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Phase transitions

History of the Universe
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quarks and gluons recombine to hadrons
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recreating that stage in laboratories
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Critical phenomena
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Interactions are important for phase transitions
Large fluctuations close to the critical point
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Current status, pseudo critical point
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A. Bazavov et al., Phys.Rev. D85 (2012) 054503
freeze-out at the phase boundary!

T =154+9MeV, T, =156+3MeV

* E-by-E fluctuations:

* Tostudy dynamics of the phase transitions
* To locate phase boundaries
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Phase boundaries from first moments

Experiment
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works in the energy range spanning by 3 orders of magnitude! y axis: 9 orders of magnitude!

J. Stachel, A. Andronic, P. Braun-Munzinger and K. Redlich
J. Phys. Conf. Ser. 509 (2014) 012019
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LQCD calculations
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Consistent with HRG results Deviations are visible

F. Karsch, CPOD 2016

How to compare to experimental results?
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Exploring the structure of matter
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Centrality determination is crucial!

* Assumptions:
* Volume is fixed in each event
« Conservations are imposed on the averages

correlation term matters

CZ(AN):CZ(NB)+C2(NE)_2(<NBNE>_<NB><NE>) q
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NA49: Phys.Rev. C89 (2014) no.5, 054902
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Probing the matter in a wide energy range
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Dedicated Beam energy scan programs
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* Onset of deconfinement
* Search for the critical point
* Locating phase boundaries
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Net-charge
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No direct comparison due to different acceptances

Data matches with the difference of two Negative Binomial
densities fitted to the single multiplicity distributions
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Net-proton
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Excitation functions
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* How to interpret energy dependence?
* Baryon number conservation is not corrected for
 Volume fluctuations are not accounted for R. Holzmann, SQM 2016
* Isospin effects are important at lower energies
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ALICE RESULTS
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* New results on net-proton, net-kaon and net-pion fluctuations from ALICE will
be released soon
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Chemical fluctuations
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Fluctuation measures
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NA49/STAR Puzzle resolved
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Recent results from NA49
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Results From NA49/NAG61
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p+p results are described by
models. Energy dependencies
are driven by conservation laws
and resonance decays.
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Summary

Nor clear signals for the critical point are observed so far

Problems in understanding E-by-E measurements of conserved charges
* How to put acceptance threshold?
* How to compare to model calculations

* New results on net-proton, net-kaon and net-pion fluctuations from ALICE will be
released soon
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