Index

a

ab initio multiple spawning (AIMS)
method 114f.

Abelian point group 214f.

absorbing boundary conditions 342

absorption spectra

—infrared (IR) 327ff.

- pyrazine 124,211, 215, 217ff.

adiabatic

— electronic state 113

—matrix 51

—picture 51,211

- populations  51f., 222f.

— potential energy surfaces (PESs)
214,224

—reduction 137

—representation 51

—surface 123,126,221, 359, 370

— -to-diabatic mixing 215

— wavefunctions 51,212

- wavepacket motion 222

adsorption  113f., 300f., 303ff.

— inelastic surface scattering 300f.,
303ff.

Amdahl’s law, see parallelization

APET, see scattering

ARET, see scattering

Arrhenius plot 243

autocorrelation function 38, 43ff.

— flux—flux 234

b

basis  75f.

- grid-point 75

—localized 79

—multidimensional basis functions
79

— time-dependent basis representation
75f.

bath 227, 266f., 278, 2971f.
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— dynamic effects 297ff.

—equilibrium state 295

—lamb shift 297f.

—modes 227

- small-amplitude motion 298ff.

— static effects 297

- system-bath coupling term 267

— system-bath type Ansatz 294ff.

body-fixed (BF)

—axes 97

—coordinate  97f.

—frame 96f., 361f.

- projections 97, 101ff.

Boltzmann weight 82

boomerang model 359, see also local
complex potential (LCP) model

Born-Oppenheimer

—approximation 1,252

- potential energy surface 295, 356f.

Bose-Einstein

— condensation 182, 375, 382

— statistics 188, 204

Bose-Fermi map 378

bosonic systems 183, 185f., 375ff.

— trapped interacting bosons  376f.

— ultrocold few-boson systems  375ff.

bosons 376

- MCTDHB, see MCTDH

bottom-up procedure 145

boundary condition 53f., 342, 360

—absorbing 342

— Dirichlet 166

—incoming 53

- outgoing  53f.

—periodic 23

break-up

— three-body 355, 367, 371ff.

- two-body 361, 367, 370ff.

Bulirsch-Stoer (BS) integrator 35,
367
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Index

c

centre-of-mass (COM) 127, 259,
318f., 339

CH stretch  277ff.

chemisorption

— dissociative  250ff.

— Newns model 268f.

coefficient

- A 25f,28f.,121,367

-B 121

—expansion 18, 20, 22, 43,75, 81, 86,
117,119,131, 139, 143

combined clusters (CCs) 320

combined mode 365

complete active space self-consistent
field (CASSCF) 124, 129f., 135, 220

complete active space with second-
order perturbation theory (CASPT2)
129

complex absorbing potential (CAP)
34,53f., 167, 253f., 315, 367

— /flux method 54, 55

complex Kohn variational method
356

composite index 18

Condon approximation 38, 44

configuration

— FCI (full configuration-interaction)
approach 133,137

— interaction with single excitations
(CIS) 216

- N-body 92

—space 71

—state  66f.

—time-dependent 131, 133f., 144

- time-independent 131f., 144

conical intersection 113, 127, 128f.,
211f., 212, 225, 356f., 357, 358, 365,
371

constant mean-field (CMF) 22,27,
31ff.

-CMF2 34

— propagation scheme 64, 150

contraction

—dynamic 137

-MCTDH 242

- particles 86, 87f.

coordinate

—body-fixed (BF) 97f.

—combined 320

—composite 255

— curvilinear 91

—cylindrical 165

— Delves-type 362

— dissociative 361

—hyperspherical 361, 363f., 372

—internal 52,91

—Jacobi 38, 93f., 96, 127, 361ff.

—large-amplitude 337, 347, 349,
349ft., 350

—matrix 75f.

— multidimensional particle 79ff.

—normal-mode rectilinear 91

—nuclear 117,356

—one-dimensional  80f.

—orthogonal  105f.

—phonon 267

—polyspherical 92, 94, 99ff.

— proton transfer 325, 331

—reaction 279, 319, 346f.

—rectilinear 115, 127f., 319

—rocking 321

—rotational 52

—scattering 52,55

—spatial 161

- spherical 92,100

—spin 161, 164

—systems 361ff.

—vibrational 38, 52

—-wagging 321, 326f.

Coriolis

—coupling 92,99, 109

—forces 290

correlation hole 380

coupling

—bilinear 297f.

—constant  213ff.

—derivative 212

—donor-acceptor 268

— inter-state linear 214

—intra-state linear 214

— linear-bilinear 124

—mode 222

—non-adiabatic 113, 122f., 128

— rotation-vibration 245f.

- strength parameter 297

—vibronic 113f., 123f., 211ff.

CPU time 257,260

crippling scaling 24

cross-correlation function 55

cross-section 42, 356f., 359, 367,
3671f.

— state-to-state 55

crossing

—curve 119



—intersystem 113

—seam 113, 350f., 352

CRS (Cartesian reaction surface) 319,
336f., 340

cumulative reaction probability
(CRP), see reaction

d

damping

— function 45

—kernel 295f.

— oscillation 298f.

—rate 296

Davidson algorithm  66f., 280f.

decomposition

—spectral 237

— statistical thermal flux operator
241

deformation 96f., 115

Delves-type coordinates 362

density functional theory (DFT) 255,
259, 262f.

derivative coupling 212

deuterated chain 315f.

diabatic

— electronic coupling potential 370

- picture 51, 211f.

—populations  51f., 222f.

—regularized diabatic states 215

—representation 347, 349

—surfaces 370

— wavefunctions 51

diabatization 359

diagonalization

—exact- 375

—filter 277,280, 331

- improved relaxation 63f.

— Lanczos iterative  69f., 242

— techniques 239

diatomics

—-in-molecules (DIM) method 347,
349

— matrix-isolated 347

dipole moment 50

- coordinate-dependent transition
122

—surface 285, 338

—vector 286

Dirac—Frenkel variational principle
13f., 61, 132f., 139f., 189

direct dynamics (DD) 5, 113f.

— quantum dynamical 114

Index

— semiclassical trajectories 125

- surface-hopping 125

— variational multiconfiguration
Gaussian wavepacket (DD-vMCG)
115, 122ff.

discrete variable representation (DVR)
11, 23, 42, 73ff.

—basis set 46

— CDVR (correlation discrete variable
representation) 76ff.

- exponentional 23

— FBR-DVR transformation 23

—FE-DVR method 166, 169

- H- 243

— harmonic oscillator 217

—Legendre 23,108, 363

- non-direct-product multidimen-
sional 79f.

—one-dimensional 107, 109, 318

—orthonormal 73f.

—sine 23, 363f.

—standard 49

— time-dependent (TDDVR)  74ff.

discretization points  167f.

dissipation 249, 266, 270, 308

dissociation

- gas-phase 249, 262

-H, 250, 255ff.

— initial-state-resolved dissociation
probability  259f., 271f.

— threshold 279

—unimolecular 279

dissociative chemisorption

—-CHgonNi (111) 263

— H, on metal surfaces 250ff., 255ff.

— N> on metal surfaces 262f.

dissociative electron attachment
(DEA) 355ff.

— cross-section 367

— water molecule 357

DOFs (degrees of freedoms) 11f., 62,
69, 88f., 92, 131ff.

—bath 297

—electronic 27, 51f.

—internal 115

—nuclear 242,269,312, 349

—surface 298

Domcke four-mode model 216

double-well

- correlated tunnelling  382f.

— potential 199ff.

—symmetric 383
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driven Schrodinger equation 359
dumbbell model potential 254f.
Duschinsky rotation 219

e

effective-mode approach  227ff.

Ehrenfest dynamics 114

eigenfunction 15, 38, 42, 46, 63, 127

eigenstates  66f., 71, 235, 238ff.

- computing  63ff.

—thermal flux 238ff.

—vibrational 286

eigenvalues 5,191, 42, 46f., 71, 84f.,
235ff.

—-non-degenerate 74

—non-vanishing 241

—non-zero 235f.

—thermal flux 235f.

eigenvectors 5,46, 51, 64, 67, 84f.,
235

electromagnetic field 285,297

electron

—attachment 355ff.

—emission 249

— free-electron energy 49

——hole pairs 250, 266, 298

—injection 269

— multi-electron effects  179ff.

— single-electron models  179ff.

—transfer 268

— transfer reaction 308

electronic

- configuration 51

— coupled electronic channels 356f.

— degree of freedom, see DOF

— structure theory 250, 268

electronic state 27, 38, 51, 129

—acceptor 268f.

—coupling 113f.

— diabatic 268

- dipole surface operated 38

—donor 268

—highly excited 279ff.

— inter-state couplings 51

— metastable 355f.

— multi-set formulation 27f.

- radiationless crossing 211

—resonant 355

- single-set formulation 27f.

energy

—collision  254f., 263

— conservation 61

—normal translational 257f.

— orbitals 66

— parallel translational = 257f.

—redistribution 275

—reorganization 337, 340

—resonance 357f.

—scaling 257

—spacing 240

—total 61

—translational 256, 263

— vertical transition 357

— vibrational 263f.

- zero-point (ZPE) 323ff.

equations of motion  27ff.

- indistinguishable particles 161f.,
189

— Morse-Lindblad REOM system en-
ergy 302

—reduced (REOM) 294, 300f.

—reduced density matrices 189ff.

equilibrium geometry 357, 359, 367

Euclidean normalization 101

Euler

—angles 96, 100ff.

—rotation 99f., 102

Euler’s rule 34

excitation

— direct vibrational 250

—electron-hole pair 249f., 266

—energy 66,91,213

—high-energy 282f.

—local mode 277ff.

- multiphotons 287

—pyrazine 50

—stretching 347

—thermal 62

—vertical 44

—wagging 331

expansion

— cluster 89

— contracted expansion coefficients
86

- multiconfigurational 137f.

—orders 81, 83, 85f.

—terms 86

expectation value 41f., 43, 51,128

—energy 77,298,301

—one-particle 175f.

— position 308

— two-particle 175f.

extended Legendre DVR 363



f

FCI method, see configuratuion

femtochemistry 3,48, 211

- laser spectroscopy 211

— photo-induced electron transfer
251,270

Fermi resonance 277f., 281ff.

Fermi-Dirac statistics 188, 204

fermion 6, 149, 161f., 185ff.

- cold fermionic atoms  182f.

—ideal fermion gas 379

— MCTDHE, see MCTDH

- spin-polarized 378

fermionization 183, 378ff.

—limit 383, 385f.

Feshbach resonance 357, 360

filter

— diagonalization (FD) 38, 46f., 67,
277,331

— functions  46f.

filtering by the initial state 48

finite basis representation (FBR) 23f.

finite-element (FE)

—boundaries 167, 169

— discretization 168f., 169, 172

— FE-DVR method 166, 169

— functions 165f., 167

flux analysis approach 254

flux correlation functions 232f.,
233ff.

—asymmetric 237

— flux—position correlation functions
233

Fock space 188

four-mode model 44

Fourier basis functions 253

Fourier transform 38, 43, 46f., 328,
330

— coordinate-momentum 54

—fast (FFT) 11,23,42,45

fragmentation dynamics 226

Franck—-Condon

—excitation 350f.

—-region 44,213, 360, 371f.

—transformation 121

—wavepacket 122

full width at half-maximum (FWHM)
45,180, 328, 338

g
Gauss-Legendre polynomial primi-
tive basis set 254

Index

general-purpose computer programs

- GAUSSIAN 2

-MOLPRO 2

geometric phase 222

GGA (generalized gradient approxi-
mation) 262

Gibbs phenomenon 45, 328

Gram-Schmidt orthogonalizations
37,70, 121, 136, 350

Green'’s function 360

grid

— collocation 23

—long 53,55

—-point  79ff.

- primitive 42f., 51f., 75, 88

— time-dependent grid representation
75f.

— total product 320

Gross—Pitaevskii equation 200f., 206

GROW method 124,270

GWP (Gaussian wavepacket) 11,
29f., 52

— Ansatz  115ff.

- on-the-fly GWP dynamics 114

— variational multiconfiguration
(VMCG) 115f,, 120, 122ff.

h

Haem—-CO model 339ff.
Hamiltonian

— anharmonic zero-order 281
—clamped-nucleus 211

- CRS 340, 345, 347

— diagonalization 63ff.

— effective  14f.

— electronic component 28
- exchange-symmetric 162
— Hermitian 14, 33, 35, 45
—interaction 297f.

—-LVC 227ff.

—-many-body 187f., 193,197
—matrix 18,22,27,29, 32ff.
—model 125, 126f.
—molecular 48,50
—non-separable 34

— primitive basis  363f.
—reaction surface 337
—relaxation 64

- representation  363ff.

- surrogate approach 295
—symmetric 44
—system-bath 294ff.
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Index

- system-bath 336

— time-dependent 3f., 336

—vibrational 324

— vibronic coupling  211ff.

harmonic

— frequencies 213,298

- spherical 38, 105f., 255

Hartree product 18f., 37f., 59, 61,
65f1., 76, 134, 330f.

— time-independent 137

Hartree-Fock 179

- multiconfiguration 164

— unrestricted 163

Heaviside function 45,53

Heller expression 117f.

Hermitian function 107,241

Herzberg numbering 226

Hessian 129, 262

—local adiabatic 123

— matrix 2

high-dimensional model representa-
tion (HDMR) 319

high-harmonic spectra of molecules
179ff.

high-order forces 196ff.

Hilbert space 58, 120, 207

Hilbert-Schmidt scalar product 58

hydrogen

—-bonded water molecules 312f.,
313,316

—transfer 347

hydrogen bonds 344

—intermolecular 321

—wavepacket dynamics 344ff., 345

hyperspherical coordinate system
361, 363-367,371, 372,374

i

initial slip 306

integration scheme

— constant mean-field (CMF) 22ff.

— predictor-corrector 120

— variable mean-field (VMF) 31, 35,
337

integrator

— Arnoldi-Lanczos 35

— Bulirsch-Stoer (BS) 35, 367

-CMF 27

— first-order 34

—mean-field 120

—Runge-Kutta (RK) 35

— short iterative Lanczos (SIL) 35,
367

interaction

— atom-diatom 52f.

— atom-surface 250

— Coulomb 162f.

— electron—electron 163, 169

—molecule-light 49

— three-body 196ff.

- two-particle 3,162, 171f., 183

interference patterns 183f.

internuclear separation 178, 180

intramolecular vibrational energy re-
distribution 346

ionization 177

—channels 177f.

—energy 213

— linear molecules 178f.

— potential 180

isomerization 279

— Cis-Trans of HONO 287ff.

IVR, see vibrational energy redistribu-
tion

J

J-shifting scheme 242f., 246f.

Jacobi

—coordinate 38, 93f., 96, 127, 361ff.

- simultaneous diagonalization
scheme 79

—vector 93,95, 361

Jacobi coordinate system 361, 362,
364, 367,372,374

Jahn-Teller

—active mode 219

—coupling 219, 225

—effect 214

—multimode 227

- pseudo- 219,222,225

— second-order interaction 222

JG-PES, see potential energy surface

k

‘ket-bra’ products 60
kinetic

—energy 23f., 42, 93ff.
—energy density 306

)

Lagrangian

—multipliers 64, 189,192, 195, 198

—parameters 84

— time-dependent variational princi-
ple 94, 189f.

Langevin equation 296

large-amplitude coordinates 337, 350



laser

—control 335, 344

— driven dynamics 335ff.

—field 288f.

—-induced desorption 251

- non-perturbative 179

laser pulse 4f., 48

- chirping 338, 338f., 342

— Gaussian shape 338, 351

—phase-locked 352

- pump—dump like 352

—sin? shape 338,348

laser spectroscopy

— femtosecond IR 345

—infrared (IR) 162f., 339ff.

—ultra-fast 335, 348

Legendre DVR 363

Legendre function 37f., 105

Lindblad

—form 58,267,300

—operator 300

linear mean-field approach 61

Liouville-von-Neumann equation
57

Liouvillian

— dissipative 294

—harmonic dissipative 294, 298, 300

Lobatto quadrature 166

local coherent-state approximation
(LCSA) 308

local complex potential (LCP) model
356, 359, 359f., 360, 369, 371

local harmonic approximation (LHA)
114f., 119, 122f.

localization effect 379f.

Lorentzian function 45, 306

m

magnetic quantum number 37

Markov approximation 58, 267, 296

—non-Markovian-effects 294, 301

matrix

- configuration 29, 82

—density 19, 26,29, 32, 42, 85, 175,
186, 188f., 193

— diagonalization methods 3,5

- H- 169ff.

- inverse overlap matrix S -1 172f,

- IC- 164f,171f,174

— mass-dependent constant 96

- mean-field operator 19, 23, 26, 31ff.

- one-particle density 42

Index

— potential energy 24, 74ff.

—reduced density 194ff.

—rotation 51

-S- 53f., 55,170,231

- single-particle density 61, 175

—spin 164

— three-body density 198

— time-derivative 118

- two-body density 176, 186, 188f.,
193

— -vector notation 82

MbCO model 339ff.

MCG, see GWP

MCSCF (multiconfiguration self-
consistent field) approach 63, 65,
192,199

MCTDH (multiconfiguration time-
dependent Hartree method) 1f., 4f.,
12ff.

- /FD 46

— contraction 242

— G-MCTDH (Gaussian) 5, 28, 30,
115

— Heidelberg 43, 50, 108f., 123, 149,
199, 277,376

—MCTDHB (bosons) 6, 186, 192,
197ff.

— MCTDH-BB (Bose-Bose) 192f.,
196, 204

— MCTDH-BF (Bose-Fermi) 6,192,
193, 196, 204

— MCTDHE (fermions) 6, 149, 161ff.

— MCTDH-FF (Fermi-Fermi) 192f.,
196, 204

—-ML-MCTDH (multilayer) 131ff.

— state-averaged 71

— theory 17ff.

memory requirements 154f.

— shared memory parallelization
149ff.

midpoint rule 34

mode

—bath 227

—bending 108, 236, 279, 283ff.

— combination scheme 255, 324

—combined 321, 323, 365

— hierarchy of modes 29

—in-plane 281ff.

—local-mode excitation 277ff.

—low-frequency vibrational 220,
240f.

—n-mode representation 320, 321,
323
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- out-of-plane  279ff.

—photon  306f.

— proton transfer 327

— stretching mode of vibration 276,
279, 283ff.

— symmetric stretch 236

—vibrational 264, 268, 277f., 316f.

—-wagging 331

molecule

—DFCO 108, 279ff.

—diatomic 251f., 270, 349

— DIM (diatomics-in-molecules)
method 347,349

—HFCO 108ff.

- HONO 287ff.

—intramolecular distance 252

—laser-driven 165

- polyatomic 272

- pseudo-diatomic 263

— -radiation field 49

—rotational constant 252

—semi-rigid 108

molecule-surface

—distance 252,263

—dynamics 266ff.

—interaction energy 250

— scattering  249ff.

momentum

—angular 92, 94f., 97ff.

- conjugate 94, 96f.

—electron 178

- parallel translational 252

—radial 95, 98

Monte Carlo

— diffusion (DMC) result 324f.

—integration 41, 52,222,303, 375

MQCB (mixed quantum-classical
Bohmian) trajectory method 255

multireference configuration interac-
tion (MRCI) 129

multistate calculations 27f.

myoglobin 339

n

natural

—orbitals 19f., 22, 42, 175, 367

- potential 85f., 169

- weights 42

non-adiabatic

- coupling 113

—dynamics 347

- multidimensional non-adiabatic dy-
namics 211ff.

o

observables 174ff.

off-normal-incidence calculations
257

one-dimensional functions 37f.

operators

—angular momentum 252

— Boltzmann 302ff.

—computation 164ff.

— configurational space projection
141

— constraint  20f., 110

— constraint super-  59f.

—density 6, 57f.

— density operator expansion 62

— density operator propagation 61f.

—dipole moment 337, 347

—flux 234

— harmonic excitation 66

— Hermitian 21f., 69

— kinetic energy (KEO) 5, 23, 25, 81,
91ff.

— Lindblad 300

— linear super- 57,267

— mean-field Liouvillian 59

—multidimensional 38

— multimode transformation 222

— one-dimensional 38

—one-particle 168f., 241

- position  73f., 78

- potential energy (PEO) 23,73, 319,
321,323

— projection 33, 51, 142

—rotational energy  252f.

- single-hole density 59

— single-particle density (SPDOs)
58ff.

— spatial discretization 165ff.

— state projection 51

— statistical thermal flux 241

—thermal flux 5, 69, 234ff.

— time-dependent annihilation 187f.

—two-particle 169, 173

—typel 58ff.

—type Il 60f.

optimal control theory 50

orbital

—energies 66

—natural 19f.,22,42,175, 367

—spatial 164

—species  194ff.

—spin 187

- time-dependent 131, 133



— time-independent  132f.

— transformations 174

ordinary differential equation (ODE)
136

orthonormal functions 73

oscillation

—amplitude 167

— frequency 246

— Rabi-oscillate 383

oscillators

—bath 298

—coupled 124

— elliptic harmonic 182

—harmonic 297, 306, 378, 382

—Morse 297ff.

overtone

— CH spectra  277ff.

— highly-excited 280

—out-of-plane 279

parallelization

— Amdahl’s law 157ff.

— benchmark systems  156f.

— coefficients propagation 151f.

—load balancing 154f., 174

— MCTDHEF calculation 171f.

— mean-field computation 152f.

—scheme 153f.

— shared memory  150ff.

— SPF propagation 153

particles

— contraction 86, 87f.

—grid length 26

— one-dimensional 25

—two-dimensional 25

Pauli’s exclusion principle 378

permutation symmetry 376f., 381

perturbation theory 58, 267f., 285

phonon 250, 252, 297f.

— coordinates 267

—excitation 12

- frequencies 267

photo-induced electron transfer 251,
270

photochemistry 2, 113f., 128f., 211

- polyatomic molecules 128

photodissociation spectra 17, 44f.,
249, 251, 356

- Cr(CO)[6] 222ff.

—molecules on insulator surfaces
264ff.

Index

-NOCl 77, 126f.

—non-adiabatic 265

photoelectron spectra 6, 44, 49, 211,
219, 224ff.

—allene 219

—benzene 49, 224ff.

photoexcitation 213, 268f.

photoionization 213

photoisomerization 114

Poincaré time 296

polyatomic

— chemical reactions 231ff.

—dynamics 355

—reaction probabilities 231

polyspherical

—approach 92f.

— parametrization 100

potential

—barrier 316

—Coulomb 3,170

—double-well 199ff.

—energy 23,74

—energy curve 356

- energy function 76f.

—function 23

—Henon-Heiles 124

—inter-species 196

—many-body 3

—matrix elements 5

—Morse 300

—natural 85f., 169

—one-body 195,199

— one-dimensional mean-field 75

—reference 87

- representations, see potfit

—surface of Maynard 277

—weighted  86f.

potential energy surface (PES) 1f., 5,
73, 113ff.

—expansion  322f.

—JG-PES (Jordan and Gilbert) 242,
244

potfit 81f., 256f., 320, 364, 364f.

—algorithm  84ff.

—cut-HDMR 89

—expansion  88f.

- n-mode representation 89

preconditioner 66

predissociation 349

predissociation dynamics 347, 349f.

primitive basis functions 24

probability
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Index

—autodetachment 359

—conservation 62

—density 325ff.

—sticking  256ff.

—survival 360

—total 61

proton

-hop 315

—hydrated 312,316

— multiple-proton translocation 313,
314

—transfer 311ff.

— transfer chain model 313

—wires 313ff.

protonated water cluster 316f., 318f.

protonation 315

q
quantum chemistry  2f., 129

quantum dynamics

— full-dimensional 242,299, 311f.,
349

- high-dimensional calculations
307ff.

- open systems 57, 293ff.

— quantum-semiclassical dynamics
5,11

—reduced-dynamics 57, 244

—standard grid-based 5, 11

— system-bath type 294ff.

quantum fluctuations 376

quantum nuclei 113

quantum numbers 127, 178, 236, 359

—bending 268

—spatial 187

—-spin 187

—vibrational 253

quantum scattering calculations
254ff.

quantum transition-state concept
233f.

r

Rabi

- frequency 383, 385
—oscillate 383

radiation temperature 307
radiationless process 114
reactant partition function 231
reaction

—collinear 238

— cross-sections 41, 240

— cumulative reaction probability
(CRP) 231f., 234, 238ff.

—gas-phase 302

—heterogeneously catalysed 250

— initial-state-selected reaction proba-
bilities 253

—rate constant calculations 239, 245

— reaction rate constant 233

— statistical sampling 239ff.

— surface model 348f.

— thermal rate constant 241f., 246

— thermal reaction rate 231, 233

recurrence time, see Poincaré time

Redfield-type 300

reduced density matrix calculation
301

relaxation 5, 63ff.

—energy 298

—improved relaxation method 38,
63f., 276,279, 324, 329, 378

—time 216

—vibrational 251, 267

Renner-Teller 356f., 357, 359

reorganization energy 337, 340

repulsion 3, 380

—atomic 182

— Coulomb 163

—hard 15

resonance structure 256

restricted active space self-consistent
field (RASSCF) 129

rotational partition function 246

rovibrational states 240

RPBE (revised Perdew-Burke—
Ernzerhof) 262

runtime

—analysis 41ff.

— distribution  150f., 155

—errors 43

S

scattering

—atom—diatom 38, 52f.

— average parallel energy transfer
(APET) 254

— average rotational energy transfer
(ARET) 254

— calculation 52ff.

— diffractively inelastic 249ff.

- gas-surface 298

—inelastic surface 300f., 303ff.

—molecule-surface 249ff.

—non-reactive 249, 251f.



—non-reactive inelastic 55

—reactive 55, 231f., 249

- rotationally inelastic  250f., 254

— state-to-state scattering probabilities
254f.

- surface-induced rainbow 249

—systems 106

Schmidt

—-orthogonalization, see Gram-—
Schmidt orthogonalization

—decomposition 170f.

Schrodinger equation

—driven 359

- single-electron  180f.

— time-dependent 1, 11ff.

— time-independent 5

self-consistent field (SCF) method 12

— multiconfiguration time-dependent
(MC-TDSCF) 12,346

—-TD-SCF 268

— vibrational (VSCF) 15

shape resonance 360

Shepard interpolated PES 242, 244

—modified 262f.

short-time dynamics simulation
scheme 232

sine DVR 363, 364

single-hole

— function 18, 64, 140

—index 19

single-particle functions (SPFs) 17ff.

—basis 42,75

—electronic 27

—expansion  364ff.

— flexible 28

—level one (L1) 138ff.

—level two (L2) 138ff.

— multidimensional 79

— multimode 79

—orthonormal 20, 43

single-particle potentials (SPPs) 81ff.

—orthogonal 84f.

single-particle vectors 32

singular value decomposition (SVD)
137

singularity 255, 318, 362, 363

Slater determinant 164

space-fixed (SF)

—axes 97

—frame 92, 95f.,, 362

spectra 41f.

—bath 300

Index

—electron 177

—high-harmonic 179ff.

—infrared (IR) 38, 275ff.

—low-lying 385

— photoabsorption  43f.

- photodissociation 17, 44f., 249, 251,
356

— photoelectron 6, 44, 49, 211, 219,
224ff.

—stretching 278

—time-resolved  48f.

—vibrational 2,48

spectral function 295

spectroscopy

—electronic 113, 128

- high-resolution overtone 277

—infrared 275ff.

— time-resolved photoelectron 3, 49

—vibrational 316ff.

speed-up factors 34

spin

— forces 163

—-orbit coupled excited states 264

—standard method 12f., 116f., 125

—symmetry 163

state populations  50ff.

sticking probability 256ff.

—energy-resolved 301

surface

- coupled potential 211

—energy transfer 251

—model rectangular 251, 254

- potential energy (PES) 1f., 5,73,
113ff.

— scattering 6, 249ff.

—semiconductor 251, 270

— transition-metal 251, 255

—unit cell 252f.

system-bath Hamiltonian 336

t

target function 50

Taylor expansion 81, 337

—low-order 212

—second-order 319

TDH (time-dependent Hartree)
method 12ff.

- single-configuration approximation
264f.

tight-binding model 268

time discretization 32

TNUM code 127
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Index

top-down procedure 145
trajectory

—-based methods 30
—semiclassical 125

- surface hopping 114, 125
transformation 41
—orthogonal 212

- position-dependent unitary 51
—unitary 75,79, 86

transition

— frequencies 42

— intensities 42
—non-adiabatic 30, 127

- -state geometry 235f., 240, 242
— -state theory (TST) 243f., 262
translational invariance 92
trap 375f.

- configurations 382
—double-well 382

—harmonic 378f., 381
trapezoidal rule 34

tunnel splitting 307, 385
tunnelling 30, 119, 243f.

— correction 262f.

—correlated  382f.

— fermionized 386

—pair 383, 387

v

variable mean-field (VMF), see inte-
gration scheme

variational equation 65, 84

vector

- A- 12,20,27,33, 38, 64f., 150, 152,
158, 321

-C- 13

- dipole moment 286, 337

— discontinuity 166

—displacement 350

—Jacobi 93f., 95,107,127

—lattice 252

—length 95

—orthogonal 96f., 102, 106

— parametrization 92f., 99

- polyspherical 318

—Radau 92,95

—rotating 102

—spaces 81
—valence 93ff.
vibration
—bending 267

—stretching 267, 276f., 345f.

vibrational

— frequencies 26, 239ff.

—ground vibrational state 252f., 285,
324ff.

—ladder climbing 339

—levels 285f., 306

— lifetime of adsorbates 300

—mode 215,218

—motion 23

— progression 237

—relaxation 251,267

vibrational configuration-interaction
(VCI) results 324

—reaction path (RP-VCI) 324

- single reference (SR-VCI) 324

vibrational de-excitation 264

vibrational energy redistribution
(IVR) 108, 275ff.

—intramolecular 275ff.

- selectivity 285

- strong mode-specific 279

vibronic coupling 5, 113f., 211f., 350

— linear (LVC) 227ff.

—model Hamiltonian 25, 114, 211ff.

—non-adiabatic 128

— quadratic  215f.

virtual state 360

w

wave operator sorting algorithm
(WOSA) method 278

wavefunction

— Ansatz 11, 17f.

- f-dimensional 12

— fermionic 6, 149, 161ff.

— flexible 4

— free-electron 49

- ground-state 63

- indistinguishable-particle multi-
configurational 188f., 197

- infinite-temperature 304f.

—initial 37ff.

— molecular-ion 49

—multiconfigurational 12, 188f., 191

—nuclear 5

— p-particle 161

—random-phase thermal (RPTWF)
method 302f.

- super- 67

- time-dependent many-body 187

wavepacket

—bath energy 302



— bifurcation 223

— CCWP (close-coupling wavepacket)

254,259
— Gaussian, see GWP
— grid-based 29
—initial 37ff.
— interaction energy 302
—nuclear 3
— propagation calculations 18, 23

—reduced density logarithmic contour

plots 289

— SAWP (symmetry-adapted wave-
packet) 256f.

—scattering 52

Index

— TDWP (time-dependent wave-
packet) method 258f.

— variational multiconfiguration
Gaussian (VMCG) 29

wavepacket bifurcation 223

Wigner

— D-function 361

—rotation function 241

— tunnelling correction factor 262

z
Zundel cation 6,277
— vibrational spectroscopy  316ff.
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