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Introduction

P1 @ Correlation femtoscopy is the direct tool

P1  to measure R, ct ~ fm

Based on Bose-Einstein or Fermi-Dirac symmetric properties
p, and Final State Interactions

P2 N
N @ Correlation function: C(q)= 2Py, o) ,C(0)=1
* - N1(p1)'N2(P1>
_Slq) __
: =>1-.m C(q)—B(q),q—p1 P,

S(q) — pairs from same event

R B(q) — pairs from different event

r g

@ Parametrization: C(q;,, )=1+Aexp(—R’q;,)
R Gaussian radius in Pair Rest Frame (PRF)
A correlation strength parameter

3-dimensional: R = transverse size, R time of freeze-out, R /R _ emis. duration.
side long out side
2 2

C (qout: dside > QIong ) =1+A exp (_ Riut q(z)ut o Rside side — R120ng qlzong)
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Identical kaon: Motivation

@ Check of EPOS3* predictions in comparison with data on kaon femtoscopy
@ Momentum correlations (due to QS and FSI) — space-time characteristic of
production process
¢ K*K* : QS+Coulomb FSI (strong FSI is negligible)
¢ KOSKOS : QS+Strong FSI
¢ Cross-check K*K* and K° K°_(diff. physics and diff. method)
@ K less influenced by resonance decays than m — clearer signal
@ Study of collective dynamics (K together with m and p):

@ m_ dependence of correlation radii (collective flow)

*K. Werner, B. Guiot, Iu. Karpenko, T. Pierog, Phys.Rev. C89 (2014) 6, 064903
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ALICE at LHC
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Identical kaon femtoscopy with EPOS3 in p-Pb at Vs  =5.02 TeV

e —— e —_—

« Data: Charged KK femtoscopic correlations in p—Pb collisions at Vs =5.02 TeV with
ALICE at the LHC (XII WPCF 2017, E.Rogochaya)

e Binsk :0.2-0.5, 0.5-1.0 GeV/c; cent:0-20,20-40,40-90%

« EPOS ver.3.111%*, p-Pb at \/sNN=5.02 TeV

o select K*K+(K-K-) [n|<0.8, 0.14<p_<1.5 GeV/c (same as in the data)
« Same bins on k and centrality

* UrQMD is ON

* p-Pb at 5.02 TeV (about 17e6) events generated on ITEP cluster
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Data: KK in p-Pb at Vs =5.02 TeV, ALICE(E.Rogochaya,XII WPCF)

Correlation function is fitted by the Bowler-Sinyukov formula:

C(Chm-) — ((1 - )\) + )\K(Qinv) (1 + e_Rﬁ“’qizm’)) P(Qinx—')

K = C(QS + Coulomb)/C(QS),
C(QS) - theoretical CF calculated
with pure quantum statistic
weights (wave function squared),
C(QS + Coulomb) - quantum
statistic + Coulomb weights,
Coulomb source size r*=1.5fm

P - baseline (non-femto effects)

© EPOS baseline

*K. Werner, B. Guiot, Iu. Karpenko, T. Pierog
Phys.Rev. C89 (2014) 6, 0649503

fitted by P(Ginv) = 1+ aGiny

in 0.0 < gjpy < 1.0GeV/c

©® P(ginv) used to fit CF in
0.0 < ginv < 0.5GeV/c

July 4,2017 K. https://indico.cern.ch/event/539093/contributions/2570701/attachments/1474530/2284014/Rogochaya_ WPCF2017.pdf
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EPOS3: KK in p-Pb at Vs, =5.02 TeV

EPOS 3.111 pPb@5.02TeV( 0-20%): K+K+[QS] 0.2<kT<0.5 EPOS 3.111 pPb@5.02TeV(20-40%): K+K+[QS] 0.2<kT<0.5 EPOS 3.111 pPb@5.02TeV(40-90%): K+K+[QS] 0.2<kT<0.5

G 2 %2 / ndf 31.32/22 B 2 %2 / ndf 18.87 /22 G 2 %2 / ndf 29.29 / 22
X Mo 1.615 + 0.041 X ro 1.545 + 0.046 X fo 1.37 £ 0.05

u_x 1 Ll_x u—x'i
o 8 A 0.6674 + 0.0306 bS8 A 0.6791+ 0.0368 o '8 A 0.6457 + 0.0399
K Norm  0.9975+ 0.0019 Norm 1.007 + 0.002 + Norm  0.9833 + 0.0032

1.6 1.6 1.6
0.2<kT<O.5 GeV/c

20-40%

1 1.
.1 015 0.2 025 03 035 04 045 05 0 0.05

ofF

0.4 ) 25 0.
q (GeV/c) q (GeV/c) q (GeV/c)
EPOS 3.111 pPb@5.02TeV(0-20%): K+K+[QS] 0.5<kT<1 EPOS 3.111 pPb@5.02TeV(20-40%): K+K+[QS] 0.5<kT<1 EPOS 3.111 pPb@5.02TeV(40-90%): K+K+[QS] 0.5<kT<1
5 7 x2 / ndf 19.58 /22 5 2 %2 / ndf 15.99/ 22 T 2 %2 / ndf 24.4 /22
! o 1.336 + 0.037 3 fo 1.318 £ 0.048 30 fo 1.195 + 0.060
SRR A 0.6339 + 0.0314 e A 0.6387 + 0.0412 S 18 A 0.6092 + 0.0507
i Norm  0.9919 + 0.0024 Norm  0.9948 £ 0.0032 Norm  0.9943 £ 0.0048
1.6H 1.6 1.6
I 0.5<k <1.0 GeV/c i
1.4 1.4 1.4
(of 0-20% 12k 20-40% 12 40-90%
= = =
AN TP PP PR T PRI PTE PP PR PO [l Losaalassalasasbonaa oy aa s lesnalaysy [
0 005 0.1 015 02 025 03 035 04 045 0.5 0 005 0.1 015 02 025 03 035 04 045 0.5 0 0.05 014 0.15 0.2 0.25 0.3 0.35 04 0.45 05
q (GeV/c) q (GeV/c) q (GeV/c)
. . . 2 2
° Q . ( . ) = (— . )
CF_,.. Is pure QS weight. Fit: C(g;,,)J=1+Aexp(—R"q,,

* Good description

July 4, 2017 K.Mikhaylov XIX GDRE, SUBATECH, Nantes 8



EPOS3 and ALICE data: R and A for p-Pb 5.02TeV

*E.Rogochaya,XII WPCF

https://indico.cern.ch/event/539093/contributions/2570701/attachments/1474530/2284014/Rogochaya_ WPCF2017.pdf

K*K* p-Pb@5.02TeV s K'K™ p-Pb@5.02TeV
2r ® 020% al ® 020%
i m 20-40% XII WPCF & m 20-40% XII WPCF
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N
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| | | I | | | | | | | | O i | | | I | | | | | | | |
02 04 06 08 62 04 06 08
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* Radii: good agreement of EPOS3 predictions with the data
* Lambdas: the data are systematically less than the EPOS3
(possible non-Gaussian shape of CF in data?)
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Identical kaon femtoscopy with EPOS3 in Pb-Pb at Vs  =2.76 TeV

¢ Data from ALICE paper: PhysRevC.92.054908
¢ Bins 8 kT: 0.2-0.3, 0.3-0.4, 0.5-0.6, 0.6-0.7, 0.8-1.0, 1.0-1.3 GeV/c;
¢ 3 cent:0-10,10-30,30-50%
¢ EPOS3: Ver.3.107*, PbPb at Vs  =2.76 TeV
¢ UrQMD is ON (6.3e+5 minimum bias events)
UrQMD is OFF (1.8e+5 minimum bias events)
¢ select K+K+(K-K-) [n|<0.8, 0.14<p_<1.5 GeV/c (same as in the data)

¢ Same bins + 50-100%

S | ALICE Pb-Pb \s,,,=2.76 TeV . .
ki o * The authors/speaker acknowledge Christina Markert

and Anders Knospe and the Texas Advanced
Computing Center (TACC) at the University of Texas at
Austin for providing computing resources that have
contributed to the research results reported within this
paper/talk. URL: http://www.tacc.utexas.edu.

® K'K*, 0-10%, 0.3<k;<0.4 GeV/c
— Fit

1A=

K*K*

| | | | |
0 0.05 0.1 0.15 0.2 0.25

q (GeV/c)
C(q)=N[1-1+1K(q)(1+exp(-R;,q’))]
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EPOS3: Identical kaon correlation function 0-10%

k,: 0.2-0.3GeV/c 0-10% ky: 0.3-0.4GeV/c 0-10% k;:0.4-0.5GeV/c 0-10% k,: 0.5-0.6GeV/c 0-10%

22/ nf 3.797 /12 &/ ndf 4.437/12 22/ ndf 5.877/12 &/ ndf 4.458/12

24 A 0.8389 + 0.0749 24 A 0.8385 + 0.0680 24 A 0.7953 + 0.0609 24 A 0.7803  0.0582

v Ry 6.074 £ 0.259 v Roy 5.822+ 0.229 v R 5.414 £ 0.201 v Ry 5139+ 0.189
Norm  0.9993 * 0.0026 Norm  0.9999 +0.0025 Norm 1.001+0.002 Norm 1,001+ 0.003

2 2 2 2|
0.2<k,<0.3 GeV/c i 0.3<k,<0.4 GeV/c . 0.4<k <0.5 GeV/c . 0.5<k,<0.6 GeV/c
1.8 1. . .

0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 01 0.15 0.2 0.25 0.3 0 0.05 01 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3
q., (GeVic) q,, (GeVic) q., (GeVic) 4., (GeVic)
k;: 0.6-0.7GeV/c 0-10% k;:0.7-0.8GeV/c 0-10% k;:0.8-1.0GeV/c 0-10% k;: 1.0-1.3GeV/c 0-10%
%2/ ndf 2589 /12 - 2 / ndf 8.792/12 ¥ / ndf 5.885/12 r $2 I ndf 9.183 /12
24 A 0.8415 + 0.0663 24F A 0.742 £ 0.065 24 A 0.7527 + 0.0565 24F L 0.6931+ 0.0662
0o Riny 5.321+ 0.201 , 22 R, 4767 +0.215 0o R 4.73+0.18 , 2' R, 4.412 £ 0.221
| Norm 1.003+0.003 ’ Norm 0.999 + 0.003 Norm 1.004 +0.003 ’ Norm 1.007 + 0.004
2 2| 2 2
K 0.6<k <0.7 GeV/c & 0.7<k <0.8 GeV/c B 0.8<k,<1.0 GeV/c 3 + 0.5<k,<0.6 GeV/c
1.8 1.6 1.8
1.4] 1.4 IA:-
1.2 1.2 L2:—
1 L ‘.9 o> 1 1-_
NN EEENE FEE T AR NE AR NE RN TN RN SRR ENE N FN NN AN
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3
q,, (Gevic) q,, (Gevic) q,, (Gevic) q,, (Gevic)
e CF____is pure QS weight. Fit: C(q;,)=1+A eXp(—qu-2 )
EPOS ° ° inv inv

* Good description

July 4, 2017 K.Mikhaylov XIX GDRE, SUBATECH, Nantes 11



K*K*and K’K’_ in Pb-Pb at Vs =2.76 TeV: R and A param.

e —— e ——

£ 11 ALICEPb-Pb |5y, =276TeV | Results from PhysRevC.92.054908
« L1t I 7}?’; o:o% 1%-30% 30—3‘?0% ¢ R and A for T[iT[i,KiKi,KOSKOS, PP and PP
& e s * .
111! S v v 0 vs m_ for several centralities
+ pp . .
1t 'i“-ﬁ'h; o ® O * e R for overlapping m_ consistent
) | v .
e 1 [ LTI ¢ R >R due to pion Lorentz factor
Al ***Of 69 e 5V T K
i ?Iﬁ* % 4 ¢ m_dependence - collective flow
0 X _
2| SN | ¢ Centrality dependence
0.2 OI4 O|6 0.I8 1I 1 I2 1 I4 1 I6 1.|8 5
(mT) (GeV/c?)
= ¢ All A lie mostly in 0.3-0.7 due to long-lived

ALICE Pb-Pb |\ s, = 2.76 TeV )
0-10% 10-30% 30-50% resonarnces, non-Gaussian shape.

+ ot ¥ . o[ .
ke m O + | ¢ No significant centrality dependence
Ke kS Vv v 0
b o A A + |@A_are lower than A, due to the stronger
pp ® O X
i influence of resonances
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EPOS3 and ALICE data: R and A for PbPb 2.76TeV

e —— e —_—

K*K* are from ALICE paper: Phys. Rev. C 92 (2015) 054908
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—A— 30-50% K*K* EPOS
—4r— 50-100% K*'K* EPOS

* Radii: excellent agreement of EPOS3 predictions with the data
* Lambdas: the data are very close to the EPOS3
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EPOS3(w/0 UrQMD) and ALICE data: R and A for PbPb 2.76TeV

e —— e —_—

K*K* are from ALICE paper: Phys. Rev. C 92 (2015) 054908

o —e— 0-10% K*K*
—m— 10-30% K*K*
gi= —A— 30-50% K*K*
—O— 0-10% K*K* EPOS
—F+ 10-30% K*K* EPOS
—A— 30-50% K*K* EPOS
—&%— 50-100% KK EPOS
6 o $
? @
0 o
S -;p o '
A & l
== ] P b ¥ 2
O O O [ ﬁ ;ﬁ m
2 & %]3 % %
|
0.2 .6 0.8 1 2

k; (GeV/c)

<

1.5

0.5

—8— 0-10% K*K*

—8— 10-30% K*K*

—&— 30-50% K*K*

—E&— 0-10% K'K* EPOS
—F— 10-30% K*K* EPOS
—A— 30-50% K'K* EPOS
—4r— 50-100% K*'K* EPOS

0.6 0.8 1 12
k; (GeV/c)

* Radii from EPOS3 w/o hadron cascade are significantly smaller than the data
* Lambdas: become slightly larger than they were with cascade
* Hadron cascade is very important to describe the data!
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Identical kaon femtoscopy with EPOS3 in Pb-Pb at Vs  =2.76 TeV
3D kaon correlations

¢ Data: ALICE 3d kaon (L..Malinina QM'2015)
© Bins 3 kT: 0.2-0.4, 0.4-0.6, 0.6-1.3 GeV/c;

¢ 3 cent:0-10,10-30,30-50%

¢ EPOS3: Ver.3.107*, PbPb at Vs  =2.76 TeV

¢ UrQMD is ON (6.3e+5 minimum bias events)
UrQMD is OFF (1.8e+5 minimum bias events)
¢ select K+K+(K-K-) [n|<0.8, 0.14<p_<1.5 GeV/c (same as in the data)

¢ Same kT and centrality bins

* The authors/speaker acknowledge Christina Markert
and Anders Knospe and the Texas Advanced
Computing Center (TACC) at the University of Texas at
Austin for providing computing resources that have
contributed to the research results reported within this
paper/talk. URL: http://www.tacc.utexas.edu.
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+L” + = V"2
3D K*K* & T1t1T radii versus m_
M
Pion results from ArXiv.org:1507.06842 Phys. Rev. C 93 (2016) 024905
Rout side long
oL 0-10% i=out i=side . @ i=long
L L ® ® * "
° : + ®* . & .+ * . .+
at * e Bt ® e . ® .
2—
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{m ) (Gech

shows approximate m_ scaling;

long

¢ This difference increases for more central collisions;

¢ The effect is more important for R

ialalsl

of Kare larger than those of m —m_ scaling is broken;

Sep. 2015, L..V. Malinina
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Comparison with (3+1)D Hydro+THERMINATOR?2

Rout side long

L 0-10% i=out | i=side 3 i=long ¢ Model (A. Kisiel, M.
Galazyn, P. Bozek,

6 P . Phys.Rev. C90 (2014)

| : v 064914) includes
hydrodynamics and

| resonances decays
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.. . - -
ALICE Preliminary | ¢ Good description of

pion radii vs. m_
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£ o,
T T
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¢ Model demonstrates approximate R~m_* scaling for m & K, with “a” being different for
R R

out

Rlong (A. Kisiel, M. Galazyn, P. Bozek, Phys.Rev. C90 (2014) 064914)

side’

Sep. 2015, L..V. Malinina QM2015, Kobe, Japan 13
July 4, 2017 K.Mikhaylov XIX GDRE, SUBATECH, Nantes



A, (fM)

R \gng (fM)

Comparison with HKM for 0-5% centrality
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5¢ : =

1 1 |

0.6

L | 1
02 04 06

overestimates Routhsi » ratio for i
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¢ HKM model slightly underestimates Rside —

HKM model with re-

scatterings (M. Shapoval, P.
Braun-Munzinger, Iu.A. Karpenko,
Yu.M. Sinyukov, Nucl.Phys. A 929

(2014) 1.) describes well ALICE
n & K data.

HKM model w/o re-scatterings
demonstrates
approximate m_ scaling

form & K, but does not
describe ALICE 11 & K data

The observed deviation
from m_ scaling is explained in

(M. Shapoval, P. Braun-Munzinger,
lu.A. Karpenko, Yu.M. Sinyukov,

Nucl.Phys. A 929 (2014) by
essential transverse flow
& re-scattering phase.

3y lJ'IA;A.V FLLiKY
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EPOS3 and data(QM'2015) radii from 3d fit of KK CF

i=out i=side i=long
o 0-10% === KKEPOS3w/ UQMD |
KK EPOS3 w/o UrQMD + KK ALICE
® ® o . QM'2015
6F . . . =
o K+ ° o\
sk + o ()
o
ol 10-30% |
ALICE Pb-Pb |5y, = 2.76
]
ET o ® ®
= ° [ o *+
o< Ll o\t ® +
1 %
2_
ol  30-50% @7 Phys. Rely. C 93 (2016) 024905
ﬁSyst. unc.
6_ R
o
. @ ® o
4 L 2P + 09 ¢ # ot 4
2_
1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 | 1
02 04 06 08 1 12 02 04 06 08 1 12 02 04 06 08 1 12
(mT> (GeV/c?)

* Radii: good agreement of EPOS3 predictions with the data except out direction
* Hadron cascade is very important for 0-10 and 10-30% centrality
* Too small statistics for 30-50% (w/o0 UrQMD not available)
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Conclusions and plans

e ——— e ——

¢ Charged kaon correlation functions simulated with EPOS3 model for collisions
p-Pb@5.02 TeV and PbPb@2.76 TeV were presented
¢ Good agreement of EPOS3 predictions for radii in p-Pb@5.02TeV with the data
¢ Lambda for p-Pb data are systematically less than the EPOS3
(possible non-Gaussian shape in data)
@ Radii for PbPb@?2.76: excellent agreement of EPOS3 predictions with the data
@ Lambdas PbPb@?2.76: the data are very close to the EPOS3
@ Radii from EPOS3 for PbPb@?2.76 w/o hadron cascade are significantly smaller
than the data
@ Lambdas from EPOS3 for PbPb@2.76 w/o hadron cascade: are slightly larger than
experimental ones
¢ 3d radii: good agreement of EPOS3 predictions for side and long direction,
out direction slightly smaller than in the data
e m_dependence with EPOS3 is in good agreement with data

¢ Hadron cascade is very important to describe the data!

& We are planing to continue this study in close cooperation with K.Werner
5 We'd like to look at the 3d pion correlation functions

Thank you for your attention!!!
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