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;: TALKSON FEMTOSCOPWITH L £ VOYSTRIBUTIONS

A Dataanalysis
A CMSoverview Phys.Rev.@09 (2024) 2. 02491 (¢andother resulty, talk by S. Padula on Monday
A PHENIXAu+Au centralitydependencgsecondQCD transition Phys.Rev.(010 (2024) Gtalkby T.  C s 8nfTiguisday
A PHENIXAu+Au kaonfemtoscopy iew preliminaryresulf), talk by S.L © k ®rsThursday
A NAG1/SHINEAr+Sc(fina) Xe+La(new performanceresuli), poster & flashtalk by B. Igari on Monday
A Sourcedistributionstudies
A L ® walkconceptCommun.Phys. 8 (2025) 1, 3his talk
Nuclearstructure with femtoscopyPhys.Rev.Res. 7 (2025) #4alk by D. Kincses on Thursday
EPOS3 cendep,Eur.Phys.J.86 (2026) 4, 333alkbyE.¢ r p ®sThursday
EPOS4/i dep,Phys.Lett.B76 (2026) 14042%alk by Y. Huang on Thursday
UrQMD in Ar+Sc+/i”  dep Phys.Lett.B77 (2026) 14044@alk by B.P - r dnyMonday
UrQMD in Xe+La./i_ depposter& flashtalkbyZ s o mb o r (hBfahastuderjton Monday
UrQMD @ RHIC BES & FXPreprint[2605.1571], talkbyM. Mo bnnF&day
EPOSXaonand protonanalysigreprint [2605.x0000], talkbyL . K oon hursday
Comparingsourcefit to correlationfunctionfit with CRAB poster & flashtalkbyM. S z ioh Nogdayi
A VHLLE+SMASIHnalysigalk by Z. Abdelrazik on Thursday
A 2DTExSEoSvsL ®v y talkby S Begnal on Friday
A FSistudies
A Coulomb FSI +ednickyformalismwith 3 D L BivPyys.J.(2026) inpresstalk by M. Nagy on Tuesday
A CoulombscatteringeffectonL ® v y posted &flashtalkbyK r i s t - thighSchidotkuderton Monday
A Hydrodynamices n d do®cey
A Hydrodynamicseadingo a L dstrigutedsource poster & flashtalk by B. Szentkuti on Monday
A Hydrodynamicsvith fractionallL ® wransporta n d hoi®atatk by R. Singh on Monda
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https://arxiv.org/abs/2306.11574
https://arxiv.org/abs/2306.11574
https://arxiv.org/abs/2407.08586
https://arxiv.org/abs/2407.08586
https://arxiv.org/abs/2409.10373
https://arxiv.org/abs/2506.05849
https://arxiv.org/abs/2511.01808
https://arxiv.org/abs/2511.01808
https://arxiv.org/abs/2512.02560
https://arxiv.org/abs/2512.02560
https://arxiv.org/abs/2512.05019
https://arxiv.org/abs/2512.05019
http://arxiv.org/abs/2605.15717
https://arxiv.org/abs/2605.xxxxx
https://arxiv.org/abs/2601.19626
https://arxiv.org/abs/2601.19626
https://arxiv.org/abs/2601.19626
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3. HBT OR FEMTOSCOPY IN HIGH ENERGY PHYSICS

A R.Hanbury Brown, R. Q. Twisobserving Sirius with radio telescopes

A Intensity correlations vs detector distanee source size g E
A Measure the sizes of apparently peiike sources! ? B
A Goldhaber et al: applicable in high energy physics s
A Understanding: Glauber, FaBaym & g B 1
Phys. Rev. Lett. 10, 84; Rev. Ohﬂp,dl.llm

ior (1 “\f} Detector dist
A Momentum correlationd (1)) related tosource™Yi ) CleclonCISicEs

6Mep | YiQ Qi
(under some assumptions)

A Also with distance distributiorO i :
oMmMep _Oi Q Qi

A Neglected: pair reconstruction, final state interactions,
multktpar ti cle correlations,

LHCG function S(r) correlatlonfunct C(q)
erence

A What is the source shape? Can be explored via femtoscopy
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4. LEVY DI STRI BUTI ONS I N HEA
A Central |im|t theoremdlfoSI()nand IiourcffunctlonfromHRmodeI,D-ZO%,Oml
thermodynamics lead to Gaussians o o saiee
10° — Gaussian fit
A Measurements suggest phenomena aim
beyond Gaussian distribution ,
A L ®astgble distribution: :
] p ) ’e ¢ — [ 3
fl¢ hvyn ) C_ QNnQ Q - 109 hep-ph/0702032 i
. . 8 9 10 20 30 0 (e
A From generalized central limit theorem & 10° 102 10" 1 10 xR
o F
. . A 2 (14 4 =
A Power-law taik i e 6(n) R=51m
A Special cases:= 2 Gaussiart, = 1 Cauchy M -
: . . 1608 000 a=05
A Shape of the correlation functiongi t h L®vy source: g
A6@ p _tQl Iy cdcausbi pdaxponenti al <
Cs ° r g O ZajoEar@hys.C36 (2004) 6778 o S
A L ® soprceseen& exponentmeasuredrom SPShroughRHICto LHC r N s
NA61 [EPJC83(2023)9] PHENIX PRC97(2018)06491RRC(2024) CMS PRC109(2024)02491 4 S b o e
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https://inspirehep.net/literature/2630797
https://inspirehep.net/literature/1624209
https://inspirehep.net/literature/2806798
https://inspirehep.net/literature/2670243
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5. WHY DO LE£VY SHAPES APPEAR,

A A more comprehensive list of possible reasons:

AlJet fragmentation (Cs PhysféorBBBl(éZ@&)BZﬁBS?W
A See als€CaucalMehtarTani, JHEP 09 (2022) 023

A Important inQ 'Q and other small systems

A
A
AL®vyYy walk (BJP37(2007);: PRB103(2021), PLB847 (2

A Only plausible explanation at high energies other effectsmaybe present
A Many new results shown at WPCF 2026 -
200
Al mportance of util]|i asparagetdr®vy solNTr Ce | ho
A Measuring and'Y: quarkhadron transition, critical poingtc )

A Measuring_: Inmedium mass modification, coherent pion production e
N
3
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6. LEVY EXPONENT %TEOM 3.

2

A Non-gaussian values L ¢) 3

A Increasing density
rescattering decrease¢s?

A RHIC trend described by powdaw:

I TIVIY
A SPS (NA61) shows slight nomonotonicity
A LHC (CMS) off the trend

A Interesting system size dependence

A Centrality ordering vs collision system

A What do simulations/calculations tell us?

o

2
1.8
1.6
1.4
1.2

1:

(0.8 * STAR preliminary 0-10% Au+Au, ' * 30-40%
0 62_ # CMS 0-5% Pb+Pb, h*h*, PRC109(2024)2,024914 $ 30-40%

"L 1 NAB1/SHINE preliminary 0-10% Ar+Sc, ©'1*
0.4 + NA61/SHINE 0-20% Be+Be, n'n*, EPJ.C83(2023)10,919
0 2:_ & PHENIX 0-30% Au+Au, rt'tt, PRC97(2018)6,064911
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7. LEVY PROCESSES I N NATURE A

AL®vy wal k anodn ineRology, cimatolaph etc. ¢ | iselewhys. Rev. B 103, 235116 (202

A If stepsize distribution has no finite width: —
generali zed c ent-stableliritingndisttibutibns e or.em

Ayt
—Ar? 20 | |

A In HIC: increasing mean free path, sgpe increase 5
A Seen in expansion under Coulomb potential in ssliate physics }'; I

A Observed in UrQMDand EPO$CommunPhyss (2025) 5% of |
A Scatterings, decays, coalescence (no Coulomb scattering) ‘JJ,E%-

—9.0—85—80—75—7.0—6.5—6.0 5.5 —=5.0

log Ar
AUy 100 . - . . . . .
700 ”, Figure 1. The Figure shows the step size distribution p (Ar)
> 150 600 5 5 B . .
F 100 - o = of a random walk as performed by Coulomb interacting, dif-
' 20 fusing particles in two dimensions. At large step sizes, the

50
distribution clearly follows the p ~ Ar~? power-law which

leads to the superdiffusive dynamics described by Eq. (1).
The data was obtained by integrating the system of coupled
Langevin equations of [q. Il

.0 15 20 25 30 35
ry [fm)


https://www.nature.com/articles/s42005-025-01973-x
https://www.nature.com/articles/s42005-025-01973-x
https://www.nature.com/articles/s42005-025-01973-x
https://inspirehep.net/literature/1845207
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8. PAIR SOURCE FUNCTION IN EPOS

A Core-halodistinction appears

Eur. Phys. J. C 86, 333 (202€
30-40% Au+Au, |s,, = 200 GeV, T'n* paif source

10 £

a
A Longlived resonances at large distances © 10
Kinematic selection criteria:

A Some of thesé are likely removed by tracking!©” ml < 1

: : 0°
A Core part: includes shortelived resonances 0.15 <p_[GeVic] < 1.0
10~ 0.425 < k; [GeV/c] < 0.475
ACore Mp mim:singleL ®vy di st r iU n Qi [GeV/c]<\/(0.15<3(eV)mT
_ EPQ86(2026333 10 &)
(@ 1 pﬂt : P}L : = + + o . K
~_ . oF TER max | 3 T pair-source projections
- 1 8_ LN | | O 1 EPOS330-40% AurAu 107"
10_65: ! ! 1 Sun = 200 GeV o h al O
10°F E 107 e core &
_10E 1 L3 ] —17 |
18_:25 i : 1072 @) 10 - typical parent particles:
10ME 1t . -3 10" pPAK @0 7 M
eF s 10 A =0.727 + 0.004 -
10 18:: 0 ‘\ o = 1.535 + 0.009 10721_ i il ool o vl IIII||]|| L1l
18:205 5 107°F  Run =(4.45£0.04) 107" 1 10 10 10° 10* 10° 10° 107 10® 10° 10 10'! 10%2 10" 10"
1107 107 10° 10 1 10 102 Pyt [T
f f , .
Pou M) P M) AAppar ent &I0dnh duéto siatistics O
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https://arxiv.org/abs/2511.01808
https://arxiv.org/abs/2511.01808
https://arxiv.org/abs/2511.01808
https://arxiv.org/abs/2511.01808
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9. CENTRALITYAND COLLISIONENERGYDEPENDENCE
A Agreementfor peripheral collisionglisagreementor centralones(talk by Emese¢ r p § s i o)n
A Collisionenergydependencealsostudied(talk by YanHuanoon Thursday
5 28 T . (6 )] 18 | (/1 ) EPOS4, Au+Au (0-10%)
1.8 {1 PHENIX PRC 110(2024)064909 r ‘_\/,,/\‘\

L —— A" : Y
TO et o W ——
1.4 H “H g disagreement | Phys.Lett.B76 (2026) 140423

[ i i 1.51 —a— ky: 0.375-0.425 GeV/c
1.2 ﬂ | k7: 0.425-0.475 GeV/c
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https://indico.cern.ch/event/1679596/contributions/7079511
https://indico.cern.ch/event/1679596/contributions/7079511
https://indico.cern.ch/event/1679596/contributions/7079511
https://indico.cern.ch/event/1679596/contributions/7079511
https://indico.cern.ch/event/1679596/contributions/7079511
https://indico.cern.ch/event/1679596/contributions/7078099
https://indico.cern.ch/event/1679596/contributions/7078099
https://indico.cern.ch/event/1679596/contributions/7078099
https://indico.cern.ch/event/1679596/contributions/7078099
https://indico.cern.ch/event/1679596/contributions/7078099
https://indico.cern.ch/event/1679596/contributions/7078099
https://arxiv.org/abs/2511.01808
https://arxiv.org/abs/2511.01808
https://arxiv.org/abs/2511.01808
https://arxiv.org/abs/2512.02560
https://arxiv.org/abs/2512.02560
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10. ROLE OF COULOMB SCATTERING?

A Coulomb scattering modifies shajii ho)

A Need momentum regulator (cutoff): detector resolution?
A Conceptually challenging (FSI versus shape change?)

SQiom m)o ()Y | to |
A Kemel:0 (b ) [isydod ) Y inclassicallimi:Qnl OG & G Mm)od M)

A Seeflashtalk andposterbyK r i s t -(Highschoolstuden) ( ) Tidot ( )
5 TR
before Coulomb: 4 :
| P& X Co

AT POS; URG



https://indico.cern.ch/event/1679596/contributions/7078124
https://indico.cern.ch/event/1679596/contributions/7078124
https://indico.cern.ch/event/1679596/contributions/7078124
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11. URQMD INAU+AU COLLISIONAT RHICENERGIES

(B

[

A Source imaged in UrQMD foku+Au collisions as welliélkby M § t v § s onFriday 5|
A Results can be compared to STAR, only preliminary for now jﬂ

2os}

|

-0.5 0.5

0
(T =TI/T.

A Hint of data< UrQMD below 4 Ge\? To be precisely explored; recall"Y

(=)

o) IR = o =~ - = - - oo oo oo o UrQMD A —10%, ik, Lévy fi _
g— STAR preliminary 1o R 00 arxiv:2026.15717
6. 1.8
4 |
2F .
1“ : fx=t mo.ﬁ: collider mode B T -

0.8 o-10% Auray, r'n:
0.6 * 30-40% AutAu, 'z’ g

0 45_; &:g; :u::u, 18 D. Kincses, CPOD24
0.22__0?5#@]?.14’[ I IIlIIIll\/l. CS an §HCIIH’ QMZ 5 1.5

1 10 102 100 T |
Vs\y [GeV] Vs (GeV)

my = 224-265 MeV

my = 400-447 MeV



https://indico.cern.ch/event/1679596/contributions/7079528/
https://indico.cern.ch/event/1679596/contributions/7079528/
https://indico.cern.ch/event/1679596/contributions/7079528/
http://arxiv.org/abs/2605.15717
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12, URQMD SYSTEMSIZE& ENERGYSCANAT SPS
A Similar description of 30D(” ) pair distributions s g;ﬁ@fu?c%%?;f;guons;ﬂ’g;g;;i; LT
A Projections (out, side, long) simultaneously fitted 112 Fﬁ“" L 11;’ |
/NDF 357/295 E

conf lev. = 0.00770

AL ®v y |idecdeases with collision energy R T
107 (F:it statust:lcpnvergetd " & 10_%

AL®vy scaYe (radius) 19”f am 0,000 10

Rou = (6.13+0.12) fm

10k

10° 10°E,
A increases with collision energy Phys.Lett. BB77 (2026) 140446 o Ifm]
A decreases with pair momentum 2 °[ | —— BN K —000-007Gevie | S . —
i “QUZIS— | ( | ) ----- K;=0.15-0.18 GeV/e glzj Ar+Sc | ( | )
A Ar+ScUrQMD:PLB877 (2026) = | . = k030 0s00eve | B8l
= ' 2 el
A TalkbyB a r n B b §Monday .. Ny, ..
. . i \\\\:\_\\\ ‘‘‘‘‘‘‘ oL 304 GeV/e
A Ar+ScNA61 to befinalized b2 TN, e I ¢
. 1| s = 0.8 Be+Be
A Xe+Laresultsalsoin the works val 061
’ 0.4
A UrQMD:Z s 0 mb o (MoRdayc z.s- Ar+ScUrQMD 02~ NAGL/SHINE preliminary:. e
T TN T R TR (TR T TR SO R TR R T 0 AT T (T O T T S S [ SO N N
A NAGL:B a r n mdri@enday ° 10 s X g - 13 2
< I5xx (GeV) Sy (GeV)
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https://arxiv.org/abs/2512.05019
https://arxiv.org/abs/2512.05019
https://arxiv.org/abs/2512.05019
https://arxiv.org/abs/2512.05019
https://indico.cern.ch/event/1679596/contributions/7078076
https://indico.cern.ch/event/1679596/contributions/7078076
https://indico.cern.ch/event/1679596/contributions/7078124
https://indico.cern.ch/event/1679596/contributions/7078124
https://indico.cern.ch/event/1679596/contributions/7078124
https://arxiv.org/abs/2512.05019
https://arxiv.org/abs/2512.05019
https://arxiv.org/abs/2512.05019
https://arxiv.org/abs/2512.05019
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13. WHEN DO THE POWERLAW TAILS FORM?

APowerl aw t ai | swali(@ly-2,dezay,coRbcgnce R

— o~
_ _ i 2 PH ENIX
A Testwith particle type dependence! prediction Y AR preliminary
@) | () 1 (0)[BIP37(2007)100XPCF 20063 20 yearsagd] | AR Al
: : : — AR AIEIY
A Approx.'Yvs@ scalingamongspecieskaonandpion| close | HiiL E E ||
4 —0-30%, K'K'+KK | ! |
ALS8sz| - (ERQSyah® S n d 6 K (‘PHENIX)Thursday P - O30 Ay }
‘EI 10.— Au+Au, VS_ =200 GeV < 2r Au+Au, VSN = 200 GeV E ’ Y((X )
g,g_ EPOS3 I EPOSB _____ N (Jtllllllll,l
o 8E* - an'nt+nn | 1.8F ) 2[F - 0-30%, K'K'+KK | (G )
E\ == KK +KK I [ e - 0-30%, nw, wnt
7E . == e 18- 7 PRC97,064911
£ . L R e | =
TS, N T K'K+KK E PH ENIX
5S¢ "N, 1.4F - - - pp+PP 14F 1 preliminary } ]
af *-..,‘_-_. I = obdeghaety. : ]'i‘ [
3E arxiv:2026.XXxxx | 12F arXiv:2026.XXXXX 12 L8 T MG :;ﬂl I ] [ i
2F 0-10%cent. - 0-10% cent. 1F | [
o P I T R [, P RIS BT B AR -
040608 1 121416 040608 1T 121416 e

o
N
C)'
o
(o]

m, [GeV/c?] m, [GeV/c?] ' & “m, (GeV]
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Braz.J.Phys.%2037%20(2007)%201002
https://indico.cern.ch/event/1679596/contributions/7079506
https://indico.cern.ch/event/1679596/contributions/7079506
https://indico.cern.ch/event/1679596/contributions/7079503
https://indico.cern.ch/event/1679596/contributions/7079503
https://arxiv.org/abs/arXiv:xxxxxxx
https://arxiv.org/abs/arXiv:xxxxxxx
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14. CAN HYDRO PRODUCE LE£VY DI

A Maxwelld ¢ t distriution with CooperFrye Yo Q o 0 &) A Q(D g ))r‘] Q1+t (WANHQT
ACan the resul t i nstable? Prsbablyjif appropriadethedmedyniar@osfiglds are chos
A Does hydrodynamics allow that? Yes, for example, in a Helbdeandt  const. freezeout:

Ao o T (pﬁ+3), c(w ¢ (—) (—) , N n (—) ) Y L ® soprce, realistic observables!

A Seeflashtalk and poster of Benc8zentkutialsotalk by Rajee\Singh(Monday
A Need to explore detailsdata compatibility, andoes it come from a realistic initial condition?

O 1 thermal n "Yi powerlawn Ol L®wy L®yV ysa n
WI\PH -------------------------------- P a - my dependence for f=1.2
+  £=10.434483,V = 1387931 a — £=50,v=10 ot ] . ' I
FIT: Teg=061+0.00 | . |
. % 3 1 {
----- + K=0.14 GeV \ {
.......... R=148.25+2.05; a=1.10 1261
mr [G V]

10 1071
x [fm] [fm]

I KAQ\\\S %\R\\\Q AR



https://indico.cern.ch/event/1679596/contributions/7078124
https://indico.cern.ch/event/1679596/contributions/7078124
https://indico.cern.ch/event/1679596/contributions/7078124
https://indico.cern.ch/event/1679596/contributions/7078088
https://indico.cern.ch/event/1679596/contributions/7078088
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15. ANOTHER DEVELOPMENFSIFOR 3DL £ VOOURCES

Eur.Phys.C (2026) inpress

V /212577,

M. Csang8§d, WPCF 2026

May 18, 2026

A Basic mathematical target wiigt) source kernel

6(D (9 . Qeup®|. Qt @) >

ACal cul able via Lebesg
A SeetalkbyM§& r t o n(Tubsday y S

A Result with' ; operationson "(t)

s \t heor er

I

6(h 1l @b -¢ ' o w

0.15 0.00 0.05 0.10 0.15
Cflonc; [GEV/C]

0.15 0.00 0.05 0.10
Qside [GeV/C]

0.05 0.10
Qout [GeV/c]

A Method previously: Coulomb (+strong) FSI via fiédD Gaussian source
A Improvement 1: iteration with source size.g NA44, Phys. Lett. B 349 (1995) 386]

A Improvement 2: fitting wittlY and| incorporated

[PHENIX,Phys.Re\WC 97 (2018) 6, 06491 1https://github.com/csanadm/coulcorrlevypajam

A Improvement3:semanal yt i c

f or mul as

for 1D L®vY source

[Nagy et al.Eur.Phys.J.€3 (2023) 11, 101%ittps://github.com/csanadm/CoulCorrLevyintedral/

A Improvement4semianal yt i c

A Full 3D semi -analytic calculation of C(Q) with FSI possible

UROMD,

f o r mwawurcex(this stidehttps:Bgihub.c@vcganadm/Femtol evy3D

(spherical symmetry also: PCMECMS)

SKAONS . WM ==



https://indico.cern.ch/event/1679596/contributions/7079462
https://indico.cern.ch/event/1679596/contributions/7079462
https://indico.cern.ch/event/1679596/contributions/7079462
https://github.com/csanadm/coulcorrlevyparam
https://github.com/csanadm/CoulCorrLevyIntegral/
https://github.com/csanadm/FemtoLevy3D
https://arxiv.org/abs/2601.19626
https://arxiv.org/abs/2601.19626
https://arxiv.org/abs/2601.19626
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16. CONCLUSIONS AND OUTLOOK

AL®vY sources for pions seen fr 0@553%"; ffffffff Ge V- to
A L ® vpybetween 1 and 2, increases wifi 1.55—\%@ .
. 1.4F -
AL® v=|yhydro scaling 1.2 alm)=q iﬂlm
A L ® vfydecrease at low transverse mass (note new EPOS results) o_;i;f;,'T";":if,e.im;:':f;i‘?ii,,AMJ,;,}: """"" .
: 0.6 | NAcuSHNE peiminany 0 0% A e
A EXp|anat|0n 0_4;-6-NA61ISHINE(F],20/BWB *, EPJ.C83(2023)10,919
. . L. F & PHENIX 0-30% Au+Au, m'r, PRC97(2018}6064911
A Critical phenomena Y no nonmonotonicity seen yet, 0'21 BT
but comparisiorto UrQMD at low /i ? ﬁlGeVl

ADecays and r esc atV goodidesgriptionoRmeasurenents

A UrQMD and EPOS: good explanation in many observables, but not alls o- oo roammos
A Coulomb calculation ifull 3D (important also due to PCMSLCMS) e,
A Questions to be answered: e
A How can hydro scaling 6Y be preserved after hadronic dynamics? 1-4;— H i G :
A Discrepancy in in central collisions? 1.2F i
A Description of_ possible or not? £ L
100 150 200 250 300 350

part

A Effect ofEoSon| and'Y Y l N

ATHOLPOS,




[\S3

s 2 181 EPOS4, Au+Au (0-10%)
Phys.Lett.B76 (2026) 14042]

(o)
Lévy index o
%
1
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(=]
G
S <
>
o
<

1.8F I PHENIX PRC 110(2024)064909 . | Tl N . V-
E 1 6:— ----------------------- | W 1&|= [\ \\\""“-— _______
e | E T S 1.6 L
SRR 14 H E{ i 5 = ) ]
: EI ﬂ 1.5 —— kt: 0.375-0.425 GeV/c - -
2r ; kr: 0.425-0.475 GeV/c 08—
WPCF 2026 1: Eur Phys J SB (2026) 4 333 141 |+ Kk 0.475-0.525 GeVic L Phys.Lett.B77 (2026) 140446
— ! = — | e Al oo | [ (. Lo v o
50 100 150 200 250 300 350 101 102 > 1w 15 , V20
VSwv [GeV] Yy (GeV)

THANK YOU FORTH EATTENTION

And see thealksandposters on femtoscopywith L ® sogrcesby.

Thursday
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