The Class will follow the evolution of a relativistic heavy ion collision:
I. Overview and Historical Perspective

a. Hagedorn Bootstrap Model

b. Bjorken energy density

c. Basic Kinematics

II. Quantum Chromodynamics
a. Asymptotic freedom

b. Confinement

c. Chirality

III. Initial Conditions and First Collisions
a. Glauber Model --- pre-collision and initial geometry (impact parameter)
b. Color-Glass Condensate

c. Parton Cascade --- 
IV. Quark-Gluon Plasma Formation and Evolution

a. Lattice QCD

b. Hydrodynamics

c. Elliptic flow 
V. Probes of the Dense Partonic Phase
a. J/ Suppression and open charm

b. Jets

c. Direct Photons

d. Di-Leptons
VI. Hadronization

a. Recombination vs. Fragmentation

b. Chemical Equilibrium, Chemical freeze-out

c. Strangeness enhancement

VII. Thermal Freeze-out

a. Pion production/Entropy

b. Radial Flow

c. HBT

d. Implications

e. Big Bang Cosmology

f. BBN

g. Supernovae

h. Neutron, Strange, and Quark Stars

A brief history of relativistic heavy-ion facilities:

LBNL – Bevalac (1980 – 1992) [Au 0.1 to 1.15 AGeV]


EOS --- TPC 


DLS --- DiLepton spectrometer
GSI – SIS () []


TAPS


KaoS


FoPi

BNL – AGS (1986-1995) [Si, 1994 Au 10 AGeV, 8, 6, 4, 2]

E802/866/917

E810/891

E877


E878


E864


E895


E896

CERN – SPS (1986-present) [O 60, 200 AGeV (1986-87); S 200 AGeV (1987-1992):  Pb 158, 80, 40, 30, 20 AGeV (1994-2000), In 158, 40, p 158 GeV]

HELIOS(NA34)

NA35/NA49/NA61(Shine)
NA36


NA38/NA50/NA60

NA44

CERES(NA45)

NA52

WA85/WA94/WA97/NA57


WA80/WA9898

BNL – RHIC (2000-present) [Au+Au 130, 200, 62.4, 19.6, d+Au 200, Cu+Cu 200, 62.4, 22, p+p 200, 450]


STAR


PHENIX


Phobos


BRAHMS


pp2pp

CERN – LHC (2009?)[Pb+Pb]

ALICE


CMS


ATLAS

1896
Discovery of Radioactivity (Becquerel)
1911
Nuclear Atom (Rutherford)

1932
Discovery of the neutron (Chadwick)

1935
Meson Hypothesis (Yukawa)

1939
Liquid-Drop model of nucear fission (Bohr and Wheeler)

1947
Discovery of the pion (Powell)

1949
Nuclear Shell Model (Mayer and Jensen)

1953
Strangeness Hypothesis (Gell-Mann and Nishjima)

1953
First production of strange particles (Brookhaven)

1955
Discovery of the anti-proton (Chamberlain and Segre)

1964
Quark model of hadrons (Gell-Mann and Zweig)

1967
Electroweak model proposed (Weinberg and Salam)

1970
Charm hypothesis (Glashow)

1974
Discovery of the J/ (Ricther, Ting)


1977
 Discovered and bottom inferred (Lederman)

1980
First Quark Matter meeting (Darmstadt, Germany)

1983
W and Z discovered (Rubbia)

1983
Isabelle cancelled

1984
RHIC Proposal

1986
Heavy-ion operations at the AGS and SPS

1992
Au beams at the AGS and Pb beams at the SPS

1995
Top quark observed (Fermilab)

2000
Au+Au operations at RHIC

2009?
Pb+Pb operations at the LHC
