
00. GENERAL

01. Communication, education, history, and philosophy

01.10. ±m Announcements, news, and organizational activities
161, 163, 177, 182, 194, 200, 206, 211, 1353, 1354,
1363

01.10.Fv Conferences, lectures, and institutes 161, 163, 177,
182, 194, 200, 206, 211, 501, 502, 510, 524, 531,
539, 545, 555, 653, 656, 665, 672, 783, 875, 882,
888, 897, 985, 996, 1004, 1067, 1068, 1089, 1353,
1354, 1363

01.30. ± y Physics literature and publications 789, 790
01.30.Ee Monographs and collections 789, 790
01.30.Tt Bibliographies 109, 789, 790, 792, 903, 1152
01.30.Xx Publications in electronic media 789
01.30.Vv Book reviews 790
01.30.Ww Editorials 161, 163, 177, 182, 194, 200, 206, 211
01.50. ± i Educational aids
01.50.My Demonstration experiments and apparatus 1249
01.55.+b General physics 1249
01.60.+q Biographies, tributes, personal notes, and obituaries

153, 161, 163, 177, 182, 194, 200, 206, 211, 223,
231, 451, 501, 531, 1369

01.65.+g History of science 153, 227, 451, 501, 531, 975
01.90.+g Other topics of general interest 112, 222, 336, 444,

568, 652, 738, 864, 974, 1134, 1216, 1368

02. Mathematical methods in physics

02.50. ± r Probability theory, stochastic processes, and stati-
stics 297

03. Quantum mechanics, éeld theories, and special relativity

03.30.+p Special relativity 775
03.50. ± z Classical field theories
03.50.De Classical electromagnetism, Maxwell equations

641, 865
03.65. ± w Quantum mechanics 451, 961, 1135
03.65.Ca Formalism 1177
03.65.Ge Solutions of wave equations: bound states 161,

200, 273

03.65.Pm Relativistic wave equations 161, 200, 206, 273
03.65.Sq Semiclassical theories and applications 1135
03.65.Xp Tunneling, traversal time, quantum Zeno dyna-

mics 1255
03.67. ± a Quantum information 1067, 1068
03.67.Bg Entanglement production and manipulation 1067,

1089
03.67.Lx Quantum computation architectures and imple-

mentations 1067, 1089

04. General relativity and gravitation

04.20. ± q Classical general relativity 161, 177, 367
04.20.Dw Singularities and cosmic censorship 137
04.25. ± g Approximation methods; equations of motion
04.25.D ë Numerical relativity
04.25.dc Numerical studies of critical behavior, singulari-

ties, and cosmic censorship 367
04.25.dg Numerical studies of black holes and black-hole

binaries 367, 445
04.50. ± h Higher-dimensional gravity and other theories of

gravity
04.50.Gh Higher-dimensional black holes, black strings, and

related objects 367, 569
04.60. ±m Quantum gravity
04.60.Bc Phenomenology of quantum gravity 379
04.60.Pp Loop quantum gravity, quantum geometry, spin

foams 379
04.62.+v Quantum fields in curved spacetime 137, 161, 177
04.70. ± s Physics of black holes
04.70.Bw Classical black holes 387

05. Statistical physics, thermodynamics, and nonlinear
dynamical systems

05.40. ± a Fluctuation phenomena, random processes, noise,
and Brownian motion 653

05.45. ± a Nonlinear dynamics and chaos 297, 493, 1149
05.65.+b Self-organized systems 1249
05.70. ± a Thermodynamics
05.70.Fh Phase transitions: general studies 833
05.70.Ln Nonequilibrium and irreversible thermodynamics
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07. Instruments, apparatus, and components common to
several branches of physics and astronomy

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

gas, etc.); remote sensing 739
07.55. ± w Magnetic instruments and components
07.55.Db Generation of magnetic éels; magnets 313
07.57. ± c Infrared, submillimeter wave, microwave and radio-

wave instruments and equipment 43
07.57.Pt Submillimeter wave, microwave and radiowave

spectrometers; magnetic resonance spectrometers,
auxiliary equipment, and techniques 739

07.60. ± j Optical instruments and equipment 775
07.78.+s Electron, positron, and ion microscopes; electron

diffractometers 681
07.85. ±m X- and c -ray instruments 1217
07.87.+v Spaceborne and space research instruments, appa-

ratus, and components (satellites, space vehicles,
etc.) 1319

10. THE PHYSICS OF ELEMENTARY PARTICLES
AND FIELDS

11. General theory of éelds and particles

11.10. ± z Field theory 161, 206
11.10.Hi Renormalization group evolution of parameters

161, 182
11.15. ± q Gauge field theories
11.15.Yc Chern-Simons gauge theory 161, 163
11.25. ± w Strings and branes
11.25.Tq Gauge/string duality 569
11.25.Uv D branes 161, 182
11.30. ± j Symmetry and conservation laws 985, 996
11.30.Pb Supersymmetry 161, 163

12. Speciéc theories and interaction models;
particle systematic

12.15. ± y Electroweak interactions 985, 996, 1004
12.20. ±m Quantum electrodynamics 161, 200, 206
12.38. ± t Quantum chromodynamics
12.38.Mh Quark-gluon plasma 569
12.60. ± i Models beyond the standard model 161, 194, 501,

545, 985, 996, 1004
12.60.Jv Supersymmetric models 161, 163, 182

13. Speciéc reactions and phenomenology

13.15.+g Neutrino interactions 501, 510, 539
13.25. ± k Hadronic decays of mesons
13.25.Gv Decays of J=c, Y, and other quarkonia 75
13.66. ± a Lepton-lepton interactions
13.66.Bc Hadron production in eÿe� interactions 75
13.66.Jn Precision measurements in eÿe� interactions 75

14. Properties of speciéc particles

14.40. ± n Mesons
14.40.Lb Charmed mesons (|Cj > 0, B � 0) 75
14.60. ± z Leptons
14.60.Fg Taus 75

14.60.Pq Neutrino mass and mixing 501, 502, 524, 531, 539,
545, 555

14.70. ± e Gauge bosons 985, 996
14.80. ± j Other particles (including hypothetical) 985, 1004
14.80.Bn Standard-model Higgs bosons 985, 996
14.80.Nb Neutralinos and charginos 3

20. NUCLEAR PHYSICS

23. Radioactive decay and in-beam spectroscopy

23.40. ± s b decay; double b decay; electron and muon capture
501, 524

24. Nuclear reactions: general

24.85.+p Quarks, gluons, and QCD in nuclear reactions 569

25. Nuclear reactions: speciéc reactions

25.30. ± c Lepton-induced reactions
25.30.Pt Neutrino-induced reactions 501, 502

26. Nuclear astrophysics

26.65.+t Solar neutrinos 501, 555

28. Nuclear engineering and nuclear power studies

28.41. ± i Fission reactors 227, 1237
28.41.Kw Radioactive wastes, waste disposal 1101, 1371
28.50. ± k Fission reactor types 227
28.52. ± s Fusion reactors 947
28.65.+a Accelerator-driven transmutation of nuclear waste

1237
28.70.+y Nuclear explosions 975

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

29.25. ± t Particle sources and targets
29.25.Dz Neutron sources 1237
29.40. ± n Radiation detectors
29.40.Mc Scintillation detectors 501, 539

30. ATOMIC ANDMOLECULAR PHYSICS

32. Atomic properties and interactions with photons

32.30. ± r Atomic spectra 273
32.30.Jc Visible and ultraviolet spectra 1353, 1354
32.80. ± t Photoionization and excitation 759

33. Molecular properties and interactions with photons

33.20. ± t Molecular spectra 739, 1199

36. Exotic atoms and molecules; macromolecules; clusters

36.40. ± c Atomic and molecular clusters
36.40.Mr Spectroscopy and geometrical structure of clusters

1199
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37. Mechanical control of atoms, molecules, and ions

37.10. ± x Atom,molecule, and ion coolingmethods 1067, 1089
37.10.De Atom cooling methods 1353, 1354
37.10.Gh Atom traps and guides 1353, 1354

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

41. Electromagnetism; electron and ion optics

41.20. ± q Applied classical electromagnetism 313, 865
41.20.Jb Electromagnetic wave propagation; radiowave

propagation 1177
41.50.+h X-ray beams and X-ray optics 1217
41.75. ± i Charged-particle beams
41.75.Jv Laser-driven acceleration 1265

42. Optics

42.25. ± p Wave optics 1255
42.50. ± p Quantum optics
42.50.Dv Quantum state engineering and measurements

1067, 1068
42.50.Ex Optical implementations of quantum information

processing and transfer 653, 656
42.50.Lc Quantum êuctuations, quantum noise, and quan-

tum jumps 653
42.50.Pq Cavity quantum electrodynamics; micromasers

1067, 1068
42.50.Xa Optical tests of quantum theory 1255
42.60. ± v Laser optical systems: design and operation
42.60.Da Resonators, cavities, ampliéers, arrays, and rings

775
42.62. ± b Laser applications
42.62.Be Biological and medical applications 653, 672
42.62.Fi Laser spectroscopy 672
42.65. ± k Nonlinear optics 1135
42.65.Hw Phase conjugation; photorefractive and Kerr

effects 599
42.65.Re Ultrafast processes; optical pulse generation and

pulse compression 653, 672
42.68. ± w Atmospheric and ocean optics 599
42.68.Ay Propagation, transmission, attenuation, and

radiative transfer 599
42.79. ± e Optical elements, devices, and systems 1177
42.81. ± i Fiber optics 653, 656

45. Classical mechanics of discrete systems

45.10. ± b Computational methods in classical mechanics 493
45.20. ± d Formalisms in classical mechanics
45.20.Jj Lagrangian and Hamiltonian mechanics 641
45.40. ± f Dynamics and kinematics of rigid bodies 493

47. Fluid dynamics

47.10. ± g General theory in fluid dynamics 89, 265, 1371
47.20. ± k Flow instabilities 851
47.20.Bp Buoyancy-driven instabilities (e.g., Rayleigh-

Benard) 1249
47.20.Ma Interfacial instabilities (e.g., Rayleigh-Taylor)

1249

47.27. ± i Turbulent flows 265, 851, 1371
47.27.Ak Fundamentals 265, 1371
47.27.E ë Turbulence simulation and modeling 457
47.27.ep Large-eddy simulations 457
47.27.Gs Isotropic turbulence; homogeneous turbulence

265, 457, 1371
47.35. ± i Hydrodynamic waves 89
47.35.Bb Gravity waves 89
47.35.Pq Capillary waves 89
47.40. ± x Compressible flows; shock waves
47.40.Nm Shock wave interactions and shock effects 947
47.54. ± r Pattern selection; pattern formation 1149

50. PHYSICS OF GASES, PLASMAS,
AND ELECTRIC DISCHARGES

51. Physics of gases

51.70.+f Optical and dielectric properties 1199

52. Physics of plasmas and electric discharges

52.27. ± h Basic studies of specific kinds of plasmas
52.27.Ny Relativistic plasmas 759
52.30. ± q Plasma dynamics and flow 1101, 1371
52.35. ± g Waves, oscillations, and instabilities in plasmas and

intense beams
52.35.Ra Plasma turbulence 457
52.35.Tc Shock waves and discontinuities 1101, 1371
52.38. ± r Laser-plasma interactions
52.38.Kd Laser-plasma acceleration of electrons and ions

1265
52.38.Ph X-ray, g-ray, and particle generation 759
52.40. ± w Plasma interactions (nonlaser)
52.40.Db Electromagnetic (nonlaser) radiation interactions

with plasma 423
52.40.Fd Plasma interactions with antennas; plasma-élled

waveguides 1101, 1371
52.50. ± b Plasma production and heating 1101, 1371
52.50.Lp Plasma production and heating by shock waves

and compression 947
52.55. ± s Magnetic confinement and equilibrium
52.55.Fa Tokamaks, spherical tokamaks 1237
52.55.Jd Magnetic mirrors, gas dynamic traps 1237
52.65. ± y Plasma simulation
52.65.Kj Magnetohydrodynamic and êuid equation 457
52.70. ±m Plasma diagnostic techniques and instrumentation
52.70.La X-ray and g-ray measurements 759
52.80. ± s Electric discharges
52.80.Mg Arcs; sparks; lightning; atmospheric electricity 247

60. CONDENSEDMATTER: STRUCTURAL,
MECHANICAL AND THERMAL PROPERTIES

61. Structure of solids and liquids; crystallography

61.05. ± a Techniques for structure determination
61.05.C ë X-ray diffraction and scattering
61.05.cp X-ray diffraction 1217
61.05.J ë Electron diffraction and scattering 681
61.20. ± p Structure of liquids 43
61.43. ± j Disordered solids 905
61.46. ± w Structure of nanoscale materials 723, 1017
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61.48. ± c Structure of fullerenes and related hollow and planar
molecular structures 1045

61.50. ± f Structure of bulk crystals
61.50.Ah Theory of crystal structure, crystal symmetry;

calculations and modeling 905
61.50.Ks Crystallographic aspects of phase transforma-

tions; pressure effects 905, 967
61.66. ± f Structure of specific crystalline solids
61.66.Fn Inorganic compounds 905
61.66.Bi Elemental solids 967
61.72. ± y Defects and impurities in crystals; microstructure

101
61.72.J ë Point defects and defect clusters
61.72.jd Vacancies 905
61.72.jj Interstitials 905
61.82. ± d Radiation effects on specific materials
61.82.Rx Nanocrystalline materials 1017

62. Mechanical and acoustical properties of condensed
matter

62.20. ± x Mechanical properties of solids 101
62.20.D ë Elasticity 967
62.20.F ë Deformation and plasticity 1017
62.50. ± p High-pressure effects in solids and liquids 231, 967
63.20. ± e Phonons in crystal lattices 653, 672
63.20.K ë Phonon interactions
63.20.kd Phononëelectron interactions 653, 672

64. High-pressure effects in solids and liquids

64.10.+h General theory of equations of state and phase
equilibria 231

64.30. ± t Equations of state of specific substances 231
64.70. ± p Specific phase transitions
64.70.D ë Solid-liquid transitions 681
64.70.K ë Solid-solid transitions 681
64.75. ± g Phase equilibria 723

65. Thermal properties of condensed matter

65.20. ± w Thermal properties of liquids 43
65.40. ± b Thermal properties of crystalline solids 231
65.80. ± g Thermal properties of small particles, nanocrystals,

nanotubes, and other related systems 1017
65.80.Ck Thermal properties of graphene 1045

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

68.37. ± d Microscopy of surfaces, interfaces, and thin films
68.37.Og High-resolution transmission electron microscopy

(HRTEM) 681
68.65. ± k Low-dimensional, mesoscopic, nanoscale and other

related systems: structure and nonelectronic pro-
perties

68.65.Pq Graphene élms 1045
68.70.+w Whiskers and dendrites (growth, structure, and

nonelectronic properties) 833

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

71. Electronic structure of bulk materials

71.30.+h Metal-insulator transitions and other electronic
transitions 113, 783

71.36.+c Polaritons (including photon±phonon and photon±
magnon interactions) 653

72. Electronic transport in condensed matter

72.40.+w Photoconduction and photovoltaic effects 1033
72.80. ± r Conductivity of specific materials
72.80.Vp Electronic transport in graphene 1045

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.Hb Impurity and defect levels; energy states of

adsorbed species 1033
73.40. ± c Electronic transport in interface structures
73.40.Qv Metal-insulator-semiconductor structures (inclu-

ding semiconductor-to-insulator) 113, 783
73.43. ± f Quantum Hall effects 113

74. Superconductivity

74.20. ± z Theories and models of superconducting state
74.20.Mn Nonconventional mechanisms 875
74.20.Rp Pairing symmetries (other than s-wave) 875, 882
74.25. ± q Properties of superconductors 875, 882, 888, 897
74.45.+c Proximity effects; Andreev reflection; SN and SNS

junctions 875, 888, 897
74.62. ± c Transition temperature variations, phase diagrams
74.62.Dh Effects of crystal defects, doping and substitution

875, 882, 888
74.70. ± b Superconducting materials other than cuprates 875,

897
74.70.Xa Pnictides and chalcogenides 875, 888

75. Magnetic properties and materials

75.25. ± j Spin arrangements in magnetically ordered mate-
rials (including neutron and spin-polarized electron
studies, synchrotron-source X-ray scattering, etc.)
1299

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

75.30.Gw Magnetic anisotropy 1299

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

76.30. ± v Electron paramagnetic resonance and relaxation
76.30.Fc Iron group (3d) ions and impurities (Ti-Cu) 1299

77. Dielectrics, piezoelectrics, and ferroelectrics and their
properties

77.55. ± g Dielectric thin films 645
77.80. ± e Ferroelectricity and antiferroelectricity
77.80.Dj Domain structure; hysteresis 645
77.84. ± s Dielectric, piezoelectric, ferroelectric, and antifer-

roelectric materials
77.84.Cg PZT ceramics and other titanates 645
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78. Optical properties, condensed-matter spectroscopy and
other interactions of radiation and particles with
condensed matter

78.47. ± p Spectroscopy of solid state dynamics
78.47.J ë Ultrafast spectroscopy (<1 psec) 653, 672
78.47.jg Time resolved reêection spectroscopy 653, 672
78.67. ± n Optical properties of low-dimensional, mesoscopic,

and nanoscale materials and structures 653, 656

80. INTERDISCIPLINARY PHYSICS ANDRELATED
AREAS OF SCIENCE AND TECHNOLOGY

81. Materials science

81.65. ± b Surface treatments
81.65.Kn Corrosion protection 1017

82. Physical chemistry and chemical physics

82.30. ± b Specific chemical reactions; reaction mechanisms
82.30.Rs Hydrogen bonding, hydrophilic effects 1199
82.33. ± z Reactions in various media
82.33.Vx Reactions in êames, combustion, and explosions

247
82.40. ± g Chemical kinetics and reactions: special regimes and

techniques
82.40.Bj Oscillations, chaos, and bifurcations 1149
82.40.Ck Pattern formation in reactions with diffusion, êow

and heat transfer 1149

83. Rheology

83.10. ± y Fundamentals and theoretical
83.10.Mj Molecular dynamics, Brownian dynamics 43

87. Biological and medical physics

87.19. ± j Properties of higher organisms
87.19.X ± Diseases
87.19.xj Cancer 1363
87.50. ± a Effects of electromagnetic and acoustic fields on

biological systems 1265
87.53. ± j Effects of ionizing radiation on biological systems
87.53.Jw Therapeutic applications, including brachythe-

rapy 1265, 1363
87.55. ± x Treatment strategy 1265
87.56. ± v Radiation therapy equipment 1265, 1363
87.64. ± t Spectroscopic and microscopic techniques in bio-

physics and medical physics 653, 665
87.85. ± d Biomedical engineering
87.85.Ox Biomedical instrumentation and transducers, inc-

luding micro-electro-mechanical systems (MEMS)
739

87.85.Qr Nanotechnologies-design 653, 665
87.85.Rs Nanotechnologies-applications 653, 665

88. Renewable energy resources and applications

88.20. ± j Biomass energy
88.20.J ë Biomass conversion methods
88.20.jj Combustion 247

89. Other areas of applied and interdisciplinary physics

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

control 975
89.70. ± a Information and communication theory
89.70.Cf Entropy and other measures of information 43

90. GEOPHYSICS, ASTRONOMY,
AND ASTROPHYSICS

91. Solid Earth physics

91.25. ± r Geomagnetism and paleomagnetism; geoelectricity
313

91.30. ± f Seismology
91.30.Px Earthquakes 101

92. Hydrospheric and atmospheric geophysics

92.05. ± x General aspects of oceanography
92.05.Df Climate and inter-annual variability 297
92.60. ± e Properties and dynamics of the atmosphere; meteo-

rology
92.60.Bh General circulation 1153
92.60.Jq Water in the atmosphere 1199
92.60.Mt Particles and aerosols 1153
92.60.Pw Atmospheric electricity, lightning 1153
92.60.Ta Electromagnetic wave propagation 1199

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

95.30. ± k Fundamental aspects of astrophysics 161, 194
95.30.Cq Elementary particle processes 501, 545
95.30.Lz Hydrodynamics 851
95.35.+d Dark matter (stellar, interstellar, galactic, and

cosmological) 3, 161, 194, 211, 985, 996
95.36.+x Dark energy 161, 211
95.55. ± n Astronomical and space-research instrumentation

1319
95.55.Vj Neutrino, muon, pion, and other elementary

particle detectors; cosmic ray detectors 501, 510,
555

96. Solar system; planetology

96.12. ± a Planetology of solid surface planets
96.12.Hg Magnetic éeld and magnetism 313
96.60.Hv Electric and magnetic éelds, solar magnetism 313

97. Stars

97.10. ± q Stellar characteristics and properties 1319
97.10.Ex Stellar atmospheres (photospheres, chromosphe-

res, coronae, magnetospheres); radiative transfer;
opacity and line formation 793

97.10.Gz Accretion and accretion disks 409, 445
97.10.Ld Magnetic and electric éelds; polarization of star-

light 793
97.60. ± s Late stages of stellar evolution (including black

holes)
97.60.Gb Pulsars 865
97.60.Jd Neutron stars 387, 409, 445, 793
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97.60.Lf Black holes 339
97.80. ± d Binary and multiple stars 409

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

98.54. ± h Quasars; active or peculiar galaxies, objects, and
systems 387

98.62. ± g Characteristics and properties of external galaxies
and extragalactic objects 1319

98.62.Py Distances, redshifts, radial velocities; spatial distri-
bution of galaxies 767

98.65. ± r Galaxy groups, clusters, and superclusters; large
scale structure of the Universe 339

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

98.70.Rz g-ray sources; g-ray bursts 3
98.70.Vc Background radiations 423, 501, 510
98.80. ± k Cosmology 161, 177, 211, 767, 1319
98.80.Bp Origin and formation of the Universe 137, 339
98.80.Cq Particle-theory and éeld-theory models of the

early Universe (including cosmic pancakes, cos-
mic strings, chaotic phenomena, inêationary
universe, etc.) 379

98.80.Es Observational cosmology (including Hubble con-
stant, distance scale, cosmological constant, early
Universe, etc) 423, 767

98.80.Qc Quantum cosmology 379
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