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Motivation: Why Léevy Source?
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Motivation: Why 3D femotoscopy?

» Out side difference would signal strong first order | » Cross Check with 1D measurements.
phase transition. Lévy radii versus collision energy

o » Provides a more complete picture of the source
can reveal EoS related non-monotinicities

geometry and dynamics.

o2 R: transverse size
Rout = PP + BEAT? T,: freeze-out temp.
H u,: transverse flow }
pz  _ _FR m; = \/pf + m2: tr. mass by + +
ide = T 5 .- ,
T Bt = pe/m;: tr. flow +

» Rlong tells the lifetime information

® STAR data
@ Lévy scaling prediction

QGP lifetime to: RZ,, = 13-
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Fully 3D Coulomb Correction implemented in the data analysis!

Maté Csanad and Daniel Kincses 2025 J. Phys. G: Nucl. Part. Phys. 52 025102 3

Yan Huang, WPCF 2026, Budapest



Methods with EPOS4

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

ensuring a more realistic core—corona separation.

v D(p) calculation for each direction.
v’ Extract alpha, R, lambda distribution.

v" Investigating mT and cent dependence.
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Comparison to EPOS3 at Au+Au 200GeV

—*— Roit  —#= Ray * «a: Source shape
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« A: Correlation strength

No(EPos3 - EPOS4)

1 - .7 - 2"(_1/2
D(p) = £(e 2/ R ) = (s / PP eI R
/s

» Femtoscopic parameters generally
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Systematic Uncertainty

Centrality

BESII Energy Qrax
definition

Au+Au (GeV) LCMS Nevts Fit Range (fm)

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

19.6, 27, 39 1-10, 1-20, 1-30
120, 150, 180 bim, Nch

62.4 7,10,12 1-10, 1-20, 1-30

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

max _ 0 0 0 1 G V (a) Relative systematic uncertainties of the parameters @, 4, Ry, Ryg.> and Ry,
Q =C - m - . e from different sources at three collision energies: 7.7, 19.6, and 200 GeV, for k; =
LCMS T 0.425-0.475 GeV /c, (corresponding to my & 0470 GeV/c2).
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Qlcms: Pair momentum difference. g, =@ gyt p2  _ p2 G oEn om owm oaw 1o 2
2 —=— Rout . out side p;';:"ylm 0.4% 0.2% 1.0% 0.1% 0.7%
> . Centrality 0.9% 0.2% 0.1% 0.6% 0.8%
6] —¢— Rside Total 1.3% 0.4% 1.1% 1.2% 2.4%
Nevts: Number of merged events. £°| = Rrong
. . 'S . 19.6 Nevents 0.3% 0.1% 0.01% 0.1% 0.2%
2 —¥— Rdiff GeV ora 0.5% 0.03% 0.4% 1.0% 1.7%
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> . t O © 3] PN 0.5% 0.1% 1.0% 0.3% 0.9%
IST= e Centrality 0.2% 0.2% 0.6% 0.4% 0.3%
@ Total 07% 0.5% 1.1% 1.1% 2.2%
)
wn 2 1 (b) Summary of the average total relative systematic uncertainties (in %) of the Lévy
. T .
a parameters over all studied m;. intervals (m; ~ 0.245-0.663GeV/c?), for the analyzed
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(mT) [ e ] Rigng 26 26 24 23 21 22 20 22 22 21
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Results and Discussion Source shape «a

1 g| EPOS4, Au+Au (0-10%) » Mild increase with mT for all collision energies.

|

A reduced relative contribution from long-lived resonances

1.41 at higher transverse momentum.
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Results and Discussion Source Size Radii
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Lévy radii from EPOS4 calculations as a function of transverse momentum mT at /syy = 7.7 —200 GeV .

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

mT .
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Results and Discussion Radii

Rout EPOS4, Au+Au (0-10%)
—=— Reide . ky: 0.375-0.425 GeV/c

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

101 | 102
vSnn [GeV]

Energy dependence of radii at k; = 0.375 - 0.425 GeV/c.

» Riong and R4 generally rise with energy; R, however, exhibits a rather weak

dependence on energy.
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» Spatial expansion at higher energies can be clearly illustrated by the pair
distance distributions.
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Results and Discussion Radii
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» The difference Rgyt — RZ: 4, Shows no significant dependence on the collision energy.

» However, the ratio Rgyt/Rgjqe decreases overall with increasing energy and shows a pronounced

peak between 14.5 and 39.0 GeV.
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Results and Discussion Correlation strength 4
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Momentum and energy dependence of correlation strength.

» An overall rise of A with m is observed, indicating less contributions from resonance decays at high mTs.

» A 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

12




v' 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, Ry, Rsige, Riong @s well as the difference R2,: — R% 40, Rout/RSl. 4. are produced and analyzed as

a function of momentum and energy.

v This provides a crucial non-critical theoretical baseline for interpreting further
experimental data and for exploring possible signs of critical behavior in particle

correlations.

» Fully 3D pion-pion HBT measurements ongoing with Levy sources.
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Methods with EPOS4

> The model is based on Monte-Carlo techniques & D(pPut D(pside
LCMS LCMS

» Core-Corona division(based on energy density) m. | mw

» The three stages of evolution: | ! _

« Initial interactions: parton-based Gribov Reggetheory(PBGRT) I

r 0.225-0.275 GeV
of = 1.42 + 0.02

* Viscous Hydrodynamical evolution (vHLLE 3D+1 viscous hydro) F |/ nor = 296.00 /207

q.L.:1.77%

» Hadronic rescattering, based on UrQMD Flow = (7.56 £ 0.21) fm

R, = (5.91 £0.18) fm

Ry, = (9.81 +0.25) fm

https://klaus.pages.in2p3.fr/epos4/index.html
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EPOSA4 introduces a fully consistent multiple scattering framework based on parallel 0-10% k; 0225.0275GeV
Pomeron interactions with QCD-inspired internal structure, ensuring exact energy- e N
momentum conservation and a more realistic core—corona separation. 12;‘ o v
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v’ Extract alpha, R, lambda distribution. Jows _ Kor: — Kt L
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Investigating mT and cent dependence. D(p) = - [ D(7)p%d9 ottt
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Results and Discussion 4

2 [ EP0SS. 0-40% Auhu, (5,200 GeV. i pai source > Different integral limits are used to obtain A, which is then compared with
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