The status of the centrality dependent Levy

analysis at PHENIX

Sandor Lokos for the PHENIX collaboration

EFOP-3.6.1-16-2016-00001, Gyongyods
Eotvos University, Budapest

34 Femtoscopy Day 2017
Gyongyos, Hungary

Sandor Lokos for the PHENIX collaboration The status of the centrality dependent Levy analysis at PHENIX 1 / 13



Lévy-type distribution and the critical point

@ Generalized Gaussian — Lévy-distribution

—Anomalous diffusion T 1

—Generalized central limit th. -y Y
@ o =2 Gaussian, @ =1 Cauchy, 0 < o < 2 Lévy i
@ The C; from a symmetric Lévy-source: H

G(Q) =1+ A (RO ?

@ Spatial corr. ~ r=17" in 3D — defines ) exponent distance
@ Symmetric stable distribution (Lévy) — spatial corr. ~ r—1=
@ « could be associated to 7!
@ For details see e.g.:

[1] Csérgd, Hegyi, Zajc, Eur.Phys.J. C36 (2004) 67, nucl-th/0310042

@ [2] Csorgé, Hegyi, Novak, Zajc, AIP Conf.Proc. 828 (2006) 525, nucl-th/0512060
o [3] Csdrgs, PoS HIGH-pTLHC08:027 (2008), nucl-th/0903.0669

@ [4] Csanad, Csorgd, Nagy, Braz.J.Phys. 37 (2007) 1002-1013
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Searching for the critical point

@ QCD universality class <> 3D lIsing [5],[6]

@ At the critical point:
o random field 3D Ising model [7]: n = 0.5 £ 0.05
e 3D Ising [8]: n = 0.03631(3)

Change in o — vicinity of the CEP

Motivation for precise HBT measurements ...

Levy index of stability o
“

-0.5 0 0.5
(T-1.)/T.

o ... with a high-quality 0-n% centrality measurements (Maté's presentation)
o ... with different multiplicity — centrality dependence (this presentation)
o ... with lower energies: 62 GeV, 39 GeV (Dani's presentation)

[5] Halasz et al., Phys.Rev.D58 (1998) 096007, hep-ph/9804290
[6] Stephanov et al., Phys.Rev.Lett.81 (1998) 4816, hep-ph/9806219

[7] Rieger, Phys.Rev.B52 (1995) 6659, cond-mat/9503041

[8] EI-Showk et al., J.Stat.Phys.157 (4-5): 869, hep-th/1403.4545
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Analysis details

@ Data used for the centrality dependent analysis:

o Run-10, Au+Au at /syn = 200 GeV
e 18 mt bin, 6 cent.bin by 10% steps

@ Yield the mt and centrality dependence of the Lévy-parameters

o Estimate the systematical uncertainties (in progress):
o Effect of single and pair cuts

Choice of PID arm (East or West)

Systematics from fit: choice of the Qmin and Qmax

In Coulomb correction gj,, > @ change

Sandor Lokos for the PHENIX collaboration The status of the centrality dependent Levy analysis at PHENIX 4 / 13



Lévy exponent o at 200 GeV

@ Slightly non-monotonic behavior as a function of mt
@ Average has non-monotonic behavior at 200 GeV

@ a = (a) constant fits were performed with centrality bin dependent value
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Lévy scale R at 200 GeV

@ Not equivalent with the Gaussian width but show similar trends
@ « fix fits reduce the systematic uncertainties
o Linear scaling behavior is seen in 1/R?(m7t)
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Lévy scale R at 200 GeV

@ Not equivalent with the Gaussian width but show similar trends
@ « fix fits reduce the systematic uncertainties
o Linear scaling behavior is seen in 1/R?(m7t)
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Lévy strength )\ at 200 GeV

@ Decreasing tendency at lower mt not depend on centrality (as in [9])
@ Can be observed clearly in A\/Amax with « fix (r.h.s. figure)

@ Partial coherence predicts strong centrality dependence

@ No centrality dependence of the “hole”
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[9] Abelev et al. [STAR collaboration] PRC80, 024905
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New scaling parameter R at 200 GeV

) % = &l,if—al scales with mt

@ Not sensitive to the « fixation

@ May correspond to the area under the correlation function
°

Experimentally observed, no theoretical explanation as far as we know
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0-10% suffers from some problem
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The time evolution of this analysis

@ The past
o Started last autumn
@ Preliminary in January, 2017
Accepted poster to QM 2017
o Poster presentation in Karpacz Winter School
o Presentation on WPCF, BGL, QCD@LHC, 3™ Day of Femtoscopy
@ Recent works
o Centrality range 0-10% seems to be problematic
@ Does not have Levy-shape?
@ Some strange effect?
o The fit have to be done in a more careful way?
o Finalizing the systematics
@ Qmin and Qmax systematics
@ Coulomb systematics from giny <> Q
@ Checking on the "finalized" systematics whether they could be better
o Future plans
o Probably will be presented in Zimanyi School, in Venice (QM 2018), ...
o PPG formation
o Write a top quality paper on centrality dependence
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@ Symmetric Lévy shape is a statistically acceptable description

o Experimentally, a significant deviation from the Gaussian (o = 2) case

Lévy exponent a:: non-monotonic in Npart
Lévy scale R: geometric/hydro scaling, similar to Gaussian

Lévy strength: low-m+ “hole” — weak centrality dependence

New par R: linear scaling for all investigated centrality

Lot of work have to be done to finalize the promising results

Thank you for your attention!
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Backup slides

MAmax from J. Adams et al., STAR Coll., Phys. Rev. C71, 044906 (2005)
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