SUBJECT INDEX

Afteretlect solution, single-domain
fertomagnelic particle refaxation,
Brown's medel, 232-234

Alignment erm, single-domain
ferromagnetic particle retaxation,
Brown's model, 226-227.
230-234

Anisolropic axes:

magnetoanisotropic nanoparticles,
10-13
Hamiltonian formuias, 67--69
linear suscepiibility. random
disiribution, 63, 66-67
magnetization, series expansions
along, 53-57
partition function, series
expansion, 29-32
powers expanded by free energy,
38-39
thermal equilibrium quantities,
longitudinal-field energy
barriess, 46—49
nonlinear susceptibility:
random distribution, 75-76
temperaiure dependence. 8385
overbarrier roiations, individual
spins, 134135
powers expanded by free energy:
field expansion of free energy,
37-38
free energy series random
distribution, 35-36
partifion function, 15-16
reduced nonlinear susceptibility,
To-T77
spin ensemble dvnamics, 142~ 144
temperature dependence, 136-137
quantum electrodynamics (QED).
resonance energy transfer,
Avorescence depolarizaiion.
380383

single-demain ferromagnetic particles,
nonaxially symmeiric particies,
246-256

Anisotropic property, defined, 330

Anisotropy field, dvnamical properties,
magneloanisotropic nanopariicies,
deterministic dynamics.
Landaw ~ Lifshiiz—Gilbert
equation, 101-103

Appreximation formulas, nonaxial
symmetry:

asympiotic formulas:

v, experimental observations,
277-27%
as function of field angle, 275-277

Brown's high-energy approximation,

256-262
analytic solutions, 263-265

[HD vs. LD formulas, Fokker-Planck
equation, 268-275

Kramers low-datping and
transition-siale results, 265-267

validity as function of damping
parameter, 267 -268

Arrhenius law, magnetoanisoropic
nanoparticles:

Shliomis-Stepanov model,
iongitudinal-field energy barriers,
9i

spin ensemble dynamics, 144

Asymploiic expansion:

approximaie formulas, 190-193

Fokker-Planck matrix calculations,
eigenvalue comparisons. 285-297

large megative argument, 188-189

large positive argument, 187-188

magaeroanisotropic nanoparticles:

free energy, strong anisotropy, 40

iongimdingl response. 148—150

magnetization, expansion for sirong
anisoiropy, 57-59

419
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Asymptolic expansion: {continned)
partition function, strong anisotropy.
32-35
thermal equilibrium quantities.
longitudinal-field regimex, 48--49
nonaxial svmmetry:
experimenial observations, 277279
tield angles and, 275-277
fuiure research applications, 308
one-dimensional Ising spin-latiice
meodel, Ising ring formation,
347353
Awtocorrelation function, single-domain
ferromagnetic patticle refaxation,
Brown's model, 233-234
Average squared wmagnetization (ASM),
one-dimensional Ising spin-lairice
model:
tsing chain formation, 353-354
Ising ring formation, 346-353
research background, 337340
statistical thermodynamics, 342343
Averaging equations:
anisoiropy axis, magnetoanisotropic
nanopariicles:
field expansion of free energy,
37-38
free energy random distribution, 36
dynamical properties,
magnetoantsoiropic nanoparticies,
magnetic morment Averages,
120-122
Axial symmetry:
defined, 330
dyramiical propetties,
maghetoanisotropic hanopatticies,
deterministic Landau—Lifshiiz
equation, 103-104
Fokker-Planck equation. Sturm-
Liouville expression, 118-120
single-domain ferromagnetic particles:
Brown's Jow-energy-barrier
approximation, 236
domain stivcture, 220
solutions for, 234—236

SUBJECT INDEX

Azimuthal angles:
anisotropy axis, magneloanisotropic
nanopariicles, 36
magnetoanisotropic nanoparticles,
deterministic dynamics, 105106

‘Backreaclion on system:

Brown-Kubo-Hashitsnine model, linear
couplings, 162-163
equations of motion, nonlinear
couplings, 203-207
Barrier height parameier:
Fokker-Planck maltix calculations:
corelation times, numerical
calcuiation of, 297-306
lowesi eigenvalues, 284283
nonaxial symmetry, vs.
intermediate-to-high damping
({THD} formula, 268275
single-domain ferromagnetic pariicles,
nonaxially symmetric pariicies,
246-256
Bath polaritons:
quaniuin electrodynamics (QED),
resonance energy iransfer,
363364
Baih polariions. quanium electrodynaimics
{QED), resonance energy transfer:
background. 360-361
molecular dynamics in dielectric
media, 389-400
nonrate regimes, 397-400
Beer law, guantun elecirodynamics
{QED), resonance energy transfer,
360-361
dielectric media, vibralional structure,
378-379
Bessel function, magnetoanisoiropic
nancparticles, pariition fanction,
6
Bilinear coupling:
Brown-Kubo-Hashitsume modei:
phenomenological equations.
t56-157
spin-environment Hamiltonians, 160
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Binomial coefficients,
magnetoanisolropic nanoparticles.
partition function, field series
expansion, 23-24

Bloch equations, dynamical properties.
magnetoanisciropic nanoparticles,
averaging equaiions, magneijc
momenis, 121 ~122

Blocked particles, in-phase linear
dynamical susceptibility, magnetic
nanoparticle dynamics, 92-84

Blocking iemperature:

magneioanisolropic nanoparticles, 7-8
low-frequency Shlromis-Stepanov
squation, 94-96
Shlicmis-Siepanov maodel,
longitudinat-field energy barriers,
89-91
spin ensemble, longitudinal
dynamical response, 140- 14§
nonaxial symmetry, future research
issues, 308
single-domain ferromagnetic particle
relaxation, Néel relaxation modei,
224
Boltzmann distribuiion:
Brown-Kubo-Hashitsume model.
phenomenological equations,
155-156
Fokker-Planck equation:
Markovian regime, {78-179
stationary solution, 113-115
magnetoanisotropic nanoparticles,
partition function and free energy,
14-15
stalistical properties, fluctuating
magnetic field, decoupling
condilions, 167168

Boltzinana’s constant, single-domain
fesromagnetic particles, domain
siructore, 217 -22¢

Born-Oppenheimer approxiination.
quantum electrodynamics (QED).,
resonance energy transfer,
dielectric media, vibrational
structure, 376379
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Bose operator, resonance dipole-dipole
interaction (RDDI), dielectsic
media, 372-376

Bax-Muller algorithm, dynamical
properties, magnetoanisotropic
nanoparticles, Gaussian stochastic
process, 132-133

Britlouin zone. quantum electrodynamics
(QED), resonance energy transfer,
displacement field operator,
402~403

Brown-Aharoni formula, Fokker-Planck
matrix calculations, asympiotic
estimale vs. numerical
calculations, 292297

Brownian particle dynamics,
Brown-Kubo-Hashilsume model.
linear couplings, 163

Brows-Kubo-Hashitsume model:

dynamical properlies,
magnetoanisotropic nanoparticles,
i07-i28
Fokker-Planck equations, 113-120
Langevin equations, 108110
Magnetic momeni averages,
eguaibions for, 120122
relaxaiion times, 123-128
stochastic dynamics, 100
magneloanisotropic nanoparticles, 6
Markovian regime, 179-180
stochasiic dvnamical eguations,
179-180
free dynamics and canonical
variables, 157159
Garanin-Ishchenko-Panina mode],
180181
linear couplings, 159-169
Huctuating source properiies,
167169
Hainiltonian notations, 160-163
spin-dynamics case, 163-167
spin-environment Hamilionian,
159160
tinear-plus-quadratic couplings,
169174
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Brown-Kubo-Hashitsume model:
(contimied
fluctuating source siatissical
properties. 173174
Hamilionian notations, 17¢-171
spin-dyramics case, 171-173
spin-environimeni Hamilionian,
169170
Markovian regime, 174~ 179
damping ceefficients, 176
Fokker-Planck equations,
177-179
Langevin equaitons, 174-176
phenomenological equarions,
153-156
Spin environment interactions,
156-157
summary. 18} ~[82
Brown's high-energy approximation:
Fokker-Planck matrix calculations,
asymprotic estimate vs. numerical
calculations, 294 -297
nonaxial symmeiry, 256-262
analytic soluticns, 263-265
damping parameter and validity of,
267-268
Brown's model. single-domain
ferromagnetic pariicle relaxation,
224-234
high-energy-bairier approximation,
236-244
low-energy-barrier approximation, 236
B/T superposition of Mg, nanometric
magneiic particle partition
fuaciions, magnetization, 31

Canonical variables,
Brown-Kubo-Hashitsume model,
free dynamics. 157-159

Casimir-Polder formula, quantum
electrodynamics (QED},
resonance epergy transfer. 362

Causality, quanivm electrodynamics
(QED3, resonance energy iransfer,
molecular dynamics in dielectric
media, 390-400

SUBIECT INDEX

Chain rules:

Brown-Kubo-Hashitsuine model, free
dynamics, canonical variables,
[58-159

one-dimensional [sing spin-tattice
model, Ising chain formation,
353-354

Collective emission, quanium
electrodynamics (QED),
resonance energy transfer,
350--3¢1

Condon factor, quantum electrodynamics
{QED), resonance energy transfer:

dielectric media, vibrational siruciure,
376-379

excited molecute decay, 387389

Continued fractions techniques, Fokker-
Planck equation. dynamical
properties, magnetoanisoiopic
nanoparticles, 99

Continpity eguation, Fokker-Planck
equation derivation, 11E-113

Convergence. dynamical properties,
magnetoaniseiropic nanoparticles,
order of, 129130

Correlation time {T. ), Fokker-Planck
matrix calcalations:

numerical computation of, 297-306

resubts tables, 323-229

Coulomb interaction:

quantum electrodynamics (QEDS),
resonance energy rransfer.
358-361

radiative (polariton) bath, 364

Coupled initial conditions, statistical
propesties, fluctuating magneiic
field:

linear couplings, 168169

linear-plus-quadratic couplings, 174

CPU time requiremenis. Fokker-Planck
mateix calculations:

¢orrelation times, numerical caleulation
of, 306

future research applications, 306307

lowest eigenvaloes, 284-283
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Cubic anisoiropy, Fokker-Planck matrix
calculations and, 306307
Curie point:
defined, 330
in-phase linear
dynamical susceptibility, magnetic
nanoparticle dynamics, 9294
one-gimensional Ising spin-lattice
model, 338-340
Ising ving formation, 347353
statistical thermodynamics, 342345
Curie susceptibility law.
inagnetoanisotropic nanopariicles:
linear susceptibility:
axial anisotropy, random
distribution, 83, 67
isotropic regime, 61
nonlinear susceptibility, 76--77
temperature dependence, 83 -85
Current density, single-domain
fertomagnelic panicle relaxation:
Brown's model, 22§-229
high-energy-basrier approximation,
axial symmetry, 238-244

Damping coefficient:
Langevin equation, 174-176
magneioanisolropic nanoparticles,
transverse response, 150-153
Markovian regime, t76
Dawson integral, Kummer functions and,
185~ 186
Debye relaxation:
iti-phase linear
dynamical suscepiibility . magnetic
nanoparticle dvnamics, 91-92
low-frequency Shhiomis-Stepunoy
model, magnetic nanoparticle
dvnamics, 87-88
magnefoanisotropic nanopartcles,
longitudinal response. 147 - 150
772 law, low-frequency Shliomis-
Stepanov equarion, 93-94
single-domain ferromagnetic particies,
221
Née] relaxation model, 224
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Decay factor. quantum electrodynamics
{QED), resonance energy teansfer,
360361

dielectric media, vibrational struciure,
378-379

spontanecus emission, excited
molecule decay, 385- 385

Decoupling conditions, statistical
propetties, fluctuating magnetic
field:

linear couplings, 167169
linear-plus-quadratic couplings,
173174

Degenerate propeities, defined, 330

Degree of polarization,
magnetoanisotropic nanoparticles,
partitton function, fieid series
expansion, 24-23

Deterministic dynamics,
magnetoanisoropic nanoparticles,
classical spins, Landav—Lifshiiz
{—Gilbert) equation, 10F-103

Detesrministic Landau-Lifshiiz equation,
dynamical properties. magneto-
anisotropic sanopartictes, 100

axially symmetric Hamilionjans,
103-104

Dexter exchange inieraction, quanium
elecirodynamics (QED),
resonance energy transfar,
350-361

Diglectric media:

quanivm electrodynainics (QED),
resonance energy transfer;
background, 359-361
fluorescence depolarization range
dependence, 379-383
malecular dynamics, 389400
energy shifis, 392394
nonrate regime, 397490
raie description, 396397
time evolation of guaniwm
sysiems, 390--362
spontaneous emission, 384389
trapsfer species vibrational struciure,
376-379
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Bieleciric media: (contined }
resonance dipole-dipole interaction
{RDDI):
relarded RDDI tensor analysis.
403-406
tensor analysis, 372- 376
Dimenstonless anisotropy, magneto-
anisotropic nanoparlicles, thermal
equilibrium quantities, 42-43
Dipole moments:
defined, 330
magnetoanisotropic nanopariicies,
linear susceptibility, vandom
disiribution, 66—67
Dirac delta functions:
magnetoanisoiropic nancpariicles:
Gaussian stochastic process,
108-110
partition functions in free encrgy:
Ising regime, 19
plane-rotator regime, 19-20
Shliomis-Stepanov model,
tongitudinal-field energy barriers,
89-91
Markovian regime, phenomenological
equations, 175176
Direction cosines, nonaxial symmetry,
orlhogonal transformations,
309-312
Direci solution technigues, Fokker-Planck
equalion, dyramical properlies,
magneioanisotiopic nanoparticles,
99
Discrete orientation:
Brown's high-energy approximaiton,
nonaxial symmetiy, 263-265
defined, 330
magnetoanisotropic nanopariicles,
tinear susceptibility, heuristic
reatment, 38
singhe-domain ferromagnetic particle
relaxation, 223-224
high-energy-barrier appreximation,
axial symmetry, 238-244
Néel relaxation model, 223

SURIECT INDEX

Dispersion relationships. resonance
dipole-dipole interaction (RDDIY:
dielectric media, 372-376
photonic bandgap crysials, 369-372
Displacement field operator, quanmin
electrodynamics (QED),
resonance energy Lransfer,
401403
Disiribution of magnetization orientation,
single-domain ferromagnetic
particles, domain siructure,
219220
Domains, single-domain ferromagnetic
particles:
geomeiric siruclure, 216-220
superparamagunetic effect, 212-213
“Dressed™ photons, quantum
electrodynamics {QED?),
resonance energy {ransfer, transfer
Tates, 366367
Dynamical properties, imagneto-
agisotropic nanoparticles. 99153
heuristic approach, 8599
frozen magnetic fluid experiment,
9699
iii-phase linear dynamical
susceptibility, 91-92
linear dynarnical response, 86—89
tow-frequency Shliomis-Stepanov
modet, 88-96
stochastic theory, 6, 99153, (82~183
Brown-Kubo-Hashitsume model,
107128
deterministic dyaamics, classical
spins, 101107
dynamics, 99-153
individual spin trajecrories, 133138
numerical method, 128-133
spin ensemble dynamics, 138~ 153

Easy-plane anisotropy:
dynamical properties,
magnetoanisolropic nanoparticles,
numerical calculations, 128
MAgneioanisotiopic nanoparticles:
deterministic dynamics, 105-106
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linear susceptibility formulas, 70-7]
series expansion of magnetization,
56-57
Effective eigenvalue, single-domain
ferromagnetic particle relaxation,
Brown's model, 233-234
Effective~-mass approximaiions,
resonance dipole-dipole
interaction (RDDI), photonic
bandgap crystals, 371-372
Cigenvalue calculations:
Brown’'s high-energy approximation,
nonaxial symmeiry. 263-2635
Fokker-Planck equation:
dynamical properties, magneto-
anisotropic nanoparlicles, 99
longitudinal relaxtion tines,
123-125
rmatrix compuialion:
asymplotic estimates, comparnison,
285-297
correlation time calculations,
297 -306
lowesi eigenvalue, 279-306
Stem-Liowville problem. 119120
integral relaxation time, 194
magneioanisotropic nanoparticles,
transverse relaxation time.
125-128
nonaxial symmetry, vs,
intermediate-to-high damping
{IHD} formula, 268-275
single-domain ferromagnetic particles:
Brown’'s moedel, 234
low-energy-barrier approximation,
236
nonaxially symmedric particies, 248
resuits tables, 316-322
EISPACK library, Fokker-Planck mutrix
calculations, 279
Energy transfer (ET). See also resonance
energy Lransfer
Entropy. magnetoanisotropic
nanoparticles, thermal equilibrium
quantities, 41 ~43
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Equations of motion, nonlinear couplings,
200-207
Equilibsium probability distribution,
magnetoanisoropic nanopaiticles,
partition function and free energy.
14-15
Equilibriuim properiies, magneto-
anisotyopic nanopariicles, 68
Hamiltonians. 813
linear suscepiibilicy, 61-73
longitudinal-field case, energy barriers,
1§13
magnetizailon, 49-61
nonlinear susceptibility, 73—85
thermal {caloric) quantities, 41-49
Equilibrium transverse susceptibility,
magnetoanisoiropic naroparticles,
spin enseimble dynamics,
14344
Error functions, Kummer functions and,
184-1%6
Euler-type algorithms, dynamical
properties, magnetoanisolropic
nanoparticles, numerical
calculations, 130132
Excitation frequencies, quantum
electrodynamics (QED),
resonance energy iransfer,
molecular dynamics in dielectric
media, 396-399
Excited state molecules, quanium
elecirodynamics (QED),
resonance energy iransfer,
spontaneous emission, excited
rmolecule decay, 385-389

Far-zone energy transfer, spontaneous
emission, quanium
electrodynamics (QED), 383-389

excited molecule decay, 385-389
reseavch background, 383-385

Fermi golden rule, quantum
electrodynamics (QED),
resonance energy iransfer:

sponianeeys emission, 384.- 389
transfer rates, 364-367
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Ferroftuids, nanometric particle
magneiizaiion, 4950
Ferromagnetic behavior:
one-dimensional Ising spin-lattice
model, 355-336
single-domain ferromagnetic particles,
relaxation mechanisms, 221 ~222
Field-cooled magnetization.
Fokker-Planck matrix
calculations, correlation times,
numerical calculation of, 306
Field series expansion:
magnetoanisolropic nanopariicles:
coefficienis, alternative expressions,
24-2%
free energy expansion, 3738
tsing regime, 27-28
isotropic regimes, 27
longitndinal-field regime, 28-29
magnetization, low-field expansion,
5961
partition function, 23-29
plane-rotatlor regime, 28
resonance dipole-dipole interaction
{RDDI}, dieleciric media,
373-376
Finite-size spin sysieins, one-dimensional
Ising spin-lattice model:
background, 337- 340
chain siructure, 353-334
ring structure, 345-353
statistica) thermodynamics of,
340345
temperature effects. 354-336
Fluctaaiing magnetic field:
dynamical response:
linear couplings, 164167
linear-plus-quadratic couplings.
173174
statistical properties, 167169
Flucation-dissipation reactions:
magnetoanisotropic nanoparticies.
Brown-Kubo-Hashiisume model,
107
Markovian regime. phenomenological
equations, 175-176

SUBIECT INDEX

siatistical properties, Huctualing
magnetic field, decoupling
conditions, 68
Fluorescence depolarization, quanium
elecirodynamics (QEDY),
resonance energy transfer, range
dependence, 379-383
Fokker-Planck equation:
Brown-Kubo-Hashitsume model,
phenomenological properiies,
154-156
Garanin-Ishchenko-Panina model, 181
integral relaxation time formuia:
low-frequency dynamical
suscepiibility, 194
perturbational solution in low
sinuscidal field, 195-197
magnetoanisoiropic nanoparticles,
dynamic properties:
derivation of, 110113
Itd caleulus, 109-110, 115-117
tongitudinal relaxation times.
123-125
longitudinal response, [48- (50
spherical coordinaies, 117-118
stationary solution, 113-115
stochastic approach using. 99-100
Sturm-Lionville expression, axial
symmetry, 118-120
Markovian regime, 177179
nonaxial symmetry:
asyraprotic expansion, field angles
and, 273277
Brown's high-eiiergy approximation,
258-262
THD vs. LD formulas, 268275
Kramers low-damping and
transition-siate results, 265-267
numerical compuiaston of mairix and
towest eigenvalue, 279-306
asymptotic estimaies. comparison,
285-297
covielation time calculations,
257-306
single-domain ferromagnetic particles:
axial symmeiry soluiions. 234236
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Brown's model. 227-234
[uture research issues, 307 -308
high-energy-barrier approximation,
axial symmetry, 242-244
matrix formulation, 249-252
nonaxialiy symmetric pasticles,
244 248
response function and initial
conditions, 232256
Forster theory of shor-range energy
transfer, quantum elecirodynamics
(QED}. resonance energy reanster.
358-361
diclectric media, vibrational suwucture.
378--379
excited melecule decay, 385-380
Fourier integrals:
quantum electrodynamics (QED),
resonance energy fransfer.
402--403
single-domain feitomagnetic particle
relaxation, Fokker-Planck
equation. mairix formulation,
249-252
Free-diffusion, dynamical properties,
magnetoanisotropic nanoparticies,
averaging equations, magnetic
moments, 122
Free dynamics, Brown-Kubo-Hashitsume
model, canonical variables,
157-159
Iree energy disiribution, magneto-
anjsotropic nanoparticles, 1322
definitions. 13-15
ising regime, 19
isotropic case, 17
limiting regimes, 16-22
longitudinal field case. 20-22
plane-votor regime. {9-20
series expansions, 35-40
anisotiopy axes, random distiibution
averages, 35-36
anisofropy parameter, expansion in
powers of, 38 -39
asymptotic expansion for sirong
arisotropy, 40
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field expansions, 37-38
logarithmic expansion, 35
simple axially symmetric anisoiropy
poteniial, 1516
zero-field case, 17-19
Frozen magnetic fluids, magnetic
nanoparticle dynamics, heuristic
approach, 96-99

Gamma (factorial) functions:
Kumuner functions and, 184186
magnetoanisotropic nanoparticles:

anisotropy axis, 36
asymptotic expansion, pattilion
function, 33-35
inagnetoanisorapic nanoparticles,
partition function, field series
expansion, 26--27

Gararin-Ishchenko-Panina model:
integral relaxation time, 197-198
Markovian regime. 180-181

Gaussian properties:
quantuim electrodynamics (QED),

resonance energy ransfer,
fluorescence depolarization,
382-383
statistical properties, fluctvating

magnetic feld:

linear decoupling conditions,
167-168

linear-plus-quadratic decoupling
conditions, 173174

Gavssian stochastic process:

dynamical properties,
magnetoanisotropic nanoparticles,
implemeniation, 132-133

Fokker-Planck eguation derivation,
FH0-113

magnetoanisoiropic nanoparticles,
108— 110

Gibbs canonical ensemble, single-domain

ierromagnetic particles, dorain
structure, 219-220

Gibbs free energy:
defined, 330
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Gibbs free energ: (continued)
single-domain ferromagnetic particle
relaxation:
axtal symmetry solations, 234
high-energy-barrier approximation,
236-244
nonraxially symmetric particles,
244-256
Giibert cquatioi.
See also Landau—Lifshiiz— Gilbert
cquation
Brown-Kubo-Hashitsume model,
Markovian regime, (76180
dynamicat properiies,
magnetoanisotropic ngnoparticles,
deterministic dynamics,
Landau-Lifshitz-Gilbert
equation, 102-103
linear couplings, spin-dynamics
case, 164167
magnetloanisotropic nanoparticles,
Brown-Kuho-Hashitsume modcl,
167
Markovian regime, 174179
nonaxial sysmmeiry, asymplofic
expansion, 278-27%
single-domain {erromagnetic particle
relaxation:
Brown's madel, 226234
nonaxially symmetric purticles,
246-256
Gittleman-Abeles-Bozowski model,
magnetoanisotropic aanopariicles:
linear susceptibility. heuristic
treatmeni. 38
lengitudinal response. 146150
transverse response, 151-153
Green function:
quantum electrodynamics (QED},
rescnance engrgy (ransfor,
spontaneous emission, 384 - 385
resonance dipole-dipole interaction
(RDDI), dicleciric media.
372-376
Gyromagnetic funciion:
deiined, 330

SUBIECT INDEX

Fokker-Planck matrix calculations,
asympiolic estimate vs. aumerical
calcnlations, 286-297

single-domain ferromagnetic particle
rclaxation:

axial symmeltry soluiions, 235244
Brown's mndel, 223, 230-234
nonaxiaily symmeiric particles.
245-256
Gyroscopic function, defined, 330

Hamiltonian equations:
Brown-Kubo-Hashitsume modet:
linear coupling, 160-163
linear-pius-quadratic coupling,
170-171
magnetoanisolropic nanopariicles,
8-13
dynamic properties. axialiy
symmetric Hamilionians,
deterministic Landau— Lifshitz
cquation, 103- 104
quantem electrodynamics {QED),
resonance energy transfer,
362-363
molecular dynamics in diclectric
media, 392-396
radiative {polariton} bath, 363- 364
resonance dipole-dipole interaction
{(RDDL, vacuum calculations,
367-369
Heuviside function, quantum
elecirodynamics (QED),
resonance energy transfer,
molecolar dynamics in dielecldic
media, 39%0-392
Hegerfeldt theorem, gquaniuvm
clectrodynamics (QED),
Yesonance energy transter,
mvlecular dynamics in dielectric
media, 396
Heisenberg-lype Hamilionian,
Brown-Kubo-Hashitsume model,
phenomenological cquations.
156157
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Heitler-Ma method, quantum
electrodynamics (QED),
resonance energy transfer.
molecular dynamics in dielectric
media, 390-392

Hermitan mainx, Fokker Planck
equation, Sturm-Liouville
problem, 120

Hessian matrix. nonaxial symmetry,
Kramers low-damping and
transition-state resubts, 266267

Heun scheme, dynamical propeniies,
magnetoanisotropic nanopariicles:

anumerical calculaiions, 130-132

spin ensemble response, 138-153

stochastic trajectories, individual spins,
132138

Heuristics, magnetoanisotropic

nanopaiticle dynamics, 85-86

frozen magnetic fluid experiments.
9699

linear dynamical response, 86-88

low-frequency Shliomis-Stepanov
model, 88-96

High-energy-bamrier approximations:

Fokker-Planck matrix calculations,
asympiotic estimate vs. numerical
calculations. 286-297

low-frequency Shliomis-Siepanov
equation, 96

magnetoanisolropic nanoparticles,
linear susceptibility, heuristic
treatment, §8

nonaxial symmetry, Brown's high-
energy approximation, 256 - 262

single-domain ferromagnetic particles,
axial symmetry solutions. 236

Hilbert space, single-domain
ferromagnetic particle relaxation,
Fokker-Planck eguation, matrix
formulation, 249-252

Hopiield model, resonance dipole-dipole
interaction (RDDD, dielectric
media, 373-376

Hysteresis, defined, 330

429

imaginary infinitesimals, resonance
dipole-dipole interaction (RDDY),
vacuum calculations, 369
Initial conditions, single-duimain
ferromagnetic particle relaxation.
Fokker-Planck equation, 252256
In-phase linear dynamical susceptibility,
raghetoanisoiropic nanoparticles,
91-92
integral relaxation time:
Fokker-Planck equation, Jow sinusoidal
field. 195197
Garanin-{shchenko-Panina formula,
197148
isotropic regime, 198
zero-fleld case, 198
low-frequency dynarmical
suscepiibility, 194
maghetoanisotiopic nanoparticies:
Brown-Kubo Hashitsume model,
124125
longiludinal response, 146- 130
Intermediate-to-high damping (IHD}
formula, nonaxial symmetry:
Brown’s high-energy approximation,
258-262
damping parameter and validity of,
267-268
future research issues, 308
Kramers low-damping and
transition-state results, 265 -267
vy, low-density formulas, 268275
Inter-potential-well rotations.
magneicanisotropic nanoparticies:
longitudinal vesponse, 148-150
spin ensemble dynamics, 141-142
Iatra-potential-well reloxation modes,
magneioanisotropic nanoparticles,
dynamic properties, longitudinal
response, 148—150
Ising medel;
finite-size spin sysiems,
one-dimensional model;
background, 337-340
chain structure, 353-354
ring steacture, 345-333
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Ising model: {centinued )
statistical thermodynamics of,
340-345
iemperature effecis, 354 -356
MAgNEToanisotropic nanopatrticles:
USYMPpLote expansion. partition
function, 35
dynamics, heuristic analysis, 9798
linzar susceptibility, 61
linear susceptibility. beuristic
treatment, 88
logitudinal-ficld energy barriers,
2t-22
magnetization, 50
expansion for strong anisolropy,
57--59
nonlinear susceptibility, 74, 8285
partition functions in free energy, (9
series expansion, pariition functions,
27-28
Isothermal maguetic susceptibiliiy,
one-dimensional Ising spiu-lattice
model, statistical
thermedynamics, 342345
isctropic regimes:
mtegral relaxation time, 198
magneioanisotropic nanoparlicles:
deterministic dynamics, 105
frec cnergy partition functions, 17
incar susceptibility, 6]
miagnetization, 50
nonlinear suscepiibility, 74, 81 -85
series expansion, partition funclions,
27
thermal equwlibrinin guantities,
43-44
single-domain fesromagnetic particles,
domain stiucture, 218-220
Tsserlis theorem, single-domain
ferromagnetic particie relaxation,
Brown's model, 227-228
Itd caleulus, dynamical propenties.
magnetoanisotropic nanoparticlcs:
Fokker-Planck equations, 115-117
Langevin eguations, 109—110
namerical calewlations, 130-132
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Kemel derivation, equations of raotion,
nonlinear couplings, 205-207
Kiein-Kramcers equation:

Browa's high-energy approximation,
nonaxial symmeiry, 259-262

Fokker-Planck matrix calculations,
asymptotic esiimaie vs. numerical
calculations, 294297

nonaxial symmetry:

asymptotic expansion. fictd angles
and, 276--277
asymplotic expansion vs,
experimental obscrvations,
277-27%
vs. inlerinediate-to-high damping
UHD) forinuda, 273-275
Kramers-Krénig relations, m/2 law,
low-frequency Shliomis-Stepanoy
gquation, 93-94
Krameis problem, nonuxial symmetry,
asymplolic expunsion, 277-279
Kramers theory:

Fokker-Planck muttix calcuiations,
asympiniic esiimate vs, numerical
calculations, 294-297

nonaxial symmetry:

Brown’s high-chergy approximation,
259262
damping parameter and validity of,
267-268
vs, infermediate-to-high damping
{IHD) formuia, 269-275
low—damping and transition-suate
resubls, 2653267
single-domain ferromagnetic particle
relaxation, 244-256
Krénecker delta, magneioanisotropic
nanoparticles, Gaussian stochastic
process, HIg— 110
Kummer functions:

definition. 18486

large negative argnment, 188-189

magacicaisotropic nanopariicles:

anisotropy axis, 36
asymplotic expunsion, partition
function, 33-35
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linear susceptibility. Hamilionian
formuias, 69
magnetization formulas, 53
pattition function, series expansion,
24-27
power series expansions, 187

Lamb shift, quantum electrodynamics
(QED}, resonance energy transter,
molecular dynamics in dielectric
media, 392-396

Landau - Lifshitz equation;

Brown-Kubo-Hashitsume model.
Markovian regime. 170~ 180

Gartanin-ishchenko-Panina model, 181

linear couplings, spin-dynamics case,
i65-167

linear-plus-quadratic couplings,
spin-dynamics case, 172173

Markovian regime, 17479

single-domain ferromagneiic particle
relaxation, Brown's model,
225--227

Landau—Lifshitz (- Gilbert} equation. See
alse Deterministic
Landau--Lifshitz equation; Giiber(
cquation: Stochastic
Landau—Lifshitz equation

dynamical properties,

magnetcanisolropic nanoparticles:

averaging equations, 121-122

deterministic dynamics, [01-103

dimensionless quantities, 128129

Fokker-Planck equation derivation,
i1i-i13

integration of, 132133

Ité ealeulus. Fokker-Planck
equation. | 16117

numerical calculations, 131132
s, heuristic modets, 146~ 153

spin ensemble response, 138~ 153

stationary solution, Fokker-Planck
equation derivation, 114-113

stochasiic approach, 99-100

stochasiie trajeciories, individual
spins, 133138
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Langevin-dynamics approach, Fokker-
Planck equation. dynamical
properties, magnetoanisotropic
nanoparticles, 99100

Langevin equation:

asymptotic expansion, 308
Brown-Kubo-Hashitsume model:
linear couplings, 163, 165-167
Markovian regime, 179-180
phenomenological properties,
154157
dvnamical properties,
magnetoanisolropic ranoparticles:
dimensionless quantities, 129
numerical schemes, 137110,
131-132
stochastical forms. 99-100
Fokker-Planck equation:
derivation, 110~113
Markovian regime, (77179
stationary soluiion, 113115
Garanin-Ishchenko-Panina modet,
180-181
magnetoanisotropic nanoparticles:
Inear susceplibility, Hamiltonian
formulas, 69
magnetization. 49-50
isotropic regime, 50
series expansions along axial
parameters. 33-57
paitition functions in free
energy, 17
reduced linear susceptibility, 63
seties expansion. partition function,
30-32
thermal equilibrium gquantities.
isoiropic regimes, 43-44
Markovian regime, 174-176
nonaxial symmeiry. Kramers
low-damping and transition-siaie
results, 266-267
single-domain ferromagnetic
particles:
domain structyse, 217-220
Fokker-Planck equation response
tunction, 256
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Langevin equation: {(continued )
statistical properties, fuctuating
magnetic fieid, coupied initiai
conditions, 169
EAPACK library:
DGESY equation sotver. 297306
Fokkey-Planck matrix calculations, 279
correlation times, numerical
ealeolation of, 297-306
DGEEV subrouiine, 283
Laplace transform:
single-domain ferromagnetic particle
relaxation, Fokker-Planck
equation response function,
252-256
single-domain ferromagnetic particles,
nonaxially syiumetric particies.
247.-256
Legendre funclions:
magneicanisotropic nanoparticles:
linear susceptibility, Hamiltonian
formulas, 68 —69
nonlinear susceptibility, 73
quantum electrodynamics (QED).
resopance energy transfer,
fluorescence depolarizaiion,
381.-383
single-domain ferromagnelic pariicle
relaxation, 313-313
Fokker-Planck equation, malrix
formulation, 249-252
high-energy-barrier approximation,
axial symmetry, 242-244
low-epergy-barrier approximation.
236
Leibnitz formula, low-frequency
Shliomis-Stepanov equation:
btocking temperatures, 95-94
/2 Taw, 93-94
Lennard-Jones potential, quantum
elecirodynamics (QED).
resonance energy transfer, 362
Levi-Civita symbol:
Brows-Kubo-Hashitsnme model. free
dynamics, canonical variables,
158159
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magnetoanisolropic nanoparticies,
Fokker-Planck derivaiton,
i11-113
Limiting regimes, magnetoanisotropic
nanoparticles, partition functions
in free energy, 16-22
Ising regime. 19
isotropic case, 17
lengitudinal-field case, 21-22
plane-rotator regime, 19~20
zeyo-field case, (7-19
Linear couplings, stochastic dynamical
equations, 159169
fluctuating source properties, 167169
Hamiltonian notations, 160- 163
spin-dynamics case, 163- 167
spin-environment Hamiltonian,
159-160
Linear-plus-quadratic couplings,
stochastic dynamical equations.
166174
fluctuating source staistical properties.
173-174
Hamilionian nofations, 170- 171
spin-dvnamics case, 171173
spin-envivonment Hamiltonian,
169 -170
Linear suscepiibility, magnetoanisotropic
nanoparticles:
approximate formulas, 70-72
axially symmetric Hamiitonian
formula, 67--69
formulas for, 62-64
heuristic eatment. 86— 88
in-phase susceptibility. 91-92
Ising regime, 61
isofropic regime, 61
longitudinal bias field fornwla, 71-72
tengitudinal field, 62
out-of-phase dynamical susceptibility
and energy-barrier distribution,
89-9]
plane-rotator regime, 62
probing-field magnetization derivative,
6d —66
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randomly distribuied anisotropy axes,
66-67

series expansion of magpetization,
5557

spin ensemble dynamics, 142-144

strong-anisotropy raige. 70-71

temperature dependence. 72-73

tensor structure, 66

weak-anisotropy range, 70

Local displacement field operator.

quantum electrodynamics (QED),

resOnNance energy lransfei‘.
401 -403
Logarithmic expansion:
magnetoanisotropic nanopariicles,
therimal equilibrivin quantities.
41-43
series expansions of free energy, 35
i.ondon potential, quantum
elecrodynamics (QED).
resonance energy iransfer, 362
Lengitudinal bias, magnetoanisctropic
nanoparticies:
linear susceptibility, heuristic
treatment, 8788
spin ensemble dynamics, 144145
vs. heuristic models, 146-150
Longitudinal energy barriers, magneto-
anisoropic nanoparticles, | 1--13
bias fields, 67. 71-72
linear suscepiibility, 62, 7i-72
magnetization, 4953
series expansion along anisotropy
axes., 35-57
nonlinear suscepiibility, 7
partition function and free energy,
20-22
series expansion, partition functions,
28-29
Shliomis-Stepanoyv model:
frozen magnetic fluid example,
98-99
out-of-phase susceptibility, 80-91{
spin ensemble dynamical response.
139141
thesmal equilibriem quantities, 46-49

Lengitudinal relaxaiion times:
Fokker-Planck matrix calculations,
asympiolic estimate vs. numerical
calculations, 287-289
magnetoanisoropic nanoparticles,
Brown-Kubo-Hashitsume model,
123123
quantum electrodynaimics (QED),
resonance epergy transfer
excited molecule decay, spontancous
emission. 389
spontancous emission, 384385
single-domain ferromagnetic parsicle
relaxation:
Brown's model, 234
high-energy-barrier approximation,
axial symmetry, 240-244
Lovenz factor, resonance dipole-dipole
interaction (RDDI), dielectric
media, 375376
Lossy dielectrics, guanium
electrodynamics (QED),
resonance energy transfer,
spontaneous emission, 384
Low-damiping formulas, nonaxial
Symmetry:
future research jssues, 308
transition-staie results, 265267
validity of, 207-268
vs. intermediate-to-high damping
{IHD) formutia, 268 -275
Low-energy-barrier approximations,
single-domain ferromagnetic
pariicles, axial symmetry
solutions, 236
Lowest eigenvalue (A, calculasions:
Folkker-Planck mairix, 279-283
numerical computation s, asympitotic
estimates, 283297
resulis tables, 316322
Low-frequency equations:
magnetoanisotropic nanoparticles:
finear susceptibility, heuristic
trearment, 87 —88
Shliomis-Stepunov modet, 88-96
transverse relaxation times, 199200
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MacLaurin series, one-dimensional Ising
spin-lattice model, statistical
thermodynamics, 343-245

Magnetic aftereffect behavior, single-
domain ferromagnetic particles,
relaxation mechanisms, 223

Magneiic dipole moment, defined, 330

Magiietic energy:

magnetoanisotropic nanoparticies,
10-13
Hamilionian expression, 9-13

Magnetic field absorplion coefficient,
one-dimensional Ising spin-latiice
model:

Ising chain formation, 354
seatistical thermodynamics. 343
Magneiic fux:
defined, 331
nanometric pariicle magnetization,
49-50

Magnetic hysteresis, single-domain
ferromagnetic particles,
superparamagnetic effect,
214-216

Magnetic moments:

Brown-Kubo-Hashitsuine model,
phenomenclogical equations,
154-156

dynamical properties,
magneicanisotropic nanoparticles:

averaging equations, 120-~122

individual spin stochastic
irajectories, 132138

probing-field direction projection,
137-138

ong-dimensional ksing spin-lattice
modet. statistical
thermodynamics, 340-345

Magnetic relaxation, magnetoanisotropic
nanoparticles, linear suscepti-
bility, heuristic treatment, 8688

Magnetization:

magnetoanisotropic nanoparticles.
49-61

formula, 53
Ising regime, S0
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isotropic regime, 50
longitudinal-field regime. 51~53
plane-rotator regime, 5]
probing-field derivative. Jinear
suscepiibility, 64-66
series expansions, 33-61
amisoiropy parameter, 53-57
asymptotic expansion for sirong
anisotropy, 5759
low-field expansion. 59—61
single-domain ferromagnetic parlicle
relaxation, Fokker-Planck
equation response funceion,
254256
Magnetization orientation, single-domain
fesTomagnetic particles:
Brown's relaxation model, 229-234
domain stractare, 219-220
MagnetoAnisotropic nanopatticles:
dynamical properlies:
heuristic approach, 85-99
stochastic approach, 99— 153
equilibrium properties, 6-8
Hamilionians, 8—13
linear susceptibility, 61-73
longitudinal-field ¢ase, energy
barriers. t1-13
magnetization, 49-61
nonlinear suscepibility, 73853
thermal (caloric) quantities, 4] —49
glassy properiies, 5
pactition function and free energy,
13-22
definitions, 13-15
ising regime, 19
isofropic case, 17
limiting regimes, 16—22
longitudinat field case, 20-22
plane-rotor regime, 19-20
simple axially symmetric anisotropy
potential, 15-16
zero-field case, 17-19
physical properties, 4-6
Markovian regime:
Brown-Kubo-Hashiisume model.
179-180
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Garanin-Ishchenko-Panina model.
180181
phenomenological equations, 174 - 179
damping coelficients, 176
Fokker-Planck cquations, 177179
Langevin equations, 174-176
single-domain ferromagnetic particle
refaxation, discrele-onentation
model, 323-224
Matrix elements, nonaxial symmeiry,
orthogonal transformaiions,
3N9-312
Maximum antsowopy figld, ssnometric
magnchic particle Hamiltonian,
11-13
Muxwell-Boltzmann distribution:
denned, 331
nonaxial symmelry, Kramers
fow-dumping und transition-skac
resulis, 265267
single-domain lTerromagnetic pariicles,
nonaxially symmetric particles,
247-236
Muaxwell equations, quantum
electrodynamics (QED),
resonance energy transfer,
sponianeous emission, 384385
Mcicr-Saupe potential,
Fiagnetoanisolropic nanoparticles,
dynamic properiics, loagiiudin
response, 148—150
Molecular interactions, guantum
electrodynamics (QED).
resonance energy transler:
dicleciric media, dynamics in,
389400
energy shiits, 3921306
nonratc regime, 397 -400
rvate descripiion, 396-397
time evolution of quantum systems,
390-392
Hamilionian equations, 362—363
Monte Carlo simulations:
asympione cxpansion, 308
dynamical propertics, iagnelo-
anisotropic nancparticles, 99

435

single-domain ferromagnetic particle
relaxation. Fokker-Planck
eguation response function. 256

Mutiiplicative Hucwsaiion:

dynamical properties, magneto-
anisoiropiv nunuparticles,
stochastic approach, 99

[Fokker-Plarck equation derivation,
111-113

linear couplings, spin-dynamics case.

166167

Néel relaxation fime:
dynamical propertics,
magnetoanisotropic nanoparticles:
aumerical calculations, (28
spin ensembie. ongitudinad
response, 139
Fokker-Planck maitrix calculations:
asymptotic csiimate vy, numerics
compuiation, 285-297
correlatien time calculations,
297-306
nEgRcoanisotiopic nanoparticles:
Fokker-Planck derivation, 113
longiudinal relaxation times,
124-125
nanaxial symimctry, Kramers
low-damping and transition-state
results, 266267
single-domain fersomagnetic particles.
221, 223-225
discrete-orientaiion assumpiion, 223
nonaxially symmetric particles,
245-256
fgid-coupling assumption, 223
Nernst's theoren, magneioanisowopic
nanoparticles, thermal equilibrium
guaniilies, i3otropic regimes, 3
Naise-induced diift cocfficiont, dynamical
Propertcs, Magnetoanzsonopic
nanopariicles:
averaging equailons, magnctic
moments, 121-i22
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Noise-induced drift coefficient, dynamical
properties, magnetoanisolropic
nanoparticles: (coniinued)

Fokker-Planck equations, 115-117
Heun numericat calculations, 130132
Nonaxial symmeiry:
approximarion formulas:
asymptotic formulas as function of
field angle, 275-277
asymptotic formulas vs.
experimenial observalions,
277-279
Brown’s high-energy approximation,
256-262
analytic soluricns, 263-263
IHD vs. LD formulas, Fokker-Planck
equation, 268~-275
Kramers low-damping and
transition-siaie results, 265-267
validity as function of damping
pararngier, 267268
defined, 331
single-domain ferromagnetic paiticles,
domain struciure, 220

Nonequilibrivin phencinena, nanometric
particles, 4

Nonlinear coupling:

Brown-Kubo-Hashitsume model, spin-
environmeni Hamiltonians, 160
reduced motion equations, 200207
Nonfinear susceplibility, magneto-
anisoiropic nanoparticles, 73-85
anisofropy axes, random disiribution,
75-76
approximate formulas, 80-81
formulas, 75-79
Ising regiime, 74
isotropic regime, 74
longitudinal-field energy barriers. 75
plane-rotator regime, 74
reduced nonlinear susceptibility,
76-77
signs of magnetization departure,
Ti-179
temperature dependence, 81-85
zero-field averages. 7930
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Nonrate regimes, quantum
elecirodynamics (QED),
resonance energy transfer,
molecular dynamics in dielectric
media, 397400

Nonvanishing eigenvalues:

Fokker-Planck malrix calculations.
asymptotic estimate vs. numerical
calculations, 296297

nonaxial symmeiry, vs.
intermediate-to-high damping
(IHD} formula, 269-275

Numerical calculations:

dynamical properties,
magneloanisotropic nanoparticles:

dimensionless quantities, 128
dimensioniess stochasiic
Landau—Lifshitz {-Gilbers)
equation, 128129
Fokker-Planck equation, 99
Landau —Lifshitz equation, 100
stochastic eqguations, 128-132
Fokker-Planck matrix calculations:
asymptotic estimate vs,, 285-297
correlation time computation, 297 -306

One-dimensional Esing spin-lattice model:
background, 337340
chain structure, 353354
ring structure, 345-353
statistical thermodynamics of,
340--345
temperature effecis, 354356
Order-disorder transition temperaiuse,
one-dimensional Ising spin-laitice
model, Istng ring formation,
347-333
Orthogonal transformation:
Fokker-Planck matrix calculations,
correlation times, numerical
calculation of, 305-306
nonaxial symmetry, 308-312
orithogonal coordinate transforimation,
nonaxial symmetry, 310-312
Oscillator-bath representaiion,
Brown-Kubo-Hashitsume model,
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phenomenoiogical equaiions.
15657
Out-of-phase susceptibility,
magnetoanisoitopic panoparticles,
Shliomis-Stepanov model,
longiiudinat-field energy basriers,
89-91
Overbairier rotation, magnetoanisoropic
nanopariicles, 4
spin ensemble, longitudinal dyrunical
response, 139-141
stechastic irajectories, individual spins,
133-135
Overdainping phenomenon,
magnetoanisotropic nanoparticles,
transverse relaxation time.
126-128

Palcomagnetism, defined. 331
Paramagnetism, defined, 331
Partition function:
magnetoanisotropic nanoparticles,
13-22
anisotropy parameter, 29-32
asymptotic expansion of. for strong
anisotropy, 32-35
definitions, 13~15
field expansion of, 23-29
ising regime, 19
isotropic case, |7
limiting regimes, 16—22
Yongituginal field case, 20-22
plane-rotor regime, 19-20
series expansions, 22-33
simple axially symmelyic anisolropy
potential, 15-16
thermal equilibrivm quantities.
41-43
zero-field case, 17-19
one-dimensional Ising spin-lattice
modei:
Ising chain formaiion, 353-354
Ising ring formation, 343-333
Phase (ransitions:
magnetoanisotropic nanoparticles.
longiwdinal response, 149150
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one-dimensional Ising spin-latiice
model, 338340
Phenomenotogical equations,
Brown-Kubo-Hashiisume model,
153-156
stochastic Gilbert equation, 153
stochastic Landau-Lifshitz eguation,
153-136
Photonic bandgap crysials:
quantum electrodynamics (QED).
fesonance evergy (ransfer,
360-361
spontancous emission, 384--389
resonance dipele-dipole interaction
(RDD1), tensor analysis. 369-372
Pholou states:
quantum electrodynamics (QED),
resonance energy transter:
radiative {polariton} bath, 364
transfer rates, 364 -367
resonance dipole-dipole interaction
{RDDD), vacuum calculations,
368-369
[1/2 law, low-frequency Shliomis-
Stepanov equation, magneto-
anisotropic nanopariicles. 52-94
Plane-rotator regime:
magnetoanisotropic nanoparticles:
lingar susceptibility, 62
nonlinear suscepiibibity, 7
nanometric magnetic pasticle pariition
functions:
free energy expansion, 19-20
magnetization, 51
series expansion, 28
Pochhamimer syimbols:
Kummer functions, 184-186
power series expansions, 187
Paisson bracket,
Brown-Kubo-Hashitsume model:
free dynamics, canosical variables.
1581359
linear couplings, 160163
linear-plus-quadratic couplings,
171-173
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Potenital minima
dynamics, magnetoanisoiropic
nanoparticles, 106-107
Power series expansions:
approximate formulas, 189—190
Kummer functions, 187
Preeession, defined, 331
Probabiliy distribution,
magnetoanisotropic nanoparticies,
partition functions in free energy,
Zevo-ficld regime, 17-19
Probing-field geometry:
dynamical
propertics, magnetoanisotropic
nanoparticles, magnetic momeni
ptojection, 137138
magnetoanisoiropic nanoparticles. spin
enscimble dynamics, 141-142
magnetoanisolrapic nanoparticles,
linear susceptibility, 6466
Praduct rule, Poisson bracket,
Brown-Kubo-Hashiisuime model,
linear couplings, 162163

Quaniumi electrodynamics (QED),
resonance energy transfer:
dielectric medium, 376-383
fluorescence depelanization range
dependence, 379-383
molecwlar dvnamies, 389--400
nonrate regime, 397 -400
rate description, 396-397
resonance dipole-dipole iteraction
{RDDI} tensor, 372-376
retarded resenance dipole-dipole
interaction (RDDID tensor,
403 -406
fime evolution, 300-392
vibrational structure, 376-379
tar-zone spoatanecus emission,
3R3-3%9
excited molecular decay in absorbing
mediunm, 385-389
Hamiitonian formulation, 361 -363
local displacement ficld operation.
401 -403
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radiative (polariton) bath, 363-364
research background, 358 -361
resonance dipole-dipole interaction
{RDDI) tensor, 367 -376
dielectric media, 372-376
photonic bandgap structure,
369-372
retarded calcwlations, dielecivic
medivm, 403 -406
vacuus case, 367369
transfer rates, 364-367
Quartic cquations, Fokker-Planck matrix
calculations, asympioiic estimate
v, nuimcrical calculanons, 286,
292297

Radiatinnless enevgy transfer, guantum
clectrodynamics (QED). 358--359
dieleciric mcdia, vibratianal structare,
378-310
fluorescence depolacization, 380383
Radzative (polariton) bath. See Bath
polarifons
Raikher-Shliomis formula, transverse
dynumical susceptibilily, 199
Range dependence, guanium
electrodynamics {QED).
resonance cnergy transfer,
fluorescence depolanization,
379-383
Real-cavity model, quantum
elecirodynamics (QED).
resonance energy iranster,
spontancous emission, 384
Recurrence relations:
derivations of, 186187
single-domain lfertomugnctic particle
relaxation:
Fokker-Planck equation, matrix
formolation, 251-252
Legendre tunctions, and spherical
harmonics, 313-315
Reduced linear susceptibility, magnelo-
aniselropic nanopariicles, 63-64
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Reduced nonlinear susceptibility,
magnetoanisoiropic nanoparticies,
7677
Relaxaiion times. See also Debye
relaxation
formula derivation, 194-200
integral relaxation time, 194--198
trapsverse relaxation time, 192-200
magnetoanisotropic nanoparticles,
Brown-Kubo-Hashitsume maodel,
107, 123-128
longitudinal relaxation, 123125
transverse relaxation time, 123-128
single-domain ferromagaetic particles:
axial symmetry solutions, 234236,
234-244
Brown’s high-energy-barrier
approximation, 236-244
Brown's low-energy-bairier
approximation, 236
Brown's model, 224-234
discreie-orientation model, 222-223
domain siructure, 216-220
mechanisins, 220-222
Néel model, 223-224
superparamagnetic effect. 212--216
Remanant magnetization:
defined, 231
single-donain ferromagnetic pasticles,
superparamagnetic effect,
214-216
Represenfing matrix, nonaxial symmeiry,
orthogonal transformanons.
309312
Resonance dipole-dipole interaction
(RDDI), quantum electrodynamics
(QED), resonance energy transfer:
radiative {polariton) bath, 364
retarded tensor calculations, 403406
tensor analysis, 367-376
dielectric media, 372376
photonic bandgap structure,
369-372
retarded calculations, dielectric
medium, 433406
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vacoum case, 367369
transler rates, 366-367
Resonance energy tansfer, quantum
electrodynamics (QED):
dielectric medivm. 376383
fluorescence depolarization range
dependence, 379383
moecular dynamics, 389—400
nonraie regime, 397 -400
rate description, 396--397
resonance dipole-dipole inieraction
(RDDI) tensor, 372-376
retarded resonance dipole-dipole
interaction {RDIDM} tensor,
403 -406
time evolution, 390392
vibrational structure, 376379
far-zone spontaneors emission,
383-389
excited molecular decay in absorbing
medium, 383389
Hamiltonian formulation, 361-363
lacal displacewment field operation,
40§--403
radiative {polariton) baih, 363364
reseaich background, 358361
resonance dipole-dipole interaction
(RDDI} teasor, 367-376
dielectric media, 372-376
photonic bandgap struciure,
369-372
retarded calculations, dielectric
mediwm, 403-406
Vacinam case, 367 -369
transfer rates. 364-367
Response function, singie-domain
ferromagnetic particle relaxation,
Fokker-Planck equation, 252256
Retarded dipole-dipole coupling. quantum
clectrodynamics {QED),
resonance energy transfer,
molecular dynarics in dielectric
media, 392-396
Rigid-coupling assumption, single-
domain ferromagneiic patticles,
Néel relaxation model, 223
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Saddle points, nonaxial symmetry:
Brown’s high-cnergy approximation,
257262
vs. iniermediate-to-high damping
(IHD) formula, 273-275
Schottky effect, magnetoanisotropic
nanoparticles, zero-field regimes,
46
Secomd-rank tensor,
Brown-Kubo-Hashitsume model,
phenomenological equations,
155156
Selt-adjoint operator, Fokker Planck
equatios, Sturm-Licuvilie
problem, 119120
Scries expansions, magnctoanisotropic
napopariicles:
anisotropy axes, random distribation
averages, 35-30
anisotropy parameter, cxpansion in
powers of, 3839
field expansions, 3738
free energy, 35-44
Kummer functions, 187189
asymptotic formula, large positive
argumenl, {87188
power series, 187
logarithmic expansion, 35
low-field expansion of, 59-61
magnetizaiion, 53-61
anisolropy power, expansion of
powers, 33-537
asymptotic expansion for strong
anisotropy, 40, 57-59
pattition function, 22-33
anisotropy parameter, 2932
asympioHic expansion for strong
anisotropy, 32-35
ficld cxpansion, 23-2%
Shiiomis-Stepanov equation,

magnetoanisciropic nanopariicles:

frozen magnetic fluids, 97 -G8
linear susceptibility, heorisiic
freatment, 88, 183
longitudinal response, 146150
low-frequency model, 88--96
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blocking energies, energy-bairier
distribution, 9496

in-phase linear dynamical
susceptibility, G1-92

out-of-phase linear sosceptibility,
energy-barrier distribution, 89-91

/2 law, 92-94

Single-domain ferromagnetic pariicles,

relaxation times:

axial symmmeiry soluitons, 234--236

Brown’s high-energy-barrier
approximution, 236-244

Brown'’s low-energy-barrier
approximaiion, 236

Brown's model, 224-234

discrete-orientation model, 222-223

doimain structure, 216-220

mechanisims, 220-222

Néel model, 223-224

ponaxially symmetric particles,

244 -256
magnetic response functions,
244.-247
matrix formulation, Fokker-Planck
equation, 249-252
response function and initial
conditions, 252-236
superparamagnetic etfect, 212--216
Spatial modulation, resonance
dipole-dipole interaction (R1JDL),
photonic bandgap crvstals,
369-372
Specific heai at constani field, magneto-
anisotropic naroparticles, thermal
equilibrium quantities, 42-43
longitudinal-field regimes, 4740
zero-field regimes, 4446
Spherical coordinates:

Fokker-Planck eguation, dynamical
properties, magneioanisotropic
nancparticles, 117--11§

nonaxial symmetry, orlhogonal
transformation, 312

single-domain ferromagnetic particles:

Brown’'s relaxation model, 230-234
domain sticture, 215220
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Fokker-Planck equation:
malrix formulation, 249-252
response function, 252-236
Legendre functions, 313-315
Spin ensembles:
dynamical response, 13§~ 153
bias field absence, 139-144
linear couplings, 163-167
linear-plus guadratic couplings,
171-173
linear susceptibility vs. heuristic
models, 146153
in longitudinal bias field. 144—146
lengrudinal response, 139141
vandom distribution of anisofropy
axes, 142-144
frapsverse respense, 141-142
one-dimensional Ising spin-lattice
model:
background, 337-340
chain structure, 353-354
ring strecture, 345-353
statisiical thermodynamics of,
349-343
temperaiure effects, 354 -356
Spin-environment Harilionjans:
Brown-Kubo-Hashitsume model:
linear couplings, 159—160
linear-plus-quadratic conplings.
169170
pheromenological equations,
i56-157
Markovian regime, phenomenaclogical
equations, 175176
“Spin solids.” one-dimensional Ising
spin-lattice model,
thermadynamics, 34{(-345
Spontaneous emission, quanium
electrodynamics (QEDY:
far-zone energy transfer, 383-389
exciied molecule decay, 385-389
research background. 383 -385
resonance energy iransfer, 359261
Spontasieous magnetization, single-
domain fervomagnetic pariicles,
domain struciure, 218-220

Static case, single-domain ferromagnetic
particle relaxation, Brown’s
imodel], 232-234

Stationary properiies:

Brown's high-energy approximation,
nonaxial symmetry, 237-262

magnetoanisotropic nanoparticles,
Fokker-Planck equation, 113-115

Statistical-mechanical averaging,

magnetoanisolropic nanoparticies:

magnetizalion formulas, 53

partition function and free energy.
14-15

thermal equilibriuim guantities, 41-43

Stanistical properties:

linear couplings, fluctuating terms,
i67-169

one-dimensional Ising spin-lattice
model, thermodynamics. 340-345

Stern-Gerlach experiments, nanometric
particle magnetization, 49-50

Stochastic differential equation, magneto-
anisofropic nanoparticles, Brown-
Kubo-Hashitsume model, 107

Stachasiic Gilbert eguation:

Brown-Kubo-Hashitsume model,
phenomenological properties,
153-156

magnetoanisotropic nanoparticles,
107-128

Langevin dynamical equaiions,
109110

Stochastic Landau—Lifshitz equation:

Brown-Kubo-Hashitsuime model,
phenomenotogical properties,
153-i36

dynamical properties,
magneioanisotropic nanoparticles,
dimensionless quantities,
128-129

magnetoanisotropic nanoparticle
dynamics, 109-110

averaging equations, 121-122
Fokker-Planck derivation, 111113
numerical scheres, 131132
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Stochastic Landau-Lifshitz equation:
{continued)
stationiary solution, Fokker-Planck
equation, 114-115
Stochastic resonance, raagneloamsotropic
nanoparticles, spin ensemble,
longitudinal dynamical response,
141
Stochastic theory:
defined, 331
dynarical equations:
Brown-Kubo-Hashitsume model,
179-180
free dynamies and canonical
variables, 157-159
Garanin-lshchenko-Panina model,
180- 181
linear couplings, 159169
fluctuating source properties,
167-169
Hamiltonian notaiions, 160163
spin-dynamics case, 163~167
spin-environment Hamilionian,
159- 160
linear-plus-quadratic couplings,
169174
fluctaating source statistical
properties, 173~174
Hamiltonian netations, 170171
spin-dypaiuics case, 171-173
spin-environiment Hamiltonian,
169170
Markevign regime, 174-179
damping coefficients, 176
Fokker-Planck equations,
177-179
Langevin eguations, 174-176
phenomenological equations,
153-156
spine environment interactions,
156-157
summary, 181-182
magnetosnisotropic nanoparticles, &
Brown-Kubo-Hashiisume model,
167128
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deterministic dynamics, classical
spins, 101-107
dynamics, 99-133
individual spin trajectories, 133-138
nuinerical method, 128-133
spin ensemble dynamics, 138153
Siochasiic trajectoties, dynamical
properiies. magnetoanisotropic
nanoparticles, 132~-133
implementation. 132-133
individual spins, 133~138
Stratonovich stochastic calculus:
dynamical properties, magnefo-
anisetropic nanoparticles, 99
Fokker-Planck equations, 115-117
Landau—Lifshiiz {(—Gilbert)
equanon, 100
Langevin equation, 109110
anmerical calculations, 1306132
stochastic trajectories, individual
spins, 133138
Fokker-Planck equation, Markovian
regime, 177-179
Sitrong anisotropy, magnetoanisotropic
nanoparticles:
asymptotic expansion, partition
function, 32-35
magnetizafion expansion, 57-59
series expansion, 40
linear suscepiibitity formulas, 70-71
nonlinear susceptibility formulas, 81
Stwrm-Liowville equation:
axially symmeiric Fokker-Planck
equation, 118120
integral relaxaton time formula, 194
magnetoanisoiropic nanoparticles,
dynamic properties, longitudinal
relaxation fmes, 123-125,
147-150
single-domain ferromagnetic pasticle
relaxation, high-energy-barrier
approximation, axial symmetry,
241-244
Subiraction techniques, dynamical
properties, magnefoanisoiropic
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ranoparticles, stochastic
irajectories, 132133
Summation indices, magnetoanisotropic
nanoparticles, asymptotic
expansion, partition function,
34-35
Superparamagnetisiu:
magneioanisotropic nanoparticles,
eguilibrium properties, 68
uonaxial symmetry. asymptotic
expansion, 277279
physical properties of, 4—-6
single-domain feiromagnetic particle
relaxation times, 212-216, 223
Synmmeteic anisotropy polential,
maghetoanisotsopic nanoparticles,
pactition function, 15— L6

Taylor series:
nonaxial symmeiry:
Brown’s high-energy approximation.
260-262
vs. intermediate-to-high damping
(IHD) formula, 268--273
power series expansions, 187
single-domain ferromagnetic pariicle
relaxation, high-energy-barrier
approximation, axial symmetry,
237-244
Temperature dependence:
magnetoanisoiropic nanoparticles:
linear suscepuibility, 72-73
noulinear suscepiibility, 77-79,
8183
reduced linear susceptibility, 63—64
stochastic frajectories, individuat
spins, 135~ 137
cne-dimensional Ising spin-laitice
model:
Ising chain formation, 353-354
Ising ring formation, 346-353
phase iransitions, 339-340
Tensor structure:
magnetoanisotropic naroparticles,
linear susceptibility, 66

443

resonance dipole-dipole interaction
{RDDI:
dielectric media, 372-376
photonic bandgap structure,
369-372
reiarded calculations, dielectric
medium, 403-406
retarded RDDIL, dielectric medium,
403 -406
vacunm calcukations, 367-369
Thermal equilibrium:
defined, 331
magneioanisotropic nanoparticles,
6-8, 41-49, 182
definitions. 41-43
isotropic case, 43-44
longitudinal field case, 4649
spin ensemble dynamics, 142
zero-field case, 4446
Thermodynamic quaniities. See free
energy; paitition function
Thermodynamics:
magnetoanisotropic nanoparticles,
thermal equilibrium quaniities,
41-43
cne-dimensional Ising spin-lattice
model, 340-343
Thermoremanant magnetization,
Fokker-Planck matrix
calculaiions, correlation times,
numerical calculation of, 306
Time-energy unceriainty principle,
resonance dipole-dipole
interaciion {(RDDI1}, photonic
bandgap crystals, 370-372
Time evolution, guantum electrodynamics
{QED}, resonance anergy transfer,
molkecular dynamics in dielectic
wedia, 390-392
Transfer rates, quantum elecirodynamics
(QED), resonance energy transfer,
364-367
Transition-state theory:
nonaxial svmmeiry, Kramers
low-damping and transition-state
resuits, 266267
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Transition-staie theory: (continued)
single-domain ferromagnetic particle
iclaxation, high-energy-barrier
approximation, axial symmetry,
237-244
Transverse refaxation time:
effective [ormulas, 199-249
magnetoanisotropic nanoparticles,
Brown-Kubo Hashitsume maodel,
125-128
quantuin electrodynamics (QED),
resonance energy transfer:
excited molecule decay, sponiancous
emission, 38%
sponianecus emission, 384-383
single-domain ferromagnetic particle
relaxation, Brown's model, 234
Transverse response, magnetoanisolropic
nanoparticles:
spin ensemble dynamics, 141 - 142,
146
vs, hewristic models, 150-153

Unaxial anisoiropy, defined. 331

Unit vector triad, nonaxial symmeiry,
orthogonal transformations,
308312

Vacuum caleulations:
quantum electrodynamics (QED).
resonance energy transfer,
molecolar dynamics in dietectric
media, 393--396
nonrate regimes, 398-400
resonance dipole-dipole interaction
(RDDI), 367--269
Vacuumi Rabi splitling, resonance
dipole-dipole tnteraction (RDD1).
photonic bandgap crystals, 372
Vector-addition rules, single-domain
ferromagnetic particle relaxation,
Legendre functions, and spherical
harmonics. 315
Vibrational structure, guantum
electrodynamics {QED),
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resonance encrgy transfer,
dielectric media, 376-379
Virtual-cavity case, goanium
electrodynamics {QED),
resonance energy transfer.
sponianeowus emission, 384

Waldram: variables, one-dimensional Ising
spin-latiice model, 354-336
Weak anisotropy, magnetoanisotropic
nanoparticles:
asymptofic expansion of magnetization.
39
linear susceptibility formulas, 70
nonlinear susceptibility formulas, 80
serigs expansion of magnetization,
5357
Weak-damping case, dynaimical
properiies, magnetoanisotropic
nanopaiticles, axially symmetric
Hamilionians, deterministic
Landan—Lifshitz equation, 104
Websites, www.neuib.no/netlib/lapack,
279
Weiss domains. single-domain
terromagnetic paiticles, 216
Weiss mean-field theory, one-dimensional
[sing spin-latiice model, reseaich
background, 338-340
Wigner symbols, single-domain
ferromagnetie particle relaxation,
Legendre functions, and spherical
harmonics, 315

Zeeman energy:
dyvnamical properties,
magnetoanisotropic nanoparticles,
axially symmeiric Hamilioniaas.
deterministic Landau--Lifshitz
equation, 104
magnetoanisotropic nanoparticles:
dynamic properties, longitudinal
relaxation thimes, 123125
thermal equilibrium quantities, 43
longitudinal-field regimes, 49
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Zero-field-cooled magnetization:
Fokker-Planck matrix calculations,
caorvelation times, numerical
calcuiation of, 306
ntegral refaxation time, 198
magnetoziisolropic nanopaiticles:
deterministic dynamics,
105-106
free energy expansion, 17~ 19
noniinear susceptibility,
7980
series expansion, 24-25

therma! equilibrivm guaniibes,
34 -46
nonaxial symmetry:
asymptotic expansion, 277279
future research issues, 308
one-dimensional Ising spin-lattice
model, statistical
thermodyiiamics, 342-345
Zero-point energy. quantum
electrodynamics (QED).
resonance t’,ﬁ{’}l’g)’ transfer,
radiative (polariton} bath, 364






























