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THE CORRELATION FUNCTION

N, (p1,02)
N1 (p1)N1(p2)

* Correlation function: C,(py,p,) =

* Single particle distribution: Ny(p) = [ S(r,p )|V, (x)|? d*x
* Pair momentum distribution:

Ny (p1,p2) = fS(xp p1)S (x3, pZ)!Lppl—pz (%1 — Xz)!zl d4x1d4x’2
\ ;
Y Y
Phase-space densitity Symmetrized
What shape? pair wave
Exploring via femtoscopy! function

Space-time
coordinates
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* Under some assumptions: C,(Q,K) =1 + |fS(r, K)eiQ’”dr|2
* The pair source distribtuion

T i
D(T,K) - f S(p +§,K) S(p —E,K) d4p
r. Relative space-time coordinate

p: Average space-time coordinate
K: Average pair momentum*
Q: Relative pair momentum

® Bose-Einstien correlation function:

€00 K) = [ DG, KOl (I d*r
ﬂ ﬂ *Instead of K, m+ is often used

Experiment ][ Simulation ]
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. Lévy-stable distribution:

N g !
S(T, K) mill L(CX,R;T) = (zn)—Bj dSqeiqre—§|qR| a=2 Gaussian
a=1 Cauchy
Retains the same a under convolution:
1
S(r) = L(a,R;T) D(r) = L(a,2aR;T) [ Normal ] [ Lévy ]
diffusion walk

« Generalized central limit theorem: 3
- Constant mean free path, finite variance: ¢

E}Gaussian (a =2)
L—lévy(0<a<?2)
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* Experimental indications — Lévy source for pion pairs
RHIC (PHENIX, STAR), LHC (CMS), SPS (NA61/SHINE) [ Investigate in the J

Phys.Rev.C 97 (2018) no.6, 064911; Universe 10 (2024) 3, 102 |
Phys.Rev.C 109 (2024) 2, 024914; Eur.Phys.J.C 83 (2024) 10, 919 EPOS model!

* |n case of elastic scattering dominated Lévy walk ‘ ‘

M. Csandd, T. Csorgd, M. Nagy, Braz.J.Phys. 37 (2007) 1002
Smaller : larger mean 4

crosssection free path
J -

[a(K)<a(Tr)<a(p)]<:'[ ol ] C(K)’ Q )’a(p)/

.
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* /syy = 200 GeV Au+Au collisions generated by EPOS359
* The model is based on Monte-Carlo techniques
* The three stages of evolution:
* Initial interactions described by parton-based Gribov-Regge theory
(PBGRT)
* Viscous Hydrodynamical evolution (VHLLE 3D+1 viscous hydro)
* Hadronic rescattering, based on UrQMD

® Source function constructed using freezout coordinates
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CORE-HALO SEPARATION = <+

EPOS3, 20-30% Au+Au, |'s,, = 200 GeV
§ = source k. [GeV/c] = 0.825-0.875
1072 = K*K* source, k. [GeV/c] = 0.850-0.960
3 . . 104 :: pp+pp source, kT [GeV/c] = 0.800-0.900
. SI n g | e p a rt I C I e S O u rce . 1076 = Kinematic selection criteria:
&= In'<1
10°® il gms [GeVie] <|(0.16GeV)m
S —_ S _I_ S C R, KK 0,15 < p_[GeV/e] <110
— Ycore halo oS  pp+DD: 0.15 < p, [GaVIe] < 2.8
o= h :
. : 14
« Pair source decomposes ([ D = 1): =
o™=
10—18 :: Typical parent particles:
N T N"A A(1520) Mo o
D= D(Cuc) 2 D(Cuh) E D(h'h) Lol / AE| ¥ 1’| N PP ey i Bfi L
*22 1 1 T T T T T T T T 7 7 T O T T 1 T A A

10" 1 10 10% 10° 10% 10° 10° 107 10 10°10'*1 01102101 0/+10"®

« The experimentally accessible g region: P

C9(g) =1~ A+ [ Die(p) 1+ cos(ap)ld*p
« Extrapolating to zero:

O(O)(q:()):1—A+2/D(C,C)(p)d3p:1+/\ — [jp(c,c) :/1]
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PAIR SOURCE DISTRIBUTION IN EPOS

Core-halo distinction appears

Core: shorter-lived resonances

Halo: weak decays of long-lived resonances

Core: single Lévy-stable distribution

= Rt pair-source projections
S
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Q ey [BVIE] <Y(0.1
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pp+pp: 0.15 < p_r [GeV,

GeV

DO

teria:

SGeV)mT
GeV/ic] < 1.0

c] <25

1 0—22 :LLUmLLLMHLLmWLLLUmLLLUmLLLUmLLLUmLLLMLLLMHLLLUmLLMULLLUmLUJMLI

1071 1 10 102 10° 10* 102 {0SoiqoN o uRousIodvt10'410'°

pout [fm




ERIEEINE S B NS @R RN || O N

* Fit the three normalized 1D projections of the 3D distribution simultanously for every k; and centrality class

—obtain m; and centrality dependence of the parameters

=
o 1f

* Fitted function:

D,y (pr) = A ﬁlD(py, a, R,), where

1 - a
£12(p,,0,R) = o [ dgeitreeien

T
e — e(y) P

T \/e(V)=TR28(V)

=

107"

102,

3k
X =0.805 +0.005
_4[ o=1.670+0.009

out

side

long

n*n* pair-source projections
EPOS3 20-30% Au+Au

Ry = (3.46 + 0.03) fm

conf.lev.
#°INDF = 243/202

[ t Dip)iomEPOS
A Levyu(p .o, R, v = {out, side, long}

(b)
=2.51%

=(3.47 +0.03) fm

[GeV c] =
\I'I\ 1.0
kr [GeV/ic] = 0.825-0.875

Q ., [GeVic] < \‘D 15m.

0.15-1.0

()

1

Rig = (3.32 +0.03) fm

R? = diag (Rout, R2 4 Rlzong)

e'”) is a unit vector with v =
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10"

out, side, long &'

w=1.883x0014
Ry = (3.16 £ 0.03) fm

s (@
107°F 5 - oars+0003

10—4,

s
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K*K* pair-source projections b b [GeVic] = 0.15-1.0
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b X W,
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E
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RESULTS — LEVY EXPONENT «

0-10% cent. 10-20% cent. 20-30%

e e L T I TP T T
0406 08 1 121416

A e he e
m, [GeV/c?]

Expectation based on elastic scattering dominated Lévy walk: a(K) < a(m) < a(p)

Relation obtained in the simulation, contrary to expectations: a(K) = a(m) < a(p)

Probably due to inelastic scattering processes, resonance decays and resonance formation

a(m) increases with m+: stronger resonance decay contribution for low m; pions

Protons close to Gaussian limit: due to lack of decaying particles in the 10-100 fm range

) B S O | R | S T
04 06 08 1 12 14 16



RESULTS - 3D LEVY SCALE PARAMETER R

0-10% cent. 10-20% cent. 20-30% cent.
r R : :
e 105“\ = 3 R
= 9F ", Au+Au, |s,, = 200 GeV -“ 3 out
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040608 1 121416 040608 1 1.2141.6 0.4 0.6 0.8 1 1.201545ls:
m, [GeV/c?]
» Clear R, > R4 Ordering for pions, due to prolonged emission duration — Lévy walk

out
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RESULTS - 3D LEVY SCALE PARAMETER R
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Kaon and proton sources
generally show R, ; = Rg4e
At high proton momenta
Rsige > Rout likely due to
stronger space-time

(x — t)correlations
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» Decreases with transvers mass, as predicted by hydro
» No m; scaling between particle species, likely due to UrQMD
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SUMMARY

Lévy parameters (q, R, A) studied as a function of centrality and particle type in EPOS3
Expectation based on elastic scattering dominated Lévy walk: a(K) < a(m) < a(p)

Relation obtained in the simulation, contrary to expectations: a(K) = a(m) < a(p), likely due to
inelastic scattering processes, resonance decays and resonance formation

Clear R, > R4 Ordering for pions, due to prolonged emission duration

At high proton momenta R4, > R, likely due to stronger space-time (x — t)correlations
R.g: N0 My scaling between particle species, likely due to UrQMD

Observed A ordering: A(p) < A(m) < A(K)

These results will provide the basis of future comparison with experimental data

Thank you for your attention!
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ovents: PIONS:

0—10% : 200 (100, 30000)
10—20% : 500 (300, 30 000)
* Number of events averaged 20-30% : 1000 (500, SHUUM

® Changing With Centrality Nc\-’cuts_«_ kaons:

L & Srhbn Y 0—10% : 1000 (200, 30000)
* Pair kinematic limit 10—20% : 3000 (1000, 30000)

P max __ 20—30% : 5000 (3000, 30000)
LCMS = 4/ Axmrp

. F,t Nevents, protons:
: range 0—10% : 3000 (1000, 30000)

° = /B/m 10—20% : 10000 (7000, 30000)
2 / T 20—30% : 30 000 (20000, 30000)
Qrénis: VA -mo
pions: A = 0.15 (0.05,0.25) [GeV]
kaons: A = 0.15 (0.05,0.25) [GeV]
protons: A = 0.15(0.10,0.20) [GeV]
pit o \/B/mg

pions: B = 2500 (1600, 3600) [fm? - GeV /c?]
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SIMULATION VS
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COORDINATE SYSTEM

Picvs = Tuems — Bt B = K/K,

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

the components of p in the LCMS, expressed in Bertsch-Pratt coordinates:

-

i

out 0 } 1 . |

PLoms = e €oS @ + 7y sin@ — o5 (Kot — Kar2),
0 z

Psﬂg(fxls = S = o),

long A’Urz = Kzt

p 1S )
LCMS \/m
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