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Hadron gas:

Net-charge fluctuations
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* Scaled vy,[+,-] shows increasing correlations with increasing multiplicity for all systems,
* net-charge fluctuations are strongly dominated by resonance contributions.



@) Lattice QCD meets experiment
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fluctuations of the number of conserved charges.
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Net-proton fluctuations at LHC energies

2nd order cumulants
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2"d order: Deviation from Skellam baseline
due to Baryon number conservation.

long-range correlations (An about +2.5)
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ALICE collaboration, arXiv: 2206.03343

3rd order cumulants
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@ Lattice meets experiment: Probing the QCD Ciritical Point

fluctuation of conserved quantities

Moments of Net-proton STAR: PRL 130, 82301 (2023)
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* Net-proton kurtosis ratio shows non-monotonic behavior as a function of collision energy.

* At 3 GeV, the fluctuations are driven by baryon number conservation (matter hadron dominated).
* Higher order moments can pin-point the nature of phase transition (cross-over).



Isothermal compressibility =~ Eauation of State Heat capacity
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Ratio to 2.76 TeV
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Fluctuations of mean gy

(pr) fluctuations result from fluctuations of the energy of the fluid when the hydrodynamic expansion starts.
(pr) is a proxy to the system temperature => measure of temperature fluctuations = heat capacity.
Higher order: probes of QCD thermodynamics at higher T, achieved during the early stages of the collision.
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Skewness (3-particle correlator):
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Kurtosis (4-particle correlator):
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Positive intensive skewness excess from its baseline

value observed - indicates hydrodynamic evolution.
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