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Outstanding Phenomenological Questions

o Is high energy density Quark—Gluon matter
formed at RHIC?

e Does this matter thermalize to form a QGP?

What can we learn about the properties of
the QGP7?

e Can we learn about universal properties of
hadronic wavefunctions at high energies?
( Color Glass Condensate )



Very likely Partonic Matter at
High Energy Densities produced
at RHIC

The CGC describes the earliest

(most easily calculable) stage of
the collision:

Re—scattering (_e_nergy loss) 1s
essential—-most sensitive to

- CQGC rather than QGP!

No conclusive evidence for

thermalized QGP yet.

Both KLM version of CGC & ideal hydro +
"jet quenching” are problematic



Heavy=Ion Collisions=violent dynamical system..,

Is Thermalization achicved ?

large p smallp large p

_ ' Cexp.
e Require ratio of rates: g, < 1

Entropy per partichkr va. time
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Thermalization very sensitive to initial conditions!



A Hadron at High Encrgics

"Wee" Parton Cloud

Valence
Partons

|k >=lqqq > +lqqq9 > +--- + |g9q--- 999939 >
Faih Wee Parton carries onfy a small fraction v= ET/PT <o

of memteniimn Y of the hadrow/naefous

@ What is the behavior of Wee Partons in a

High Encrgy Hadron ?



Parton Ehstribuations at sinall x

i (04 =20 Gev2

Q2 = 200 Gev?

RGix0%)

Wee partons (x <<1) responsible for
multiparticle=production at high energies

At small x, the gluon distribution saturates
forming a Color Gilass Condensae

Gluon density per unit area
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Low Enengy

Can compute initial conditions in
Classical (f ~ e > 1)
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““Color Glass Condensate” =>Low p_t physics at RHIC
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« Classical equations of motion
# | WO sources ot color charge py, po
s Can be numerically solved on a lattice

s Can be analytically solved in the weak tieid
Hrmit

# Initial energy density, number density, etc.

Raju Venugopailan
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Classical Fields with occupation # o ay

~» Non-perturbative formulae for initial glue distributions

# Classical approach breaks down at late time when f<< 1.
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Physics so far

Refining the initial conditions

impose neutrality w.r.t. color charge and color
dipole moment of each nucleon.
in a nucleon, begin with

{(p*(Ap°(F)) = AL*28F - 7

and remove the total color carge and dipole mc
by subtracting uniform distributions.

Nucleons uniformly distributed within a spherica
nucleus:

A(r) = wbw_ V2~ r?

nucleon Nucleus

CNS/RIKEN, November 2002 10
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rebn © onsteames on D inal State Muodels tronn © assieal Breddd eesals

If|ru| BRI dat

E%lue ~ E?ﬁadrﬂns

Ng“..IE < N hadrons

==> 13GeV<Q_s<2GeV at RHIC energies

ETQIUE
114GeV < [ < 1.76Gev

GeV | GeV

7.1 o giue - 40 =

fm3 = ° fm3
0.8 Am & T, L 045 Jm

® E_t~500GeV N~ 1000 atcentral rapidities in Au=-Au at RHIC

o Golec-Biemat—Wusthoff Parametrization of HERA data
extrapolated to RHIC gives Q_s ~ 1.4 GeV



From Classical ficlds towards Thermalized QGP...
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2 Monte~Carlo simulations problematic due to

Quantum Mechanical Coherence...

@ “Bottom—Up'" Thermalization—can follow evolution from

classical stage up to thermalization—requires (s << 1
Baier,Mueller, Schiff,Son

a) CGC + Hadronization - ‘ignore” final state interactions

b} Ideal Hydro+ Mini—Jets—""ignore” initial state interactions
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RHIC Phenomenology: Current Status

The CGC Scenarto:

A} CGC + Parton-Hadron Duality

B Exphuins Global Features-Energy, Rapidity, Contrality Dependence

{ also, see BMSS)

l Right p._T dependence at moderate p_T (~2-9 GeV)

{ via Geometrical Scaling) hhaicc A

B toblems:v 21

N T T 1 S S T ST T BT I

— Possible way out—' ‘Non-Flow Comelations”

hovech o ol

. B) €CGC + Hydro:

| EFEY I S [T F PRTER N FYT B BT

——Combines nice feamres of both approaches—phenomenology needs

furthar study



The Ideal Hydro + Energy Loss Scenario
{ A QGP Scenario...)

i Mimicine o st i dheadhich N

. Proes very well with low p_ T spectra /particle ratios

pno- M Thes RO

. v_2, for charged hadrons, flavor

( requires very carly thermalization times of (.6 fm...)

. HB-T poses problems=opaque, short=lived sowrce?

SR T | RIS BT IR U PER LS

. Encrgy Loss explains suppression qualitatively—tecent quantitative reselts

necd to be better understood.
B v_2achigh p_Tis problemaic

. Independent Fragmentation £ails for Baryons (see Kretzer talk tomormow)

—recent work on “‘recombination” models.

e Open Conceptual and Phenomenological issucs

in all approaches



® Implement Qs = Qs 7, b)

with determined from HERA data and nuclear

geometry a la Kowalski-Teaney

-no free parameters

v ks S ara e v

. Extend formalism to 3+1——D: essential for

—transport studies of thermalization
—implementation of Wilsonian RG.

Teond Krasniz s, B



