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00. GENERAL

01. Communication, education, history, and philosophy

01.10.—m  Announcements, news, and organizational activities 175, 176,
183, 193, 206, 543, 627, 777, 967, 1359, 1360

01.10.Fv Conferences, lectures, and institutes 175, 176, 183, 193, 206,
503, 504, 518, 524, 543, 544, 550, 568, 627, 659, 777, 967, 968,
975, 1001, 1011, 1359, 1360

01.30.—y  Physics literature and publications

01.30.Tt Bibliographies 1031

01.40.—d  Education 159, 169, 537

01.52.+r  National and international laboratory facilities 225, 659

01.60.+q Biographies, tributes, personal notes, and obituaries 105, 107,
109, 111, 159, 169, 221, 223, 445, 447, 685, 687, 799, 1023,
1025, 1027, 1029, 1377, 1379, 1381

01.65.+g  History of science 159, 169, 225, 537, 869, 879, 1355,1360

01.90.+g  Other topics of general interest 74, 174, 336, 444, 542, 626,

776,912,932, 1126, 1264, 1348

03. Quantum mechanics, field theories, and special relativity

03.30.+p  Special relativity 793, 796

03.50.—z  Classical field theories

03.50.De  Classical electromagnetism, Maxwell equations 146

03.65.—w  Quantum mechanics 647

03.65.Nk  Scattering theory 654

03.65.Ta Foundations of quantum mechanics; measurement theory
1059

03.67.—a  Quantum information

03.67.Lx  Quantum computation architectures and implementations
175, 206

03.67.Mn  Entanglement measures, witnesses, and other characteriza-
tions 647

03.75.—-b  Matter waves

03.75.Kk  Dynamic properties of condensates; collective and hydrody-
namic excitations, superfluid flow 1127

03.75.Lm  Tunneling, Josephson effect, Bose—Einstein condensates in
periodic potentials, solitons, vortices, and topological exci-
tations 175, 183, 1127

03.75.Ss Degenerate Fermi gases 1229

04. General relativity and gravitation

04.20.—q  Classical general relativity 537, 763
04.30.—w  Gravitational waves 968, 1001, 1011, 1133
04.60.—m  Quantum gravity 1117

04.70.—s  Physics of black holes 778

04.80.—y  Experimental studies of gravity

04.80.Nn  Gravitational wave detectors and experiments 968, 1059,

1133

0S. Statistical physics, thermodynamics, and nonlinear
dynamical systems

05.10.—a  Computational methods in statistical physics and nonlinear
dynamics

05.10.Gg  Stochastic analysis methods (Fokker—Planck, Langevin, etc.)
113

05.20.—y  Classical statistical mechanics 933

05.30.—d  Quantum statistical mechanics

05.30.Fk Fermion systems and electron gas 175, 183, 1229

05.40.—a  Fluctuation phenomena, random processes, noise, and Brow-
nian motion 75, 1349

05.40.Jc Brownian motion 113

05.45.—a  Nonlinear dynamics and chaos 75, 471

05.45.Yv Solitons 471, 713

05.70.—a  Thermodynamics

05.70.Np  Interface and surface thermodynamics 933

07. Instruments, apparatus, and components common
to several branches of physics and astronomy

07.20.—n  Thermal instruments and apparatus

07.20.Dt  Thermometers 1229

07.57.—¢  Infrared, submillimeter wave, microwave and radiowave
instruments and equipment 667

07.60.—j Optical instruments and equipment

07.60.Ly  Interferometers 793

10. THE PHYSICS OF ELEMENTARY PARTICLES
AND FIELDS

11. General theory of fields and particles
11.10.—z  Field theory 869
11.80.—m  Relativistic scattering theory 405

12. Specific theories and interaction models;
particle systematics

12.10.—g  Unified field theories and models 869
12.15.—y  Electroweak interactions 425
12.20.-m  Quantum electrodynamics

12.20.Ds  Specific calculations 689

12.38. -t Quantum chromodynamics 387
12.39.—x  Phenomenological quark models 387
12.60.-i Models beyond the standard model 425
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13. Specific reactions and phenomenology

13.15.+¢g  Neutrino interactions 233

13.85.—t  Hadron-induced high- and super-high-energy interactions
(energy > 10 GeV) 425

13.85.Dz  Elastic scattering 405

14. Properties of specific particles

14.20.—c¢  Baryons (including antiparticles)

14.20.Dh  Protons and neutrons 405

14.60.—z  Leptons

14.60.Lm  Ordinary neutrinos 233

14.60.Pq Neutrino mass and mixing 233

14.60.St Non-standard-model neutrinos, right-handed neutrinos, etc.
233

14.80. -] Other particles (including hypothetical) 425

20. NUCLEAR PHYSICS

21. Nuclear structure

21.45.—-v  Few-body systems 337
21.60.—n  Nuclear structure models and methods
21.60.Gx  Cluster models 337

23. Radioactive decay and in-beam spectroscopy

23.50.+z  Decay by proton emission 337

25. Nuclear reactions: specific reactions

25.75.—q
25.75.Nq

Relativistic heavy-ion collisions
Quark deconfinement, quark-gluon plasma production, and
phase transitions 275, 387

26. Nuclear astrophysics

26.65.+t  Solar neutrinos 233

28. Nuclear engineering and nuclear power studies

28.20.—v
28.65.+a

Neutron physics 265, 654
Accelerator-driven transmutation of nuclear waste 544

29. Experimental methods and instrumentation
for elementary-particle and nuclear physics

29.20.—c  Accelerators

29.20.D-  Cyclic accelerators and storage rings
29.20.db Storage rings and colliders 275
29.25.—t  Particle sources and targets
29.25.Dz Neutron sources 265, 293

30. ATOMIC AND MOLECULAR PHYSICS

32. Atomic properties and interactions with photons

32.30.—r  Atomic spectra

32.30.Jc Visible and ultraviolet spectra 175, 176

32.70.—n Intensities and shapes of atomic spectral lines

32.70.Jz Line shapes, widths, and shifts 175, 206

32.80.-t Photoionization and excitation 175, 206, 689

32.80.Ee Rydberg states 175, 206

32.80.Rm  Multiphoton ionization and excitation to highly excited

states 175, 206

33. Molecular properties and interactions with photons

33.50.-j Fluorescence and phosphorescence; radiationless transitions,
quenching (intersystem crossing, internal conversion) 489
33.70.—w Intensities and shapes of molecular spectral lines and bands 489

37. Mechanical control of atoms, molecules, and ions

37.10.—x  Atom, molecule, and ion cooling methods
37.10.De  Atom cooling methods 175, 176, 1229
37.10.Gh  Atom traps and guides 175, 176
37.10.Ty  Ion trapping 321

40. ELECTROMAGNETISM, OPTICS, ACOUSTICS,
HEAT TRANSFER, CLASSICAL MECHANICS,
AND FLUID DYNAMICS

41. Electromagnetism; electron and ion optics

41.20.—q  Applied classical electromagnetism 146

41.20.Jb Electromagnetic wave propagation; radiowave propagation
1355

41.60.—m Radiation by moving charges 667

41.75.-i Charged-particle beams

41.75.Fr Electron and positron beams 321

42. Optics

42.25.—p  Wave optics

42.25.Bs Wave propagation, transmission and absorption 801

42.25.Dd  Wave propagation in random media 550

42.25.Lc Birefringence 1355

42.50.—p  Quantum optics 1059

42.50.Gy  Effects of atomic coherence on propagation, absorption, and
amplification of light; electromagnetically induced trans-
parency and absorption 175, 193

42.55.—f  Lasers 713

42.55.Ah  General laser theory 713

42.55.Wd  Fiber lasers 713

42.60.—v  Laser optical systems: design and operation 975

42.60.Fc Modulation, tuning, and mode locking 713

42.62.—b  Laser applications

42.62.Be Biological and medical applications 550

42.62.Eh  Metrological applications; optical frequency synthesizers for
precision spectroscopy 175, 193

42.62.Fi Laser spectroscopy 175, 193

42.65.—k  Nonlinear optics

42.65.Ky  Frequency conversion; harmonic generation, including
higher-order harmonic generation 449

42.65.Re  Ultrafast processes; optical pulse generation and pulse
compression 449, 957

42.65.Tg  Optical solitons; nonlinear guided waves 713

42.72.—g  Optical sources and standards

42.72.Bj Visible and ultraviolet sources 504, 518, 524

42.79.—e  Optical elements, devices, and system 975

42.79.Wc  Optical coatings 801

42.81.-i Fiber optics

42.81.Dp  Propagation, scattering, and losses; solitons 713

42.87.—d  Optical testing techniques

42.87.Bg  Phase shifting interferometry 793

43. Acoustics

43.35.+d
43.35.8x

Ultrasonics, quantum acoustics, and physical effects of sound
Acoustooptical effects, optoacoustics, acoustical visualiza-
tion, acoustical microscopy, and acoustical holography 550

44. Heat transfer
44.25.+f  Natural convection 113

46. Continuum mechanics of solids
46.65.+g Random phenomena and media 75
47. Fluid dynamics

47.10.—g  General theory in fluid dynamics
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47.10.,A—  Mathematical formulations

47.10.ad Navier-Stokes equations 1349
47.27.—i  Turbulent flows 75
47.27.E—~  Turbulence simulation and modeling 1349

50. PHYSICS OF GASES, PLASMAS,
AND ELECTRIC DISCHARGES

52. Physics of plasmas and electric discharges

52.25.-b  Plasma properties

52.25.0s Emission, absorption, and scattering of electromagnetic
radiation 1189

52.25.Xz  Magnetized plasmas 1153

52.27.—h  Basic studies of specific kinds of plasmas

52.27.Ep  Electron-positron plasmas 321

52.27.Jt Nonneutral plasmas 321

52.30.—q  Plasma dynamics and flow 1267

52.30.Cv Magnetohydrodynamics 577

52.35.—g  Waves, oscillations, and instabilities in plasmas and intense
beams 743, 1090, 1267

52.35.Hr  Electromagnetic waves (e.g., electron-cyclotron, Whistler,
Bernstein, upper hybrid, lower hybrid) 1090

52.35.Mw  Nonlinear phenomena: waves, wave propagation, and other
interactions (including parametric effects, mode coupling,
ponderomotive effects, etc.) 1189

52.35.Qz Microinstabilities (ion-acoustic, two-stream, loss-cone,
beam-plasma, drift, ion- or electron-cyclotron, etc.) 1090

52.35.Ra  Plasma turbulence 1189

52.38.—r  Laser-plasma interactions 449

52.50.—-b  Plasma production and heating

52.50.Qt Plasma heating by radio-frequency fields; ICR, ICP, helicons
1189

52.65.—y  Plasma simulation 743

60. CONDENSED MATTER: STRUCTURAL,
MECHANICAL, AND THERMAL PROPERTIES

61. Structure of solids and liquids; crystallography

61.05.—a  Techniques for structure determination

61.05.F—  Neutron diffraction and scattering 265

61.05.fm Neutron diffraction 293

61.20.—p  Structure of liquids

61.20.Qg  Structure of associated liquids: electrolytes, molten salts, etc.
933

61.43.—j Disordered solids

61.43.Fs Glasses 47

61.46.—w  Structure of nanoscale materials 801

63. Lattice dynamics

63.20.—e  Phonons in crystal lattices 471

64. Equations of state, phase equilibria,
and phase transitions

64.70.—p  Specific phase transitions

64.70.K —  Solid-solid transitions

64.70.kj Glasses 47

64.70.Q—  Theory and modeling of the glass transition 47

67. Quantum fluids and solids

67.60.—g  Mixtures of 3He and “He

67.60.Bc Boson mixtures 1229

67.85.—d  Ultracold gases, trapped gases 175, 183

67.85.De  Dynamic properties of condensates; excitations, and

superfluid flow 1127

68. Surfaces and interfaces; thin films and nanosystems
(structure and nonelectronic properties)

68.35.—p  Solid surfaces and solid-solid interfaces: structure and energe-
tics
68.35.Np  Adhesion 913

70. CONDENSED MATTER: ELECTRONIC
STRUCTURE, ELECTRICAL, MAGNETIC,
AND OPTICAL PROPERTIES

71. Electronic structure of bulk materials

71.20.—-b  Electron density of states and band structure of crystalline
solids

71.20.Nr  Semiconductor compounds 801

71.20.Rv  Polymers and organic compounds 801

72. Electronic transport in condensed matter

72.40.+w Photoconduction and photovoltaic effects 801
72.80.—r  Conductivity of specific materials
72.80.Cw  Elemental semiconductors 801

73. Electronic structure and electrical properties of surfaces,
interfaces, thin films, and low-dimensional structures

73.20.-r
73.20.Mf

Electron states at surfaces and interfaces
Collective excitations (including excitons, polarons, plas-
mons and other charge-density excitations) 1368

74. Superconductivity

74.20.—z  Theories and models of superconducting state 1035

74.20.Fg  BCS theory and its development 1035, 1257

74.20.Mn  Nonconventional mechanisms 1035

74.20.Rp  Pairing symmetries (other than s-wave) 1035, 1315

74.25.—q  Properties of superconductors 1315

74.25.Jb Electronic structure (photoemission, etc.) 1035

74.45.+c  Proximity effects; Andreev reflection; SN and SNS junctions
640

74.62.—c  Transition temperature variations, phase diagrams 1035

74.62.Dh  Effects of crystal defects, doping and substitution 1315

74.62.Fj Effects of pressure 1257

74.70.—b  Superconducting materials other than cuprates 1035, 1257

74.78.—w  Superconducting films and low-dimensional structures 175, 183

74.78.Na  Mesoscopic and nanoscale systems 640

75. Magnetic properties and materials

75.10.—b  General theory and models of magnetic ordering 953

75.10.Jm  Quantized spin models, including quantum spin frustration
633

75.10.Kt  Quantum spin liquids, valence bond phases and related
phenomena 628

75.10.Lp  Band and itinerant models 953

75.10.Pq Spin chain models 633

75.30.—m Intrinsic properties of magnetically ordered materials

75.30.Kz  Magnetic phase boundaries (including classical and quantum
magnetic transitions, metamagnetism, etc.) 628, 953

75.40.—s  Critical-point effects, specific heats, short-range order

75.40.Gb  Dynamic properties (dynamic susceptibility, spin waves, spin
diffusion, dynamic scaling, etc.) 633

75.47.—m  Magnetotransport phenomena; materials for magnetotrans-
port 628

75.50.—y  Studies of specific magnetic materials

75.50.Bb  Fe and its alloys 628
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76. Magnetic resonances and relaxations in condensed matter,
Mossbauer effect

76.30.—v  Electron paramagnetic resonance and relaxation 633, 659, 678
76.30.Fc  Iron group (3d) ions and impurities (Ti-Cu) 628
76.60.—k  Nuclear magnetic resonance and relaxation 647

77. Dielectrics, piezoelectrics, and ferroelectrics
and their properties

77.22.—d  Dielectric properties of solids and liquids 146

78. Optical properties, condensed-matter spectroscopy and
other interactions of radiation and particles with conden-
sed matter

78.47.—p  Spectroscopy of solid state dynamics 678

78.55.—m  Photoluminescence, properties and materials 1368

78.67.—n  Optical properties of low-dimensional, mesoscopic, and nanos-
cale materials and structures 489

78.67.Hc  Quantum dots 1368

80. INTERDISCIPLINARY PHYSICS AND RELATED
AREAS OF SCIENCE AND TECHNOLOGY

81. Materials science

81.10.—h  Methods of crystal growth; physics and chemistry of crystal

growth, crystal morphology, and orientation 504, 518, 524

84. FElectronics; radiowave and microwave technology; direct
energy conversion and storage

84.40.—x  Radiowave and microwave (including millimeter wave) techno-
logy

84.40.1k Masers; gyrotrons (cyclotron-resonance masers) 667

84.60.—h  Direct energy conversion and storage

84.60.Jt Photoelectric conversion 801

85. Electronic and magnetic devices; microelectronics

85.25.—j Superconducting devices

85.25.Cp  Josephson devices 640

85.60.—q  Optoelectronic devices

85.60.Dw  Photodiodes; phototransistors; photoresistors 504, 518, 524
85.70.—w  Magnetic devices

85.70.Sq Magnetooptical devices 975

85.75.—d  Magnetoelectronics; spintronics: devices exploiting spin pola-

rized transport or integrated magnetic fields 654, 678

87. Biological and medical physics

87.10.—e  General theory and mathematical aspects 125, 568, 853, 913

87.15.—v  Biomolecules: structure and physical properties

87.15.H— Dynamics of biomolecules

87.15.ht Ultrafast dynamics, charge transfer 597

87.15.M—  Spectra of biomolecules 597

87.15.R—  Reactions and kinetics 597

87.16.—b  Subcellular structure and processes 853

87.16.A—  Theory, modeling, and simulations 853

87.16.Nn  Motor proteins (myosin, kinesin dynein) 125

87.18.—h  Biological complexity

87.18.Yt Circadian rhythms 568

87.19.-j Properties of higher organisms

87.19.L—  Neuroscience 125

87.19.X~  Diseases

87.19.xj Cancer 891

87.50.—a  Effects of electromagnetic and acoustic fields on biological
systems 568

87.53.—j Effects of ionizing radiation on biological systems 435, 544

87.55.—x  Treatment strategy 891

87.56.—v  Radiation therapy equipment 435, 544, 891

87.64.—t  Spectroscopic and microscopic techniques in biophysics and
medical physics 550

87.64.Cc Scattering of visible, uv, and infrared radiation 550

87.85.—d  Biomedical engineering

87.85.J—  Biomaterials

87.85.jf Bio-based materials 913

90. GEOPHYSICS, ASTRONOMY,
AND ASTROPHYSICS

92. Hydrospheric and atmospheric geophysics

92.60.—e  Properties and dynamics of the atmosphere; meteorology
92.60.Fm  Boundary layer structure and processes 113

92.60.H—-  Atmospheric composition, structure, and properties
92.60.hk Convection, turbulence, and diffusion 113

94. Physics of the ionosphere and magnetosphere

94.20.—y  Physics of the ionosphere

94.20.Tt Tonospheric soundings; active experiment 1189
94.30.—d  Physics of the magnetosphere 1267

94.30.C—~  Magnetospheric configuration and dynamics 1153
94.30.Va  Magnetosphere interactions 568

95. Fundamental astronomy and astrophysics; instrumenta-
tion, techniques, and astronomical observations

95.30.—k  Fundamental aspects of astrophysics

95.30.Qd  Magnetohydrodynamics and plasmas 1153

95.55.—n  Astronomical and space-research instrumentation

95.55.Ym  Gravitational radiation detectors; mass spectrometers; and
other instrumentation and techniques 968, 1133

95.75.—z  Observation and data reduction techniques; computer modeling
and simulation 3

95.85.—e  Astronomical observations (additional primary heading(s)
must be chosen with these entries to represent the astronomical
objects and/or properties studied)

95.85.Sz Gravitational radiation, magnetic fields, and other observa-

tions 1011

96. Solar system; planetology

96.60.—j Solar physics

96.60.Hv  Electric and magnetic fields, solar magnetism 577
96.60.P—  Corona 1090

96.60.Q—  Solar activity 577

96.60.Tf Solar electromagnetic emission 1090

97. Stars

97.60.—s  Late stages of stellar evolution (including black holes)
97.60.Bw  Supernovae 879

97.60.Gb  Pulsars 1090

97.60.Lf  Black holes 778, 1001

97.80.—d  Binary and multiple stars 879, 1001, 1011

98. Stellar systems; interstellar medium; galactic
and extragalactic objects and systems; the Universe

98.62.—g  Characteristics and properties of external galaxies and
extragalactic objects

98.62.Js Galactic nuclei (including black holes), circumnuclear
matter, and bulges 778

98.65.—r  Galaxy groups, clusters, and superclusters; large scale struc-
ture of the Universe 220

98.65.Cw  Galaxy clusters 220

98.70.—f  Unidentified sources of radiation outside the Solar System

98.70.Vc Background radiations 3, 790, 1117

98.80.—k  Cosmology 3, 1117
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