


CONTENTS

Listofcontributors xi
Preface xiii
Note on units xvi
Acknowledgements xvii
1 History 1
1.1 Introduction 1
1.2 The discoveryoftheCompton effect 1
1.2.1Earlydays 4
1.2.2Compton'swork 11

1.3 The eraofexploration 11
1.3.1The broadeningoftheCompton profile 14
1.3.2The work ofDuMond and colleagues 19
1.3.3A theoreticalinterlude 20
1.3.4The renaissanceofexperimentalwork 22
1.3.5 Modern times 23
1.3.6Summary 23

References 23
2 Theory 28
2.1 Introduction 28
2.2 Introductiontoscatteringphysics 29
2.3 Compton scatteringfromfreeelectrons 31
2.4 The effectsofan externalpotential 34
2.5 Many electrons 37
2.6 Summary 40
References 41
3 Experimentation 43
3.1 Introduction 43
3.2 X-rayapparatus 44
3.2.1Sources 45
3.2.2 Sollerslits,spectrometers,and monochromators 47
3.2.3Detectorsand monitors 48
3.2.4Determinationofthescatteringangleand
resolutionfunction 48

3.2.5 Automation 49
3.3 X-raydataaccumulationand reduction 49
3.3.1Choiceofsample 49
3.3.2Backgroundand wavelengthdependentcorrections 50
3.3.3Core electronexcitations 51



3.3.4 Deconvolution 51
3.3.5Normalization 52

3.4 y-rayapparatus 53
3.4.1Sources 54
3.4.2Detectors 55
3.4.3Shielding,collimators,and sampleholders 56
3.4.4Electronics 57

3.5 Designofy-rayexperiments 58
3.6 y-raydatareduction 59
3.6.1Background 59
3.6.2Preliminarycalculations 61
3.6.3Tailstripping 61
3.6.4Sampleabsorption 62
3.6.5Compton cross-section 63
3.6.6Detectorefficiency 63
3.6.7Deconvolution 64
3.6.8Normalization 64

3.7 Erroranalysis 65
3.7.1Systematicerrors 65
1.Backgrounderror 65
2. Linearerror 66
3. Scaleerror 66
4. Shifterror 67
5. Deconvolutionerror 68
6. Multiplescattering 68

3.7.2DeconvolutionoftheCompton profile 68
3.8 Publicationofresults 70
3.9 Developmentsin experimentation 71
3.9.1ConventionalX-raysources 71
3.9.2Synchrotronsources 72
3.9.3y-raysources 73
3.9.4 New techniques 75
3.10Summary 76
References 76
4 Multiplescattering 79
4.1 Introduction 79
4.2 Qualitativeresults 81



4.3 Theoreticaltreatments 82
4.3.1 Analyticalresults 84
4.3.2 Monte Carlomethods 88
4.3.3 Operatorformalism 90
4.4 Quantitativeresults 91
4.4.1Totalintensities 91
4.4.2 Spectraldistributions 93
4.5 Conclusions 97
References 100
5 Atoms 102
5.1 The impulseapproximation 102
5.1.1Derivationoftheimpulseapproximation 102
5.1.2Accuracyoftheimpulseapproximation 106

5.2 Momentum distributionsand impulseCompton profiles 110
5.2.1Calculationofp(p)and J(q)foratomicsystems 113
1. Directsolutionsforx 113
2.Dirac-Fouriertransformationofψoγy 114
3. Dirac-Fouriertransformationoforbitals 115
4. Asymptoticand otherpropertiesofI(p)and J{q) 116

5.3 CalculationsofimpulseCompton profilesfor
one-electronmodels 118
5.3.1Hartree-Fock 118
5.3.2Localdensitymodels 120

5.4 Electroncorrelationand impulseCompton profiles 122
5.5 Relativisticprofilecorrections 126
5.5.1RelativisticHartree-Fockformalism 126
5.5.2RelativisticcorrectionstotheCompton profile 127

5.6 Comparisonoftheoryand experimentforfreeatoms 130
5.6.1Neon 130
5.6.2Krypton 133

References 133
6 Solids 139
6.1 Introduction 139
6.2 Metals 140
6.2.1Theoreticalaspectsofsimplemetals 140
6.2.2Comparisonoftheoreticaland experimentalresults
on simplemetals 148



1.Alkalimetals 148
2. Lightmetals 150

6.2.3Theoryoftransitionmetals 153
1.Renormalizedfreeatomsand theCompton
profile 153
2. Band-structurecalculations 159

6.2.4Comparisonoftheoreticaland experimental
resultsfortransitionmetals 159
1.Isotropicprofiles 159
2. Directionalprofiles 163

6.2.5 Alloysand transitionmetalcompounds 170
6.3 Covalentcrystals 171
6.4 Ioniccrystals 174
6.4.1 On theLCAO modelforsolids 175
6.4.2 EvaluationofCompton profilesin theLCAO
approximation 175
1.Isotropicprofiles 178
2. Directionalprofiles 179
3. Compton profilesforionicsolids 180

6.4.3Calculations 180
6.4.4Experimentalresults 181
6.4.5Comparisonofthedata 182
1.Alkalihalides 183
2. Otherionicsolids 188
3.Directionalprofiles 193

6.4.6 Discussion 195
6.5 Conclusions 197
References 200
7 Chemistry 209
7.1 Introduction 209
7.2 Wave functionsand momentum space:some principles 210
7.3 Chemicalbonding:furtherprinciples 216
7.4 Bond transferability,localizedorbitals,and partitioning
themomentum density 221

7.5 Othereffectsofchemicalinterest 226
7.6 Summary and futureprospects 228
References 229



8 Electronscattering 234

8.1 Introduction 234

8.2 Theory 234

8.2.1 The Born-binary encounter theory of

electronscatteringCompton profileexperiments 235

8.2.2 The Born approximation for the(e,2e)reaction 238
8.3 Experimental techniques 244

8.3.1 The high energy (keV) large angle electronspectrometer 245

8.3.2 The (e,2e) coincidence spectrometer 248

8.4 Experimental results 252

8.4.1 Compton profiles 252

8.4.2 Angular correlationand momentum density distributions 260

8.5 Summary 267

References 269

9 Positron annihilation 273

9.1 Introduction 273

9.2 Typical experiments 273

9.3 Experimental geometry 275

9.3.1 Long-slitgeometry 276

9.3.2 Point-slitor crossed-slitgeometry 277

9.4 Theory 279

9.5 Gases and liquids 281

9.5.1 Helium 282

9.5.2 Organic liquids 284

9.6 Crystallinesolids;theoreticalconsiderations 285

9.7 Experimental resultsfor solids 289

9.7.1 Solid argon, krypton, and xenon 289

9.7.2 Oriented graphite 290

9.7.3 Ionic crystals 290

9.8 Momentum distributionmeasurements in metals and

semiconductors Fermi surfacestudies 292

9.8.1 Positron thermalization 293

9.8.2 Alkali metals; the effectof positron-electroncorrelations 294

9.8.3 The positron wave function 298

9.8.4 Aluminium and beryllium 299

9.8.5 Siliconand germanium 301

9.8.6 Copper 304



9.8.7 Vanadium and niobium 308
9.8.8 Rareearthmetals 308

9.9 Ferromagneticstudiesusingpolarizedpositrons 308
9.10Fermisurfacestudiesin alloys 311
9.11Conclusion 313
References 316
10 Reconstructionofthree-dimensionaldistributions 323
10.1 Introduction 323
10.2 Theory 324
10.2.1Fourier-Hankelmethod 325
10.2.2Fouriermethod 331

10.3 Applications 333
10.4 Anisotropystudies 335
10.4.1Graphiteand diamond 335
10.4.2Siliconand germanium 336
10.4.3Simplemetals 337
10.4.4Transitionmetals 338
10.4.5Compounds and orientedpolymers 340

10.5 Summary 341
References 341
Index 346


	page1
	page2
	page3
	page4
	page5
	page6
	page7

