
Pion femtoscopy with Lévy sources in 
Xe+La and Be+Be UrQMD collisions

About femtoscopy and Lévy distribution
• Femtoscopy is a tool to measure spatial 

correlations in heavy ion and hadron collisions
Study Systems: Current analysis focuses on 
Xe+La and Be+Be collisions using the UrQMD
model.

• Lévy Distribution: A generalized stable distribution 
characterized by power-law ”heavy tails.”

• Pair source distribution:
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where 𝑟 is pair separation, 𝜌 is pair center of mass
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The UrQMD model, system of collision and energy
• UrQMD is a microscopic transport model for high-energy 

nuclear collisions, simulating the dynamical evolution of 
the hadronic phase. Here We have simulated the system of 
SPS.

• Here we collided Xe+La on 13, 19, 30, 40, 75 and 150 GeV/c 
and Be+Be on 150 GeV/c

• The center-of-mass energy per nucleon pair ( 𝑠𝑁𝑁) is 
calculated from the beam energy (𝐸𝑙𝑎𝑏) as:

sNN = 2mN Elab + mN

where 𝐸𝑙𝑎𝑏 is the beam energy, 𝑚𝑁 is the nucleon mass

• The Lévy stability index ∝ 
for central Ar+Sc collisions, 
shown for various 𝒎𝑻
intervals and as an energy-
dependent average, with 
systematic uncertainties 
indicated by colored bands.

• 𝒎𝑻 dependence: 
Increases

• Energy: Decreases as 
collision energy rises

• Physics: Lower 𝛼
values indicate a 
stronger Lévy walk

• Discrepancy: 
Simulation trends 
contrast with some 
experimental data

• Trend: Sharp decrease
with 𝑚𝑇 (sign of collective
flow)

• Energy: Higher energy 
leads to a larger source 
size

• System size: The BeBe 
source is significantly 
smaller than the XeLa
source

• Analogy: Follows the 
behavior of an expanding 
source, similar to 
hydrodynamic models

• Trend: Shows a slight 
increase with 𝑚𝑇, then
flattens out

• Energy: Minimal
dependence on
collision energy

• Bias: Values are 
overestimated due to 
missing weak decays 
in the model

• Correction: "True" 
values would be 
roughly 92–93% of the 
simulated ones

• Simulations used UrQMD [1, 2] to 
study Lévy-type source shapes [3-5]

• Compared to the Ar+Sc results [3] we
get the expected: R incrases due to
having a bigger nucleus, just like 𝜶

• Conclusion: It is important, to
compare with " real " collision results
on SPS energies
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• Lévy stability index ∝ as a 
function of 𝑠𝑁𝑁 for central 
Be+Be and Ar+Sc collisions, 
compared to Gaussian, 
Cauchy, and critical 
endpoint predictions.

NA61 Ar+Sc results for comparison
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Summary

0-10% Analisys results for 𝜶

0-10% Analisys results for 𝝀

• Meaning: Source coherence 
remains stable across the 
investigated energy range

0-10% Analisys results for R

• Physics: Reflects the system 
lifetime and expansion 
velocity
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