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Introduction

The PHENIX experiment

The PHENIX experiment

o Different collision energies

7.7-200 GeV in /s,
20-400 MeV in ug

@ Different collision systems
p+p, pHA, A+A
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Introduction The PHENIX experime

The Levy so

Levy-type source assumption

Correlation function: Gy(q) =1+ | [ S(r)e'r|?
Assumption for source function — Levy-type source

S(r) = L(a,R,r) =

1 a
(2 )3/d3qe o

o Generalized centr. lim. theorem
o Levy-exponent: a (Gaussian o = 2, Cauchy a = 1)
o Levy-scale parameter: R

. 4 de(;rnjaI
Irrusion
Probable reasons:

@ Anomalous diffusion
QCD jets

Critical phenomena

Anomalous
diffusion
(Lévy flight)
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Introduction

The connection of Lévy-index and the critical point

Looking for critical behavior with critical exponents

Critical spatial correlation: ~ r—(d=2+n)
Lévy source: ~ r—(d=2+0) 0 7
Csorgd et al. Eur. Phys. J. C36 67 (2004)

QCD universality class <= 3D Ising
Halasz et al., Phys. Rev. D58 096007 (1998)
Stephanov et al., Phys. Rev. Let. 81 4816 (1998)

Critical point: ‘ I
e Random field 3D Ising: 1 = 0.50 & 0.05 e
Rieger, Phys. Rev. B52 6659 (1995) - color” |

e 3D Ising: n =0.03631(3) Supercohductor
El-Showk et al., J. Stat. Phys. 157 (4-5):869

Motivation for precise Lévy HBT!
Finite size, non-equilibrium effects
e What does the power-law tail mean?
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Levy HBT at PHENIX

Levy exponent from two particle correlations

S *FPHENIX 0-30% AU+AU Sy, = 200 GeV
18;(]0:1.207 , X?/ NDF = 208/61, CL< 0.1 %
= o TUTT 7
g o 17t o Lévy-exponent vs. mt
61—
s A. Adare et al. PRCO7 (2018) 064911
14 ¢ .
S v o Far from Gaussian (a = 2)
12 & 5 DGR IR I . .
g giéiiﬁgégéé%fi { % @ Inconsistent with Cauchy (o =1)
£
- e Far from CEP (a < 0.5)
08—
o @ Constant within systematics
B S P I I I P I I
. 0.9
m, [GeV/c?]

Balint Kurgyis Levy HBT at PHENIX 5/13



Levy HBT at PHENIX 'f"y expon

ality a ergy dependence

C P —— A L5
o] F PHENIX 0-30% Au+Au, E?nTD= 0.420 GeV/c*, TTTT+TT'TC > ”557 PHENIX Au+Au m =200 GeV
L5 “E ® TOTE+TETE
C 14 £ @
1'4; 135
2 — Laf
1.3¢ PHENIX F
C % + preliminary 125 @
12F e e
: ; * PH. ENIX
b Lisf preliminary
[ Vs [GeVl: 146 196 27 39 624 200 1=
£ Am, [MeV/c?: 300 300 200 150 50 12 E
il . | . . gosEe e i b e e
5 0 50 100 150 200 250 300 350
10 10 {5 [GeV] Noart

@ Non-monotonic behavior of a: vs. Ny (arXiv:1801.08827)
e No clear interpretation

@ « is far from CEP value for these energies (arxiv:1811.08311)
e mt bin width dependent values
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Levy HBT at PHENIX

ross check with 3D analysis

s 18 -
- PHENIX 0-30% Centrality
F Au+Au s, =200 GeV
Lol = 73D pHYENIX
N o et 3D preliminary
L (1t 1D Phys. Rev. C 97, 064911 H H
- I v x‘TT[(‘1DP:1/;S.REGV.C97.064911 ° Slmllar to 1D reSU|ts
14—
= l : ‘ arXiv:1809.09392
[ §;lil N St ) . .
12~ ﬁéiéi%{%f% %%l\%é % #% o Still far from Gaussian (a = 2)
L ; +$ %i é; 1% % @ Differences at low mT
L
r i e Due to non-spherical source?
0,8;
I R EATEITIN IR IR IR IR A

m, [GeV/c?]
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PHENIX 0-30% Au+Au |/S, = 200 GeV
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@ Lévy scale parameter = RMS
@ Same behavior as for Gaussian HBT radii
e Hydro scaling observable: 1/R?> = Amt + B
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alo model, partial coherence

Three-pion correlations

Correlation strength, core-halo independent parameter

@ Two component source: fo = Neore/ Niotal
o If there are pions emitted coherently: pc = Neoperent/ Neore

@ Partial coherence + Core-Halo:
T. Csorgd, B. Lérstad, J. Zimdnyi, Z. Phys. C71, 491 (1996), arXiv:9411307
T. Csorgd et al. Eur. Phys. J. C9 275-281 (1999) arXiv:9812422

X2 = f2[(1— pe)? + 2pc(1 — pc)]

A3 =22 [(1 = pe)® +3pc(1 = pe)?] + 32 [(1 = pc)* + 2pe(1 = pc)]
e Experimentally: A\, = Cy(g1 =¢q2---=0)—1
e Core-halo (f.) independent parameter: k3 = 0.5(\3 — 3)\2)/)\3/2

) core
corethalo ——

unresolvable

..
(n'.0.K3)
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Three-pion correlations

wo particle correlation stren m previous analysis

@ Hole in Xy at low m

) , T
§ [ PHENIX0-30% AuvAU |5, = 200 GeV @ In medium 7’ mass modification?
f : : L] T[-T[- , /
< fo mrw @ Decreased ' mass — 7
PN e = B
e = A 5509 cove bil % enhancement
i I gy pemapis
3 ! oy = mnww

@ Halo enhancement— lower Ao

Aul - - - M, *=958 MeV, B;}=55 MeV
| Frruos etz { #2530 Mo, 5165 Mo J. 1. Kapusta et al., PRD53 (1996) 5028
04— I.»’ resonance model: ) m,*=530 MeV, B;=55 MeV
ros Kaneta and Xu -+1= M, *=250 MeV, B;=55 Mev S. E. Vance et al., PRL81 (1998) 2205
02 " H=(059:0.02(stat)?Z(syst), — 1- Hexp[-(mi-m3)/(20%)] .
o 0=(0.30£0.01(stat) Jo(syst)) GeV/c?, X2/NDF=83/60, CL=2.7% T. Csorgo et a|-, PRL105 (2010) 182301
0 ‘0‘.2‘ - ‘0.‘3‘ - ‘0“4‘ - ‘0.‘5‘ - ‘o.‘s‘ - ‘0‘.7‘ - ‘0‘8‘ - ‘0‘

mcevieq @ Results aren’t incompatible

From X, A3 calculate k3
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Core-Halo model, partial coherence
Results
Three-pion correlations Sum

Three particle correlation st

@ From Core-Halo model: 0 < A3 <5

<[ PHENIX 0-30% Au+Au @ |5y, = 200 GeV

10F e
C T pHTENIX
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Core-Halo model, partial coherence
Result
Three-pion correlations Summ

Core-Halo independent parameter

@ Independent from f.

@ Expectation for fully chaotic, core+halo type source: k3 =1

K;=0.5(A;-3\,)/AY? vs. m,

S 25F-  PHENIX 0-30% Au+Au @ |s,, = 200 GeV
%'R‘ i3 ix I N
< 1.5 1 .
5 1$‘;HMHH$H%J‘“%H%HI‘
o5t il | il } @f %
oF-
o5t T pTENIX + T
LB —— e preliminary
15 %_ —— Core-Halo + chaotic emission value
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Results:
@ Levy sources (a < 2) seen in 1D, 3D, 27, 37 analyses
@ k3 = 1 consistent with chaotic emission

@ 0 < A3 < 5 within errors

K;=0.5(A;-3\,)/A3? vs. m;

< F PHENIX0-30% AU+AU @ |5, = 200 GeV. i S5 25F  PHENIX 0-30% AU+AU @ |5y, = 200 GeV.
0F 4 e e 2 2
of —+— e ;Ie‘h?nE\rva% % fm 15§%i ol + . Tt % %
E [ Core-Halo allowed range, *%% f E HH“ %éé%%éliﬂ,tti I
o nir §§A§A Mll E i IW‘HHJ TH
5 SERRCRHERE LR 055 t *
Eg e = i *” t F *
F E —4— mnr X
2:— T —07512 —— e preﬁmma% i
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E | I I I e L ! L
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| ,
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m, [Gevif

Thank you for your attention!
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Appendix

Three particle correlation functions

@ Correlation function:

N3(k17k27k3)
ki, ko, k3) =
Clka, ka2, ka) N1(k1) Ny (k2) N1 (ks)

@ Single particle momentum distribution:

Ny (k) = /S(k, )W (r)2d*r

@ Three particle momentum distribution:

3

N3(k17k27k3):/’Wkl,k27k3(r17r2ar3)|2H5(kiari)d4ri
i=0
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Appendix

Core-Halo model

@ Two component source: S = 5.+ S,
T. Csorgd, B. Lérstad, J. Zimdnyi, Z. Phys. C71, 491 (1996), arXiv:9411307

e Core: thermalized medium, expanding source
o Halo: long lived resonances (7 > 10 fm/c)— experimentally unresolvable

e Fraction of core: fo = Neore/(Neore + Npaio)
o Two particle correlation strength: Ay = £2

o Three particle correlation strength: A3 = 2f3 + 32
e Core-Halo independent parameter: k3 = 0.5(\3 — 3)\2)/)\3/2 =1

Core s(r) 2 cla) [ p——
(hydrodinamically 2 +halo ——
expanding thermal coresnao
medium) unresolvable
T+A o

\—Halo

(. 0.K2) AR 11
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Partial coherence

@ If there are pions emitted coherently:

herent incoherent
5(_‘ — Sgo eren _"_ SCI:I‘ICO eren
@ Fraction of pions emitted coherently:

Pc = coherent/(Ncoherent + Nincoherent)

@ Partial coherence + Core-Halo:
T. Csorgd et al. Eur. Phys. J. C9 275-281 (1999) arXiv:0812422

A2 = c2 [(1 - pc)2 + 2pc(1 - pc)]
A3 = 2f3 [(1- pe)® +3pc(1 — pc)z] + 3f2 [(1- pe)?+2pc(1 — pe)]
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Appendix

Three pion Levy HBT

The correlation function (without final Coulomb-interaction):

ngo)(qn, q13,q23) =1+ g3e—0~5(|q12R|a+\ql3R\a+|qz3R|°‘)

+0, <e|q12Ra + elasRl* + eICI23R'|Q)

Parameters:
@ Already known from two particle measurements: o, R
A. Adare et al. Phys. Rev. C 97, 064911 (2018) arXiv:1709.05649

@ Now measured: /5, /3

We are looking for three-particle correlation strength: A3

M=G(q=q3=q¢3—0)—1=103+30
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Appendix

Analysis details

200 GeV Au+Au collisions

29 mT bins
o Correlation functions of identified, same charged pion triplets

o Cuts:

o Event selection: z-vertex, 0-30% Centrality
o Particle selection: 20 cuts for PID
e Single track cuts: 20 matching

e Pair cuts: customary shaped cuts for Az - Ay distributions
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Appendix
Fit function

Fit function:

Céﬁt) _ N(]. 4 <€CI12)(1 —+ gq13)(1 + EC]23)I<3C3$0)

Background and normalisation: ¢, N
Coulomb-correction:

@ Generalized Riverside method:

K3(q12, 913, g23) ~ K1(q12)K1(q13) K1(g23)

@ Detailed numerical table for Ki(q, a, R)

Fit parameters: ¢, f3, N, ¢
Already known from 2-particle correlations: «, R
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Appendix

Example fit

@ Diagonal visulaization of 3D correlation function

—~ 3
xm : PHENIX 0-30 % Au+Au @ |s,, = 200 GeV, TrTrTr, p,=0.48-0.5 GeVic
" :
X R=7.2fm, fixed —— Measured correlation
w~2.5 a =11, fixed
< N =1.004 +0.0003 = Fit function
©
(@] £=-0.022 +0.0005
-+--- Coulomb factor
I,=0.98 +0.004
? b 2908 PHENIX
2) - wE
X2/NDF = 8764/8365 preliminary
' conf. level = 0.117%
1.5+
= 1D L L L L L L n il Y n n n [ n n el n f i
S ode
20
“‘7:70;51 3
S5 .
S 2 L 1 L s L
0 0.05 0.1 0.15 0.2 0.25 0.3
k,=k,3=Ko4 [GeVic]
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MinBias vs 0-30% Centrality

@ 0-30% Centrality

@ Density & size dependence

@ Similar to MinBias

@ Within Core-Halo range

<& F PHENIX0-30% Au+Au @ |s, = 200 GeV
10k .
ETT T pHYENIX
sf n'n'nt  preliminary %
F l:| Core-Halo allowed range + + % %
6_
- sé’*%éi.%é “M
o 8(1%3]|s#[3 |0 ) *
‘et =t ' + {
2 1
of
i 1 1 1 1 1 1 -
< F—— oo PHENIX MinBias Au+Au \s,, = 200 GeV
8 o e
[ — core-Halo + chaotic PH=><ENIX
6 emission allowed range  preliminary
C S W = alllsl gl | i il
E " MIGINIE ) 2 i % % j 1
4?3003‘2@°$$8Q¢¢ g J%%i
25 #
oF
I | S I P PRI
0.3 0.4 0.5 0.6 0.7 0.8

m; [GeV/c?]
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Appendix

MinBias vs 0-30% Centrality: &3

%;=0.5(A;-30,)/A57 vs. m;

%SN 2.5F- PHENIX 0-30% AutAu @ {5y = 200 GeV
o 2E
g1%”;”%*”%;5%%#@&HHH, ,
0.52— f L ! } ! i) + 1 %
o , @ 0-30% Centralit
T g | | '
_153_ f:or&Ha\o«-clhaoticemissi:mvalue I I L Py Density & Size dependence
%5” 2E PHENIX MinBias Au+Au s, = 200 GeV
- v ) @ Similar to MinBias
s e A AT
. o o
T, oF ' @ 0-30% compatible with 1
© E
“O5ET ky=1:NDF=197/62, C.L.<0.1% #
D A PH ENIX
1.5 Core-Halo + chaotic emission _preliminary

03 04 05 06 07
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