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• Crossover at ! " # $
• First order phase transition 

at non-zero ! " ?
• An critical end point at the 

end of 1st order transition 
line?
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S. Gupta, et al., Science, 332, 1525(2011).
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• sensitive to correlation length(ξ). 

δN 9 ~ξ9, δN * ~ξ0.<, δN 0 − 3 δN 9 9~ξ?

M. A. Stephanov, Phys. Rev. Lett. 102, 032301 (2009).
M. A. Stephanov, Phys. Rev. Lett. 107, 052301 (2011).
M.Asakawa, S. Ejiri and M. Kitazawa, Phys. Rev. Lett. 103, 262301 (2009). 

Higher Moments
• definition

• CA = N

• C9 = δN 9

• C* = δN *

• C0 = δN * − 3 δN 9 9

• reflect the shape of certain 
distribution

• reflect non-gaussian distribution
gaussian distribution is zero at 
higher order(>2)

• cumulant ratios :

Sσ =
C*

C9
, κσ9 =

C0

C9

EF = F− F

F = FGHIJKLMN −FH$JKOGHIJKLMN

Fluctuation of conserved quantities

• directly connected to susceptibility of the system

• net-baryon → net-proton
net-strangeness → net-kaon
net-charge

The 4th CBM-China Workshop
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STAR, PRL105,022302;; PRL112,032302 (2014).
X. Luo (for STAR Coll.), PoS CPOD2014 (2015) 019
Phys. Rev. Lett. 113 092301 (2014). Phys. Lett. B 785,)551)(2018). 

In Experiment

• Non-monotonic energy dependence of Net-Proton’s κσ# observed. 

• Weak energy dependence in net-charge and net-kaon results within errors

The 4th CBM-China Workshop
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In Experiment

• How will non-critical effects influence net-p, net-k and net-q fluctuation in model ? 
Resonance weak decay
Hadronic scattering

The 4th CBM-China Workshop
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Calculation Detail

Net-Proton Net-Kaon Net-Charge

|y|<0.5 |y|<0.5 |η|<0.5

0.4 < p' < 2.0 0.2 < p' < 1.6 0.2 < p' < 2.0

Most central (0-3fm)

Centrality bin width corrected

statistical error calculated by Delta theorem (Phys. Rev. C91, 034907)

JAM Model

The 4th CBM-China Workshop
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• Proton and anti-proton have smaller difference at larger energy in 
mid-rapidity region.

The 4th CBM-China Workshop



Rapidity dependence of net-proton cumulants
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−∆#2 < # < ∆#
2 ! Higher order cumulants are suppressed

The 4th CBM-China Workshop
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Part 2 – Energy Dependence of Cumulants
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! Turning off resonance weak decay suppresses net-proton cumulants in first 3 order cumulants.
! Elastic scattering shows little influence on all 3 net-particle cumulants
! Weak decay and elastic scattering show no big influence on net-kaon and net-charge cumulants.

The 4th CBM-China Workshop



Energy Dependence of Cumulant Ratio
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! ! " #is around unity within reasonable statistical errors which is consistent with Poisson baseline.
! no significant difference found when turning off weak decay and baryon elastic scattering.
! ! " # shows no significant energy dependence.
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