


CONTENTS

Contributors i
Farticipants ix
Preface (in French and English) xiii

Course 1. Laser fusion experiments at Lawrence Livermore Laboratory,

by Harlow G. Ahistrom 1
1. Introduction 4
2. Diagnostic instrumentation 12
2.1. Laser output measurements and target alignment 18
2.2. Optical instruments 34
2.3. X-ray diagnostics 52
2.4. Particle diagnostics 100
3. Laser fusion program and facilities at LLL 135
4. Laser—plasma interaction and energy transport 168
5. Implosion experiments 221
6. Projections of the future 265
References 280

Seminar 1. Recent experiments on laser—plasma interaction carried
out at Soreq, by Shalom Eliezer 289



XXii Contents

Course 2. Physics of the coronal plasma in laser fusion targets,
by Claire Ellen Max ’

1. Physical conditions in the corona
1.1. Typical temperatures near the critical surface
1.2. Typical velocities in the corona
1.3. Gradient scale lengths in the corona
1.4. Plasma parameters

2. Mechanisms for laser light absorption
2.1. Inverse Bremsstrahlung absorption
2.2. Resonance absorption
2.3. Absorption due to ion-acoustic turbulence

3. Stimulated scattering and filamentation: non-linear evolution
3.1. Stimulated Brillouin scattering
3.2. Stimulated Raman scattering and two-plasmon decay instability
3.3. Filamentation and self-focusing

4. Inhibition of electron thermal conduction
4.1. Introduction and basic concepts
4.2. dc magnetic fields
4.3. Ion-acoustic turbulence
4.4. Weibel instabilities
4.5. Improved calculations of “classical” heat flux

5. Production of large dc magnetic fields
5.1. Experimental evidence
5.2. Mechanisms resulting in large-scale B fields
5.3. Mechanisms producing small-scale B fields
5.4. Heat transport in realistic B-field geometries

6. Scaling of physics processes with laser wavelength
6.1. Plasma physics and laser—plasma coupling
6.2. Hydrodynamics and implosion physics

References

Course 3. Parametric instabilities, by René Pellat

Introduction

1. The modulational Brillouin and Raman instabilities
1.1. Decay of an electrostatic pump into a Langmuir and an ion
sound wave
1.2. Parametric decay of an electromagnetic wave
Appendix 1.1. The detailed justification of the Zakharov equations
Appendix 1.2. The Silin dispersion relation

301

304
305
306
307
309

310
310
317
323

326
327
343
347

356
356
360
362
366
368

373
373
375
379
382

387
387
395

405

411

414
415

415
424
431
434



Contents

Appendix 1.3. Parametric instabilities due to the relativistic mass
oscillation

2. Pump of finite extension in inhomogeneous plasmas
2.1. Envelope equations for parametric instabilities
2.2. Inhomogeneous plasma, with an inhomogeneous pump field
2.3. The Raman backscattering and the two plasmon decay in the
vicinity of n_ /4
Appendix 2.1. An account of the WKBIJ theory

3. Adiabatic effects: The consequences of inertial confinement in
electron phase space
3.1. Introduction
3.2. The collisionless limit (C( f) = 0)
3.3. Collisional plasma
3.4. The different regimes for magnetic field generation. Numerical
results

4. Non-linear behaviour of the modulational instability
4.1. Plasma condensation in one density cavern
4.2. “Turbulent” Langmuir condensation

References

Seminar 2. The ponderomotive force and applications to
laser—plasma interaction, by George Schmidt

Course 4. Particle simulation: theory and applications,
by Jean-Claude Adam

Introduction
1. Basic concepts of particle simulation

2. Physics of a one-dimensional numerical plasma
2.1. Effect of finite size on the longitudinal oscillations
2.2. Grid effects
2.3. Effect of finite time step

3. Practical implementation of a 1D electrostatic model
3.1. Set up of the system
3.2. Charge repartition
3.3. Poisson solver
3.4. Particle pusher
3.5. Diagnostics
3.6. Capacitor model of resonant absorption

436

440
446

452
457

461
461
465
467

472

475
479
483

491

495

503

506
506

511
511
516
518

518
519
520
520
521
522
522



XXiv Contents

4. Two-dimensional electromagnetic models
4.1. Time integration of the Maxwell equations
4.2. Solving the Poisson equation in 2D
4.3. Open ended boundary conditions
4.4. Particle pusher
4.5. Coupling the Maxwell equations and the particle pusher
4.6. Relativistic extension
4.7. An application to the problem of resonant absorption

References

Course 5. Principles of laser confinement fusion,
by Keith A. Brueckner

1. Introduction

2. Analytic estimates of energy production
2.1. Scaling laws
2.2. Uniform sphere with compression and self-heating
2.3. Non-uniform compressed sphere with self-heating and
propagation
2.4. Compression by shocks
2.5. Quasi-adiabatic compression of spheres and shells

3. Problems of implosion physics
3.1. Hydrodynamic stability of a laser-driven plasma
3.2. Fast-electron production in laser-heated plasmas
3.3. Production of fast ions in laser-heated plasmas

4. Wavelength-dependent phenomena
4.1. Radiation-produced forces in laser-heated plasmas
4.2. Wavelength dependence of laser coupling to pellet implosions
4.3. Preheat

5. Interaction and propagation of heavy ion beams
5.1. Stopping power for energetic ions in solids and plasmas
5.2. Filamentation instability in heavy ion beams

References

Course 6. Statistical mechanics of dense plasmas,
by Jean-Pierre Hansen

1. Introduction
1.1. The physics

526
526
529
529
531
532
533
534

537

539

542

542
542
545

550
553
561

568
568
577
589

600
600
604
608

609
609
622

641

645

648
648



Contents

1.2. The models
1.3. Theoretical tools and scope of lectures

2. Stability and thermodynamic limit
2.1. Qualitative discussion
2.2. An illustration: H-stability of the OCP
2.3. Lower bounds to the OCP thermodynamics

3. Static correlation functions
3.1. Definitions and fundamental properties
3.2. Long wavelength behaviour
3.3. Hypernetted chain theory
3.4. Enhancement of thermonuclear reaction rates

4. Equation-of-state and phase transitions
4.1. The e.o.s. of degenerate plasmas
4.2. Crystallization
4.3. Miscibility of binary ionic mixtures

5. Time-dependent correlation functions
5.1. Definitions and general properties
5.2. Longitudinal and transverse collective modes
5.3. Projection operators and memory functions
5.4. Plasma oscillations in the OCP
5.5. Plasma oscillations in the TCP

6. Kinetic theory
6.1. An exact kinetic equation for the study of equilibrium fluctuations
6.2. Hydrodynamic modes
6.3. Transport coefficients of the OCP
6.4. Electrical conductivity of the TCP

References

Course 7. Atoms in very strong fields, by Daniel Kleppner

1. Introduction

2. The structure of atoms in strong electric fields
2.1. Background: the second order Stark effect
2.2. Stark shifts in Rydberg states
2.3. The Stark structure of hydrogen
2.4. Stark structure of the alkali-metal atoms

3. Ionization processes in a static electric field
3.1. Classical considerations
3.2. Tunneling and field ionization
3.3. Discrepant views of field ionization
3.4. Resolution of the discrepant views

652
656

657
657
659
662

663
664
667
672
679

682
682
686
687

692
692
698
703
707
712

717
718
722
723
725

729

733

736

736
737
738
739
750

758
758
762
765
766



XxXvi Contents

. Atoms in strong magnetic fields

4.1. Background

4.2. The basic Hamiltonian

4.3. Low field solution

4.4. Very high field solution

4.5. The quasi-Landau resonances

4.6. Intermediate field behavior

4.7. The possibility for a complete solution

References

Course 8. The Korteweg—de Vries equation, by Martin Kruskal

- R

8.
9.

. Introduction

Solitary wave solutions of equations

The KdV equation and Burgers’ equation

. Conservation laws for KdV

Miura and Backlund transformations

. Generation of conservation laws

. KdV and the time-independent Schrodinger equation

7.1. The Lax pair
7.2. Explicit solutions and multi-solitons

Inverse scattering theory

Polar representation of solutions

10. The Painlevé property

References

769
769
770
771
773
778
779
782

784

785

788
788
790
794
795
797

798
799
800

802
806
807
807






	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

