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TALKSON FEMTOSCOPY WITH L£VY DISTRIBUTIONS
ÅData analysis

Å CMS overview, Phys.Rev.C109 (2024) 2, 024914(and other results), talk by S. Padula on Monday

Å PHENIX Au+Au centralitydependence, secondQCD transition, Phys.Rev.C110 (2024) 6, talk byT. Csºrgŏ on Thursday

Å PHENIX Au+Au kaonfemtoscopy (newpreliminaryresult), talk by S. Lºkºson Thursday

Å NA61/SHINE Ar+Sc(final) Xe+La(newperformance result), poster& flashtalk by B. Igari on Monday

ÅSourcedistributionstudies
ÅL®vy walkconcept, Commun.Phys. 8 (2025) 1, 55, this talk

Å Nuclearstructurewith femtoscopy, Phys.Rev.Res. 7 (2025) 4, 4, talk by D. Kincses on Thursday

Å EPOS3 cent. dep., Eur.Phys.J.C86 (2026) 4, 333, talk by E. ćrp§sion Thursday

Å EPOS4 ί dep., Phys.Lett.B876 (2026) 140423, talk by Y. Huang on Thursday

Å UrQMD in Ar+Sc ί dep, Phys.Lett.B877 (2026) 140446, talk by B. P·rfyon Monday

Å UrQMD in Xe+La ί dep, poster& flashtalk byZsombor R§cz (high-schoolstudent) on Monday

Å UrQMD @ RHIC BES & FXT, preprint [2605.15717], talk byM. Moln§r on Friday

Å EPOS3 kaonand proton analysis, preprint [2605.xxxxx], talk byL. Kov§cs on Thursday

Å Comparingsourcefit to correlationfunctionfit with CRAB, poster& flashtalk byM. Szil§gyi on Monday

Å vHLLE+SMASHanalysis, talk by Z.  Abdelrazik on Thursday

Å 2DTExS EoSvsL®vy index, talk by S. Bernal on Friday

Å FSI studies
Å Coulomb FSI + Lednickyformalismwith3D L®vy, Eur.Phys.J.C(2026) in press, talk by M. Nagy on Tuesday

Å Coulomb scatteringeffectonL®vy index, poster& flashtalk byKrist·f Csiki (high-schoolstudent) on Monday

ÅHydrodynamicsand L®vy sources
Å Hydrodynamicsleadingto a L®vy distributedsource, poster& flashtalk by B. Szentkuti on Monday

Å Hydrodynamicswith fractionalL®vy transportand L®vy noise, talk by R. Singh on Monday
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HBT OR FEMTOSCOPY IN HIGH ENERGY PHYSICS
ÅR. Hanbury Brown, R. Q. Twiss - observing Sirius with radio telescopes

ÅIntensity correlations vs detector distance ᵼ source size

ÅMeasure the sizes of apparently point-like sources!

ÅGoldhaber et al: applicable in high energy physics

ÅUnderstanding: Glauber, Fano, Baym, é

Phys. Rev. Lett. 10, 84; Rev. Mod. Phys. 78 1267, é

ÅMomentum correlation ὅή related to source Ὓὶ

 ὅήḙρ Ὓ᷿ὶὩ Ὠὶ 

 (under some assumptions)

ÅAlso with distance distribution Ὀὶ:

 ὅήḙρ Ὀ᷿ὶὩ Ὠὶ

ÅNeglected: pair reconstruction, final state interactions,

multi-particle correlations, coherence, é

ÅWhat is the source shape? Can be explored via femtoscopy
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L£VY DISTRIBUTIONS IN HEAVY ION PHYSICS
ÅCentral limit theorem, diffusion, and

thermodynamics lead to Gaussians

ÅMeasurements suggest phenomena

beyond Gaussian distribution

ÅL®vy-stable distribution:

ÅFrom generalized central limit theorem

ÅPower-law tail ͯ ὶ

ÅSpecial cases: h = 2 Gaussian, h = 1 Cauchy

ÅShape of the correlation functionswith L®vy source:

Åὅ ή ρ ‗ẗὩ ; ‌ ςȡGaussianȠ‌ ρȡexponential
CsºrgŐ, Hegyi, Zajc, Eur.Phys.J. C36 (2004) 67-78

ÅL®vy sourceseen& exponentmeasuredfrom SPS throughRHIC to LHC
NA61 [EPJC83(2023)919], PHENIX [PRC97(2018)064911,PRC(2024)], CMS [PRC109(2024)024914]
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WHY DO L£VY SHAPES APPEAR, WHY IS IT IMPORTANT?

ÅA more comprehensive list of possible reasons:

ÅJet fragmentation (CsºrgŐ, Hegyi, Nov§k, Zajc, Acta Phys.Polon. B36 (2005) 329-337)

ÅSee also Caucal, Mehtar-Tani, JHEP 09 (2022) 023

Å Important in ὩὩ  and other small systems

ÅCritical phenomena (CsºrgŐ, Hegyi, Nov§k, Zajc,  AIP Conf.Proc. 828 (2006) no.1, 525-532)

ÅRole in the few GeV region? Affected by finite size effects?

ÅL®vy walk (BJP37(2007); PRB103(2021), PLB847(2023); CommunPhys8(2025)55)

ÅOnly plausible explanation at high energies, but other effectsmaybe present

ÅMany new results shown at WPCF 2026

ÅImportance of utilizing L®vy sources, leaving ‌ as parameter:

ÅMeasuring ‌ and Ὑ: quark-hadron transition, critical point, etc

ÅMeasuring ‗: In-medium mass modification, coherent pion production
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L£VY EXPONENT FROM 3.2 TO 5 TEV

ÅNon-gaussian values (‌Ḻς)

ÅIncreasing density Ÿ 

rescattering decreases ‌? 

ÅRHIC trend described by power-law:

 ‌ πȢψυ ί
Ȣ

ÅSPS (NA61) shows slight non-monotonicity

ÅLHC (CMS) off the trend

ÅInteresting system size dependence

ÅCentrality ordering vs collision system

ÅWhat do simulations/calculations tell us?
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L£VY PROCESSES IN NATURE AND IN SCATTERING

ÅL®vy walk and L®vy flight: known in ecology, climatology, etc.

ÅIf stepsize distribution has no finite width:

generalized central limit theorem, L®vy-stable limiting distributions

ÅIn HIC: increasing mean free path, stepsize increases

ÅSeen in expansion under Coulomb potential in solid-state physics

ÅObserved in UrQMDand EPOS [CommunPhys8 (2025) 55]

ÅScatterings, decays, coalescence (no Coulomb scattering)
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E. I. Kiselev, Phys. Rev. B 103, 235116 (2021)
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https://www.nature.com/articles/s42005-025-01973-x
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PAIR SOURCE FUNCTION IN EPOS

ÅCore-halo distinction appears

ÅLong-lived resonances at large distances

ÅSome of these “  are likely removed by tracking

ÅCore part: includes shorter-lived resonances

ÅCoreṂρππ fm: singleL®vy distribution

ÅApparent ăholeó at 106-107 fm: due to statistics

May 18, 2026M. Csan§d, WPCF 2026

Eur. Phys. J. C 86, 333 (2026)
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CENTRALITYAND COLLISIONENERGYDEPENDENCE
ÅAgreement for peripheral collisions, disagreement for centralones(talk by Emese ćrp§si on Thursday)

ÅCollisionenergydependencealsostudied(talk byYanHuangonThursday)
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ROLE OF COULOMB SCATTERING?

ÅCoulomb scattering modifies shape: Ὀὶȟὸ Ὠ᷿ὶὑὶȟὸȠὶȟὸὈ ὶ Ÿ‌ to ‌

ÅKernel: ὑὶȟὸȠὶȟὸ ὶȿὟὸȟὸȿὶ  Ÿ in classical limit: ᷿Ὠὴ‏ ὶ ὶ ὶȟὴȠὸὡ ὶȟὴ

ÅNeed momentum regulator (cutoff): detector resolution?

ÅConceptually challenging (FSI versus shape change?)

ÅSeeflashtalk and posterbyKrist·f Csiki(highschoolstudent)

May 18, 2026M. Csan§d, WPCF 2026

‌ πȢωẗ‌

before Coulomb: 

‌ ρȢφχ

after Coulomb: 

‌ ρȢυσ

INTRO EPOS   URQMD   KAONS   HYDRO  ++

ὶ[fm]

Ὀ
ὶ

‌

‌

10/16

https://indico.cern.ch/event/1679596/contributions/7078124
https://indico.cern.ch/event/1679596/contributions/7078124
https://indico.cern.ch/event/1679596/contributions/7078124


URQMD IN AU+AU COLLISIONSAT RHIC ENERGIES

ÅSource imaged in UrQMD for Au+Au collisions as well (talk byM§ty§s Moln§ron Friday)

ÅResults can be compared to STAR, only preliminary for now

ÅHint of data < UrQMD below 4 GeV? To be precisely explored; recall ‌Ὕ 

May 18, 2026M. Csan§d, WPCF 2026

D. Kincses, CPOD24

M. Csan§d, QM25
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URQMD SYSTEMSIZE& ENERGYSCANAT SPS

ÅSimilar description of 3D Ὀ” pair distributions

ÅProjections (out, side, long) simultaneously fitted

ÅL®vy index ‌ decreases with collision energy

ÅL®vy scale (radius) Ὑ

Åincreases with collision energy

Ådecreases with pair momentum

ÅAr+ScUrQMD: PLB 877 (2026)

ÅTalkbyBarnab§s P·rfy(Monday)

ÅAr+ScNA61 to be finalized

ÅXe+Laresultsalsoin the works

ÅUrQMD: Zsombor R§cz(Monday)

ÅNA61: Barnab§s Igari(Monday)
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WHEN DO THE POWER-LAW TAILS FORM?

ÅPower-law tails due to L®vy-walk(2-by-2, decay, coalescence)

ÅTest with particle type dependence!„ prediction:
‌ὴ ‌“ ‌ὑ [BJP37(2007)1002, WPCF 2006 ð20 yearsago!]

ÅApprox. Ὑvsά scaling amongspecies, kaonand pion‌close

ÅL§szl· Kov§cs(EPOS) and S§ndor Lºkºs(PHENIX), Thursday
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CAN HYDRO PRODUCE L£VY DISTRIBUTED SOURCES?

ÅMaxwell-J¿ttner distribution with Cooper-Frye: ὛὼȟὴὨὼ ὔὲὼÅØÐ ὴὨɫ ὼὌ†Ὠ†

ÅCan the resulting distribution be L®vy-stable? Probably, if appropriate thermodynamic fields are chosen

ÅDoes hydrodynamics allow that? Yes, for example, in a Hubble-flow and †  const. freeze-out:

Åό ὼ ‎ρȟ
ᴆ

,  ὲὼ ὲ ,  ὴὼ ὴ
Ⱦ

 Ÿ L®vy source, realistic observables!

ÅSeeflash talk and poster of Bence Szentkuti, alsotalk by RajeevSingh(Monday)

ÅNeed to explore details, data compatibility, and: does it come from a realistic initial condition?
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ANOTHER DEVELOPMENT: FSI FOR 3DL£VY SOURCES

ÅBasic mathematical target with Ὢẗ source kernel

 ὅ╠ ς“ Ὠ᷿►ɰ╠► Ὠ᷿ⱡὪⱡὩⱡ►

ÅCalculable via Lebesgueõs and Fubiniõs theorems

ÅSeetalk byM§rton Nagy(Tuesday)

ÅResult with ꜝ ȟ operations on Ὢẗ

 ὅ╠ ﬞ ρ Ὢ╠ ꜝ Ὢ ꜝ Ὢ

ÅMethod previously: Coulomb (+strong) FSI via fixed-Ὑ 1D Gaussian source

ÅImprovement 1: iteration with source size [e.g. NA44, Phys. Lett. B 349 (1995) 386]

ÅImprovement 2: fitting with Ὑ and ‌ incorporated 

[PHENIX, Phys.Rev. C 97 (2018) 6, 064911,  https://github.com/csanadm/coulcorrlevyparam]

ÅImprovement 3: semi-analytic formulas for 1D L®vy source

[Nagy et al., Eur.Phys.J.C 83 (2023) 11, 1015, https://github.com/csanadm/CoulCorrLevyIntegral/]

ÅImprovement 4: semi-analytic formulas for 3D L®vy source (this slide, https://github.com/csanadm/FemtoLevy3D)

ÅFull 3D semi -analytic calculation of C(Q) with FSI possible (spherical symmetry also: PCMSLCMS)
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ÅL®vy sources for pions seen from 3.2 GeV to 5 TeV, also in 3D

Å L®vy ♪: between 1 and 2, increases with ί ,

Å L®vy ╡: hydro scaling 

Å L®vy ⱦ: decrease at low transverse mass (note new EPOS results)

ÅExplanation:

ÅCritical phenomena  Ÿ no non-monotonicity seen yet, 
          but comparision to UrQMD at low ί ?

ÅDecays and rescattering, L®vy walk Ÿ good description of measurements

ÅUrQMD and EPOS: good explanation in many observables, but not all

ÅCoulomb calculation in full 3D (important also due to PCMSLCMS)

ÅQuestions  to be answered:

ÅHow can hydro scaling of Ὑ be preserved after hadronic dynamics?

ÅDiscrepancy in ‌ in central collisions? 

ÅDescription of ‗ possible or not?

ÅEffect of EoS on ‌ and Ὑ Ὑ  versus ί

CONCLUSIONS AND OUTLOOK
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THANK YOU FORTHEATTENTION

And see the talks and posters on femtoscopy withL®vy sourcesby:

Monday Tuesday Thursday Friday

Barnab§s P·rfy

Rajeev Singh

Barnab§s Igari

Bence Szentkuti

M§t® Szil§gyi

Zsombor R§cz (high-schoolstudent)

Krist·f Csiki (high-schoolstudent)

M§rton NagyTam§s Csºrgŏ

S§ndor Lºkºs

D§niel Kincses

Emese ćrp§si

Yan Huang

L§szl· Kov§cs

Zeinab  Abdelrazik

Santiago Bernal

M§ty§s Moln§r
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Eur.Phys.J.C 86 (2026) 4, 333

Phys.Lett.B 876 (2026) 140423

Phys.Lett.B 877 (2026) 140446




