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

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

SIMPLICITY emerges in extreme
(asy mptotic) situations







QCD Interactions Weaken at High Energy
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3 flavour
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Effective coupling in 2d reduced theory
(relevant scale ts 2TT)

[Laine, Schroder, hep-ph/0503061]
O . 40 I I I I I I I I I

0.10— -

OOO 1 I 1 I 1 I 1 | l



T.>~170 MeV

The QCD phase diagram
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pegrees of freedom?

Strong coupling?

Bound states?







High density partonic systems
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Relevant in the very early stages
of nucleus-nucleus collisions

Physics of dense systems of quarks and gluons

weak coupling but many active degrees of freedom

Now linear RCD effects become important when

(04)') = g(a%) = g2(a%)



Gluow saturation
(Gribov, Levin, Ryskin 83)
Large gluow densites at small x

2\ _ XG(xan)
<A >~ R’

Now Linear effects important when <(0"A)2> ~ 82<A2>2

2 2/ 42
L.e. at a characterisitic scale QO =g <A >
2
. 2 xG(x,07)
Satwration scale QO =a, R’z
JL,

kT < QS (saturated regime) k. = Q. (dilute regime)



The saturation scale

From fit to DIS (HERA)
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The densities in the central rapidity of a nucleus-nucleus collision
at RHIC are similar to those at HERA.

Atthe LHC Vs5=55TeV  z~5x107"-107" QI ~5—14GeV?

At RHIC, smaller x can be reached in the forward rapidity region



Early stages of a nucleus-nucleus collision

Partons set free have typieal tranverse momenta kT =~ Qs

They are set free at (proper) time T = o, 1

At that timee

dE
av _ 2AxG(x,0,) ~ =20 AxG(x,0))
dy dy

Phenomenology based ow such arguments (refined)
is reasonably successful at RHIC



High density partonic systems

Q2 ~ XG(X,QZ)
Y AR’
Large occupation numbers
< >
G(x,0° TT TT
L X (sz) ~n~ 2/0
7R o, q i
Classtcal fields

McLerran-Venugopalan, etc.

Now linear evolution equations

Balitsky-Kovchegov equation
COLOR GLASS CONDENSATE and JIMWLK(*) equation

(*) Jalilian-Marian, Iancu, McLerran, Weigert, Leonidov, Kovner



AGS/BNL Vs ~5-A-GeV

SPS/CERN \s =20-A- GeV

RHIC/BNL s =200 A- Gev
LHC/CERN NP e




PHENIX
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Large energy density achieved

Collective behaviowr observed

et quenching and strong « final state » interactions

Hints of gluon saturation

Awnd much, much, wmorel...
(Focus own observables sensitive to tnitial state)







Moderate increase of multiplicity with beam energy
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pi-, K-, PHENIX 200, 20-40%
pi STAR 130, 11-46%

h+-, PHENIX 62, 20-40%

pi NA49 17, 13-34%

pi Ceres 17, 13-26%

pi NA49 8, 13-34%
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. Hydro modal

Anisotropy Parameter v ,
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(From U. Heinz, nucl-th/0412094)




early therma Lisation timee

- sensttivity to equation of state
- low viscosity




HYDRO limits

—5— E.,/A=11.8 GeV, E877
—— £, /A=40 GeV, NA4Q
—@— £ /A=158 GeV, NA49
—sfo— \[5,,=130 GeV, STAR
—f=— \[5,,=200 GeV, STAR Prelim.

(1/S) dN_, /dy







Jet production in matter
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Control experiment: d-AU
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(PHENIX, nucl-ex/0401001)



PHENIX AutAu (central collisions):

i B Directy ]
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GLV parton energy loss (dN’/dy = 1100)
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STAR: Phys.Rev.Lett.91:072304,2003
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Supprcssi.ow caw also be due to tnitial
i~ state effects (nuclear wave function
.4 'p:‘*l

dydZp 476 probed at small x; color glass condensate)
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Solution of the BK equation, Albacete et al, hep-ph/0307179

(Related analytical work by Iancu, Itakura, Triantafyllopoulos hep-ph/0403103)
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I. Arsene, et al., BRAHMS collaboration, nucl-ex /0403005
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(Kharzeev, Kovchegov, Tuchin, hep-ph/0405045)



-Strongly interacting matter is produced in high energy
nucleus-nucleus collisions. Large « tnitial » energy density.
Collective behaviour.

- Many (indirect) evidences that partonic degrees of freedom
play an Lmportant role in the collision dy namies at RHC

- Barly stages of the collisions, and hence « initial state effects »
are tmportant at RHC (and will be more so at LHC).

- Hints of saturation (color glass condensate) may be already
present at RHIC. Phenomenology based ow saturatiown Ldeas is
reasonably successful at RHIC




