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Particle yields and their ratio, as well as LGT results at

T <T, are well described by the Hadron Resonance Gas

Partition Function . Budapest-Wuppertal LGT data
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O(4) scaling and critical behavior

Near T, critical properties obtained from the
singular part of the free energy density
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O(4) scaling of net-baryon number
fluctuations

The fluctuations are guantified by susceptibilities
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Kurtosis as an excellent probe of deconfinement

S. Ejiri, F. Karsch & K.R.
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The R,, measures the quark
content of particles carrying
baryon number

HRG factorization of pressure:

P®(T, 1) = F(T)cosh(3u, /T)

consequently: c,/c, =9 In HRG
In QGP, SB=6/x"
Kurtosis=Ratio of cumulants
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excellent probe of deconfinement




Deconfinement Is de

nsity driven - (percolation)

LGT result shows:

strong dependence of T
on mq and N however "
for N, =2,3 and for all mq
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Kurtosis of net quark number density in POM model
V. Skokov, B. Friman &K.R.
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Ratios of cumulants at finite density
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Deviations of the ratios of odd and even order cumulants from
their asymptotic, low T-value, C,/C,=cC,/C, =9 are increasing
with  £#/T and the cumulant order

Properties essential in HIC to discriminate the phase change by
measuring baryon number fluctuations !



Comparison of the Hadron Resonance Gas Model
with STAR data
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STAR analysis:
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Ratio of higher order cumulants
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Theoretical predictions and STAR data 12

Deviation from HRG if freeze-out curve close to L. Chen, BNL workshop, CPOD 2011
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Moments obtained from probability
distributions

Moments obtained from probability

distribution
<N*>=> N“P(N)
N

Probability quantified by all cumulants

P(N) = [ dyexpliyN — 7(iy)]

cumulants generating function: ¥ (Y) = BVIp(T,y+ ,D—l) - p(T, /DJ)] = Z){k y"
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Probability distribution of the net baryon number

For the net baryon number P(N) Is
described as Skellam distribution

P(N) = (%j |, (27BB) exp[~(B + B)]

P(N) for net baryon number N entirely
given by measured mean number of
baryons B and antibaryons B

In HRG the means B,B0 F(T,, x,.,V) are functions of thermal parameters at
Chemical Freezeout




Comlgaring HRG Model with preliminary
STAR data: efficiency uncorrected
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Influence of criticality on the shape of P(N)

quantifies the width of P(N)
P(N)~exp(-N?/ 2VT3;(B)

In the first approximation the Jg

Shrinking of the probability

distribution already expected due to

deconfinement properties of QCD
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Consider Landau model:

Influence of O(4) criticality on P(N)
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Contribution of a singular part to P(N)
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Influence of volume fluctuations on cumulants
Probability distribution at fixed V

P(N,V)= ( B)N 2 1, (2V, /anE)exp[—V(nB +n2)]
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Moments of net charge
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Net charge Moments with Volume fluctuations

Denote P(V) the probability distribution of volume V then

Moments of volume fluctuations: <V">= IV "P(V)dV

: 1
Cumulants of volume fluctuations: v, = v <(OV) >=<V?>-<V >2,...Vn =...

Moments of net charge for fluctuating volume:
N =00
< N* >V:IdVP(\/) > NP(N,V)
N =—o0

Corresponding Cumulants: C, =< (SN)? >, ,.C =




Volume fluctuations and the higher order cumulants for
Skellam distribution

apply generating function for |1,(x): ez(t+e) = Z t" 1, (2).

N=—0o

S (0N" sy = km
apply the relation o Uae) 77 2 s
Get cumulants that include volume fluctuations:

C, =k, +K°V,
C, = K, + KV, +3K,K,V,

C, = K, +i,*V, +61,K,°V, + 4KV, +3K,°V,

For v, =0 one recovers cumulants for the fixed volume




Volume fluctuations and higher order cumulants
iIn POM model in FR

approach
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Conclusions:

Hadron resonance gas provides reference for
O(4) critical behavior in HIC and LGT results

Probability distributions and higher order cumulants
are excellent probes of O(4) criticality in HIC

Observed deviations of the #; /}(2 from the HRG
as expected at the O(4) pseudo-critical line

Shrinking of P(N) from the HRG follows
expectations of the O(4) criticality



Ratios of cumulants d,?/d,° with d °=
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