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The QCD phase diagram

(« low resolution »)
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Matter is « stmple » at high temperature:
- an ideal gas of quarks and gluons

- the dominant effect of interactions is to turn

(massless) quarks and gluons into weakly
interacting (massive) quasiparticles.
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At T>2Te Resummed Pert. Thcorg

accounts for Lattice results
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Pressure for SU(3) YM theory at (very) high temperature
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Conserved charge susceptibilities
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Matter is opaque to the propagation of jets
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Matter flows Like a fluid

inttial momentum
distribution isotropi.o

without tnteractions, the Pa rticles
would escape Lsotropica Ly, Lrrespective
of the shape of the interaction zowe

Strong interactions induce pressure gradients.
The expansion becomes anisotropic, and

the momentum distribution reflects the anisotropy
of the initial interaction region




ELLLptic flow

vg = (C08(20))
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The low viscosity of the quark-gluon plasma
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Low vi.soosi.tg, phase tra nsition
and strong coupling
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Viscosity at weak and strong coupling
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A wnew ‘reference’ system




A theoretical breakthrough
AdS/CFT Duality

New techniques (borrowed from string theory) allow ca lewlations
in (some) strongly coupled gauge theories .

Rely on a mapping between a strongly coupled gauge theory
and a weakly coupled (t.e. classical) gravitg theory.

New reference state: the strongly coupled quark-gluon
plasma (instead of the weakly coupled one).
New ideal system, allowing for many explicit caleulations.



Sowme strong coupling results

Simple Limit of the entropy
density at strong coupling
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weakly or strongly

coupled ?




weakly AND strongly coupled ...

In the qgp coexist degrees of freedom with
different wavelengths. whether these degrees of
freedom are weakly or strongly cowpled depends
ow their wavelength.

Now perturbative features arise from the
cooperation of many degrees of freedom, or
strong classical fields. An example: the color
glass condensate.
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The QCD phase diagram

(« low resolution »)
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A better resolution phase diagram Speculation about new phases at high density

(modlel dependent)
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Matter at « freeze-out »

well described by statistical pieture
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- ultra-relatvistic heavy iow collisions allow us to study
fundamental questions concerning the phase diagram of hot
and dense matter, or the nuclear wave functions at very

high energy.

-exciting developments in recent years, many open
questions/puzzles : phase diagram ? strongly/weakly
coupled plasma ? detailed mechanisms Leading to
thermalisation and collective flow ? what can we Learn
from heavy quarks ?




