Index

accidentals, 94
Airy disc, 9
Alterelli—Parisi (see evolution
equations)
American Physical Society (APS), 5
angular correlations, 24, 92, 314-318
angular distribution in C-M system,
91, 316
angular momentum, 33, 176
commutation relations, 38
eigenstates, 42, 65, 215
operators, 38, 38n, 154
(see also selection rules)
anti-baryon, 173, 205
anti-commutation relations, 155, 159,
172, 201, 205n, 235
asymptotic freedom, 7, 213, 231, 233
(see also quantum
chromodynamics (QCD))
axial vector current (see weak neutral
current)

backscattered beam, 275n
bag models, 191n, 256 (see also M.LT.
bag)
Bates Laboratory, 3, 72, 73n, 74, 94,
125, 194, 210, 274, 287
accelerator, 275
spectrometers, 275-276
storage ring, 276
baryons, 224 (see also nucleon)

Bessel functions, 13
spherical, 36, 70, 290
Bethe—Goldstone wave function, 210,
283
Bjorken scaling, 18, 22, 96, 100, 114,
127, 321
scaling variable, 97, 106, 320
Bloch—Nordsieck, 145
Born approximation, 190
boundary conditions, 24 (see also
periodic boundary conditions)
Breit frame, 189
Breit—Wigner resonance, 74
bremsstrahlung, 142

Cabibbo angle, 245, 249
canonical quantization, 172
canonical transformation, 32, 50, 159
Cauchy principal value, 260
CC1 expression, 182
CEBAF, 3, 92, 253, 256, 265-273, 280
accelerator, 265-267
spectrometers, 268-270
(see also TINAF)
CERN, 3, 275
charge distributions, 3, 20, 163, 184
Fermi model for nucleus, 184
central density, 184
half-density radius, 187
surface thickness, 184
in 3)Ca, 187
in neutron, 187
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in 180, 179
in 2% Pb, 187
in proton, 184
charge density, 26, 179
(see also electromagnetic current)
charge renormalization (see also
quantum chromodynamics
(QCD), quantum
electrodynamics (QED))
chiral perturbation theory, 191
chiral soliton models, 191n
chiral symmetry
spontaneously broken, 214n, 233
circular polarization, 32
Clebsch—Gordan coefficients, 35, 40,
43n, 44, 161, 162
C-M frame, 23, 78, 80, 82, 83, 86, 102,
189, 326
C-M motion, 70, 180, 182n, 214n, 221,
223n, 296-301
in harmonic oscillator, 299
coincidence experiments, 23, 25, 77
on 18Ne(e, €' 2p)1§0,5, 283
on '2C(e,¢' p)!iBys, 92
on 'H(e,e' KT), 268
on 'H(é,ep), 270, 280
on 'H(e, e p)n®, 284
on 'H(e,e¢’ nt)n, 284
on 'H(y,KH)A, 285
on 2H(é, ¢’ 1), 94, 280
on TH(é, € p), 281
on ?H(e, €' p), 281
on 7H(e,e' n7)pp, 284
on H(y, p)n, 272
on jHe(e,e’ KT)4 H, 286
on '$0(e, ¢’ p)'5N,5, 180
on '$0(e, ¢’ p)'3N*, 271
on 2%Pb(e,e'p)*Y| T1, 93
multiple, 25
colliding beam e*—e~, 277
color, 7, 213, 247
(see also quantum chromodynamics
(QCD), quarks, SU(3))
completeness, 99, 201
Compton wavelength, 18, 254
confinement, 7, 213, 231

(see also quantum chromodynamics
(QCD))
conserved vector current (CVC), 249
constituent quarks, 214, 214n, 220,
222, 255, 288
continuity equation, 48, 292 (see also
electromagnetic current,
conservation)
continuous wave (c.w.) accelerator, 23,
77, 94
continuum mechanics, 171, 228
(see also Hamilton’s principal,
Euler-Lagrange equations)
convection (see electromagnetic
current)
Coulomb corrections, 133n
distortion, 15n, 186
Coulomb interaction, 17, 25, 174n,
197
Coulomb multipole (see multipole
operators)
Coulomb response functions, 197
non-relativistic Fermi gas, 204
Coulomb sum rule, 203, 204, 205n,
209, 211
non-relativistic Fermi gas, 204
single-nucleon form factor, 209n,
210
two-body correlations, 203, 204,
209, 210, 211
cross section, 19
for (e, €'), 56, 60, 65, 70, 78, 98, 100,
105, 304
moving nucleon, 322, 323
radiative corrections, 144
for (e, e'X), 84, 85, 90, 91
angular distribution in C-M, 91,
316
for photoabsorption, 60, 303
current density (see electromagnetic
current)

Darmstadt, 274
de Broglie wavelength, 11
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deep-inelastic scattering (DIS), 4, 7,
18, 20, 96, 100, 112, 117, 224, 250,
2717, 278, 289, 333, 337

SLAC data, 100, 100n, 108, 110

deformed nuclei, 73, 256, 275, 284

and 13¢Gd(e,¢), 74, 275

A (1232), (see nucleon resonances)

density—density correlations (see
Coulomb sum rule)

density functional, 182

DESY, 3, 275, 278

HERA, 278
detectors H1 and ZEUS, 278
HERMES collaboration, 278
diffraction pattern, 9, 15
circular disc, 11, 12
diffraction zero, 163
spherical charge distribution, 12, 13
dimensional regularization, 133n
Dirac equation, 4, 46, 57, 143, 172, 325
Dirac hamiltonian, 47, 50
Dirac matrices, 46
electromagnetic current, 48
magnetic moment, 220
modal matrix, 48
plane wave solutions, 48, 150, 306,
325, 326
point-like particles, 102
polarization, 306-309
helicity projection, 307
spin projection, 307
projection operators, 49, 57, 120
propagator, 192
with electromagnetic field, 47, 50
with fields [¢o(r), Vo(r)], 176
angular momentum, 176
form of solution, 178
M.IT. bag, 213

Dirac field, 50

Dirac hole theory, 49, 234n

dispersion corrections, 133n

dispersion matching, 275

distance scale, 15

Division of Nuclear Physics (DNP), 5

Doppler shift, 20, 201

duty factor, 267

effective field theory, 7, 182, 233
for QCD, 233
chiral symmetry, 233
lagrangian, 233
n—m scattering, 233
pion field, 233
lagrangians, 191, 233
elastic scattering, 20, 65, 184-196
0" target, 65
1/27 target, 66
from 3)Ca(e, e), 15
from $H(e, e), 164, 165, 276
from %He(e, e), 164, 165, 194, 276
from J3Nb(e,e), 71
from 70(e, ), 179
(see also form factors, nucleon)
electromagnetic current, 14, 123, 229,
310
charge density operator, 198, 297
commutator, 99
conservation, 57, 58, 62, 65, 80, 89,
98, 121, 132, 143, 174, 180n, 193,
206, 259, 292, 321, 325
convection current, 17, 37, 39, 298
Dirac current, 48
hermiticity, 70n, 72n, 310
intrinsic magnetization, 17, 37, 38,
72, 166, 294, 298
local density operators, 32, 97, 156
localized densities, 33, 37, 45, 69,
152
transition densities, 20, 24
(see also one-body, densities;
standard model)
electromagnetic field, 31
field tensor, 26
electron—positron annihilation, 189
electron scattering, 3, 14, 19 (see also
individual topics)
electroweak interactions, 117, 234
electroweak bosons, 7, 117
boson exchange, 123
electroweak currents, 224
standard model, 17-18, 117, 118,
234-249
unitary gauge, 118
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(see also standard model, weak
neutral current)
EMC effect, 96, 110
emittance, 267
energy conservation, 44, 64, 106, 199,
320
energy resolution, 143, 267, 275, 276
energy transfer, 96, 198
n production, 285
Euler angles, 44
Euler-Lagrange equations, 171, 228
evolution equations, 96n, 278n, 279,
302, 338
momentum fraction, 305
resolution, 305
splitting function, 305
exchange currents, 6, 153, 191, 193
and 2H(e, €' )pnresh, 195
and 3He(e,e), 194
pion-exchange current, 192-195

Faddeev equations, 195
Fermi constant, 18, 243, 249
Fermi distribution, 206
Fermi gas, 197, 198, 211
Coulomb response, 200
Fermi momentum, 172
Fermi motion, 20
Fermi sphere, 200, 208, 211n, 212
Fermi wave number, 197
Pauli correlations, 210
relativistic, 206
with hard-core interactions, 211
Fermi’s Golden Rule (see Golden
Rule)
Feynman diagrams, 53, 131, 142, 190,
192, 258, 324
Feynman parameterization, 133n
Feynman rules, 192, 324
for QCD, 229, 337
for QED, 53, 131, 142
for standard model, 118
final-state enhancement, 258
fine-structure constant, 14, 26, 56
first quantization, 38, 149
flavor (see quarks)

form factors, 20, 140

nucleon, 67, 153, 153n, 174, 190,
252, 253, 258, 261, 280
dipole form factor, 187
Sachs form factors, 174n, 187,
252

(see also nucleon, spectral
representation)

Fourier transform, 12, 14, 24, 25, 53,
99, 133, 152, 163, 187, 189, 204,
210, 297, 300, 336

partial, 187
four-momentum, 18, 19, 24, 52, 78,
104, 321
conservation of, 78
transfer 27, 27n, 77, 96, 150, 189,
257, 325
Fraunhofer diffraction, 10

gamma matrices, 47, 56
s, 306
traces, 50, 112, 120, 308
gauge
Coulomb, 31, 32, 132, 132n
Landau, 230
Lorentz, 52n
unitary, 239
gauge invariance, 143
(see also current conservation)
Gauss’ theorem, 37
Gell-Mann matrices [see SU(3)]
Gell-Mann—Nishijima relation, 236
giant resonances, 20, 254
dipole, 92
GIM identity, 245, 246
gluons, 7, 213, 220, 226, 273n, 288
field tensor, 226
(see also one-gluon exchange,
quantum chromodynamics
(QCD))
Golden Rule, 33, 44
cross section, 55, 61
unpolarized electrons, 56
unpolarized and unobserved
targets, 44, 56, 61, 91, 112
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hadrons, 6, 224
hadronization, 25
hamiltonian, 31
interaction with radiation, 37
QED, 31
Hamilton’s principle, 228
harmonic oscillator, 157, 163, 165,
214n, 221, 255, 299 (see also shell
model, C-M motion)
Hartree approximation, 172 (see also
relativistic Hartree theory)
Hartree—Fock states, 153
calculations, 187
Heaviside-Lorentz (rationalized c.g.s.)
units, 26
Heisenberg equations of motion, 57,
98
Heisenberg states, 24, 52, 119
helicity, 39, 43, 113, 173, 234, 307, 308,
328
matrix elements of current, 86
angular dependence, 89
photon, 40, 43
unit vectors, 62, 85
Helmholtz equation, 37
HEPL, 92, 174, 184, 208, 211, 274
Higgs
field, 241
mechanism, 239
(see also standard model)
Hilbert space, 36, 38
hole states, 25, 49, 93, 160, 234n
Huygens Principle, 10
hypernucleus, 25, 286

Illinois betatron, 274

impulse approximation, 104, 113

incident flux, 55, 97, 105, 321

inclusive process, 96n

infinite momentum frame, 102, 104n,
110, 114, 337

infrared divergence (see quantum
electrodynamics (QED))

in-plane configuration, 23

interaction representation, 52, 61

interference, 24, 94, 124

internal targets, 276, 278
irreducible tensor operators (ITO), 33,
36, 38, 39, 43, 155
isospin, 155, 162, 310
form factor dependence, 66, 190
isospinors, 150
isovectors, 249
isovector transitions, 170
symmetry, 107, 248, 252, 310

Jacob—Wick, 42, 87

kinematics, 23, 63, 96
Kroll-Ruderman theorem, 193
Kronecker delta, 31

laboratory frame, 58, 59, 63, 69, 78,
81, 82, 86, 102, 115, 122
lagrangian density, 171
effective for standard model, 243
effective for QCD, 233
free quarks, 225
pion—nucleon, 190
pion—photon, 190
QCD, 227
QHD, 171
standard model, 237, 242
gauge bosons, 237, 241
leptons, 235
point nucleons, 236
quarks, 245
scalar field, 238, 240, 241
strong and electroweak, 247
Laplace’s equation, 293, 294
lattice gauge theory (LGT), 8, 213,
231, 233, 262
Legendre polynomials, 330
leptons, 234
fields, 234
light cone, 100, 333-336
quark—parton result, 337
singularities, 335
bilocal operators, 336
free field, 335
scalar field, 335
variables, 333-336
Lorentz contraction, 302
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Lorentz covariance, 65, 79, 99, 110, Mott cross section, 60, 100, 144
179, 321 effective, 153, 299
four-vectors, 58, 79, 249, 307 multipole analysis, 17, 31, 68
axial-vector, 249 multipole operators, 37, 38

scalar invariants 18, 19, 58, 83, 98,
102, 304, 325, 334
tensors, 19, 56, 57
pseudotensors, 58, 113
Lorentz force, 26
Lorentz transformation, 23, 55, 56
laboratory to C-M, 78, 81, 83, 85
Low equation, 337
Low reduction, 89
L-S coupling states, 314
eigenstates of parity, 315
luminosity, 270, 278

magnetic field, 26n, 37, 294, 302
magnetic interaction, 17
magnetization (see electromagnetic
current, shell model)
in nucleon, 186
Mainz Laboratory, 3, 274
MAMI accelerator, 276
MAMI spectrometers, 276
many-body problem (see nuclear
many-body problem)
mass renormalization (see quantum
electrodynamics (QED))
Maxwell’s equations, 26, 52, 139, 294
meson exchange, 6
mesons, 224
microscopic causality, 335
missing momentum, 93n, 180
M.LT. bag, 213, 218, 255
Mg ller potential, 173, 325
effective, 173
momentum conservation, 97, 320
momentum distribution, 25, 281
in nuclei, 208
in nucleons, 18, 107, 110
momentum sum rule, 105, 108
momentum transfer, 9, 14-15, 25, 70,
81, 96n, 257, 334
three-momentum, 20n, 70, 81
(see also four-momentum)
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charge (Coulomb) multipoles, 70,
293, 327

long-wavelength reduction, 45,
167n, 290-295

magnetic dipole moment, 292

parity, 45

quadrupole moment, 293

static, 292

symmetry properties of matrix
elements, 310-313

time reversal, 310, 312

transverse electric and magnetic, 37,
38, 70, 290
real photons, 290

muons, 116

mu-mesic x-rays, 184

NIKHEF, 3, 93, 274
non-relativistic quark model of

nucleon, 214, 257, 281, 284, 288
baryons, 217
supermultiplet, 218
electric charge, 219
ground-state matrix elements, 218
form factor, 223
isoscalar, 219
isovector, 219
magnetic moment, 220
transverse magnetic dipole, 220
transition matrix elements
higher excitations, 223
isovector, 222
magnetic dipole to A (1232), 221,
223
wave functions
color, 214, 215, 218
isospin, 215
space, 215
space—spin—isospin, 215, 217
spin, 216
spin—isospin, 215, 216, 217
(see also constituent quarks)
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normal-ordered, 162n
nuclear many-body problem, 154, 288
creation and destruction operators,
154, 155
many-body matrix elements, 153
cross sections and rates, 157
exact eigenstates, 154
principal result, 156
sum of s.-p. matrix elements, 156
many-body multipole operators,
154
isospin structure, 154, 156
(see also one-body, relativistic
many-body problem, shell model)
nuclear matter, 172, 205n, 206, 210
Bruekner theory, 187
density, 184
saturation, 173
Nuclear Science Advisory Committee
(NSACQ), 5
nuclear state vectors, 42
invariant norm, 79, 99
rotation of, 42
nucleon
anomalous magnetic moment, 150,
190
form factors, 67, 153, 153n, 190,
252, 253, 258, 261
magnetic moment, 150, 170, 220,
292
matrix elements
electromagetic current, 150, 251
weak neutral current, 251
relativistic electromagnetic vertex,
150, 206
(see also non-relativistic quark
model of nucleon)
nucleon emission, 20, 73n
protons, 92
nucleon resonances, 20
A33(1232), 20, 206, 255, 256
Ey, amplitude, 254, 284
excitation of, 74, 221, 223, 254-262
Ne,¢')A(1232), 257, 258
analytic properties, 258, 259, 260
Feynman amplitude, 258, 260

final-state enhancement, 258

multipole amplitudes, 258

pole terms, 261

threshold behavior, 259
S11(1535), 285 (see also

non-relativistic quark model of

nucleon)

Omnes equation, 259
one-body
current densities, 149, 152, 154, 156
densities to O(1/m), 152
nucleon form factors, 153, 153n,
191
matrix elements, 155
Donnelly-Haxton tables, 157,
158, 167
multipole operators, 158
isospin dependence, 156, 158
reduced matrix elements, 157
one-gluon exchange, 213, 223, 256,
284
one-pion exchange potential, 193
operator product expansion, 336
optics, 9-13
optical pathlength, 10

pair production, 50
parity, 45, 88, 88n, 91, 114, 121, 189
conservation of, 112, 315
pseudoscalar, 113
parity violation, 4, 17, 18, 112, 117,
250-253, 286
parity violation asymmetry in (&,¢’),
120, 122, 250
for 2C(&,e), 125, 286
for N(&,¢)N, 251, 288
for 2H(é,¢') in DIS, 250
for $He(&, ¢), 288
(0™) target, 124
(0™, 0) target, 124, 126
(see also quark parton model)
particle—hole transitions, 73
and 2C(e,¢€’), 167
and 3Mg(e,€'), 73
(see also shell model)
particle production, 57, 78n, 254
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partons, 102
Pauli Exclusion Principle, 49
Pauli matrices, 66, 149, 225, 326
Pauli spinors, 326
Pauli—Villars regulator, 135, 136
periodic boundary conditions, 14n, 31
continuum limit, 53, 54, 64
large box, 14n, 31, 50, 54, 61, 97,
173, 198, 297
number of states, 55
perturbation theory, 131, 213, 233
time-dependent, 52
phase space integral, 83
photoabsorption, 75, 302 (see also
S-matrix, cross section)
photon emission, 37
transition matrix element, 43
transition rate, 40, 44, 45
photon exchange, 14, 77, 123
virtual photon, 15, 23, 24, 89, 140,
189
photon propagator, 132, 303
Coulomb propagator, 132n
transverse photon exchange, 132n
(see also quantum electrodynamics
(QED))
pion electroproduction, 20, 86, 222,
284, 324-332
angular distribution in C-M system,
316, 329
isospin, 331
N(e, ¢’ ©)N, 324
angular correlation coefficients,
329
expansion in invariants, 325, 326
L-S basis, 328
multipole amplitudes, 328-330
S-matrix, 324
states of definite parity, 329
and photoproduction, 324, 326, 330
through A(1232), 318
plane wave, 35
polarization sum
covariant, 62, 303
massive vector meson, 144

359

polarized electrons, 15, 86, 106n, 112,
117, 267, 276, 277, 306-309
and polarized nucleons, 18, 22, 112,
271, 308
scattering asymmetry, 114
and polarized nucleus, 86
(see also parity violation)
polarization of outgoing proton, 182,
308
polarization transfer, 25, 280, 309
positron, 49

quantized radiation field, 31, 60
quantum chromodynamics (QCD),
4-5, 18, 32, 96n, 125, 182, 191,
213, 224-233, 254, 257, 262, 281,
284, 286, 288
asymptotic freedom, 231, 233, 255,
337
color current, 229
confinement, 231, 255
conserved currents, 228
electromagnetic current, 229
equations of motion, 228
Feynman rules, 229
flavor, 224, 232
ghost loops, 231
lagrangian, 227
local gauge transformation, 227
nuclear domain, 233
perturbation theory, 233, 279
renormalized charge, 232
and standard model, 247
vacuum, 232n
(see also color, lattice gauge theory
(LGT), quarks, SU(3))
quantum electrodynamics (QED), 4,
14, 31, 131-145, 302
charge renormalization, 136, 140
bare charge, 136
renormalized charge, 136, 231
divergences
infrared, 138, 140, 144, 145
ultraviolet, 138, 140, 145
Feynman rules for S-matrix, 131
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quantum electrodynamics (QED)
(continued)
closed fermion loop, 132
electron propagator, 131
external particles, 132
photon propagator, 132
vertex, 131
mass renormalization, 133, 135
mass counterterm, 133, 135
radiative corrections
electron self-energy, 134
S-matrix with, 139, 140
vacuum polarization, 133, 135,
136, 137, 139n, 231
vertex, 137, 138, 140
Ward’s identity, 139
wave function renormalization, 139
quantum hadrodynamics (QHD), 6,
75, 171, 182, 205n, 257, 288
(see also relativistic Hartree theory,
relativistic many-body problem)
quark model, 213
(see also ML.IT. bag, non-relativistic
quark model of nucleon,
quark—parton model)
quark—parton model, 96, 100, 112,
113, 115, 336
parity-violating asymmetry, 126,
250
spin structure functions, 115
structure functions, 107
quark—parton substructure, 3, 224, 277
quarks, 7, 22, 25, 100, 104, 107, 113,
191, 224, 269, 273n, 279, 288
color, 214-215, 224, 247
extended domain, 126, 249, 252, 287
field, 214, 224, 247
isodoublet, 248
flavor, 224, 232, 247
quantum numbers, 213
helicity distribution, 114
momentum distribution, 18, 107,
110
nuclear domain, 108, 125, 214, 233,
247, 248, 251, 252, 286
sea, 108

valence, 108, 251

weak neutral charges, 126

(see also non-relativistic quark
model of nucleon, quark—parton
model of nucleon, quantum
chromodynamics (QCD),
standard model)

quasielastic scattering, 20, 174, 182,

186, 197, 211

in 3)Caf(e,¢’), 208, 209, 211n

in 3He(e, '), H(e,€'), 210, 276

in 2% Pb(e,¢’), 208

quasielastic peak, 20, 176, 200, 211n

relativistic, 319-323

radiative corrections, 20n, 133
(see also quantum electrodynamics
(QED))
radioactive targets, 276n
reaction notation, 25n
reaction plane, 23, 86
relativistic Hartree theory, 176, 182,
208n
and §O(e, €' p)'5N,s, 180
and 17O(e, e), 179
charge density in 3)Ca, 187
charge density in 1$0O, 179
charge density in 2%Pb, 179, 187
computer program for, 179
Coulomb field, 179
Dirac equation, 178
radial wavefunctions, 179
wave functions, 180
meson field equations, 178
neutral p field by(r), 179
isovector baryon density, 179
parameters, 179
(see also relativistic many-body
problem)
relativistic many-body problem, 171
baryons
conserved baryon current, 172
Dirac equation, 172
field, 171
scalar density, 172
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Dirac optical potential, 179, 180,
182
effective electromagnetic current,
173, 174n, 180
mean field theory (RMFT), 171,
172, 173, 182, 187, 205n, 206, 208,
209
baryon field, 173
ground state, 172
meson fields, 172
normalization, 173
nucleon effective mass, 176
response functions for (e, e’ N),
206
self-consistency, 176
relativistic impulse approximation
(RIA), 179, 182
scalar and vector fields, 171
field equations, 174
scalar mass, 176
spin—orbit interaction, 179, 182
Thomas—Fermi theory, 174
and $Cal(e,¢’), 174
and 233Pb(e,¢’), 174
(see also relativistic Hartree theory)
relativistic quantum field theory, 6,
131, 172, 225n
renormalization group, 231, 302
response functions, 18, 19, 86, 319, 320
angle dependence, 86
scaling, 107
(see also Coulomb response
functions)
response tensors
lepton, 56, 57, 98, 113, 117
pseudotensor, 113, 121
with weak neutral current, 121
quark, 106, 126
target, 56, 57, 61, 79, 98, 106, 113,
117, 302, 303
discrete state, 64
general form, 58
pseudotensor, 113, 121
with weak neutral current, 121,
250
RF, 267, 277

Rosenbluth
cross section, 66, 319
plot, 72
separation, 123
rotation matrices, 33, 42, 44, 89, 90,
328
rotation operator, 33, 40
rotation of state vectors, 40

Saclay, 3, 15, 194, 209, 274
SAMPLE, 276
Saskatchewan, 274
scaling, 18, 174n, 272
(see also Bjorken scaling, y-scaling)
scattering plane, 23, 80, 86
Schrodinger equation, 6
Schrodinger picture, 31, 50, 61
Schwinger correction, 144, 145
second quantization, 38n, 151, 154,
198, 236n
selection rules, 33
angular momentum, 43, 70, 160, 165
isospin, 160
parity, 45, 313
time reversal, 165, 313
shell model, 72, 154, 271, 288, 232
closed j-shells, 159
elastic charge scattering, 162
from (0T,0) target, 163
from !0, 163
ground-state density, 163
elastic magnetic scattering
from 3He and 7H, 164
from J3Nb, 166
hole-hole transition, 161
intrinsic magnetization, 166
in %V, 167
isovector transitions, 170
non-interacting ground state, 159
particle-hole transitions, 160
in 12C to (1%, 1), 167
particle—hole operators, 159
(see also shell model, stretched
states)
particle—particle transitions, 159
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shell model (continued)
radial wave functions, 157
harmonic oscillator, 157, 163,
165
Woods—Saxon, 163
stretched states, 169, 170
in Mg to (67, 1), 170
in 2%¥Pb to (147), 170
(see also nuclear many-body
problem, relativistic many-body
problem, one-body)
short-range behavior, 25
single-particle matrix elements (see
one-body)
6-j symbols, 215
SLAC, 3, 18, 74, 96, 100, 112, 117,
250, 274, 277
accelerator, 277
spectrometers, 277
Slater determinant, 214
S-matrix, 14, 17
for (e,€’), 14, 97, 105
for (e,e’' X), 24
for (&,¢), 17, 118, 119, 250
for N(e,e' )N, 324
for photoabsorption, 61
with two-body currents, 192
(see also quantum electrodynamics
(QED))
space-like separation, 335
spectral representation, 187
two-pion contribution, 190
anomalous magnetic moment,
190
radius, 190
weight functions, 189
Yukawa distributions, 190
spectrometers, 267-270
BLAST, 276
CLAS, 269, 284
8 GeV, 277
ELSSY, 275
HMS, 268
HRS, 270
OOPS, 276
SOS, 268

Index

spectroscopic factor, 182
spherical harmonics, 91n, 310
spherical unit vectors, 35, 69
spin—orbit interaction, 179, 182
spin spherical harmonics, 177
spin structure functions, 18, 22, 115,
116, 278
spontaneous symmetry breaking, 238
standard model, 234-249, 287, 289
covariant derivative, 237
currents
charge-changing, 246
electromagnetic, 246
electroweak, 247, 248
hadronic, 243
leptonic, 243
weak neutral, 245, 246
fermion mass, 244
coupling to Higgs, 244
gauge bosons, 236
mass, 237
physical fields, 240
leptons, 234, 235, 243
and gauge bosons, 237, 242
mass, 235
neutrinos, 235n
point nucleons, 236, 243
and gauge bosons, 237, 243
quarks, 244, 245
and gauge bosons, 246
(see also quarks)
scalar field, 238, 240, 241
vacuum expectation value, 238
(see also Higgs)
spinor field decomposition, 234
unitary gauge, 239
particle content, 242
weak angle, 241
weak hypercharge, 236
weak isospin, 235
weak quantum numbers, 236
stationary state solutions, 172, 178
(see also Dirac equation)
strangeness, 25, 269
associated production, 25, 269
current, 126, 288
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strangeness (continued)
form factors, 253
(see also hypernucleus)
sum rules (see Coulomb sum rule,
momentum sum rule)
superconducting, 267
superconducting accelerator (SCA),
92, 211, 274
superfluid, 267
supermultiplets, 218, 224
SU(2), 235
(see also angular momentum)
SU(3)
fundamental representation, 226
Gell-Mann matrices, 225
Lie algebra, 225
structure constants, 225
symmetrizing operator, 216

target recoil, 45, 71, 298
tensor product, 38, 156
Thomas—Fermi theory (see relativistic
many-body problem)
3-j symbols, 311, 312 (see also
Clebsch—Gordan coefficients)
time dilation, 102
time-ordered product, 337
time-reversal
invariance, 72, 165
operator, 312
(see also multipole operators,
selection rules)
TINAEF, 3, 256, 255, 257, 265-273,
274, 280 (see also CEBAF)
T-matrix, 61, 88, 141
and cross section, 141, 143
Tohuko, 274
traces (see gamma matrices)
transition form factors, 65
for 0T — 171, 68
two-body correlations (see Coulomb
sum rule)
and coincidence reactions, 283
two-body currents (see exchange
currents)

ultraviolet divergence (see quantum
electrodynamics (QED))

units, 26-27, 51

unpolarized target, 40 (see also
Golden Rule)

vacuum, 26, 49, 238, 255
vacuum polarization (see quantum
electrodynamics (QED))
strong, 108, 209, 232
vector mesons
form factors with p and w, 191
(see also quantum hydrodynamics
(QHD))
vector potential, 27
external, 52, 133
quantized radiation field, 31
transverse, 39
vector spherical harmonics, 35, 38, 310
virtual Compton scattering, 91n, 99,
337
virtual photon (see photon exchange)

Ward’s identity, 139
Watson’s theorem, 259, 332
wavelength, 10, 18
weak neutral current, 17-18, 117, 121,
123, 124n, 287, 289
axial vector, 18, 121, 123
hermiticity, 251n
lepton matrix elements, 119, 123
nucleon matrix elements, 119
vector, 18, 121, 123
weak neutral charges, 126, 250
Weizsacker—Williams approximation,
302-305
Wigner—Eckart theorem, 33, 39, 43,
44, 66, 70, 88, 155, 157, 160, 161,
189n, 222, 249, 311, 312, 314
reduced matrix elements, 40, 160
double reduced, 155n, 157, 311
Wigner’s supermultiplet theory, 218n

Yang—Mills theory 7, 8, 225, 226, 236
y-scaling, 206, 323
Yukawa interaction, 227, 244
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