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QCD phase diagram
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Motivation

v" There isn’t yet direct experimental evidence for the smooth crossover at pus~0 MeV.

v  Sixth-order cumulants of net-charge and net-baryon distributions are predicted to
be negative if the freeze-out is close enough to the phase transition, which is the

characteristic signal for Vsyn>60 GeV.
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Motivation

v There isn’t yet direct experimental evidence for the smooth crossover at us~0 MeV.

v  Sixth-order cumulants of net-charge and net-baryon distributions are predicted to
be negative if the freeze-out is close enough to the phase transition, which is the
characteristic signal for Vsyn>60 GeV.

v LQCD also predicts negative sign around transition temperature.

S. Borsanyi et al, JHEP.10.205(2018)
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Fluctuations of conserved quantities PRL 105, 022302 (2010):
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Particle identification

v  dE/dx measured with TPC is used for proton identification at low pr region.
v' The combined PID with m2 from TOF is used at high prt region.
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Analysis methods

v Centrality bin width averaging is done for the reduction of the initial volume
fluctuation.

v Calculate the cumulants at each value of the multiplicity used for centrality,
then weighted-average these in each centrality bin.

- X.Luo, J. Xu, B. Mohanty and N. Xu. J. Phys. G40,105104(2013)
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v Efficiency correction on cumulants have been done assuming the binomial
efficiencies.

- M. Kitazawa : PRC.86.024904, M. Kitazawa and M. Asakawa : PRC.86.024904

- A. Bzdak and V. Koch : PRC.86.044904, PRC.91.027901, X. Luo : PRC.91.034907
- T. Nonaka, M. Kitazawa, S. Esumi : PRC.95.064912

- X. Luo, T. Nonaka : PRC.99.044917
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Net-proton Cs/C>

v Ce/C2>0 at 54.4 GeV and Ces/C2<0 at 200 GeV
v Qualitatively consistent with PQM model prediction
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Net-proton Cs/C>

v Clear separation and opposite signs between two energies in 0-40%.
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UrQMD at 200 GeV

v Clear separation and opposite signs between two energies in 0-40%.
v UrQMD result shows positive signs for all centralities at Vsnn = 200 GeV.
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Comparison with LQCD

v Clear separation and opposite signs between two energies in 0-40%.
v UrQMD result shows positive signs for all centralities at Vsnn = 200 GeV.
v 200 GeV results are consistent with the LQCD results.
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Acceptance dependence

v Monotonic decrease with enlarging the acceptance.
v pt dependence seems to be saturated at 0.4<pr<1.7 GeV/c.
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Summary

v Cs/C2 of net-proton multiplicity
distributions show

- nhegative value in 0-40% centrality at
Vsnn = 200 GeV

- positive value in 0-40% centrality at
VsnN = 54.4 GeV

- linear decrease with respect to pr
and rapidity coverage.
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A) A. Bazavov et al, PhysRevD.95.054504
B) Z. Borsanyi et al, JHEP.10.205
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Higher-order fluctuation

4+ Moments and cumulants are mathematical measures of “shape” of a distribution
which probe the fluctuation of observables.

v" Moments: mean (M), standard deviation (o), skewness (S) and kurtosis (k).
v S and k are non-gaussian fluctuations.
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Efficiency

v Single-particle tracking efficiencies for /K/p have been estimated by

embedding simulation.

v TOF matching efficiency is obtained from the real data.

Efficiency
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Net-charge at Vsnn = 200 GeV
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