


Prefacev

1.Introduction1

1.1NuclearPhysicsandAstrophysics1

1.2TheMilkyWay2

1.3DarkMatter3

1.4Hertzsprung-RussellDiagram5

1.4.1Luminosity5

1.4.2Magnitudes7

1.4.3Colorindex7

1.4.4Mass-luminosityrelation8

1.4.5Stellarevolution10

1.5Hubble'sLaw11

1.6StarsandGalaxies14

1.7PrinciplesandObservations16

1.8CosmicMicrowaveBackground18

1.9Exercises21

2.SpaceandMatter25

2.1Introduction25

2.2PriedmannEquation26

2.2.1Energyandpressure26

2.2.2Priedmannequation28

2.2.3Thecosmologicalconstant30

2.2.4Energydensityanddarkenergy31

2.2.5StaticUniverse34

2.2.6Matterandradiationprofiles35

2.2.7TheageoftheUniverse35



2.3SolutionsofthePriedmannEquation36

2.3.1Decelerationparameter36

2.3.2FlatUniverse38

2.3.3ClosedUniverse39

2.3.4OpenUniverse40

2.3.5Theflatnessproblem41

2.3.6Thehorizonproblem41

2.4TheCurvatureofSpace-Time43

2.4.1Einsteinfieldequations43

2.4.2TheFRWmetric45

2.4.3TheSchwarzschildmetric46

2.4.4Gravitationalwaves47

2.4.5Blackholes49

2.4.6Inflation52

2.5Exercises54

3.Particles57

3.1Introduction57

3.2PropertiesofElementaryParticles58

3.2.1Antiparticles58

3.2.2Spin,isospinandbaryonicnumber59

3.2.3Strangenessandhypercharge60

3.2.4Quarksandgluons61

3.3NuclearProperties65

3.3.1Sizes65

3.3.2Bindingenergies66

3.3.3Angularmomentum68

3.3.4Excitedstates68

3.3.5Nuclearstability69

3.4NuclearModels72

3.4.1Theliquiddropmodel72

3.4.2Non-relativisticFermigas75

3.4.3FermigasatTj-079

3.4.4TheFermigasmodelofthenucleus80

3.4.5Theshellmodel82

3.5Exercises87



4.Radiation91

4.1Introduction91

4.2InteractionofRadiationwithMatter91

4.2.1Lifetimeofunstablestates91

4.2.2Decayrateofunstablestates93

4.2.3Multipoleradiation96

4.2.4Selectionrules97

4.3PropagationofRadiation99

4.3.1Radiationintensity99

4.3.2Radiativeenergytransport102

4.3.3Theequationofradiativetransfer102

4.4BlackbodyRadiation104

4.4.1Boltzmannlaw104

4.4.2Planck'slaw106

4.4.3Stefan-Boltzmannlaw108

4.5RadiationinStellarPlasmasIll

4.5.1StellaratmospheresIll

4.5.2Einsteincoefficients114

4.5.3Maxwell'svelocitydistribution116

4.5.4Sahaequation117

4.6OpacitiesinStars119

4.6.1Absorptionandemissioncoefficients119

4.6.2Bound-boundtransitions ―oscillator

strength121

4.7Exercises125

5.NuclearReactions129

5.1Introduction129

5.2NuclearScattering131

5.3PartialWaveExpansion133

5.3.1Lowenergyscattering137

5.3.2Scatteringandreactioncross-sections139

5.4PotentialScattering141

5.4.1Coulombscattering141

5.4.2Resonances145

5.4.3Opticalpotentials148



5.5CompoundNucleus150

5.5.1Compoundnucleusformation150

5.5.2Compoundnucleusdecay157

5.5.3Reciprocitytheorem161

5.5.4TheHauser-Feshbachtheory162

5.6HeavyIonCollisions164

5.7RelativisticNuclearCollisions168

5.8Exercises171

6.StellarStructure175

6.1Introduction175

6.2HydrostaticSupport176

6.2.1Massconservation177

6.2.2Dynamicaltimescalesandnon-spherical

symmetry178

6.2.3Pressure,temperatureandvirialtheorem....180

6.2.4Energygenerationinstars184

6.2.5Galaxyandstarformation186

6.3EquationofState188

6.3.1Classicalgaseswithmultiple

particlespecies188

6.3.2Non-relativisticFermigas191

6.3.3Relativisticelectrongas193

6.4PolytropicModels194

6.5CompactStars199

6.5.1Energyproduction207

6.5.2Energytransport208

6.6RadiativeTransport213

6.6.1Solvingtheequationsofstellarstructure....219

6.6.2Luminosityofwhitedwarfs224

6.7StructureofNeutronStars226

6.7.1Relativisticcorrectionsforneutronstars....226

6.7.2Neutronstarswithnucleonsandelectrons...232

6.8AdditionalStellarProperties239

6.8.1Seismologyandpulsation240

6.9Exercises242



7.ReactionsintheCosmos245

7.1Introduction245

7.2ThermonuclearCross-Sections247

7.2.1Nuclearabundances247

7.2.2Reactionratesinthelaboratory248

7.2.3Reactionratesinstellarenvironments249

7.2.4Photons250

7.2.5Electrons251

7.2.6Otherparticles251

7.2.7Reactionnetworks252

7.3AstrophysicalS-Factor253

7.3.1Chargedparticles:Non-resonantreactions...254

7.3.2Resonantreactions262

7.3.3Neutron-inducedreactions266

7.4EnvironmentElectrons267

7.4.1Stellarelectronscreening268

7.4.2Laboratoryatomicscreening272

7.5ReactionModels273

7.5.1Potentialmodels274

7.5.2Microscopicmodels282

7.5.3^-matrixtheory284

7.5.4Statisticalmodels289

7.5.5Beta-decay,electroncaptureandneutrinos...291

7.5.6Fieldtheorymodels298

7.6Exercises301

8.StellarNucleosynthesis307

8.1Introduction307

8.2TheSun308

8.2.1Deuteriumformation309

8.2.2Deuteriumburning311

8.2.33Heburning313

8.2.4Reactionsinvolving7Be313

8.2.5ThedemiseoftheSun315

8.3MassiveStars316

8.3.1TheCNOcycle316

8.3.2HotCNOandrp-process318



8.3.3Triple- αcapture319

8.3.4Redgiants323

8.4AdvancedBurningStages325

8.4.1Carbonburning326

8.4.2Neonburning327

8.4.3Oxygenburning328

8.4.4Siliconburning328

8.5SynthesisofHeavyElements329

8.5.1Thes-process330

8.5.2Ther-process332

8.5.3Pycnonuclearreactions335

8.6CataclysmicEvents337

8.6.1Novae337

8.6.2X-raybursts339

8.6.3Supernovae341

8.6.4Othercataclysmicevents353

8.7Exercises354

9.TheBigBang361

9.1Introduction361

9.2IntheBeginning362

9.2.1Fromelementaryparticlestonuclei363

9.2.2Space,particles,andtheirrelationtotime...366

9.3BigBangTimeline369

9.3.1Timet=0370

9.3.2Inflation370

9.3.3t~0.01s372

9.3.4t~O.ls372

9.3.5Decoupling375

9.3.6t>3min378

9.3.7t>years379

9.4BBNNucleosynthesis380

9.5CosmologicalIssues384

9.5.1Darkmatteranddarkenergy384

9.5.2InhomogeneousBigBang387

9.5.3Thehorizonandtheflatnessproblem388

9.5.4Matter-antimatterasymmetry

intheuniverse391



9.5.5Thedemiseoftheuniverse393

9.6Exercises395

10.Rays401

10.1Introduction401

10.2CompositionandEnergyDistribution402

10.2.1Composition402

10.2.2Energydistribution404

10.2.3Propagationandorigin406

10.2.4Scatteringbycosmicbackgroundphotons....409

10.3Neutrinos411

10.3.1NeutrinosfromtheSun411

10.3.2Neutrinooscillations413

10.3.3Atmosphericneutrinos419

10.3.4Supernovaneutrinos420

10.4GammaRays421

10.5Exercises423

A.Units427

A.1MicroscopicUnits427

A.1.1Nuclearcollisions427

A.1.2Collisionsofatoms,ionormolecules429

A.2ConstantsandConversionFactors430

A.2.1Constants430

A.2.2Masses431

A.2.3Conversionfactors431

A.3AstronomicalUnits431

A.3.1Distances431

A.3.2Time432

A.3.3Masses433

A.3.4Luminosities,magnitudes433

A.3.5Temperaturesandluminosities434

B.SpaceandTime435

B.IIntroduction435

B.2TransformationbetweenMovingFrames435

B.2.1Lorentzinvariance435

B.2.2Minkowskispace437



B.2.3Additionofvelocities438

B.2.4Acceleration443

B.3Tensors443

B.3.1Definition443

B.3.2Metrictensor445

B.4LorentzGroup447

B.4.1Lorentzboost448

B.4.2Relativistickinematics450

B.4.3Waves451

B.4.4Dopplereffect455

B.5Four-Momentum456

B.5.1Energy-momentumofaparticle456

B.5.2Particlecollisions459

C.GeneralRelativity461

C.1ChristoffelSymbols461

C.2MetricTensor464

C.3RiemannCurvatureTensor466

C.4TheEnergy-MomentumTensor467

C.5EinsteinFieldEquations469

D.RiemannGeometry475

D.1CurvedSpaces476

D.1.1Polarcoordinates476

D.1.2Changeofcoordinates477

D.1.3Differentialgeometry480

D.1.4Onedimensionalcurve480

D.1.5Twodimensionalsurface483

D.I.6Threedimensionalhypersurface486

D.2TheFRWMetric489

D.2.1Christoffelsymbols491

D.2.2Riccitensor491

D.2.3RicciscalarandEinsteintensor492

D.2.4Energy-momentumtensor493

D.2.5Friedmannequation,again493

E.References497

Index505




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10

