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Index

a
AA term 130, 160, 279
Ap term 130, 160, 279
above-threshold ionization 279
absorption cross section 194
absorption edge 201
action 10
adiabatic switching 138
Ampere’s law 44
angular momentum 19
annihilation operator 61, 62, 65, 68
– continuum 78, 85
– time dependence 64, 69
anti symmetrization operator 33
anti-Stokes line 246
anti-Stokes Raman scattering 246
atomic form factor 243, 244, 256
– time-dependent 257
Auger decay 266, 267, 278, 286, 287
– rate 271, 273
autoionization 270

b
Baker-Hausdorff theorem 250
Bio-Savart law 8
blackbody radiation 54, 113, 196
Bohr magneton 129
Bohr radius 22
Born approximation 211, 217, 223
Born-Oppenheimer approximation 31
bound states 21
bra space 15
bracket notation 15
branching ratio 275
Breit-Wigner distribution 191
Breit-Wigner procedure 191, 245, 253, 266
bremsstrahlung 222, 254
– differential cross section 225

– electron-electron 229
– electron-nucleus 222
– electron-positron 226

c
canonical form of the field Hamiltonian 53
canonically conjugate field variables 53
Casimir force 74
center of mass coordinates 226, 229, 230
chaotic light 5, 93, 123
circular polarization 50
classical coherence theory 89
classical description of light 13
classical electromagnetic field 43
classical electron radius 176
coherence 89–91, 101
– condition 101
– time 91, 95
– volume 91
coherent pulse 262
coherent states 113
coincidence detection 96, 98
commutator 17, 31, 61, 68, 78, 85, 86
completeness relation 17
Compton
– defect 252
– peak 248
– shift 176, 252
Compton scattering 167, 246, 247, 254, 267
– cross section 171
– formula 170
– kinetics 167
– nonresonant 248
– Polarization 178
configuration 268
configuration interaction 268
confluent hypergeometric function 214
continuous Fock space 77
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continuum field 77
cosine operator 105
Coster-Kronig transition 267, 289
Coulomb gauge 45, 47, 48, 129
Coulomb integral 34
Coulomb operator 35
coupled system 25
creation operator 61, 62, 65, 68
– continuum 78, 85
– time dependence 64, 69

d
decay rate 190, 269
decomposition
– continuum electric field operator 79
– continuum field Hamiltonian 79
– continuum magnetic field operator 79
– continuum vector potential operator 78
– electric field 51
– eletric field operator 69
– field Hamiltonian 53, 68
– magnetic field 51
– magnetic field operator 70
– sum of mode oscillators 48, 67
– vector potential 51
– vector potential operator 69
delta function in curved coordinate system

151
density of states 53, 54, 151, 152, 175, 185,

195, 210, 215, 225
density operator 24, 29, 136
– reduced 26, 155
differential photoionization cross section 204
differential scattering cross section 176, 238
differential scattering cross section for large

x-ray energies 243
differential transition rate 176
dimensionless position and momentum

operators 63
dipole approximation 13, 215, 217, 242, 274
Dirac’s phase operator 104
direct amplitude 231
dispersion relation 49
Doppler effect 179, 181
Doppler shift 252
double-electron photoionization 287, 289
Dyson series 143

e
effective potential 20, 21
eigenfunction 16
eigenvalue 16
Einstein’s coefficient 186, 194
Einstein’s equation 201

electric field of a coherent state 115
electric field operator 69
– continuous 85
– time domain 87
electromagnetic potential 44
electron affinity 39
electron charge density 243
electron momentum density 251, 252
electron momentum distribution 236, 249
elliptical polarization 50
energy conservation 167
energy shift 190, 191
equation of motion 31
– density operator 136
– evolution operator 136
Euler-Lagrange equation 10
evolution of mixed states 27
evolution operator 27, 135
EXAFS 209, 253
exchange amplitude 231
exchange integral 34
exchange interaction 229
exchange operator 35

f
Fano spectrum 267
Faraday’s law of induction 43
FEL pierce parameter 94
Fermi’s Golden Rule 150, 183, 223
Feynman Diagrams 160
field correlations 98
field equation 44, 45
first order correlation function 90
first-order coherence 90, 93
first-order correlation function
– SASE FEL 94
fluorescence 266, 273, 278, 286, 287
– decay time 274
– emission lines 273
– yield 275
Fock operator 37, 38, 271
– canonical 38, 207, 254
Fock space 128
Fock state 71, 73, 120, 183
Fourier integral 77
Fourier series 48
free particle 150
free-electron laser 5, 93, 95, 263, 264
function of an operator 18

g
gauge transformation 45
Gauss’ law
– for electrostatic 43
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– for magnetism 43
generalized Laguerre polynomial 23
generalized momenta 57
generalized principal quantum number 214

h
Hamilton’s equations of motion 11
Hamiltonian mechanics 9, 10
Hanbury Brown and Twiss 98
harmonic oscillator 59
– classical 59
– normal mode 60
– quantum-mechanical 60, 64
Hartree-Fock approximation 31
Hartree-Fock equations 32, 209
– canonical 38
Heaviside step function 146
Heisenberg picture 26, 29, 64, 135
Helmholtz’s theorem 46
Hermitian operator 16
Hilbert space 15

i
impulse approximation 250
incoherent wave field 91
indistinguishability 230
inelastic x-ray scattering 245
infinite domain 77
infrared divergence 248, 253
inner-shell atomic processes 4
intensity 85, 90, 95
– wave packet 121
interaction Hamiltonian 128, 159
interaction picture 134, 135
– mixed states 136
– pure states 134
interference 90
– fringes 91
inverse bremsstrahlung absorption 232
inverse Compton scattering 181
ionization potential 4, 39, 201
irregular Coulomb function 21

k
ket space 15
Klein-Nishima cross section 179
Koopman’s theorem 32, 39

l
Lagrangian 10, 57, 59
Lagrangian mechanics 9
Legendre polynomials 209
Legendre transform 10, 59
Legendre transformation 57

lifetime 184, 187, 189, 190, 266
linear operator 16
linear polarization 50
Liouville theorem 27
localized radiation 120
Lorentz force 44
Lorentz force equation 44
Lorentzian 253
Lorentzian factor 245
Lorentzian profile 192
Lorenz gauge 46
low-energy theorem 254

m
magnetic field operator 70
– continuous 85
– time domain 87
matter Hamiltonian 128, 159
Maxwell’s equations 8, 43
– Helmholtz decomposition 47
– longitudinal 46, 47
– transversal 46, 47
minimal coupling Hamiltonian 56, 57, 129
minimum uncertainty states 113
mixed state 23
mode oscillator 48, 67
molecular orbital approximation 31
momentum conservation 167, 172
momentum operator 30
momentum-space representation 31
multimode coherent states 119
multimode Fock states 72, 117
multimode state 82, 117
multiphoton photoionization 278

n
natural line width 187
neo-semiclassical approximation 12
non-radiative decay 286
non-radiative theshold processes 289
nonrelativistic scattering cross section 177
normalization
– energy 151
– momentum 150, 210
normalized correlation function 100, 120
normalized first-order correlation function

90, 100, 111, 112, 116, 118–121
– SASE FEL 95
normalized second-order correlation function

92, 111, 112, 117
– SASE FEL 96
null vector 62
number operator 61, 62, 68, 79, 87
NXES 247
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o
observable 16
one-dimensional continuous mode 84
one-dimensional continuum mode states 124
one-photon state 80, 120
one-step treatment 267, 287
operator expansion theorem 104
orbital energy 38
orthonormal 17, 151

p
partial coherence 91
particle flux 153
permeability of free space 44
permittivity of free space 44
perturbation theory for mixed states 161
perturbative expansion of transition amplitude

141
phase of a quantum radiation field 103
phase of coherent state 115
phase operator 108
phase state projector 108
photoionization 201, 254, 266
– cross section 203
– hydrogen-like atoms 210
– matrix element 208
– mixed-state radiation field 204
photon 73
– absorption 192, 195, 201, 278
– absorption by free electron 170
– detector 96
– excess energy 288
– induced emission 195
– momentum 73, 75
photon flux 153, 172
– integrated 207
pictures of quantum mechanics 28
Planck’s radiation law 56, 113
plane-parallel light pulse 261
Poisson brackets 11, 31, 67
polarization vector 50
position-space representation 29
post-collision interaction 266, 286, 290
post-Hartree-Fock methods 40
Poynting vector 44, 73, 74, 86
principle of least action 10
probability flux density 13
pure single-mode radiation states 110

q
quadrupole radiation 230
quantization cavity 48
quantization of the electromagnetic field 67
quantum coherence theory 96

quantum electrodynamics 3
quantum optics 3

r
radial Schrödinger equation 19, 20
radially symmetric potential 19
radiation Hamiltonian 128, 159
radiative bound-bound transition 183
radiative de-excitation 183
radiative decay 287
radiative excitation 183
Raman scattering 245, 246
– nonradiative 287
– nonresonant radiative 287
– radiative 287
Raman-Compton scattering
– resonant 248, 253, 267
– resonant radiative 287
Rayleigh scattering 242
Rayleigh-Jeans radiation law 54, 55
regular Coulomb function 21
relaxation processes 266
resonant scattering 267
resonant x-ray emission spectroscopy 245
RXS 247
Rydberg energy 22

s
Ŝ matrix 153
SASE Green’s function 94
scalar potential 44
scalar product 15
scattering 236
scattering factor of a system 244
scattering kinematics 176
scattering operator 239
Scharz inequality 90
Schrödinger equation 8, 28
Schrödinger picture 26, 28, 64, 135
screened Coulomb potential 225
second order coherence 92
– SASE FEL 95
second order correlation function 92
– SASE FEL 95
self energy 187
self-adjoint operator 16
self-amplification-of-spontaneous-emission

5, 93, 263, 264
self-correlation function 90
semiclassical approximation 12
sequential photoionization 278
sequential two-photon absorption 280
shake-modified resonant autoionization 290
short-pulse scattering 256
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sine operator 105
single-electron approximation 207, 254
single-mode multiple-photon state 81
single-mode radiation states 109
single-step treatment 286
Slater determinant 32, 33, 35, 207, 254
Sokhotskyi-Plemelj formula 189
speed of light 44
spherical harmonics 20, 209
spin functions 232
spin orbital 32, 35, 37, 207, 254, 270, 272
– virtual 38
spontaneous emission 185, 186, 195
statistical mixture of single-mode states 112
steady-state scattering 237
stimulated emission 185, 186
Stokes line 246
Stokes Raman scattering 246
super-Coster-Kronig transition 267
synchrotron 5
– radiation 5

t
𝛿
(T) 145

T̂ matrix 153
temporal shape function 138
tensor product 127
thermally excited multimode states 123
thermally-excited states 113
threshold phenomena 214, 253, 286, 287
time domain 86
time-correlation function 263
time-dependent perturbation expansion 142
time-dependent perturbation theory 133
– for mixed states 154
time-ordering operator 143
transition
– amplitude 143, 172, 223
– amplitude in first order 144
– amplitude in second order 145, 146, 148
– between continuous states 152
– between discrete states 148
– diagrams 160
– from discrete to continuous states 149
– matrix element 140, 184, 238
– probability 137, 139, 141, 143, 160

– probability of mixed states 162
– rate 139, 153, 185
transition to quantum mechanics 31
transversality 50
two-step treatment 266

u
ultraviolet catastrophe 55
unbound states 21
uncertainty 18, 63
uncertainty relation 17, 18, 63
undulator 5, 93
– strength parameter 93
unidirectional electric field 84
unit systems 6
units
– atomic 7, 9
– cgs 6, 9
– electromagnetic cgs 6, 8
– electrostatic cgs 6, 8
– Gaussian cgs 6–9
– Hartree atomic 7–9
– MKS 6
– Rydberg atomic 7–9
– SI 6–9

v
vacuum state 62, 80
vector potential 44
virtual orbital 207

w
wave packet 120, 262
– Gaussian 122
wave vector 49
Weisskopf-Wigner theory 187
Wentzel treatment of the Auger effect 271
Whittaker functions 21
wiggler 5

x
XANES 209

z
zero-point energy 63, 65, 69–71, 79, 80, 85,

110




