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— conservation of energy 134
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Coulomb barrier 257
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— stored 377
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Coulomb force 27,78, 92
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decay scheme 51, 357
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— Hamiltonian 229
degeneracy 186-187
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degenerate Fermi gas 101
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density 89

— nuclear matter 89
density of states 425
deuterium 25
deuteron 24, 81, 446
S-function 448
diatomic molecule 186, 213

— low-energy 186
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— vibration 186, 213
dimensionless energy 315
di-neutron 92
direct reaction 446
disintegration rate 49, 61

— decayrate 49

- secular equilibrium 49
distribution 89

— Fermi 89
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double B-decay 24
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E1 transition 350
E2 and M1 transition 351
effective ionization constant 531
eigenfunction 136-138, 144, 146-147,
149-150, 164-165, 168, 172, 215
— angular part 172
— rotational 215
— single-valued 164
— stationary part 172
eigenvalue 136
EL 339

elastic scattering 10, 70, 79, 82, 405, 407, 412,

414, 426, 444, 458, 472, 476
— binary reaction 412

— center of mass coordinate system 412

— compound 444, 472, 476

— Coulomb 79

— neutrons on protons 426

— potential 472
elastic scattering of photons 496

— unbound electron 496
electric dipole emission 340
electric dipole moment 497
electric dipole radiation 339
electric field 19, 333, 498

— multipole moment 333

— nuclear 205

— oscillating electric dipole 498
electric potential 205, 207
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— decay constant 343
electromagnetic field 336, 339

— multipole moment 339
electromagnetic interaction 79
electromagnetic wave 332

— tranverse nature 332
electron 27,287,311, 528, 538

— ejection 311

— energy loss 538

— energy transfer 528

— ionization 538
electron binding energy 26
electron capture 34, 284, 308, 317-318

— competition 318

— detection 308

— probability 317

— relative probability 310
electron capture decay 307, 312, 364

— measurement 312
electron mass 19
electron scattering 87
ellipse 376

— eccentricity 376
ellipsoid 209

— oblate 209

— prolate 209
ellipsoid of revolution 219

— prolate 219
endoergic reaction 418
energetic 13
energy barrier 25
energy degeneracy 99
energy level 26
energy level diagram 33-34
energy loss 525, 529

— quantum mechanic 529
energy release 77

- fission 77

— fusion 77
energy state 162

— allowed 162
energy unit 20

— electron volt 20

— gigaelectron volt 20

— kiloelectron volt 20

— megaelectron volt 20
error

— propagation 62
evaluated 11
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— many-particle 443
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Index
623

— 4%level 226

— first 2*level 226
excited state  7-8, 189, 484

— density 484
low-lying 189

— metastable state 8

— nuclear isomer 8

— transformation 9
exoergic reaction 418
expectation value 139
experimental 11

f

BF 33,3942
¥Fy 6,9
F 45-46
5Fe 7
“Fe 312
SFe 465
— elastic scattering 465
Fermi 282,288
— allowed decay 282
Fermi energy 189-190
Fermi function 288, 292, 294, 297, 316
— electron capture 316
— integrated 297
Fermi gas model 189, 443
Fermi golden rule 315, 337, 353, 424
Fermi golden rule #1 615
Fermi golden rule #2 285-286, 617
Fermi operator 303
Fermi theory 291
— allowed B~ decay 287,291
Fermi transition 302, 327
— nuclear matrix element 302
fermion 80-81, 93, 150, 152
fermion state
— antiparallel intrinsic spin 171
final state 13, 30, 291, 315
— density 291
— neutrino 315
first-order perturbation 286
— decay constant 286
First-order time-dependent perturbation
theory 285
fission 375, 383, 385, 389, 399400, 406
— charge distribution 389
— energetic 375
— energy release 399
— neutron-induced 383, 406
— recoverable energy 400
— shell structure 385
— spontaneous 383



624

Index

— total energy release 400
fission barrier 397, 401-402, 488
- liquid-drop model 402
fission cross section 487
fission fragment 376, 385, 393
— average kinetic energy 393
fission fragment energy 393
— spectrum 393
fission isomer 385
fission parameter 381, 384, 401
— critical value 382
fission probability 383-384, 401
— nuclear-structure effect 384
— spontaneous 401
fission process 396
— shape change 396
fission product 375, 385
— primary 385
fission yield 388
- independent 388
fluorescence yield 312-313, 368
flux 469
— scattered 469
BeFm 390
BFm 37, 390-391
foFm 391
force 18,77-78
— relative strength 78
force in nuclei 75
Fourier transform 448
- frequency function 448
fragment kinetic energy 392
— average total 392
free neutron 374
— source 374
free particle 458
function
— even 146
— mean value 64
- odd 146
fusion 24
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ydecay 331

y radiation 274

— penetrating 274
gamma decay 8

— y-ray emission 8
Gamow factor 267, 269
Gamow-Teller operator 305-306
Gamow-Teller transition 305

— nuclear matrix element 305
Gauss’s law 527

Gaussian unit 90
8Gd 248
BiGd 215
genetic relation 32
— daughter 32
— parent 32
geometric 217
— meanradius 217
gravitational coupling constant 78
y-ray 8,333,385, 392
— prompt 385, 392
— wavelength 333
grazing collision 416
ground state 7, 22, 25-26, 31, 190,
— even, even 195

— parity 195

— spin 195
growth and decay 45, 47
h
H 24
H,p 446
’H (*H, n) *He 421
H 24,31
iH(p, n)JHe 437
iH,

— tritium 6
‘H 283

195

half-life 24, 43, 46, 250, 345, 352, 357, 442

— excited state 52

— partial 52,250

— single-particle estimate 442
Hamiltonian 220
Hamiltonian operator 137
harmonic oscillator 186, 213, 234

— anisotropic 234

— isotropic 186

— one-dimensional 186, 213

harmonic oscillator potential 176-177

— isotropic 176-177

SHe 24,32

JHe(n, p)iH 431, 436, 479
‘He 283,320

‘He 4

heavy charged particle 525
— classical model 525
— energy loss 525
— stopping 525
heavy element 368
— K-binding energy 368
heavy mass peak 390
Heisenberg Uncertainty Principle
448, 616

135, 145,



Hermitian operator 139
SHE 239

iH(n, n){H 427

’H (H,n)’H 423
hindered transition 350

i
identical nucleon 92
identical particle 92, 109

IHO 186

— level spectrum 186
imaging

— SPECT 50

impact parameter 526, 529
— maximum 529
— minimum value 529
impulse approximation 526
incident flux 460
incoherent scattering 495, 512
incoherent scattering function 513
independent fission yield 386
independent particle 143, 178
independent particle approximation 175
— average central potential 175
independent particle model 144
indium isotope 347
inelastic scattering 70, 405, 444
— compound 444
initial 30
integrated Fermi function 296, 299
interaction 27, 77-78, 183-184, 287
— electromagnetic 27
— gravitational 78
— local 287
— spin—orbit
strong 27
interference 463, 476
intermediate state 442
— halflife 442
internal conversion 331, 351-353, 356, 368
— 0" > O'transition 351
— elementary theory 353
— perturbation potential 353
— transition probability 353
internal conversion coefficient
internal energy 21
internal transition 347
intrinsic angular momentum 148, 152
intrinsic spin 93, 152
— quantum number 152
— z-component 152
intrinsic state 221
— rotational band 222

183-184

352, 356
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intristic state
- ZHf 221
invariant 16
inversion 168
ionization energy 128
ionization potential 26
ionizing radiation 493
isobar 387
— PB-stable 119
— hypothetical most stable 119
— most probable charge 387
isolated resonance 445
isomer
- 3iSc 366
isomeric 53
isomeric state 346, 365
isomeric transition 347
isotropic harmonic oscillator
— angular frequency 234
— Saxon-Woods potential 185
isotropic harmonic oscillator potential 189
— degeneracy 189

185, 191, 234
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15K 364, 366
Katz—Penfold relation 540
k. 26
kinematic 502
— Compton Scattering 502
— recoil angle 502
— scattering angle 502
kinetic energy 392
— fission fragment 392
Klein—Nishina cross section 505, 507, 513
— application 507
— unpolarized radiation 505
$Kr 323,331,367

1
laboratory coordinate system 408
— elastic scattering 408
Legendre equation 166
Legendre polynomial 166, 207, 223, 461, 464
— associated 166
— orthogonality 464
lepton 300
level 450
— total width 450
level density 239, 443
level diagram 187, 191, 193, 195, 197
— comparison 187
— empirical single-particle 191
- I[HO 187
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— isotropic harmonic oscillator 191 — neutron 18,21

- neutron 193 — nuclide 29

— proton 193 — parent 30

— spherical potential 187 — proton 18
level diagram for protons 192 — quark 18

— empirical 192 mass attenuation coefficient 524
level energy 31 mass density 85, 214
level scheme 188, 198 mass excess 117

- single-particle 188 — isobar 117
level sequence 182 mass number 92

— energy spacing 182 mass peak 386

— single particle 182 mass spectrometer 19
L 322 mass yield 386
SLi(n, {H)o. 479 mass—energy 20, 31
ILi(p, n);Be 423 mass—energy balance 23, 36-37
linear attenuation coefficient 524 — fission probability 37
linear momentum 22, 136 mass-yield distribution 386-387
liquid drop model 212 matrix element 286, 289, 354, 356

— rotation 212 Maxwell equation 334

— vibration 212 Maxwell-Boltzmann distribution 110, 386,
liquid-drop model 376, 402 396, 432
local interaction 307 mean free path 524
log,, 364 mean level lifetime 447
logift 299 mean lifetime 44
long-wavelength approximation 288, mean radius 216

315-316 — geometric 216
Lorentz transformation 15 metastable state 53, 346

¥Mg 215

m microscopic reversibility 436, 445
SMorM (Z,A) 4 mirror nuclei 197
4MorM (Z, A) mirror nuclide 120

— excited state 4 ML 339

- ground state 4 WMo 24
M4 transition 348 SMo 49
macroscopic cross section 523 moment of inertia  214-216
magic number 128, 187, 191, 236, 271 momentum spectrum 292
magnetic dipole radiation 334 — electron 292
magnetic field 18 most probable charge 389
magnetic moment 148, 150, 152 most stable isobar 389
magnetic quadrupole radiation 339 — hypothetical 389
magnetic radiation 343 motion 212

— decay constant 343 — correlated 212
major shell 198 multipole

— energy gap 198 — electric 207
many-particle system 158 multipole moment 208

— wave function 158 multipole operator 339-340

— total parity 158 — matrix element 339

mass 20, 29

— atomic 29 n

— daughter 30 UN 22

— electron 18 N, )'2C 436

- hydrogen atom 21 AN 4

neutral atom 30 N =49 isotones 347, 349
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nn’ 432 — gigaelectron volt 20
2Na 33 — kiloelectron volt 20
ZNe 33 - megaelectron volt 20
neutral atom 29 nuclear binding 94
neutrino 32, 34, 282-284 — quantum effect 94
— mass 283 nuclear binding energy 75, 112
neutron 3,9, 19, 32, 320, 374, 385-386, 392, — average 75
405, 465 — total 75
— configuration 320 nuclear density 89, 212
— decay 32,320 nuclear fission 71, 373, 375, 385
— discovery 374 — discovery 373
— prompt 385, 392 — induced 385
- slowing down 405 — liquid-drop model 375
— thermal 386 — spontaneous 385
neutron absorption 71 nuclear force 9, 82-84, 88,92
neutron emission 386, 398 — shortrange 82, 84
— delayed 386 — spin dependence 80-81, 92
— fission fragment 399 nuclear interaction 183
neutron excess 104 — spin-dependence 183
neutron flux 71 nuclear isomer 346, 367
neutron mass 19 nuclear mass 13,113
neutron scattering 432 — global fit 113
— inelastic 432 — local fit 113
neutron state 191 nuclear mass surface 115
— single-particle 191 — isobar 116
neutron width 456 nuclear matter 84
neutron-capture 406 — constant density 84
ONi 433 nuclear physic
Nilsson 189 — low-energy 2
Nilsson diagram  237-238, 240, 384 nuclear radii 83, 85, 90
Nilsson model 234, 236, 239, 257, 274, — hard-sphere approximation 88
277 — proton 86
— deformation parameter 236 — radius 86
— Hamiltonian 234-235 nuclear radius 89, 100
— Nilsson diagram 236 nuclear reaction 9, 13, 21, 38, 405-406, 424,
— rotational state 274 440, 468
Nilsson state 242 — binary 9
>No 8 — low-energy 405, 440
nomenclatura or definitons — mass—energy balance 38
— barn 68 — partial wave analysis 468
nonrelativistic nuclear reaction 418 — projectile 9
— kinematic 418 — qualitative consideration 440
nonrelativistic reaction 407 — shorthand notation 9, 406
- kinematic 407 — target 9
normalizable 138 nuclear shell structure 129, 161
normalization 165 nuclear stability 24
notation 3 nuclear stopping 494, 534
— atomic number 3 nuclei 161, 196-197, 212
— isotope 3 — deformed 212
— mass number 3 — doubly magic 197
notation or definiton — odd, odd 196
— electron volt 20 — odd-A 196

— energy 20 — structure 161
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nucleon
- binding 28
- binding energy 75
nucleon motion 446
— characteristic time 446
nucleus 87-88, 94, 111
— charge distribution 88
— even, even 94,111
— mass distribution 87-88
— odd,odd 111
— quantized structure 88
— radius 223
nuclide
— mass 75
nuclide table 565

o
0 190,196
— ground state 190
oblate shape 225
occupancy 189
operator 135, 137-138, 145, 147-148
— Cartesian component 148
- Hermitian 612
— parity 147

orbital angular momentum 148, 186, 232

— deformed potential 232

— quantization 186

— spherical potential 232
orthonormal function 141
oscillator frequency 234
oscillator quantum 235
outgoing wave 468

— amplitude change 468

— phase shift 468

p
pair production 494, 519

— electron field 520
pairing 92
pairing effect 109
pairing energy 92-94, 119, 190, 402
parent 33
parent—-daughter relation 46
parity 146, 158
parity operator 146
partial decay constant 52
partial half-life 378

— spontaneous fission 378
partial wave analysis 457
partial width 451, 455
particle 101, 156-157, 297

— identical 156-157

— non-interacting 101

- total energy 297

— uncollided 70
particle current density 67, 262
particle in a box 230-231, 289

— energy level 231

— oblate 231

— prolate 231
particle in a box model 100
particle in a quantized box 94
Pauli 281

Pauli Exclusion Principle 4, 93, 101, 189

Pauli spin operator 305
*HPb 406
26}, 245
Pb 479
*BPb 427
“¥Pb 200
perturbation 83, 144
perturbation potential 426, 612-613
perturbation theory 282, 611
— first-order time-dependent 611
— time-dependent 282
phase factor 462
phase shift 463, 471
phonon 185
phonon state 226
photoelectric absorption 517
— Kshell 517
photoelectric effect 494495, 516
photoelectric interaction 516, 518
— edge 518
photon 311, 332, 494-495, 503, 522
— absorber 522
— angular momentum 311, 332
— attenuation coefficient 520
— collimator 522
— elastic scattering  494-495
— energy deposition 522
— inelastic scattering  494-495
— pair production 495
— photoelectric absorption 495
— reduced energy 503
— total cross section 520
— transport 522
photon detector 508
photon emission 334, 341, 353
— decay constant 342
— density of state 341
— matrix element 341
parity 339
— theory 334
transition probability 353
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— Weisskopf single-particle estimate
pickup reaction 446
Planck’s constant 96
plane monochromatic wave 496
¥Po 248
2%po 254
Poisson distribution 43, 56-58, 62
— binomial distribution 56
— Gaussian approximation 66
— Gaussian distribution 60
— standard deviation 58
variance 58
Poisson statistic 65
positron emission 34, 284, 318
— competition 318
-Q 32
positron emitter 6
potential 28, 162-163, 175-176, 184, 188
— harmonic oscillator 175
— Saxon-Woods 176, 188
— space-dependent 163
spherically symmetric
— spin-orbit 184
potential barrier 382, 456
potential diagram 266
potential energy 26, 375, 384
— Coulomb 375
— deformation 384
— equilibrium 384
potential energy surface 375
potential field
— average 27
potential function 162
— spin-dependent 162
potential scattering 440, 445, 475
potential scattering cross section 478
— low energy 478

344

163

potential well 25, 28, 93, 258
— finite 258

Poynting vector 496

1%Pr 48

"Ppr 51,53

probability amplitude 138

probability density 138

probe 83

projectile 23, 38, 408-409, 419
— property 409
— Qvalue 38

projectile flux 424

prolate ellipsoid 376

prolate shape 225
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prompt 8
— fission product 8
— yray 8
— neutron 8
prompt y-ray 399
— spectrum 399
prompt neutron  395-396
— energy spectrum 395
— evaporation 396
— kinetic energy 395
proton 3,27, 320, 336, 530
— configuration 320
— deuteron 3

— intrinsic magnetic moment 336
— intrinsic spin vector 337
— isobar 4
— isotone 3
— magnetic moment 337
— nucleon 3
— nuclide 3
- spin g-factor 337
— stopping power 530
proton density 87
proton level 194
— ordering 194
’5Pu 8,390, 400-401
pu 405
’5Pu 401
BPu(n, f) 10
q
Qvalue 30-31, 418
Qp 34
Q 32
Qec 34
quadrupole moment 208-210, 212
— electric 210, 212
— experimental 210
— nuclear 210

— single particle 210
quadrupole vibration 224-225
quantized state 182

— designation 182

— orbital angular momentum 182
quantized system 27
Quantum mechanic 133
quantum mechanical tunneling 261
quantum number 93, 165, 236

— asymptotic 236

quantum state 156
— discrete 156
quark 82
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r rotational band 217-218, 252, 368
%%eRa 246, 374, 406 - energy 218
radial equation 172 rotational excitation 213, 219
radiation field 337 — eveneven 213
radioactive decay 13, 41, 45, 54 — 0Odd-A nuclei 219

— poisson statistic 54 rotational level 250

— spontaneous 13 rotational motion 150, 173, 219

— statistical consideration 54 — angular momentum 219

— statistical fluctuation 60 rotational spectrum 215
radioactive decay series 245 — rigid body 215
radionuclide 71 rotational state 213, 215

— production rate 71 - angular momentum 215
radius parameter 86 — energy spectrum 213
Raleigh scattering 495 — parity 215
range-scaling law 532
rare gase 128 s
$Rb 24 saddle point 396
¥Rb 24 Saxon-Woods potential 175, 254
reaction 407 4Sc 197

— endoergic 407 $2Sc 364, 366

- exoergic 407 49Sc 198
reaction cross section 425-426 scalar potential 334

— energy dependence 426 scattered neutron 459
reaction probability — wave function 459

— center of mass coordinate system 412 scattered photon 507
reaction Q value 407 — energy spectrum 507
reaction rate 69 scattered projectile 409
reciprocity theorem 435 scattering 79, 84, 464, 510

— forward reaction 435 — coherent 510

— reverse reaction 435 — electron 84
recoil angle 418 — incoherent 510
recoil energy 247 — s-wave 464
recommended mass 545 scattering angle 410, 417418
recurrence relation 179 — maximum 410
reduced mass 174 scattering cross section 469
relativity — differential 469

— special theory 13 scattering distribution 80
resonance 427,477 — cylindrical symmetry 80

— observable parameter 477 Schrodinger equation 96, 98, 134, 258,
rest mass 16, 23, 29 611-612

— energy equivalent 17 - time-dependent 611-612
rigid body 214 8Se 24

— rotation 214 second-chance fission 489
rigid rotator 215 secular equilibrium 247
rigid rotor 218, 252 selection rule 306
RN 246 — Gamow-Teller transition 306
r, 85-86 semi-empirical mass formula 109, 114, 117,
root-mean-squared radius 85 123, 125, 128, 375-376, 382
rotation 151, 214 — a.decay 123

— frequency of rotation 151 — asymmetry term 114

— Hamiltonian 214 — Bdecay 117

— kinetic energy 151, 214 — Coulomb term 114

- momentum 214 — discrepance 128



— nuclear fission 125

— nuclear shell structure 123

— surface term 114

— volume term 114
separation energy 28, 130, 191, 253

— neutron 130

— proton 130
separation of variables
shape isomer 385
sharp energy 611
shell gap 197
shell structure 4, 109, 148, 184, 249, 270
SI 20,45
single particle level diagram 161
single-particle level 181, 366

99, 162, 164, 172

single-particle model 143, 195
— experiment 195
single-particle states 191

skin thickness 89
146, 147Sm 24’8
133Sn 391, 399
sources of nuclear data 11
— nuclear reaction 11
— nuclear structure 11
spectrum 156
spherical Bessel function 300, 333, 338, 340,
461
spherical harmonic
355, 461
— addition theorem 355
— even parity 168
— odd parity 168
— parity 168
spherical nuclei 109, 189
— single-particle level
spherical polar coordinate

166-169, 223, 333, 338,

189
136, 162

spherical potential 176
— finite 176
spherical potential well 178, 181, 184, 456,
472
— energy 181
— infinite 178, 184

— level scheme 184

— reaction 472

— state 181

— S-wave scattering 472
spherical shell model 161
spherical shell structure 390
spherical symmetry 208
spin-orbit 155
spin—orbit coupling 172
spontaneous 375

— fission 375
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— neutron-induced 375
spontaneous decay 23
spontaneous fission 7,37,127, 378, 382-383,
391
_ 234,235,238U 127
- Bicf 127
— 2Fm 127
— fission fragment 7

— halflife 383
— mass-yield distribution 391

— spontaneous fission 7
square integrable function 138
§Sr 24
stability 25
stable nucleus 134
standard deviation 65
state 366
- bound 25-27
— discrete 26
— energy spectrum 366
— initial 13,22
— unbound 25-27
stationary Hamiltonian 612
statistical factor 454, 477
statistical fluctuation 61-62
stopping 538
— electron 538
— positron 538
stopping medium 525, 532
— property 532
stopping power 530
straggling 535
stripping reaction 446
strong interaction 78-79, 84, 88, 148
— nuclear force 78
— probe 79
symmetric fission 375, 386, 391
t
target 23, 38, 69, 80, 408, 419
— polarized 80
— thick 69
— thin 69
Taylor serie 476
PuTc 49
PmTe g
20T 246
BTh 274,276
BTh 5
B*Th 251, 268-269
BSTh 253
thermal fission 390
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thermal neutron 405 BU (n,f) 10
Thomas-Fermi

— input page 30 v

— statistical model 31 valence nucleon 253
Thompson scattering  495-496, 500 - binding 253

— total cross section 500 valley of B stability 375
three-dimensional box 98 vector diagram 154
threshold 33-34, 421 vector Helmholtz equation 338
threshold energy 422 vector model 152
time reversal 436 — angular momentum 152
time-dependent 285 vector potential 334, 336-337
time-dependent state 447, 449 vibration 222, 228

— energy 447 — changes in shape 222

— energy dependence 449 — two-phonon 228

— probability distribution 449 vibrational energy 222
time-independent solution 142 — quantum 222
21 39, 406 vibrational excitation 222
total angular momentum 136 vibrational quantum 224
total decay constant 52 vibrational spectra 228
total energy 17, 21, 26, 29, 136
total level width 451 w
total reaction cross section 468 wave equation 335
total wave disturbance 462 — three-dimensional 335
total wave function 459 wave function 134, 163, 165, 170, 172, 215,
total width 455 285, 300-301, 447, 458
tracer experiment 374 — angular 163
transformation 22 — antineutrino 300

— spontaneous 21, 23 — asymptotic limit 458
transition 306, 364, 366, 615 — neutrino 301

— amplitude 615 — radial dependence 300

— first-forbidden 366 — spherical nucleus 215

— Gamow-Teller 306 — spin-dependent 172

— hindered 364 — symmetry 215

— isospin 307 — time dependent 447

— selection rule 306 weak interaction 284-285, 287, 298
transition probability 616 — potential 287

— total 616 Weisskopf single-particle estimate 364
transmission coefficient 263-266, 273,276, Weizsicker semi-empirical mass

456-457 formula 112
tritium 25, 320

— decay 320 X
triton 24 4Xe 479

X-ray

u — naming 310
BB 248 x-ray 8, 25,495
35U 37,274,276,378, 381,386,390, 392,395, X-ray emission 308

399-401, 406, 421 — bound electron 308
U, f) 487
U 241, 405, 485 Yy
B%U 386, 392, 401, 406 8y 486
25U 5,77,215,245
BUMm, f) 487 z

B3U 216, 219, 251-253, 268-269, 484, 486 zero-point energy 185
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