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Which part of the QCD Phase Diagram we are probing ?




Goals of Beam Energy Scan Program

LHC Experiments

lEar/y Universe The Phases of QCD

Study the phase structure of
QCD phase diagram

()
|
>
-
)
—
)
Qo
5
| —

170 My Srossover How :
oo Vary beam energy to change
Critical Point ENL = ) S temperatu re & ba ryon
Hadron Gas Superconductor Chem|Ca| pOtent'aI
Vacuum ,X,L;;;feir Neutron Sta{s
0 MeV |/ & 1 1
0 MeV 900 MeV SN0493 and SN0598

Baryon Chemical Potential

» Consolidate the signals of quark-hadron transition observed at top

RHIC energies
» Look for signatures of possible 1%t order phase transition

» Look for signatures of possible critical point




RHIC Beam Energy Scan-Phase |

Statistics(Millions) Year Hg (MeV) T (MeV)
(0-80%)

2010 420 140

SN0598

2010 315 152
2014 266 156
2011 205 160
2011 155 163
2010 115 164

2010 70 165

2010 20 166

Hg T:J. Cleymans et al., Phys. Rev. C 73, 034905 (2006).

14.5 results shown at QM2015, follows common trends with respect to yields
and ratios of produced particles 3
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Invariant Yields - Hadrons
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Yields and Ratios (Representatlve)
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Chemical Freeze-out

Chemical Freeze-out : inelastic collision ceases
Particle yields get fixed

*THERMUS : Statistical thermal model
Ensemble used — Grand Canonical and Strangeness Canonical

For Grand Canonical: Quantum numbers (B, S, Q) conserved on average

Tm’o. ~ (x| km,
_ mlgzz( ) e T K2( ml)

T

To consider incomplete strangeness equilibration:

N

n, —=nys

For Strangeness Canonical: Strangeness quantum number (S) conserved exactly

Extracted thermodynamic quantities: T, ug Wg and Ys ( strangeness saturation factor )

eThermus, S. Wheaton & Cleymans, Comput. Phys. Commun. 180: 84-106, 20009. 8
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Chemical Freeze-out (GCE)
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Chemical Freeze-out (GCE Vs. SCE)
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Chemlcal Freeze out : Constraln on MQ
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Chemical Freeze-out: Particle Species

Role of strange hadrons important
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T, (MeV)

T VS. Ug (GCE&SCE Yields and Ratio)
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Kinetic Freeze-out (Blast-Wave Model fits)
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Kinetic Freeze-out Parameters
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» The separation between T, and T, increases with increasing energy.

» The expansion velocity is observed to be constant around 7.7 and

17




Kinetic Freeze-out Parameters
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Freeze-out Results Summary
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BeSvprissiomiasond for exploring the interesting part of (ug . 20 -
420 MeV) the QCD phase diagram.



Some issues we can try to address
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1. Can one claim existence of CP region
in QCD Phase Diagram ?

{ 1(a) If Yes: What representation of

results is required ?

1(b) If No: What additional checks and

measurements needed from
experiment ?

What theoretical results
needs to be obtained

or compared with ?

2. Should we study C, at higher energies ?

3. Can experiment and theory colleagues together jointly get the
physics conclusion out for this result ?
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Experimentally look at next set of
Observables (till BES-II)

Mixed Cumulants

d"t™[P(T,p)/T? Correlations between Baryon number and
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too are parameter-independent. So, the last five ratios
in the table have no ¢-dependence. no dependence on the
four poorly known parameters, and no np-dependence.
This means that, after we subtract the Poisson contri-
bution to each of the cumulants involved, we can make
a robust prediction for the ratios of the contributions of
critical fluctuations. We find that these five ratios are all
precisely 1.
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