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Fundamental Lssues

- Extreme states of matter. Of intrinsic tnterest (RCD phase
diagram, deconfinement, chiral symmetry restoration, ete),

and of relevance for astrophysics (early wniverse,
compact stars)

- ‘Universal’ character of wave functions of Large nuclel at high

energy (dense gluonic systems, saturation, color glass
condensate)

Simplicity may emerge Ln asymptotic situations

Mawny phenomenologieal tssues (heavy Lons are complex
systems 1)




Stages of nucleus-nucleus collisions

Initial conditions. Fluctuations (geometry, nucleus
wave function and its parton content)

Particle (entropy) production. Involves mostly small x
partons (x=p./Vs~107-10" for p, =2GeV)

One characteristic scale: saturation momentum (),

Thermalization. Quark-gluon plasma.
Hydrodynamical expansion

Hadronization in apparent chemical equilibrium.
Hadronic cascade till freeze-out.




Matter at freeze-out Ls tn chemtical equiLLbrium




Matter at « freeze-out »

well described bgj statistical pleture

|
T eler—p)/T 41

T

[0 o o e B B O O R o . — T ]
F ) 5 PO-BD |52 7P TeV
_ ; 1_ Il i
| o 1075 @ I
{:}.]5 _ | E — Iu] . ) :
~ = © - ! S :
N A Q B ' Prelimir ]
e ~ reliminary
ﬁ B ] 2 = —
o 0.1 — 107 s
";’ L - - e EEnERamn B
005 — 103 = m i Data: ALICE, 0-20% (pre;liminary) T
L _ = --i Model qalc. withipargmeters: |  § | i i i i .
L _ - =148 MeV; [ = 1 MeV fixed)
_ - N T=164 MeVip =1 MgV |
,D. || | | | | 1111 | L1 11 | I | 4 i
0 02 04 06 08 1 10 _ — .
ME (GeV) K'na* K/m plat plnw Elat Z/lax Qlat Qlw

(from. ). cleymans et al, hep-ph/0511094)




Freeze-out volume, timee, Larger at LHC

(deduced from HBT interferometry)
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The conditions for the formation of a quark-gluon
plasma are reached in the early stages of the
collisions

an
— T) — €Ty ~ 15GeV/fm?

Ty ~ 300 MeV




Matter flows Like a flutdl




Collective flow

Matter flows like a fluid and is well described by hydrodynamics

Hydrodynamical flow is sensitive to viscosity, and on initial state
fluctuations

Remarkably small value of viscosity/entropy ratio, suggesting a very
short mean free path, and a strong coupling

AdS/CFT correspondence provides insight into strongly coupled gauge
theories and viscous hydrodynamics




The flow s sensitive to initial nuclear density fluctuations
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Primordial fluctuations
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A flutd with small (relative) \/Lsoositg
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The perfect Ligquid
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The small value of eta/s suggests a strongly coupled
liquid...




Nuclet at high energy are dense systems of gluons




Early stages of nucleus-nucleuws collistons

Bulk of particle production ( p, < 2 Gev )
RHIC (Vs = 200GeV) x~ 1072

LHC (Vs =5.5TeV) x~4x107*

Probes small x components of the nuclear wave functions

Gluon density increases with energy, but the growth eventually saturates

The study of gluon saturation is an area where /?;
there has been major progress over the last .
decade (non linear evolution equations, color glass
condensate, etc)

H1 Collaboration




Saturation momentum scale
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partons with kr < Q, are in saturated regime

partons with kr > Q; are tn dilute regime

Most partons taking part in collision have k. ~ Qg




Successtul phenomenology at RHIC... and LHC
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The LHC will allow for more detailed tests of the CGC picture




pPL-hadron productiow
Azimuthal corvelations at forward mpiolitg]
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Uncorrected Caoincidence
Probability (radian™)
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Signals from the early stages




Hard probes

Hard processes occur on short space time scales, hence little affected by the
medium. They can be calculated from pQCD

Hard probes: heavy quarks, quarkonia, photons, Z and W, jets...
Prospects for hard probes at the LHC are truly fascinating

Quarkonia bound states, beautiful idea, still unconclusive,
but new data will bring new light
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_Jet quenching
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PHENIX Au+Au (central collisions):
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Beautiful jet physics at the LHC

C CMS Experiment at LHC, CERN
- Data recorded: Sun Nov 14 19:31:39

Lumi sectién ::::

Jets are back to back (in spite of large asymmetry in energies)
Fragmentation of jets essentially unmodified

Energy distributed over many soft particles at relatively large angles

All this points to interesting in-medium QCD dynamics




Coneclustons

A quark-gluon plasma is produced in ultra-relativistic heavy ion collisions,
whose global properties do not seem to change much between RHIC and
LHC (a liquid with low relative viscosity)

We have began to study the properties of this quark-gluon plasma
Modelling of collisions is greatly helped by the success of hydrodynamics
Early stages of the collisions may be amenable to first principle calculations

The LHC is offering new precise (hard) probes to diagnose the QGP




