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Basic definitions of
femtoscopical correlation functions

> phase-space density
« Single particle distribution: N, (p) = [ dx S(x,p)

 Pair momentum distr.: N,(py,p,) = [ dx;dx,S(xq, p1)S (x5, p2) [P (x1, x2) |2

i : N3(p1,02)
« Correlation function: C(p,,p,) = —>
(pl pz) N1(p1)N2(p2)
. . . r r

« Pair source/spatial correlation: D(r,K) = [ d*pS (p + 5 K ) S (p — E’K)

ive pai ' Pair wave . .

[r??rtrl]\é?]t%arg ?r\llgr? 3;5 ?r:r funftion |—> relative coordinate
| ;
D(r,K)|w,(0)| dr
— (@) = 12O

[ D(r,K)dr

 Experiments: measuring C(Q) to gain information about D(r)
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The two-particle source function
(spatial correlations)

D(r,K) = J d*pS(p +£,K)S(p —%,K)

* Experiments — no direct access to pair-source

» Assumption on the shape of the D(r) pair-source function
»  Proper description of FSl in 1 (r) symmetrized pair wave function
 (alculating C(Q), then testing the assumption on experimental data

» Experimental indications — power-law tail for pions, Lévy-type sources?

 Event generator models (like EPOS) — direct access to pair-source!

 Phenomenological investigations of D () possible
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Levy distributions in heavy ion physics

. 1, o
S(r,K) = L(a(K),R(K);T) = jdsqelqre—§|qR|

(2m)3

* Possible (competing) reasons = —

for the appearance of Lévy-type sources:; &' [~ "N

1072 ;

1. Proximity of the critical endpoint p-y;

2. Anomalous diffusion 10-4f

3. Jet fragmentation 1075k
- Symmetric Lévy-stable distribution: 1gj_ )

 From generalized central limit theorem, 102 107 1 10 1R
power-law tail (if & < 2) ~ r~(1+®) ¢ Normal

diffusion

« a = 2 (Gaussian, « = 1 Cauchy
» Retains the same a under convolution
S(r) = L(a,R;1) = D(r) = L(a, 2V/%R; 1)

Anomalous

diffusion
(Levy flight)
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The EPOS model

* Energy conserving quantum-mechanical multiple scattering approach, based on
Partons (parton ladders), Off-shell remnants, and Splitting of parton ladders.

 The model is based on Monte-Carlo techniques

* Theoretical framework: parton-based Gribov-Regge theory (PBGRT)

* Three main parts of the model:
» Core-Corona division (based on dE/dx of string segments)
* Hydrodynamical evolution (VHLLE 3D+1 viscous hydro)
 Hadronic cascades (UrQMD afterburner)
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Details of the analysis

* /snn = 200 GeV Au+Au collisions generated by EPOS359

 (Observable:
angle-avg. radial source distribution of like-sign pion pairs
| D(ri%"°) = [ dedtD(r)
* Investigated cases:
1. CORE, primordial pions — Gaussian source shape*
2. CORE, decay products incl. — power-law structures appear*
3. CORE+CORONA+UrQMD, primordial pions — Lévy-shape

4. CORE+CORONA+UrQMD, decay products incl. — Lévy-shape
ﬁ(At) ) _ pz,l + pz,Z

-5 PRt

*for details see backoff slide!

rlL,gMS = \/ (Ax)% + (Ay)? + (Azicyms)?; Azpems = Az —
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Details of the analysis

* /snn = 200 GeV Au+Au collisions generated by EPOS359

 (Observable:

angle-avg. radial source distribution of like-sign pion pairs

| D(ri%"°) = [ dedtD(r)

* Investigated cases:
1. CORE, primordial pions — (Gaussian source shape*
2. CORE, decay products incl. — power-law structures appear*
3. CORE+CORONA+UrQMD, primordial pions — Lévy-shape
4. CORE+CORONA+UrQMD, decay products incl. — Levy-shape

L (At) Pz1 1 Dz2
rlL,gMS = \/ (Ax)? + (Ay)? + (AZLCMS)ZJ AzZycys = Az — b= z z
/1 _ '32 El + Ez

*for details see backoff slide!
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Details of the analysis

VSnn = 200 GeV Au+Au collisions generated by EPOS359

 (Observable:
angle-avg. radial source distribution of like-sign pion pairs
| D(ri%"°) = [ dedtD(r)
* Investigated cases:
1. CORE, primordial pions — (Gaussian source shape*
2. CORE, decay products incl. — power-law structures appear*
3. CORE+CORONA+UrQMD, primordial pions — Lévy-shape )
4. CORE+CORONA+UrQMD, decay products incl. — Levy-shape

L (At) Pz1 1 Dz2
rlL,gMS = \/ (Ax)? + (A)’)Z + (AZLCMS)ZJ Az cys = Az — ;B = = 2
/1 _ '32 El + Ez

* = . '
2021. 12. 08. for details see backoff slide!
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Example single evt. fit - CORE+CORONA+UrQMD
with decay products included

—~107% EPOS3, 10-20% Au+AU@ s = 200 GeV

* Investigating D(r)

3 _3 CORE+CORONA+UrQMD @ngle event)
event'bY'event 5’1 0 f decay products included
107 *Tt Y?/NDF = 160/103
. Lévy-fits provide 1051 ] conf.lev. = 0.00029
good description 10-64

ntnt+nn, | < 1
ky = 0.28-0.32 GeV/c

(2-100 fm range)

-8 =1.47 +0.01
* Let’s repeat such fits for 10 R=(7.50 +0.06) fm ¥,
thousands of events 107 | 4 pg Ta
r..) fil
107° —LevL;:Sdlstr( 2”“Rr B mﬂﬂ
o Extract o, R distribution 4t Lo o e T
1 10 [ ovs [fm] 10°
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Example «, R distribution - CORE+CORONA+UrQMD
with decay products included

2
EPOS3 10-20% Au+AU@)$,=200 GeV R dida

. - + +Ur N.s 18768
. Normaldistr. of , R £ |SORE,CORMUQMDIRL. 16765 g
for given centrality & kT v |k =028-032GeVic o .45 fm
9_decayp oducts incl. (o) 152 -5
« Extract mean and std.dev, ggraR _2;322 4
investigate centrality and 3
mT dependence 8
i 2
KT dependence investigated 7l
around the peak of the pair-kT : 1
distr. to have adequate stat. PSP N S . —_ [y
14 15 16 1.7 18 o
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EPOS3 Au+Au@|/sy, = 200 GeV

E 100
(@), (R) vs.my, centr. = 1o ,  CORE+CORONA+UrQMD
CORE+CORONA+U|-QMD % gj_. o dec.ay prod:cts incl.
decay products included . " . °
8- * N
- Trends, magnitudes of R 7_ )
similar to experimental results et ) < 1
* Higher magnitudes of a 3 25T R oo

than experimental resul ©0-5%  3.7% 2.9%

E ,EPHENIX 0-30% Au+Au {5,200 GeV 1.9 ' '
v F J— - m5-10% 41% 3.3%
o o Tt i

3 i% 18- |x10-20% 5.6% 4.0%
I il ! (7t 20-30% 6.8% 4.9%
: %{ii{’ %% :

6;— v # I% i :_

ad ! i@l 169

R ~8.5-7 fm W SN

O 0 + 15__ T | L !
L
m

Phys.Rev. C97 (2018) no.6, 064911 m, [GeVic]
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(a), (R) vs.mr, centr.
CORE+CORONA+UrQMD
decay products included

* Trends, magnitudes of R
similar to experimental results

 Higher magnitudes of
than experimental results

2 —
S L PHENIX 0-30% Au+Au \s,, = 200 GeV
18‘_(XO=1.207 , x°/ NDF = 208/61,CL<0.1% .
L e TTT
C o TE+T[+
1.6—

1.42— ¢
125-»-.._%.!'“I>é @ I 7% v I =N 1
T |§i§%;f%*g$$¢%%$*?

[

oo ~1.2

“PHENIX 0-30% Au+Au@200 GeV

L R F R Y-S 1S AN F N 09
Phys.Rev. C97 (2018) no.6, 064911 my [GeV/c?]

0.

G)
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[ EPOS3 Au+Au@|/s, = 200 GeV

£ 10
= I CORE+CORONA+UrQMD
e - @ e decay products incl.
>~ Or . ° o
i " -
[ *
8¢ * *
i * *
7
-, | < 1
g 2 orl(R)  o/(o)
ST
193 ¢ 0-5% 3.7% 2.9%
T 25-10% 4.1% 3.3%
1.8} *10-20% 5.6% 4.0%
: 20-30% 6.8% 4.9%
1.7¢
1.6/
1-5__....I.....I.’...Ig
0.25 0.3 0.35 ,0.4
m; [GeV/c?]
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(a), (R) vs.mr, centr.
CORE+CORONA+UrQMD
decay products excluded(!)

* Removing resonance decays
decreases R, increases alpha
(but still far from Gaussian)

* Resonances and rescattering
both play an important role
in the appearance of
the power-law behavior

see also other phenomenological studies e.g.
Universe 5, 148, Phys. Part. Nucl. 51(3), 282-287

£
3
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1.7
1.6

1.5

10f
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- EPOS3 Au+Au@)\s,, = 200 GeV
CORE+CORONA+UrQMD
e decay products excl.
N ® °
] @
- [ |
_* * ]
*
* *
- it | < 1
3 og/(R) o /(o))
s ® 0-5% 42% 3.5%
: 25-10% 48% 3.9%
- *10-20% 6.2% 4.3%
] 20-30% 7.0% 4.8%
[}
3 ' " o B
5 03 035 04
m; [GeV/c]
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Summary - event by event analysis of the pion
pair-source in EPOS 200 GeV Au+Au collisions

,\1 02 EPOS3, 10-20% Au+Au@ sy, = 200 GeV

' ' + % A-3[ CORE+CORONA+UrQMD single event = ;EPOSSA +A @ NN=200 GeV
1. Single event Levy fitsto ' e=ssizamaz & 10 50 S aenawd
ang'e_averaged D(r) _ u i contlev. = 000029 € 97 : decay PrOdiCtS incl.
event-by-event T
non-Gaussianity R % _—
: T [ -
2. Extracting the mean, 1] E— 3
std.dev. of R, « distr. | 10 m 10 B2 IR ol
. . 'E_P|OS3102(I°/AU AU@YSy = ZI\?OGeVN ake | © 0-5% 37% 29%
3 !jnvestlgatlng mT &centr.  E ‘mpererettsine 19 1, Do g sa
epenaence g decagppdveisinel - (5) ™ oy BBy |4 10-20% 5.6%  4.0%
.o _ j corn 25 (4 20-30% 6.8%  4.9%
* Levy fits provide good ;. s T
descr., power-law tail | 2 16,
strongly affected by T g ——® 8 s
rescattering, decays ias s a7 isa 0 0% 03 03 el
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Outlook

Investigation of pair-source
in multiple dimensions

Investigating the pair-source
of different particle species

From measured pair-source

Results to be uploaded to
arXiv soon, stay tuned!
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Reconstruct correlation func.

—~1072-EPOS3, 10-20% Au+Au@ |/syy = 200 GeV
=

L31 03 CORE+CORONA+UrQMD single event E‘ 10; EPOS3 Au'FAu@\/SiNN =200 GeV
E : h decay products included =, - CORE+CORONA+UFQMD
e 2/NDF = 160/103 C :

aim conflev, = 000029 @ - ¢ L dec.ay products incl.
"u o - e
- [
L * | ]
C *
0= 1.47 £0.01 8_ 2°) * "
R = (7.50 + 0.06) fm Y L
1o, W‘* 7
—Levy distr.(oc,z”“R;rmMS)‘ W i o, | < 1
10 1, [fm] 10* 3 2° o /(R) o,/{o0)
EPOS3 10-24% Au+AU@|5,,=200 GeV N aran ©0-5% 37%  2.9%
'g N 18762 | 1 .97 . .
= ® 702 im Rl 1w 5.10%  4.1% 3.3%
9 () 152 Bl % 10-20% 5.6% 4.0%
: cor, 2% | {4 1 7' 20-30% 6.8% 4.9%
8 3
I 2 1 6—!
77 r - M
[ 1 1 -5_ L L ! | | | ! L I | L ﬂu L Ig
025 03 035 04
14 15 16 17 18a O m, [GeV/c?
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Backoff

—~ 107 EPOS3, 10-20% Au+Au@ Sy = 200 GeV | — 10722 EPOS3, 10-20% Au+Au@ |Sy = 200 GeV
L§1 0—3‘ T " CORE single event Li‘ 0—3‘ CORE single event
=t - “"m decay products excluded| ~ 3 decay products included
1074 ‘ x2/NDF = 54/45 107 M x2/NDF = 86/70
5 conf.lev. = 0.17065 | conf.lev. = 0.09078
10F 107
1079 1079]
_75 ntrt+n e, | < _73 TR+, | <
107°F ky = 0.28-0.32 GeV/c 10 T ky = 0.28-0.32 GVl
1080y || | @=2.00+001 108t TT =177 £002 ™,
R = (3.59 +0.07) fm R=(4.89 +0.04)fm 7 &
1 0_9g 1 1 0_9? WWY
| [ |1 D0, 1D !
107'% 1 107"% 1 m
- —Levy distr., (042" *R;r _ ) —Levy distr.(a,2"*R;r_ ) T
10—11_ 1 | I\\\I‘ | 1 \\II\‘ 10—11_* | 1 \\II\‘ 1 | 1 \\II\‘
1 10 r,. [fm] 107 1 10 r,. [fm] 107
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