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Motivation: Why Lévy Source?

Yan Huang, WPCF 2026, Budapest

Kincses, D., Nagy, M. & Csanád, M. Lévy walk of pions in heavy-ion collisions. Commun Phys 8, 55 (2025).
Csörgő, Hegyi , Novák , Zajc , AIP Conf.Proc . 828 (2006) no.1, 525 532;
Csörgő , Hegyi , Novák , Zajc , Acta Phys.Polon . B36 (2005) 329 337
Csanád, Csörgő , Nagy, Braz.J.Phys . 37 (2007) 1002; Metzler, Klafter , Physics Reports 339 (2000) 1 77
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Ø Phenomena beyond Gaussian 

• Critical phenomena 

• Jet fragmentation

• Anomalous diffusion

ØChange in α Levy proximity of CEP?
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Motivation: Why 3D femotoscopy?

Ø Rlong tells the lifetime information

Ø Cross Check with 1D measurements.

Ø Provides a more complete picture of the source 

geometry and dynamics.

Ø Out side difference would signal strong first order
phase transition. Lévy radii versus collision energy
can reveal EoS related non-monotinicities

Yan Huang, WPCF 2026, Budapest Máté Csanád and Dániel Kincses 2025 J. Phys. G: Nucl. Part. Phys. 52 025102

Fully 3D Coulomb Correction implemented in the data analysis!
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Methods with EPOS4

ü 𝐷(𝜌⃑) calculation for each direction.

ü Extract alpha, R, lambda distribution.

ü Investigating mT and cent dependence.

Kincses, D., Nagy, M. & Csanád, M. Commun Phys 8, 55 (2025).

EPOS4: a fully consistent multiple scattering framework based on parallel Pomeron interactions, 

ensuring a more realistic core–corona separation.

Yan Huang, WPCF 2026, Budapest

X3FF Equation of State with cross-over
transition and three-flavour conservation.

Eur.Phys.J.C 86, 333(2026)



5

Comparison to EPOS3 at Au+Au 200GeV

ØFemtoscopic parameters generally 

consistent with those obtained from 

EPOS3, within ~2𝜎.

ØEPOS4 predicts systematically smaller 

values  for 𝑅3456.

𝑁, =
𝑉-./0" − 𝑉-./01

𝜎-./0"! + 𝜎-./01!

• 𝛼: Source shape

• 𝑅;<=,3456,>;?@: Source size

• 𝜆: Correlation strength

Deviation vs transverse mass

Yan Huang, WPCF 2026, Budapest
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Systematic Uncertainty
BESII Energy 
Au+Au (GeV) 𝑸𝑳𝑪𝑴𝑺𝒎𝒂𝒙 Nevts Fit Range (fm) Centrality 

definition
7.7, 9.2, 11.5, 14.5 10, 12, 15 150, 170, 190 1-15, 1-20, 1-30

bim, Nch
19.6, 27, 39

7, 10, 12
120, 150, 180

1-10, 1-20, 1-30
62.4 1-10, 1-20, 1-30

130, 200 70, 100, 130 1-10, 1-20, 1-30

Cuts:
Ø id=120
Ø ist=0
Ø 0.15𝐺𝑒𝑉/𝑐 < 𝑝9 < 1.0𝐺𝑒𝑉/𝑐
Ø |𝜂|<1.0
Ø 𝑘9 13 bins(0.175, 0.225,0.275…)
Ø Conflev > 0.0001
Ø Q:;<= < 𝑐 𝑀𝑒𝑉 N 𝑚9

Total systematic uncertainty of different parameters at 200 GeV

Rdiff: 𝑅>?@! − 𝑅=#AB!Qlcms: Pair momentum difference.

Nevts: Number of merged events.

Yan Huang, WPCF 2026, Budapest
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Energy dependent of 𝜶 for kT bins 0.375-0.525 

ØThere is a drop at 11.5 GeV, but no obvious non-

monotonicities are observed. 

With Modified EoS
and non-hydro modes

Next

α as a function of mT for BESII energies 7.7-200GeV.

ØMild increase with mT for all collision energies.

Results and Discussion 𝐒𝐨𝐮𝐫𝐜𝐞 𝐬𝐡𝒂𝒑𝒆 𝜶

• EPOS4 is less reliable in the 𝑠CC <19.6 GeV region
Phys. Rev. C 111 (2025). 014903.

A reduced relative contribution from long-lived resonances
at higher transverse momentum.
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Results and Discussion Source Size Radii

ØFemtoscopic radii Rout, Rside, and Rlong exhibit a clear decrease with increasing

mT .

Lévy radii from EPOS4 calculations as a function of transverse momentum mT at 𝑠CC = 7.7 −200 GeV . 

Yan Huang, WPCF 2026, Budapest
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Results and Discussion Radii

Ø𝑅>;?@ and 𝑅3456 generally rise with energy; 𝑅;<=, however, exhibits a rather weak

dependence on energy.

Energy dependence of radii at 𝑘9  = 0.375 − 0.425 GeV/c. 

Provides a systematic baseline for
comparison with future experimental
femtoscopy results.

Yan Huang, WPCF 2026, Budapest
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ØSpatial expansion at higher energies can be clearly illustrated by the pair
distance distributions.

Yan Huang, WPCF 2026, Budapest
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Results and Discussion Radii

Ø The difference 𝑅out
! − 𝑅side

! shows no significant dependence on the collision energy.

Ø However, the ratio 𝑅out/𝑅side decreases overall with increasing energy and shows a pronounced

peak between 14.5 and 39.0 GeV.
Yan Huang, WPCF 2026, Budapest

To be Measured!
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Results and Discussion Correlation strength 𝝀

Ø An overall rise of λ with 𝑚" is observed, indicating less contributions from resonance decays at high mTs.

Ø 𝜆 generally reduce with energy except for anomalous rises at 9.2 and 14.5 GeV, suggesting larger 

fraction of long-lived resonance decays at higher energies.
Yan Huang, WPCF 2026, Budapest

Momentum and energy dependence of correlation strength.
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Summary

ü The transverse mass and energy dependence of 3D femtoscopy parameters of pions

with Lévy sources are studied in EPOS4.
• Alpha shows a weak  dependence on mT and collision energies. 

• The parameters, Rout, Rside, Rlong as well as the difference 𝑅>?@! − 𝑅=#AB! , Q*"#$
*%&'( are produced and analyzed as 

a function of momentum and energy.

ØFully 3D pion-pion HBT measurements ongoing with Levy sources.

Yan Huang, WPCF 2026, Budapest

ü This provides a crucial non-critical theoretical baseline for interpreting further

experimental data and for exploring possible signs of critical behavior in particle

correlations.



Yan Huang, WPCF 2026, Budapest
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Thanks for your attention!



Yan Huang, WPCF 2026, Budapest
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Methods with EPOS4
Ø The model is based on Monte-Carlo techniques

Ø Core-Corona division(based on energy density)

Ø The three stages of evolution:

• Initial interactions: parton-based Gribov Reggetheory(PBGRT)

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

• Hadronic rescattering, based on UrQMD

https://klaus.pages.in2p3.fr/epos4/index.html

ü 𝐷(𝜌⃑) calculation for each direction.

ü Extract alpha, R, lambda distribution.

ü Investigating mT and cent dependence.

Kincses, D., Nagy, M. & Csanád, M. Commun Phys 8, 55 (2025).

𝐷(𝜌!"#$%&' ) 𝐷(𝜌!"#$()*+ ) 𝐷(𝜌!"#$
,%-. )

EPOS4 introduces a fully consistent multiple scattering framework based on parallel 

Pomeron interactions with QCD-inspired internal structure, ensuring exact energy–

momentum conservation and a more realistic core–corona separation.
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Results and Discussion 𝝀
Ø Different integral limits are used to obtain 𝜆, which is then compared with 

the data.

Ø The lambda extracted with an integral of 1e11 fm,  𝜌<DE~0.1𝑚𝑚, shows 

the best agreement with the PHENIX data.

arXiv:2511.01808

𝜆 and normalized 𝜆/𝜆<DE
for various choices of 𝜌F<DE , 
compared to PHENIX data.


