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Creating Quark Gluon Plasma
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But, the number of hadronic states grows
exponentially.
This implies a maximum temperature for a
hadron gas [Hagedorn] T,=170 MeV

non-strange mesons
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and if weystubbornly
continue to heat the gas.:-.
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Plasma.is formed




QGP and Lattice QCD

Quark Gluon Plasma established theoretically

Lattice calculations indicate a rapid crossover accompanied by
an increase in the number of degrees of freedom

04 06 08 1 12 14 16

F.~Karsch, arXiv:0711.0656 [hep-lat]
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How do lattice and experiment intersect?
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Intersection of Lattice and Experiment

Quarkonium as a QGP Thermometer

QCD Phase Diagram

 The Phase Boundaries
* The Critical Point Search
 Hadronic Fluctuations

Equation of State and Expansion Dynamics




Critical Point and Onset of Deconfinement

Sth International Workshop « June 8—12, 2009
Brookhaven National Laboratory, Long Island, New York, USA
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Temperature

QGP Thermometer

Early Universe The Phases of QCD

: Future LHC Experiments
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Calibrating the QGP Thermometer

Lattice QCD
Quarkonium Quarkonium
correlators correlators
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Calibrating the QGP Thermometer
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Lattice Correlators and Free Energy are key components
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Lattice and Quarkonium

RBRC-Bielefeld 2008
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Temperature

Phase Transitions

Early Universe The Phases of QCD

: Future LHC Experiments
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Do the Little Bangs Boil?
Is there a 15t or 2"9 order No!
phase transition at zero pg? Lattice QCD and Data
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No evidence for the growth of fluctuations with system-size
that one expects for a 15t or 2"9 order phase transition:
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Do the Little Bangs Boil?

Is there a 15t or 2"d order No!
phase transition at zero pg? Lattice QCD and Data
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No evidence for the growth of fluctuations with system-size
that one expects for a 1t or 2" order phase transition:




Search for a critical point at RHIC

In 1911, Rutherford
discovered the nucleus,
making him the first
nuclear physicist

100 years later, RHIC
will scan for new
landmarks on the nuclear
matter phase diagram
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The experimental search is underway as we speak

USQCD Collaboration Meeting, April 16, 2010




Fluctuation of Conserved Charges and
the Critical Point Search

Cheng et aI arX|v 0811. 1006
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Information from Lattice for Finite pg
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Lattice results at finite pg are of obvious importance to the
critical point search:
both for where to look and what to look for
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Lattice QCD and Expansion Dynamics

distributions and
correlations of

kinetic produced particles

freeze-out

hadronization
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Azimuthal Distributions
Collision of two Lorentz contracted Gold nuclei

Are particles emitted at random angles?
No. They remember the initial geometry!
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Effect of Lattice EOS on Observables
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Interplay of Lattice & Heavy lon Collisions

We think finite temperature lattice results are important for
basically all aspects of heavy-ion phenomenology

| say “think”™ because experimentalists need to
demonstrate that our collisions create a locally
equilibrated medium where thermodynamic variables can
be defined

The more the models are constrained with lattice data,
the easier that will be




