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mphcations  for multiphoty  distnbutions  were
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II. Van der Waals Equation of State

1873, Ph. D. Thesis 1910, Nobel Prize in Physics
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V
CE F(\/,T,N):F(\/O,T,N)+jde > u= S—E GCE
V,

nT «
p(V,T,N) = o an®  — p(T,u)= pid(T’:u )—an2

u = u—bp(T, 1) —abn’ +2an
Rischke, M.1.G., Stocker, Greiner, Z. Phys. C (1991) b>0, a=0

Vovchenko, Anchishkin, M.1.G., J. Phys. A(2015) b>0,a>0
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Nuclear Matter = nucleons with van der Waals EoS
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Ill. Fluctuations at the Critical point

Scaled Variance

2 2
a)[N]E<N >—< N> _
<N >

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

- -1

1 2an

(1—bn)2 T

Vovchenko, Anchishkin, M.I1.G.
J.Phys. A (2015)

M.I1.G., Hauer, Nikolajenko,
Phys. Rev. C (2007)
Excluded Volume Model, i.e. a=0
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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 9
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 BSRVCTN
k1 kz kz 14



Particle Number Density n(T, 1) L. =908 MeV
40
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Scaled Variance ®[N] >>1along crossover
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V. VDW equation for the HRG and lattice QCD

=> 0 (T, 1),

P(T, 1) =Py +Pg+ P

Vovchenko, M.1.G.,
Stoecker, arXiv:1609.03975
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Summary

1. Van der Waals Equation of State for Nuclear Matter

Provides an analytical example of the systems with 15t order liquid-gas phase
transition and critical point.

2. Particle Number Fluctuations:
Scaled Variance goes to infinity at the CP.
For Skewness and Kurtosis the CP is a point of essential singularity:
l.e., the limiting singular values depend on the path of approach to the CP

3. Interacting Hadron Resonance Gas in the temperature region T=150-200 MeV
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