
00. GENERAL

01. Communication, education, history, and philosophy

01.10. ±m Announcements, news, and organizational activities 442, 443,

883, 1021, 1115

01.10.Fv Conferences, lectures, and institutes 443, 883, 1021, 1115
01.30. ± y Physics literature and publications 442

01.30.Ee Monographs and collections 125
01.30.Tt Bibliographies 915, 1407
01.30.Vv Book reviews 125
01.50. ± i Educational aids

01.50.My Demonstration experiments and apparatus 119
01.60.+q Biographies, tributes, personal notes, and obituaries 351, 444,

463, 575, 687, 799, 1143, 1401, 1403, 1405

01.65.+g History of science 125, 311, 444

01.90.+g Other topics of general interest 118, 192, 342, 430, 546, 628,

798, 917, 980, 1114, 1271, 1408

02. Mathematical methods in physics

02.20. ± a Group theory 667

02.60. ± x Numerical approximation and analysis

02.60.Cb Numerical simulation; solution of equations 1003
02.70. ± c Computational techniques; simulations

02.70.Ns Molecular dynamics and particle methods 921

03. Quantum mechanics, éeld theories, and special relativity

03.50. ± z Classical field theories

03.50.De Classical electromagnetism, Maxwell equations 1393
03.65. ±w Quantum mechanics 667

03.65.Ca Formalism 879
03.65.Ta Foundations of quantum mechanics; measurement theory

349
03.75. ± b Matter waves

03.75.Kk Dynamic properties of condensates; collective and hydrody-
namic excitations, superêuid êow 1273

04. General relativity and gravitation

04.25. ± g Approximation methods; equations of motion

04.25.D ë Numerical relativity
04.25.dg Numerical studies of black holes and black-hole binaries 884
04.30. ±w Gravitational waves 884, 892

04.80. ± y Experimental studies of gravity

04.80.Nn Gravitational wave detectors and experiments 884, 892, 906

05. Statistical physics, thermodynamics,
and nonlinear dynamical systems

05.45. ± a Nonlinear dynamics and chaos 745, 1003

05.45.Xt Synchronization; coupled oscillators 745
05.60 ± k Transport processes

05.60.Gg Quantum transport 1147
05.65.+b Self-organized systems 757

05.70. ± a Thermodynamics

05.70.Ln Nonequilibrium and irreversible thermodynamics 757, 921

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

07.05. ± t Computers in experimental physics

07.05.Fb Design of experiments 1375
07.05.Hd Data acquisition: hardware and software 1375
07.05.Kf Data analysis: algorithms and implementation; data mana-

gement 1375
07.05.Tp Computer modeling and simulation 327
07.35.+k High-pressure apparatus; shock tubes; diamond anvil cells 953

07.60. ± j Optical instruments and equipment 277

07.77. ± n Atomic, molecular, and charged-particle sources and detectors

07.77.Gx Atomic and molecular beam sources and detectors 241
07.79. ± v Scanning probe microscopes and components

07.79.Fc Near-éeld scanning optical microscopes 277
07.85. ±m X- and g-ray instruments

07.85.Tt X-ray microscopes 201

10. THE PHYSICS OF ELEMENTARY
PARTICLES AND FIELD

11. General theory of éelds and particlesÂ

11.80. ±m Relativistic scattering theory 353

12. Speciéc theories and interaction models;
particle systematics

12.20. ±m Quantum electrodynamics 1007

12.38. ± t Quantum chromodynamics

12.38.Aw General properties of QCD (dynamics, conénement, etc.)
715

12.39. ± x Phenomenological quark models

12.39.Fe Chiral Lagrangians 689
12.39.Ki Relativistic quark model 715
12.39.Pn Potential models 715
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13. Speciéc reactions and phenomenology

13.35. ± r Decays of leptons

13.35.Dx Decays of taus 689
13.66. ± a Lepton-lepton interactions

13.66.Bc Hadron production in eÿe� interactions 689
13.85.± t Hadron-induced high- and super-high-energy interactions

(energy > 10 GeV) 353

13.85.Tp Cosmic-ray interactions 45

14. Properties of speciéc particles

14.20. ± c Baryons (including antiparticles)

14.20.Dh Protons and neutrons 353
14.60. ± z Leptons 45

20. NUCLEAR PHYSICS

28. Nuclear engineering and nuclear power studies

28.41. ± i Fission reactors

28.41.Kw Radioactive wastes, waste disposal 1071
28.52. ± s Fusion reactors 547

28.70.+y Nuclear explosions 444

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

29.20. ± c Accelerators 1121

29.25. ± t Particle sources and targets

29.25.Bx Electron sources 1116, 1134
29.27. ± a Beams in particle accelerators

29.27.Ac Beam injection and extraction 1121
29.30. ± h Spectrometers and spectroscopic techniques 45, 1375

30. ATOMIC ANDMOLECULAR PHYSICS

31. Electronic structure of atoms and molecules: theory

31.15. ± p Calculations and mathematical techniques in atomic and

molecular physics

31.15.X ë Alternative approaches
31.15.xh Group-theoretical methods 667

32. Atomic properties and interactions with photons

32.50.+d Fluorescence, phosphorescence (including quenching) 367

32.80. ± t Photoionization and excitation 1169

32.80.Qk Coherent control of atomic interactions with photons 367
32.80.Rm Multiphoton ionization and excitation to highly excited

states 1280

33. Molecular properties and interactions with photons

33.15. ± e Properties of molecules

33.15.Pw Fine and hyperéne structure 577
33.50. ± j Fluorescence and phosphorescence; radiationless transitions,

quenching (intersystem crossing, internal conversion)

33.50.Dq Fluorescence and phosphorescence spectra 577
33.80. ± b Photon interactions with molecules 241

34. Atomic and molecular collision processes and interactions

34.10.+x General theories and models of atomic and molecular collisions

and interactions (including statistical theories, transition state,

stochastic and trajectory models, etc.) 669

34.35.+a Interactions of atoms and molecules with surfaces 193, 981

34.80. ± i Electron and positron scattering

34.80.Gs Molecular excitation and ionization 981

36. Exotic atoms and molecules; macromolecules; clusters

36.40. ± c Atomic and molecular clusters 241

37. Mechanical control of atoms, molecules, and ions

37.20.+j Atomic and molecular beam sources and techniques 241, 981

40. ELECTROMAGNETISM, OPTICS, ACOUSTICS,
HEAT TRANSFER, CLASSICALMECHANICS,
AND FLUID DYNAMICS

41. Electromagnetism; electron and ion optics
41.20. ± q Applied classical electromagnetism 599

41.20.Jb Electromagnetic wave propagation; radiowave propagation
879, 1007

41.50.+h Radiation by moving charges 201

41.60. ±m Radiation by moving charges 1393

41.60.Bq Cherenkov radiation 1007
41.75. ± i Charged-particle beams

41.75.Ht Relativistic electron and positron beams 1116

42. Optics

42.25. ± p Wave optics

42.25.Fx Diffraction and scattering 1097
42.50. ± p Quantum optics 1169

42.50.Ex Optical implementations of quantum information processing
and transfer 577

42.50.Hz Strong-éeld excitation of optical transitions in quantum
systems; multiphoton processes; dynamic Stark shift 1280

42.50.Nn Quantum optical phenomena in absorbing, amplifying,
dispersive and conducting media; cooperative phenomena
in quantum optical systems 367

42.50.Wk Mechanical effects of light on material media, microstructu-
res and particles 599

42.55. ± f Lasers 367

42.60. ± v Laser optical systems: design and operation 1121

42.60.By Design of speciéc laser systems 1121
42.62. ± b Laser applications

42.62.Fi Laser spectroscopy 241
42.65. ± k Nonlinear optics 1169

42.65.Re Ultrafast processes; optical pulse generation and pulse
compression1280

42.79. ± e Optical elements, devices, and systems 879

44. Heat transfer

44.40.+a Thermal radiation 599

45. Classical mechanics of discrete systems

45.40. ± f Dynamics and kinematics of rigid bodies 1003

47. Fluid dynamics

47.55. ± t Multiphase and stratified flows

47.55.D ë Drops and bubbles 119

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 1289
52.20.Fs Electron collisions 1289
52.25. ± b Plasma properties

52.25.Dg Plasma kinetic equations 1289
52.25.Xz Magnetized plasmas 1071
52.30. ± q Plasma dynamics and flow 1071

52.30.Cv Magnetohydrodynamics (including electron magnetohydro-
dynamics) 857

52.35. ± g Waves, oscillations, and instabilities in plasmas and intense

beams

52.35.Bj Magnetohydrodynamic waves (e.g., Alfven waves) 857
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52.35.Ra Plasma turbulence 857
52.50. ± b Plasma production and heating 547

52.50.Sw Plasma heating bymicrowaves; ECR, LH, collisional heating
1289

52.55. ± s Magnetic confinement and equilibrium

52.55.Fa Tokamaks, spherical tokamaks 99
52.55.Jd Magnetic mirrors, gas dynamic traps 547
52.65. ± y Plasma simulation

52.65.Kj Magnetohydrodynamic and êuid equation 857
52.75. ± d Plasma devices 1071

52.90.+z Other topics in physics of plasmas and electric discharges 653

60. CONDENSEDMATTER: STRUCTURAL,
MECHANICAL, AND THERMAL PROPERTIES

61. Structure of solids and liquids; crystallography

61.05. ± a Techniques for structure determination

61.05.F ë Neutron diffraction and scattering 65
61.20. ± p Structure of liquids 1028

61.30. ± v Liquid crystals

61.30.Dk Continuum models and theories of liquid crystal structure
1022

61.30.Gd Orientational order of liquid crystals; electric and magnetic
éeld effects on order 1022

61.43. ± j Disordered solids

61.43.Hv Fractals; macroscopic aggregates (including diffusion-limi-
ted aggregates) 1329

61.46. ±w Structure of nanoscale materials 277, 296, 577, 1329

61.50. ± f Structure of bulk crystals

61.50.Ah Theory of crystal structure, crystal symmetry; calculations
and modeling 1105

61.50.Ks Crystallographic aspects of phase transformations; pressure
effects 953, 1105

61.50.Nw Crystal stoichiometry 1105
61.66. ± f Structure of specific crystalline solids

61.66.Dk Alloys 65
61.66.Fn Inorganic compounds 296, 1105
61.72. ± y Defects and impurities in crystals; microstructure 327

61.72.U ë Doping and impurity implantation 577
61.80. ± x Physical radiation effects, radiation damage 465

61.82. ± d Radiation effects on specific materials 465

61.85.+p Channeling phenomena (blocking, energy loss, etc.) 465

62. Mechanical and acoustical properties of condensed matter

62.10.+s Mechanical properties of liquids 1028

62.20. ± x Mechanical properties of solids 327

62.20.Qp Friction, tribology, and hardness 629
62.50. ± p High-pressure effects in solids and liquids 525, 953, 1028, 1365

63. Lattice dynamics

63.20. ± e Phonons in crystal lattices 65

63.20.K ë Phonon interactions
63.20.kp Phonon-defect interactions 577
63.20.Pw Localized modes 577

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

64.10.+h General theory of equations of state and phase equilibria 921

64.30. ± t Equations of state of specific substances 1105

64.60. ± i General studies of phase transitions

64.60.A ë Speciéc approaches applied to studies of phase transitions
64.60.ae Renormalization-group theory 817
64.60.Cn Order-disorder transformations 817
64.60.Ej Studies/theory of phase transitions of speciéc substances 921
64.60.Ht Dynamic critical phenomena 817
64.70. ± p Specific phase transitions

64.70.D ë Solid-liquid transitions 921
64.70.Ja Liquid-liquid transitions 1028
64.70.K ë Solid-solid transitions 953
64.70.Më Transitions in liquid crystals 1022

67. Quantum êuids and solids

67.10. ± j Quantum fluids: general properties 1273

67.63. ± r Hydrogen and isotopes 953

67.80. ± s Quantum solids

67.80.F ë Solids of hydrogen and isotopes 953
67.80.ff Molecular hydrogen and isotopes 953

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

68.35. ± p Solid surfaces and solid-solid interfaces: structure and energe-

tics

68.35.B ë Structure of clean surfaces (and surface reconstruction)
68.35.bd Metals and alloys 629
68.35.Gy Mechanical properties; surface strains 629
68.35.Md Surface thermodynamics, surface energies 629
68.37. ± d Microscopy of surfaces, interfaces, and thin films

68.37.Ef Scanning tunnelingmicroscopy (including chemistry induced
with STM) 1147

68.37.Ps Atomic force microscopy (AFM) 277
68.43. ± h Chemisorption/physisorption: adsorbates on surfaces 193

68.60. ± p Physical properties of thin films, nonelectronic 629

68.65. ± k Low-dimensional, mesoscopic, nanoscale and other related

systems: structure and nonelectronic properties

68.65.Ac Multilayers 629
68.65.Pq Graphene élms 220, 277, 785

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.Hf Non-Fermi-liquid ground states, electron phase diagrams
and phase transitions in model systems 785

71.15. ±m Methods of electronic structure calculations 296

71.15.Mb Density functional theory, local density approximation,
gradient and other corrections 296

71.18.+y Fermi surface: calculations and measurements; effective mass,

g factor 411

71.20. ± b Electron density of states and band structure of crystalline

solids

71.20.Be Transition metals and alloys 1205
71.28.+d Narrow-band systems; intermediate-valence solids 801

71.35. ± y Excitons and related phenomena 1236, 1273

71.70. ± d Level splitting and interactions 1205

72. Electronic transport in condensed matter

72.15. ± v Electronic conduction in metals and alloys 1329

72.15.Gd Galvanomagnetic and other magnetotransport effects 669
72.15.Jf Thermoelectric and thermomagnetic effects 669
72.20. ± i Conductivity phenomena in semiconductors and insulators

72.20.Ht High-éeld and nonlinear effects 971
72.20.Jv Charge carriers: generation, recombination, lifetime, and

trapping 971
72.20.My Galvanomagnetic and other magnetotransport effects 669
72.20.Pa Thermoelectric and thermomagnetic effects 669
72.80. ± r Conductivity of specific materials

72.80.Sk Insulators 971

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

73.20. ± r Electron states at surfaces and interfaces 411

73.20.Mf Collective excitations (including excitons, polarons, plas-
mons and other charge-density excitations) 1236

73.20.Qt Electron solids 785
73.21. ± b Electron states and collective excitations in multilayers,

quantum wells, mesoscopic, and nanoscale systems 1236

73.25.+i Surface conductivity and carrier phenomena 411
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73.40. ± c Electronic transport in interface structures

73.40.Gk Tunneling 1147
73.40.Sx Metal-semiconductor-metal structures 971
73.43. ± f Quantum Hall effects 411

73.61. ± r Electrical properties of specific thin films 220

73.63. ± b Electronic transport in nanoscale materials and structures

1147, 1329

74. Superconductivity

74.20. ± z Theories and models of superconducting state

74.20.Mn Nonconventional mechanisms 129, 431
74.20.Rp Pairing symmetries (other than s-wave) 129
74.25. ± q Properties of superconductors 450

74.25.Dw Superconductivity phase diagrams 129, 431
74.25.Ha Magnetic properties including vortex structures and related

phenomena 450
74.25.N ë Response to electromagnetic éelds
74.25.nd Raman and optical spectroscopy 450
74.45.+c Proximity effects; Andreev reflection; SN and SNS junctions

450

74.62. ± c Transition temperature variations, phase diagrams

74.62.Fj Effects of pressure 953
74.70. ± b Superconducting materials other than cuprates 431

74.70.Xa Pnictides and chalcogenides 450
74.70.Tx Heavy-fermion superconductors 129
74.72. ± h Cuprate superconductors 431

75. Magnetic properties and materials

75.10. ± b General theory and models of magnetic ordering 65, 1205

75.30. ±m Intrinsic properties of magnetically ordered materials

75.30.Kz Magnetic phase boundaries (including classical and quantum
magnetic transitions, metamagnetism, etc.) 1365

75.30.Mb Valence êuctuation, Kondo lattice, and heavy-fermion
phenomena 65, 801

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

75.40.Cx Static properties (order parameter, static susceptibility, heat
capacities, critical exponents, etc.) 1365

75.40.Gb Dynamic properties (dynamic susceptibility, spin waves, spin
diffusion, dynamic scaling, etc.) 65, 129

75.50. ± y Studies of specific magnetic materials

75.50.Ww Permanent magnets 45

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

76.30. ± v Electron paramagnetic resonance and relaxation 675

76.70. ± r Magnetic double resonances and cross effects

76.70.Hb Optically detected magnetic resonance (ODMR) 675

77. Dielectrics, piezoelectrics, and ferroelectrics
and their properties

77.80. ± e Ferroelectricity and antiferroelectricity

77.80.B ë Phase transitions and Curie point 1365

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 1169

78.55. ±m Photoluminescence, properties and materials 577

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

79.20. ±m Impact phenomena (including electron spectra and sputtering)

79.20.Ds Laser-beam impact phenomena 159
79.20.Eb Laser ablation 159
79.60. ± i Photoemission and photoelectron spectra 1134

79.60.Jv Interfaces; heterostructures; nanostructures 220

80. INTERDISCIPLINARY PHYSICS
AND RELATED AREAS OF SCIENCE
AND TECHNOLOGY

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

81.05.Hd Other semiconductors 173
81.05.U ë Carbon/carbon-based materials
81.05.ug Diamond 193
81.07. ± b Nanoscale materials and structures: fabrication and characte-

rization 241

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

growth, crystal morphology, and orientation 577

81.40. ± z Treatment of materials and its effects on microstructure,

nanostructure, and properties

81.40.Pq Friction, lubrication, and wear 629
81.40.Vw Pressure treatment 953

82. Physical chemistry and chemical physics

82.50. ±m Photochemistry

82.50.Bc Processes caused by infrared radiation 241
82.80. ± d Chemical analysis and related physical methods of analysis

82.80.Ms Mass spectrometry (including SIMS, multiphoton ionization
and resonance ionization mass spectrometry, MALDI) 99

82.80.Rt Time of êight mass spectrometry 99

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

84.60. ± h Direct energy conversion and storage

84.60.Jt Photoelectric conversion 173

85. Electronic and magnetic devices; microelectronics

85.30. ± z Semiconductor devices

85.30.De Semiconductor-device characterization, design, and mode-
ling 277

85.60. ± q Optoelectronic devices

85.60.Ha Photomultipliers; phototubes and photocathodes 1116

87. Biological and medical physics

87.10. ± e General theory and mathematical aspects 745

87.14. ± g Biomolecules: types 235

87.18. ± h Biological complexity 235, 757

87.23. ± n Ecology and evolution

87.23.Kg Dynamics of evolution 235
87.64. ± t Spectroscopic and microscopic techniques in biophysics and

medical physics 277

88. Renewable energy resources and applications

88.40. ± j Solar energy

88.40.F ë Solar concentrators
88.40.fc Modeling and analysis 173
88.40.J ë Types of solar cells
88.40.jn Thin élm Cu-based I-III-VI2 solar cells 173

90. GEOPHYSICS, ASTRONOMY,
AND ASTROPHYSICS

91. Solid Earth physics

91.30. ± f Seismology 343, 505

91.30.Px Earthquakes 505
91.60. ± x Physical properties of rocks and minerals

91.60.Fe Equations of state 1105
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94. Physics of the ionosphere and magnetosphere

94.05. ± a Space plasma physics

94.05.Lk Turbulence 857

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

95.30. ± k Fundamental aspects of astrophysics 45, 1033

95.30.Qd Magnetohydrodynamics and plasmas 857
95.35.+d Dark matter (stellar, interstellar, galactic, and cosmological) 3

95.55. ± n Astronomical and space-research instrumentation 45

95.55.Ym Gravitational radiation detectors; mass spectrometers; and
other instrumentation and techniques 884, 892

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.Fm Submillimeter (300 mmÿ1mm) 1033
95.85.Gn Far infrared (10 ë 300 mm) 1033
95.85.Sz Gravitational radiation, magnetic éelds, and other observa-

tions 906

96. Solar system; planetology

96.25. ± f Planetology of comets and small bodies 311

96.30. ± t Solar system objects

96.30.Cw Comets 311
96.50. ± e Interplanetary physics

96.50.S ë Cosmic rays 45

97. Stars

97.10. ± q Stellar characteristics and properties

97.10.Bt Star formation 1033
97.60. ± s Late stages of stellar evolution (including black holes) 45

97.60.Bw Supernovae 906
97.60.Lf Black holes 906
97.80. ± d Binary and multiple stars

97.80.Gm Cataclysmic binaries (novae, dwarf novae, recurrent novae,
and nova-like objects); symbiotic stars 857

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

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

1033

98.58.Mj Supernova remnants 45
98.62. ± g Characteristics and properties of external galaxies and

extragalactic objects

98.62.Dm Kinematics, dynamics, and rotation 3
98.62.Gq Galactic halos 3
98.70. ± f Unidentified sources of radiation outside the Solar System

98.70.Sa Cosmic rays (including sources, origin, acceleration, and
interactions) 45
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