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Part |. — Experimental analyses at RHIC

« THE HISTORY OF PHENIX PPG194 (NOW PHYS.REV. C.97.064911)
 PRELIMINARY RESULTS FROM PHENIX AND STAR

« CURRENT STATUS, STILL OPEN QUESTIONS
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Lévy distributions in heavy ion physics

«  Possible (competing) reasons for the appearance of Lévy-type sources:

1. Proximity of the critical endpoint Csdrgd, Hegyi Zajc, EurPhys.J. C36 (2004) 67

2. Anomalous diffusion (Metzler, Klafter, Physics Reports 339 (2000) 1-77,
. Csanad, Csorgd, Nagy, Braz.J.Phys. 37 (2007) 1002)
3. Jet fragmentation

Anomalous

diffusion
(Levy flight)

o o — (auch
*  Symmetric Lévy-stable distribution: Lévy (Z_1 2)
1 ar —|qR|% = -
o L@RD) = g [ dgeles Z Gauss
. From generalized central limit theorem, S
power-law tail ~ r~(1+®) S
. Special cases: @« = 2 Gaussian, « = 1 Cauchy 3
N
«  Lévy-typecorr. func.: C(Q) =1+ 1-e~ RO = ,_
« Notalifa = 2, powerlawif a < 2; R
correlation between « and R, A S0 T
Distance
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PHENIX Example C, (Q LCMS) with a Lévy fit

~ 1.

@)

e  Measured in m bins .

(the number of bins is important! Stay tuned)
1.4

*  Fitted with Coulomb-incorporated function

*  Coulomb-factor displayed separately

« Allfits converged, good confidence levels '

»  x Values scatter around O properly 1.1
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»  Physical parameters: R, A, a vs. pair mp 1

PHENIX 0-30% Au+Au @ s, = 200 GeV, T T, m_=0.331-0.349 GeVic

A =0.81+0.04 —+— Raw corr. function
R=7.71 fm=£ 0.27 fm
_: o=1.24+0.03 Raw corr. x Coulomb factor
it €=-0.0294+0.0017 ....... Coulomb factor

N =1.0072 + 0.0004
¥?/INDF = 78/83
conf. level = 63.8%

C,(L,R,0;Q) x N x (1+e Q)
............. C(zo)(k,R,Ot;Q) x Nx (142 Q)
-=== Nx(1+c Q)

CY'=1+1 exp(-R" Q%)

*  Recall a: Lévy index, 0.5 at CEP

N
[ 1]

(data-fit)/error
o

PHENIX, Phys.Rev. C97 (2016) no.6, 064911,

arXiv:1709.05649
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200 GeV 1D Levy HBT results

« a:not0.5andnot2.0
*  R:hydro scaling
e A ,hole]
not incompatible with mass
modification x
- R:new scaling variable 3
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A story of precision

Early femtoscopy analyses — low statistics (+ fit quality not checked carefully) — Gaussian is ok
*  Precision data — heavy tails appear — Gaussian does not provide good description anymore

«  PHENIX, Phys.Rev. C97 (2018) no.6, 064911 - first published Lévy analysis for heavy-ion collisions,
proves that the source shape substantially differs from a Gaussian distribution

*  Another new thing is the detailed m; dependence — 31 m bins are used!
«  What is the reason for using this many bins? (besides being interested in detailed trends )
«  Somewhat confidential information: because of fit quality!

« The extracted parameters remain stable, but fit quality gets worse with less m bins
* Less bins — more statistics in a given bin — higher precision

* Isit worse because of higher precision, or because of averaging over a wide range m ?
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PHENIX preliminary - centrality and collision energy dependence

S E PHENIX Au+Au 5, = 200 GeV
il - | NN T
*  Results shown at QM 17, QM18, WPCF17, WPCF18 Vet . Tt
14 o
 Again we had to play with precision and find the thin line: b +
too many bins result in inadequate statistics, 13 O
too few bins result in bad fit quality 125 . &
i i 12F PH ENIX
« 200 GeV - 6 cent. bins, 17 my bins E breliminary
« 62 GeV -4 cent. bins, 8 my bins 3 H
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QM18, WPCF18, CPOD18

S - PHENIX 0-30% Au+Au, (m_) = 0.420 GeV/c?, T+t

Collision energy dependence

The struggle with precision continues © F \Ew[GVI 146 196 27 39 624 200

E Am [MeV/cY: 300 300 200 150 50 12

 Low energy = low statistics &5
i3 PHENIX
« \We must use only one wide bin in cent. and m 85— preliminary
y ' Wil
« Can we use the same bin width at different energies? 55- }
5 ||
» No! Again, at high energies, too precise data — bad fit quality s~ remwosm T m o e ree

1.5

Can we use arbitrarily wide m bins at low energies?

* No! The results are only stable up to Am; ~ 100 MeV 1'4_ .
(discovered after the preliminary) g H

*  With 100 MeV wide bins we cannot use the 15, 19, 27 GeV

e

] T~
PH- ENIX
+ + preliminary

1.1

» We're still trying to find a way out of this F VB [GeVl 146 196 27 30 @24 200

- AmT[MeV/cz]: 300 300 200 150 &0 12
[0 | I 1 I Lo

10 10 (S, [CEV

—
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Lévy Femtoscopy at STAR (first 1D preliminary results)

* Precision problem — same structure on the y distribution as at PHENIX when data is ,{oo precise”
« Since then: using better cuts, better event mixing — the problem is still there
A new challenge: Low Q behavior still unclear

o ~ 1.6 —
o F STAR AusAU@ (S, = 200 GeV, 0-30%, 7, (m ) = 0.395 GeV/c ’ o Uk STAR AusAu @ |s,, = 200 GeV, 0-30%, ', (m )= 0.395 GeV/c *
— preliminary 3 preliminary
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Summary of experimental results

« (5aussian fits do not describe the heavy-ion data

 Levy fits provide a better description up to a certain precision

« PHENIX - We always had to ,,play” with precision and find the thin line where we have enough data
but not too much so the fit quality is acceptable

« STAR —we cannot really avoid the precision problem anymore, have to find a description
beyond the simple Lévy fits

*  One possibility to go beyond simple Lévy fits — Lévy expansion technique,
which is being tested on STAR data (with not much success unfortunately)
* Another thing we could check is the effect of including the strong interaction as well

2019.10. 31. D. KINCSES - LEVY-HBT



Part Il. — Exploring final state interactions

« LEVY FITS AND THE FINAL-STATE INTERACTIONS

« INCLUDING THE STRONG INTERACTION
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Lévy fits and the final-state interactions

- Single particle distribution: N, (p) = [ dx S(x, p)

«  Pair momentum distribution: N, (p;,p,) = J dx,dx,S(x1, p1)S (X0, p2) [P (1, x5) |2

: : N, (p1, \ :
+ Correlation function: C(p;, p2) = - (;?;jvfgz) relative A Pair wave

air momentum function
relative P 1 / momentum /

 Pair source/spatial correlation: coordinate [ D(r, K)|¢Q(r)|2dr
C(Q,K) =
t (.1 [ D(r,K)dr

D(r,K) = [ d*pS (p +g,K)S(p —%,K)

Ryl 2
Core-Halo model: S = VAS; + (1 —VA)Sy —= C(Q) =1—-1+41- ch}T;III(J%(;iI dr
C
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Lévy fits and the final-state interactions

o Lévy parametrization without final state effects: C(P(Q) = 1 + 1 - e~IRQI"

5 Possible linear background
: _ Intercept parameter Levy exponent .
Bowler-Sinyukov procedure: / (correlation strength) / Z (usually negligible)

CQ=(1-2+21-K@Q;aR)-(1+e RAD).N-(1+eQ)

FSI correction Lévy scale parameter

»  FSl-correction: __—» Two-particle wave function (with FSI)

_ [ D@WFSI@)| ar

= >— — calculated numerically
[ D) |[pO(@)| ar

K(Q; o, R)

Spatial correlations Two-particle wave function (plane wave)
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Shape of the correlation functions with Coulomb effect included

C@Q=1-2+1-K(Q;aR)-(1+e IR
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Including the strong interaction

» FSl-correction (calculated numerically): Confluent hypergeometric function

1 T(1+i .
D(r) = L (a, Z%R,r) Poul(r) = % (en-:/;n) {e""F(—in, 1,i(kr — qr)) + [r & —1]}
\
K(Q;a,R) = J D@ [* () |2dr aEané 3-dim. mom. diff. in pair rest frame (qpcums)
T IDORO@Pd =50 a=0/2

Plane wave

 Final state interactions appear in the two-particle wave function
 How to include strong interaction? Take partial wave expansion of the known Coulomb-scattering wave-function,
subtract the L = 0 term, and add this term back with strong phase-shift included:

With the strong phase shift A, we can write the full wave function as

e—19g e—i(85+Ak)
.olr _—
o% Freo(r) + %

AL (=) —Q(8S+ ALY - .-
Fro(r) =1, '(r) - By MO0 T2%) gin Ay (Fr.o + iGro)-
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Including the strong interaction

Substituting the formulas for the respective wave functions encountered here, we get

'«IJ':C 5:'( ) = e T {,-’\"'*F(l—-i-n, 1,i(kr+kr)) + 2isin Ape "k em/2=215 U (1—in, 2, 2ikr) }

I'(a+n) 2" T F(a,b,2) s F(a+1-b,2—-0, 2)
(a,b, 2) Ula.b. » Yy __1—b ; :
Z « I'(a)l b+” nt Ula,b,z) = sin(7bh) {T(H—Hb) : ['(a)

Confluent hypergeometnc function  Kummer’s function (in case of integer b, 'Hospital’s rule to be used...)

« The effect of the strong interaction appears in the strong phase-shift A,
« The phase-shift can be characterized by two parameters, the scattering length f,, and effective range d,,

« The values for the aforementioned parameters can be found in literature (these are not new fit parameters!)

» The C(Q) functional form containing the Coulomb+Strong interactions can be calculated numerically
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C(Q) containing the Coulomb+Strong interactions

5 Corr. functions for Levy sources

|t seems that the strong interaction has
a non-negligible effect!

a=12
Rcc=6,R=3.37

18 Rec=9,R =5.05
Recc=12, R=6.73
By eye it seems that it affects mostly the Rcc = 6 w/ strong
1.6 Rcc = 9 w/ strong
strength (A), maybe R and « as well Rcc = 12 w/ strong
1.4

* Many cross-checks needed, we
already found some typos which
changed the results drastically, but 1.2
it seems we are converging

lIIIIII|I1I|I\I|III

 Detailed studies are ongoing, i
stay tuned! 08k v Ll b b b b b
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Summary

Lévy fits provide a good description of experimental heavy-ion data only up to a certain precision

If the data is ,{o0 precise’, Lévy fits may fail to describe the data,
although the values of the extracted parameters are stable

To face this issue, we can explore the Lévy expansion technique,
as well as the effect of final state interactions in more details
Both the PHENIX and STAR analyses are facing the same problem of precision, but there is hope

We are currently finalizing and writing up the calculations and results of the S investigation
much more details to be shown at Zimanyi School this year

Thank you for your attention!
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