
00. GENERAL

01. Communication, education, history, and philosophy

01.10. ±m Announcements, news, and organizational activities
01.10.Fv Conferences, lectures, and institutes 207, 213,

216,219, 315, 323, 423, 426, 428, 433. 439, 511,
518, 528, 535, 653, 657, 741, 747, 752, 762, 769,
885, 888, 1059, 1060, 1078, 1090

01.30. ± y Physics literature and publications
01.30.Ee Monographs and collections 779
01.30.Tt Bibliographies 333, 559, 671, 895, 1143
01.30.Vv Book reviews 779
01.60.+q Biographies, tributes, personal notes, and obituaries

207, 216, 331, 423, 426, 428, 439, 557, 665, 667,
669, 987, 1007, 1141, 1255

01.65.+g History of science 207, 213, 216, 219, 307, 315, 423,
426, 428, 433, 439, 511, 518, 528, 535, 779, 875,
987, 1337

01.70.+w Philosophy of science 1337
01.75.+m Science and society 987
01.90.+g Other topics of general interest 86, 178, 286, 416,

496, 590, 778, 874, 934, 1058, 1224, 1366

02. Mathematical methods in physics

02.30. ± f Function theory, analysis
02.30.Ik Integrable systems 487
02.30.Jr Partial differential equations 719
02.50. ± r Probability theory, stochastic processes, and stati-

stics 1175
02.70. ± c Computational techniques; simulations 103, 1281

03. Quantum mechanics, éeld theories, and special relativity

03.30.+p Special relativity 973
03.65. ± w Quantum mechanics 631, 1337
03.65.Ud Entanglement and quantum nonlocality (e.g. EPR

paradox, Bell's inequalities, GHZ states, etc.) 917,
1231

03.65.Vf Phases: geometric; dynamic or topological 631
03.70.+k Theory of quantized fields 591

04. General relativity and gravitation

04.20. ± q Classical general relativity 511, 535
04.50. ± h Higher-dimensional gravity and other theories of

gravity 741
04.70. ± s Physics of black holes 741, 747
04.70.Bw Classical black holes 1257
04.70.Dy Quantum aspects of black holes, evaporation,

thermodynamics 1257

05. Statistical physics, thermodynamics, and nonlinear
dynamical systems

05.20. ± y Classical statistical mechanics 617
05.40. ± a Fluctuation phenomena, random processes, noise,

and Brownian motion 257, 617, 1175, 1237
05.45. ± a Nonlinear dynamics and chaos 103, 719, 1009, 1323
05.45.Xt Synchronization; coupled oscillators 1323
05.60. ± k Transport processes
05.60.Gg Quantum transport 785
05.70. ± a Thermodynamics 617
05.70.Fh Phase transitions: general studies 417

06. Metrology, measurements, and laboratory procedures

06.20. ± f Metrology
06.20.Jr Determination of fundamental constants 935

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

07.55. ± w Magnetic instruments and components
07.55.Db Generation of magnetic éelds; magnets 207, 219,

287
07.57. ± c Infrared, submillimeter wave, microwave and radio-

wave instruments and equipment 741, 769
07.85. ±m X- and c -ray instruments
07.85.Fv X- and g-ray sources, mirrors, gratings, and

detectors 727
07.87.+v Spaceborne and space research instruments, appa-

ratus, and components (satellites, space vehicles,
etc.) 741, 762
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10. THE PHYSICS OF ELEMENTARY PARTICLES
AND FIELDS

11. General theory of éelds and particles

11.10. ± z Field theory
11.10.St Bound and unstable states; Bethe ë Salpeter equa-

tions 973

12. Speciéc theories and interaction models;
particle systematic

12.10. ± g Unified field theories and models
12.10.Kt Uniécation of couplings; mass relations 741
12.15. ± y Electroweak interactions 785
12.20. ±m Quantum electrodynamics 591, 935
12.38. ± t Quantum chromodynamics
12.38.Aw General properties of QCD (dynamics,

conénement, etc.) 973
12.39. ± x Phenomenological quark models
12.39.Ba Bag model 973
12.60. ± i Models beyond the standard model
12.60.Jv Supersymmetric models 785

13. Speciéc reactions and phenomenology

13.75. ± n Hadron-induced low- and intermediate-energy reac-
tions and scattering (energy 4 10 GeV)

13.75.Cs Nucleon-nucleon interactions (including antinuc-
leons, deuterons, etc.) 3

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

13.85.Dz Elastic scattering 3

14. Properties of speciéc particles

14.20. ± c Baryons (including antiparticles)
14.20.Dh Protons and neutrons 631
14.60. ± z Leptons
14.60.Pq Neutrino mass and mixing 1225

20. NUCLEAR PHYSICS

25. Nuclear reactions: speciéc reactions

25.10.+s Nuclear reactions involving few-nucleon systems
423, 428

25.30. ± c Lepton-induced reactions
25.30.Pt Neutrino-induced reactions 1225

26. Nuclear astrophysics

26.60. ± c Nuclear matter aspects of neutron stars 307
26.65.+t Solar neutrinos 315

28. Nuclear engineering and nuclear power studies

28.52. ± s Fusion reactors 511, 528
28.70.+y Nuclear explosions 511, 518, 528
28.90.+i Other topics in nuclear engineering and nuclear

power studies 445

30. ATOMIC ANDMOLECULAR PHYSICS

31. Electronic structure of atoms and molecules: theory

31.30. ± i Corrections to electronic structure
31.30.J ë Relativistic and quantum electrodynamic (QED)

effects in atoms, molecules, and ions 935

34. Atomic and molecular collision processes
and interactions

34.10.+x General theories and models of atomic and molecu-
lar collisions and interactions (including statistical
theories, transition state, stochastic and trajectory
models, etc.) 225

34.50. ± s Scattering of atoms and molecules
34.50.Fa Electronic excitation and ionization of atoms

(including beam-foil excitation and ionization) 225
34.70.+e Charge transfer 225

36. Exotic atoms and molecules; macromolecules; clusters

36.40. ± c Atomic and molecular clusters 673, 1029
36.40.Ei Phase transitions in clusters 1029

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

41. Electromagnetism; electron and ion optics

41.20. ± q Applied classical electromagnetism
41.20.Cv Electrostatics; Poisson and Laplace equations,

boundary-value problems 153
41.20.Gz Magnetostatics; magnetic shielding, magnetic

induction, boundary-value problems 287
41.20.Jb Electromagnetic wave propagation; radiowave

propagation 863
41.50.+h X-ray beams and X-ray optics 727
41.60. ±m Radiation by moving charges 591
41.60.Ap Synchrotron radiation 423, 433
41.60.Cr Free-electron lasers 423, 433
41.75. ± i Charged-particle beams
41.75.Jv Laser-driven acceleration 875

42. Optics

42.25. ± p Wave optics
42.25.Bs Wave propagation, transmission and absorption

863, 1123, 1353
42.25.Fx Diffraction and scattering 863
42.30. ± d Imaging and optical process 633
42.50. ± p Quantum optics
42.50.Dv Quantum state engineering and measurements 917
42.50.Xa Optical tests of quantum theory 935
42.55. ± f Lasers 897
42.62. ± b Laser applications 633, 897
42.62.Fi Laser spectroscopy 673
42.65. ± k Nonlinear optics 133, 719, 897
42.65.Jx Beam trapping, self-focusing and defocusing; self-

phase modulation 133
42.65.Ky Frequency conversion; harmonic generation, inc-

luding higher-order 133, 815
42.65.Lm Parametric down conversion and production of

entangled photons 917, 1231
42.65.Re Ultrafast processes; optical pulse generation and

pulse compression 133, 1353
42.70. ± a Optical materials
42.70.Jk Polymers and organics 653
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42.79. ± e Optical elements, devices, and systems
42.79.Gn Optical waveguides and couplers 511, 561, 1353
42.79.Nv Optical frequency converters 815
42.81. ± i Fiber optics
42.81.Qb Fiber waveguides, couplers, and arrays 511

43. Acoustics

43.25.+y Nonlinear acoustics 719

44. Heat transfer

44.25.+f Natural convection 497

45. Classical mechanics of discrete systems

45.20. ± d Formalisms in classical mechanics
45.20.Jj Lagrangian and Hamiltonian mechanics 487

47. Fluid dynamics

47.11. ± j Computational methods in fluid dynamics 55
47.15. ± x Laminar flows
47.15.G ë Low-Reynolds-number (creeping) êows 87
47.20. ± k Flow instabilities
47.20.Bp Buoyancy-driven instabilities (e.g., Rayleigh ë

Benard) 497
47.27. ± i Turbulent flows 55, 1237
47.27.De Coherent structures 497
47.27.E ë Turbulence simulation and modeling
47.27.ek Direct numerical simulations 55
47.27.T ë Turbulent transport processes 257
47.53.+n Fractals in fluid dynamics 257, 1237
47.55. ± t Multiphase and stratified flows
47.55.P ë Buoyancy-driven êows; convection 497
47.57. ± s Complex fluids and colloidal systems
47.57.J ë Colloidal systems 87
47.63. ± b Biological fluid dynamics
47.63.Gd Swimming microorganisms 87

50. PHYSICS OF GASES, PLASMAS,
AND ELECTRIC DISCHARGES

52. Physics of plasmas and electric discharges

52.20. ± j Elementary processes in plasmas
52.20.Dq Particle orbits 365
52.25. ± b Plasma properties
52.25.Dg Plasma kinetic equations 55
52.27. ± h Basic studies of specific kinds of plasmas
52.27.Lw Dusty or complex plasmas; plasma crystals 195
52.35. ± g Waves, oscillations, and instabilities in plasmas and

intense beams 179
52.35.Dm Sound waves 195
52.35.Fp Electrostatic waves and oscillations (e.g., ion-

acoustic waves) 195
52.35.Mw Nonlinear phenomena: waves, wave propagation,

and other interactions (including parametric
effects, mode coupling, ponderomotive effects,
etc.) 449

52.35.Qz Microinstabilities (ion-acoustic, two-stream, loss-
cone, beam-plasma, drift, ion- or electron-cyclot-
ron, etc.) 195

52.38. ± r Laser-plasma interactions

52.38.Hb Self-focussing, channeling, and élamentation in
plasmas 133

52.38.Ph X-ray, g-ray, and particle generation 449
52.40. ± w Plasma interactions (nonlaser)
52.40.Kh Plasma sheaths 365
52.50. ± b Plasma production and heating
52.50.Jm Plasma production and heating by laser beams

(laser-foil, laser-cluster, etc.) 815
52.59. ± f Intense particle beams and radiation sources
52.59.Ye Plasma devices for generation of coherent radia-

tion 449
52.90.+z Other topics in physics of plasmas and electric

discharges 445

60. CONDENSEDMATTER: STRUCTURAL,
MECHANICAL, AND THERMAL PROPERTIES

61. Structure of solids and liquids; crystallography

61.25. ± f Studies of specific liquid structures
61.25.Mv Liquid metals and alloys 1281
61.43. ± j Disordered solids 633
61.43.Dq Amorphous semiconductors, metals, and alloys

277
61.44. ± n Semi-periodic solids
61.44.Fw Incommensurate crystals 33
61.46. ± w Structure of nanoscale materials 673
61.46.Np Structure of nanotubes (hollow nanowires) 1145
61.48. ± c Structure of fullerenes and related hollow and planar

molecular structures
61.48.De Structure of carbon nanotubes, boron nanotubes,

and other related systems 1145
61.72. ± y Defects and impurities in crystals; microstructure

633

62. Mechanical and acoustical properties of condensed
matter

62.20. ± x Mechanical properties of solids 1123
62.25. ± g Mechanical properties of nanoscale systems 33, 277

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

64.60. ± i General studies of phase transitions 103
64.70. ± p Specific phase transitions
64.70.D ë Solid-liquid transitions 1029
64.75. ± g Phase equilibria 417
64.75.Yz Self-assembly 87

67. Quantum êuids and solids

67.25. ± k 4He 153

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

68.03. ± g Gas ± liquid and vacuum ± liquid interfaces
68.03.Hj Liquid surface structure: measurements and simu-

lations 153
68.37. ± d Microscopy of surfaces, interfaces, and thin films
68.37.Uv Near-éeld scanning microscopy and spectroscopy

561
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68.65. ± k Low-dimensional, mesoscopic, nanoscale and other
related systems: structure and nonelectronic pro-
perties

68.65.Pq Graphene élms 1115

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

71. Electronic structure of bulk materials

71.15. ±m Methods of electronic structure calculations
71.15.Mb Density functional theory, local density approxi-

mation, gradient and other corrections 1029
71.18.+y Fermi surface: calculations and measurements;

effective mass, g factor 207, 213
71.36.+c Polaritons (including photon-phonon and photon-

magnon interactions) 917
71.45. ± d Collective effects
71.45.Lr Charge-density-wave systems 33

72. Electronic transport in condensed matter

72.20. ± i Conductivity phenomena in semiconductors and
insulators

72.20.Fr Low-éeld transport and mobility; piezoresistance
33

72.20.Ht High-éeld and nonlinear effects 1099
72.20.Jv Charge carriers: generation, recombination, life-

time, and trapping 1099
72.20.My Galvanomagnetic and other magnetotransport

effects 207, 213
72.80. ± r Conductivity of specific materials
72.80.Le Polymers; organic compounds (including organic

semiconductors) 653, 657
72.80.Sk Insulators 1099
72.80.Tm Composite materials 653, 657

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

73.20. ± r Electron states at surfaces and interfaces
73.20.Mf Collective excitations (including excitons, pola-

rons, plasmons and other charge-density excita-
tions) 33, 561

73.22. ± f Electronic structure of nanoscale materials and
related systems 113

73.22.Pr Electronic structure of graphene 113
73.40. ± c Electronic transport in interface structures
73.40.Lq Other semiconductor-to-semiconductor contacts,

p ë n junctions, and heterojunctions 653, 657
73.40.Sx Metal ë semiconductor ëmetal structures 1099
73.61. ± r Electrical properties of specific thin films
73.61.Ey III ëV semiconductors 113
73.61.Le Other inorganic semiconductors 653, 657
73.61.Ph Polymers; organic compounds 653, 657

74. Superconductivity

74.25. ± q Properties of superconductors 207, 216

75. Magnetic properties and materials

75.10. ± b General theory and models of magnetic ordering
75.10.Pq Spin chain models 487

75.30. ±m Intrinsic properties of magnetically ordered mate-
rials

75.30.Gw Magnetic anisotropy 287
75.50. ± y Studies of specific magnetic materials 287
75.60. ± d Domain effects, magnetization curves, and hysteresis
75.60.Ch Domain walls and domain structure 287

76. Magnetic resonances and relaxations in condensed
matter, M�ossbauer effect

76.40.+b Diamagnetic and cyclotron resonances 875
76.50.+g Ferromagnetic, antiferromagnetic, and ferrimagne-

tic resonances; spin-wave resonance 631

77. Dielectrics, piezoelectrics, and ferroelectrics
and their properties

77.22. ± d Dielectric properties of solids and liquids 1145

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

78.20. ± e Optical properties of bulk materials and thin films
633

78.20.Fm Birefringence 1123
78.47. ± p Spectroscopy of solid state dynamics 633
78.47.J ë Ultrafast spectroscopy (<1 psec) 917
78.55. ±m Photoluminescence, properties and materials 633
78.60. ± b Other luminescence and radiative recombination
78.60.Mq Sonoluminescence 445
78.70. ± g Interactions of particles and radiation with matter
78.70.Gq Microwave and radio-frequency interactions 33

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

79.70.+q Field emission, ionization, evaporation, and desorp-
tion 727

80. INTERDISCIPLINARY PHYSICS ANDRELATED
AREAS OF SCIENCE AND TECHNOLOGY

81. Materials science

81.05. ± t Specific materials: fabrication, treatment, testing,
and analysis

81.05.Kf Glasses (including metallic glasses) 277
81.05.U ë Carbon/carbon-based materials
81.05.ue Graphene 113, 673, 1115
81.05.Xj Metamaterials for chiral, bianisotropic and other

complex media 87
81.07. ± b Nanoscale materials and structures: fabrication and

characterization 277, 673
81.15. ± z Methods of deposition of films and coatings; film

growth and epitaxy
81.15.Gh Chemical vapor deposition (including plasma-

enhanced CVD, MOCVD, ALD, etc.) 1115
81.16. ± c Methods of micro- and nanofabrication and pro-

cessing 673
81.16.Be Chemical synthesis methods 1115
81.16.Hc Catalytic methods 1029
81.16.Nd Micro- and nanolithography 673
81.40. ± z Treatment of materials and its effects on micro-

structure, nanostructure, and properties
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81.40.Rs Electrical and magnetic properties related to
treatment conditions 287

82. Physical chemistry and chemical physics

82.30. ± b Specific chemical reactions; reaction mechanisms
1029

81.05.U ë Carbon/carbon-based materials

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

84.40. ± x Radiowave and microwave (including millimeter
wave) technology 741, 769

84.40.Ba Antennas: theory, components and accessories 561
84.71. ± b Superconducting high-power technology
84.71.Ba Superconducting magnets; magnetic levitation

devices 207, 219

85. Electronic and magnetic devices; microelectronics

85.35. ± p Nanoelectronic devices
85.35.Kt Nanotube devices 1145
85.60. ± q Optoelectronic devices
85.60.Dw Photodiodes; phototransistors; photoresistors 653
85.60.Pg Display systems 653

87. Biological and medical physics

87.10. ± e General theory and mathematical aspects 1323

89. Other areas of applied and interdisciplinary physics

89.20. ± a Interdisciplinary applications of physics 741, 769
89.20.Dd Military technology and weapons systems; arms

control 511, 518
89.60. ± k Environmental studies
89.60.Gg Impact of natural and man-made disasters 885,

888

90. GEOPHYSICS, ASTRONOMY,
AND ASTROPHYSICS

92. Hydrospheric and atmospheric geophysics

92.60. ± e Properties and dynamics of the atmosphere; meteo-
rology

92.60.Ox Tropical meteorology 497
92.60.Qx Storms 497

94. Physics of the ionosphere and magnetosphere

94.05. ± a Space plasma physics 365

95. Fundamental astronomy and astrophysics;
instrumentation, techniques, and astronomical
observations

95.30. ± k Fundamental aspects of astrophysics
95.30.Gv Radiation mechanisms; polarization 179
95.30.Lz Hydrodynamics 337
95.35.+d Dark matter (stellar, interstellar, galactic, and

cosmological) 511, 535, 1257

95.36.+x Dark energy 741, 1059, 1060, 1078, 1090, 1257
95.55. ± n Astronomical and space-research instrumentation

511, 535
95.55.Cs Ground-based ultraviolet, optical and infrared

telescopes 885, 888
95.55.Vj Neutrino, muon, pion, and other elementary

particle detectors; cosmic ray detectors 315, 323
95.75. ± z Observation and data reduction techniques; compu-

ter modeling and simulation 849
95.85. ± e Astronomical observations (additional primary hea-

ding(s) must be chosen with these entries to represent
the astronomical objects and/or properties studied)

95.85.Bh Radio, microwave (>1 mm) 849
95.85.Ry Neutrino, muon, pion, and other elementary

particles; cosmic rays 315, 323

96. Solar system; planetology

96.12. ± a Planetology of solid surface planets 741, 762
96.30. ± t Solar system objects
96.30.Gc Mars 741, 762
96.30.Ys Asteroids, meteoroids 885, 888
96.30.Za Meteors, meteorites and tektites 885
96.50. ± e Interplanetary physics
96.50.Ek Heliopause and solar wind termination 963
96.50.Zc Neutral particles 963
96.60. ± j Solar physics
96.60.Vg Particle emission, solar wind 963

97. Stars

97.10. ± q Stellar characteristics and properties
97.10.Bt Star formation 741, 752
97.10.Gz Accretion and accretion disks 337
97.60. ± s Late stages of stellar evolution (including black

holes)
97.60.Bw Supernovae 1059, 1060, 1078, 1090
97.60.Gb Pulsars 179
97.60.Jd Neutron stars 307
97.60.Lf Black holes 741, 747
97.80. ± d Binary and multiple stars
97.80.Jp X-ray binaries 337, 741, 752

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), circum-
nuclear matter, and bulges 741, 747

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

98.70.Qy X-ray sources; X-ray bursts 337, 741, 752
98.70.Sa Cosmic rays (including sources, origin, accelera-

tion, and interactions) 315, 323, 423, 426, 439, 1175
98.80. ± k Cosmology 511, 535, 741, 849
98.80.Cq Particle-theory and éeld-theorymodels of the early

Universe (including cosmic pancakes, cosmic
strings, chaotic phenomena, inêationary universe,
etc.) 1257

98.80.Es Observational cosmology (including Hubble con-
stant, distance scale, cosmological constant, early
Universe, etc) 849, 1059, 1060, 1078
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