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absorption
RF power,  118

due to Provotorov,  119
acceptance drift

geometric and dead time,  439
acceptance of detector,  284

in each kinematic bin,  436
acceptor,  100
acoustic phonon

emitted energy lux,  340
velocity of,  231

acoustic velocity,  83
adiabatic

transition,  29
adiabatic condition

ignoring relaxation,  442
adiabatic demagnetization,  33

cooling by,  35
in rotating frame,  35, 38, 95

adiabatic passage
in rotating frame,  39, 96

ADRF,  38, See adiabatic demagnetization
alcohol,  288
alignment,  17, 19, 20
alkanes,  288
amine,  288
aminoxyl

4-hydroxy-TEMPo,  148
oH-TEMPo,  148
oxo-TEMPo,  148
TEMPo,  148
TEMPoL,  148

ammonia
second-order spin couplings,  225

ammonia beads
irradiation,  312
preparation by freezing liquid droplets,  311
preparation by slow freezing and crushing,  311

ammonium borohydride,  288
analyte

molecule under study,  309

angular momentum
classical deinition of,  2
intrinsic,  3
law of conservation,  2
orbital,  3
quantum mechanical deinition,  3
vector,  2

anhydrous magnesium sulphate
water removal,  303

anisotropic hyperine tensor,  227
anomalous magnetic moment,  4, 98
APRF,  40, See adiabatic passage in rotating frame

at constant entropy,  443
density matrix with two temperatures,  443
high-temperature models,  444
magnetic ordering

loss of reversibility,  444
mixing ield,  443
of polarized proton targets,  460
polarization loss mechanisms,  444

APRF reversal of deuteron spins,  445
APRF reversal of proton polarization

superradiance,  445
Arrhenius law,  293
attenuation

in oversized waveguide,  400
rectangular guide,  400

azephenylenyls,  148

beam normalization,  439
beam polarization,  437
beam transmission,  290
Bessel function,  401

root of,  401
BHHA-Cr(V),  149

proton hyperine spectrum,  228
binomial coeficients,  108
biradical,  147, 309

in cross effect,  183
ToTAPoL,  147

bisdiphenylallyl (BDPA),  148
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bisdiphenylene-b-phenylallyl,  148
Bloch equations,  87
Bloch function

of conduction electron,  235
Bloch state

of conduction electron,  235
Bohr magneton,  4
boiling heat transfer

at low pressure,  344
correlation for 4He,  345
Cu-dilute solution,  345
dryout heat lux limit,  346
forced convection,  346
nucleate,  345
pool boiling,  346
propanediol-3He,  345

bolometer
microwave detector,  140
used for study of FM,  193

Boltzmann constant,  18, 279
Boltzmann distribution,  18, 24, 59, 66, 246
Boltzmann factor,  18
Boltzmann ratios,  189
Born approximation,  452
boron compounds,  288
Bose-Einstein condensation

4He,  481
Bose-Einstein statistics,  80
Breit-Rabi polarimeter,  431
bremsstrahlung

energy loss by,  286
Brillouin function,  19, 21, 29, 30
brute force polarization

27Al, 93Nb, 165Ho,  422
metal hydrides,  422
of nuclei in metals,  422
solid 3He,  423
solid HD,  423

BWo,  463, See backward wave oscillator

canonical
density of protons,  115
distribution,  24

CGS Gaussian system of units,  471
charged glassy beads

discharging,  307
chemical DNP,  425–427
chemical potential

of 4He,  367
chemical shift,  55, 477

anisotropic,  56
magic angle spinning (MAS),  229

chemical spin polarization
atomic hydrogen,  425
CIDNP,  427
parahydrogen induced polarization,  427

Clausius-Clapeyron equation,  381
coaxial line

characteristics,  503
electrical length,  250
phase transition in PTFE,  267
propagation constant,  250
semi-rigid,  267
thermal drift of attenuation,  267
thermal drift of length,  267

cobalt-iron alloy
magnet pole pieces,  409

coherent scattering
polarized slow neutrons,  290

coherent slow neutron scattering,  452
cold neutron beam

polarization by magnetic supermirrors,  452
commutation relations,  5
commutation rules,  32

exponential operators,  12
CoMPASS collaboration

triple target,  450
concentrated stream

energy balance,  358
conduction electrons

cooling of,  36
paramagnetic,  100

conigurational degrees of freedom
loss of,  292

contamination
by water frost,  331

convectional heat transfer
hydrodynamic surface area,  347
in dilute solution,  346

cooling cycle
dilution refrigerator,  355
evaporation refrigerator

3He,  350
4He,  350

cooling of the rotating sample
in MAS NMR,  463

cooling power
evaporation refrigerator,  351

counterlow heat exchanger
effectiveness,  375

coupling constant
spin-orbit,  51

coupling resistance,  249
Cr(V) complexes

in stable pure form,  304
preparation with diols,  302

Cr(V)-diol reaction
sensitivity to light and water,  302

critical temperature
for magnetic ordering,  460

critical velocity
for zero viscosity,  481
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cross effect
for MAS-DNP,  183
simulation using TEMPo,  184

cross effect DNP,  463
cross relaxation,  46, 79

lip-lop terms,  133
inhomogeneous broadening,  167
nuclear spins,  115
rate parameter,  184
role of nuclear spins,  135
spin pair lip-lop transitions,  133

cross relaxation parameter,  183
cross section

difference for opposite orientations,  284
unpolarized,  284

cross-relaxation
between different nuclear spin species,  239

crystallization
hindered nucleation,  292

Curie law,  21, 78
correction to,  22

Curie temperature,  22, 23, 32
Curie-Weiss law,  22
cut-off wavelength

rectangular guide,  399

damping resistance
resonant circuit,  252

Debye
cut-off,  126
frequency,  231
model,  80
temperature,  80, 132, 341

Debye frequency,  479
Debye model

phonons in glassy materials,  231
Debye temperature,  479, 480
density matrix,  23, 24, 73, 155

high-temperature approximation,  25
linearized,  25
off-diagonal elements,  25

deuterated ammonia
post-irradiation,  314

deuteron NMR signal
errors in asymmetry,  269

devitriication
microcalorimetry,  296
stability against,  299

differential solid effect,  463
diffusion

nuclear spin,  230
of nuclear spin polarization,  242

diffusion barrier
for nuclear spins,  242

diffusion constant
in dilute stream,  367

dilute solubility line
of phase diagram,  482

dilute solution
degenerate Fermi luid,  366
isenthalpic expansion,  366

dilute stream low
limited by diffusion,  366

dilution factor
for pure chemical substance,  286
of PT material,  284
of target

mean over kinematic bins,  437
dilution refrigerator

cooling power,  357
counterlow heat exchanger,  357
design of low channels,  362
enthalpy in the dilute stream,  483
evaporator and condenser,  355
expansion device,  355
main heat exchanger,  356
maximum cooling power,  357, 361
mixing chamber,  356
optimum low,  360
optimum low of 3He,  357
phase boundary,  356
principle of operation,  355
still,  355

diol,  288
diphenyl picryl hydrazyl (DPPH),  148
dipolar broadening

fourth moment,  207
of EPR line,  111
of NMR line,  206
second moment,  206

dipolar energy
quantum mechanical,  45

dipolar ield,  32
local,  112

dipolar frequency,  69, 72, 113
dipolar interaction

energy,  24
dipolar lineshape

at high polarization,  207
moments at high polarization:,  208

dipolar spin-spin interactions
secular part,  164

dipolar temperature,  61, 133
dipolar width,  113, 114

EPR line,  115
Dirac term

scalar interaction,  184
direct process

relaxation rate due to,  84
dispersion relation

for 4He superluid,  481
dissolution-DNP (dDNP),  183, 465
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dissolution NMR
DNP before rapid melting,  309

Dittus and Bölter correlation,  376
divacancy,  100
DNP,  155

by cross effect,  182
by overhauser effect,  187
cross effect at low temperatures,  183
diffusion barrier,  180
dynamic cooling of the spin-spin interactions,  155
enhancement of MAS NMR signal,  309
in luorene

using photoexcited phenanthrene,  321
in irradiated Ca(oH)2,  319
in irradiated CaF2,  319
in irradiated glassy butanol,  320
in scintillating plastics,  308
irradiated deuterated butanol,  321
leakage factor,  179
of hyperine nuclei,  184
overhauser effect,  155

in liquid state,  190
in solids,  190

solid effect,  155
time evolution,  174
using cross effect,  309
via electron spin locking,  429
with frequency modulation,  191
with inhomogeneously broadened EPR line,  167

DNP in crystalline materials
using substitutional paramagnetic ions,  322

DNP MAS NMR spectroscopy,  462
donor,  100
double balanced mixer,  249
doublet

non-kramers,  125
D-state probability

deuteron,  201
dynamic cooling

inhomogeneous broadening,  163
of electron dipolar interactions

at high temperature,  161
dynamic cooling of nuclear spins

phenomenology,  156
dynamic nuclear polarization. See DNP

effective damping
frequency sensitivity,  252

effective ield,  38
effectiveness method

design of heat exchangers,  374
EHBA-Cr(V),  149

preparation,  304
proton hyperine spectrum,  228

eigenfunction,  25
of spin operator,  6

eigenvalues
of spin 1 Hamiltonian,  216

EIo,  463, See extended interaction oscillator
elastic coherent scattering

forward peaked,  455
elastic peak

for free protons,  289
elastic scattering

elastic peak,  439
electric ield

asymmetry parameter,  49
gradient,  49

electric quadrupole moments
of nuclei,  200, 203

electromagnetic compatibility (EMC),  279
electromagnetic interference (EMI) 

control of,  279, 382
electron dipolar interactions

neglect of,  172
electron-nucleus spin interaction

dipolar,  227
hyperine,  227

Ellis-Jaffe sum rule,  450
EMC solenoid

main and trim coils,  418
EMI control

design of signal paths,  280
hardening by circuit design,  280
RF interferences,  279

energy conservation
in dynamic cooling,  165

energy reservoirs
electron dipolar,  156
electron Zeeman,  156
nuclear Zeeman,  156

enthalpy
dilute solution,  357
helium isotopes and their mixtures,  483–485
of helium mixtures,  483
of the concentrated stream,  484
osmotic,  483

enthalpy-pressure diagram
Joule-Thomson cycle,  351

entropy,  28, 31, 35
additive quantity,  28
equilibrium,  27
excess between liquid and crystal,  293
in high magnetic ield,  29, 30
loss of,  39
maximum for a spin system,  28
measurement of,  29
of 4He,  367
of a composite system,  28
of a spin system,  24
quantum statistical deinition,  28
relation with polarization,  460
with dipolar interactions,  32

entropy theory
glass transition,  293
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EPR saturation,  172
EPR spectrometer

high ield,  138
V-band,  139
X-band,  135

EPR spectroscopy,  135
in situ,  140

EPR spectrum
from NEDoR signal,  146

equilibrium thermodynamics
in a glass,  292

equivalent surface-to-volume
heat transfer surface,  339

equivalent surface-to-volume diameter
low resistance parameter,  340

European Muon Collaboration (EMC)
CERN NA2 twin target,  448

evaporation refrigerator
with 3He-4He mixture,  353

exchange interaction,  40, 55, 58
exchange narrowing,  118

Fabry-Perot interferometer
semiconfocal,  139

false asymmetry
estimation and mitigation,  439–441

fast neutron beam
polarization using polarized proton target,  290

F-center,  100
F-centers

in glassy organic materials,  149
Fermi contact interaction,  54
Fermi distribution function,  236
Fermi pseudopotential,  453, 458
Fermi surface,  57

of conduction electrons,  236
Fermi-Dirac statistics,  481
ibre-optic links

replacing galvanic lines,  280
FID. See free induction decay

time scale,  88
FID envelope,  67
igure of merit

for a scattering experiment,  436
material dependent part,  285
maximization in intense beam,  285
of PT,  284
of the target,  437

illing factor
of probe coil,  261

ilm boiling
critical heat lux,  380

inite element (FE)
numeric simulation,  413

lash evaporation,  353
lip-lop term,  46
fountain pressure

in 4He superluid,  481

free electron
trapped by solute molecule,  150
trapped in a cavity,  150

free induction decay,  62
free precession signal

non-exponential,  88
free radical,  147

radiolytic,  99
stable,  99

free radicals
table,  475

free-volume model
glass transition,  293

Fremy’s salt,  148
frequency modulation

during DNP,  463
effect on EPR spectrum,  143
effect on NEDoR signal,146  
repopulation of hyperine lines,  195

frozen spin operation
coolant density measurement,  440
during ield rotation,  379
transverse ield mode,  379

fusion with polarized fuel,  290

gamma function,  498, 500
gaseous helium

speciic heat,  486
Gaussian function

normalized,  71, 497
gel matrix

immobilizing radicals,  465
general relativity,  2
g-factor

anisotropic,  101, 114
coupling with the lattice,  101
Dirac value of,  4, 98
free nucleon,  199
quark

in naïve quark model,  200
structural,  4

Gibbs free energy,  28
glass

organic,  132
glass former

characteristics,  292
glass transition

1,2-propanediol,  299
microcalorimetry,  296

glass transition temperature,  292
glassy material,  70, 115

delayed heat release,  299
mould casting,  308

glassy materials
chemically doped,  291
properties of the matrix,  292
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glassy target beads
preparation of,  306

Glebsch-Gordan coeficients,  49, 201
gluon,  2

contribution to nucleon spin,  200
Gomberg’s triphenylmethyl radical,  148
Gorter’s formula

for relaxation time,  236
gradient tensor

electric ield,  48
group velocity

rectangular guide,  399
g-shift

paramagnetic electron,  100
unpaired electron,  101

gyromagnetic factor,  45
gyromagnetic ratio,  3, 21, 199

sign of,  5
gyrotron,  463

hadron,  2
Hamiltonian,  47

dipolar,  31, 45
secular part,  33

electron exchange,  58, 118
Hermitian,  69
phonon,  82
secular part,  47
spin,  13, 17
spin orbit,  51
Zeeman,  17, 33, 45

heat capacity
of spin system,  131

heat exchanger
continuous-low,  358

heat lush effect,  355
for measurement of osmotic pressure,  485

heat transfer
in sintered sponge,  359
sintered powder and liquid,  492

heat transport
by evaporating superluid ilm,  349
subcooled 4He superluid,  349

Heaviside-Lorentz system of units,  473
helium gas puriiers,  386–388

operation,  388
helium pump

leak testing,  386
Root’s blower,  384
rotary blade pump,  385

helium recirculation systems
active puriiers,  385
adsorbent puriiers,  386
pump oil purge,  385
shaft seal,  386

high-intensity beam
direct heating of target,  438
radiation damage,  438

high-resolution NMR technique
pulsed NMR,  462

high-temperature approximation
interacting spin system,  31

horn antenna
coupling structure,  463

hydraulic surface area,  370
hydrodynamic surface area,  493
hydrogen

free molecule wavefunction,  223
solid spin conversion,  224

hyperine constant
isotropic,  107

hyperine interaction,  54
dipolar term,  184
neglect in DNP,  173

hyperine splitting,  107
hyperine tensor,  107

anisotropic,  54, 107, 109, 114
isotropic,  54

hyperpolarization,  421, 460
deuterated glucose,  466

impedance
rectangular guide,  399

incomplete inner shells,  98
indirect coupling between nuclear spins,  55
indirect nuclear spin interaction

pseudo-dipolar,  226
pseudo-exchange,  226

indirect spin interaction
NMR lineshape,  222

integral theorem of Cauchy,  64
integrated beam luxes

through target,  436
integrated NMR signal

linearity,  270
International System of units (SI),  471
inverse temperature,  34
irradiated ammonia

preparation,  311
irradiated crystalline materials

F-centers,  151
H-centers,  151

irradiated lithium hydride
structure and properties,  314

irradiated materials
radical yield,  310

irradiated PT materials,  309
irradiation

safety aspects with liquid N2,  322
irradiation damage

bleaching by light,  326
in irradiated ammonia,  327
repair by annealing,  325

irradiation effects
in situ,  324
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isospin mirror nuclei,  201
isotropic hyperine tensor,  227
isotropic space,  2, 6
ITS-90 scale

possible improvement using NMR,  278
vapor pressure of helium,  276

ITS-90 temperature scale,  381

kapitza conductance,  171, 492
Cu-3He,  341
Cu-4He,  341
deuterated butanol-dilute solution,  344
epoxy-3He,  343
FEP-dilute solution,  343
glassy butanol-4He,  343
paramagnetic salts-4He,  342

kapitza conductances,  341
kapitza resistance

acoustic phonon mismatch,  340
heat transfer,  306
solid ortho-hydrogen,  224
thermal boundary resistance,  340

kinematical bin,  436
knight shift,  55, 56, 229, 477
korringa constant,  36, 238

effect of impurities,  238
with weak coupling,  239

korringa law,  422, 428
korringa relation

between relaxation and knight shift,  238
kozeny-Carman equation,  370
kramers doublet

in YES,  424
kramers-krönig equations,  247
kramers-krönig relations,  64, 65, 76
kramers-krönig transform,  499

Lagrange multipliers,  34
lambda-transition,  481
Landé g-factor,  51, 101
large superconducting magnets

examples,  417
Larmor frequency,  17

chemical shift,  229
Larmor precession,  11

classical treatment,  12
frequency of,  21, 246, 477

lattice interactions,  76
lattice stress

interstitial radiolytic centers,  314
leakage factor,  173
leakage mechanism

for nuclear spin polarization,  94
level gauge

for liquid helium,  384
Ley’s radical,  182

linear distortion
of wide NMR signal,  269

linear response
approximation,  119
theory,  60, 162, 204

lineshape
Gaussian,  134
Lorentzian with cut-offs,  114
quadrupolar,  49, 50, 210

in high ield,  210
lineshape functions,  496

moments of,  67, 68, 496
linewidth

EPR contribution of nuclear spins,  115
Liouville formalism,  78
liquid nitrogen

explosion following irradiation,  322
lithium deuteride 6lid

irradiated,  288
lithium hydrides

DNP results,  315–319
high radiation length,  288

LMN
crystal growth,  323

local ield,  33, 44, 72
Lorentzian function,  71, 498

Mach number
at freezing radius of atomic beam,  430

magnet pole pieces
shimming,  412

magnet system
CEN-Saclay Nucleon-Nucleon experiments,  

 419
magnetic cooling,  29
magnetic dipole interaction,  43–48

energy of,  17
magnetic dipole moment

of nuclei,  199, 200
of nucleon,  199

magnetic dipole operator
for a nucleus,  200

magnetic energy levels,  9
magnetic ield

transverse,  48
magnetic induction,  43, 113
magnetic moment

density,  20
magnetic moments

table,  476
magnetic ordering

due to exchange interaction,  58
loss of entropy,  460

magnetic resonance,  58
magnetic scalar potential,  43
magnetization,  21

evolution of,  16
static,  20, 246
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main heat exchanger
axial conduction,  365
viscous heating,  365

MAS-DNP
sensitivity enhancement,  229

mass diffusion
of dilute solutions,  490

mass lowmeters
calorimetric,  383

matrix representation
of spin operator,  7–9
spin 1 vector,  216

Maxwell-Boltzmann distribution,  157, 159
mechanical vacuum model,  491
memory functions,  78
metallo-organic complexes,  477
metallo-organic compounds,  100, 149
methane,  288

spin conversion in solid,  224
microwave counter

with harmonic downconversion,  408
microwave power

measurement by calorimeter,  408
microwave source

backward wave oscillator (BWo)
carcinotron,  393

extended interaction oscillator (EIo),  394
IMPATT diode source,  395
klystron,  394
measurement of frequency and power,  408

miniature gas turbines
for MAS NMR,  462

mixing ield,  34
modiied Lorenzian function

moments of,  499
modiied Lorenzian functions,  498
molecular dioxygen (o2),  147
molecular ield effect,  23
molecular spin effects,  57
molecular spin isomers,  222
MRI contrast enhancement,  464
MRI sensitivity enhancement,  464
multimode cavity,  463
multiple scattering,  285, 437, 438
multiple targets in same beam

mitigation of drift sources,  448
mutual friction

in dilute solution below 0.25 k,  491
in dilute stream,  366

ND3
irradiated,  288

NEDoR spectroscopy,  145
nitronyl nitroxides,  148
NMR circuit

crossed-coil,  272

NMR coil
Q-factor,  252

NMR line broadening
Van Vleck formulas,  227

NMR measurement of polarization
principles,  245

NMR saturation
by polarization measurement

neglect of,  172
NMR signal

ab initio size,  253
calibration for polarization measurement,  275
continuous-wave (CW),  260
saturation,  256
signal-to-noise ratio,  254

non-equilibrium phenomenon
liquid-glass transition,  292

normalized Gaussian function,  497
nuclear magnetic cooling,  35
nuclear magnetic ordering,  36, 39, 40, 460

in Ag,  40
in AuIn2,  40
in Ca(oH)2,  41
in caf2,  41
in Cu,  40
in LiH,  41
in Rh,  40

nuclear magnetic phases
by neutron diffraction experiments,  461

nuclear magneton,  477
nuclear overhauser effect

NoE sequence
I. Solomon,  429

nuclear spin polarization
by brute force,  421

nuclear spin relaxation
in dielectric solids,  235
in metals,  235
polarization dependence,  232

nuclear spin-lattice relaxation
shell-of-inluence model,  230

nucleation of crystal growth
effect of impurities,  297
in slow cooling,  296

nucleon,  2
Nusselt number,  374, 375

operation in high beam lux
frozen spin mode,  373

operation in high beam luxes
choice of refrigeration method,  372

operator
exponential,  12
ladder,  6

optical pumping
by collisional spin-exchange (SEoP),  432
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by metastability-exchange (MEoP),  431, 432
ground-state and metastable atoms and  

ions,  431
in dense gas,  430

optically pumped 3he

MRI contrast medium,  291
optimum ilter

pre-iltering and cross-correlation,  446
orbach expansion

lattice potential,  124
orbital moment

nuclear,  53
quenched,  53

orbital motion
contribution to nucleon spin,  200

oriented single crystal
ellipsoidal,  461

ortho-hydrogen,  223
osmotic pressure

loss in dilute stream,  366
of dilute solutions,  485

overhauser effect,  427, 464
DNP,  463
in liquid phase using TEMPo,  464
in metals and liquids,  427

para-hydrogen,  223
paramagnetic compounds,  147
paramagnetic ion

Nd3+ in LaAlo3,  149
Nd3+ in laf3,  149
Nd3+ in LMN,  149
Tm2+ in caf2,  149

paramagnetic oxygen
magnetic liquid,  147

paramagnetic substance
diluted,  98

paramagnetic susceptibility
static,  21, 99

paramagnetism,  98
partition function,  24, 28, 34
parton,  2
Pascal’s triangle,  108
Penning trap,  4, 477

single-electron,  98
perdeuterated propanediol

reduction of potassium dichromate,  303
permeability

of free space,  20
perturbation theory

time-dependent,  16
phase diagram of 3He/4He mixtures,  481
phase sensitive detection

real part of Q-meter signal,  249
phase separator

4He liquid-gas,  378

phase velocity
rectangular guide,  399

phonon,  80
ballistic,  130

phonon bottleneck,  130
DNP speed limiting,  165
kochelaev model,  132
with frequency modulation,  132

phonon energy,  82
phonon spectrum,  479
phonons

in 4He superluid,  481
Planck constant,  2
PLTS-2000

provisional low temperature scale,  486
provisional temperature scale,  277

point defect
interstitial,  100
substitutional,  100

Poiseuille low
laminar region,  369

Poisson’s equation
vector form,  412

polarization,  17, 18
adiabatic reversal of,  34
measurement,  22, 60
measurement of,  21
tensor. See alignment
vector,  17

polarization asymmetry
in scattering experiments,  283

polarization by spin selection
in atomic beam,  430

polarization of nuclei in large biomolecules,  454
polarization reversal

by adiabatic passage in rotating frame  
(APRF),  442

by DNP,  441
by ield rotation,  450
by spin rotation,  441
diabatic,  37
eficiency of,  39
optimum ilter theory,  446

polarization reversal frequency
optimization,  445

polarized target refrigerator
SMC double cell target,  379
Virginia-Basel-SLAC target,  377

polarizing agent (PA)
in MAS-DNP,  309
generic name for a free radical,  464

porphyrexide (PX),  148
porphyrindene (PB),  148
powder

of small crystals,  70
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power absorption
due to spin lips,  59

power supplies
separated analog and digital parts,  280

Poynting vector,  400
Prandtl number,  374

for gaseous helium,  491
precooling heat exchangers

pressure drop,  376
pressure measurement

capacitive gauge,  382
McLeod gauge,  383
Pirani gauge,  383
vacuum gauges,  383

probe coil
illing factor,  258
reduced current,  265
sampling function,  257
size compared with wavelength,  258

proton NMR spectrum
hyperine protons,  228

Provotorov equations,  38, 60, 63, 72, 74, 75, 88, 160, 161
generalized,  78

pseudo-dipolar coupling,  57
pseudo-exchange coupling,  57
pseudomagnetic ield

due to strong interaction,  459
pseudomagnetism,  457
PT refrigerator

target holder insert,  379
target insert,  378

PTB-2006 scale
forthcoming new temperature scale,  486
provisional scale,  382

pulse response
Fourier transform,  205

pycril-N-aminocarbazyl (PAC),  148

Q-curve
drift of,  255

Q-meter
circuit optimization,  265
complex circuit theory,  257
Liverpool circuit,  249
optimum tuning,  266
parallel tuned,  249
probe coil

series tuned,  256
Q-curve,  251
series tuned,  249
signal expansion,  251

quadrupole energy
sign of,  214

quadrupole interaction,  48–50
asymmetry parameter,  214
coupling parameters,  221
in low ield,  215

quadrupole moments
table,  476

quadrupole resonance
due to magnetic interaction,  215

Quantum Chromodynamics (QCD)
testing based on nucleon spin,  200

quantum luids,  480
quantum statistical treatment,  16, 120
quantum statistics,  27

of a system of spins,  17
quark,  2
quark model,  199
quenching of the angular momentum,  52
quenching rate

glass formation,  292

radiation damage
chemically doped hydrocarbons,  325
in lithium hydrides,  329

radiation length,  286
radiation resistance

of PT materials,  324
radicals

alcoxy,  150
in irradiated alcohols,  150
in irradiated alkanes,  150
in irradiated ammonia,  151
in irradiated aryls,  150

radiolytic centers,  147
radiolytic free radical,  466
radiolytic radicals

in glassy organic materials,  149
Raman process

relaxation rate due to,  84
rare earth group,  477
rare spin species

polarization measurement,  276
rectangular waveguide

characteristics,  501
refrigerator for polarized target

precooling heat exchangers,  373
relative permeability

magnet material,  410
relaxation

Blume and orbach process,  128
cross-relaxation,  90
dipolar,  87
direct leakage,  165
direct process,  124, 128
effective rate with phonon bottleneck,  132
electron spin-lattice,  3, 101, 122
electron spin-spin,  122
nuclear spin,  230
nuclear spin-lattice,  94
of transverse magnetization,  87
orbach process,  127, 128
orbach-Aminov process,  127
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Raman process,  125
spin-lattice,  18, 76, 78

experimental,  128
Waugh and Slichter process,  128

relaxation measurement
NEDoR method,  129
pulse recovery method,  128

relaxation mechanisms,  16
relaxation of the dipolar energy

loss of entropy,  460
relaxation time

determined from pulse recovery,  480
dipolar

from saturated lineshape,  138
from pulse recovery,  137
from saturation spectrum,  137
from signal height,  137
in situ NEDoR measurement,  146

reluctance
of magnetic circuit,  410

Remotely Enhanced Liquids for Image Contrast 
(RELIC),  464

reservoir
dipolar,  38
Zeeman,  38

residual gas analyzer,  384
resonator impedance,  249
reversal of nuclear spin polarization,  94
Reynolds number,  374
RF ield

transverse,  25
RF ilters

in power feeds,  280
rotating frame,  15, 23, 161

spin resonance in,  12
transformation,  13

rotation operators,  5
rotons

in 4He superluid,  481
round waveguide,  404

circular polarization,  401
dominant mode,  401
guide wavelength,  404
phase velocity,  404
propagation constant,  404
propagation impedance

Te11 mode,  404
TM01 mode,  405

round waveguides,  503
Rudermann-kittel interaction,  40

saturation,  16, 47, 72, 155
BPP phenomenological model,  119
effect of frequency modulation on,  193
effect on DNP,  174
electron spin resonance,  118
error in polarization measurement,  261

function,  119
NMR lineshape,  76
Provotorov equations,  119
strong,  133
time constant,  260

saturation decay
experimental

deuteron NMR signal,  264
saturation error

deuteron NMR signal measurement,  262
saturation function,  119
saturation of NMR signal

error due to,  256
saturation parameter

in cross effect,  182
scattering amplitude

neutron beam traversing a polarized target,  458
Schrödinger equation,  13

time-dependent,  9
scintillating detector

polarized by DNP,  308
second (thermal) sound waves,  481
second quantization,  83
self-inductance

deinition,  257
semi-rigid coaxial cables

replacing lexible cables,  280
series Q-meter

capacitively coupled,  272
design for deuteron NMR,  268
design for proton NMR,  268
improvements,  271
probe coil design,  270
using a hybrid bridge,  274
with quadrature mixer,  274

shock wave
at atomic beam skimmer,  430

sintered heat exchanger
design and evaluation,  369
thermal penetration,  371

sintered heat exchangers
continuous approximation,  371

sintered powder
extended surface,  359

skin depth,  257, 400
anomalous,  400

slow drift
beam and acceptance,  448

SMA connectors,  280
small-angle neutron scattering

time resolved,  456
SMC magnet system

solenoid and dipole coils,  419
SMC polarized target

microwave isolator,  380
mixing chamber,  380
sintered copper heat exchanger,  380
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SMC solenoid
main coil and trim coils,  418

solenoid winding
gap illing technique,  417

solid effect,  47, 174
cavity losses,  179
differential,  181
diffusion barrier,  180
leakage factor,  179
phonon bottleneck,  181
rate equations,  175
resolved,  175
semi-phenomenological model,  174
transition rates,  175

solid effect DNP,  463
solutions of 3he in 4he

spontaneous separation in two phases,  355
sources of noise

RF oscillator,  279
thermal,  279

spallation neutron source,  457
speciic heat,  33, 36

of a spin system,  29
speciic heat anomaly

at glass transition,  292
speciic heat of liquid 3He,  483
spectral diffusion,  135
spectral redistribution

cross relaxation,  159
spherical polar coordinate system,  43
spin

components of,  2
effective,  3
intrinsic,  2
maximum projection of,  2
quantum number,  7
temperature,  17
vector,  2

spin contrast variation,  290
small-angle scattering of neutrons,  454

spin ilter
transmission of neutrons,  451
transmitted neutron polarization,  451

spin iltering,  290
spin iltering of neutron beams,  450
spin iltering of neutrons

by Sm, 3He, TiH2,  452
spin lip coil

neutron beam polarization reversal,  455
spin packet,  135

dipolar width,  135
spin packets

quadrupolar lineshape,  212
with individual Zeeman temperatures,  183

spin pairs
like,  46
unlike,  46, 47

spin polarization
matrix,  25

spin refrigerator,  463
by rotating YES crystals,  424
polarized target,  323

spin temperature,  25
in low effective ield,  23
in rotating frame,  25
inverse,  21
measurement,  28

spin-orbit coupling,  106
spin-orbit interaction,  50
split-coil solenoid magnet

SLAC E143 experiment,  419
stable atomic hydrogen

as polarized electron target,  433
stable isotopes,  476
standard waveguides,  502
state vector

spin 1 exact solution,  220
static ield

internal,  21
statistical accuracy

dominated by systematic errors,  438
of polarization asymmetry,  436

statistical error
of target asymmetry,  437

statistical luctuations
multiplicative and additive components,  446

statistical uncertainty
minimization,  438

storage ring

muon,  4
strong saturation

transverse ield,  159
substructure,  98
superconducting magnet,  413

rectangular conductor,  413
round conductor,  413
with split coils,  413

superconducting magnets
control and protection,  417

superconducting solenoid
end compensation,  415
ield on axis,  414
winding accuracy,  415

supercooled liquid,  292
superluid 3He,  481
superluid ilm creep,  349, 353, 481
superluid state

4He,  481
superisolation,  330
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superradiance
of NMR circuit,  271

surface-to-volume diameter,  370, 493
susceptibility

complex,  66
static,  20, 67, 119

systematic error
due to slow drift

beam and acceptance,  438

Taler and Taler correlation,  376
target asymmetry,  436
target cavity

bolometer,  407
coupling slots,  407
microwave ield strength,  407
multimode structure,  407

target dilution factor,  437
target length,  437
target materials

storage and handling,  330
target thickness,  437
target thickness variation

in dilution refrigerator,  440
in evaporative cooling,  440

Taylor expansion,  25
Taylor series

of density matrix,  31
temperature

dipolar,  159
Zeeman,  159

temperature measurement
during NMR signal calibration,  381
of helium bath,  276
using resistance thermometers,  382

tetramethylsilane marker,  229
thermal conductivity

in gaseous helium,  492
of helium isotope mixtures,  487

thermal equilibrium,  18
between spins and lattice,  275
calibration,  22

thermal exchange
effective surface area,  494

thermal mixing,  36, 39, 93
thermal penetration depth,  494

dilute solution,  371
thermodynamic functions,  27–28
thermodynamics

at high polarization,  34
second law of,  28

thermomolecular effect,  353
toluene

glass former,  301

transition metal ions,  100
transition metals,  98, 477
transition probability,  16, 119
transport properties

liquid-glass transition,  293
transverse ield,  38

strong limit,  94
transverse susceptibility,  246

absorption part,  59, 76
complex,  246
dispersion part,  59
general features

complex,  205
in NMR,  204

triplet state
optically induced,  100

triradical,  309
tris(2,4,6-trichlorophenyl)methyl radical  

TTM,  148
trityl radicals

Finland-D36,  148
oX063,  148
triphenylmethyl,  148

tune shift
attenuation in coaxial line,  267
coaxial line,  252

twin target
acceptance drift elimination,  450

two-luid model
for 4He superluid,  481

two-phase boiling
heat transfer,  306

two-phase region
liquid and gas,  480

units
CGS Gaussian,  1
MkSA,  1
Système International (SI),  1

unpolarized cross section,  437
unpolarized dummy

target tests,  441

V1-center,  100
vacuum-insulated dewar

for biological samples
low loss,  330

Van Vleck formulas
electron-nucleus interaction,  227

Van Vleck’s
second moment,  113

Van Vleck’s method of moments,  68
vapor pressure

of 3He,  276
ITS-90 temperature scale,  486
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viscosity
glass former,  293
in gaseous helium,  492
of liquid helium isotope mixtures,  489

von Neumann-Liouville equation,  23, 67
vortex pinned to walls

low of 3he in 4He,  368
vortex tangle

of superluid 4He,  368

wave vector
of phonon,  81

waveguide
complex propagation constant,  398
hollow metallic,  396

propagation modes,  396
rectangular,  396
round,  401
single mode band,  396
single mode propagation constant,  398

waveguide components,  405
waveguide window,  405, 406
Wigner-Eckart theorem,  49, 52

yttrium ethyl sulphate (YES)
spin refrigerator,  424

Zeeman energy,  18, 29, 48
Zeeman temperature,  61, 133

inverse,  73
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