
00. GENERAL

01. Communication, education, history, and philosophy

01.10. ±m Announcements, news, and organizational activities
01.10.Fv Conferences, lectures, and institutes 97, 102, 106,

219, 226, 323, 328, 447, 452, 769, 776, 780, 784, 790,
877, 883, 887, 894, 899, 903, 995, 999, 1008, 1013,
1015, 1247, 1253, 1258, 1367

01.30. ± y Physics literature and publications
01.30.Kj Handbooks, dictionaries, tables, and data compila-

tions 339
01.30.Tt Bibliographies 117, 118, 335, 459, 575, 797, 911, 1022,

1149, 1263, 1388, 1389
01.40. ± d Education 1241
01.55.+b General physics 339, 1382
01.60.+q Biographies, tributes, personal notes, and obituaries

111, 333, 457, 571, 573, 687, 795, 1023
01.65.+g History of science 117, 317, 419, 511, 649, 965, 985,

1137
01.70.+w Philosophy of science 1382
01.90.+g Other topics of general interest 88, 218, 339, 322, 406,

570, 666, 756, 904, 964, 1130, 1246, 1387

02. Mathematical methods in physics

02.50. ± r Probability theory, stochastic processes, and statistics
689, 847

03. Quantum mechanics, éeld theories, and special relativity

03.30.+p Special relativity 667, 1131
03.50.De Classical electromagnetism, Maxwell equations 1241
03.65. ± w Quantum mechanics 965, 1199
03.65.Ge Solutions of wave equations: bound states 102
03.65.Ta Foundations of quantum mechanics; measurement

theory 89, 301, 1199, 1221
03.65.Ud Entanglement and quantum nonlocality (e.g. EPR

paradox, Bell's inequalities, GHZ states, etc.) 905,
1221

03.65.Vf Phases: geometric; dynamic or topological 985
03.65.Yz Decoherence; open systems; quantum statistical

methods 301, 1199, 1221
03.67. ± a Quantum information
03.67.Hk Quantum communication 301

03.67.Lx Quantum computation 784, 1319
03.67.Pp Quantum error correction and other methods for

protection against decoherence 784
03.75. ± b Matter waves
03.75.Hh Static properties of Bose-Einstein condensates; ther-

modynamical, statistical, and structural properties
1320, 1339

03.75.Nt Other Bose-Einstein condensation phenomena 1320,
1339

04. General relativity and gravitation

04.20. ± q Classical general relativity 117
04.30. ± w Gravitational waves: theory 89
04.50.+h Gravity in more than four dimensions, Kaluza ±Klein

theory, unified field theories; alternative theories of
gravity 219

04.70. ± s Physics of black holes 345, 1247
04.80. ± y Experimental studies of gravity
04.80.Cc Experimental tests of gravitational theories 447
04.80.Nn Gravitational wave detectors and experiments 89,

903

05. Statistical physics, thermodynamics, and nonlinear
dynamical systems

05.20. ± y Classical statistical mechanics
05.20.Dd Kinetic theory 145, 317
05.30 ± d Quantum statistical mechanics
05.30.Jp Boson systems (quantum statistical mechanics) 1320,

1339
05.40. ± a Fluctuation phenomena, random processes, noise, and

Brownian motion 689, 757
05.40.Ca Noise 465
05.40.Fb Random walks and Levy êights 847
05.40.Jc Brownian motion 847
05.45. ± a Nonlinear dynamics and nonlinear dynamical systems

407, 689
05.70. ± a Thermodynamics
05.70.Fh Phase transitions: general studies 1359, 1367
05.70.Jk Critical point phenomena in thermodynamics 1367
05.70.Ln Nonequlibrium and irreversible thermodynamics

1359
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06. Metrology, measurements, and laboratory procedures

06.20. ± f Metrology 89
06.20.Jr Determination of fundamental constants 339
06.30. ± k Measurements common to several branches of physics

and astronomy 89

07. Instruments, apparatus, and components common to
several branches of physics and astronomy (see also
each subdiscipline for specialized instrumentation and
techniques)

07.07. ± a General equipment
07.07.Df Sensors (chemical, optical, electrical, movement, gas,

etc.); remote sensing 894
07.20. ± n Thermal instruments and apparatus
07.20.Mc Cryogenics; refrigerators, low-temperature equip-

ment 97
07.57. ± c Infrared, submillimeter wave, microwave, and radio-

wave instruments and equipment
07.57.Kp Bolometers; infrared, submillimeter wave, micro-

wave, and radiowave receivers and detectors 649
07.60. ± j Optical instruments and equipment 201
07.85. ±m X- and gamma-ray instruments
07.85.Fv X- and gamma-ray sources, mirrors, gratings, and

detectors 1083
07.87.+v Spaceborne and space research instruments, appara-

tus, and components (satellites, space vehicles, etc.) 97

10. THE PHYSICS OF ELEMENTARY PARTICLES
AND FIELDS

11. General theory of éelds and particles

11.10. ± z Field theory 965
11.10.Gh Renormalization 175
11.15. ± q Gauge field theories 226
11.25. ± w Strings and branes
11.25.Mj Compactiécation and four-dimensional models 219
11.25.Tq Gauge/string duality 226
11.25.Uv D-branes 219
11.30. ± j Symmetry and conservation laws
11.30.Er Charge conjugation, parity, time reversal, and other

discrete symmetries 1025, 1390
11.55. ±m S-matrix theory; analytic structure of amplitudes
11.55.Jy Regge formalism 1153

12. Speciéc theories and interaction models; particle syste-
matics

12.10. ± g Unified field theories and models
12.10.Dm Uniéed theories and models of strong and electro-

weak interactions 1025, 1390
12.38. ± t Quantum chromodynamics 328, 1153
12.40. ± y Other models for strong interactions
12.40.Ee Statistical models 328
12.40.Nn Regge theory, duality, absorptive/optical models

1153
12.60. ± i Models beyond the standard model 1025, 1390
12.60.Jv Supersymmetric models 226

13. Speciéc reactions and phenomenology

13.15.+g Neutrino interactions 1171
13.20. ± v Leptonic, semileptonic, and radiative decays of mesons
13.20.Eb Decays of K-mesons 1025, 1390

13.85. ± t Hadron-induced high- and super-high-energy interac-
tions (energy>10 GeV)

13.85.Hd Inelastic scattering: many-particle énal states 328

14. Properties of speciéc particles

14.20. ± c Baryons (including antiparticles) 102, 233
14.20.Dh Protons and neutrons 1187
14.60. ± z Leptons
14.60.Pq Neutrino mass and mixing 1171
14.60.St Non-standard-model neutrinos, right-handed neutri-

nos, etc. 1171

20. NUCLEAR PHYSICS

23. Radioactive decay and in-beam spectroscopy

23.20. ± g Electromagnetic transitions 447
23.20.Lv Nuclear gamma transitions and level energies 323
23.40. ± s Beta decay; double beta decay; electron and muon

capture 1187
23.60.+e Alpha decay 323

25. Nuclear reactions: speciéc reactions

25.55. ± e 3H-, 3He-, and 4He-induced reactions 1187

27. Properties of speciéc nuclei listed by mass ranges

27.90.+b Properties of nuclei with 220(less-than-or-equal-to)A
323

28. Nuclear engineering and nuclear power studies

28.20. ± v Neutron physics 102
28.41. ± i Fission reactors
28.41.Bm Fuel elements, preparation, reloading, and reproces-

sing 739, 747
28.50. ± k Fission reactor types 739, 747

30. ATOMIC ANDMOLECULAR PHYSICS

31. Electronic structure of atoms and molecules: theory

31.15. ± p Calculations and mathematical techniques in atomic
and molecular physics (excluding electron correlation
calculations) 491

31.15.Ct Semi-empirical and empirical calculations (atoms
and molecules) including differential overlap, HuÈ c-
kel, PPP methods, etc. 1319

31.15.Ew Density-functional theory (atoms and molecules)
1319

31.50. ± x Potential energy surfaces
31.50.Gh Surface crossings, non-adiabatic couplings 491

32. Atomic properties and interactions with photons

32.30. ± r Atomic spectra
32.30.Jc Visible and ultraviolet spectra 323

33. Molecular properties and interactions with photons

33.80. ± b Photon interactions with molecules 491, 913
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34. Atomic and molecular collision processes and interac-
tions

34.50. ± s Scattering of atoms and molecules
34.50.Dy Interactions of atoms and molecules with surfaces;

photon and electron emission; neutralization of ions
1265

36. Exotic atoms and molecules; macromolecules; clusters

36.10. ± k Exotic atoms and molecules (containing mesons,
muons, and other unusual particles) 233

36.40. ± c Atomic and molecular clusters
36.40.Sx Diffusion and dynamics of clusters 609
36.40.Wa Charged clusters 609

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

41. Electromagnetism; electron and ion optics

41.20. ± q Applied classical electromagnetism 1008, 1265
41.20.Jb Electromagnetic wave propagation; radiowave pro-

pagation 790
41.50.+h X-ray beams and X-ray optics 1083
41.60. ±m Radiation by moving charges 1265
41.60.Cr Free-electron lasers 667
41.75. ± i Charged-particle beams 667

42. Optics

42.15. ± i Geometrical optics 790
42.25. ± p Wave optics 1083, 1137
42.30. ± d Imaging and optical processing
42.30.Wb Image reconstruction; tomography 894
42.50. ± p Quantum optics 511, 1253
42.50.Dv Nonclassical states of the electromagnetic éeld,

including entangled photon states; quantum state
engineering and measurements 905

42.50.Hz Strong-éeld excitation of optical transitions in
quantum systems; multiphoton processes; dynamic
Stark shift 1253

42.50.Xa Optical tests of quantum theory 905
42.55. ± f Lasers
42.55.Px Semiconductor lasers; laser diodes 780, 1015
42.60. ± v Laser optical systems: design and operation 1015
42.62. ± b Laser applications 899
42.62.Fi Laser spectroscopy 913
42.65. ± k Nonlinear optics 1253
42.68. ± w Atmospheric and ocean optics
42.68.Bz Atmospheric turbulence effects 887
42.70. ± a Optical materials 790
42.72. ± g Optical sources and standards
42.72.Bj Visible and ultraviolet sources 201
42.79. ± e Optical elements, devices, and systems 887

45. Classical mechanics of discrete systems

45.10. ± b Computational methods in classical mechanics 407
45.40. ± f Dynamics and kinematics of rigid bodies 407
45.40.Cc Rigid body and gyroscope motion 985
45.50. ± j Dynamics and kinematics of a particle and a system of

particles 1131

47. Fluid dynamics

47.10.+g General theory 419
47.27. ± i Turbulent flows, convection, and heat transfer
47.27.Qb Turbulent diffusion 757
47.53.+n Fractals 757
47.85. ± g Applied fluid mechanics
47.85.Gj Aerodynamics 419

50. PHYSICS OF GASES, PLASMAS,
AND ELECTRIC DISCHARGES

51. Physics of gases

51.10.+y Kinetic and transport theory of gases 145
51.50.+v Electrical properties (ionization, breakdown, electron

and ion mobility, etc.) 51

52. Physics of plasmas and electric discharges

52.20. ± j Elementary processes in plasmas 233
52.25. ± b Plasma properties
52.25.Dg Plasma kinetic equations 145, 317
52.35. ± g Waves, oscillations, and instabilities in plasmas and

intense beams 145
52.50. ± b Plasma production and heating
52.50.Jm Plasma production and heating by laser beams (laser-

foil, laser-cluster, etc.) 609
52.80. ± s Electric discharges 201

60. CONDENSEDMATTER: STRUCTURAL,
MECHANICAL, AND THERMAL PROPERTIES

61. Structure of solids and liquids; crystallography

61.12. ± q Neutron diffraction and scattering 1258
61.30. ± v Liquid crystals
61.30.Cz Molecular and microscopic models and theories of

liquid crystal structure 941
61.43. ± j Structure of disordered solids 175, 1258
61.43.Dq Amorphous semiconductors, metals, and alloys 1107
61.46.+w Nanoscale materials: clusters, nanoparticles, nanotu-

bes, and nanocrystals 609
61.72. ± y Defects and impurities in crystals; microstructure
61.72.Cc Kinetics of defect formation and annealing 813
61.72.Tt Doping and impurity implantation in germanium

and silicon 813
61.72.Yx Interaction between different crystal defects; gette-

ring effect 813
61.80. ± x Physical radiation effects, radiation damage 1287
61.82. ± d Radiation effects on specific materials 1287
61.85.+p Channeling phenomena (blocking, energy loss, etc.)

447, 1287

62. Mechanical and acoustical properties of condensed
matter

62.20. ± x Mechanical properties of solids
62.20.Dc Elasticity, elastic constants 711
62.20.Fe Deformation and plasticity (including yield, ducti-

lity, and superplasticity) 577

63. Lattice dynamics

63.20. ± e Phonons in crystal lattices
63.20.Pw Localized modes 711
63.50.+x Vibrational states in disordered systems 711
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64. Equations of state, phase equilibria, and phase transitions

64.30.+t Equations of state of specific substances 1371, 1380
64.60. ± i General studies of phase transitions 1367
64.60.Ak Renormalization-group, fractal, and percolation

studies of phase transitions 175
64.70. ± p Specific phase transitions
64.70.Dv Solid-liquid transitions 1371, 1380

66. Transport properties of condensed matter (nonelectro-
nic)

66.10. ± x Diffusion and ionic conduction in liquids
66.10.Ed Ionic conduction 51
66.30. ± h Diffusion in solids 1258
66.30.Dn Theory of diffusion and ionic conduction in solids

1107
66.30.Jt Diffusion of impurities 1107

67. Quantum êuids and solids; liquid and solid helium

67.40. ± w Boson degeneracy and superfluidity of 4He 511
67.57. ± z Superfluid phase of liquid 3He 97, 452

68. Surfaces and interfaces; thin élms and low-dimensional
systems (structure and nonelectronic properties)

68.15.+e Liquid thin films 941

70. CONDENSEDMATTER: ELECTRONIC
STRUCTURE, ELECTRICAL, MAGNETIC,
AND OPTICAL PROPERTIES

71. Electronic structure of bulk materials

71.10. ± w Theories and models of many-electron systems
71.10.Fd Lattice fermion models (Hubbard model, etc.) 121
71.20. ± b Electron density of states and band structure of

crystalline solids
71.20.Nr Semiconductor compounds 1013
71.27.+a Strongly correlated electron systems; heavy fermions

27, 121
71.28.+d Narrow-band systems; intermediate-valence solids 121
71.35. ± y Excitons and related phenomena
71.35.Ee Electron-hole drops and electron-hole plasma 999
71.35.Ji Excitons in magnetic éelds; magnetoexcitons 999
71.36.+c Polaritons (including photon ± phonon and photon ±

magnon interactions) 995
71.70. ± d Level splitting and interactions
71.70.Ej Spin-orbit coupling, Zeeman and Stark splitting,

Jahn ëTeller effect 769, 780

72. Electronic transport in condensed matter

72.15. ± v Electronic conduction in metals and alloys 679
72.70.+m Noise processes and phenomena 465

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

73.20. ± r Electron states at surfaces and interfaces 1013, 1388
73.21. ± b Electron states and collective excitations in multi-

layers, quantum wells, mesoscopic, and nanoscale
systems

73.21.Cd Superlattices 769
73.23. ± b Electronic transport in mesoscopic systems 776

73.40. ± c Electronic transport in interface structures 801
73.43. ± f Quantum Hall effects
73.43.Nq Quantum phase transitions 801
73.50. ± h Electronic transport phenomena in thin films 1388
73.50.Td Noise processes and phenomena 465
73.63. ± b Electronic transport in nanoscale materials and struc-

tures 780
73.63.Kv Quantum dots 769

74. Superconductivity

74.20. ± z Theories and models of superconducting state 511
74.25. ± q Properties of type I and type II superconductors 385,

679
74.25.Gz Optical properties 385
74.25.Jb Electronic structure 27
74.45.+c Proximity effects, Andreev effects; SN and SNS

junctions 113, 1385
74.50.+r Tunneling phenomena; point contacts, weak links,

Josephson effects in superconductors 113, 1385
74.62. ± c Transition temperature variations (superconductivity)

113, 1385
74.70. ± b Superconducting materials
74.70.Pq Ruthenates 27
74.72. ± h Cuprate superconductors (high-Tc and insulating

parent compounds) 385, 679
74.78. ± w Superconducting films and low-dimensional structures
74.78.Db Low-Tc superconducting élms 801
74.81. ± g Inhomogeneous superconductors and superconducting

systems 113
74.81.Fa Josephson junction arrays and wire networks 784

75. Magnetic properties and materials

75.25.+z Spin arrangements in magnetically ordered materials
(including neutron and spin-polarized electron studies,
synchrotron-source X-ray scattering, etc.) 883

75.30. ±m Intrinsic properties of magnetically ordered materials
75.30.Kz Magnetic phase boundaries (including magnetic

transitions, metamagnetism, etc.) 577, 877
75.47. ±m Magnetotransport phenomena; materials for magne-

totransport
75.47.Lx Manganites 877, 883
75.80.+q Magnetomechanical andmagnetoelectric effects, mag-

netostriction 577

76. Magnetic resonances and relaxations in condensed
matter, Mossbauer effect

76.60. ± k Nuclear magnetic resonance and relaxation 452

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

78.30. ± j Infrared and Raman spectra 1137
78.67. ± n Optical properties of low-dimensional, mesoscopic,

and nanoscale materials and structures 995, 1008

79. Electron and ion emission by liquids and solids; impact
phenomena

79.60. ± i Photoemission and photoelectron spectra
79.60.Jv Interfaces; heterostructures; nanostructures 776
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80. INTERDISCIPLINARY PHYSICS ANDRELATED
AREAS OF SCIENCE AND TECHNOLOGY

81. Materials science

81.30. ± t Phase diagrams and microstructures developed by
solidification and solid-solid phase transformations

81.30.Kf Martensitic transformations 577

82. Physical chemistry and chemical physics

82.30. ± b Specific chemical reactions; reaction mechanisms
82.30.Fi Ion-molecule, ion-ion, and charge-transfer reactions

51
82.39. ± k Chemical kinetics in biological systems 265, 1145
82.40. ± g Chemical kinetics and reactions: special regimes and

techniques
82.40.Fp Shock wave initiated reactions, high-pressure che-

mistry 913
82.50. ±m Photochemistry
82.50.Bc Processes caused by infrared radiation 913

83. Rheology

83.80. ± k Material type
83.80.Xz Liquid crystals: nematic, cholesteric, smectic, disco-

tic, etc. 941

84. Electronics; radiowave andmicrowave technology; direct
energy conversion and storage

84.40. ± x Radiowave and microwave (including millimeter wave)
technology

84.40.Ba Antennas: theory, components, and accessories 69

85. Electronic and magnetic devices; microelectronics

85.40. ± e Microelectronics: LSI, VLSI, ULSI; integrated cir-
cuit fabrication technology

85.40.Qx Microcircuit quality, noise, performance, and failure
analysis 465

85.60. ± q Optoelectronic devices
85.60.Gz Photodetectors (including infrared and CCD detec-

tors) 649

87. Biological and medical physics

87.10.+e General theory and mathematical aspects 265, 1145
87.50. ± a Effects of radiation and external fields on biomolecu-

les, cells, and higher organisms
87.50.Mn Magnetic éelds 265, 1145
87.56. ± v Radiation therapy equipment
87.56.By Radiation generators 899
87.59. ± e X-ray imaging
87.59.Dj Angiography 899

89. Other areas of applied and interdisciplinary physics

89.30. ± g Energy resources
89.30.Gg Nuclear éssion power 739, 747
89.70.+c Information theory and communication theory 1221

90. GEOPHYSICS, ASTRONOMY,
AND ASTROPHYSICS

91. Solid Earth Physics

91.35. ± x Earth's interior structure and properties
91.35.Lj Composition of Earth's interior 1359

92. Hydrospheric and atmospheric geophysics

92.10. ± c Physics of the oceans
92.10.Hm Surface waves, tides, and sea level 69

93. Geophysical observations, instrumentation, and techni-
ques

93.85.+q Instrumentation and techniques for geophysical re-
search 69

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

95.30. ± k Fundamental aspects of astrophysics
95.30.Gv Radiation mechanisms; polarization 106
95.30.Qd Astrophysical magnetohydrodynamics and plasmas

1247
95.55. ± n Astronomical and space-research instrumentation
95.55.Cs Ground-based ultraviolet, optical, and infrared tele-

scopes 887
95.55.Ym Gravitational radiation detectors; mass spectrome-

ters; and other instrumentation and techniques 89

97. Stars

97.10. ± q Stellar characteristics and properties 3
97.10.Gz Stellar accretion and accretion disks 1247
97.10.Ri Luminosities; magnitudes; effective temperatures,

colors, and spectral classiécation 106
97.60. ± s Late stages of stellar evolution (including black holes)
97.60.Lf Black holes 345
97.80. ± d Binary and multiple stars
97.80.Fk Spectroscopic binaries; close binaries 106

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

98.20. ± d Stellar clusters and associations
98.20.Bg Associations of stars (OB, T, R) in external galaxies 3
98.35. ± a Characteristics and properties of the Milky Way

Galaxy
98.35.Jk Galactic center, bar, circumnuclearmatter, and bulge

(including black hole and distance measurements)
345

98.58. ± w Interstellar medium (ISM) and nebulae in external
galaxies

98.58.Db Molecular clouds, H2 clouds, dense clouds, and dark
clouds 3

98.80. ± k Cosmology 903
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