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Cumulants and phase structure
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What we always see.... What it really means....

“Tc” ~ 160 MeV
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How to measure derivatives
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Cumulants of Energy measure the temperature derivatives of the EOS

Cumulants of Baryon number measure the chem. pot. derivatives of the EOS




Simple model

Change degrees of freedom
at phase transition

Degrees of freedom
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Close to u=0

F=F(r), r=+T2+ay? a ~ curvature of critical line
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Compare Data with Lattice QCD




Compare Data with Lattice QCD

e Lattice cannot calculated hadron abundances
 Cumulants are well defined quantities
« Compare cumulants !?
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Protons vs Baryons

Kitazawa and Asakawa, PRC85, 021901 (2012)

Possible to relate proton cumulants to baryon cumulants

iIf fast isospin equilibration
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Doable but in general
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Compare Data with Lattice QCD

Example: “Charge” susceptibility
Xo= [ &< pla)p(0) >= [ & < 5(p)o(0) >

Equivalence of Integrated coordinate space and momentum space
correlation function

Experiment almost never integrates ALL of momentum space!

Lattice (hopefully) does integrate over all coordinate space
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Correlations: Lattice vs Data
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Dependence on Rapidity window

X. Luo, EMMI Workshop, Nov. 2015

» Kurtosis depends strongly o e ] T
- e . - > iTP -
on Rapldlty WlndOW Net-Proton, 0-5%
: : : 10F Aus isi _7.
« Comparison with Lattice: i oons | S =77 GeV
- Lattice catches the full o °f
correlation length ¥ BF - 04<p_(GeVic)<2.0
-need to expand rapidity o
window until signal f -
saturates e ez LB :
% o5 1 15

Any comparison of Lattice to Data needs to assure that cumulants
reach asymptotic value in experiment.
So far this has NOT ben established for proton cumulants




Long range correlations

Large correlation length (oy >> AY=1): Kn=Kn(<N>)
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STAR data at 7.7 GeV consistent with oy >> 1
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Net-baryon multiplicity distribution

Utilize of cluster expansion model of Vovchenko et al arXiv:1711.01261

P
Virial expansion: i~ —VT3 In(Z Zpk ) cosh (kfip)

Cluster model: P = f(p1 pg) k > 2
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Net-baryon multiplicity distribution

y e P
Virial expansion: == Wln Zpk ) cosh (kjip)
Z =exp |VT? Zpk(T) cosh(kiig)| = z0 + 2 Z zn cosh(Nip)
k=0 N=1
1N
ZnetB

Multiplicity distribution: PWN) = 7

AB — 1B

1

P(N) = - /O7T diip cos(Nig) exp [VT7 3y r(T) cos (i)

exp VT3> 77 pp(T)] pg =0
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Summary

* Fluctuations sensitive to phase structure:
- measure “derivatives” of EOS

« Cumulants contain information about correlations
* Comparison with Lattice require some care
* Net-baryon number distribution consistent with lattice

- Deviation from Skellam is very small!
- Measuring chiral criticality likely difficult
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Thank You
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model / Skellam
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model / Skellam
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Cumulants of (Baryon) Number

an an—l

B = T 7 T BTy

K; = (N), Ky=(N—(N))?, K3=(N—(N))

(V)

Cumulants scale with volume (extensive): K, ~V

Volume not well controlled in heavy ion collisions

Koy Ks Ky
(N) Ky K,

Cumulant Ratios:
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M—Hc

27



Preliminary Star data are consistent
with long range correlations
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