
Femtoscopywith Lévy sources 
in 5.02 TeVPbPbcollisions 
Balázs Kórodi1 for the CMS collaboration

1Eötvös LorándUniversity

Margaret Island Symposium

Budapest,2022



Introduction Analysis details Results Summary

BASICSOF FEMTOSCOPY

ÅHBT in highenergyphysics: G. Goldhaber, S. Goldhaber, W.Y. Lee, A. Pais, Phys. Rev.120, 300 (1960)

ÅMomentum correlationof pions

ÅBose-Einstein correlationᴼC(q),  ήḳ ▲ , ▲ ▬ ▬

ÅRelationto the source: ὅή ρ Ὓή

ÅGaussian source: ὅή ρ Ὡ

ÅLévy-typesource+ core-halomodel: ὅή ρ ʇὩ

ÅFinalstateinteractionsᴼCoulomb correction

ÅGoals:

ÅMeasureὅή in differentcentralityand ὑ classes

ÅObtain the parametersviafitting

ÅStudythe centralityand ὑ dependenceof the parameters
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S(r) source
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CONCEPT: LÉVYHBT

ÅGaussian assumptionnot preciseenough

ÅLévy distribution: ὒ‌ȟὙȠὶ Ὠ᷿ήὩ Ὡ

ÅManypossiblereasonsi.e.anomalousdiffusion, criticalphenomenaé

ÅCsºrgŐ, Hegyi, Novák, Zajc, Acta Phys. Polon. B36 (2005) 329-337

ÅCsºrgŐ, Hegyi, Novák, Zajc, AIP Conf. Proc. 828 (2006) no.1, 525-532;

ÅCsanád, CsºrgŐ, Nagy, Braz. J. Phys. 37 (2007) 1002

ÅDetailed centrality dependent Lévy shape analysis

ÅMeasurement of:

üLévy stability index ‌ᴼshape

üLévy scale parameter Ὑᴼscale

üCorrelation strength ɚO core-halo, partial coherence
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DATA SELECTION

Å2018 5.02 TeVPbPbdata

ÅEvent selection O 2.65billionevents

ÅTrack selection O 662billion tracks

ÅPair selection

ÅNo particle identification

Å 80-90% pion, 10-20% kaon+proton

Åὑ dependent ratios

ÅOnly influences ɚ
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CALCULATINGTHECORRELATIONFUNCTION

ÅPairdistributions: quantumstatistics+ acceptance+ kinematics+ é ᴼbackgroundsampleneeded

ÅCalculatingthe correlation function: ὅή ɇ
᷿

᷿

ÅA(q) actualpair distribution: all samechargedpairsof a givenevent

ÅB(q) backgroundpair distribution: obtainedby eventmixing

ÅCalculateὅή for differentὑ and centralityclasses

ÅEventmixing:

ÅA pool of eventsin classes(zvertex, centrality) is kept

ÅFor an actualevent, we createa mixed event:

ÅRandom selectionof N particles

Å Two particlescanõtcomefrom the sameevent

ÅMinimallycorrelatedmixed event

ÅBackgroundpairsfrom mixed event

ÅRemove remaining long-range background O ὈὙή
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FITTING THECORRELATIONFUNCTION

ÅROOT MINUIT2 ̝ ² fit; errors: MINOS

Å6 centrality(0-60%) and 24ὑ classes(0.5-1.9GeV/c)

ÅFit limits differentin eachclass

ÅSmallq: not reliablebecauseof pair resolution

ÅCheckedusingMC simulations

ÅFitted function: Bowler-Sinyukovmethod

ὈὙή ὔρ ‐ήρ ʇ ʇρ Ὡ ὑ ήȠ‌ȟὙ

Åὑ ήȠ‌ȟὙ: Coulomb correction

Csanád,Lökös,Nagy: Phys. Part. Nuclei 51, 238-242 (2020) 

Å5 fit parameters:

ÅN : normalisationfactor

Å‐: neccesarybecauseof still remainingbackground

ÅὙȟ‌ȟʇ: physicalmeaning
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http://cds.cern.ch/record/2806150
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THE LÉVYSCALEPARAMETER: ὙVSά

Åά ά ὑȾὧ

ÅGeneralized homogeneity length of the 

source

ÅSmooth ά dependence

ÅCentrality dependent

ÅBoxes: uncorrelated systematic 

uncertainties

ÅError bars: statistical uncertainties
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HYDRO SCALING OF ρȾὙ VSά

ÅHydrodynamic model: ρȾὙͯά (‌ ς)

ÅSlope(A) Ÿ QGP Hubble constant :  ὃ

ÅIntercept(B) Ÿ Sizeat freeze-out :  ὄ

ÅUncorrelated syst. + stat. uncertainties for 

fitting

ÅVerifieshydrodynamicscaling

ÅHubble constant betweenπȢρςÆÍ and 

πȢρψÆÍ

ÅCentralitydependence

Balázs Kórodi, Margaret Island Symposium, Budapest 2022

8/14

CMS-PAS-HIN-21-011

http://cds.cern.ch/record/2806150


Introduction Analysis details Results Summary

PARAMETERS OF THE HYDRO FIT
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ÅA decreasing monotonically with ὔ

ÅCentrality dependent expansion speed
ÅB negative, close to constant

ÅCaused by Lévy source?

CMS-PAS-HIN-21-011CMS-PAS-HIN-21-011
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THE LÉVYSCALEPARAMETER: R VSὔ

Åὔ
Ⱦ
ͯone-dimensionalsize

ÅIf Ὑͯ ὔ
Ⱦ
Ÿ geometricalmeaningof Ὑ

ÅLinearscalingverified
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