeneralProcedure 323
6.3.2 Two-ElectronExample 327

6.4 T-MatrixEnergyAveraging 337
6.5 DistortedWave andSecond-BornMethods 343
6.6 Intermediate-EnergyElectronCollisionCalculations 348

6.6.1 ElectronCollisionswithH 348
6.6.2 ElectronCollisionswithC IV 351
6.6.3 ElectronImpactExcitation-IonizationofHe 352

7 PositronCollisionswithAtoms andIons 355
7.1 MultichannelR-MatrixTheory 356

7.1.1 Introduction 356
7.1.2 InternalRegionSolution 360
7.1.3 ExternalRegionSolution 367
7.1.4 AsymptoticRegionSolution 370

7.2 PositronandPositroniumCollisionCalculations 373
7.2.1 PositronCollisionswithH 373
7.2.2 PositroniumCollisionswithHe 375
7.2.3 TargetPolarizationinPositroniumCollisions 377

8 Photoionization,Photorecombinationand Atoms in Fields 379
8.1 Atomic Photoionization 380

8.1.1 IntroductionandGeneralTheory 380
8.1.2 R-MatrixTheory 390



8.2 PhotorecombinationandRadiationDamping 404
8.2.1 Introduction 404
8.2.2 R-MatrixTheory 406

8.3 The OpacityProject 414
8.4 SpectraofAtoms inFields 416
8.5 IllustrativeExamples 422

8.5.1 PhotoionizationofLi 423
8.5.2 PhotoionizationofFe VII 424
8.5.3 PhotorecombinationinElectronCollisions

withO VIII 426
8.5.4 RadiationDampingin ElectronCollisions

withFe XXVI 428
8.5.5 RadiationDampinginElectronCollisions

withW XLVII 428
8.5.6 PhotoionizationSpectrumofLiin a MagneticField 431

9 MultiphotonProcesses:FloquetTheory 433
9.1 R-Matrix-FloquetTheory 434

9.1.1 Introduction 434
9.1.2 InternalRegionSolution 436
9.1.3 ExternalRegionSolution 441
9.1.4 AsymptoticRegionSolutionintheVelocityGauge 451
9.1.5 AsymptoticRegionSolutioninthe

AccelerationFrame 456
9.1.6 AsymptoticRegionSolution:SimplifiedAnalysis 466
9.1.7 HarmonicGeneration 473
9.1.8 Non-hermitianFloquetDynamics 477

9.2 IllustrativeExamples 480
9.2.1 Resonancesin MultiphotonIonization 480
9.2.2 HarmonicGeneration 484
9.2.3 Laser-InducedDegenerateStates 487
9.2.4 Laser-AssistedElectron-AtomCollisions 489

10 MultiphotonProcesses:Time-DependentTheory 493
10.1 Time-DependentR-MatrixTheory 494

10.1.1Introduction 494
10.1.2InternalRegionSolution 499
10.1.3 ExternalRegionSolution 506
10.1.4 ComputationalMethods 511
10.1.5 AnalysisofApplications 516

10.2 IllustrativeExamples 523
10.2.1 MultiphotonIonizationofNe 524
10.2.2 MultiphotonIonizationofAr 528

11 CollisionswithMolecules 533
11.1 ElectronCollisionswithMolecules 535

11.1.1 Introduction 535
11.1.2 Fixed-NucleiR-MatrixTheory 536
11.1.3 InclusionofNuclearMotion 544
11.1.4 Non-adiabaticR-MatrixTheory 548
11.1.5 ResonantR-MatrixTheory 560
11.1.6 ScatteringAmplitudesandCrossSections 561
11.1.7 IllustrativeExamples:N2,O2,N2O, H3+ 566

11.2 PositronCollisionswithMolecules 573
11.2.1 R-MatrixTheoryandCalculations 573
11.2.2 IllustrativeExamples:H2O, CO2 575

11.3 MolecularMultiphotonProcesses 579
11.3.1 MolecularR-Matrix-FloquetTheory 579
11.3.2 IllustrativeExample:H2 588

12 ElectronInteractionsin Solids 591
12.1 ElectronCollisionswithTransitionMetalOxides 592

12.1.1Introduction 592
12.1.2 R-MatrixTheory 592
12.1.3IllustrativeExample 594

12.2 ElectronTransportin SemiconductorDevices 596
12.2.1Introduction 596
12.2.2 R-MatrixTheory 597
12.2.3IllustrativeExample 602

PartIII Appendices

Appendix A Clebsch-Gordanand Racah Coefficients 607
A.1 Clebsch-GordanCoefficients 607
A.2 Racah Coefficients 612
A.3 6-jSymbols 615
A.4 9-jSymbols 615
A.5 HigherOrder3n-jSymbols 617

AppendixB LegendrePolynomialsand RelatedFunctions 619
B.1 LegendrePolynomials 619
B.2 AssociatedLegendreFunctions 621
B.3 SphericalHarmonics 623
B.4 PhaseofSphericalHarmonics 628
B.5 TransformationUnder Rotations 632



AppendixC BesselFunctionsand RelatedFunctions 639
C.1 BesselFunctions 639
C.2 SphericalBesselFunctions 642

AppendixD ApplicationsofAngularMomentum Algebra 647
D.1 Long-RangeElectron-AtomPotentialCoefficients 647

D.1.1 Non-relativisticCollisions 647
D.1.2 InclusionofRelativisticEffects 652

D.2 R-Matrix-FloquetMultiphotonPotential 654
D.3 Time-DependentMultiphotonPotential 657
D.4 AtomicPhotoionizationCrossSection 662

Appendix E PropagatorMethods 665
E.1 Light-WalkerPropagatorMethod 666
E.2 Log-DerivativePropagatorMethod 671
E.3 BBM PropagatorMethod 675
E.4 PropagationofDrivenEquations 678
E.5 PropagatorMethod withFirst-OrderDerivative 681
E.6 PropagationofSetsofUncoupledChannels 684

AppendixF AsymptoticExpansions 693
F.1 ElectronandPositronCollisions 693
F.2 MultiphotonProcesses 700

References 707

Index 731


	page1
	page2
	page3
	page4

