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Die Ursuppe l3asst gruBBen

Physiker haben moglicherweise Materie vom Anbeginn der
Zeiten rekonstruiert: In ihrem Beschleuniger konnte eine
Ursuppe aus Quarks und Gluonen entstanden sein, wie sie
unmittelbar nach dem Big Bang existierte.

Am Anfang war das Quark-Gluonen-Plasma: In den ersten
Mikrosekunden nach dem Urknall gab es keine Atome. Nicht einmal
ihre Kernbausteine, die Protonen und Neutronen, waren geboren. Im
Universum schwirrten lediglich deren Bestandteile ungebunden
umbher: Quarks und ihre Klebeteilchen, die Gluonen.

Die Freiheit wahrte jedoch nur
Sekundenbruchteile. Wahrend die
Temperatur des Alls rapide absank,
organisierten sich Quarks und Gluonen
zunachst zu Protonen und Neutronen.
Daraus entstanden kurz darauf
Atomkerne, die schlieBlich zu leichten
Atomen wurden. Etwa 13 Milliarden
Jahren spater haben Physiker
begonnen, diesen Prozess zumindest in

Teilchenbeschleunigern wieder Brookhaven National Laboratory

umzukehren. Ergebnis der Kollision Q”
zweier Goldionen-Strome

el B Vnide oo 2ot B e Jalo im RHIC: Extreme Eneraie
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Cooking Quark Soup
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Exploring QCD with Heavy lons
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Particle Production at RHIC

Bulk Production

Hard Scattering
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Initial State
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Control Parameters: Centrality

\% 8 pectators

Smaller Impact Parameter b

'

More Participants (N ) = Wounded Nucleons

'

Bigger Collision System
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Control Parameters: Centrality

Glauber Monte Carlo |
| | | | | ! |
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100 200 300 400

N

part

« Centrality controls

— Volume (N,,)
— No. of binary collisions (N_,)
— Shape of interaction region

N+ VS N

par coll
— soft vs hard processes

— coherent vs incoherent
production
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Relativistic Heavy lon Collider

First Physics in ‘00
Versatile machine
— Au+Au (‘00-°02)
* 19.6 GeV
« 56 GeV
* 130 GeV
« 200 GeV
— p+p (02,'03)
« 200 GeV
polarized

— d+Au (‘03)
. 200 GeV

P —

4 Experiments
— 2 big
— 2 small
« Complementary capabilities
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Initial State of the Collision
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Particle Multiplicity at RHIC
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Multiplicity at low end of range

— But: Energy density 30x nuclear
matter

Most models didn’t do so well

Data: PHOBOS

Phys. Rev. Lett. 85,3100 (2000)
Phys. Rev. Lett. 87,102303 (2001)
Phys.Rev. Lett. 88 , 22302 (2002)
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Color Glass

Particle Multiplicity at RHIC
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Parton Saturation

Low Energy

High Energy
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Color Glass

Particle Multiplicity at RHIC

PHOBOS Central Au+Au (200 GeV)
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Parton Saturation
Kharzeev, Levin

Kharzeev & Levin, Phys. Lett. B523 (2001) 79
Data: BRAHMS, PRL 88,202301 (2002)
MPI Munich 15/7/2003



Hot, Dense Matter?
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Hard Probes of Dense Matter

: Drees, QM’01
Jet cross-section N rees
. Py CDE © 1800GeV
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STAR Au+Au

Run:event 4093: 1000 Ctrk(N= 45 Sump= 72.2) Ecal (N= 25 SumnE= 31.0)
Ebeam 45.682 Vtx (-0.04, 0.08,-0.55) Heal (N=22 SumE= 22.6) Muon(N= 0)
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Hard Probes of Dense Matter

Jet cross-section Study fate of jets in
calculable in QCD dense matter in Au+Au

\4

Leading Particle

Hadrons
Leading Particle

47 \ Hadrons
Hadrons
\ Leading Particle
Leading Particle Poor man’s jet: Leading Particles
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“Jet Quenching” at High p+

N
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Yield at high p; in AA is 6 times smaller than expected
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Jets in Dense Matter

— —

- T_e}cling Particle

Are we really looking at jets?

 Look for jet structure by
measuring

— Small angle correlations
— Back-to-back correlations

relative to high p; leading
particle

N /
~Leading Pdrticle
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Jets in Au+Au data

~AutAu peripheral

PRL 90, 082302
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Jet suppression via Energy Loss
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Vitev, Gyulassy, PRL 89 (2002)
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Suppression due to the energy loss of fast partons in
plasma via induced gluon radiation
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Centrality Dependence vs p+

‘HOBOS, nucl-ex/0302015
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N .t Scaling in Saturation Model

Kharzeev, Levin, McLerran, hep-ph/021332
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High p; suppression as an initial state effect:
Parton saturation breaks incoherence
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Predictions for d+Au

Parton Saturation

Kharzeev, Levin, McLerran, hep-ph/021332

the number of collisions expected in perturbative QCD. We expect the saturation effects to set
in around N/, ~ 6, corresponding to the impact parameter of dAu collision b = 5+ 6 fm [53].

part (=1 ]
We thus predict that around _\','"‘",‘, ~ 6 the yields of high p; particles would begin to deviate
from the scaling with the number of collisions N, ~ .\',‘,,‘,’,‘.,: the vield per participant will start
to decrease as (Nj%,) /2. In 15% most central dAu events, where A\',‘,’},',‘v, ~ 12 [53], we therefore
expect to see the normalized yield of (6/12)1/2 ~ (.7, cerresponding to =~ 30% suppression
of high p, particles’.

The scaling of semi hard processes in dAu collisions with centrality at

“~30%suppression of high p; particles”
(central vs peripheral)

Gunther Roland/MIT

wAQCD

Vitev, nucl-th/0302002, Phys.Lett.B in press
Vitev and M.Gyulassy, Phys.Rev.Lett. 89 (2002)

Nuclear Modification Factor R,
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Results for d+Au

PHENIX d+Au: nucl-ex/0306021

STAR d+Au: nucl-ex/0306024
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Centrality dependence of Ry,

o PHOBOS d+Au: nucl-ex/0306025
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All syst. uncertainties: 90% C.L.
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Back-to-back ‘Jets’ in d+Au
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Properties of the Dense Matter
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Hydrodynamics and Spectra

Kolb, Rapp, Phys. Rev. C 67 (03) 044903

"o PHENIX prelim.
* STAR prelim. |
+ PHOBOS prelim
v BRAHMS prelim
— T=165MeV

— T=100 Mev NYVArO

0 2 3
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Parameters:

T, = 0.6 fm/c

So = 110 fm=3

So/nhy = 250
Tcrit=Tchem=165 MeV
T4ec=100 MeV

MPI Munich 15/7/2003
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Transverse Expansion
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Azimuthal Anisotropy
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“Head on” view of colliding nuclei
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Anisotropy v, vs Centrality
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Hydrodynamics and v,

Kolb, Heinz, nucl-ex/0204061

| 4% STAR -
< — hydro EOS Q
€ | — hydro EOS H
AN
>

- Data consistent with hydro calculations
+ Sensitivity to EoS
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New New Form of Matter
VS
Old New Form of Matter
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Particle density near midrapidity

o 5 T T T T T TTTT T T T TTTTT T T T TTTT
gt ¥ FRHIC comb. 130 GeV
3 - -
=
) ® PHOBOS (RHIC)
¥ 4+ _
3 !
-% W NA49 (SPS) T
% A ESBEBETIT (AGS) i
3L _|
1
o 2 :
— i -
- :
2
0 | I I | II| | | I | I| 2 | | I T |
1 10 10

Gunther Roland/MIT

\ sy (GeV)

dN,,/dn’AN__ /2)

pPa

dN_,/dn’'AN__./2)

PHOBOS PHOBOS nucl-ex/0210015
T T T T T T ! ! ' T ' ' ' :
Ti oGk central ]
i %ooooo o% e 200 GeV |
3 0 130 GeV N
L m 19.6 GeV .
2— san, -
- ) B
0 RS ! o ¢ .
4 N 35-40% central n
i %000
3”‘T j)oOOOO
2%
- b)
0 | |

MPI Munich 15/7/2003



Gunther Roland/MIT

Jet suppression via Energy Loss
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Suppression due to the energy loss of fast partons in
plasma via induced gluon radiation
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K/ (y=0)
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Non-monotonic Evolution!
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Oeschler, PBM, Redlich: Thresholds vs Baryo-chemical potential

Too kinky!

MPI Munich 15/7/2003



Kaon Slope Parameters
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Summary

« Extensive and Consistent Data Set
— BRAHMS, PHENIX, PHOBOS, STAR
— AGS, SPS, RHIC

« Multiplicity, Parton Energy Loss, Elliptic Flow
— Hot and Dense Matter
— 50-100x normal nuclear matter density
— Opaque to fast partons
— Small mean free path

« Challenge: Consistent Dynamical Scenario
— Energy Dependence
— Soft vs Hard particle Production
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Back-up Material
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Centrality Determination

HIJING Simulation
——

In d+Au

dN/dh

[

200

5 — 0 ' P 0 50 100 150
Pseudorapidity Multiplicity distribution
Centrality Selection| (Npart) (Ncou) |Efficiency
0—20% 15.54+1.0|114.6 +£0.9 2%
20-40% 10.94+0.9| 9.7+ 0.8 73%
40-70% 6.7+0.9|5.440.8 49%
70-100% 3.3+0.712.24+0.6 14%
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Blast Wave & Bose-Einstein Correlations

Particle Emisson
over few fm/c

g

— Lifetime ~10 fm/c

Fabrice Retiere SQM ‘03, Mike Lisa
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