Contents

1  Opening remarks page 1
2 A heavy ion phenomenology primer 4
2.1  General characteristics of heavy ion collisions 4

2.2 Flow 15

2.3 Jet quenching 39

2.4 Quarkonia in hot matter 58

3  Results from lattice QCD at nonzero temperature 65
3.1 The QCD equation of state from the lattice 66

3.2 Transport coefficients from the lattice 73

3.3 Quarkonium spectrum from the lattice 79

4  Introducing the gauge/string duality 92
4.1 Motivating the duality 92

4.2 All you need to know about string theory 98

4.3 The AdS/CFT conjecture 108

5 A duality toolbox 111
5.1 Gauge/gravity duality 111

5.2 Generalizations 122

5.3 Correlation functions of local operators 126

5.4  Wilson loops 134

5.5 Introducing fundamental matter 143

6  Bulk properties of strongly coupled plasma 150
6.1 Thermodynamic properties 153

6.2 Transport properties 159

6.3 Quasiparticles and spectral functions 178

6.4 Quasinormal modes and plasma relaxation 190

\%

Published online by Cambridge University Press



vi

Contents

7  From hydrodynamics to far-from-equilibrium dynamics

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8

Hydrodynamics and gauge/gravity duality
Constitutive relations from gravity

Introduction to far-from-equilibrium dynamics
Constructing far-from-equilibrium states
Isotropization of homogeneous plasma
Isotropization of homogeneous plasma, simplified
Hydrodynamization of boost-invariant plasma
Colliding sheets of energy

8  Probing strongly coupled plasma

8.1
8.2
8.3
8.4
8.5
8.6
8.7

Parton energy loss via a drag on heavy quarks

Momentum broadening of a heavy quark

Disturbance of the plasma induced by an energetic heavy quark
Stopping light quarks

Calculating the jet quenching parameter

Quenching a beam of strongly coupled gluons

Velocity scaling of the screening length and quarkonium
suppression

9  Quarkonium mesons in strongly coupled plasma

9.1
9.2
9.3
94
9.5
9.6

Adding quarks to V' = 4 SYM

Zero temperature

Nonzero temperature

Quarkonium mesons in motion and in decay
Black hole embeddings

Two universal predictions

10 Concluding remarks and outlook

Appendix A Green—-Kubo formula for transport coefficients

Appendix B Hawking temperature of a general black brane metric

Appendix C Holographic renormalization, one-point functions,
and a two-point function

Appendix D Computation of the holographic stress tensor

D.1

D.2 Computation of the holographic stress tensor for the fluid metric

Holographic stress tensor for the AdS black brane

References

Index

Published online by Cambridge University Press

194
196
200
212
214
216
224
233
254

261
262
268
286
301
312
322

338

347
347
349
356
372
385
390

398
403
405

406

410
410
411

414
458



