Contents

Interaction of a Charged Particle with Strong Plane
Electromagnetic Wave in Vacuum ........................
1.1 Classical Dynamics of a Particle in the Field of Strong Plane
Electromagnetic Wave ......... . .. ... .. . ..
1.2 Intensity Effect. Mass Renormalization ....................
1.3 Radiation of a Particle in the Field of Strong Monochromatic
Wave ..o
1.4 Nonlinear Radiation Effects in Superstrong Wave Fields . . . ..
1.5 Quantum Description. Volkov Solution of the Dirac Equation
1.6 Nonlinear Compton Effect .......... ... .. ... .. ... ...
1.7 Bremsstrahlung in Superstrong Wave Fields ...............
Bibliography . .. ...

Interaction of Charged Particles with Strong
Electromagnetic Wave in Dielectric Media. Induced
Nonlinear Cherenkov Process.............................
2.1 Particle Classical Motion in the Field of Strong Plane EM
Wave in a Medium ........ .. ... .. i
2.2 Nonlinear Cherenkov Resonance and Critical Field.
Threshold Phenomenon of Particle “Reflection” ............
2.3 Particle Capture by a Plane Electromagnetic Wave in a
Medium . ... ..o
2.4 Laser Acceleration in Gaseous Media. Cherenkov Accelerator.
2.5 Nonlinear Compton Scattering in a Medium ...............
2.6 Radiation of a Particle in Capture Regime. Cherenkov
Amplifier . . ...
Bibliography . .. . ..o

Quantum Theory of Induced Multiphoton Cherenkov
Process ... .
3.1 Quantum Description of Induced Cherenkov Process in
Strong Wave Field . ........ .. . . i
3.2 Quantum Description of “Reflection” Phenomenon. Particle
Beam Quantum Modulation at X-Ray Frequencies..........



XII

Contents

3.3 Exact Solution of the Dirac Equation for Induced Cherenkov

Process . ... 92
3.4 Secular Perturbation at Nonlinear Cherenkov Resonance .... 96
3.5 Inelastic Diffraction Scattering on a Traveling Wave ........ 103
3.6 Quantum Modulation of Charged Particles ................ 106
Bibliography . . . . ..o 109
Cyclotron Resonance at the Particle-Strong Wave
Interaction ........... ... . .. . ... 111
4.1 Autoresonance in the Uniform Magnetic Field in Vacuum. ... 112

4.2 Exact Solution of the Dirac Equation for Cyclotron Resonancell7
4.3 Multiphoton Excitation of Landau Levels by Strong EM Wave 124
4.4 Cyclotron Resonance in a Medium. Nonlinear Threshold

Phenomenon of “Electron Hysteresis” .................... 130
4.5 High Harmonics Radiation at Cyclotron Resonance ......... 139
Bibliography . .. ... 143
Nonlinear Dynamics of Induced Compton and Undulator
Processes ... 145
5.1 Interaction of Charged Particles with Superstrong

Counterpropagating Waves of Different Frequencies ......... 145
5.2 Interaction of Charged Particles with Superstrong Wave in a

Wiggler ... 150

5.3 Inelastic Diffraction Scattering on a Moving Phase Lattice ... 154
5.4 Inelastic Diffraction Scattering on a Traveling Wave in an

Undulator ... 158
5.5 Quantum Modulation of Particle Beam in Induced Compton

Process . ... 161
5.6 Quantum Modulation of Particle Beam in the Undulator .... 166
Bibliography . . . . ..o 169
Induced Nonstationary Transition Process ................ 171
6.1 Effect of Abrupt Temporal Variation of Dielectric

Permittivity of a Medium. .......... .. ... .. .. .. ... 172
6.2 Classical Description of Induced Nonstationary Transition

Process ... 174
6.3 Quantum Description of Multiphoton Interaction ........... 179
6.4 Electron—Positron Pair Production by a v-Quantum in a

Medium . ... 185
6.5 Annihilation of Electron—Positron Pairs in a Medium ....... 192
6.6 Electron—Positron Pair Production by Strong EM Wave in

Nonstationary Medium . ......... ... .. . .. o .. 197

Bibliography . . ... ... 203



Contents  XIII

Induced Channeling Process in a Crystal ................. 205
7.1 Positron-Strong Wave Interaction at the Planar Channeling
inaCrystal. .. ... 205
7.2 Induced Interaction of Electrons with Strong EM Wave at
the Axial Channeling ......... .. .. .. .. ... 213

7.3 Quantum Description of the Induced Planar Channeling Effect216
7.4 Quantum Description of the Induced Axial Channeling Effect 222

7.5 Multiphoton Induced Channeling Effect ................... 227
Bibliography . . . ... 234
Nonlinear Mechanisms of Free Electron Laser ............ 237

8.1 Self-Consistent Maxwell and Relativistic Quantum Kinetic
Equations for Compton FEL with Strong Pump Laser Field . 238
8.2 Nonlinear Quantum Regime of X-Ray Compton

Backscattering Laser . ........ ... o i i 245
8.3 Quantum Description of FEL Nonlinear Dynamics in a Wiggler251
8.4 High-Gain Regime of FEL ........ ... .. .. ... .. .. .. ... 255
8.5 Quantum SASE Regime of FEL ............. ... ... ..... 258

8.6 High-Gain FEL on the Coherent Bremsstrahlung in a Crystal 263
8.7 Nonlinear Scheme of X-Ray FEL on the Channeling Particle

Beamina Crystal ....... ... . i 268
8.8 Compton FEL on the Channeling Particle Beam ........... 275
8.9 Nonlinear Scheme of X-Ray Laser on the Ion and Pump

Laser Beams . ... i 278
8.10 Crystal Potential as a Pump Field for Generation of

Coherent X-Ray .. ..ot 282
Bibliography . . . ... 288

Electron—Positron Pair Production in Superstrong Laser
Fields. . ... ... 291
9.1 Vacuum in Superstrong Electromagnetic Fields. Klein Paradox292
9.2 Electron—Positron Pair Production by Superstrong Laser

Field and y-Quantum . ........ ... o i i 299
9.3 Pair Production via Superstrong Laser Beam Scattering on

aNucleus ...... . 304
9.4 Nonlinear e~, e Pair Production in Plasma by Strong EM

Wave ..o 309
9.5 Pair Production by Superstrong EM Waves in Vacuum . . . ... 319
Bibliography . . ... ... 326



2 Springer
http://www.springer.com/978-0-387-30069-6

Relativistic Monlinear Electrodynamics

Interaction of Charged Particles with Strong and Super
Strong Laser Fields

Avetissian, H.K

20086, X, 333 p. 23 illus., Hardcover

ISEN: @78-0-387-30069-6



