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* What is the form of matter at « extreme »
tewmperature or density?

* What is the wave function of a hadrow, a
nucleus, at asymptotically high energy?

SIMPULICITY emerges in asymptotic situations




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>23Te Resummed Pert. Thcorg
accounts for Lattice results
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Pressure for SU(3) YM theory at (very) high temperature

B Boyd et al Nt=8 -

QO new approach Nt=6, 8
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Matter is opaque to the propagation of jets
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(STAR: Phys.Rev.Lett.91:072304,2003)
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Matter flows like a fluid

inttial momentum
distribution isotrorpi.o

without Lnteractions, 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




Elliptic flow
vy = (cos(2¢))
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The low viscosity of the quark-gluow plasma
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Low visoosifcg, phase tra nsitlon
and strong coupling
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A wew ‘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
Caleculations.



Sowme strong coupling results
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Viscosity at weak and 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 couwpled 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.



QCD Fits

M (H1+BCDMS) total uncertainty
B (H1+BCDMS) exp. + a, uncert.
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High density partonic systems
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The saturation scale from DIS
“Geometrical scaling”

0y p(X, Q%) = 0 (0% Q3(X))
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The saturation scale tn nuclel
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In a AA collision, partons are set free at (proper) time 7 ~ Qs

with tgpi.oaL transverse momenta k1 ~ Qs

they interact with strength @, = a(Qy)

and dv _ 242G (z, Q) dfr _ 2QsAzG(z, Q)
dy dy

Successful phenomenology at RHC

RBRC wks, BNL, May 2010 : http://www.bnl.gov/riken/glasma/



pi-hadron production
Azimuthal correlations at forward rapidity
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Uncorrected Coincidence

Azywmuthal correlations

ptp d+Au peripheral
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Disappearance of away side jet in central d+Au
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(Albacete & Marquet RBRC wks, May 2010 )



- the field of ultra-relativistic heavy Low collisions is a very
rich one: hot and dense RCD wmatter, high density partonic
systems, ete.

- exciting developments in recent years, both experimentally
and theoretically (RHIC; CGC, AdS/CFT, ete)

- many opew questions/puzzles (weak vs strong coupling,
thermalization, ete)

- some of these open questions will be clarified at the LHC
(in particular, good prospect to study parton saturation
at the LHC, in pp, AA and pA collisions)




