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The phase diagram of QCD
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The PHENIX experiment and the RHIC-BES
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* Au+tAu collision energies: 200 GeV - 7.7 GeV
 ug=123.5MeV -422 MeV, T, =166 MeV - 139 MeV
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The PHENIX experiment and the RHIC-BES
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« Au+tAu collision energies: 200 GeV - 7.7 GeV
 up=23.5MeV -422 MeV, T, = 166 MeV - 139 MeV
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The HBT effect and Lévy femtoscopy

; . ) ”— Vs y Source
*  Mom. corr. of identical pions 07y . N
- We can map out the source on the i) 4;“’”%?
femtometer scale cofaiatia

« Usually assumed source shape: Gaussian
« Generdlization: Lévy distribution
« Lévy-type corr. func.:

C(Q) =1+ 21-e RO

B Normal
A diffusion

1/R

Anomalous

diffusion
(Levy flight) Gaussian distribution ~ Lévy distribution
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Parameters of a Lévy-type correlation function

« Correlation sirength A —~
« Infercepft of the corr. func. 5_3’;,
+  Core-Halo model: Olc(Q)=1+41- e~ (RQ)*

VA = N¢/(N¢ + Ny) 1+A
e Lévy-scale R
« Physical size of the source
« Usually decreases with m
- Lévy-exponent a
Connected fo crifical exponent n
Could be a good signal of CEP
= R/(A(1 + a))
Can be determined more precisely 1
Less correlated with other parames.

[ J [ z) [ [ )
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PHENIX Lévy-HBT analysis overview

 Daia set: \/syy =200, 62, 39, 27, 20, 15 GeV Au+Au, identified pions
« Some details of the analysis:

« 1D m*nt corr. func. as a function of m and cenftrality
« investigation of systematic uncertainties:
« One- and two-particle criteria (PID, matching, paircuts)
« Ofther sources of syst. uncertainties
(e. g. fit stability, Coulomb-effect)
« Fitting the measured corr. func. with Lévy-shape
« |nvestigation of the source parameters (4, R, a)
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Handling the Coulomb-effect

» |dentical charged particles - Coulomb repulsion
« Pair wave function with Coulomb interaction incorporated: llléz) (r)

« HBT Correlation function: C;(QK)=1—2+A[d’rS(r,K) “l’éz) (r)‘2
« Fifting of the data:

« Using a numerically pre-calculated lookup table

« Iterative, self-consistent fit method with Coulomb corrected function
« Other opfion:

« parametrized Coulomb correction — see the poster of S. Lokos!
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Example correlation function

~1.6

O - : PHENIX 0-30% Au+Au @ ﬁ =200 GeV,TT T, m_= 0.331-0.349 GeV/c
1.5 A =0.81£0.04 —+— Raw corr. function  m m corr. func.
— R=7.71fm*0.27 fm
E E £=-0.0294+0.0017 ....... Coulomb factor T ! .
! N = 1.0072 + 0.0004 | ) .
13 L NDF - 78183 ——— C,(LR0:Q) x N (14¢ Q)  0-30% centrality Au+Au
- A f.level = 63.8% - Cy(AR0;Q)x Nx (14 Q) 2 -
1ot % cont. Teve ; ! « Fitted function:
- - -- Nx (14 Q)
1A Cy =1+ exp(-R" Q")  HBT-correlation+
15_ Coulomb interaction+
_ | | | | .
s linear background
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Excitation functions of the Lévy parameters

« Going down in /syy Is challenging due o low statistics
« Solution: only one centrality range (0-30%) and one m bin
« Aflower energies: wider m; bins while keeping (m) the same

* New results down to 15 GeV!
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Excitation functions of the Lévy parameters
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«  Weak non-monotonicity is seen 15-200 GeV
« Effect of my bin width is an important syst. uncert.
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Excitation functions of the Lévy parameters

S | PHENIX 0-30% Au+Au,(m.) = 0.420 GeV/c?, tm+n'n*| E 4 g~ PHENIX 0-30% Au+Au, (m_) = 0.420 GeV/c?, ' +r'n*
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s still far from Gaussian (2) & CEP (0.5) limits 15-200 GeV
« R has a statistically very significant change
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Summary

Lévy fits work well at all energy, centrality and m; ranges
Excitation functions show weak non-monotonicity

Lévy exponent «a is far from the conjectured CEP value (0.5)
« More detailed investigation needed, may have to change the interpretation (¢)

More details about the related analyses:

PHENIX Coll., A. Adare et al., Phys.Rev. C97 (2018) no.6, 064911
D. Kincses for the PHENIX Collaboration, Universe 2018, 4(1), 11
S. Lokos for the PHENIX Collaboration, Universe 2018, 4(2), 31

Thank you for your attention!
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Mo SUPPORTED BY THE UNKP-18-3 NEW NATIONAL EXCELLENCE PROGRAM OF THE HUNGARIAN MINISTRY OF HUMAN CAPACITIES
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Levy femtoscopy and the critical point

1
(2m)3

. 1 a
e Lévy distribution: L(a, R, 1) = [ d3q eldr 314k N

Normal
diffusion

« Ciritical behavior — critical exponents

 Spatial corr. at the CEP « r=(@=2+m)

Anomalous

diffusion

« |n case of Lévy source, spatial corr. « r=1-¢@ (Levy flight)

 QCD universality cl. - (rdf.) 3D Ising—->n < 0.5

« Lévy-type corr. func.:

CQ)=1+1 e RO"

Gaussian distribution  Lévy distribution
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A - Centrality and m; dependence
\/SNN = 200 GeV \VSNN = 62 GeV \VSNN = 39 GeV
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« Decrease at small my is present at all centralitfies and energies

« Sign of iIn-medium mass modificafione
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R - Cenirality and m; dependence
\/SNN = 200 GeV \VSNN = 62 GeV \VSNN = 39 GeV
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« Geometrical centrality dependence

« Usual decrease with my Is present
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a - Centrality and m; dependence
\/SNN = 200 GeV \VSNN = 62 GeV \VSNN = 39 GeV
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* Values are far from Gaussian (2) and rtd.3D Ising at CEP (0.5)

« Weak m; dependence is present
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1/R - Centrality and m; dependence
\/SNN = 200 GeV \VSNN = 62 GeV \/SNN =39 GeV
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« Empirically found scaling parameter

« Geometrical centrality dependence, linear in my
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