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aberration correction
Cs 160, 245
absorption 23-31, 33-34, 37, 41, 43, 4546,
51, 58, 83-85, 89-90, 94, 103, 130, 151,
227
absorption coefficients
76,129
absorption difference 25,27, 33
absorption cross section 23, 29, 40, 84, 85,
94,121, 130
absorption edge 23, 28, 87, 136, 238
absorption spectra 32, 86-88, 97
ALCHEMI 47
angular momentum 2, 28, 33, 54, 67, 83,
102, 103, 105, 130-31, 135, 204, 238,
250-54
operators 56, 83, 139
anisotropic crystal 12, 14
anisotropy 12, 14-16, 18-19, 21-22, 52,
127,142,157
apertures 46,70, 151, 154, 167, 175,
179-80, 221, 230-31, 237-38, 24749
artefacts 175-78, 185-86, 220
asymmetry 57, 95-96, 14449, 183, 188,
192, 196, 245
asymmetry parameter 109
atomic core state 10
atomic multiplet theory 65-67, 69-77, 101
atomic positions 61, 192, 247
atomic scale 57,213, 222, 243, 254-55
atomic sites 73-74
attenuation coefficient 55, 56, 66

26-27, 31, 66, 69,

background subtraction 20, 131, 166, 186,
187,189, 190, 219, 220

basis functions 66-67, 80-82

beam energies 125, 127

relativistic electron 102

beam simulation 210

beam splitter 57, 152, 197, 209

beam tilt 144, 150, 153-54, 162, 208

Bessel function 10, 204, 244

Bloch waves 60, 150-53, 198, 204-5, 209
reciprocal wave 198
Born approximation 2,44
boundary conditions 60, 150-51, 153-54,
199, 227
Bragg spots 63, 70, 72-73, 14445, 151,
155, 161-63, 24748

CBED see convergent beam electron
diffraction

CCD see charge coupled device

CDF see chiral dark field

charge coupled device (CCD) 178, 214,
229

chiral dark field (CDF) 247-48

chiral dichroism, energy loss magnetic
133

chiral positions 216-18, 220-21

chirality 43, 53, 62-63, 149, 152-54, 164,
222,245, 250

opposite 183, 216-18

chirality in electron energy loss
spectrometry 43

chirality of electronic transitions 44, 63

circular dichroism 41-42, 51, 56, 64, 76,
97,99, 102, 112, 147-49, 172-73, 223,
254

Clebsch—-Gordan coefficient 28, 34, 82, 84,
102, 137

coherence 46, 50, 52, 197, 201-03, 206,
214-16, 231, 232

collection angles 16-17, 59, 125-26, 154,
161, 167, 169, 185, 209, 214

large 15-17,163, 169

collector aperture 119, 124, 126-27

convergent beam electron diffraction
(CBED) 162,171

core, vortex 38-39

core electron 2,33, 82, 89, 95,115

core hole 27, 65,85-91, 93, 96

core spectral functions 95-96

core state 6, 65,82, 84, 93,98, 143
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correlations, electron—electron 94-95
Coster-Kronig transitions 191
Coulomb integral 67-69
crystal field 68
crystal field 67-69
crystal field parameters 6869
crystal orientation 12, 60, 62, 64, 173, 207,
210-11, 216

data cube 163, 167-68, 170, 175-79, 181,
187-92
artificial 179, 189
reference 181-82, 184-85
data treatment 143-44, 175-77, 179, 181,
183, 185-89, 191-93
DDSCS see double differential scattering
cross section
density functional theory (DFT) 65,
74-76, 79, 81, 83, 85, 87-89, 91, 93,
95-96, 157
density matrix 4, 10, 20, 51, 130-132, 136,
139, 197, 199-202, 203, 205, 206, 243,
251-53
definition 202
back focal plane 200
Fourier transform 201
ground state 130, 131, 136
image plane 202
one-electron 132
propagation in free space 201
reduced 4,10, 200, 243, 251, 252
detector positions 48, 58, 137, 14344,
192, 198, 220
detector shift method 157-58, 161,
169-70, 175, 217
DFF see dynamic form factor
DFT see density functional theory
dichroic maps 167-69, 180, 187, 195
dichroic signal 32, 56, 59-63, 83, 85,
106-7, 109-10, 153-54, 15657, 164-66,
169-70, 179-86, 188-90, 214, 217-20
dichroic spectra 32, 40, 88, 90, 179
dichroism 89, 120-21, 149, 156, 162,
169-70, 182, 188-89, 219
diffracted beam 15-16, 18, 179
diffraction, electron energy spectroscopic
175
diffraction mode 18, 155-56, 158, 162-64,
185
diffraction pattern 12-13, 18, 48, 50,
70-71, 73, 156, 158-62, 164, 16667,

178, 180-81, 205-9, 217-18, 248-49

diffraction patterns of magnetic samples
173, 196, 255

diffraction plane 12, 49, 56-57, 144-47,
151-55, 158, 163, 169, 176, 180, 185-86,
189, 192, 216-17, 249-50

diffraction spots 10, 160, 178-82, 188-89

dipole 8,53, 14243

electric 83-84

dipole approximation 7-8, 10, 12, 21, 34,
44,50, 79, 83-85, 102, 104, 119, 121,
126, 130

dipole transitions, electric 106, 115, 119,
121, 124

Dirac equation 3, 82,102, 105

double channelling approximation 202,
203

double difference approach 146

double differential scattering cross section
(DDSCS) 2,6-8, 11-12, 20, 4344,
47,50-51, 56, 63, 117-21, 123, 126-27,
157, 198-99, 214

double slit experiment 4749, 51

dynamic form factor (DFF) 6, 10-12, 44,
50-52, 54, 64, 70-71, 76, 153, 204, 254

dynamical electron diffraction 59

edge intensities 190, 195
EELS see electron energy loss spectrometry
EELS intensity 73
EELS spectra 71, 73-74, 76, 134, 150, 155,
167,170, 175, 190, 195, 207
EELS spectrometer 166, 185, 206
EELS spectrum 1, 73, 132-33, 191
effective photon 44-47, 51, 57-58, 62, 151
EFS see energy filtered series
EFTEM mode 176
eigenstates 84, 232
elastic scattering 1, 10, 15-16, 26, 44, 148,
197, 2034, 210, 247
electric dipole
E1 106
electric dipole approximation 66, 71, 83,
133
electric dipole transitions 106, 119, 121,
124
electric quadrupole
E2 106
electron beam energy 125
electron collector 5, 8, 123
electron correlation 92, 97
electron density 12,79, 226



electron diffraction 211,254
electron energies 5, 24
electron energy loss 66, 148, 196
electron energy loss magnetic chiral
dichroism 77,148,172, 195
electron energy loss spectra 72, 102, 127
electron energy loss spectrometry (EELS)
1,3,5,7,9,11,13,15,17, 21, 43, 45, 47,
57,101-2
electron energy loss spectrometry see EELS
electron energy loss spectroscopy 21, 64,
173,195, 211, 223, 253
electron-hole interaction 86, 91, 97
electron lithography 37
electron microscopy 22, 40, 59, 226, 244
electron optics 150
electron orbit 24
electron orbital momentum 30, 225
electron probe 43, 115, 126, 214-15, 245
electron scattering 4446, 164
electron spectrometer 220
electron velocity 1,7,115-16
electron vortex beams 253
electronic transitions 43-46, 49-50, 54, 63,
65, 85,204, 225, 252
electrons
excited 65, 85
low-energy 26, 37
outgoing 2,51
scattered 13-14, 64, 163, 199, 214, 223,
251, 254
secondary 26, 37
spin-down 29, 85, 104, 107
valence 65-66, 80, 115
EMCD difference signal 191, 195
EMCD difference spectrum 186-87
EMCD effect 79,169, 183, 207, 214
EMCD maps 176, 206-9
EMCD measurements 156-57, 166-67,
169, 196, 217
EMCD pattern 207-8, 210-11
EMCD signal
relative 207-8, 210
EMCD techniques 149, 151, 153, 155, 157,
159, 161, 163, 165, 167, 169, 171
energy filtered series (EFS) 167-68
energy recovery linacs (ERLs) 238
energy renormalization 94
energy shift 177-78, 185, 187
energy spectroscopic diffraction (ESD)
166-68, 170-71, 175-78, 181, 187, 195
entanglement 204, 251
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ERLs see energy recovery linacs
ESD see energy spectroscopic diffraction
Ewald spheres 144-45, 152

fast electron inertial frame 116-17
fast electrons 1-5, 10, 115-19, 121, 124,
137, 197-201, 211, 255
inelastic scattering of 21-22
scattered 22, 64,211,254
Fe/Au multilayer 213,217-19
FEFF code 106, 108
Fermi’s golden rule 4, 27,31, 79, 83, 85,
94,130
ferromagnetic nickel 76-77, 98
form factor
dynamic 6, 44, 50, 51, 70
mixed dynamic 10, 44, 50, 76, 153, 204
Fourier decomposition 228
Fourier transform 12, 111-12, 117, 201,
245-46
Fourier transform holography (FTH)
229-30, 233-34
free electron X-ray lasers 232
Fresnel propagator 201
Fresnel zone plate 226
FTH see Fourier transform holography
full width at half maximum (FWHM)
161, 218
FWHM see full width at half maximum

GaAs substrate  156-57
gauge
Coulomb 117,118
Lorenz 117,118
graphite 12, 16, 19-20, 88, 99
Green’s function see RSGF
ground state density matrix 130-31, 136

HAADF see high-angle annular dark field

HAADEF detector 214, 218

HAADF image 218, 221-22

HAADF signal 215, 218

Hamiltonian 67-68, 80,92, 118

hard X-rays 24-25, 42, 230-31, 240

helicity 45, 51, 58, 62-63, 150, 152-55,
157-58, 164-65, 171, 246

opposite 149, 154, 157, 170, 233

high-angle annular dark field (HAADF)
163, 213-15

Hohenberg-Kohn theorem 79

hologram 227-34, 236, 238, 240
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holography 226-28, 231, 236, 238-39
Gabor 229
in-line 229-30, 233, 239

Hubbard model 91

hysteresis loop 234-35

image distortions 176-77
image drift 176, 178, 181-82
real 182
image filters 177
image mode 158, 161, 163, 168
image plane 158-61, 170, 202
image simulation 64, 212
incoherence 201
inelastic diffraction pattern 202, 206, 208
inelastic electron scattering 21, 51, 64, 79,
113,127,214
interference
inelastic 47, 50
interferometer 44, 150

Kikuchi bands 50
Kohn-Sham equations 80

L-edges 23,26-27, 34,106, 186, 189, 191,
195

LACDIF see large angle convergent
DIFfraction

Large Angle Convergent DIFfraction
(LACDIF) 159-62, 164,170, 171

lattice vectors, reciprocal 10, 70-71, 133,
199, 215

Laue circle centre (LCC) 146, 151-52,
154-55, 157-59, 161-62, 169

LCC see Laue circle centre

values of 155, 161

LDA+U 91

LDOS 131

linear dichroism 21, 55-56, 115, 117, 119,
121, 123, 125, 225, 254

linearized augmented planewave (LAPW)
method 79, 81, 101

Lorentz transform 116-17

Lorentzians 48-49, 85, 87

Lorenz gauge 117-18

MAC see magic angle conditions

magic angle 18, 113, 115, 117, 119, 121-27

magic angle conditions (MAC) 124, 127

magnetic contrast 39, 226, 233

magnetic dichroism in X-ray holography
225,227,229, 231, 233, 235, 237

magnetic dipole term 33, 141

magnetic extended X-ray absorption fine
structure (MEXAFS) 102, 104, 106-7,
109-11

magnetic films, thin 232, 235

magnetic images 233, 236

magnetic moments 55-56, 109, 129, 138,
141, 149, 172, 220, 222, 254

magnetic multi-electron excitations
(MMEEs) 110

magnetic quantum numbers 46, 53, 56,
85, 138, 243, 250

magnetic vortex cores 38-39, 41

magnetite 72-77, 248

magnetization 23, 25, 66, 110, 113, 135,
149-50, 152, 155, 157, 168, 170, 225-26,
232-33

magneto-optics 226

magnets 24-25, 38, 196

majority spin 89, 109, 132

many-body effects 79, 88, 91, 94-96

MDFFs see mixed dynamic form factor

MEXAFS see magnetic extended X-ray
absorption fine structure

MEXAFS signal 105, 107, 112

microscopy

X-ray 23,36, 38, 40

minority spin states  84-85

mixed dynamic form factor (MDFFs) 10,
44, 50-54, 56, 58, 64, 70-71, 73-74, 76,
132-33, 136-37, 14142, 198-99, 204,
215-16

mixed dynamic object spectrum (MDOS)
204-5

mixed state 200, 202, 243, 251

MMEES see magnetic multi-electron
excitations

momentum-resolved EELS 69, 72, 76

momentum transfer 8, 13,21, 43-44, 46,
50, 150, 155, 158, 228, 237

momentum transfer vectors 12-14, 19,
137-38, 140, 198

MS see multiple-scattering

multielectronic functions 66-67

multiple-scattering (MS) 101-3, 105, 107,
109, 111-13, 138

N-sum rule 142

nanometric EMCD 215, 217, 219, 221
nickel 79, 87,95-97, 155

Noether theorem 247, 251, 252



non-isochromaticity 170, 178, 184-85,
187, 191

OA see objective aperture

objective aperture (OA) 153, 158-59,
167-68, 248

octahedral sites 72-73

orbital moment 23, 28-30, 32, 33-36, 40,
85, 131, 135, 138, 140, 141, 225, 243

orbital polarization 23, 29, 30, 32, 34, 91,
129

oxidation state 43

partial coherence 206

PEEM see photo-emission electron
microscopy

perpendicular anisotropy 232, 234-36

photo-emission electron microscopy
(PEEM) 171

photoelectrons  29-32, 34, 83, 101-2

photon absorption 4446

photon flux, coherent 237-38

photon helicity 23, 28-29, 4344, 62

plural scattering  147-48, 186, 194-95

point group 68, 121

polarization state 225, 232

polarization vector 45, 55, 83-84

polarized photons 28-29, 31-33, 55-56,
83,153

polarized X-rays 40-41, 106, 236, 241

positions

eucentric 159-60, 164
symmetric 134, 153, 209
pseudovector 54, 55
pure state 4, 45,199, 204

reciprocity theorem 214, 250
reference aperture 230, 233-34, 237-38
reference beam 229-31, 237

reference wave 227-30, 232, 237
Rutherford scattering 44, 214

SAA see selected area aperture
scanning electron microscopy (SEM) 234
scanning transmission electron microscope
(STEM) 16, 64, 163, 213-14, 220,
249-50
scattering
resonant magnetic  232-33
scattering cross section
double differential 2, 6, 20, 43, 117
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elastic 11
scattering vectors 12, 14-15, 4445, 51,
54-56, 62, 156, 216, 244
SEA see spectrometer entrance aperture
selected area aperture (SAA) 155-56,
158-59, 161-62, 169-70
self-energy corrections 95
SEM see scanning electron microscopy
single scattering (SS) 14, 111-12
Slater determinants 66
soft X-rays 226-27,231, 241
spectral brightness 232
spectral functions  94-95
spectrometer 12-13, 134, 165, 177, 209,
216, 218, 221, 244, 246
spectrometer aperture 12-14, 16, 69-76,
132-33
spectrometer entrance aperture (SEA)
12-13, 17-18, 153, 155, 157-59, 161-67,
170, 207, 209, 217, 220-21
spectroscopy
electron energy-loss 21, 149, 172, 211,
247, 254
X-ray absorption 23, 44,77, 82,113, 149
spectroscopy modes  164-65, 170
spherical harmonics
vector 53
spin angular momentum 67, 135
spin-dependent sum rules for X-ray
absorption spectra 112, 147
spin-dependent X-ray-absorption spectra
112
spin flips 53, 83-84
spin-orbit coupling 28, 32, 36, 67, 82, 83,
243, 246
spin polarization 30-31, 83, 104, 246
spin-polarized electronic transitions 211
spin-polarized electrons 30, 41
spin sensitivity 32
spinsum rule 140-41
SS see single scattering
STEM see scanning transmission electron
microscope
STEM-EMCD 164, 216, 217, 220-22
parallel 164, 216, 220-22
serial 164, 216, 217, 220
spatial resolution 160, 213
structure factor 43,73
sum rules 23, 33-35, 40, 77, 83, 109,
129-32, 134-35, 137, 14044, 146-48,
167, 189, 195-96, 220
orbital momentum 138
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synchrotron radiation 24, 37, 57, 66, 239
systematic row conditions 61, 14445

T-matrix 93

TEM see transmission electron microscope

Thales circle 144, 145, 151-54, 162,
165-68, 210

thermal diffuse scattering 157, 214

three-beam case 146, 151, 162, 164, 186,
192, 209, 211, 216

transition metal oxides 65, 66, 69, 88

transmission electron microscope (TEM)
1, 8,14, 21, 53, 56-57, 69, 79, 115-16,
126, 130, 150, 170-73, 213, 216-18

trichroism 121, 127

two-beam case 144, 145, 151, 156, 164,
165, 167, 192, 209, 211, 215

uniformly redundant array (URA) 237
URA see uniformly redundant array

valence states 82, 85,91, 94
virtual apertures 166-68, 179, 181,
188-89, 195

wave functions
multielectronic 65, 70, 75
one-electron 66, 68

wave vectors, transferred 8, 120-21, 126

X-ray absorption 43-44, 54,77, 83, 85, 88,
91, 98,102, 113, 121, 148, 225

X-ray absorption data 106-7

X-ray absorption spectra 99, 127

X-ray absorption spectroscopy (XAS) 8,
21, 34, 36, 4344, 66, 77, 82, 88, 101-3,
105, 113, 124, 129-31, 149

X-ray holography 226, 232, 235, 238

X-ray lenses 37

X-ray magnetic circular dichroism (XMCD)
23, 26-27, 33-36, 41, 66, 79-80, 82, 97,
99, 101-7, 112, 129-30, 14748, 171-72,
225-26

X-ray range, soft 25-27, 107

X-ray sources 24, 231-32

XAS see X-ray absorption spectroscopy

XAS sum rules 129-30, 142

XMCD see X-ray magnetic circular
dichroism

rare earth  106-7

XMCD contrast 233-35

XMCD experiments 63, 66, 88, 149

XMCD signal 25, 27, 34-37, 103-5, 107,
110, 137

XMCD spectra 36, 56, 66, 73, 79, 83, 95,
107, 134-35, 156

theoretical 86, 108

Zeeman Hamiltonian 67
zone axis 13, 15-16, 73, 145, 151, 162, 164,
207
conditions 207-10, 217





