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Introduction: QCD Phase Diagram & BES

lEarly Universe The Phases of QCD

Studying the Phase
Diagram of QCD
Matter at RHIC _qi

LHC Experiments
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Baryon Chemical Potential https://__drupal.star.bnl.gov/STAR/files/BES_WPII_ver6.9_Cover.pdf
Goal: Study the phase diagram of  QCD.
BES: Varying beam energy varies Temperature (T) and Baryon Chemical Potential ( ug).

Fluctuations in various observables are sensitive to phase transition and critical point.

Results from new data : Au+Au collisionsat! syy =54.4 GeV
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Observables

Higher moments or cumulants of net -particle distributions (B, Q, S).
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Higher order cumulants of conserved number
distributions are sensitive observables.* Related
to the correlation length and susceptibilities.
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The Sixth -Order Cumulant

Goal: Identification of O(4) chiral criticality on the phase boundary.

Freeze-out xBl x3 xél x5 )(f/ XZQ Xg/ Xg
conditions
HRG 1 1 ~2 ~10
QCD: 21 21 ~2 ~10
T/reeze T, <09
QCD: ~0.5 <0 ~1 <0
Tfreeze/ Tpc ~ 1

B. Friman etal, Eur.Phys.J .C71(2011) 1694
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The Cg of baryon number and electric charge fluctuations
remain negative at the chiral transition temperature.
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Data Set

Collision system and  energy AutAuat Vsyy =54.4 GeV
Baryon Chemical Potential ~ 83 MeV
No. of events ~ 550 Millions
Collision centrality 0-5%,5-10%,10 -20%, 20 -30%, 30 -40%, 40 -
50%, 50 -60%, 60 -70%, 70 -80%
Centrality Using charged particle multiplicity
Z Vertex +/ - 30 cm
Vertex radial position 2cm
Detectors for PID Time Projection Chamber and  Time -of-Flight
Analysis Particle Type Transverse Momentum Rapidity (y)
Range (pr)
Net-proton Protons and anti -protons ( p & p) 04t0 20 GeVic ly| < 0.5
Net-kaon Kaons (KT & K™) 0.2to 1.6 GeV/c ly|] < 0.5
Net-charge Protons and anti -protons ( p& p) 04t0 20 GeVic
Kaons (Kt & K7) 0.2to 1.6 GeV/c | n| <0.5
Pions (nt & ™) 0.2to 1.6 GeVic
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Centrality Selection

I Use charged particle multiplicity
excluding particles of interest to
avoid autocorrelation  effects.

I Corrected for luminosity and
Z-vertex effects.

AChatterjee etal, arXiv:1910.08004 | Compared to the MC  Glauber model.
I Charged particle multiplicity for Centrality | Refmult -3 | <Npart>| Events
net-proton analysis (Refmult -3) fitted with cuts (Millions)
Glauber MC Model. 0-5% 621 346 33
- 5-10% 516 292 34
- —ne 10-20% 354 228 70
; w0 20-30% 237 161 69
S il AurhuVsyy =54.4 Gev 30-40% 151 111 69
g 40-50% 90 73 67
s | 50-60% 50 45 64
S 60-70% 24 26 60
B R 70-80% 10 13 57

Uncorrected charged particle multiplicity (Refmult -3) -
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Normalised Number of Events

Event -by-Event Raw Net-Particle Distributions

Net-Proton
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Mean of net -particle distributionsincrease.
Width (or the sigma) of the distributions also increase.

Net-charge distribution has the largest width for a given centrality.
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Analysis Technigues (Corrections And Uncertainties)

Reconstruction efficiency correction - binomial model
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Sources of systematic uncertainties
Particle i dentification Track quality cuts

Background estimates (DCA) " Efficiency variation
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and systematic uncertainties

respectively .

Net-proton cumulants up to the fourth order

participant nucleons.

increases with average number of
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Centrallty Dependence of Net-Kaon Cumulants
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Centrality Dependence of Cumulant Ratios
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C,/C ; decreases from peripheral to central collisions. C,/C 5, and C 4/C , show weak

dependence on centrality. Only qualitative agreement with models expectations observed.
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Energy Dependence of Cumulant
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Centrallty Dependence of Cumulant Ratio C4z/C ,
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For most central collisions (0 -40%)
Ce/C ,<0at 200 GeV Cs/C ,>0at54.4 GeV at0-5%

Ces/C ,>0 at 54.4 GeV and 5-10% collision classes.

H#2

Observation of negative sign of Cgz/C 5, of net -proton distribution for most central
collisions at 200 GeV. Could be the experimental evidence of crossover phase transition.
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Summary

The first measurements of net  -proton, net -kaon and net -charge cumulants (up to the
fourth order) presented for  Au+Au collisions at! syy =54.4 GeV.

The cumulants of net -proton, net -charge and net -kaon up to the fourth order
increase with average number of participant nucleons.

The cumulant ratios of net-particle:
C,/C 1 shows a strong centrality dependence

Cs/C,,C,4/C ,and C ¢/C , have a weak centrality dependence

The centrality dependence of cumulant ratios is only qualitatively reproduced by the
UrQMD and HIJING models. Quantitative differences exist.

The C4/C , of net -proton and net -charge distribuions for central Au+Au collisions at
54.4 GeV are positive while that for 200 GeV, C¢/C , of net-proton distribution is
negative (most central). The observed negative sign of C4/C , at 200 GeV could be
experimental evidence of cross -over phase transition.
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Outlook: Beam Energy Scan Phase  Dll at RHIC
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Centrality Dependence of Cumulant Ratio Cg/C , of Net-Charge
Distribution for ~ Au+Au Collisions at Vsyy = 200 GeV
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Cs/C 5 of net -charge at 200 GeV is negative for most central collisions (0
Consistent with zero with  statistical uncertainty.

-10% centrality).




