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divergence of 10
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numerical problems 170
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scheme 156
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fast Faraday cups (FFC)
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(FELs)

FFC. see fast Faraday cups (FFC)

field index 107, 109

field-induced breakdown
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245-248
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247-248
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fine-structure constant 256

fixed-field alternating gradient
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focal length of solenoid magnet
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focal strength of Einzel lens 162
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Fowler Nordheim relation 246

fractional tune 86-87
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68-69, 141, 145
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(FWHM) 211
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maximum (FWHM)

9

gas strippers 17
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(Maxwell’s first
equation) 10
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equation) 10

Geller scaling laws  51-52
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(HCIs)

Heisenberg uncertainty
principle 66
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steps for leak detection
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higher-order multipoles 100

highly charged ions (HCIs) 46,
50, 55-57, 60

High Voltage Engineering in
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Hill’s equation 79-84, 125

horizontal root mean square
beam sizes 84-86

hot electrons 45-47, 52
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HWR. see half-wave resonator
(HWR)
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ideal gas law 224-226
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integrated sextupole strength
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interaction rate  69-70
interdigital H-type structure
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(IE) 54,55
ion beam 4,17, 44, 56,59, 63,
66, 203-204. see also
particle beam
formation and transport 54
metal 61
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space charge effectson  93-95
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ion bunch width using detectors
217-218
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ion pumps 231, 235-236
ion sources 43, 44
duoplasmatron 54-55
EBIS 55-57, 56
ECRion source 44-52
laser ion sources 59-60, 59
numerical problems 61-62
Penning ion sources 57-59,
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SNICS 52-54
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isochronous condition 75
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kicker magnets
148, 246
Kilpatrick criterion 245
kinetic energy 2, 15, 27, 32, 40,
152,180
of particle 19, 133,152
per nucleon 20
perpendicular 48
klystron 178
Knudsen number (Kn) 226-229
KONUS beam dynamics 197
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Laplace’s equation 158, 179
Large Hadron Collider
(LHC) 5,21
Larmor formula 255-256
Larmor orbit 47
laser ion sources 59-60, 59
laser plasma wakefield accelerator
(LWFA) 30-34
Lawson-Woodward theorem 31
leak rate 241-242
LHC. see Large Hadron Collider
(LHC)
LINAC. see linear accelerator
(LINAC)
linear accelerator (LINAC) 5-6,
172,175, 178, 204, 256
drift tube 245
low-velocity 193
phase stability in  181-186
radio frequency 172
Stanford 178
linear colliders 27
linear matrix 167
Liouville’s theorem 64-66, 74, 82
longitudinal beam dynamics
172-175
longitudinal beam emittance
215
bunch length measurements
216-217
longitudinal emittance 64, 66,
173-174, 201, 215
determination of 216
unitsof 173
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173-174
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finite length in 172
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Lorentz factor 2, 21, 87, 95,
142-144, 146, 169, 256
Lorentz force 26-27, 32, 95, 100,
120, 132, 137, 146
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curl of 250

136-137, 136,
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impulse 187
law 249
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beam 95
Lorentzian axial magnetic field
distribution 141
luminosity 69-71, 96
of collider 27
with crossing angle 71
LWFA. see laser plasma wakefield
accelerator (LWFA)

m
magnetic confinement
by mirror field 47-49
of plasma 45
magnetic fields 10-11, 25, 66,
99, 255
pulsed 6
for relativistic beam 95
scaled 50
in TE mode 250
magnetic isobars 45
magnetic rigidity 3-4, 4, 129
of bending magnet 22
of particle 147
magnetohydrodynamic (MHD)
instabilities 45
magnetostatic devices  99. see
also electrostatic devices
charged particle motion in
magnetic field 100
multipoles and effects on
particle motion 100
magnetostatic steerer/deflector
130-132, 130
magnets 9, 18, 99, 202
achromatic 134-135
dipole 22,99,106-116
kicker 136-137
quadrupole 22, 87,99,
116-119
sextupole 128-129
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steerer 130-132
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matrix formalism 71-76, 141
symplecticity 73
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significance of 75-76
Maxwell’s equations  9-10, 154,
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Ampére’s law with Maxwell’s
addition 10-11
Faraday’s law of electromag-
netic induction 10
Gauss’s law for electricity 10

Gauss’s law for magnetism 10
Maxwell’s first equation. see
Gauss’s law for electricity
(Maxwell’s first equation)
Maxwell’s second equation. see
Gauss’s law for
magnetism (Maxwell’s
second equation)
Maxwell’s third equation. see
Faraday’s law of
electromagnetic
induction (Maxwell’s
third equation)
MC-SNICS. see multi cathode
sputter-type negative ion
source (MC-SNICS)
McLeod gauge 239-240
mean free path 226-229
metallic gaskets 233
metal vapor vacuum arc
(MEVVA) ion source 61
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detectors 218
microtron 6, 27-28
microwave technology 178
“minimum-B” (min-B)
configuration 45-46
momentum 1, 4, 22, 64, 68, 74,
172,236
angular 120, 138
change in radial 187
of colliding particles 27
coordinates 66
flux 228
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particle 89,104
relativistic 2
most probable velocity 223
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negative ion source
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Corporation (NEC) 52
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Newton’s second law 146,
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nodes 176-177
noise power 207
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see beam profile
monitors (BPM)
nonscaling FFAG 6, 29
normalized emittance 67, 91,
215
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Panofsky-Wenzel theorem
249-251
parallel beam current 94, 94
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partial pressure 222-223
particle accelerators 1, 5,
178, 202
history of 6-9
radiation physics in  36-39
Stefan-Boltzmann law and
applications in  257-258
particle beam 1, 104, 136, 176,
203, 250, 257
defined 1,3
deflection of 249
dynamics 2
high-energy 6, 34
particle colliders 6, 26
high-energy 178
microtron 27-28
Paschen’s law 245
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247-248
Paul trap 155
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percentage by volume (% by
volume) 222
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system 66
distribution of beam 73
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phase spread 173-174, 198
phase stability
behavior of T with geometrical
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drift tube arrangement inside
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in LINACs 181, 185-186

principle of 23
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transit time factor 181-182
voltage across RF gap 182
pickups 204-205
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pitch angle 49
Planck’s law 257
plasma frequency 31-32, 34-35,
49-50
plasma potential 50
plasma wavelength  30-32,
34-35
point-to-parallel focusing 75
point-to-point focusing 75
Poisson’s equation 253
ponderomotive phase 142
positive-displacement pumps
237
Poynting vector 255-256
pulse current 202
pumping speed 229-231,
234-235
PWFA. see beam-driven plasma
wakefield acceleration
(PWFA)

gF. see quick-flange (QF)
quadrupole ion traps 155
quadrupole magnets 21-22, 87,
96, 99, 116. see also
solenoid magnets
beam optics for 119
configuration for vertical
focusing and horizontal
defocusing 116
design of 118-119
quadrupole scan technique
214-215
quality factor (Q) 50, 191
quarter-wave resonator (QWR)
193-195
quick-flange (QF) 232
QWR. see quarter-wave resonator
(QWR)

r
radial impulse and deflection in
RF gap 186-188, 187
radial motion 107, 139
inside dipole magnets
106-110
inside electric field 153-154
radial-sector FFAG 28
radiation physics 36-39
radioactive decay 37-38
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acceleration 190-193
accelerators 212
buncher 189-190, 189
capture 173
cavity 216
chopper 188-189
devices 171,178
discharge 43
drift tube LINACs 197-199
HWR 193-195
longitudinal beam dynamics
172-175
numerical problems
199-200
phase stability in LINACs
181-186
pillbox cavity 175
QWR 193-195
radial impulse and deflection
inRF gap 186-188
standing wave structures
176-180
traveling wave structures 175
radio frequency acceleration 190
Alvarez structure  191-193,
192
Sloan-Lawrence structure
191
‘Wideroe structure 190, 191
radio frequency quadrupole
(RFQ) 191, 195-196
RE. see reflector electrode (RE)
reference orbit 76-77, 79,
101, 109
reflected waves 176, 211
reflector electrode (RE) 54
relative momentum deviation
85,102, 107,173
resonant wavelength 143
Reynolds number 226-229
RF. see radio frequency (RF)
RFQ. see radio frequency
quadrupole (RFQ)
Richardson’s law
253-254
ROGOWSKI pole
profile 113
root-mean-square (RMS)
bunch length 202
emittance 83,91-93
for gases 224
velocity 223
roots blower 237
rotary vane pumps = 234-235
rough to medium vacuum range
238, 240
rubber gaskets 232-233
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scaling FFAG 29
screw vacuum pumps  237-238
scroll pump 237
sensitivity 213
of helium leak detector 242
of particle position to momen-
tum deviation 84-85
of phase detector cavity 212
septum 19, 136-137, 136
sextupole magnets 128-129
sigma matrix 72, 83-84
signal-to-noise ratio (SNR) 207
simple harmonic motion
67, 88,154
sine-like transfer function 102
sinusoidal oscillations 67, 68
Sloan-Lawrence structure 191
SNICS. see sputter-type negative
ion source (SNICS)
SNR. see signal-to-noise ratio
(SNR)
solenoid magnets 120
design of 126-128
focal length  123-126
horizontal displacement 121
longitudinal field mapping
127
off-diagonal elements 122
2D field configuration 127
solid-state barrier detector
(SSBD) 217
sorption pump 238
space charge
effects on ion beam 93-95
forces 94
spherical dipoles 152
sputter-type negative ion source
(SNICS) 52-54
SSBD. see solid-state barrier
detector (SSBD)
standing wave (SW) 176
charged particle motion in RF
field 180
Earnshaw’s theorem 179
inherent transverse defocusing
effect 179
modes 192
in RF cavity 176-177
RF devices 178
structures 176
Stanford Linear Accelerator 178
stationary observer 143
stationary pattern 177
steering magnet 130-132
Stefan-Boltzmann constant 257
Stefan-Boltzmann law  257-258
SW. see standing wave (SW)

symplecticity 73
synchrocyclotron  23-25
synchrotron radiation 21
damping 67-68
facilities 145
synchrotrons 5, 10, 21-23, 178
oscillations 173, 181
resonance 23
tune 87-89
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tandem accelerators 5, 14-18,
15,52
theodolites 243
thermocouple gauge 239-240
three-aperture Einzel lens 164
throughput 229-231
time spread 173-174
time-varying electric fields
174,181
Townsend ionization coefficients
247
transfer function 102-103
transfer matrix 72, 157, 167, 174
elements, significance of
75-76
for quadrupole 214
transit time factor (TTF)
180-182, 192-193, 196,
199, 213
transverse beam emittance
214-215, 214
transverse electric (TE) modes
49-50, 175, 177, 249
transverse electromagnetic (TEM)
modes 177,193
transverse magnetic (TM) modes
49-50, 175,177
transverse momentum 120, 169
transverse velocity 141, 169
traveling wave structures 175
TTF. see transit time factor (TTF)
tune 86-89
turbomolecular pump 235-236
turbo pumps 234-235
Twiss parameters 63, 73,
216-217
formalism 79-84
transformation 125
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undulators 141-145
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vacuum 31, 221
accessories and subcompo-
nents 231-234

arcion source 61
bellows 232
coefficient of viscosity
226-229
conductance 229-231
flanges and adapters 233-234
gauges 238-241
helium leak detector 241-243
ideal gas law  224-225
Knudsen number 226-229
mean free path 226-229
numerical problems 243-244
outgassing in vacuum systems
229-231
pumping speed 229-231
pumps 221, 234-238, 234
Reynolds number 226-229
throughput 229-231
unitsin 222-224
Van de Graaff accelerator
5,11,14
Van der Waals equation 225
vector potential 255
velocity factor 202
vertical motion
inside dipole magnets
106-110
inside electric field 153-154
vertical root mean square beam
sizes 84-86
viscosity 228. see also luminosity
dynamic 227-228
gas 229
Newton’s law of 227
voltage ratio 159
voltage reflection coefficient 211
voltage standing wave ratio
(VSWR) 211
VSWR. see voltage standing wave
ratio (VSWR)

w
wakefield accelerators 30
beam wakefield acceleration
34-35
laser wakefield acceleration
30-34
warm electrons 47
Wideroe structure 190, 191
Wien filter 132-134, 133, 134
wigglers 145-147
window-frame magnet 111-112,
112
wire scanner-type monitors. see
beam profile monitors
(BPM)
witness beam  34-35



