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Normal nuclear matter

Nucleons -- made of quarks and 
gluons -- are close together, but 

only overlap occasionally
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High density matter

Expect individual hadrons to loose their identity.
Quarks and gluons become deconfined.
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QCD phase diagram

T >> ΛQCD: weak coupling ⇒ deconfined phase (Quark-gluon plasma)
T << ΛQCD: strong coupling ⇒ confinement

⇒ phase transition at T ~ ΛQCD ?
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e.g. two massless flavors 
(Rajagopal and Wilczek, 
hep-ph/-0011333)
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Lattice QCD at finite temperature

F. Karsch, hep-ph/0103314

Critical energy density: 4)26( CC T±=ε

Ideal gas (Stefan-
Boltzmann limit)

TC ~ 175 MeV ⇒ εC ~ 1 GeV/fm3
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Time line of a relativistic heavy ion collision

Two thin disks of 
quarks and gluons 

approach

1

Initial collision –
products of hard 

scattering, including 
heavy flavors, created

2

Dense partonic
medium

The QGP?

3

Hadron gas phase

4
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RHIC: the Relativistic Heavy Ion Collider
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RHIC at Brookhaven National Laboratory

• Accelerates gold nuclei to 
100 GeV/nucleon or 
99.996% of the speed of 
light

• Two separate beams 
collide with each other.

• Au+Au with each at 19,700 
GeV is equivalent to a 
single Au nucleus of 
4,200,000 GeV hitting a 
second Au nucleus at rest



Carl Gagliardi – HUGS 2007 9

RHIC: the Relativistic Heavy Ion Collider
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BRAHMS

BRAHMS
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PHENIX
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PHOBOS
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E-M 
Calorimeter

Time 
of  
Flight

Projection   
Chamber

STAR
STARSTAR

Public disclaimer:
I am a member of the 
STAR Collaboration



Carl Gagliardi – HUGS 2007 14

STAR: the Solenoidal Tracker At RHIC
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STAR Event from a Au+Au Collision
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Kinematics for 
colliders

pT

p|| 
θ 

( )[ ]2tanln θη −=Pseudo-rapidity:

Transverse momentum (pT) and pseudorapidity (η)
provide a convenient description

Mid-rapidity: η = 0, perpendicular to the incident beams
η = 4: Scattering at θ = 2.1o in the CM (or lab) frame

Terminology that has become common at RHIC:
“Low” pT: pT <~   2 GeV/c
“Intermediate” pT: 2   <~   pT <~   6 GeV/c
“High” pT: 6 GeV/c <~   pT
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