


Contents

1INTRODUCTIONANDEXECUTIVESUMMARY1
GeneralFindingsandRecommendations,1
Findings,1
Recommendations,2
Introduction,3
TheEmergenceofPlasmaPhysics,3
ClassificationofPlasmas,6
FluidPhysics,8
PrincipalFindingsandRecommendations,10
GeneralPlasmaPhysics,10
FusionPlasmaConfinementandHeating,11
MagneticConfinement,11
InertialConfinement,13
SpaceandAstrophysicalPlasmas,14
FluidPhysics,16
RecentAccomplishmentsandFutureResearch
Opportunities,18
GeneralPlasmaPhysics,18

SignificantRecentAccomplishments,18;Future
ResearchOpportunities,19
FusionPlasmaConfinementandHeating,20
SignificantRecentAccomplishments―Magnetic



Confinement,20;FutureResearchOpportunities―
MagneticConfinement,22;SignificantRecent
Accomplishments―InertialConfinement,24;Future
ResearchOpportunities―InertialConfinement,25
SpaceandAstrophysicalPlasmas,26;
SignificantRecentAccomplishments,26;Future
ResearchOpportunities,27
FluidPhysics,28
SignificantRecentAccomplishments,28;Future
ResearchOpportunities,30
FundingandManpowerResources,32
InstitutionalInvolvement,32
GeneralPlasmaPhysics,32
PlasmaConfinementandHeating,33
SpaceandAstrophysicalPlasmas,34
FluidPhysics,35

2FLUIDPHYSICS36
IntroductionandOverview,36
SignificantAccomplishmentsandOpportunitiesin
FluidPhysics,38
SignificantRecentAccomplishments,38
SignificantResearchOpportunities,40
FindingsandRecommendations,42
PrincipalFindings,42
SupportStructure,42;ComputationalTechniques,43;
InstrumentationTechniques,43;Education,43
PrincipalRecommendations,44
ResearchSupport,44;Education,45
GovernmentSupport,Manpower,andUniversity
Research,45
DetailedReviewoftheBranches,SelectedTopical
SubjectAreas,andTechnicalDisciplinesof
Fluid-PhysicsResearch,48
BranchesofFluidPhysics,48
CombustionandReactingFlows,48;Non-Newtonian
FluidsandRheology,51;Vortex-DominatedFlows,53;
High-SpeedFlows,55;MolecularandStatistical
Phenomena,56;Viscosity-DominatedFlows,57;
Stability,60;Turbulence,62;Bouyancy-Driven



Motion,66;InterfacePhenomena,67;Sound
GenerationandPropagation,69;Radiation
Hydrodynamics,70;PorousMedia,72;Rotating
Phenomena,73;PhaseChange,74
TopicalSubjectAreas,76
Aerodynamics,76;BiofluidDynamics,81;Flowsof
ElectricallyConductingFluids,83;GeophysicalFluid
Dynamics,84;MultiphaseFlows,86
TechnicalDisciplines,88
ModelingandAnalyticalMethods,88;Computational
FluidDynamics,89;ExperimentalMethods,91
Acknowledgments,94

3GENERALPLASMAPHYSICS95
ScopeandObjectivesofGeneralPlasmaPhysics,95
IntenseBeams―Electrons,Ions,andPhotons,97
DevelopmentofLow-ImpedanceMultiterawatt
Machines,98
IntenseIonBeams,98
DevelopmentofHigh-Energy,High-Current
Machines,99
Z-PinchX-RaySources,99
PropagationofCharged-ParticleBeamsinGas
andPlasma,99
ExpectationsandRecommendationsfortheNext
10Years,100

CollectiveAccelerators,101
Space-ChargeAccelerators,102
WaveAccelerators,102
Electron-RingAccelerators,102
CollectiveFocusingAccelerators,103
Laser-DrivenAccelerators,103
Beat-WaveAccelerator,104
InverseFree-Electron-LaserAccelerator,105
GratingAccelerator,105
High-GradientStructures,105
InverseCerenkovAccelerator,105
CyclotronResonantAccelerator,105



ProblemAreas,106
RecommendationsfortheNext10Years,106
Coherent,Free-ElectronRadiationSources,107
ElectromagneticWave-PlasmaInteraction,111
ScatteringandAbsorptionofElectromagnetic
WavesbyPlasmas,111
IsotopeSeparation,114
NonlinearPhenomenainPlasmas,116
ChaosinHamiltonianSystems,116
SolitonandRelatedPhenomena,117
StrongLangmuirTurbulence,118
ParametricInstabilities,118
MagneticReconnection,118
TurbulentRelaxationtoForce-FreeStates,119
OtherMajorAchievementsinthePastDecade,120
PlasmaTheoryDevelopmentsRelatedtoMagnetic
Confinement,120
Magnetic-FluxGeometriesandCoordinate
Systems,121
Single-ParticleOrbits,121
CoulombCollisionalProcesses,122
MacroscopicEquilibria,122
MacroscopicInstabilities―Ideal
Magnetohydrodynamics,122
MacroscopicInstabilities―Resistive
Magnetohydrodynamics,123
Microscopic(Kinetic)InstabilitiesandTurbulent
Transport,123
Summary,124
AtomicPhysicsin(andfor)Plasmas,124
RecentProgress,125
OutstandingResearchProblems,126
Recommendations,126
Training,127
FundingLevels,128
RecommendedFundingLevels,128
PlasmaDiagnostics,128
LaserScattering,130



MicrowaveInterferometry,130

Spectroscopy,130
ChargeExchange,131

NeutronsandAlphaParticles,131

BlackbodyandPlasma-WellInteractions,132

Heavy-IonDiagnostics,132

Time-ResolvedPlasmaActivity,132

ScatteringfromCollectiveFluctuations,133

DataAcquisitionandInstrumentation,133

Desiderata,134

StronglyCoupledPlasmaPhysics,136

History,136

RecentProgress,138
OutlookfortheNext10Years,139

NonneutralPlasmas,140

4FUSIONPLASMACONFINEMENTAND

HEATING144
ScopeandObjectivesofFusionPlasmaResearch,144

Introduction,144

TheFusionProcess,146
MagneticConfinement,150

InertialConfinement,154
TokamakandStellaratorMagnetic-Confinement

Systems,156

Introduction,156
MajorAdvances,161
OptimizationofExperimentalPerformance,161;
Confinement,163;StabilityandBetaLimits,166
CurrentFrontiersofResearch,168

ProspectsforFutureAdvances,171

MagneticMirrorSystems,172

Introduction,172
MajorAdvances―theTandemMirror,174

CurrentFrontiersofResearch,176
Microstability,177;AxialConfinement:Controlofthe
PotentialProfileandThermalBarriers,178;
Macrostability:EquilibriumandBetaLimits,181;Radial
Confinement:ParticleTransportandRadialPotential
Control,183



ProspectsforFutureAdvancesinMirror

Confinement,184

ElmoBumpyTorus,185

Introduction,185

MajorAdvances,187

CurrentFrontiersofResearch,188

ProspectsforFutureAdvances,189

Reversed-FieldPinch,190

Introduction,190

MajorAdvances,192

CurrentFrontiersofResearch,193

ProspectsforFutureAdvances,194

CompactToroids,195

Introduction,195

MajorAdvances,198

Spheromaks,199;Field-ReversedConfigurations,201

CurrentFrontiersofResearch,201

ProspectsforFutureAdvances,203

PlasmaHeating,204

Introduction,204

Radio-FrequencyHeating,204

MajorAdvances:Theory,206;MajorAdvances:
Experiment,207;ProspectsforFutureAdvances,210

Radio-FrequencyCurrentDrive,212

MajorAdvances:Theory,213;MajorAdvances:
Experiment,213;ProspectsforFutureAdvances,216

Neutral-BeamHeating,216

MajorAdvances,217;ProspectsforFutureAdvances,219

Inertial-ConfinementFusionSystems,221

Introduction,221

MajorAdvances,224

DriversforInertial-ConfinementFusion,224;Laser-Target
Physics,226

CurrentFrontiersofResearch,228

Laser-PlasmaCoupling,228;HeatTransportand
Ablation,231;ShellAcceleration,Uniformity,and
HydrodynamicInstabilities,233

ProspectsforFutureAdvances,235

AdvancedFusionApplications,236



FundingofFusionPlasmaResearchintheUnited

States,238

PrincipalFindingsandRecommendations,240

MagneticConfinement,240

InertialConfinement,241

Acknowledgments,242

5SPACEANDASTROPHYSICALPLASMAS...243

PrincipalConclusions,243

PrincipalRecommendations,244

Introduction,245

RelationshipBetweenLaboratory,Space,and

AstrophysicalPlasmaResearch,246

DefinitionofSpaceandAstrophysicalPlasma

Physics,246

RelationshipBetweenLaboratoryandSpace

PlasmaPhysics,246

RelationshipBetweenSpaceandAstrophysical

PlasmaResearch,247
MagnetohydrodynamicAtmospheresandWinds,248;
PlanetaryandAstrophysicalMagnetospheres,249;Magnetic-
FieldReconnection,252;ParticleAccelerationand
CosmicRays,254
TheUnifyingPhysicalProblems,255

SpaceandAstrophysicalPlasmaPhysicsinthePast

10Years,255

Problem3:TheBehaviorofLarge-ScalePlasma

Flows,256
PlanetaryMagnetospheres,256;DynamicsoftheEarth's
Magnetosphere,256;MagnetohydrodynamicStructures
intheSun'sAtmosphereandintheSolarWind,256;
MagnetospheresofNeutronStars,257;Magnetohydrodynamic
Jets,257;GeneralRelativisticElectrodynamics,259
Problem1:Reconnection,259

Problem2:InteractionofTurbulencewithMagnetic

Fields,259

Problem4:AccelerationofEnergeticParticles,260

Problem5:ParticleConfinementandTransport,261

Problem6:CollisionlessShocks,261

Problem7:Beam-PlasmaInteractions,andthe

GenerationofRadioEmissions,262



Problem8:InteractionsBetweenPlasmasandNeutral
Gases,262
SpaceandAstrophysicalPlasmaPhysicsinthe
Next10Years,263

ImpactofResearchonSpaceandAstrophysical
Plasmas,264
TheRoleofSpaceandGround-BasedMeasurements
andObservations,266
Solar-SystemPlasmaPhysics,266
AstrophysicalPlasmaPhysics,267
InSituMeasurementsneartheSun,268
ConcludingRemarks,269
TheRolesofLaboratoryandActiveSpace
Experiments,269
LaboratoryExperiments,269
ActiveSpaceExperiments,270
TheRoleofTheory,271
SpacePlasmaTheory,271
TheoreticalAstrophysics,272
TheRoleofNumericalModelsandSimulations,273
WhyQuantitativeModelsareEssential,273
SystemModelsandProcessSimulationsinthe
NextDecade,275
SystemModels,275;ProcessSimulations,276;Overall
Conclusions,277
ProposalforaDedicated,AdvancedComputational
Program,278

TheRoleofPlasmaPhysicsintheUniversity
Curriculum,279
SpacePlasmaPhysics,279
AstrophysicalPlasmaPhysics,280
PlasmaPhysicsinGeneral,281
References,282

GLOSSARY283

INDEX307




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10

