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\2-/,.7 LEVY DISTRIBUTIONS IN HEAVY ION PHYSICS

* Expanding medium, increasing mean free path: anomalous diffusion
Metzler, Klafter, Physics Reports 339 (2000) |-77, Csanad, Csorgd, Nagy, Braz.].Phys. 37 (2007) 1002

(2 )sfd3qe‘q"e‘i'qR'“

* Generalized Gaussian from generalized central limit theorem

* Lévy-stable distribution:
L(a,R;1) =
e o =2 Gaussian,a = | Cauchy
* Shape of the correlation functions with Levy source:
a = 2: Gaussian
C,(q) =1+ 24-e IR .

2(q) T a = 1: Exponential
* Ciritical behavior — described by critical exponents
* Spatial correlation ~ (42" — defines critical exponent

 Symmetric stable distributions (Lévy) — spatial corr. ~ r-!-®

* a alpha can be associated with the critical exponent eta
Csdrgd, Hegyi, Zajc, Eur.Phys.). C36 (2004) 67, nucl-th/0310042
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3., LEVY INDEX AS A CRITICAL EXPONENT?

QCD universality class <> 3D Ising
- Halasz et al,, Phys.Rev.D58 (1998) 096007 & 2.0
* Stephanov et al.,, Phys.Rev.Lett.81 (1998) 4816 g
At the critical point: § [
* Random field 3D Ising:n = 0.50+0.05 o
Rieger, Phys.Rev.B52 (1995) 6659 _5;, 1ok
* 3D Ising:n = 0.03631(3) £
El-Showk et al., J.Stat.Phys.|157 (4-5): 869 ~%0 |
Modulo finite size effects = . . .
: i : -0.5 0 0.5
Distance from the critical point? (T —T,)/T.

Motivation for precise Levy HBT!

Change in oy, proximity of CEP?

Non-static system, finite size effects may modify all this
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EXAMPLE C,(Q ms) CORRELATION FUNCTION

: . 16
* Measured in 3| my bins ©
* Fitted with Coulomb- ~ '°
incorporated function 4
* Coulomb-factor
displayed separately 13
* All fits converged 1.2
* Confidence levels 11
all acceptable
]
* X values scatter g
around 0 properly 5 2
=
* Physical parameters: ] -2
o

R, A, & measured
versus pair my

]._I_I__I_I_J_I_l Il

IIII[

- PHENIX 0-30% Au+Au @ S = 200 GeV, T T, m_= 0.331-0.349 GeV/c

A=0.81+0.04 —4— Raw corr. function
R=7.71fm+ 0.27 fm
o =1.24+0.03 Raw corr. x Coulomb factor

€ =-0.0294 + 0.0017
N =1.0072+ 0.0004

¥2INDF = 78/83
conf. level = 63.8%

Coulomb factor

C,(A,R,0;Q) x Nx (14 Q)

C0R,05Q) x N x (14€ Q)

-=== Nx(1+c Q)
C(zo’=1+7\.- exp(-R* Q")

o
L1

015 BV 055 '
Q [GeV/c]

PHENIX, arXiv:1709.05649
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175.,.7 PHYSICAL FIT PARAMETER RESULTS

S 2L PHENIX 0-30% Au+Au \'Syy = 200 GeV "g = PHENIX 0-30% Au+Au \'s, =200 GeV
° : between 1.5:—0‘0= 1.207 , %2/ NDF =208/61 ,CL<0.1% e (\6::0.03:—. ——
- ot Soorf° mmt
16— E— Am;+B
0.5 and 2.0 - ooet.
I i = A =(0.034 + 0.002(stat)" syst)) —o—
1.4 ;$? - 0.05E- ( (stat) gy, (sy ))f zGeV
" C o9 o " E B =(0.006+ 0.001(stat)*%¥(syst)) =
* R:hydro L L el b ok 5000 o)
- Q é qj $ E g/NDF=34/27,cL=17% || [[;HITL% & .- -
g — 0.03F )
scaling E -
0,8:_ 0.02;—
i '3 N 0.01 .-
d A. ,,hOIe ’ 06— :--"
> :\I\IIl|\l\l|\ll|‘l¥‘lll\ll\l\ IIIII — _IIILIIIIIIJJIIIlLIIILl‘llIIlJJIIIlIIIIIllIIIL
. g 1 - PHENIX 0-30% Au+Au |'s,, =200 GeV E [ PHENIX 0-30% Au+Au \sy, = 200 GeV )
compatible < T A
< 12;0 ot <9:,_ 0'5__0 ot *'_; #
with mass E max = g 56.09) Gevie? Lol E_Am-+b
10— il === 04—
o fro . r b C
modification .. .- SR L)
T 03— R
C C R R Charge averaged fit:
= 08~ N ] C 2 - - 0
° . e - - - m, =058 MeV, B=55 MeV 0ab- 5 /NDF—54125,CL—012/B
R:new S T G R o
0.4 L ,"’ resonance model: | e m,*=530 MeV, B;w1'=55 MeV C = (0.591+ 0.003(stat) -0.041 (syst) Gav fm GeV
I. - ' Kaneta and Xu == m,*=250 MeV, B;'=55 MeV 0 1; e 1
scaling 02 7 Hess00xsa eysy,  —— 1M expHmEnd)2on) T . B = (0.031+ 0.001(stat) P (syst) 7
- - 5=(0.30+0.01(stat)’ oe(syst)) GeV/c®, y*/NDF=83/60, CL=2.7% =
0

.bl e by vy b b v v b s b by |l O|||LlllIIIJJIIILLIIILIIIIIIJJIllllllllllllll
Varla e 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

m; [GeV/c?] my [GeV/c?)

o
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6., LEVY HBT STATUS FROM 39 TO 200 GEV

* Bose-Einstein correlation functions measured from 39 to 200 GeV

Levy fits yield statistically acceptable description

Fine m binned Levy source parameters (R, A, a)
* Nearly constant a, away from 2, | and 0.5 < distance to CEP?
* Linear scaling of 1/R? vs m; <> hydro?

* Low-m; decrease in A(my) < chiral restoration, in-medium n’ mass!?

New, empirically found scaling parameter §=A.(1+a)

Centrality and collision energy dependence also explored

* No a decrease down to 39 GeV, nhon-monotonic a vs N_, . dependence

part

* “Hole” in A(m+) present down to 39 GeV (c.f. SPS result without hole!)

* No change in I/R? and /R scaling with centrality and +/Syy
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7. OPEN QUESTIONS

* Collision energy and centrality dependence!?

* Non-monotonicity in a(w/sNN) or a(centrality)? Hole in A(my) at low /syy? Really due to n"?

* Lower energies (<39 GeV) currently analyzed, filtering " decay products investigated

* How does the shape look in 3D (out-side-long)?
* Is the Lévy exponent still around unity?
* How are the radii modified as compared to Gaussian ones? The 1/R?~mT scaling still valid?

¢ Rgut - R2

<ide NON-monotonicity modified if R is the Lévy scale?
* What about kaons?

* What is the Lévy exponent for kaons?
* Kaons have smaller total cross-section thus larger mean free path, heavier tail?

* Does my scaling hold for Lévy scale R?

* Correlation strenght versus core-halo picture: are there other effects?

* Three-particle correlations may show if coherence or other effects play a role

¢ Other effects may also play a role (finite meson sizes, random field phase shift, etc)
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by mid 2018

2017.11.02
i 4
8, COLL. ENERGY & CENTRALITY DEPENDENCE
* D.Kincses,S. Lokos (supervisors:M.Cs. +T.Cs.) ™ E
=T i + ' ]
* Hole in A(my) at lower energies? : ; ! :
% 0.9 > 7
* Filtering of " decay products to be investigated, §E 0_85_ [STAR) Avoley ot al, PRCE0, 24505 |
. C A(kT)/Amx comparison
based on Eur. Phys.].A (201 1) 47:76 r T ARS S Bn0 GV
0.7 L STAR Au+Au, 62 GeV, 0-5%
 Non-monotonicity in a vs centrality or syy? . v TAR Curt 02 Go¥, 010
L. .l i....i...] © STARCusCu,200GeV,0-10%
2.0k 100 150 200 250 300 350 400 450 500 550
S k; [MeV]
I A 15F
£ 3, .0 PHENIX AutAu {3, = 200 GeV
g - & T+t
< 14f- 0] -
é 10 . 1_35;—
c 1.3
S E
7 0.5F 1251 @
M F ;
~ : ~ s PHENIX
-0. (T - T)T. . 1_15;— preliminary
 New prelim. (15-27 GeV) and PPG(s) R
1.05 B0 100 150 200 250 300 ,, 350
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3D ANALYSIS

: . . 15 Lo AutAu (a)[® PHENIXSTAR (D) ;
* B.Kurgyis (supervisor:M.Cs.and D.K)) ~ _ "/ a-n [ Alice 106 £
. . N‘E« 0-5% | m, =026 Gevic? =
* Lévy radii at 200 GeV: = | %E 7; g |08
: , o O 1 1 S
Rout ® Rsige still true for Lévy scales? NI i 3 _ »}} . Joa |
* 1/R*~my scaling still true? . 5 s | W | &
-0 T 103~
® Z 1 M 7 T R R T DT T T B
How do Lévy radii change with energy? e
» Non-monotonicity still there in R2,;; — R44.! Sw TeV
* @ versus energy in'3D: same as for I1D? 5 PHENIX MinBiasAu+Au@\,‘STN::GGGeV,n_n_, mT=o.ze1-o(.::i1:GeWc
. c,(a,,)
M 0 : cz(qlong)
* Analysis started with 200 GeV data
* Many issues still
* Fits harder to visualize in 3D
* Coulomb effect complicated in 3D .
* Preliminary before QM8 g

Q [GeVic]
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&l
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10.. THREE-PION CORRELATIONS

J. Baskay & A. Bagoly (supervisor: M. Cs.)
e Recall: 1, = f# only if no other effects!

 E.g.if there is partial coherence (p.):
© Ay = fEI(A —pc)? + 2pc(1 — pe)]

© A3 =2f[(1 —pc)® +3pc(1 —pe)?] +

3f(]2 [(1 i pc)z + 2p(;(1 - pc)] 0 0.2 04 D, 0.6 0.8 1

* Coherence effects:

centrality dependent!

—_— _—‘y——
=0.90 PH: -ENIX
o preliminary
L] o o 1
* Measure in 0-30% and maybe 40-70%!? 8 055
(o]
5 0| PHENIX MinBias AusAu /5yy—200 GeV., wrrtt, mp=0.36 GeV
° i i 5 Y Model: Heavy lon Physigs15(2002)1
gagizsiaata s e =082'00 = (- p)*+ 21— pe)

|
i

= =378 —9f3[(1 — p)* 4+ 3p(1 — pe
+321(1% pe) + 2pe(1 — po)

- PPG formation by mid 2018 |

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7
Partial coherence (p.)
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1. KAON ANALYSIS

2017.11.02

* D.]oti (supervisor: M. Nagy and M. Cs.)
* Kaon: PID possible, recalibrators by M. Nagy suitable

* Transverse mass scaling of Levy HBT radii for kaons?

* HRC prediction for kaons:

""“*.':!7'\

&

+KK*

=KX
Syst. unc.

-

. 0-5% Pb-Pb ','TNN =276 TeV

| | |
— HKM KK w rescatt.

E 8 ==== HKM KK w/o rescatt.
] . . 8 — HKM 7t W rescatt.
* Smaller cross-section, larger mean free path, heavier tail o | ® 4  nrHKMmmwiorescatt.
° _+ él_
* Goal: preliminary by mid 2018 (hopefully before QMI18)  4; D )
0-10%. 200-400 VeV - Source function | 30-50%. 200400 Mev "'-\.Jh,‘ o
% " §__ —— Pions % " E_ —— Pions 2r
3 T — Kaons = — —— Kaons 02 04 06 08 1 5 12
E— - = - (m.) (GeVicY)
Al I - Protons A - Protons
10—, — —_L, 0T -
e e | — ALICE Coll.
102 — - “an L — 107 pa o e, .
oy e, e -+ . e, arXiv:1709.01731
3 + R e 1 al N ++++* T
10 E '|' L ”ﬂ* 10 g T -'I- +_H+++ +
= Tﬁ 'I' 4 = t +++JrJr *W{ﬂ*
el - Braz,.Phyd. 37(2007)1002 "
! | ||l | C . . s L ‘
10 10

r[fm]

rifm]




M. Csanad (Eotvos U) @ 3rd Day of Femtoscopy 2017.11.02

12, PLANNING

\/Syny & centrality dependence: S. Lokos, D. Kincses (M. Cs., T. Csorgo)

* Preliminary results available for 39-200 GeV, various centralities

* Goal: preliminary for 15-27 GeV, PPG formation for final analysis (early 2018)

How does the shape look in 3D: B. Kurgyis (M. Cs., D. Kincses)

* Analysis started, hope to reach preliminary in early 2018

Kaon Léevy HBT: D. Joti (M. Nagy, M. Cs.)

* Analysis started, hope to reach preliminary by mid 2018

3pion HBT: core-halo picture and coherence: . Baskay and A. Bagoly (M. Cs.)
* Preliminary obtained in early 2017, goal: PPG formation by mid 2018

Additional phenomenological work needed: refinements for Coulomb
* Work ongoing by B. Gazdag (not PHENIX-related, supervised by M. Nagy and M. Cs.)
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13, ONE-PAGE SUMMARY OF PHENIX HBT PLANS

B. Kurgyis m : D. Joti,

’ pairs pairs M. Na
M.Csanad [ 555 Gev i gy
D. Kincses 0-30% 0-30% M. Csanad

3D

Goal: prelim. ID Goal: prelim.

PPG 194

T
pairs
200 GeV
0-30%

S. Lokos p D - "
M. Csanad pairs triplets J. Baskay
T.Csores | 200 GeY 200 Gev | A. Bagoly
G' y PPgG cent. dep. 0-30% M. Csanad
3 = D Goal: PPG

T

pairs D. Kincses
15-62Gev ) M, Csanad
cent. dep. Goal: PPG

ID
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NA6I

* First step is 3D Levy analysis for a well calibrated energy and system
* Main analyzer: B. Porfy (supervisors: M. Cs. and A. Laszlo)

CMS

* First step is ID or 3D Leévy analysis for PbPb

¢ Two- and three-particle correlations also to be analyzed

* Main analyzers: B. Szlics and P. Maller (supervisor: M. Cs. and ??)

* Proton-proton analysis by Sandra Padula: under finalization, no real Levy or

dip analysis
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;.7 SUMMARY OF SPS-RHIC-LHC HBT PLANS

B. Kurgyis D. Joti,
M. Csanad M. Nagy
D. Kincses M. Csanad
B. Pér’fy PPE' 94 P. Maller
M. Csanad el CMS B. Szlics
A Liszl¢ 200 GeV 2
aszlo NN M. Csanad
0-30%
1D
S. L6k'c">s J. Baskay
M. Cs?nasl cent. dep. A. Bagoly
T. Csorgo M. Csanad

e D. Klncs,es
GeV M. Csanad
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* 17.3 GeV pp and pPb analysis ongoing

¢ Centrality dependent midrapidity p; spectra
* Model independent R, , analysis performed

* Main analyzer: K. Marton (PhD topic, superv.:A.L.)

* Xetla energy scan data taking underway

* Large signal expected if there is a critical point

2 o[h] o] be
° H 0) ® o[h] BeBe 0-1%
Scaled variance 1.8F wNAsUSHINE acceptance @ ©[h] ArSc 0-0.2%%
- o<y <y, EPOS pp

—— EPOS BeBe 0-1%
—— EPOS ArSc 0-0.2%

* No anomaly so far 1-6

1.4
1.2 ®
T S o
o .
0.8~ -
0-6% L | L | L | L 1 | 1 | 1
(5] 8 10 12 14 16 18
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17 THANKYOU FORYOUR ATTENTION

If you are interested in these subjects, come to our
Zimanyi-COST School 2017
December 4-8., Budapest, Hungary

ZIMANYI SCHOOL'17

\ Dec. 4. - Dec. 8.,

Budapest, Hungary

COST Action CA15213 Jozsef Zimanyi (1931 - 2006)

http://zimanyischool.kfki.hu/17
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18 BACKUP
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., LEVY VERSUS GAUSS VERSUS EXPONENTIAL

* No tail if @ = 2, power law if ¢ < 2

RSScore (r) R4‘7Tr25core (r)

— o=1.0
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ST

2 » 200 GEV LEVY HBT ANALYSIS

* Dataset used for the analysis:

* Run-10,Au+Au, sy = 200 GeV, 7.3-10° events

Additional offline requirements: vertex less than 30 cm away from center

Particle identification:

* time-of-flight data from PbSc East/West, TOF East/West, momentum, flight length

e 20 cuts on m2 distribution

Single track cuts: 2 o matching cuts in TOF & PbSc for pions

Pair-cuts:

* A random member of pairs assoc. with hits on same tower were removed
e customary shaped cuts in Ad - Az plane for Drift Chamber, PbSc East/West, TOF East/West

* |ID corr. func.as a function of |k| ~us in various my bins

* ki cpmsis 3-momentum difference in longitudinal co-moving system

* Levy fits for 31 my bins (0.228 < m; < 0.871 GeV/c) with Coulomb effect
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 LEVY SCALE PARAMETER R
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E 1o PHENIX 0-30% Au+Au \'s, =200 GeV
- 95_ e T
= o
] ﬁ“iﬁwg %
i3 s %lii%) ]L
o i %iL IH i
- I
i
3:IO!ZI - I0.|3I - I0.|4I - IO.|5I = I0!6I = I0!7I - IO.|8I - I0.|9
m; [GeV/c?]

1/ R? [1/fm?]

0.05

0.04

0.03

0.02

0.01

TTETTTTTT

PHENIX 0-30% Au+Au \s,, = 20
e T
o g’
— Am;+B
— +0.020
A= (0.034 + 0.002(stat)’y 2(syst))
B = (0.006 + 0.001(stat)’? 1 *(syst)) fiz
’ m

x>/ NDF =34/27 ,CL=17%

PE
-

_c
fm? GeV

0 GeV

2

o

0.1 0.2 0.3 04 0.5

* Similar decreasing trend as Gaussian HBT radii

* Hydro behavior not invalid

* The linear scaling of 1/R2, breaks for high m;

0.6

0.7

0.8
m; [GeV/c]
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CORRELATION STRENGTH A(m-)

* A(my): core/(corethalo) fraction, may be connected to chiral restoration
* Decreased n’ mass — n’ enhancement — halo enhancement

* Kinematics: n’ decay pions will have low m; — decreased A(my) at low m;

¢ Compatibility with unmodified in-medium n’ mass?
Kapusta, Kharzeev, McLerran, Phys.Rev. D53 (1996) 5028, hep-ph/9507343
Vance, Csorgd, Kharzeev, Phys.Rev.Lett. 81 (1998) 2205, nucl-th/9802074
Csorgd, Vértesi, Sziklai, Phys.Rev.Lett. 105 (2010) 182301, arXiv:0912.5526

£ PHENIX 0-30% Au+Au \'s, =200 GeV

%:
@* pil
Qgééggiiéé :
&*s

0.9
m; [GeV/c?]

A Apax

1.4

1.2

0.8

0.6

0.4

0.2

- PHENIX 0-30% Au+Au \'Syy =200 GeV
e T
- o et
:}Lmax_<}“>(o.55-0.9)eewc2 | i i—‘ ] l
= R T
P > &
e - - - m, =958 MeV, B/'=55 MeV
L ~ PRL105,182301(2010), ‘e Ul
b PRGE3 054003(5011) 4 =" ™M,"=530 MeV, B]J1. 168 MeV,

- K resonance model: | e m,*=530 MeV, B =55 MeV
L S Kaneta and Xu -..= m,*=250 MeV, 3;11,:55 MeV
— N 2
— 7 H=(0590.02(stat)X(systy),  —— 1~ Hexplm-mi)/(20]
= 5=(0.30+0.01(stat) sr(syst)) GeV/c?, y2/NDF=83/60, CL=2.7%
_I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

my [GeV/c?]
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13, LEVY EXPONENT o

- PHENIX 0-30% AU+AU Sy, = 200 GeV
1 g 0lg=1.207 | >/ NDF =208/61,CL<0.1% B
o o T

B ottt
16—
14 ¥ ¢

- ééééﬁ a0

éigr |17 ,

1.2~ RN G

: @%‘i@’*ié*ﬁém%?? %—%

L el a1 oy e B e a=1.0
0.8
0.6—

N J_I_I_I_I_l_l. [ — J_l J_I_I_IJ_I_LI_IJ_I_I_I_I_l_L - l_l J_I_I_IJ_ a: 0.5

0.2 0.3 04 05 0.6 0.7 0.8 0.9
m; [GeV/c?]

Measured value far from Gaussian (a = 2), inconsistent with expo. (a = )
Also far from the random field 3D Ising value at CEP (a = 0.5)
More or less constant (at least within systematic uncertainties)

Trend observable with statistical uncertainties only
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24,.7 NEWLY DISCOVERED SCALING PARAMETER R

T e IR oY E [ PHENIX 0-30% Au+Au \'s,, = 200 GeV ,
1.55— E 05 __. TC TE .‘é‘“é
Mmﬂw ="te g
E it C_ Rm B

E gagd LT 04—
L e B
08— i L
EfF"HéNIX‘O 30% AU+AU |5y, = 200 GeV B 1 = )L(1+O()
£ g 03~ R R |

= ﬁ% _ Charge averaged fit:

E %é*” —

= it b il - v2/NDF =54 /26 ,CL=0.12%

: I :}f%}i%i}%i‘[pﬂ 0.2— i
i3 SR il - +0.142 c

s R(mT) y }%M { . B = (0.591+ 0.003(stat) ;.1 (syst)) —5ov
1 0.1 = (0.031+ 0.001(stat)* 28 (syst)) ==

< EPRENIX 5-30% Aush Vo= 200 GaV - 0.030 -
16; o O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
£ H 0 01 02 03 04 05 06 07 08
o b ok caaleilal m; [GeV/c?]
: R . :

i3 a(m ) * Empirically found scaling parameter
N T * Linear in my

i e e o s o Physical interpretation: open question
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LEVY EXPONENT «a AT 200 GEV

= — A 15F
Slihtl 22 PHENIX Au+Au ﬁr_gg‘fff_v 3, o PHENIX AutAu 5., =200 GeV
. Cm 10-20% , <o> = 1.247 2l r ot
Ig t y 2_—: 20-30% , <> = 1.373 PHAENIX 14F i ® Tr nm
E o+ 30-40% , <> = 1.422 prellml nary = FY
non- 1.8+ 40[80% , <o> = 1.403 _ | 1T 195
T v 5080%, <o> =1.348 E
. 16— 13
monotonic n =
o 125 sl
AR f S E ~—
VS mT o e = ] “F PH)(ENIX
- B i H INsEE =it ; ilzls 1155 preliminary
1~ B o H .
° Non_ T BTk IR b * ¢ } 1_1:
D_B_I | 11 1 | 11 1 | 111 1 | 11 1 | L1 17 |_| 1—1 1 I 1 1 | 1_05:| 11 1 | 1111 | 11 1 | 1111 | 11 1 | 1111 | 11 1
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R SCALING:ALL ENERGIES AND CENTRALITIES
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HOLE IN A(m+):ALL INVESTIGATED ENERGIES

* Hole apparent for \/syny = 39 GeV,all centralities
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LEVY R:SIMILAR HYDRO TRENDS FOR ALL CASES
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