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|. Quantum van der Waals Equation of State van der Waals
1873, Ph. D. Thesis 1910, Nobel Prize in Physics i
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Willadr Gibbs

Chemical potential was invented by Gibbs in 1873
GCE: p(T, )= py(T. 1" )-an’
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Nuclear Matter = nucleons with van der Waals EoS
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1l. Critical Point and Fluctuations

Scaled Variance

Vovchenko, Anchishkin, M.1.G., J.Phys. A (2015)

2 2
a)[N]E<N >—< N > _
<N >

a=0, b=0 - o[N]|=1
a=0—> a)[N]:(l—bn)2<1
n—0 a)[N]:l

71 -1

1 2an

(1-bn)* T

M.1.G., Hauer, Nikolajenko,
Phys. Rev. C (2007)
Excluded Volume Model, i.e. a=0



Skewness and Kurtosis
Central Moments: < (AN )2 >, <(AN )3 >, <(AN )4 > ..

2
Scaled Variance: w|[N]| = <(aN) >, AN =N-<N >
<N >
3
Skewness: So = <(aN )2>,
<(AN) >
4 _ 2 2
Kurtosis : Ko = (N) 3<2(AN) .
<(AN) >
oO"(p/T*
Cummulants: K,= (p n) , n=12,..
(3(,u/T)
Vovchenko, Anchis_,hkin,
o[N] = Ko soks gz Ke o BSRVCT
K, K, K, ;



Particle Number Density n(T, 1) L. =908 MeV
40
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Scaled Variance ®[N] >>1along crossover
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So=0 crossover Skewness So<0 liquid
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xko°<<-1 crossover Kurtosis
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1. QvdW equation for the HRG

p(Tuu): Puv + Ps + pgy
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V. STAR data for net proton fluctuations in Pb+Pb collisions

Vovchenko, Lijia Jiang, M.I.G., Stoecker,
Phys. Rev. C (2018)
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scenario |: QCD critical point dominates
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V. Electric Charge Fluctuations
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Summary

Hadron resonance gas with vdW interaction between baryons
and between antibaryons

1. Provides an example of the systems with 15t order liquid-gas phase
transition and critical point in nuclear matter.

2. Gives a description of thermodynamical functions and fluctuations
of conserved charges in Lattice QCD.

3. Explains the STAR data for skewness and kurtosis of the net proton
fluctuations.

Conclusions

Effects of the nuclear matter critical point are seen
In the lattice data and in nucleus-nucleus collisions.
No signhatures of the QCD critical point have been found.
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