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The correlation function

• Correlation function: 𝐶2 𝑝1, 𝑝2 =
𝑁2 𝑝1,𝑝2

𝑁1 𝑝1 𝑁1 𝑝2

• Single particle distribution: 𝑁1(𝑝) = ධ𝑆 𝑟, 𝑝 |Ψ𝑝 𝑥 |2 𝑑4𝑥

• Pair momentum distribution:

𝑁2(𝑝1, 𝑝2) = ධ𝑆 𝑥1, 𝑝1 𝑆 𝑥2, 𝑝2 |Ψ𝑝1−𝑝2 𝑥1 − 𝑥2 |2 𝑑4𝑥1𝑑
4𝑥2

Phase-space densitity
What shape?

Exploring via femtoscopy!

Space-time
coordinates

Symmetrized
pair wave
function
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Pair source distribution

• Under some assumptions: 𝐶2 𝑄,𝐾 ≅ 1 + 𝑆׬ 𝑟, 𝐾 𝑒𝑖𝑄𝑟𝑑𝑟
2

• The pair source distribtuion

• Bose-Einstien correlation function:

*Instead of K, mT is often used

𝐷 𝑟, 𝐾 = නS 𝜌 +
𝑟

2
, 𝐾 S 𝜌 −

𝑟

2
, 𝐾 ⅆ4𝜌

𝐶2 𝑄, 𝐾 = න𝐷 𝑟, 𝐾 𝜓𝑄 𝑟 2 𝑑4𝑟

• r: Relative space-time coordinate
• 𝜌: Average space-time coordinate
• K: Average pair momentum*
• Q: Relative pair momentum

Experiment Simulation
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● Generalized central limit theorem:
○ Constant mean free path, finite variance:

Gaussian (𝛼 = 2)
○ Increasing mean free path, infinite variance

Lévy (0 < 𝛼 < 2 )

The shape of the source

𝑆 𝒓, 𝐾 = ℒ(𝛼, 𝑅; 𝒓) = (2𝜋)−3න𝑑3𝒒𝑒𝑖𝒒𝒓ⅇ−
1
2|𝒒𝑅|

𝛼

Retains the same 𝛼 under convolution:

𝑆 𝒓 = ℒ(𝛼, 𝑅; 𝒓) 𝐷 𝒓 = ℒ(𝛼, 2
1
𝛼𝑅; 𝒓)

𝛼 = 2 Gaussian
𝛼 = 1 Cauchy 

Normal

diffusion

Lévy 

walk

● Lévy-stable distribution:
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The aim of the analysis

• Experimental indications – Lévy source for pion pairs
RHIC (PHENIX, STAR), LHC (CMS), SPS (NA61/SHINE)
Phys.Rev.C 97 (2018) no.6, 064911; Universe 10 (2024) 3, 102
Phys.Rev.C 109 (2024) 2, 024914; Eur.Phys.J.C 83 (2024) 10, 919

• In case of elastic scattering dominated Lévy walk

Smaller 

crosssection

larger mean 

free path

heavier power-
law tail

𝛼(K)<𝛼(π)<𝛼(p)

Ordering       

of 

𝛼(K),𝛼(π),𝛼(p)

M. Csanád, T. Csörgő, M. Nagy, Braz.J.Phys. 37 (2007) 1002

Investigate in the 
EPOS model!
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The EPOS model

• 𝑠NN = 200 GeV Au+Au collisions generated by EPOS359

• The model is based on Monte-Carlo techniques

• The three stages of evolution:

• Initial interactions described by parton-based Gribov-Regge theory

(PBGRT)

• Viscous Hydrodynamical evolution (vHLLE 3D+1 viscous hydro)

• Hadronic rescattering, based on UrQMD

• Source function constructed using freezout coordinates
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Core-halo separation

• Single particle source: 

𝑆 = 𝑆𝑐𝑜𝑟𝑒 + 𝑆ℎ𝑎𝑙𝑜

• Pair source decomposes 𝐷׬) = 1):

D = D(c,c) + D(c,h) + D(h,h) 

• The experimentally accessible q region:

• Extrapolating to zero:

න𝐷(𝑐,𝑐) = 𝜆
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PAIR SOURCE distribution IN EPOS

CORE HALO

CORE

● Core-halo distinction appears

● Core: shorter-lived resonances

● Halo: weak decays of long-lived resonances

● Core: single Lévy-stable distribution
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• Fit the three normalized 1D projections of the 3D distribution simultanously for every 𝑘𝑇 and centrality class

→obtain 𝑚𝑇 and centrality dependence of the parameters

• Fitted function:

out

Fitting the source function

side long

K
p

𝜋
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Results – Lévy exponent 𝛼
0-10% cent. 10-20% cent. 20-30% cent.

PIONS KAONS

PROTONS

• Expectation based on elastic scattering dominated Lévy walk: 𝛼(K) < 𝛼(π) < 𝛼(p)
• Relation obtained in the simulation, contrary to expectations: 𝛼(K) ≈ 𝛼(π) < 𝛼(p)
• Probably due to inelastic scattering processes, resonance decays and resonance formation
• 𝛼(π) increases with mT: stronger resonance decay contribution for low mT pions
• Protons close to Gaussian limit: due to lack of decaying particles in the 10-100 fm range8/14



0-10% cent. 10-20% cent. 20-30% cent.

Results – 3d Lévy scaLe parameter R

• Clear Rout > Rside ordering for pions, due to prolonged emission duration → Lévy walk

P
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Results – 3d Lévy scaLe parameter R

0-10% cent. 10-20% cent. 20-30% cent.

• Kaon and proton sources 
generally show Rout ≈ Rside

• At high proton momenta 
Rside > Rout, likely due to 
stronger space-time
𝑥 − 𝑡 correlations
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Results – average Lévy scaLe 𝑅avg

0-10% cent. 10-20% cent. 20-30% cent.

PIONS

KAONS

PROTONS

• Decreases with transvers mass, as predicted by hydro
• No mT scaling between particle species, likely due to UrQMD
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Results – intercept parameter 𝜆
0-10% cent. 10-20% cent. 20-30% cent.

PIONS

KAONS

PROTONS

• Core-halo ratio: 𝜆 = 𝑁corⅇ/(𝑁corⅇ+𝑁halo)
2

• 𝜆 𝑝 < 𝜆 𝜋 < 𝜆 𝐾

• 𝜆 𝐾 ≈ 1: few decay contributions to kaons

• Low 𝜆 𝑝 : strong feed-down from hadron decays
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summary
● Lévy parameters (α, R, λ) studied as a function of centrality and particle type in EPOS3

● Expectation based on elastic scattering dominated Lévy walk: 𝛼(K) < 𝛼(π) < 𝛼(p)

● Relation obtained in the simulation, contrary to expectations: 𝛼(K) ≈ 𝛼(π) < 𝛼(p), likely due to

inelastic scattering processes, resonance decays and resonance formation

● Clear Rout > Rside ordering for pions, due to prolonged emission duration

● At high proton momenta Rside > Rout, likely due to stronger space-time 𝑥 − 𝑡 correlations

● Ravg: no mT scaling between particle species, likely due to UrQMD

● Observed 𝜆 ordering: 𝜆 𝑝 < 𝜆 𝜋 < 𝜆 𝐾

● These results will provide the basis of future comparison with experimental data
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Systematic uncertainties

• Number of events averaged
• Changing with centrality

• Pair kinematic limit

• 𝑄𝐿𝐶𝑀𝑆
𝑚𝑎𝑥 = 𝐴 ∗ 𝑚𝑇

• Fit range

• 𝜌 = 𝐵/𝑚𝑇



Kt dependence



Simulation vs experiment



Coordinate system


	Alapértelmezett szakasz
	1. dia: Particle-species dependence of the two-particle source function in EPOS
	2. dia: The correlation function
	3. dia: Pair source distribution
	4. dia: The shape of the source
	5. dia: The aim of the analysis
	6. dia: The EPOS model
	7. dia: Core-halo separation
	8. dia: PAIR SOURCE distribution IN EPOS
	9. dia: Fitting the source function
	10. dia: Results – Lévy exponent start equation alpha
	11. dia: Results – 3d Lévy scale parameter R
	12. dia: Results – 3d Lévy scale parameter R
	13. dia: Results – average lévy scale start equation cap Ravg
	14. dia: Results – intercept parameter start equation lambda
	15. dia: summary
	16. dia: Back up
	17. dia: Systematic uncertainties
	18. dia: Kt dependence
	19. dia: Simulation vs experiment
	20. dia: Coordinate system


