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measuring correlation length with cumulants

STAR collaboration, Phys.Rev.Lett. 135 (2025) 142301
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Non-critical
References

Hydro PRC105(2022)
HRG-CE NPA1008(2021)
UrQMD (5% collisions)

Data: 70-80% collisions

  shows minimum around ~20 GeV comparing to non-CP models, 70-80% data 
1. Maximum deviation:  at 20 GeV (  at BES-I) 

2. Overall deviation from 7.7 -27 GeV:  (  at BES-I)

C4/C2
3.2 − 4.7σ sNN = 1.3 − 2σ

sNN = 1.9 − 5.4σ 1.4 − 2.2σ
HRG CE: P. B Munzinger et al, NPA 1008, 122141 (2021)  
Hydro: V. Vovchenko et al, PRC 105, 014904 (2022)

STAR
STAR

C4/C2
data − C4/C2

ref.

σtot.

Presumptions: 
1. homogeneous 
2. open thermal system

κ2 ≡ ⟨(δN)2⟩ =
T
V

ξ2 ,

κ4 ≡ ⟨(δN)4⟩ − 3(κ2)2 = − 6λ̃4
T
V

ξ7 .

M. Stephanov,  
Phys.Rev.Lett. 102 (2009) 032301
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inhomogeneous

J. Li, L. Du, SS, PhysRevC.109.034906
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L. Du, H. Gao, S. Jeon, C. Gale, PhysRevC.109.014907

inhomogeneous rapidity-dependent hydro  
 needed to understand experiment 
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see also: 
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(b) Continuous-source model
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(a) Single-source model

inhomogeneity

P (BD) =
∞

∑
ND,N̄D,ND−,N̄D−=0

(δBD,ND−N̄D
PA (ND) PA (N̄D)) × (δBD−,ND−−N̄D−

PD− (ND−) PD− (N̄D−)) × δB,BD+BD−
.

D : detected, D− : not detected;

conservation effect

N : baryon, N̄ : anti − baryon;

Vovchenko, Koch, PhysRevC.103.044903
Braun-Munzinger, Friman, Karsch, Redlich, Skokov, PhysRevC.84.064911

…

non-critical correlations baseline w/ inhomogeneous + conservation effects (3/9)
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solid: open thermal system 
dashed: closed thermal system with small width ( )w = 0.002
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non-Poisson distribution  conservation effect 
non-monotonic rapidity dependence  inhomogeneity
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Realistic measurements in BES:  
non-critical correlations baseline w/ inhomogeneous + conservation effects

non-Poisson distribution  conservation effect 
non-monotonic rapidity dependence  inhomogeneity

⇐
⇐

different beam energy

different inhomogeneity different conservation correction

fixed rapidity window 
different beam rapidity
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critical correlations in an inhomogeneous medium?

near CP

far from CP

ℓinhomo ≲ ξtherm
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critical correlations in an inhomogeneous medium?

near CP

far from CP

ℓinhomo ≲ ξtherm

Ω[σ(x)] = −
1
2

σ(x)∇2σ(x) +
1
2

m2σ2(x) .

Free energy density:

Hadrons coupled with a scalar critical field

m = 1/ξ(T, μ)

Review: Criticality in a homogeneous system
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⟨σ(x1)σ(x2)⟩ =
T e−m |x1−x2|

4π |x1 − x2 |
.

e−r/ξ
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𝒵
,
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Density matrix:

Hadrons coupled with a scalar critical field

Two-point correlation:

⟨σ(x1)σ(x2)⟩ = ∫ 𝒟σ 𝒲[σ(x)] σ(x1)σ(x2) .

m = 1/ξ(T, μ)

Criticality in an inhomogeneous system

σ(x) = ∑
n

sn ψn(x)

∫ β(x)Ω[σ(x)]d3x = ∑
n

1
2

λns2
n ,

⟨σ(x1)σ(x2)⟩ = ∑
n

ψn(x1)ψn(x2)
λn

.

( − ∇2 −
∇β
β

⋅ ∇ + m2(x) −
∇2β(x)
2β(x) )ψn(x) = λnψn(x)
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example: harmonic oscillator

ψn,+(x | p⊥) = cos(p⊥ ⋅ x⊥) ϕn(z) ,
ψn,−(x | p⊥) = sin(p⊥ ⋅ x⊥) ϕn(z) ,

λn(p⊥) =
(2n + 1) m0 ω + m2

0 + | p⊥ |2

T
,

Eigenfunctions can be solved analytically:

m2(x) = m2
0 + m2

0ω2z2, β(x) = β0 .

∙ x1

∙ x2

(8/9)
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inhomogeneity correction⟨σ(x1)σ(x2)⟩

=
T

4π |x1 − x2 |
e−m0(1+ω2 z2

1 + z1z2 + z2
2

6 )|x1−x2| + 𝒪(ω4) .
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summary and outlooks

disentangling finite-size effect from the critical correlations?

๏  modifies the baseline w/o criticality 

๏  corrects the critical correlation function 

• can be calculated (semi)analytically 

conservation effect 
inhomogeneous corrections 
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