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absorption, 176
accelerators, 161
addition theorem, 248
adiabatic approximation, 59, 228, 243
aligned band, 66
allowed transitions, 84
alpha-decay, 140, 258
barrier height, 143
Gamow factor, 142
Geiger-Nuttall plot, 142
lifetimes, 142
preformation probability, 142
a,, deformation parameter, 52
alpha particle, 232
analogue reactions, 170
analogue states, 13, 86, 197, 199
analogue transitions:
B-decay, 89
y-decay, 122
angular correlations, 137
angular distribution, 168
Aston, 17
asymmetric fission, 146, 149
asymmetry term, 19
atomic mass unit (a.m.u.), 163
attenuation length, 167
available energy in centre of mass, 164
axial-vector current, 85, 107

Bacher, 18
backbending, 64, 69
barn, 166
barrier height:

a-decay, 143

fission, 146
barrier penetration, 140
Barshay, 171
Bartlett force, 230
Becquerel, 2
B(EL) and B(ML), 119
bell-shaped angular distribution, 205

Bergkvist, 102
1Be, 170
Bessel function:
first order, 175
spherical, 90, 181, 187
B-band, 63
beta decay, 77
allowed transitions, 84
Cabbibo’s hypothesis, 111
comparison with electromagnetic
interaction, 80
conserved-vector current, 109
coupling constant G, 83, 89
double B-decay, 23, 78
electron capture, 92
electron helicity, 108
electron-neutrino correlation, 108
energetics, 78
Fermi’s theory, 82
Fermi transitions, 84
forbidden decays, 90
form factors, 110
ft value, 89
Gamow-Teller transitions, 85
inverse B-decay, 105
isospin selection rules, 86
Kurie plot, 88, 103
mixed transitions, 85
muon capture, 93
neutrino, 99
neutrino detection, 105
neutrino types, 104
parity violation, 94
range, 79
Sargant’s rule, 88
selection rules, 85, 92
spectrum shape, 86
super-allowed transitions, 89
theory, 78
(V-A) theory, 107
weak magnetism, 111
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B deformation parameter, 52
beta-delayed a-emission, 143
neutron emission, 143, 155
proton emission, 143
B-vibration, 52
Bethe, 18
Big Bang, 103
binding energy, 22, 232
bismuth germanate (BGO) detector, 70
Blair phase rule, 181
Bohr, 2, 51, 167, 189
Bohr orbit, 15
Born approximation, 4, 81, 172, 203, 226
'°B, 170
Bose symmetry, 2, 163
bosons, 257
breeder reactors, 155
Breit-Wigner formula, 186, 199
Brown, 237
Buck, 257

C, parameter, 52
Cabbibo’s hypothesis, 111

capture reaction, 163, 167

1°C, 170

'C radioactivity, 144

central force, 224

centre of mass frame, 163

centrifugal barrier potential, 141, 212

centrifugal stretching, 64

Chadwick, 3

chain reaction, 155

charge density, 6

charge exchange, 227, 230

charge independence, 11, 222, 230

charge symmetry, 11, 223

Clebsch-Gordan coefficients, 266

closed-shell nuclei, 47

cluster model, 257

Co, 96

Cockroft, 162

coexistence, 124

coherent scattering, 220, 222

cold-fusion reaction, 213

collective model, 50, 181, 243

collective motion, 240

complex potential, 176

compound elastic scattering, 186, 192

compound nucleus reaction, 167, 169, 185
189, 201

Compton effect, 71

Condon, 3

configuration space, 237

confinement, 216

B

conservation laws, 10
contact interaction, 83
control rods, 155
conversion coefficient, 136
core-excited states, 48
core polarisation, 256
Coriolis force, 62, 69, 252
cosmic microwave background radiation,
104

Coulomb barrier, 140
Coulomb energy, 21
Coulomb excitation, 183
coupling constant, 9

f2, 231

Gy, 83,89

Gy, 109

g, 230

AGg, 89
Cowan, 105
Cox, 97
CP invariance, 97
cranking model, 250
cranked Nilsson model, 253
cross section, 9, 165

limiting, 189
current-current interaction, 81
cyclotron accelerator, 162

D, parameter, 52
dark matter, 104
dating, 112
Davis, 107
de Broglie wavelength, 173
Debye temperature, 133
Debye-Waller factor, 135
deep inelastic reactions, 167, 210
deflectors, 161
deformation, values for, 46
deformed nuclei, 37, 240
deformed shell model, 40
delayed coincidence, 129
8 deformation parameter, 43
AE detector, 164
detectors:
BGO, 70
germanium diode, 70
silicon surface barrier, 70, 165
TESSA, 72
deuteron, 224
diagonalising pairing interaction matrix, 255
direct elastic scattering, 186, 192
direct reactions, 167, 169, 203
dissipative collisions, 210
distance of closest approach, 173, 184
distorted wave, 178
Born approximation (DWBA}, 181
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Doppler broadening, 131

Doppler shift attenuation method (DSAM),

129
double B-decay, 23, 78
double-folding potential, 178, 257
double-hump fission barrier, 149
Dover, 257
*2pDy, 73

El transitions, 123
E2 transitions, 124
E3 transitions, 126
effective charges, 128, 256
effective mass, 235, 241
effective moment of inertia, 65, 67
effective range, 217
elastic scattering, 167, 173
electric dipole moment, 35
electric quadrupole moment, 37
electric radiation, 116
electron capture, 92
electron scattering, 6
electrostatic accelerator, 162
energy gap, 254
enhanced transitions, 119, 262
dipole, 120
octupole, 126
rotational, 120
vibrational, 124
¢ deformation parameter, 41
equilibrium deformation, 45, 241
equivalence principle, 139
*8Er, 64
Euler angles, 61, 249, 265
152y, 99
exchange energy, 229
exchange forces, 226, 233
excitation function, 168, 172, 202
excited states, 47
exotic decays, 258

Fabry-Perot etalon, 190
Fano factor, 70

fast breeder reactors, 155
favoured transitions, 89
Fermi, 3, 82, 189

Fermi coupling constant, 109
Fermi function, 87

Fermi gas model, 28, 203, 232
Fermi level, 28

Fermi level density, 28, 148
Fermi transitions, 84

Fermi’s golden rule, 3, 171
Feynman, 82, 108

Index

fission, 25, 144
asymmetric, 146, 149
chain reaction, 155
double-hump, 149
fission barrier, 144
fission isomers, 146
isomeric rotational band, 151
lifetimes, 146, 213
liquid-drop model, 144
natural reactor, 156
neutron-induced, 153
nuclear power, 155
shape isomerism, 151
shell corrections, 146
spontaneous, 144
Strutinsky technique, 147
sub-threshold n-induced, 154
weapons, 155

flux, 166

folded potentials, 178

forbidden B-decays, 90

form factor, 5, 110

Fourier transform, 4, 133, 205

Fraunhofer diffraction, 175

Fresnel diffraction, 176

ft value, 89, 91

fusion, 156
laser induced, 159
pp cycle, 157
reactors, 158
thermonuclear, 156

fusion reactions, 212

y-band, 63

gamma decay, 114
angular correlations, 137
E1 and M1 transitions, 123
E2 transitions, 124
E3 transitions, 126
effective charges, 128
enhanced transitions, 119
experimental transition rates, 122
interband transitions, 124
internal conversion, 135
intraband transitions, 124
isomeric transitions, 126
isospin selection rules, 120
measurement of lifetimes, 129
Mossbauer effect, 132
multipole fields, 116
resonance absorption, 130
selection rules, 118
single-particle estimates, 116, 119
spontaneous decay, 114
0- 0 transitions, 136

y-vibration, 52
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Gamow, 3

Gamow factor, 142, 157, 172

Gamow-Teller transitions, 85

Gaussian potential, 257

Geiger, 2, 173

Geiger-Nuttall plot, 142

Gell-Mann, 108

germanium detector, 70

giant dipole resonances, 54, 120, 258, 262

giant quadrupole resonances, 128, 258

giant resonances, 54

Goldhaber, 99

Goshal, 201

gravitational red-shift, 139

grazing angular momentum, 211

Grodzins, 99

ground-state quadrupole moment, 45
deformation, 45, 240

Gurney, 3

H3 molecular binding, 228

handedness, 94

hard-sphere scattering, 192

harmonic oscillator, 29

Hartree-Fock theory, 246, 257

Hartree theory, 245, 263

Hauser-Feshbach theory, 201

Haxel, 29

healing distance, 236

heavy-ion elastic scattering, 180
direct reactions, 205

Heisenberg, 3, 230

Heisenberg force, 230

helicity, 94, 97, 108

168Lf 70

74Hf, 64

high-spin states, 64

historical review, 2

'%'Ho, 50

1%5Ho, 49

hole states, 6, 47, 49

Hubble’s law, 103

hydrocarbon mirror, 221

hyperfine structure, 39, 135, 224

independence hypothesis, 201
independent-particle models, 26
independent-particle motion, 236
evidence, 7
inelastic scattering, 167, 180
Inglis cranking formula, 250
interacting boson approximation (IBA), 257
interband transitions, 124, 258
intermediate vector bosons, 80
internal conversion, 135
intraband transitions, 124, 258

intrinsic parity:

of photon, 116

of pion, 225
intrinsic quadrupole moment, 42
intrinsic state, 63

wavefunction, 59, 243
invariance, 10
inverse B-decay, 105
irrotational moment of inertia, 61
island of stability, 212
isobaric analogue resonances, 196
isobaric mass multiplet equation (IMME),

14, 266

isobaric nuclei, 10
isomeric states, 126

fission isomers, 146
isospin, 11

of ground state, 14
isospin-forbidden reactions, 199
isospin impurities, 170, 198
isospin multiplets, 11
isospin selection rules:

B-decay, 86

y-decay, 120

nuclear reactions, 170
isotope separator, 213
isovector current, 110
Iwanenko, 3

Jacobian, 87
Jensen, 29
JET, 158

K =17 bands, 244

K quantum number, 61
Kellogg, 224

kinematic matching, 206
Klein-Gordon equation, 80
Kuo, 237

Kurie plot, 88, 103

Aem, 164

Landé interval rule, 39
Lawrence, 162

Lee, 93

Lemmer, 240, 242
leptonic B-decay, 109
level density, 20, 28, 203
lifetimes, 129

linear accelerator, 162
liquid drop model, 17
Livingstone, 162
logarithmic derivative, 191
long-range alphas, 143
Lorentz invariance, 110
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M1 transitions, 123, 200 neutron strength functions, 194, 196
magic numbers, 26, 29 Nilsson diagrams, 45, 51
Mg, 72 Nilsson model, 43, 148
magnetic dipole moment, 32 "N, 124
of deuteron, 224 non-local potential, 239
magnetic radiation, 116 Nordheim’s rules, 75
Majorana force, 230 nuclear fission weapons, 155
Marsden, 2, 173 nuclear force, 216
mass, 18 Bartlett, 230
mass excess, 163 central, 224
mass parabola, 23 charge exchange, 227, 230
matrix elements of residual interaction, 237 deuteron, 224
Maxwellian velocity distribution, 157 effective range, 217
Mayer, 29 exchange, 226
mean free path, 167, 177 healing distance, 236
measurement of lifetimes, 129 Heisenberg, 230
meson exchange, 225, 230 Majorana, 230, 232
mid-shell nuclei, 49 meson exchange, 225, 230
millibarn, 166 momentum dependence, 235
mirror for neutrons, 221 n-n and p-p scattering, 222
mirror nuclei, 11 n-p scattering, 219
mirror symmetry, 98 phase shifts, 225
missing mass, 104 repulsive core, 225, 231
mixed transitions: residual interaction, 237
beta, 85, 89 saturation, 232
gamma, 123, 138 scattering length, 217
moderators, 155 separable, 238
moment of inertia, 60, 249, 250 slow n refractive index, 220
effective, 65 spin dependence, 221, 231
even-even nuclei, 60 spin-orbit, 226, 231
fission isomeric band, 153 symmetry dependence, 228
odd-A nuclei, 63 tensor, 224, 231
rigid body, 60, 68 Wigner, 228, 230
momentum dependent potential, 235, 239 within nuclei, 231
Moseley, 2 nuclear matter, 236
Mossbauer effect, 132 nuclear models, 17
Mottelson, 51 cluster, 257
multiplicity, 70 collective, 50
multipolarity, determination of, 136, 137 cranked Nilsson, 253
multipole expansion, 237 deformed shell, 40
multipole fields, 116 Fermi gas, 28
multipole-multipole force, 238 independent-particle, 26
muon B-decay, 109 interacting boson, 257
muonic X-rays, 6 liquid drop, 17
Nilsson, 43
NH; electric dipole moment, 36 Rainwater, 42
natural fission reactor, 156 schematic, 258, 260
natural parity states, 163 shell, 26
“Ne, 122 nuclear potential well, 233
23‘)Np, 63 nuclear power, 155
neutrino, 99 nuclear reactions, 161
neutrino detection, 105 angular distribution, 168
neutrino mass, 101 Breit-Wigner formula, 187
neutrino oscillations, 107, 113 compound nucleus, 167, 169, 185
neutron-induced fission, 153 Coulomb excitation, 183
neutron mirror, 221 deep-inelastic, 170, 210
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nuclear reactions (cont.) Pauli exclusion principle, 232, 236, 257
detailed balance, 171 generalised, 15
direct, 167, 169, 203 Pauli spin operator, 108, 222, 230
elastic scattering, 173 200pp, 6
excitation function, 168, 172 207pp, 47
fusion, 212 208pp 47
general features, 167 Peierls, 244
Hauser-Feshbach theory, 201 phase shift, 188, 192, 216, 225
heavy ion, 205 phonon, 53, 126
independence hypothesis, 201 photoelectric effect, 70
inelastic scattering, 180 pickup reaction, 167, 203
isobaric analogue resonances, 196 pion capture by d, 223
isospin, 170 plunger, 130
isospin-forbidden, 199 polarisation, 98, 101, 137
kinematic matching, 206 Polikanov, 146
limiting cross-sections, 189 pp cycle, 157
neutron level width I',,, 194 preformation probability, 142, 258
optical model, 176 principle moments of inertia, 57
partial waves, 187 projection operator, 222, 247
reaction time, 167 projection theorem, 33
resonances, 168 prolate, 41, 242
Rutherford scattering, 173 proton radioactivity, 143
slow n-induced resonances, 189 pseudoscalar, 94, 230
superheavy elements, 212
Woods-Saxon potential, 178 Q-value, 162
nucleon-nucleon scattering, 216 optimum, 209
coherent, 220, 222 quadrupole magnets, 161
high-energy, 225 quadrupole moment, 37
low-energy, 219, 222 intrinsic, 42
ortho- and para-hydrogen, 222 of ground state, 45
nucleon separation within nuclei, 236 quadrupole-quadrupole force, 237
quadrupole surface oscillations, 52, 57
oblate, 41, 242 quadrupole transition matrix element, 184
octupole vibrations, 54, 126, 258, 262 quadrupole vibrations, 54, 258
) quantum number, 44, 61 quantum-mechanical tunnelling, 140
one body operator, 237 quark-gluon plasma, 161
one pion exchange potential, 231 quarks, 216
optical model, 176 quasi-molecular resonances, 258
optimum Q-value, 209 quasi-particle state, 256
ortho-hydrogen, 222
160, 47, 123, 124 Rainwater, 39, 41
170, 48, 128 Rainwater model, 42
range of a particle, 164
P invariance, 97 range of an interaction, 79
pair-production, 71, 137 reactions, 161
pairing gap, 253 reactors, 155, 158
pairing interaction, 20, 48, 69, 149, 238, 254  reciprocity theorem, 172
pairing term, 21, 255 recoil distance technique, 129
106pq, 50, 54 recoilless emission and absorption, 132
para-hydrogen, 222 red shift, 104
parity, 32, 243 reduced mass, 164
parity violation, 93, 163 reduced rotation matrix, 250, 265
partial waves, 187, 216 redundant variables, 61, 244
particle-hole states, 49, 256, 258 refractive index, 220
particle identification, 164 Reines, 105
Pauli, 2 relativistic heavy-ions, 161
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repulsive core, 225, 231, 233
residual interaction, 19, 237
resonance absorption, 130
resonances, 168, 185
resonant scattering, 101
rigid-body moment of inertia, 60
rotation matrix, 183, 250, 265
rotational frequency, 65
rotational levels, 249, 257
even-even nuclei, 57
odd-A nuclei, 61
rotational wavefunction, 61, 243
rotations, 265
rotations R, and R,, 243
Royds, 2
Rutherford, 2, 3, 162
Rutherford scattering, 4, 173

Sargant’s rule, 88
saturation of nuclear force, 18, 232
scattering length, 217, 222
schematic model, 258, 260
Schmidt limits, 33
Schrodinger, 3
Schrodinger equation, 141
Segre chart, 22
selection rules:
B-decay, 85
y-decay, 118, 120
selective excitation, 206
self-conjugate nuclei, 55, 121
self-consistent potential, 43, 246
semi-conductor detector, 70
semi-empirical mass formula, 18
semi-leptonic B-decay, 109
separable force, 237, 260
separation energies, 26, 235
Serber force, 233
shape isomerism, 151
shell corrections to liquid drop model, 146
shell model, 26
description of collective states, 256
signature, 243
silicon detector, 70
single-folding potential, 178
single-particle y-decay estimates, 116
single-particle energy, 246
single particle resonances, 194
width I, 195
strength factor y?, 195
single-particle shell model, 29
size, 7, 17, 93
Slater determinant, 245
slow neutrons, 189
179n, 48
1528, 99
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Soddy, 2

solar luminosity, 157

solar neutrinos, 106

solid angle, 174

Specht, 151

spectroscopic factor, 204

spherical harmonic Y,,(6, ¢), 265
spherical tensor, 265

spin, 31

spin dependence of nuclear force, 221, 231
spin-orbit interaction, 29, 226, 231
spin statistical factor, 172
spontaneous decay, 114
spontaneous fission, 25, 144
square well potential, 29

stability, 22

stopping power, 129, 164
stripping reaction, 167, 203

strong interaction radius, 175
Strutinsky method, 147, 212
Stuckelberg, 82

sub-threshold n-induced fission, 154
Suess, 29

sum energy, 70

Sunyar, 99

superallowed transitions, 89
superdeformed band, 73
superheavy elements, 212

surface interaction, 237

surface term, 19

symmetry, 10, 243

symmetry dependence of nuclear force, 228
synchrotron accelerator, 162

Temmer, 171
tensor force, 224, 231, 232
TESSA detector, 73
205—“, 6
thermonuclear fusion, 156
Thompson, 2
three-body interactions, 236
time:

characteristic, 7

delay, 190, 192

reaction, 168
time-reversal, 35, 171
Tokamak, 158
transition charge density, 81
transitional spectra, 257
transmission coefficient, 141, 172, 195, 201
triaxial, 70
tritium B-decay, 83, 101
truncation schemes, 256
tunnelling, 140
two-body operator, 237
two-particle transfer, 255
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units, 7 Weyl equations, 108
381, 60, 64 width I, 168, 191

u, the atomic mass unit, 163

van de Graaf accelerator, 162
van der Waals force, 9, 216
Varg, 257

variational method, 245
vector interaction, 82

vector mesons, 231

vector model, 33

very high spin states, 69
vibrational levels, 51, 258

Walton, 162

weak charge, 82

weak magnetism, 111
Weinberg-Salam theory, 84
Weisskopf, 240, 242
Weisskopf units, 119
Weizsacker, 18

gamma I',, 196

neutron I',, 191, 194

single-particie ', 195
Wigner coefficients, 266
Wigner-Eckart theorem, 266
Wigner force, 228
Wilkinson, 55
Woods-Saxon potential, 178
Wu, 96

Yang, 93

Yoccaz, 244

Yrast levels, 64, 70
176Yb 50

Yukawa, 9

0- 0 transitions, 136

Zero-range approximation, 180, 203, 205
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