
Index

AD or AJ , 337
a+ and l-uncoupling matrix element,

267
a+ spin-orbit matrix element, 267
aλ

quantum defect, 128
a†,a creation, annihilation operators,

708
Above Threshold Dissociation (ATD),

180
absorption cross-section, 522
absorption spectrum, 27, 627, 635
accidental perturbation

interloper in Rydberg series, 685
accidental predissociation, 671, 674
acetylene

chaos, 731
local↔normal benders, 727
phase space structure, 730

surface of section, 730, 731
polyads, 730
quasiperiodic trajectory, 731
resonance between

cis- and trans-bend, 732
adiabatic curves, 94, 168, 173
adiabaticity parameter, 177

in H2, 171
in N2, 171
in N+

2 , 171
in O2, 171
in SiO, 171

Airy function, 281
algebraic solutions

secular equations, 243, 247
alignment of the photofragment, 491
alkaline earth monohalides, 332
angular momentum, 61, 72

electron spin, �S, 72
electronic orbital, �L, 72
ion-core, �N+, 72
matrix elements, 73
nuclear framework, �R, 72, 79
operators, 72
projection, Ω, 73
total electronic, �Ja, 72, 79
total exclusive of spin, �N, 72
total, �J, 70, 72, 96
transfer, 596

anharmonic coupling
Darling-Dennison, 698, 714
Fermi resonance, 689
harmonic oscillator scaling, 689
matrix elements, 688, 691

anharmonic resonances, 698
anions, 39, 553
anticrossings, 681
ArH

f–complex in, 402
AsN

spin-orbit constant in, 321
Aston mass units, 285
asymmetry parameters, 487, 602

HBr, 491
HI, 491

atomic spin-spin parameter, 324
attosecond (as), 498
autocorrelation function, 624, 630,

633, 634, 636, 637
envelope of I(ω), 628
Fourier Transform of, 626, 627
frequency domain spectrum, 626
photon pluck, 627
recurrences, 628
spectrum, I(ω), 628



INDEX 741

autoionization, 671, 674
cross-section, 588
electrostatic, 586
in H2, 565, 572, 573, 578, 598
in HBr, 603
in HF, 580
in HI, 578, 584
level shifts, 588
in Li2, 565, 580
in N2, 567, 573, 578, 580, 587,

588
in NO, 578, 580
in NO+, 573
in O+

2 , 581
in O2, 314, 598
rotational, 572
spin-orbit, 581
vibrational, 576

autoionization and predissociation
competition between, 604
in H2, 604, 607
in HCl, 604
in NO, 609

axial recoil approximation, 490
axis systems, 72, 83

b, orbital perturbation matrix ele-
ment, 327

l-uncoupling matrix element, 267
BaF

Rydberg supercomplex in, 127
ball-and-spring motions, 627, 633
band intensity anomalies, 380
bandhead

BaO, 9
BaO

bandhead, 9
electronically inelastic collision

in, 447
intensity anomalies in, 35, 395
MODR in, 438
Optical Optical Double Reso-

nance (OODR) in, 416
perturbations in, 296
Stark quantum-beats (SQB) in,

433, 434

BaS
perturbation parameters, 305
perturbations in A1Σ+ state, 302
potential energy curve, 303

basis sets
choice of, 683
coupled, 105, 106
normal↔local mode, 710, 712
transformation

a†,a, 710
uncoupled, 105, 106

unitary transformation, 106
Beer-Lambert law, 354
BeF, 332
BeH

electrostatic parameter in, 313
predissociation in, 501

Berry’s propensity rule, 580
Beutler-Fano formula, 588
Beutler-Fano lineshape, 386
bifurcations, 729
biorthogonal, 673, 674, 676
Bohr magneton, 429
bond-softening, 179
Born-Oppenheimer approximation,

66, 113
clamped nuclei, 128

potential curve, 113
principal quantum number, 128
terms neglected, 92

Born-Oppenheimer product function,
90

Br2
predissociation in, 522, 544

branching diagram, 150
branching ratios, 485
bright state, 624, 626, 638, 643, 646,

658, 671, 681, 733, 734
bulk polarization, 643

C2

perturbations between X1Σ+
g and

b3Σ−
g states, 340

CaO
electronically inelastic collision

in, 450
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perturbations in, 296
cause of dynamics

intrapolyad, 694
Cavity Ringdown Spectroscopy (CRDS),

28
center of gravity rule, 246
center of the wavepacket, 645
centrifugal distortion terms, 242
centrifugal distortion, De

Kratzer, 286
CH

collision induced transition in,
453

Λ–doubling in, 227
potential energy curves, 518
predissociation in, 497, 499, 517
Rydbergization in, 311

CH+

forbidden transition in, 414
CH2

collision effect in, 454
chirped pulse, 661

negatively, 661
circular dichroism (CDAD), 600
Cl2

potential energy curves, 480
classical chaos, 717

onset, 729
classical dynamics, 721
classical mechanics, 703

actions, conserved, 728
angles, conserved, 728
coupled identical oscillators, 703
Poisson bracket, 718
polyad Heff model, 716, 728

Clebsch-Gordan coefficients
case (b)→(d), 120

CN
anticrossing or level crossing, 418,

419, 428
collision induced transition in,

445, 449, 452
perturbed radiative lifetime in,

372
relaxation in matrix, 459

Stark quantum-beat (SQB) in,
436

Zeeman effect in, 422, 428
CO

accidental predissociation, 542
anticrossing in Zeeman effect in,

418
atomic populations in, 322
B1Σ+−X1Σ+, 64
Cameron system, 340
collision induced transition in,

449
electronically inelastic collision

in, 447
electrostatic parameter in, 313
forbidden transition in, 409
isotope effect in, 528
nonexponential decay in, 370
perturbations in, 216, 296, 341
perturbed radiative lifetime in,

371, 373
photoionization spectrum of, 599
potential energy curves of, 217
predissociation in, 266, 501, 542
shape resonances in, 561
spin interactions in, 323
spin-orbit constant in, 321
spin-orbit perturbation param-

eter, 325, 327
transfer rate in, 452

CO+

collision induced transitions in,
449

CO2

Rydberg states in Hund’s case
(e), 125

three-photon transition, 368
coherence

creation, 639
destruction, 639, 641, 652
detection, 639

coherent control
in HI, 613
on Na2, 609
photofragmentation product branch-

ing ratios, 609
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coherent superposition state, 430, 635,
659, 679, 680

motion, 635
coincidence experiments, 39, 46
collision effect

doorway or gateway, 445
electronic transition, 447
in CH2, 454
in CN, 445
in N+

2 , 445
lifetime, 445

collision induced transition
in CH, 453
in CN, 445, 449, 452
in CO, 449
in CO+, 449
in I2, 450
in Li2, 450
in N+

2 , 450, 452
in N2, 448, 449
in Na2, 449
in NH, 448
in SiF, 450
propensity rule, 454

collisions between molecules
CaO+N2O, 452

combination differences, 12, 25
complementary states, 312
complete experiment, 600
complex energy formalism, 656, 672
complex Heff formalism, 639, 672,

680, 683
biorthogonal, 673, 674
bright state, 680, 681
completeness, 673, 674
Fermi Golden Rule, 683
orthonormal, 674
strong coupling limit, 680
weak coupling limit, 680
WKB barrier penetration, 683

Condon and Shortley phase conven-
tion, 74, 143

matrix elements, 142
σv on |λ〉, 142

Condon reflection approximation, 480
configuration

interaction, 340, 530
configuration (electronic), 149

π2, 160, 188, 197
π3π′, 201
σπ3, 198

configuration space
trajectories

relationship to probability den-
sity, 726

conical intersection, 735
contact transformation, 709
continuum function, 505

energy-normalized, 506
continuum∼continuum interaction,

538, 601
control

chirped pulse, 655, 656
crafted pulse, 655
learning algorithm, 656
target state, 698

Cooper minima, 561
in HI, 563
in NH, 564
in OH, 564

coordinate and momentum operators
dimensionless Q̂ and P̂, 690
equation of motion

of Q and P, 700
coordinate system

electronic, 192
inversion, I or E*, 139
laboratory fixed, 139
nuclear, 83

Coriolis perturbations, 98
correlation diagram

between case (a) and case (c),
189

correlation effect of an electric field,
336

correlation matrix, 250
correlations between parameters, 255
Correspondence Principle, 717, 718

Heff↔Heff , 716
Heisenberg, 716

Coulomb Explosion, 41
Coulomb function, 590
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Coulomb integrals, 155
coupled equations, 264, 535, 537

in H+
2 , 266

in N2, 265
coupling

(J1, J2), 473
kinetic energy, 705, 714
potential energy, 705, 714

creation, annihilation operators
2-D isotropic oscillator, 727
a†,a, 690, 708
a†

d,ad,a†
g,ag, 727

Heisenberg quantum→classical,
727

number operators, 727
CRIES (Cross-Correlation Ionization

Energy Spectroscopy), 19
CrN

spin-orbit constant, 322
cross section

in absorption, 351, 356
in autoionization, 588
in dissociation, 522

CS
forbidden transitions in, 409, 412
MODR in, 437
MOMRIE in, 437
spin-orbit constant in, 321
spin-orbit perturbation matrix

element in, 327
CS+, 244

Λ–doubling in A2Πi state of, 215
spin-orbit perturbation matrix

element in, 327
Cs2

predissociation, 521
q reversal in, 525

CS2

Rydberg states in Hund’s case
(e), 125

CSe
spin-orbit constant in, 321

CTe
spin-orbit constant in, 321

CuO
2Σ − X2Π transition in, 404

De and Dv, rotational constant, 242,
286

2∆ states, 183
dark state, 624, 638, 643, 646, 658,

671, 681, 733
Debye, 350, 479
decay

irreversible, 624
δ–function

integral definition, 629
3∆ states

spin-orbit constant of π3π′ con-
figuration, 202, 321

density matrix, ρ, 635, 647, 667
coherences, ρij , 639, 647
detection, D, 639
equations of motion, 647
evolution, H, 639
excitation, E, 639
populations, ρii, 639, 647

deperturbation, 684
local perturber, 684
NO 2Π, 262
remote perturber, 684

deperturbation at high pressure and
in matrices, 455

dephasing, 624
detection operator, D, 643
diabatic curves, 93, 163
differential oscillator strength, 506

in O2, 507
dimensionality reduction, 686, 717
dimensionless Q̂ and P̂, 690
dipole moment, 214
Dirac delta function, 627
direct approach, 259
direct dissociation, 471
direction cosine

matrix, 82
matrix elements, 75, 391, 667

discrete variable representation (DVR),
291

method, 266
Dispersed Fluorescence (DF), 25, 34,

635
I2, 47
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dissociation
in HBr+, 472
in HCl, 473
in HX, 475
limiting curve, 516

dissociation energy, De, 285
dissociative photoionization, 470
doorway state, 9, see also gateway

state, 445, 624, 646, 671,
681, 734

mediated ISC, 734
nonradiative decay, 681

Doppler broadening, 352
Doppler width, 503
dressed Heff , 685

prediagonalization, 685
radiation field, 685
Van Vleck transformation, 685

Dunham expansion, 236
dynamical Hund’s cases, 136
dynamical quantities

autocorrelation function, 635
coherent superposition state, 635
density matrix, 635
expectation values of, 635

coordinates and momenta, 635
number operator, 635
probability density, 635
resonance operator, 635
survival probability, 635
transfer probability, 635

dynamics
Bixon-Jortner, 733
cause of, 647, 697
in coordinate/momentum space,

637
early time, 646, 672
localized, 646
reduced-dimension, 685
resonance operator, 697
in state space, 637, 689
tier models, 672
visualization, 685, 697

early time dynamics
near resonant coupling, 733

early time information, 627
e/f symmetry, 139

case (a) basis states, 144
labels for 3Σ+ and 1Π, 146

effective and true parameters, 261
effective molecular constants, 234
Ehrenfest’s theorem, 644, 645, 718
eigenfunctions of S2, 151
Einstein coefficient, 659

stimulated emission/absorption,
Bij , 350

electric field in ZEKE experiment,
594

electronic coordinate system, 192
electronic wavefunctions, 148

matrix elements between, 156
electronically inelastic collision

in BaO, 447
in CaO, 450
in CO, 447

electrostatic interaction, see pertur-
bation, electrostatic

electrostatic parameter
in BeH, 313
in CO, 313
in N2, 313
in NO, 313, 314
in O2, 313
in PO, 313

emission spectra, 33
emission windows, 576, 588
energy flow, 648

bright state↔quasicontinuum, 688
energy level diagram

2Π, 585
energy normalization, 505
energy rank, 256
equation of motion, 631, 646, 693

of expectation values, 646
Hamilton’s, 718
Newton’s, 718
of Q and P, 700
of resonance operators, 646

étalon, 43
Euler angles, 81
evolution operator, 643
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exchange integrals, 155
excitation operator, 643
expectation value, 693

of coordinates and momenta, 636
equation of motion, 138, 647
of operator, 647

trace with ρ, 647
eXtended spectral Cross-Correlation

(XCC), 19
extra lines, 246, 370, 374
eXtreme UltraViolet (XUV), 26

f–complex
lR, 402
in ArH, 402
in KrH, 402
in MnH, 392
in NO, 392

F,G matrix methods of Wilson, 688,
690, 703

Fi spin-component
convention, 131, 140

Fano lineshape, 522, 588
in H2, 524, 525
in NO, 524
in O2, 524
parameter, q, 525

in autoionization, 588
in predissociation, 386, 522

q reversal, 525, 526
Femtosecond Transition State (FTS)

spectroscopy, 665
Fermi’s Golden Rule formula, 535,

539, 569, 659, 681, 733, 735
Fermi-Wentzel Golden Rule, 507
Feschbach resonance, 493
figure of merit, 258
fine-structure constant

α, 181
fit model, Heff , 717

Heff→Heff , 717
fluorescence decay, non-exponential,

370
fluorescence polarization, see polar-

ization of fluorescence
in N+

2 , 601

in O+
2 , 601

fluorescence quantum yield, 28, 496
forbidden transition, 406

1Σ+ − 3Σ−

in CH+, 414
in CO, 409
in CS, 409, 412
in NCl, 412
in NF, 412
in NH, 412
in NO+, 414
in PF, 412
in PH, 412
in SO, 412
intensity borrowing, 368, 414

Fortrat parabola, 6
four-wave-mixing, 51
Fourier transform, 44

autocorrelation function, 632
Fourier Transform spectrum, 44

I2, 20, 21
Spectrometer (FTS), 33, 649

fractional dynamical importance, 649
fractionation

approach to Lorentzian, 659
of bright state, 659

frame transformation, 590
Franck-Condon

active normal modes, 633, 734
bright state, 734
energy gap rule, 734
factor, 353, 629

differential, 509
pluck, 661
point, 625, 651
principle, 626

classical, 633, 665, 667
region, 651
stationary phase, 663

frequency calibration, 43
frequency domain, 683
frequency generation, 50
Frequency Modulation Spectroscopy

(FMS), 28
FWHM, full width at half maximum,

498
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gJ–values, 426
gateway state, see doorway state
Gauss-Newton method, 254
Gaussian lineshape, 351
Gaussian wavepacket, 665

distortion, 665
equation of motion, 631
vibrational, 631

GeO
spin-orbit constant in, 321

GeS
spin-orbit constant in, 321

global perturbation
polyad, 685
scaling, 685

golden rule formula, 535, 539, 569,
659, 681, 733, 735

good quantum numbers, 71, 112, 256
gradient of the potential, 635

Fourier transform
of spectrum, 633

grand rephasing, 654, 670
graphical methods for deperturba-

tion, 243

H
action-angle representation, 717

H
dimensionality reduction, 717
exact→Hefffit model, 717
rotational part, 96

H vs. Heff

Van Vleck transformation, 623
HLOCAL, 719
HNORMAL, 720
H+

2

coupled equations, 266
potential energy curves of, 179,

180
H2

adiabatic parameter, 171
anticrossing in, 428
asymmetry parameter, 597
autoionization in, 565, 573, 578,

598

competition between autoioniza-
tion and predissociation in,
604, 607

Fano lineshape in, 524, 525
MOMRIE in, 436
nonadiabatic calculations, 236
perturbations in (1Πu), 173
photoelectron spectrum of, 555
potential energy curves in, 173,

524
predissociation in, 499–501, 523
1Σ+

g perturbations, 265, 266
X1Σ+

g state, 236
Hamiltonian

3Π state, 242
complex formalism, 734
effective, 69, 84, 237, 255, 261
exact, 70, 71
microscopic, 69, 83, 84
molecular, 66
neglected terms, 67
rotational operator, 79
spin-orbit, 94, 181
spin-spin, 94

Harmonic Generation, 49
harmonic oscillator

two-dimensional isotropic, 727
HBr

absorption spectrum, 586
asymmetry parameter in, 491
autoionization in, 603
photofragment branching ratios

in, 484
Rydberg states in Hund’s case

(e), 125
spin-polarization in, 603

HBr+

dissociation in, 472
photodissociation in, 477
predissociation in, 501, 520, 530

HCl
competition between autoioniza-

tion and predissociation, 604
dissociation in, 473
lifetime in, 585
photoelectron spectrum of, 553
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potential energy curves, 606
Rydberg states in Hund’s case

(e), 125
Rydbergization in, 312
Zero Electron Kinetic Energy

(ZEKE) in, 593, 594
HCl+, 332
HCP

anticrossing in, 418
Heff , 623, 648, 702

complex energy, 672
harmonic oscillator Hamiltonian,

690
Heff→Heff , 717, 718
Heff

LOCAL, 706, 708
standard spectroscopic, 715

Heff
NORMAL

standard spectroscopic, 715
Heisenberg Correspondence Princi-

ple, 716
HeKr+, 100, 136
Hel

case (d)
non-spherical, 122
spherical (atom-like), 122

Hel(0) spherical term, 127
Hel(1) nonspherical term, 127,

129
case (b)→(d), 129
cases (d), (e), 127
exchange splitting, 129
non-diagonal in N+, 127
nondiagonal in case (c), 129
opposed by l-uncoupling term,

129
transformation case (b)→(d), 121

Hellmann-Feynman theorem, 252, 254,
425

Hermitian operator, 648
HF

autoionization in, 580
HI

asymmetry parameter in, 491
autoionization in, 578, 584
coherent control in, 613
Cooper minima in, 563

photodissociation in, 483
photofragment branching ratios

in, 484
potential energy curves, 483, 613
predissociation in, 530
Rydberg states in Hund’s case

(e), 125
HROT

case (a), 107
EROT

(a) (J), 107, 114
case (b), 108

EROT
(b) (N), 108, 114

case (c), 108
EROT

(c) (J), 108
case (d), 109, 121

EROT
(d) (N), 109, 121

EROT
(d) (N+), 109

case (e), 109
EROT

(e) (N+), 110
pattern destroying term: Hel,

121
HSO

in case (b), 117
in case (a), 116
selection rules for matrix ele-

ments, 182
HSR, 114
HSS

in case (b), 116
Hund’s case, 667, 671

case (a) basis states, 696
rotational selection rules, 703

Hund’s case (a), 103, 113
Hund’s case (b), 103, 114, 441
Hund’s case (c), 103, 123

H(0), 123
Ja–uncoupling, 124

Hund’s case (d), 103, 104, 117, 126,
441

(a+, d) and (b+, d)
good quantum numbers, 119,

120
Hel, 122
HROT

high-N limit, 123
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pattern destroying term, 123
pattern forming quantum num-

ber, 123
�R-axis form, 123
z-axis form, 123

HSO, 122, 123
HSR, 122
N+-multiplet, 122

Hund’s case (e), 100, 103, 104, 125,
474, 583

case (a+, e), 125
case (b+, e), 125
case (c)↔case (e), 125
H(0), 125
j–uncoupling, 125
2Π ion core, 125

Hund’s cases, 101
(a), (b), (c) vs. (d), (e), 113
approximate constants of mo-

tion, 101
case (a), 112

EROT
(a) (J), 107, 114, 115

HSO, 116
case (b), 112

HSO, 117
EROT

(b) (N), 108, 114
HSR, 114
HSS, 116

case (b)→case (d) level pattern,
119

case (c), 112
case (d), 112, 119

good quantum numbers, 119
case (e), 112
choice of basis set, 101
dynamical, 136

ion, Rydberg e−, 136
photofragment angular momenta,

136
separated atom, 136

good quantum number, 112
Hel: non-diagonal in N+

in cases (d), (e), 127
Hel(0) spherical term, 127
Hel(1) non-spherical term, 127

hierarchy
of Hel, HSO, HROT, 99, 137

intermediate, 126
between (a) and (d), 127

ion-core, Rydberg e−, 104
l-uncoupling vs. l-mixing, 127

Heff , 127
level pattern, 113

case (a), 113
mixed-l supercomplexes, 127

BaF s∼p∼d, 127
NO s∼d, 127

Nikitin and Zare, 99, 100
�J-axis, 100
molecule frame projection quan-

tum numbers, 100
z-axis, 100

pattern-destroying term
case (a), 115
case (b), 116

pattern-preserving term
case (a), 115

patterns in a spectrum, 101
traditional, 111, 112

case (a), 112
case (b), 112
case (c), 112
case (d), 112
case (e), 112

transformations between, 130
vector precession, 99, 101
Watson, 101

coupling sub-cases, 101
ion-core, Rydberg e−, 101
�R-axis, 101
z-axis, 101

zero-order pattern, 102
pattern-forming rotational quan-

tum number, 115
hydrogenic wavefunction, 570
Hönl-London factor, 353

I2
anticrossing in, 427
collision induced transition in,

450



750 INDEX

Dispersed Fluorescence (DF), 47
Fourier Transform spectrum, 20,

21
lifetime in

Zeeman effect in, 426
predissociation in, 500, 519, 521
Zeeman effect

anticrossing in, 427
lifetime in, 426

Zero Electron Kinetic Energy
(ZEKE) spectrum of, 595

ICl
predissociation in, 499

initial localization
on a chromophore, 733

intensity, 348, see also transition mo-
ment

anomalies, 380, 386, 404
in BaO, 35, 395
in N2, 395
in Rb2, 412
in Se2, 395

borrowing, 370
rotational, 386

Inter-System Crossing (ISC), 658, 681,
688, 733

in NO a4Π → B2Π, 460
interaction matrix

2Π(π) ∼ 2Σ+(σ), 219
2Π(σ2π) ∼ (σπ2), 331

interactions
between g and u states, 99

interference effect, 363, 378
Internal Conversion (IC), 658, 681,

688, 733, 734
conical intersection, 735
electrostatic coupling, 734
nuclear kinetic energy coupling,

734
promoting mode, 735

intramolecular dynamics
control, 655

Intramolecular Vibrational Redistri-
bution (IVR), 649, 658, 674,
681, 688, 733, 735

bifurcation, 736

bright state, 735
dark state, 735
doorway state, 735
strong and weak coupling lim-

its, 735
tiers, 735

inverse perturbation approach (IPA),
289

ion
doubly charged, 34

ion spectroscopy, 28
ionization efficiency, 479
isotope effect

in CO, 528
in N+

2 , 528

JWKB approximation, 512
JWKB wavefunction, 279

K2

predissociation in, 499
Kepler

orbits, 669
period, 669, 670

Ketene, 40
Kratzer relation, 66, 286
KrH

f–complex in, 402

l–complex, 128
l–mixing, 214, 400, 559, 594

by magnetic field, 444
lR (or L) quantum number, 105, 120

useful label vs. good quantun
number, 105, 106

L+ operator, 325
Λ–doubling

in CH, 227
in CS+ A2Πi state, 215
in ∆ state, 214
in OH, 227
parameter

o, 243, 328
p, 243, 328
q, 243, 328

in 1Π1 state, 214
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in 2Π state, 214, 243, 328
in SH, 227
in SiH, 332

L-uncoupling operator, 116, 213
l-uncoupling matrix element

b, 267
Landau-Zener parameter, 536
Landé electronic factor, 181
Laser Induced Fluorescence (LIF),

27
least-squares fitting, 237, 248

procedure for coupled-equations,
265

Legendre polynomial, 487
level anticrossing

quantum beats, 682
strong vs. weak coupling, 682

level shift, 244
in autoionization, 588
in predissociation, 504, 510, 513
in perturbations, 296

Li2
collision induced transition in,

450
linewidth in, 535
predissociation in, 500

lifetime, 495
in HCl, 585
radiative, 659

LiH
predissociation in, 510
Stark quantum-beat (SQB) in,

433
limiting case

destruction, 709
preservation, 709

line profile, q, 588, 606
line strength, 353
lineshape, see Fano lineshape
linewidth, 68, 503, 564

in Li2, 535
in O2, 515
in OD, 515
in OH, 527
relation with band contour, 566
variation, 516

localized state, 623, 624
bright state, 626
early time evolution, 630
photon-pluck, 626
short pulse, 626
Ψ(0), 626

Loomis-Wood plot, 15, 44
Lorentzian function, 351

Magnetic Rotation Spectroscopy (MRS),
28

spectrum of Na2, 418
Mass Analyzed Threshold Ionization

(MATI), 31
matrix

of a 2Π state, 252
matrix effects, 458

in O2, 458
in N2, 456
in NO, 455
relaxation, CN, 459

matrix element method, 293
measurement

destruction of coherence, 652
measurement of lifetimes, 496
measurement of linewidths, 498
mechanism, 623, 624, 633, 646–648,

655, 671, 681, 733, 735
cause of bifurcation, 732

Megabarn (Mb), 479, 554
Megahertz (MHz), 521
metastable states, 341
method of merging, 259
method of steepest descents, 254
MgO

perturbations in, 341
mixing coefficient, 235, 268, 271, 374
MnH, 392
MODR

in BaO, 438
in CS, 437
in NO2, 438

Modulated Population Spectroscopy
(MPS), 19, 35

molecular field anisotropy, 113
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cases (a), (b), (c) vs. (d), (e),
113

molecular orbitals, 148
molecular spin-orbit constants, 318
molecular vs. optical phase, 652
molecule sources, 41
MOMRIE, 436

in CS, 437
in H2, 436

MOPS, 438
Morse oscillator, 705, 706, 714

E(v), 706
via perturbation theory, 706
two coupled

local stretch oscillator, 706
V (r), 705

µ
reduced mass, 89

Multi-Photon Ionization (MPI), 29,
269

Multichannel Quantum Defect The-
ory (MQDT), 113, 236, 265,
267, 313, 444, 579, 590, 608

Born-Oppenheimer region, 113
calculations, 586

multiphoton transition, 355
multiplet state

S–uncoupling dynamics, 695
case (a)↔(b), 695

mutually commuting operators, 104,
111

restrictions on basis sets, 104,
105

N+
2

adiabatic parameter, 171
anticrossing in, 418
collision effect in, 445
collision induced transition in,

450, 452
fluorescence polarization in, 601
isotope effect in, 528
perturbed intensities in, 372
perturbed radiative lifetimes in,

372
potential energy curves, 532

predissociation in, 499, 500, 531
spin-orbit constant in, 319
Zeeman effect

anticrossing in, 418
N2

adiabatic parameter, 171
autoionization in, 573, 578, 587,

588
collision induced transitions in,

448, 449
coupled equations in, 265
electrostatic parameter in, 313
electrostatic perturbations

in matrix, 456
in 1Πu states, 314, 384
in 1Σ+

u states, 162, 166, 384
valence∼Rydberg, 162

intensity anomalies in, 395
p–complex in, 400
perturbation in, 384
perturbed intensities in, 381
potential energy curves, 541
predissociation in, 499, 514, 519
Rydberg emission series in, 588
Rydberg state, 188
shape resonance in, 561
spin-orbit constant in, 319
vibrational branching ratio in

photoionization, 563
Na2

coherent control in, 609
collision induced transition in,

449
Magnetic Rotation Spectrum (MRS)

of, 418
perturbation facilitated OODR

in, 439
predissociation tunneling barrier

in, 521
NaK

predissociation in, 542
NBr

spin-spin constant in, 201
NCCN

shape resonances in, 561
NCl
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forbidden 1Σ+−3Σ− transition
in, 412

Newton’s equations, 644, 645
NF

forbidden 1Σ+−3Σ− transition
in, 412

NH
collision induced transition in,

448
Cooper minima in, 564
forbidden 1Σ+−3Σ− transition

in, 412
predissociation in, 500
Rydbergization in, 311

NO
autoionization and predissocia-

tion, competition between,
609

autoionization in, 573, 578, 580
2∆ homogeneous perturbation

in, 167, 314, 382
electrostatic parameter in, 313,

314
f–complex in, 392
Fano lineshape in, 524
heterogeneous perturbation, 267
homogeneous perturbation, 236

in 2Π , 313
in 2Σ+, 313

indirect mechanism in, 269
intensity anomalies in, 397
in matrix, 455
π3π∗2 configuration, 187
2Π states in, 314
2Π states in, 375
2Π−4Π intersystem crossing mech-

anism in matrix, 460
2Π ∼ 2∆ perturbation, 269
perturbations, doublet∼quartet

in, 341
photoelectron spectrum of, 556
2Π autoionization and predis-

sociation, competition be-
tween, 609

2Π homogeneous perturbations,
262, 269, 376

potential energy curves in, 167,
376, 520

predissociation in, 501, 504, 519,
521

REMPI spectrum of, 600
Rydberg supercomplex in, 127
2Σ+ homogeneous perturbations

in, 313
shape resonances in, 561
spin-orbit coupling constants in,

309
three-photon transitions in, 367
two-photon transitions in, 365
Zeeman effect in Rydberg states

in, 440
Zero Electron Kinetic Energy

(ZEKE) spectrum of, 558,
595

NO+

forbidden transition in, 414
spin-orbit, 339

NO2

MODR in, 438
nominal character, 67, 235, 257, 272
nonadiabatic calculations

for H+
2 and H2, 236

nonadiabatic coupling term, 94
nonadiabatic functions, 235
noncommuting terms in H, 137

expectation value, 138
equation of motion, 138

operator antagonism, 138
dynamics, 137, 138

pattern destroying, 137
pattern preserving, 137

nonradiative decay, 659, 671, 688
Bixon-Jortner, 733
dephasing of bright state, 688
direct vs. doorway

mediated, 671
doorway mediated, 681
fractionation, 688
photofragmentation, 671
survival probability, 688

nonstationary state, 623
normal matrix, 250, 255, 257
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normal mode limit
destruction, 714
driving force, 714
preservation, 714

normal mode of vibration, 633
antisymmetric, 704
Franck-Condon active, 633
frequencies, 705
nontotally symmetric, 633
normal↔local transformation, 702,

712, 714
symmetric, 704

normal↔local mode Heff

transformation, 702, 712, 714
normalization factor

of bound wavefunctions, 280
of continuum wavefunctions, 506

NS
doublet∼quartet perturbations

in, 341
NSe

doublet∼quartet perturbations
in, 341

perturbations in X2Π state, 213
number operator, 691, 693

a†
iai, 637

numerical methods
deperturbation, 375

numerical solutions, 264
Numerov-Cooley numerical integra-

tion, 291

o parameter, 243, 328
O+

2
4Π state, spin-orbit, 186
fluorescence polarization, 601
potential energy curves, 531
predissociation in, 499, 500, 505,

521, 530
states of, 155

O2

3-photon transition, 368
adiabatic parameter, 171
autoionization in, 581, 598
β in, 598

differential oscillator strength,
507

dissociation of, 474
electrostatic parameter in, 313
Fano lineshape, 524
linewidth in, 515
matrix effects in, 458
predissociation in, 499, 501, 504,

510, 517, 520, 524, 525
pure precession approximation

in, 332
3Πu Rydberg state of, 186
Rydberg states of, 156
Rydbergization in, 311
shape resonances in, 561
spin-orbit constant in, 186, 319
spin-rotation in, 193
spin-spin constant in, 326
Zero Electron Kinetic Energy

(ZEKE) spectrum of, 557,
561

OD
linewidth, 515
predissociation in, 528, 544

off-diagonal anharmonic matrix ele-
ments, 691

OH
anticrossing in, 437
Cooper minima, 564
Λ–doubling in, 226, 227, 331
photodissociation in, 481
potential energy curves, 530
predissociation in, 266, 498, 500,

501, 520, 521, 544
Rydbergization in, 311
shape resonances in, 561
spin-orbit constant in, 335
Zeeman effect, anticrossing in,

437
one-photon transitions, 356
open-core atom, 104
Optical Optical Double Resonance

(OODR), 25, 35, 416, 438
in BaO, 416

optical phase, 653, 654
optical vs. molecular phase, 650
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Optically Pumped Laser (OPL), 53
orbital perturbation matrix element

b, 216, 222

p–complex, 399
N2, 400

2Π states in NO, 314
1Π

perturbation in, 384
1Π states of SiO, 175
1Π − 1Σ+ transition, 394
2Π state, 184

Λ–doubling, 328
energy level diagram, 585
π configuration, 184
π3 configuration, 184

3Π state, 185
matrix elements, 242
spin-orbit, 185
spin-spin, 198

3Π− X1Σ+ transition, 408
4Π state

spin-orbit, 185
P+

2

spin-orbit constant in, 319
P2

second-order spin-orbit in, 202
spin-orbit constant in, 319
spin-spin constant in, 202

parallel and perpendicular transitions,
386

parameters correlated, 257
parity, 138

case (a) basis states, 143
case (b+, d), 147
determined by l, 147
e/f basis states, 144
favored and unfavored transi-

tion, 596
of |l, lR〉 states, 127
labels for 3Σ+ and 1Π, 146
of levels, 70, 139
not affected by SR, lR, sR, jR,

147
partition function

canonical, 639, 640

partitioning method, 598
pattern destroying quantum num-

ber
case (b), 120

pattern destroying term: Hel, 121
pattern forming quantum number

case (a), 117, 118
case (b), 117, 119, 120
reduced term value plot, 117

patterns, 684
frequency domain, 684
pattern breaking, 684
time-domain, 684

patterns in spectra, 137
approximate quantum numbers,

137
reduced term value plot, 137

Pekeris relation, 66, 286
perturbation, 62–66, 68, 83

between g and u states, 99
between Rydberg states, 175,

314
electrostatic, 98, 161

in N2, 162, 166, 314, 384
in NO, 314

heterogeneous, 98
homogeneous, 98

in 2∆ NO, 167
in CO, 216
in H2 (1Πu), 173
inhomogeneous, 732
L–uncoupling, 732
level shift, 296
model, 67
in N2, 384
on lifetimes, 370
in 1Π, 384
profound change in

dynamics, 732
spectrum, 732

by a 3Σ− state, 299
in 1Σ+

u , 384
in SiS, 374
in the SiO A1Π state, 296
spin-orbit, 734
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Perturbation Facilitated Optical Op-
tical Double Resonance
(PFOODR), 26, 35, 734

in Na2, 439
perturbation selection rule, 98, 145
perturbation theory

choice of basis set, 103
convergence criterion, 102
H=H(0)+H(1), 103
Hund’s cases (a)-(e), 103
nondegenerate, 674, 717
quasidegenerate, 675

strong coupling limit, 677
weak coupling limit, 677, 678

perturbations
electrostatic

in N2
1Πu, 384

perturbed f–values, 377
perturbed intensities

in N2, 381
perturbed radiative lifetime

in CN, 372
in CO, 371, 373
in N+

2 , 372
PF

forbidden 1Σ+−3Σ− transition
in, 412

PH
forbidden 1Σ+−3Σ− transition

in, 412
phase convention, 143, 375

summary, 143
phase difference, 512
phase factor

in the rotational basis functions,
82

in vibrational wave functions,
291

phase lag, 612
phase matching directions, 644
phase shift, 590
phase space, 716

action/angle, 724
bifurcations, 716
chaotic, 716
diagram, 723

early time motion, 632
fixed point

resonance zone, 723, 724
stable, 723, 724
unstable, 723

invariant tori, 722
periodic orbit, 722, 723
polyad, 723, 724
quantum spectrum, 724
regular, 716
separatrix, 722
structure, 721, 724, 729
trajectories, 721, 722

quasiperiodic, 722, 723
Photo-Ion Photo-electron COincidence

(PIPECO), 41
photodissociation

bond-softening, 179
cross section, 478
direct, 634
in HBr, 479
in HBr+, 477
in HCl, 482
in HI, 483
ionization efficiency, 479
in O2, 474
in OH, 481
population trapping, 179
snapshots, 635

photoelectron spectroscopy (PES),
552

angular distribution, 595
spectrum

of HCl, 553, 607
of H2, 555
of NO, 556

photofragment angular distribution,
486

photofragment branching ratios
in HBr, 484
in HI, 484

PHOtofragment Fluorescence EXci-
tation (PHOFEX), 40

photofragment imaging experiments,
484, 490

photofragments, 635
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photoion alignment, 600
photoionization

of CO, 599
cross section, 554

photon pluck, 626, 632, 661, 684
Hund’s basis state, 102

photon vs. wave pictures, 643
bullets, 643
molecules as targets, 643

pluck, 624, 684
post-pluck dynamics, 684
Rydberg vs. Franck-Condon,

669
wrong basis, 703

PN
spin-orbit constant in, 321

PO
electrostatic parameter in, 313
perturbation between 2Π states,

277
perturbation between 2Σ+ states,

313
perturbations, Rydberg∼Rydberg,

263
spin-orbit constant, 309, 335

polarization of fluorescence, 492, 601
polyad, 655, 689

Heff

local mode, 702
normal mode, 702
scaling rules, 702
stretch-bend, 696

number, 689, 697
phase sphere, 721

for H2O, 724
quantum numbers, 698, 728
scaling, 717

polyatomic molecules
anharmonic coupling matrix el-

ements, 687
Morse oscillator, 687
normal mode, 687
vibrational basis set, 687

populations, 640
potential energy curves, 65, 66, 90

adiabatic, 164

of BaS, 303
case (d) l–complex, 128
of CH, 518
of Cl2, 480
of CO, 217
diabatic, 164
dressed, 177
of H+

2 , 179, 180
of H2, 173, 524
harmonic, 285
of HCl, 606
of HI, 483, 613
Morse, 285
of N+

2 , 532
of N2, 541
of NO, 167, 376, 520
of O+

2 , 531
of OH, 530

power broadening, 416, 438
predissociation, 61, 64, 68, 83, 84,

493, 519, 671
accidental, see also indirect, 527

in CO, 542
in N2, 540

in BeH, 501
in Br2, 522, 544
in CH, 497, 499, 517
in CO, 266, 501
in Cs2, 521
electrostatic, 519
energy shift, 507
gyroscopic, 521
in H2, 499–501, 523
in HBr+, 501, 520, 530
in HI, 530
hyperfine, 521
in I2, 500, 519, 521
in ICl, 499
indirect (accidental), 538
intermediate coupling strength,

535
in K2, 499
in Li2, 500
in LiH, 510
level shift, 504, 510, 513
Mulliken’s classification, 514
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in N+
2 , 499, 500, 531

in N2, 499, 514, 519
in NaK, 542
in NH, 500
in NO, 501, 504, 519–521
nonadiabatic, 531
nonradiative rate, 495
in O+

2 , 499, 500, 505, 521, 530
in O2, 499, 501, 504, 510, 517,

520, 525
in OD, 528, 544
in OH, 266, 498, 500, 501, 520,

521, 544
overlap factor, 510
by rotation, 493
radiative rate, 495
resonance energy, 502
resonant state, 493
rotational, 521
in Se2, 501, 502, 504, 520
in SH, 530
spin-orbit, 520, 528
tunneling, 521

in Na2, 521
principal part, 508, 523, 588
probability

density, 635
squared sum vs. sum of squares,

652
probe, 649
promoting mode, 735
Pulsed Field Ionization (PFI), 557
pump, 649
pump/probe

coordinate space, 654
one-color, 649, 651

phase coherent, 650, 654, 665
phase locked, 651
state space, 654

pure precession, 104
approximation, 191, 267, 327
hypothesis, 226

q reversal, 525, 526
quadrupole field split, 670

quantum beat, 639, 642, 656, 657,
679

decaying quasi-eigenstates, 679
exponential decay, 659
few level, 659
fluorescence intensity, 656
hyperfine, 657
in-phase, 643
many level, 659
modulation depth, 681
out-of-phase, 643
phase, 643
polarization, 656, 658
population, 658
pump/probe, 657
recurrences, 624
spatial angular distribution, 656
spectral distribution, 656
Stark, 657
survival probability, 659
wavepacket dynamics, 657
Zeeman, 657

quantum chaos, 717
quantum defect, 5, 136, 308, 574,

576, 590
aλ, 128, 129
R–dependent, 128

quantum number
good, 70
in Hund’s cases, 112
ion-core rotation, N+, 103
ion-core total angular momen-

tum, J+, 103
photofragments, 136
�R–axis projection, 104

SR, lR, sR, jR, 104
quasi-continuum, 681, 683

R–centroid approximation, 164, 349,
509

R–dependence
of rotational perturbation pa-

rameters, 325
of the spin interaction parame-

ters, 333
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R–dependent quantum defect, 128,
576

ρ–doubling, 226
Rabi frequency, 435
radial stationary phase point, 669
radiation sources, 47
radiative lifetime, 68, 349, 659
raising and lowering operators, 73
Raman spectra, 632
rate operator, 648
Rb2

intensity anomalies in, 412
recurrence

first partial, 625
partial, 633

reduced mass
µ, 89

reduced term value plot, 117, 137,
244

reflection symmetry, σv, 70
relativistic potential curves, 94
remote perturber, 407
renormalized Numerov method, 265
rephasing

grand, 654, 657, 670
resolution, 15, 565
resonance, 564
resonance energy, 649, 693, 698, 699

operator, 637, 646, 648, 649, 694,
695

fractional dynamical impor-
tance, 649

Resonance Enhanced Multi-Photon
Ionization (REMPI), 26, 29,
37, 45, 553

resonance narrowing, 540
reversed angular momentum, 74
RFODR, 437
RKR

not for polyatomic molecules,
687

Rotational Coherence Spectroscopy
(RCS), 657, 658

rotational constant operator, 107
Bv, 98

rotational coordinates

conjugate momenta, 636
rotational Hamiltonian (HROT), 107
rotational intensity anomalies, 386
rotational perturbations, 92, 210, 325
rotational quantum number

natural
case (a), 117–119
case (b), 117–119

rotational wavefunction, 81, 142
RuC, 7, 10

spin-orbit constant, 322
Rydberg

vs. Franck-Condon wavepacket,
669

n∗−3 scaling, 669
pluck, 669
wavepacket, 669, 670

core-nonpenetrating, 669
core-penetrating, 669
effect of ion-core quadrupole,

670
grand rephasing, 670
precessional period, 670
stroboscopic effect, 670, 671

Rydberg n−3–scaling, 128
Rydberg constant, 5, 308, 568
Rydberg states, 61, 72, 308, 568

of N2, 188
of O2

3Πu, 186
Zeeman effect, 439

of NO, 440
Rydberg states in Hund’s case (e)

CO2, 125
CS2, 125
Hbr, 125
HCl, 125
HI, 125

Rydberg∼Rydberg interactions, 174
Rydberg-Klein-Rees (RKR) poten-

tial, 288
not for polyatomic molecules,

687
Rydberg-Rydberg transitions, 402
Rydbergization, 173, 560

in CH, 311
in HCl, 312
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in NH, 311
in O2, 311
in OH, 311

σv operator, 139, 159
A′, A′′, 140
e/f symmetry, 139, 140
effect on case (a-e) basis states,

145
on |λ〉, 141

Condon and Shortley phase
convention, 141

phase choice, 141
Σ+, Σ− and 0+, 0−, 139, 140
on total wavefunction, 143
total parity, 139, 140

laboratory inversion, I or E*,
138

1Σ+ − 1Σ+ system, 393
1Σ+

g states of H2, 236
1Σ+

u

perturbations in, 384
2Σ − X2Π transition

in CuO, 404
2Σ ∼ 2Π interactions, 328
3Σ−−1Σ+ transitions, 397, 399, 412
3Σ− state, 399
S–uncoupling, 649

dynamics, 695
operator, 212

R–dependent, 212
S2

spin-orbit perturbation in, 341
spin-spin constants, 326

Schrödinger equation
time-dependent, 177, 624, 672
time-independent, 625

Se2

intensity anomalies in, 395
predissociation in, 501, 502, 504,

520
spin-spin constants, 326
Zeeman effect in, 432

Second Harmonic Generation (SHG),
49

second order effects, 327, 328, 543

spin-orbit effects, 183, 196
spin-spin parameters, 323

second order term (or correction),
240, 243, 262

secular equation, 235, 262
selection rules

for electric dipole transitions, 145
for perturbations, 145
for spin-orbit operator, 182

Self-Consistent-Field (SCF) molec-
ular orbitals, 320

semiclassical
approach, 536
approximation, 511

in bound states, 279
sensitivity, 27
SeO

spin-spin constants, 326
SeS

spin-spin constants, 326
SH

Λ–doubling in, 227
predissociation in, 530

shape resonances, 312, 559, 599
in CO, 561
in N2, 561
in NCCN, 561
in NO, 561
in O2, 561
in OH, 561

short time dynamics
approximate quantum number,

655
SiF

collision induced transition in,
450

SiH
Λ–doubling in, 332

SiO
A1Π state, 244
adiabatic parameter, 171
H1Σ state, perturbations in, 63
perturbations in 1Π states, 175
perturbations in A1Π state, 293,

298
spin-orbit constant in, 321
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spin-orbit perturbation matrix
elements, 327

SiS
perturbations in A1Π state, 301,

374
spin-orbit constant in, 321
spin-orbit perturbation matrix

elements, 327
SiSe

spin-orbit constant in, 321
SiTe

spin-orbit constant in, 321
six (6-j) coefficients, 110, 111

intermediate angular momenta,
111

SO
forbidden 1Σ+−3Σ− transition

in, 412
spin-spin constants, 326

spectroscopic studies
of molecular ions, 28

spin eigenfunctions of S2, 151
spin interactions

in CO, 323
spin-component, Fi

convention, 140
spin-orbit

coupling constant A, 183
diagonal matrix elements, 184
effects, second-order, 199

isoconfigurational, 199
Inter-System Crossing (ISC), 658,

681, 688, 733
off-diagonal matrix elements, 187,

202
operator, 206
second-order

ππ′ configuration, 201
π3π′ configuration, 201
π3π′3 configuration, 201
in 3∆ state, 202
in P2, 202
phase choice, 202

spin-orbit constant
in AsN, 321
in CO, 321

in CrN, 322
in CS, 321
in CSe, 321
in CTe, 321
for σπ∗ configuration, 320
in GeO, 321
in GeS, 321
in N+

2 , 319
in N2, 319
in NO, 309
in NO+, 339
in O2, 319
of atoms and ions, 316
in π∗3π 3∆ states, 321
in P+

2 , 319
in P2, 319
in PN, 321
in PO, 309, 335
in RuC, 322
in SiO, 321
in SiS, 321
in SiSe, 321
in SiTe, 321
in TeH, 320
in VO, 185

spin-orbit coupling constants
in NO, 309
of Rydberg states, 309

spin-orbit perturbation matrix ele-
ments

in CO, 325, 327
in CS, 327
in CS+, 327
in SiO, 327
in SiS, 327

spin-other-orbit interaction, 182
spin-polarization, 602

in HBr, 603
spin-rotation

3Σ− of O2, 193
constant, 194, 330
operator, 191

spin-rotation parameters
correlation between AD and γπ,

337
spin-spin
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constant
α, 198
3∆ configuration, 200
η, 324
λ, 197, 323
in NBr, 201
in P2, 202
ππ∗ configuration, 200
π2 configuration, 200
π3π∗ configuration, 200
π3π∗2 configuration, 200
π3π∗3 configuration, 200
σπ configuration, 200
σπ2 configuration, 200
σπ3 configuration, 200

effects, second-order
λSO, 199
λSS , 199
λeff , 199
π2 configuration, 201

operator, 196
second-order spin-orbit effects,

196
spin-spin constants

in O2, 326
in S2, 326
in Se2, 326
in SeO, 326
in SeS, 326
in SO, 326
in Te2, 326
in TeO, 326
in TeS, 326
in TeSe, 326

spontaneous fluorescence, 632
SrO

perturbations in, 296
standard deviation, 250
Stark effect, 419
Stark quantum-beat (SQB), 433

in BaO, 433, 434
in CN, 436
in LiH, 433

state space
dynamics, 692
resonance energy operator, 693

transfer rate operator, 693
state-selective

detection, 638, 646
excitation, 646

stationary phase, 511, 632, 667
approximation, 667
point, 669

steepest descents, 254
Stimulated Emission Pumping (SEP),

26, 36, 103, 632
stretch-bend polyad, 696
strong and weak coupling limits, 656,

735
bifurcation in dynamics, 735

subband intensity anomalies, 404
Sum Frequency Generation (SFG),

49
supercomplex, 214

Rydberg
in BaF , 127
in NO, 127

superexcited state, 552, 564
decay pathways, 604

superposition state
pair of, 637

supersonic jet, 42
Surface Electron Ejection by Laser

Excited Metastable molecules
(SEELEM), 45

surface of section, 722, 729, 730
survival probability, 103, 624, 636–

638, 672, 680, 699, 700
transfer probability, 646

σv operator, 70
symmetry properties, 138

case (a) basis set, 138
parity, 138

Te2

spin-spin constants in, 326
TeH

spin-orbit constant in, 320
tensorial operators, 203
TeO

spin-spin constants in, 326
term-value method, 259
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TeS
spin-spin constants in, 326

TeSe
spin-spin constants in, 326

theoretical expressions for widths, 505
third-order effect, 269
three (3-j) coefficients, 110

coupled↔uncoupled, 111
selection rules, 204
use of, for transformations be-

tween Hund’s cases, 130
three-photon transition, 366

in CO2, 368
in NO, 367
in O2, 368

threshold photoelectron spectroscopy
(TPES), 557

Time-of-Flight methods (TOF), 22,
484

trajectories
phase space, 721

transfer probability, 636, 638, 646
transfer rate

in CO, 452
transfer rate operator, 694, 695, 698,

701
transformation

(a+, a) ↔ (a+, e), 132, 135
of basis set, 132
of H, 135
of Heff , 132

vi ↔ a†ai, 711
between Hund’s cases, 130
by diagonalizing Heff , 130
case (a)↔case (b), 116

2Π, 132
case (b)↔case (d), 121

of basis states, 121
of H(d) ↔ H(b), 121
of Hel, 121

case (d)↔case (e), 110
Clebsch-Gordan (CG) coefficients,

130
coupled↔uncoupled, 133
Fi spin-component convention,

131

normal↔local mode, 702
three (3-j) coefficients, 131, 133

(3-j)↔CG, 130
properties, 133
reversed angular momentum,

134
transition

in 3∆ − 3Π, 391
matrix elements, 390
in 1Π − 1Σ+, 393
in 1Σ+ − 1Σ+, 394
in 3Σ− − 1Σ+, 399, 412

transition moment, 348
case (b) np − 1Σ+, 398
case (c) 1

2 − 1
2 , 396

transition probabilities
Einstein, 349, 659

truncation of basis set
contact transformation, 684
Van Vleck transformation, 684

tunneling, 521
two-level problem, 674, 675, 678

autocorrelation function, 637
complex energies, 674
level attraction, 675, 678
level repulsion, 674, 675
nondegenerate perturbation the-

ory, 674
quasidegenerate perturbation the-

ory, 675
strong coupling, 676, 677
survival probability, 637
transfer probability, 637
weak coupling limit, 676–679

two-photon
transitions, 359

in NO, 365

ultracold collisions, 43
ultrashort pulses, 54
unique perturber approximation, 225,

259, 261
unitary transformation

trace invariance, 111
transformation coefficients, 107

notation, 107
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valence state, 262, 308, 315
valence∼Rydberg mixing, 308, 310
valence∼Rydberg perturbation, 262
Van Vleck transformation, 237, 247,

684, 709, 717
variance of the fit, 251, 256
variance-covariance matrix, 250
variational calculations, 234
vector coupling coefficient, 117
Velocity Imaging Photo-electron CO-

incidence Spectroscopy (VIPCO),
41

velocity modulation spectroscopy, 29
vibrational eigenfunction, 91
vibrational overlap integrals, 282
vibrational quasi-continuum, 671

relaxation into
direct vs. doorway mediated,

671
nonstationary state, 671

vibrational state branching ratio for
the photoionization of N2,
563

vibrational wavefunction
phase, 292

vibrational wavepacket, 630, 633
VO, spin-orbit constant in, 185
Voigt profile, 503

wavefunction
time-dependent, 625

wavenumber, 3
wavepacket, 476, 610, 623, 646, 656

center, 645
compression, 661
∆R vs. ∆P motion, 632
Gaussian, 661
interference, 649
interferometry, 650, 651

phase coherent, 653
Ramsey-fringe spectroscopy,

649
localized state, 644
motion, 650

of center, 644
in coordinate space, 625

nuclear, 659
rotational, 659
vibrational, 660

radial, 668
electronic, 668
Rydberg, 668

rephasing, 651
rotational, 667

recurrences, 668
Rydberg

effect of ion-core quadrupole,
670

vs. Franck-Condon, 669
Kepler period, 668
precessional period, 668
time evolution, 623

variance, σ, 645
vibrational, 661
width, 645

weighting function, 258
Wigner rotation matrix element, 107
Wigner-Eckart theorem, 71, 204
Wigner-Witmer rules, 471, 528
Worley’s third series, 314

Zeeman effect, 418
anticrossing, 421, 427

in CN, 418, 419, 428
in CO, 418
in H2, 428
in HCP, 418
in I2, 427
in N+

2 , 418
in NO, 418, 440
in OH, 437

g–value, 430, 438
gJ–value in Se2, 432
lifetime in I2, 426
quantum beat, 430, 432

in Se2, 432
Zero Electron Kinetic Energy (ZEKE),

38, 45
intensities, 591
spectroscopy, 557
spectrum, 558

of HCl, 593, 594
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of I2, 595
of NO, 558, 595
of O2, 557, 561


