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Goals of BES Program

lEarly Universe The Phases of QCD

LHC Experiments

Temperature

Study the phase
o M Sressover structure of QCD Phase
" diagram

Critical Point %) e ,,/_

Hadron Gas

Superconductor

Nuclear

/ Vacuum Matter Neutron Stars
0 MeV+

I‘ | |

0 MeV 900 MeV
Baryon Chemical Potential

» Consolidate the signals of quark-hadron transition

observed at top RHIC energies
> Look for signatures of possible 15t order phase transition

> Look for signatures of possible critical point :




Beam Energy Scan Program

STAR
Beam Energy | PHENIX STAR Year
(GeV)
5.0 v 2012 (Test
Run)
7.7 v v 2010
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Run)
11.5 v 2010
19.6 v v 2011
27 v v 2011
39 v v 2010
62.4 v v 2010
200 v v 2010
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BES: Freeze- out Dynamics
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Top RHIC Energy: NCQ, Scaling

Baryon-Meson Splitting - NCQ Scaling
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Low p;: hydrodynamic mass ordering
High p;: number of quarks scaling

v’ Partonic Collectivity
v’ De-confinement in Heavy-lon collisions
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BES: Break down of NCQ Scaling

Absence of baryon-meson splitting
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Top RHIC Energy: Suppression in High
p- Hadron Production
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BES: Enhanced High p; Hadron Productlo
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Top RHIC Energy: Charge Correlations

STAR:PRL 103 (2009) 251601,
STAR: 0909.1717
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v’ Strong external EM field

v De-confinement and Chiral symmetry restoration
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BES: Reduced Dynamical Correlations

Splitting of same charge sign and opposite charge sign correlations
with respect to event plane
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Equation of State

Yadav Pandit, QM2012
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Search for QCD Critical Point

Observable Sensitivity
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BES: Search for QCD Critical Point
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STAR net-proton results:

v Data show deviations below
Skellam expectation in the
0-5% most central collisions
for ko? and So at all energies.
Larger deviation at Vs, ~
20GeV

v UrQMD model show
monotonic behavior

v’ Higher statistics needed for
collisions at Vs,, < 20 GeV
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Summary

BES program allows for exploring the most interesting part of the
QCD phase diagram.

v Breakdown of NCQ scaling (as observed at top RHIC energy)

v" No suppression of high p; hadrons observed

v’ Substantial reduction of charge correlations

v" Hints of non-monotonic behavior of proton v, versus rapidity

v’ Deviations from simple Poisson expectation for observables
related to CP search

Signatures of partonic interactions for beam energies > 27 GeV
Dominance of hadronic interactions for beam energies ~ 11.5 GeV
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Outlook: BES Phase - |l

Increase in event statistics
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RHIC BES-II
(Vsyy =5 -20 GeV)

- QCD critical point
- phase structure
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QGP Properties
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