Search for Hadronic Shore
in High-Energy Nuclear Collisions
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Many Thanks to Organizers!

M. Bleicher, V. Koch, H.G. Ritter, K. Schweda, Z. Xu



Ed Shuryak: “One may have an absolutely correct
theory and still make accidental discoveries...”

Columbus’ Theory:
(1) world is not flat, E, => S,
(2) if he goes west he should eventually come to India
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We set out at RHIC we find wQGP. But 1000 experimentalists

found something else on the way... the sQGP !
Gyulassy RBRC/BNL 12/16/04 8

Two unknowns:

(1) The properties of 'sQGP’ and (2) the phase boundary

Nu Xu
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RHIC heavy-flavor program / LHC:

- Study medium properties at RHIC
- pQCD in hot and dense environment

RHIC energy scan / GSI| program:

- Search for the possible phase boundary.

- Chiral symmetry restoration
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- What have we learned at 200 GeV?

- Why do we want to revisit the lower energy
region?

- Can we do better?

» Mapping the landscape of the QCD phase
diagram and search for the native hadronic
shore
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~=2  Hadron Spectra From RHIC

p+p and Au+Au collisions at 200 GeV
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STAR white papers - Nucl. Phys. A757, 102(2005).
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2 Yields ratio results
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200 GeV "¥"Au + "®"Au central collision

- In central collisions, thermal model fit well with yg= 1. The system is
thermalized at RHIC.
- Short-lived resonances show deviations. There is life after chemical

freeze-out.
RHIC white papers - 2005, Nucl. Phys. A757, STAR: p102; PHENIX: p184.
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¢ -mesons flow = partonic flow

Vs, = 200 GeV "¥"Au + "®"Au Collisions at RHIC (1V)
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¢-mesons are very special:

1. they do not re-interact in hadronic environment

2. they are formed via coalescence with thermal s-quarks
3.

they show strong collective flow
STAR: QM2005 / SQM 2006
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Multi-strange Hadron Ratios
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In heavy ion collisions at RHIC, up to p; ~ 4 GeV/c, (*model predicts 8 GeV/c)
the strangeness production is dominated by the thermal like processes.

*Hwa and Yang, nucl-th/0602024; STAR data: QM05, SQMO06
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. Collectivity, Deconfinement at RHIC

VS, =200 GeV ¥ Au + ¥ Au Collisions (min. bias)

, - V,, spectra of light hadrons
(b) and multi-strange hadrons
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Nonaka et al. PLB583, 73(04)
X. Dong, et al., Phys. Lett. B§97, 328(04).
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-1 Non-photonic Electron Spectra

M. Djordjevic, et. al. nucl-th/0507019
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-Partonic energy loss - necessary for the plasma formation!

- Challenge to pQCD energy loss calculations!
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-=5 High-Energy Nuclear Collisions

Goals:

(2) Study the properties of the partonic matter

(3) Demonstrate the transition between partonic
and hadronic worlds - the hadronic shore

(1) Identify the bulk-matter (EOS) with partonic d.o.f

Nu Xu The Physics of High Baryon Density, ECT*, Trento, May 29 - June 2, 2006
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= QCD Phase Diagram
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QCD Model: End point
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""" Model: MIT bag/QGP gas ®
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A  Chemical freeze-out data e .. .
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‘_ important.
ol hadronic phase ‘ |
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0.01 0.1 1 M.A Stephanov, Prog. Theor. Phys.
Baryon Chemical Potential pg (GeV) Suppl. 133, 139(2004); Int. J. Mod.

\Phys. A20, 4387(05); hep-ph/0402115
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2§ Freeze-out Systematic
At freeze-out:
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1) VvV, 2 V| iimum (NUCleon driven dynamics)
2) P:v, = 0(E,, ~3.5GeV, collision geometry & passing time, EOS change)
3) v: Av,= 0 (pressure driven expansion)

Hydro model: Heinz & Kolb, nucl-th/0305084
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HBT systematic

Au(Pb) + Au(Pb) Central Collisions
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Study of Strongly Interacting Matter

PR NA49 Experiment:
. (1) The “horn” structure in
: (KH)/(rt*) ratios observed
AR PSR it _ _
1 10 lo- (2) Increased fluctuation signal
- 10p - at lower beam energies
=7 K +K)/(n"+m)
2 8- * Data 2 — 2 2
-% ; I{ . [T:).\IDVIJ 9] dyn = 0 data = 9] mixed
g 6 }{i I I C. Blume (NA49), hep-ph/0505137
5 4 1 RN
g | ! (3) Data suffer low statistics
g 2f :
g | and large systematic
Y50 15 w0 uncertainties, due to
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Study of Strongly Interacting Matter
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Injection energy: 9.8 => 2.3 GeV
The center of mass energy: 200 - 4.6 GeV
Low energy scan program: 20 - 4.6 GeV

— D P = e ——

___ 2 = b -
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) STAR Upgrade Programs

hy—

HFT: 2 layers
of Si at mid-y
Finish: 2010

STAR MRPC ToF:
Ap=2m at mid-y
Finish: 2008

TOF: Large acceptance: 2t coverage at mid-y and low p+
Good PID: K, =t ID p; ~ 1.8 GeV/c and p ID p; ~4GeV/c
HFT: Allows to reconstruct conversions effectively.
Very important for di-lepton program
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=0 QCD Phase Diagram

High excitation
Partonic d.o.f. dominant

“Tsunami at deep ocean” '
Null effect!!! partonic world
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Systematic study of correlation/fluctuations
Systematic of di-lepton signal

U+U collisions
Large acceptance !!!

Nu Xu The Physics of High Baryon Density, ECT*, Trento, May 29 - June 2, 2006 21/22



Observables

- Spectra, v,, and HBT of t, K, p, ¢, A, A, E, Q, D, JA
- Vector mesons: p, a, ...

- Fluctuations: (N(h#) ), (N(K)/N()), (N(P)/N()), (P, Oy

- Beam energy: RHIC 20 -- 4.6 GeV
FAIR 8.2 --2.1 GeV
Step |: Disappearance of partonic activities

Step II: Fluctuation and vector meson production
Theoretical efforts, predictions, are essential!

QCD is great, we know!
Please give a (some) measurable prediction(s)!
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