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Relativistic Heavy Ion Collider RHIC @ BNL

major international enterprise: thousands of scientists and engineers




RHIC perfect Ligquid

Strong opacity of matter to propagation of hard partons

PHEMNIX Au+Au (central collisions):
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News from the Large Hadrown Collider




CMS Experiment at LHC, CERN

Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520
Lumi section: 249




C CMS Experiment at LHC, CERN

Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520

X Lumi section: 249

Jet 0, pt: 205.1 GeV

Jet 1, pt: 70.0 GeV




Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:33:20

Fill : 1482

Run : 137124

Event : 0x000000007FE50693
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® v, as function of p,

= practically no change
with energy !

< extends towards
larger centrality/higher p; ?

® v, integrated over pt
= 30% increase from RHIC
= <py> increases with /s
& pQCD powerlaw tail ?

= Hydro predicts increased
‘radial flow’

< very characteristic
p; and mass dependence;
to be confirmed !
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o First Elliptic Flow Measurement at LHC
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The low Viscosity of the quark-gluon plasma
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Low \/Lscosltg, phase tra nsttlon
and strong coupling
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A0S/CFT DUa Litg

A ‘watwral’ expla nation for the small \/Lscosi’%
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—— perturbation theory
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where Ls the apparent

strongly couwpled character
of the RGP coming from ?




No...
RCP asywptotic freedom works |




Asymwmptotic freedom

2

8 2T
"4n byIn(p/ Ayey)

o (u=2nT)

Matter s « stmple » at high temperature:
- an tdeal gas of gquarks and gluons

- the dominant effect of tnteractions is to turn

(massless) quarks and gluons into wea Ly
interacting (massive) gquasiparticles.
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Crossover from hadrons to oo
quarks and gluons
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(from M. Bazavov et al, arXiv:0903.4379)
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At T>2Te Resummeed Pert. Tlneor(g

accounts for Lattice results
Pressure
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(Su(z) lattice gauge caleulation from Karsch et al, hep-lat/0106019)

(resummed pert. th. from ).-P. B., . lancu, A. Rebhan: Nucl.Phys.A&9L:404-407,2002)




State of the art in high order perturbative caleulations
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Pressure for SU(3) YM theory at (very) high temperature
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(from G. Endrodi et al, arXiv: 0710.4197)




Conserved charge susceptibilities
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Ruark quasipa rticles seen on the Lattice
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(from F. Karsch and M. Kitazawa, arXiv: 0906.3941)
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The RCD runniing aou.pliwg constant
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The effective coupling is not huge, even close to Te
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M. Laine, Y. Schroder, hep-ph/0503061




Often used as an argument tn favor of
strong coupling

But

- this has (almost) nothing to do with @Cp
- pb can be hawdled with a variety of
technilgues (resummations, exact R4, ete)




Perturbation theory Ls LLL behaved at finite temperature
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Perturbation theory:

g*: Shuryak; Chin (1978)

g’: Kapusta (1979)

g’ In g: Toimela (1983)

g’: Arnold, Zhai (1994)

g’ : Zhai, Kastening (1995),
Braaten, Nieto (1996)

¢’ In g: Kajantie, Laine,
Rummukainen, Schroder
(2002)

g° (partly): Di Renzo, Laine,
Miccio,
Schroder, Torrero (2006)

Lattice data: G. Boyd et al. (1996); M. Okamoto et al. (1999).




qeneric feature in (most) field theories,
e.9 in scalar field theory
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weakly AND strongly coupled ...

pegrees of freedom with different wavelengths are
differently coupled.

Expa NSLOWN parameter
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R&G techniques yield smooth extrapolation to strong coupling
(scalar field theory)

JP®B, A. t1pp, N. Wschebor, 2010)
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Entropy at weak and strong couptlwg
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S/S, N = 4 super-Yang-Mills
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Nuclear wave-functions L high energy collistons

Bulk of particle production ( p, <2 Gev)
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The growth of parton distribution at small x
Ls tamed by RCD> non Linear effects (saturation)

Saturation momentum
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Most partons taking part in collision have Kk, ~ O

Suecesstul phenomenology at RHIC




weak coprlwg but wow—p&rturbative
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Suggest a description in terms of classieal fields




Pense and dilute parton systems
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- LHC confirms the strongly coupled character of the RGP

- The strongly coupled character of the quark-gluon plasma
does not seem related in any obvious way to a large value of
the coupling constant.

- Now perturbative features may arise from the cooperation of
many degrees of freedom, or strong classieal fields.

- The quark-gluon plasma ts a multiscale system (no Ldeal
plasma, weither weakly wor strongly coupled)




