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a priori probability 17
Ab initio molecular dynamics 225
accelerating rare events 317
acceptance probability 17, 664
action 654
activation energy 383
adiabatic approximation 228
adiabatic local density approximation

264
ALPS project 623
AMBER 404
Andersen thermostat 403
antisymmetric states 653
antisymmetric trial states 653
antisymmetric wavefunctions 654
antisymmetry 689
antisymmetry constraint 654
Arrhenius law 383
attempt probability 664
auxiliary system 234, 242

backflow orbital 660, 668
backflow transformation 659, 660
band structure calculations 659
Baroni 650
bcc 673
Bennett-Chandler approach 415
Berry phase 258
β-hairpin 422
Bloch equation 648, 650
Bloch theorem 245
BO energy surface 677
Bohm-Pines collective coordinates 660

Boltzmann distribution 403, 645, 666
Boltzmann’s weight 666
bond orientational order parameter

108
bond stretching 670
Born-Oppenheimer 644
Born-Oppenheimer approximation

227, 249
Born-Oppenheimer energy 666
bosonic density matrix 653
bounce algorithm 663
boundary conditions 404
Brillouin zone 245
broad histograms 593
broad-histogram relation 56
Brownian dynamics 357, 403

canonical Boltzmann sampling 48
canonical ensemble 70, 255, 498
canonical equilibrium density matrix

525
canonical Kohn-Sham orbitals 242,

269
capillary waves 113
Car-Parrinello 643
Car-Parrinello lagrangian 250
Car-Parrinello molecular dynamics

250, 319, 326
CEIMC 677
central limit theorem 667
CHARMM 404
classical limit 649
Coarse-Grained models 406
coil collapse 398
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collapse cooperativity 402
collective coordinates 657
commitment probability 418
committor 366, 418
committor distributions 370
complex trial functions 655
compressible blends 102
configurational space 654
conformational entropy 402
constrained minimization 240
contact order 402
continuum limit 652
convergence of PT/REM 413
correlated sampling 669
correlated sampling method 661
correlation effects 660
correlation functions 647, 649
correlation length 21
Coulomb potential 404
Coulomb systems 657
Coupled Electron-Ion Monte Carlo

method 644
CPMD-LDA 677
critical point 58
critical slowing down 21, 597
critical temperature 21
crystalline lattice 673
crystallization 106
cusp condition 657

degeneracy temperature 671
degenerate Fermi liquid 662
denatured protein 396
dense fluids 606
density 659
density functional perturbation theory

262
density functional theory 230, 643
density of states 53
detailed balance 16, 413, 595, 664
detailed balance condition 43
determinants 654
DFT-LDA orbitals 659
diamond lattice 673
diamond structure 673
diblock copolymers 114
diffusion Monte Carlo 648
diffusion-collision 406
diffusion-collision mechanism 402

diffusion-collision model 401
Dirac exchange energy 237
directed loop algorithm 623
distinguishable 652
distinguishable particles 653
distributed computing 415
dodecahedron 404
DOS simulations 75
drifted random walks 652
droplet evaporation/condensation 91
dynamical critical exponent 21

EEF1 406
effective interaction 406
eigenfunctions 648
eigenvalues 648
electron density 231
electron gas 643
electron paths 669
electron-electron repulsion 230
electronic correlation 678
electronic spectroscopy 265
ENCAD 404
energy barriers 593
energy difference 660, 668
energy functional 231, 233
energy landscape 398
ensemble averages 15
equal-weight rule 97, 98
equilibrium kinetic network 422
equilibrium probability density function

42
ergodicity 18, 43, 595
essential degrees of freedom 505
estimated error 133
Ewald summation 405
exchange-correlation energy 235
exchange-correlation potential 236
excited state 228, 264
EXEDOS (for Expanded Ensemble

Density of States) 82
expanded ensemble method 72
expectation-maximization algorithm

507
extended ensemble 593
extended lagrangian 254, 256
extended sampling 49

fcc 673
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Fermi surface 647, 662
fermion antisymmetry 230
fermion sign problem 653
fermion thermal density matrix 653
fermions 643, 652, 653, 687
Feynman-Kac 670
Feynman-Kac formula 650
fictitious electronic degrees of freedom

252
fictitious electronic mass 251, 254
fictitious kinetic energy 252
fields 46
finite-size effects 97
finite-sized 93
first order phase transitions 593
first-principle molecular dynamics 267
fixed node approximation 643
fixed node constraint 656
fixed phase algorithm 656
fixed phase approximation 656
Flory-Huggins 101
flux 420
Fokker-Planck equation 403
folding speed limit 402
foliation 420
for instance 351
Fortuin–Kasteleyn mapping 20
forward flux method 382
free energy 42, 317, 410
free energy landscape 400
free energy of a droplet 88
free particle density matrix 671
funnel picture 399

Γ point approximation 246
gateway configurations 61
(GB/SA) 406
generalized Feynman-Kac formula 652
generalized gradient approximation

238
generating function 654
generating function of the moments of

648
geometric cluster algorithm 23
Gibbs-Duhem integration 57
glassy energy landscape 399
global-update 49
go-model 406
graphs 689–691

Green function Monte Carlo 648
Green’s function 650
GROMOS 404
ground state electronic wavefunction

230
ground state wave function 648
ground-state 228

Hamiltonian 644
Hartree potential 236, 264
Hartree-Fock 692
Heisenberg antiferromagnet 624
helium 647, 680
helium-hydrogen mixtures 680
Hellmann-Feynman forces 249, 530
Hellmann-Feynman theorem 229, 243
Helmholtz free energy 383, 670
hidden Markov models 497, 505
high pressure hydrogen 644
high temperature unfolding 412
Hilbert space 648
histogram re-weighting techniques 57
histogram reweighting 70, 628
Hohenberg-Kohn functional 233
Hohenberg-Kohn theorem 231, 234
homogeneous electron gas 237
homogeneous systems 659
HP model 407
HP-36 611
Hubbard model 696
hydrogen 657
hydrogen bonds 409
hypersurfaces 654
hysteresis 412, 416

imaginary time 648
imaginary time dependent Schrödinger

equation 656
imaginary time evolution 653
implicit solvent 406
importance sampling 16, 359, 650, 669
infrared spectrum 259, 269
initial condition 653
insulating molecular hydrogen 678
interface tension 88
interionic distances 671
interstitial water molecules 402
ion sphere radius 671
ionic paths 672
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ionic quantum effects 670
Ising model 19
isomorphism 670

Jarzynski equality 384
Jastrow 659

k-points 662
Kalos 650
kinetic energy cutoff 246
kinetic energy functional 235
kinetic energy operator 230
kinetic Monte Carlo 422
kinetics 372
kinetics of protein folding 398
Kohn-Sham method 234
Kohn-Sham potential 236
Kolos-Wolniewski potential 670
Kubo transformed correlation function

525

Lagrange multiplier 241, 250
Landau free energy 410
Langevin dynamics 403
Langevin equation 329
Lattice cluster algorithms 19
Lattice models 407
Lennard-Jones (LJ) potential 404
Levinthal paradox 395, 398
LINCS 405
linear response theory 374, 524
liquid phase 678
liquid structure 660
liquid-solid transition 647
liquid-vapor interface 88
liquid-vapor phase coexistence 96
liquid-vapor transition 95
local density approximation 237, 644
local energy 645
localized gaussian orbitals 658
localized orbitals 265
long range order 647
long-range dispersion 239, 265
long-wavelength modes 658
loop algorithm 620

macrostates 46
macrovariables 46
magnetic field 655

many body density matrix 671
marginal stability 397
Markov chain 16, 44, 136, 595
Markov process 665
Markovian chains 419
Markovian process 330
Markovian state models 421
mass renormalization 255
mean first passage time 414
melting 673, 677
melting transition 677
metadynamics 411
metalization-molecular dissociation

transition 680
metallic atomic hydrogen 660
metallic hydrogen 658, 673
metallization 659
metallization density 673
metastability and hysteresis 43
metastable states 497, 498, 504, 508,

509
Metropolis acceptance rule 413
Metropolis algorithm 596, 664
Metropolis Monte Carlo 403, 644
Metropolis rule 359
milestoning 421
milestoning method 382
minimal orbitals 242
mixed symmetry 653
molecular bond 678
molecular dissociation 659, 680
molecular dissociation threshold 673
molecular dynamics 403, 643
molecular dynamics simulation 351
molecular m-hcp structure 673
molecular orbitals 658
molecular rotations 670
molecular translations 670
molten globule 398, 400
momentum distribution 647
momentum-jump approximation 538
Monte Carlo 129, 403, 593
Monte Carlo simulation 74, 359
Moroni 650
multi-level sampling 669
multicanonical ensemble 51, 599
multicanonical sampling 593
multicanonical simulations 73
multicanonical weights 60
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Néel temperature 624
native contacts 408
negative sign problem 594, 617
Newton’s equation of motion 230
Newtonian dynamics 356
nodal locations 654
nodal surfaces 654, 655
noise penalty 669
non-degenerate ground state 231
non-equilibrium dynamics 321
non-interacting v-representable 235
non-interacting electrons 234
norm-conserving pseudopotentials 248
Nose-Hoover thermostat 403
nucleation-condensation 406
nucleation-condensation model 401
NVE 403

observables 257
one to one map 231
Onsager-Machlup action 419
OPLSAA 404
optimal ensemble 593
optimal sampling function 669
optimization 647
optimization of nodal parameters 658
optimized ensembles 603
optimized temperature sets 610
order parameter 42, 86, 87, 99, 102,

358
Ornstein-Uhlenbeck process 506
ortho- 671
overlap with the exact wave function

661

pair action 671
pair product action 671
pair product trial function 657
para-hydrogen 671
parallel machine 338
parallel replica 415
parallel sampling 48
parallel tempering 58, 413, 593, 608,

630
Parrinello-Rahman 319
partial path TIS technique 421
partial path transition interface

sampling 380
partial Wigner transformation 527

partially Wigner transformed Hamil-
tonian 527

particle exchange 653
particle mesh ewald 405
particle permutation 653
particle statistics 652, 670
particle-particle particle-mesh 405
partition function 15, 42, 670
path 46
path ensemble 354, 419
Path Integral Monte Carlo 670
Path integral Monte Carlo 650
path probability 354
path sampling 418, 420
path-integral 615, 688
penalty 668
penalty method 666
penta-alanine 497, 498, 509
periodic boundaries 662
periodic boundary conditions 245,

258, 662
Perron cluster 501, 504, 508
phase boundary 43
phase coexistence 87, 94
phase space 16
phase switch Monte Carlo 60
phi analysis 410
plane wave basis set 243
plane waves 658
planetary physics 680
plasma 672
point 678
Poisson bracket operator 523
polarizability 262, 263
polarization energy 647
position operator 258
potential of mean force 80, 82, 607
Potts model 598
pre-reject 669
pre-rejection 669
pressure 659
primitive approximation 671
primitive cell 649
projection Monte Carlo 647
propagator 500, 501, 503
protein folding 396
proteins 611
proton transfer reaction 543
proton-electron system 657
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pseudopotential 248, 657, 680

quantum dispersion 671
quantum evolution operator 535
quantum Heisenberg antiferromagnet

624
quantum Liouville equation 522
quantum Monte Carlo 593, 613, 643,

687
quasiparticle 660

radius of gyration 409
Ramachandran plot 509–511, 515
random energy model 408
random phase approximation (RPA)

658
random-cluster model 20
rare events 351
RATTLE 405
reaction coordinate 358, 416, 418
reaction coordinate in folding 415
reaction coordinate problem 416
reaction rate constants 372
reaction time 373, 376
reactive flux formalism 352
reference configuration 60
replica exchange method 413, 424
reptation quantum Monte Carlo 644
reptile space 669
response properties 262
restricted open-shell Kohn-Sham 264
restricted path 654
restricted path integral Monte Carlo

677
restricted paths identity 654
reweighting 661, 669
ring polymers 670
root mean square deviation 409
Runge-Gross theorem 264

saddle points 351
sampling distribution 44
Schrödinger equation 645
screened coulomb 672
self avoiding walk 407
self-consistency condition 236, 239
self-consistency equation 242, 243
self-consistent mean field methods 659

(semi)empirical atomistic force fields
404

separatrix 370
sequence heterogeneity 408
SHAKE 405
shell effects 663
shifting algorithm 365
shooting algorithm 361, 419
short time propagator 651
sign problem 643, 687–701
Silvera-Goldman potential 670
simple sampling 16
simulated tempering 51
single particle orbitals 657
single phase 55
slater determinant 231, 234, 657, 689
slater matrix 657
solvent accessible surface 410
spacial boundary 655
SPC/E 404
spectral density 533
spin chains 624
spin ladders 624
spin orbital 657
stability gap 402
Sternheimer equation 263
stochastic differential equation 329,

335, 506
stochastic path sampling 420
stochastic road maps 421
stochastic series expansion 617
stochastic TPS 420
strong segregation 113
surface tension 45
Swendsen–Wang algorithm 19
symmetric states 653
symmetrized density matrix 651
symmetrized link action 651

temperature 659
temperature-jump 398
thermal density matrix 649, 670
thermal partition function 648
thermodynamic integration 71
thermodynamic limit 662
three helix bundle proteins 401
three-body correlation 659
Tiling theorem 655
time correlation functions 373
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time independent nodes 655
time-dependent density functional

theory 264
time-dependent Schrödinger equation

264
TIP3P 404
topology of the native state 402
topomer model 402
transfer operator 500–502, 510, 514
transition interface sampling 380, 420,

426
transition matrix 16
transition path ensemble 353, 355
transition path sampling 351, 419
transition probability 16, 56, 664
transition state 351, 369
transition state ensemble 370, 417
transition state theory 352
translational entropy 402
transport coefficient 525, 534
trial configuration 16
trial density matrix 655
trial function optimization 660
trial functions 647
trial move 17
trial wave function 648
Trotter factorization 649
Troullier-Martins pseudopotentials

252
truncated octahedron 404
twist average boundary conditions 662
twist average method 655
twisted boundary conditions 662
two body correlations 657
two state folders 397
two state kinetics 397
two-body density matrices 671

Ulam 129, 137
ultrasoft pseudo-potentials 248
umbrella sampling 51, 84, 377, 411
unimolecular reaction 373

v-representable 231
valence electrons 248
van ’t Hoff-Arrhenius law 398
van der Waals attraction 404
variance of the local energy 661
variational energy 661
variational Monte Carlo 644
variational path integral 648
variational principle 231, 645
Verlet algorithm 230, 251
Villin headpiece 405
Viterbi-path 508, 509, 511
von Neumann equation 522

Wang-Landau algorithm 599
Wang-Landau sampling for quantum

systems 631
Wang-Landau techniques 71
Wannier centers 267
Wannier orbitals 267
weighted histogram analysis method

411
weighted histogram technique 340
Wigner transform 522
Wolff or single-cluster algorithm 21
world line algorithms 613
worm algorithm 621

Yukawa potential 670
Yukawa screening length 670

zero variance principle 645
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