absorption, 2, 7-9, 12, 15, 29-31,
48, 66, 68, 85-86, 115,117,
127,204, 207

interband, 7
preferential, 1
surface-enhanced infrared, 15

absorption band, 143, 207

absorption spectrometer, 29

addition theorems, 31-32, 35

additive phase accumulation, 97

admixture, 71-72

adsorption, 121

AFM, see atomic force microscopy

aggregation, 122,132
irreversible, 122
spontaneous, 122

Ag nanoparticles, 61, 66, 76-77,

111-12,125,174,178, 207

Ag nanospheres, 60, 66

AgNW, 120, 140, 142, 144-48,

150, 153, 155-60, 163-65,
167-70,174, 176,178, 180,
186,192-94, 217
bare, 153-54
branched, 182
coupled, 193
glass-supported, 153
molecule-coated, 160
straight, 142

Ag NW waveguide, 143, 160

Ag spheres, 38-39, 46, 62

Ag trimer antenna, 76

amplification, 202-3, 207-8,

212-13,219-20

amplifiers, 220-21
low-threshold plasmonic, 221
plasmon-based, 221

Index

amplitude, 14, 95, 146, 155
amplitude decays, 13
amplitude signals, 95
AND gate, 187
angular momentum, 21, 24, 58,
66-67,120
optical, 171
orbital, 172
antennas, 56, 85, 89, 93, 95-97,
129
coupled gold rod, 96
gold, 89
gold bar, 89
optical, 140
surface-plasmon-coupled, 86
triangle, 90
antibonding, 71
antinodes, 177, 180, 191
anti-Stokes scattering, 56
approximation
modified long-wavelength, 7,
118
quasi-static, 6, 57

time-dependent local density, 78

arrays, 73,75,77,127, 211
atom, 21
nanogap, 75
ordered, 73, 81
ordered nanoparticle, 75
patterned, 128
uniform, 75
asymmetric dielectric
environment, 164
asymmetric emission, 164
asymmetry, 96, 155
structural, 181
atomic force microscope, 176
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atomic force microscopy (AFM),
91-92

Babinet-Soleil compensator, 185
band gap, 183

bending loss, 162-63

bending radius, 162-63

Bessel beam, 116

Bessel functions, 24-25, 30, 146
blue shift, 77

Bohr’s radius, 79

Boltzmann constant, 111
Boolean logic gates, 189
boundary conditions, 22, 28, 33, 58
boundary element method, 46
bowties, 86, 94, 105

branched NW, 157, 184
bright-field optical images, 160
broadband nanosource, 171
Brownian motion, 122, 128-29

carbon nanotube, 141
Cartesian coordinates, 41
cascadability, 218
CCD, see charge-coupled device
CD, see circular dichroism
CDA, see coupled dipole
approximation

charge-coupled device (CCD), 142
Cherenkov radiation, 168
chirality, 168, 172

optical, 103

right-handed, 155
circuits

integrated, 137-38, 147, 194

integrated nanoplasmonic, 221
circular dichroism (CD), 103-4
circular polarizations, 168, 170,

183-84

opposite, 172-73, 182-84
classical electrodynamics, 16, 222
Clausius-Mossotti polarizability, 5

CMOS, see complementary metal-
oxide- semiconductor
coefficient, 28, 36
attenuation, 162
critical gain, 202, 206
damping, 3
diffusion, 80-81
expansion, 26, 28-29, 41
gain, 204, 207, 212, 215, 218-21
incidence, 41
loss, 218
Mie, 28, 41
scattering, 32-33
translation, 31-32, 35-36,
41-42
collimated SPP beams, 167-68
colloidal lithography, cheap, 98
complementary metal-oxide-
semiconductor ( CMOS), 211
configuration, 62, 68,93, 163, 209
dielectric-metal-dielectric, 204
hybrid plasmonic, 221
semiconductor-insulator-metal,
217
confinement, 69, 129, 213-14, 216
conjugated polymers, 204, 207,
213,221
continuous wave (CW), 215
continuum, 72,170
wire plasmon, 71-72
conventional Mie theory, 23, 27,
31-32
coordinates, 31, 35-37, 114, 165
azimuthal, 35
cylindrical, 145
radial, 80
spherical, 23
Coulomb repulsion, 121, 124
counterbeams, 130
counterions, 122
coupled dipolar mode shifts, 66



coupled dipole approximation
(CDA), 113
coupled nanoantennas, 93, 95-96,
105
coupled nanoparticles/nanowires,
132
coupling, 14, 16-17, 66, 68, 71-72,
75,82,93,97,102, 128-29,
140,171,176, 192-94
coherent, 176
directional, 173
grating, 12
interparticle, 57, 63, 124
plasmon, 14-16
plasmon-exciton, 174
plasmonic, 97
prism, 12
crystal, 21-22, 138, 160
birefringence, 101
CW, see continuous wave

damped Lorentz oscillator, 2
damping, 3-4, 10, 12,57, 159, 161,
220
effective, 57
low, 3
nonradiative, 9-10
dark field (DF), 117-18, 120,
122-23,125-26, 160, 163
dark-field scattering spectrum, 90
dark-field spectroscopy, 29
DDA, see discrete dipole
approximation
decay, 13, 140, 146,174,176
exciton, 173
exponential, 205
nonradiative, 10
demultiplexer, 139, 178
depolarization, 99-103, 206
depolarization ratio, 76, 99-100,
102

Index

Derjaguin-Landau-Verwey-
Overbeek (DLVO), 121-22, 124
devices, 144,192, 202, 211, 216
charge-coupled, 142
electrical, 85
optical, 104
optical circuit, 132
DF, see dark field
DF scattering, 118, 121-22, 126
diamond nanocrystals, 176
dielectric, 4,12, 110, 117, 139,
192, 194, 202-3, 206, 212
dielectric constant, 2, 5-6, 8, 47,
51, 64
dielectric environment, 147, 149,
184, 194
homogeneous, 145, 164-65, 183
dielectric function, 3-4, 7-8, 39,
46,49, 51, 206
dielectric layer, 144, 180, 204
dielectric material, 171, 206
dielectric medium, 10-11, 14,
171-72
dielectric permittivity, 22
dimerization, 123-25
spontaneous, 112, 132
spontaneous optical, 125
stable, 122
dimers, 38-39, 60-68, 73-77,
79-80, 86,98-102, 111-13,
118, 120-25, 128-29
bimetallic, 97
bimetallic nanodisk, 98
gold nanodisk, 77
hot, 61
isolated, 74
metal nanoshell, 73-74
model nanosphere, 63
nanocrystal, 98-99
planar, 97
dipolar interaction, 59, 74
dipolar nanoparticle plasmons, 71
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dipolar resonance, 6, 91-92

dipolar SPR, 87

dipole-dipole interaction, 113, 208

dipole emission, 76, 102-3, 164

dipole mode, 90, 116

dipole plasmon resonance, 92

Dirac matrices, 171

Dirac notation, 25

discrete dipole approximation
(DDA), 2, 46-47, 58-59,92,
111,119

dispersion relation, 11, 71, 153-54

DLVO, see Derjaguin-Landau-
Verwey-Overbeek

Drude dielectric function, 8

Drude expression, 4

Drude formula, 206

Drude model, 3-4,6,12,51,57

Drude permittivity, 11

EBL, see electron beam lithography
eigenenergies, 2
eigenfunction set, 24
eigenmodes, 145-46, 149
electric field, 5-6, 8, 24-26, 39-40,
45-47,50,56-59, 72, 89,
117-19, 146, 148-49, 163-65,
170, 211
confined, 89
external, 63, 71
induced, 9
instantaneous, 147
static, 5-6
time-varying, 6
electric field distribution, 59, 100,
143,146-48,172-73,177,
181-82, 206, 211
electric field intensity, 88, 157,
182,188,191, 216
local, 29, 141, 143,177, 191
electromagnetic (EM), 1, 22, 56,
110

electromagnetic coupling, 162, 174
electromagnetic energy, 104,
137-38, 156
electromagnetic field, 96, 145, 211
electromagnetic waves, 203
electromagnetism, 29
electron beam lithography (EBL),
75
electron-hole pair, 9, 144-45
electronic coupling, 77-78
electronic excitation mode,
collective, 56
electrons, 3, 6, 78-79, 82, 137, 145
conduction, 1, 4
excited, 10
free, 2-3, 117
high-energy, 141
hot, 16
electrostatic repulsion, 121-22
ellipticity, 77
EM, see electromagnetic
EM coupling, 14, 16,57, 62, 65, 68,
71,78,102,140,176,193, 217
EM field distribution, 29, 56,
79-80, 82
EM field enhancement, 1, 64, 79
EM waves, 1, 6, 22-24, 27,47, 58
emission, 77, 85-86, 96-99, 101,
159-60, 163-65, 168-70, 173,
177-78, 185, 193-94, 209-10,
214,220
antenna, 76
far-field, 96
fluorescent, 160
measured SERS, 77
remote, 1
single-photon, 140
emission intensity, 159-60,
164-65,169, 174,177,
179-80, 207, 209
distance-dependent, 159, 161
photon, 177



stimulated, 209
emission polarization, 168
emitters, 96, 98, 143-44,173,176
directional, 98
excited, 173
individual optical, 176
nanosized, 176
quantum dot, 96
end facet, 214-15, 217
energy attenuation, 162
energy conservation, 30
energy dissipation, strong, 138
energy flow, 29-30, 116
energy loss, 162, 192
enhancement factor, 56-57, 60-64,
94
averaged SERS, 69
high, 56
total, 56
etching techniques, 216
evanescent field, 130, 139-40, 159
excitation, 87, 89-92, 112, 115-16,
139-40, 147, 149-50, 158-61,
163-64,168-69, 172-73,
175-76,184, 192, 209-10
counterbeam, 130
electronic, 141
experimental, 147
localized, 86
longitudinal, 89
optical, 141
plasmon, 63, 73,77
polarized, 147, 169
quadrupole, 92
remote, 81, 174
resonant, 87,110
excitation light, 139, 143, 149, 152,
155-57,159-60, 162, 165-66,
169,174,177,179, 181, 183,
194
excitation polarizations, 166, 180

Index

excitation wavelength, 72, 113,
147,153-54, 165-66
free-space, 87
expansion, 23, 25-26
expansion coefficients, 26, 29, 41
exponential decay, 161-62, 220
extinction, 7-8, 30, 49-51, 66-68,
103, 209
average, 48
far-field, 67

Fabry-Pérot cavity, 87
Fabry-Pérot resonances, 159
Fano interference, 45
Fano resonances, 16, 67
far-field polarization, 99, 103
far-field radiation, 86
tunable, 87
FDTD, see finite-difference time-
domain
FEM, see finite element method
Fermi level, 79
Fermi occupation number, 60
Fermi surface, 4
field confinement, 1, 15-16, 192
electric, 131
subwavelength, 138
field distribution
asymmetric, 164
local, 58, 89
plasmon, 149, 179
spatial, 70
SPP, 157
symmetric, 157, 181
zigzag, 182
figure of merit (FoM), 170
finite-difference time-domain
(FDTD), 2,47,49-51, 58, 111,
176
finite element method (FEM), 2,
47,49-51
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fluorescence, 85, 94, 140, 143-44,
149,160-61, 173-74, 186, 207
surface-enhanced, 15, 94, 201
FoM, see figure of merit
Forster dipole-dipole interaction,
208
forward scattering, strong, 127
Fourier images, 152-53, 165-66
Fourier imaging, 151-52, 164
Fourier plane, 164-65
Fourier transform, 58
Fourier-transform-based
algorithm, 158-59
Fourier transform domain, 158
frequencies, 4, 10, 13,17, 56-58,
77,159,171, 174, 183, 203,
211
bulk plasmon, 3, 11
cutoff, 214
infrared, 94
operation, 86
plasmon resonance, 66
resonant, 91, 206
spinning, 120
vibrational, 56
visible, 13,93
Fresnel’s law, 4
full-width at half-maximum
(FWHM), 10, 69, 89-90, 129,
209
FWHM, see full-width at half-
maximum

GaAs quantum well, 141
gain
critical, 203
high material, 214
saturated internal, 214
gain coefficients, 204, 207, 212,
215,218-21
critical, 202, 206
gain compensation, 204

gain layer, 204-5
gain materials, 16, 202, 204-6,
212,216,219,221
gain medium, 202, 205-7, 209,
211-12,220
gain saturation, 206, 212, 214
gate
AND, 187
Boolean logic, 189
logic, 16, 189-91
NOR, 190-91
NOT, 187, 190
OR, 187,190
XOR, 187
Gaussian beam, 32,114, 116
paraxial, 147
polarized, 173
Gaussian laser focus, 125
Gaussian profile, 89-90, 116
GDM, see Green dyadic method
generalized Mie theory (GMT), 32,
51, 58-59, 74,76,99, 111
glass substrate, 127, 141, 148-49,
151-53,155, 167
GMT, see generalized Mie theory
GNP, see gold nanoparticle
gold film, 127-28, 130-31
gold nanobars, 87, 96
gold nanodisks, 128-29
gold nanopads, 127-28
gold nanoparticle (GNP), 8-9, 80,
116,121-123,129
gold nanorod, 48-49
gold nanosphere, 64, 172
gold substrate, 68, 70
gratings
cascading, 185
cascading corrugation, 185
Green dyadic method (GDM),
46-52
Green function, 2, 47
Green tensor, 47, 49



group velocity, 139, 158-59

half adder, 189
half-wave plate, 65, 102
Hamaker constant, 121
Hankel function, 24, 146
heat-assisted magnetic recording,
15
Helmholtz equations, 27
hole-mask colloidal lithography,
103
hot spots, 45,57, 73, 79-81, 93, 96,
99,103,112, 124-25, 174-75
quasi-isotropic, 101
hybridization, 65-66, 90, 192
hybrid plasmonic modes, 213-14,
217,219
hybrid plasmonic waveguide
mode, 214
hybrid SP modes, 202-3, 219
waveguided, 219

incident field, 4-5, 28, 30, 47, 51,
63,114
incident laser, 61, 114, 116, 150,
170,191
incident light, 10, 12, 37, 40, 44,
48,56-57,71,74,77, 147,
172-73,177,179, 182
polarized, 168,170
incident photons, 115, 120,
172-73
incident polarization, 9, 62, 66, 70,
90, 98-100, 147, 155-56, 177,
179-81, 191, 194
input light, 148,177, 180, 186-87
intensity, 13, 64-65,99-100, 103,
126,128,131, 143, 146, 154,
159-62, 164, 166-67, 169,
187-88
emitting, 143
far-field, 98

Index

fixed, 159
near-field, 67,178, 186
normalized, 100
relative, 170
strong, 89
threshold, 187, 189, 214
transmitted, 127
intensity enhancement, 34, 81, 93
far-field, 103
interaction
dipole-dipole, 113
interparticle, 78, 132
NW-emitter, 139
plasmon-exciton, 176
spin-orbit, 17, 171, 182
interband transitions, 4, 8, 51, 89
interference, 29, 67, 116, 168, 186
constructive, 97, 186-87, 189
destructive, 187, 189

JC, see Johnson and Christy
Johnson and Christy (JC), 4, 7-8,
39,46,49, 51, 64

Kretschmann configuration, 12,
139,143,158

Laplace equation, 206
laser, 100, 110-11, 116, 118,
124-25,127-29, 160, 163,
174-75, 180, 208-9, 211,
214-15,217,221
laser beams, 110, 114, 116, 121,
124-25, 144, 178, 184-85, 188
laser excitation, 150, 173-74
pulsed, 90
laser light, 80, 141-45, 147, 150,
153,164,167,173,175, 178,
183,190
focused, 139, 141-43, 147
polarized, 155
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Index

laser polarization, 64, 113, 116-20,

122-23,150, 166,168,178
laser tweezers, 110, 126-27, 132
lasing, 16, 203, 207, 209, 212,

215-18,220
lasing threshold, 202, 214-15

low, 215, 217
lattice constant, 22, 48, 78
LCP, see left-circularly polarized
leakage radiation, 141-42, 148,

152,166
LED, see light-emitting diode
left-circularly polarized (LCP),

103-4,120
left-handed chirality, 155
LF-CDA, see Lorentz force-coupled

dipole approximation
light-emitting diode (LED), 141
light-matter interaction, 96, 194
light polarization, 98

white, 117-18, 120, 122-23
light scattering, 7, 21-23, 51, 139,
142
elastic, 22
inelastic, 22
linear response theory, 59
first-principle, 58
local electric field, 29, 92, 94, 100,
143,191
enhanced, 174
strong, 129
local field, 29, 45, 57, 89, 91, 95,
101, 141, 143-44,177,187
enhanced, 175
magnified, 56
strong, 191
localization, 104, 132, 138, 141,

212
localized surface plasmon (LSP),

57,62,77,80-81
localized surface plasmon

resonance (LSPR), 14-16

logic gates, 16, 189-91

long-range surface plasmon
polariton (LRSPP), 203-5

Lorentz force, 111, 113-14

Lorentz force-coupled dipole
approximation (LF-CDA),
113-14

LRSPP, see long-range surface
plasmon polariton

LSPR, see localized surface
plasmon resonance

LSP, see localized surface plasmon

Mach-Zehnder interferometer, 193
magnetic field, 24, 26, 28, 58, 146,
171, 211
malachite green isothiocyanate
(MGITC), 69-70, 175
manipulation
noninvasive, 132
optical, 86
matrix inversion, 40, 44, 68
Maxwell’s equations, 2, 10, 22, 27,
49,58,171
Maxwell’s stress tensor, 111,
113-14, 124
Maxwell’s stress tensor and Mie
theory (MST-Mie), 113-14
metal-insulator-semiconductor
interface, 202-3, 213, 221
metallic nanostructures, 85-86,
93,96, 105,207-8
metal nanodisks, 103, 127
metal nanoparticles, 5, 7, 16, 60,
69,72-73,110-11, 114,
116-17,121, 124,126, 129,
132
asymmetrical, 121
colloidal, 56
finite, 71
near-field-coupled, 112
planar, 103



spherical, 5,110-11, 118
trapped, 110,117
metal nanostructures, 2, 15-16, 93,
110-11,127-28,130, 132,174
metal nanowaveguides, 192
metal NWs, 71, 138-41, 145, 147,
149, 159,163,168, 170-71,
173,176,193-94
MGITC, see malachite green
isothiocyanate
Mie coefficients, 28, 41
Mie scattering, 22
Mie theory, 2, 23, 39, 46-47,
50-51,58,80,113-14, 124
MLWA, see modified long-
wavelength approximation
mode confinement, 203, 212, 215,
217
modified long-wavelength
approximation (MLWA), 7, 118
MST-Mie, see Maxwell’s stress
tensor and Mie theory
multinanoparticles, 117
multiple-multipole method, 46
multipoles, 38-39, 46, 68, 113
electric, 62

NW-nanoparticle junction
nanoaggregates, 86
nanoantennas, 16, 71, 86-87, 93,
95-96,99-103, 105, 129, 140
bimetallic, 98
gold bowtie, 94
gold dipole, 129
metallic bowtie, 94
plasmonic dimer, 96
triangular, 90
nanocircuits, 182, 192, 194
nanodisks, 77,86, 111, 128
nanofiber, 159, 192-93
nanogaps, 15,57, 60-71, 73-82,
98,111, 174-75, 182

Index

nanoholes, 15, 72-73,127-28
nanolithography, 15
nanoparticle, 57-60, 62-63, 65-66,
68-69, 71-73,75-78, 81-82,
99-101, 138-40, 142, 157,
177,181-82,206-7,209-10
aggregated, 60, 76, 81
anisotropic, 120
aspherical, 2
core-shell, 209
dielectric/metal, 110
disk-shaped, 97
faceted, 63
metal-dielectric core-shell, 202
metallic, 87, 110, 130, 206-7
self-assembled, 121
nanoparticle aggregates, 76, 81,
105,126
nanoparticle dimers, 60, 67,
69-70, 73,99
nanoparticle-nanohole structure,
72-73
nanoparticle-film structure, 72-73
nanophotonic devices, 17, 194
nanorods, 2, 86,95, 117-20, 122,
132
nanoshells, 73-74
nanospectroscopy, 194
nanosphere plasmons, 67
nanospheres, 7, 34, 45, 57, 59-60,
63,78-79,101-2,171-72
nanostructures, 2, 14-15, 58-59,
86-87,96,103, 105,110, 119,
168,171
nanowaveguides, 16
nanowire (NW), 69, 71, 119-20,
138,141, 143-44, 146-48,
150-53, 155-56, 158-60,
164-67,173,175,177,189,
192,213-15
near-field coupling, 12, 68, 104,
110,117, 122-25,129-30, 144
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near-field distribution, 89-90, 96,
143,149, 153-54, 177,
180-81, 184, 187-88, 191-92

near-field pattern, 91, 95, 105, 149,
153,155

near-field scanning optical
microscopy, 86

near-infrared (NIR), 96, 117-18,
121, 124-26,132,193, 211

Neumann function, 24

NIR, see near-infrared

nitrogen vacancy, 140, 176

noble metals, 2, 4, 13-14

NOR gate, 190-91

NOT gate, 187, 190

NW, see nanowire

NW-emitter system, 173

NW-nanoparticle junction, 175,
177

NW-nanoparticle structure, 142

NW-nanoparticle system, 175, 178

NW networks, 157,177-78, 181,
186-89, 194

NW plasmons, 141, 173

NW-QD system, 174

NW SPPs, 141, 162, 174

NW structures, 177-79, 181,
183-85, 188, 190, 194

NW waveguide, 139-41, 160, 162,
175

ohmic heating, 31

ohmic loss, 16, 29, 146, 159, 202-3

oil, index-matching, 183

oil immersion, 141, 152, 155

optical fiber, 138, 140, 143, 160

optical fields, 94, 105, 138,170

optical forces, 16, 109-14, 117,

124,130-31

plasmon-assisted, 110, 117

plasmon-induced, 112
surface-plasmon-assisted, 132

surface-plasmon-induced, 121

optical frequencies, 2, 12, 14, 85,
87,93,192

optical gain, 212, 218

optical microscopy, 94, 142, 144,
171

optical near-field coupling, 93

optical trap, 110-11, 114-15,117,
119,121,125

optical trapping, 109-10, 115-16,
119, 124,127-28,132

optical tweezers, 109, 117, 124,
126-28

orbital momentum density, 172

OR gate, 187,190

oscillations, 1, 56, 86-87, 117, 159

oxidation-reduction cycles, 55

parallel incident polarization, 168
parallel polarization, 113, 149,
166, 168-69
particle plasmon resonance, 10
particle plasmons, 10
pentamer, 66-68
periodic zigzag patterns, 172-73,
183
permeability, 22, 27, 51, 58
permittivity, 11-12, 27, 58-59,
162,171,203
complex, 206
frequency-dependent, 51, 139
frequency-dependent complex, 2
local, 59
local macroscopic, 58
relative, 10
wavelength-dependent, 97
perpendicular plasmon mode, 123
perpendicular polarization, 70,
113,166, 168
phase delay, 119-20, 155-56
optical, 186
photocurrent, 144



plasmon-induced, 144
photodetectors, 16, 143, 145, 208
photoluminescence, 80, 220
photon cavity mode, 217
photon couplers, 98
photons, 9,17, 21-22, 32, 56-57,

109,137,139, 141-42,
150-52,164-65,171-73, 176,
183,193

circularly polarized, 172

emitted, 142, 168
photon scanning tunneling

microscope (PSTM), 143
plane wave, 9, 11, 23, 40, 69-70,
73,114,119-20

circularly polarized, 172
linearly polarized, 9, 25, 45, 121

monochromatic, 23
plasmon-based integrated

photonics, 211
plasmon-based nano-optics, 140
plasmon eigenmodes, 148
plasmon-enhanced spectroscopy,

15
plasmon fields, 143, 149, 177-78
plasmon hybridization, 66-67, 72,

77-79,122
plasmonic antennas, 85-87, 89,

105

coupled, 86, 94
plasmonic circuits, 1, 138, 153,

177,192,202,218-19, 221
plasmonic devices, 16, 139, 194,

202,221

gain-assisted, 203
plasmonic laser, 213-15, 220

hybrid, 215, 217-18

large-scale integrated, 216

low-threshold hybrid, 215

nanometer-scale, 213

red-emitting hybrid, 216
plasmonic nanoantennas, 1, 96

Index

plasmonic nanocircuits, 183
plasmonic nanostructures, 15, 17,
171
plasmonic NW, 144, 157,173,192,
194
plasmonics, 1, 14,17, 71, 130, 138,
147,193-94, 214
chiral, 16
graphene, 17
quantum, 16
plasmonic signal, 202-3, 218
plasmonic waveguides, 16, 138,
176,189, 194, 202, 205, 213,
218-20
plasmon interference, 185, 187
plasmon lasers, 214, 216
plasmon modes, 66, 138, 141,
147-49,151-52, 154, 156-57,
164, 168, 181-82, 209, 214
discrete, 71
hybrid, 215
leaky, 141
longitudinal, 87
longitudinal dipole, 87
lowest-order, 147
multiple, 189
quadrupolar, 91-92
resonant, 89-90, 92
transverse dipole, 87
plasmon propagation, 130, 138,
149
plasmon resonance, 73, 207
plasmon routing, 178-79, 181,
187-88, 191
plasmons, 4,57, 67,71, 73,
140-41, 143, 145, 150, 155,
162-63,174,176-78, 186-87,
192-93
polarization, 45-46, 48, 61, 63-70,
76-77,99-101, 116-22,
149-50, 155-57, 167-70,
177-81, 183-86, 188, 191-93,
219
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circular, 120
elliptical, 120
fixed white-light, 118
horizontal, 63
linear, 117-19, 125, 184
longitudinal, 90
macroscopic, 3
mode, 216
optimal, 186
orthogonal, 99, 219
tunable, 219
polarization dependence, 61, 65,
70,122,177,180
polarization-maintaining
functions, 168
polarization-rotating functions,
168
polarization rotation, 76-77,
101-2
wavelength-dependent, 77, 100,
102
Poynting intensity, 165
Poynting vector, 30
prism coupling, 12
propagating plasmons, 149-50,
152, 158-59, 166, 173,
175-76,193
propagating SPPs, 139, 141-44,
149, 163-64, 168, 173-74,
176,182-83,193-94, 213, 218
propagating SPs, 10, 58, 96, 212
propagation, 12-14, 16, 110, 119,
130, 138-39, 146-47, 160-61,
167-68, 192,194, 203-4, 212
chiral, 155
gain-assisted plamonic, 221
helical, 155-56
light, 192
long-distance, 14, 161
long-range, 1
lossless, 212
SP, 16

transverse, 173
zigzag, 155
propagation loss, 160, 162-63,
192, 203-6, 213, 215, 218-21
PSTM, see photon scanning
tunneling microscope
pump-probe technique, 203,
218-19
Purcell effect, 214, 221
Purcell factor, 214-17

QD, see quantum dot

QD emission, 140, 174

QD fluorescence, 144, 149-50,
154-55,157,167,178,
180-81, 186-88,191-92

QD fluorescence imaging, 157, 177,
191

quantum cascade laser, 141, 211

quantum dot (QD), 32, 96, 140,
144, 149, 154-55, 160,
173-74,176-77, 207,212

quantum emitters, 85, 140, 173,
176

quantum interference, 17

quantum mechanics, 24-25

quantum nanophotonic circuits, 17

quantum optics, 17, 176

quantum photonics, 194

quarter-wave plate, 183-84

quasi-TM mode, first-order, 131

radiation, 6,97, 105, 109, 141,
151-53, 159, 164-67, 206,
208,221

intense pulsed, 89
leakage, 141, 148,163,167
leaky, 167

radiative damping, 7,9, 13, 31

Raman/Brillouin scattering
process, 22

Raman emission, 56, 65, 81



Raman enhancement, 69-70
Raman excitation, 124
Raman image, 175
Raman intensity, increased, 55
Raman probes, 124, 126
Raman process, 56
Raman scattering (RS), 15-16,
55-56, 68, 76, 80,98-103,
111, 143,174-75, 201
Raman shift, 99, 126
Raman signal, 45, 55-56, 99
Raman spectra, 56, 60, 70, 85, 125
Rayleigh scattering, 22, 129, 207
RCP, see right-circularly polarized
103
red shift, 6-8, 122-24, 129
refractive index, 12, 27-28, 33, 76,
146-49, 153, 155, 162,
164-65,172, 182, 204, 212,
215
remote excitation, 81, 174-75
remote excitation SERS, 71, 175
remote SERS, 175
resonance, 6-7,11, 13-14, 32, 40,
57,67,87,92-93,111, 122,
127,206-7
bright plasmon, 45
dark plasmon, 45
localized, 211
localized SP, 203
longitudinal, 87
longitudinal plasmon, 87-89
plasmon, 6
quadrupolar, 66,91
quadrupole, 116
surface plasmon, 1, 14, 31, 86,
122
right-circularly polarized (RCP),
103-4
room temperature, 111, 204,
215-16
routers, 16,177, 202
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routing, 176, 179, 188
RS, see Raman scattering

scalability, 218

scanning electron microscopy
(SEM), 60, 73, 89, 129, 152

scanning near-field optical
microscopy (s-SNOM),
scattering-type, 94

scanning near-field optical
microscopy (SNOM), 90-92,
138,143,171

scanning tunneling microscope
(STM), 141, 143

scattering, 1-2, 6-9, 22-23, 27,
29-31, 37-41, 43-45, 68,
97-98,116-17, 140,172,
180-82, 186, 190-91

inward, 116
outward, 116

scattering coefficients, 32-33

scattering force, 110-11, 115-16,
130

scattering intensity, 118, 186, 188,
207

scattering spectroscopy, far-field,
86

scatterers, 23, 27, 30-31, 47-48,
51

Schwinger equation, 47

second harmonic generation
(SHG), 96

SEF, see surface-enhanced
fluorescence

SEIRA, see surface-enhanced
infrared absorption

self-induced back-action (SIBA),
127

SEM, see scanning electron
microscopy

semiconductor, 174, 192, 202,
212-13, 215, 221
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semiconductor nanowires, 118
semiconductor QDs, 143
semiconductor quantum wells, 213
sensors, 79,98, 132, 149, 197, 206
SERS, see surface-enhanced Raman
scattering
SERS, single-molecule, 45, 57, 60,
71,80-81
SERS signal, 60, 64, 69, 79, 125-26,
175
SHG, see second harmonic
generation
short-wavelength light, 161
SIBA, see self-induced back-action
signal amplification, 203, 218-19
signals, 143, 153,191-92, 218
electric, 138
high background, 175
hybrid plasmonic, 202-3, 218
plasmon, 177
waveguided, 219
weak short-range SPP, 220
silica nanofibers, 193
silicon nanocrystals, 141
silver nanoparticles, 10, 29, 31, 88,
112,114, 124-26,181
silver nanowires, 119, 138, 143,
147-49, 152,161, 163, 166,
174,183,185, 217
single-mode operation, 219
single-molecule level, 60
single-molecule SERS detection, 61
single-particle level, 121, 132
single-particle spectroscopy, 87
single-photon transistor, 176
SNOM, see scanning near-field
optical microscopy
SOI, see spin-orbit interaction
SP, see surface plasmon
long-range, 203
long-range propagating, 221
single quantized, 17

SPASER, see surface plasmon
amplification by stimulated
emission of radiation

SP characteristics, prominent, 15

SP coupling, 101, 105

spectral interferometry, 159

spherical nanoparticles, 2, 59, 112,
119-20, 122, 206-7

spin-orbit interaction (SOI), 17,
171-73,182

SPP, see surface plasmon polariton

chiral, 155-56, 168
counterpropagating, 130
long-range, 138
voltage-controlled, 141

SPP damping, 138, 163

SPP emission, 160, 164

SPP excitation, 12, 160, 164, 172

SPP group velocity, 158-59

SPP loss, 162-63

SPP modes, 139, 153, 157, 167-68,
191, 194

SPP propagation, 138, 147, 157,
160-61,163,177,194

SPP waves, 155, 168

SPP, see surface plasmon
propagation

SPR, see surface plasmon
resonance

material-dependent, 98

SPR frequencies, 15-16, 87, 96

stable trapping, 117, 130

stimulated emission, 202-3,
207-10, 219, 221

surface plasmon amplification
by stimulated emission of
radiation (SPASER), 208-9,
213,215, 220-21

STM, see scanning tunneling
microscope

Stokes scattering, 56

Stokes shifts, 62, 65



subwavelength confinement, 14,
138,213

subwavelength energy transport,
45

supercontinuum light, 178, 180

super-resolution, 80, 176

surface-enhanced fluorescence
(SEF), 15,94, 201

surface-enhanced infrared
absorption (SEIRA), 15

surface-enhanced molecular
spectroscopy, 93

surface-enhanced Raman
scattering (SERS), 15, 40,
55-56,59, 65, 75-76, 80-82,
86,111, 124-26,174

surface-enhanced spectroscopic
sensing, 117

surface-enhanced spectroscopy,
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surface plasmon (SP), 1-2, 10,
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110,130,132, 138,172-73,
176,201-3,206-8, 210, 212,
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surface plasmon polariton (SPP),
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170,172,174,177-78,
183-85, 193-94, 202-4,
212-13,215-18,220-21
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TDLDA, see time-dependent local
density approximation

TERS, see tip-enhanced Raman
scattering

THG, see third harmonic
generation
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time-averaged power flow, 155-56

time-dependent local density
approximation (TDLDA),
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time domain method, 51

tip-enhanced Raman scattering
(TERS), 15, 68-70, 81, 171

TM, see transverse magnetic

T-matrix method, 46

TM modes, 215-16

TM waves, 216

TPL, see two-photon-induced
luminescence

translation coefficients, 31-32,
35-36,41-42

transverse magnetic (TM), 24, 33,
146,215-16

trapping, 110-11, 115-16, 127-29

trapping laser, 110, 117-19, 122,
125,129
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twisted orbital momentum density,
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two-beam interference, 188

two-photon-induced luminescence
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ultrasensitive SERS analysis, 65
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UV, see ultraviolet
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van der Waals energies, 115
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114

viscous hindrance, 119

visibility, 185-86
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wave front, 157, 182
waveguides, 138, 141, 143, 212,
216,220
gold strip, 145
hybrid, 194
LRSPP, 204-5
metal-insulator-metal, 145
nanostrip, 141
one-dimensional optical, 138
photonic, 192, 194
polymer, 194
slot, 141
waveguiding, 14, 17
wavelength, 21-22, 61-64,
98-101, 104, 116, 118, 153,
159-62,165-67,169-70, 172,
177-80, 184, 192-93, 204-6
free-space, 13
half, 71-72
incident, 34, 39, 46, 62
long, 178
multiple, 179, 183
optical, 94
resonant, 112
short, 7, 66,178
trapping, 116, 126

ultraviolet, 215
vacuum, 146, 149, 170, 206
wavelength dependence, 99,
178-79
wavelength-dependent directional
scattering, 98
wave-particle duality, 17
whispering gallery modes, 218
white light, 118-19, 122, 157-58,
178,181
white-light polarization, 117-18,
120, 122-23
white-light supercontinuum
generation, 16,93
wide-field excitation, 149-50, 178
wide-field illumination, 192
wire plasmons, 71-72
long-wavelength, 71
symmetric, 72

XOR gate, 187
X-ray beam, 21

Yagi-Uda antenna, 96-97

Yagi-Uda gold nanoantenna, 97

Yagi-Uda plasmonic antenna, 96

Yagi-Uda structures, 105

Y-branch structure, 183-84

Yee algorithm, 58

Y-shaped branched NW structure,
183

Y-shaped microfluidic channel, 126

Zn0O NWs, 192-93



The manipulation of light at the nanometer scale is highly pursued for both
fundamental sciences and wide applications. The diffraction limit of light sets the
limit for the smallest size of photonic devices to the scale of light wavelength.
Fortunately, the peculiar properties of surface plasmons in metal nanostructures
make it possible to squeeze light into nanoscale volumes and enable the
manipulation of light and light-matter interactions beyond the diffraction limit.
Studies on surface plasmons have led to the creation of a booming research field
called plasmonics. Because of its various scientific and practical applications,
plasmonics attracts researchers from different fields, making it a truly inter-
disciplinary subject.

Nanophotonics: Manipulating Light with Plasmons starts with the general physics
of surface plasmons and a brief introduction to the most prominent research
topics, followed by a discussion of computational techniques for light scattering
by small particles. Then, a few special topics are highlighted, including surface-
enhanced Raman scattering, optical nanoantennas, optical forces, plasmonic
waveguides and circuits, and gain-assisted plasmon resonances and propagation.

The book discusses the fundamental and representative properties of both
localized surface plasmons and propagating surface plasmons. It explains various
phenomena and mechanisms using elegant model systems with well-defined
structures, is illustrated throughout with excellent figures, and contains an
extensive list of references at the end of each chapter. It will help graduate-level
students and researchers in nanophotonics, physics, chemistry, materials science,
nanoscience and nanotechnology, and electrical and electronic engineering get a
quick introduction to this field.
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