
TWO-PARTICLE
FEMTOSCOPIC 
CORRELATION
MEASUREMENTS
MÁTÉ CSANÁD (EÖTVÖS U) FORTHEALICE, ATLAS, CMS COLLABORATIONS

LHCP 2023



CONTENTS OF THIS TALK

ÅBasics of femtoscopy and Lévy sources

ÅTwo-particlefemtoscopy in PbPbcollisionswith CMS

ÅEvent-by-eventshapeanalysisin EPOS PbPbcollisions

ÅNon-identicalfemtoscopy with ALICE

ÅTwo-particlefemtoscopy in pp collisionswith ATLAS
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FEMTOSCOPY IN HIGH ENERGY PHYSICS
ÅR. Hanbury Brown, R. Q. Twiss - observing Sirius with radio telescopes

ÅIntensity correlations vs detector distance ᵼsource 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 particle emitting source Ὓὶ

ὅήḙρ Ὓ᷿ὶὩ Ὠὶ (under some assumptions)

ÅWith distance distribution Ὀὶ:

ὅήḙρ Ὀ᷿ὶὩ Ὠὶ

ÅNeglected: pair reconstruction, final state interactions,

N-particle correlations, coherence, é

ÅOnly way to map out source space-time geometry on femtometer scale!
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SHAPE OF HADRONIC SOURCE AND CORRELATIONS

ÅCentral limit theorem (diffusion) and thermodynamics lead to Gaussians

ÅMeasurements suggest phenomena beyond Gaussian distribution

ÅLévy-stable distribution:

ÅFrom generalized central limit theorem, power-law tail ~ r ð(1+ )h

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

ÅShape of the correlation functions with Lévy source:

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

ÅA possible reason for Levy source: anomalous diffusion, jet fragmentation, critical phenomena, decays, averaging

fl‌ȟὙȠὶ ς“ ὨήὩ Ὡ
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LÉVY, GAUSS, EXPONENTIAL: MEANING OF HBT SCALE Ὑ

ÅNo tail if ‌ ς, power law if ‌ ς; tail depends on ‌

ÅIf Ὓὶ Lévy, Ὀὶ Lévy with same ‌and ὙᴼςȾὙ

ÅIn principle, RMS  = Ð if ‌ ς, but depends on cutoff

ÅWhat do Gaussian HBT radii mean?

ÅAlternative measures:

ÅWidth at half integral

ÅWidth at half maximum

ÅNontrivially connected

to ‌and Ὑ
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MEASUREMENT AND FITTING CORRELATION FUNCTIONS

Å2018 data: ί 5.02 TeV PbPb, 3 billion 

MinBiasevents, standard event & track cuts

ÅEvent mixing to measure correlations; pair 

cuts to reduce splitting and merging

ÅLong range background fitted; double ratio 

built to reduce residual effects

ÅSmall ήvalues: pair reconstruction efficiency, 

studied via MC

Å5 fit parameters, studied in cent. and KT bins

ÅὙȟ‌ȟɚ: physical parameters of Lévy source

ÅN: normalization; ‐: linear background
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ὔρ ‐ήρ ɚ ɚρ Ὡ ὑ ήȠὙȟ‌
Bowler-Sinyukovtreatment

Coulomb correction for Lévy source
Phys. Part. Nuclei 51, 238-242 (2020)
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