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Motivation: a5 b
M. S. Abdallah et al. (STAR Collaboration) E 10F
e The energy dependence of Phys. Rev. C 103, 2021 % 3L L
femtoscopic scales may reveal E  [Fixed Target ~F 6F t
fundamental insights into the QGP g8+ E8% a- i !
equation of state o |7 STAR ok
—= HADES B Central Collisions
e The low energy results help to 2= oF Jf 1 . FABES
reveal the structure of i 2.70 Gev 2F e A
particle-emission region, where s + + afF S &
: 61 - | .
deconfinement is not expected o n ey = ] s
. B -+ . o 121 .
Goals: 5~ /45Gev 3 . T
i < '.@ 200 GeV & Ly s
. . . - +
e [istimation of spatial and temporal r H T, 11 + 3
parameters of the particle-emittion ar Collider
region in Au-+Au collisions at I - lei 1- + L
Vsyy = 3 GeV using the UrQMD S S )
model RIong (fm) 09 .
e The results from UrQMD will be o v onm o 8 pewel
: . Experiments: 1 10 10
used in future to compare with the  y\1ypo ) ") 4o ncsewski-Museh et al.. Bur. Phys. J. A 56, 140 (2020) S (GeV)
data from STAR experiment. ALICE: A. Aamodt et al.. Phys. Lett. B 696. 328 (2011)
STAR: I.. Adamczyk et al., Phys. Rev. C 92. 014904 (2015)
E895: M. A. Lisa et al., Phys. Rev. Lett. 84, 2798 (2000) 2
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.103.034908
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.103.034908
https://link.springer.com/article/10.1140/epja/s10050-020-00116-w
https://www.sciencedirect.com/science/article/pii/S0370269310014565?via%3Dihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.92.014904
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.84.2798

Fundamentals of femtoscopy:

do (pl) the probability of a particle d*c (pl , pz) probability of emission
———— — emission from some area with —  of 2 particles with
dpl momentum p, dp1 dp2 momentum p, and p,
R (p D ) R (q p) Omd J/ dp 1dp2 - correlation function p=riTp
1,D2) = = i T =1 —
) ) da/dp1 . dO’/dpg (CF) of 2 particles q = pP1— P2
/ .
2,5-
if the particles are emitted 2.0 1 - expected CF of two
independently from each other identical particles with
in case of any correlation 15k 1 spin - 0

Fo__ do o
dprdps  dpydps [R 7£ 1 J ’0/ 2 - particles with
[R E 1} i | non—integler spin

|
0 0,2 0,4 0,6
g, GeV/c 3

—_—

ICPPA-2022, Kraeva Anna




How to construct the two-particle correlation funetion?

- A(q) - formed using pairs, where both tracks are from the

C . A(Q) same event. It contains quantum-statistical
(C]> — B(q) correlations (QS) side ¥
B (q ) - formed using pairs, where QS are absent kil >/°""

kp = (Prr + Par)/2

MC generators do not contain QS correlations. Femtoscopic weight could be added as: 1 + cos (qAT)
where Ar is a relative four-coordinate of particles from a pair.

G. Bertsch, M. Gong, and M. Tohyama Phys. Rev. C 37, 1896 (1988)
Femtoscopic radii are extracted by fitting C(q): S. Pratt, thq Rev. Lett. 53, 1219 (1984)

C(Qouta Aside; QZong) [1 + A exp( R2utqout Rszde Qside Rlongqlong)]

N - normalization factor,

A - correlation strength,

Ujong - along the beam direction,

q,, - along the transverse momentum of the pair,

(4, - Perpendicular to longitudinal and outward directions

R ~ geometrical size of the particle emission source,

R, ~ geometrical size + particle-emitting duration ) TR T A
R, ~ medium lifetime G (GBViE)
ICPPA-2022. Kraeva Anna LCMS system was used, where p,,+p,, =0 4


https://journals.aps.org/prc/abstract/10.1103/PhysRevC.37.1896
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.53.1219

M. S. Abdallah et al. (STAR Collaboration)
Phys. Rev. C 103, 2021
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Experimentally observed:
e R . . and R | decrease
§1de ] out
with increasing m,, due
to transverse flow
° Rlon decrease due to
longitudinal flow

Theoretical basis:

e correspond to regions
of homogeneity

What will be
presented in this
analysis?

v

The k,, and centrality
dependencies of
R

out’ Rside’ long

1st step of analysis:
integrated rapidity ranges of pairs
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2k; = p_(GeV/c)

-k
N
T

3

pair

y

Chosen k,, ranges:
(0.15, 0.25), (0.25, 0.35), (0.35, 0.45),
(0.45, 0.55), (0.55, 0.65) GeV/ec

kr = (Pur + Pax)/2 5
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CF of positive and negative pion pairs and their ratio
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The correlation functions of identical positive and negative pions are similar.
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CF of positive and negative pion pairs and their ratio
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The correlation functions of identical positive and negative pions agree with each other
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within the uncertainties
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k-dependence of CF of positive and negative pion pairs
b=0-4.8fm
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It is observed that the larger the k., the greater the width of CF
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Centrality dependence of CF of positive and negative pion pairs
b=0-4.8,4.8-8.4,8.4-10.8fm
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It is observed that the larger the centrality, the greater the width of CF
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Charged pion femtoscopic radii
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Estimated femtoscopic radii for positive and negative pions decrease with increasing k.
Femtoscopic radii depend on centrality: the smaller the centrality, the greater the radius.
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2nd step of analysis:
double differential analysis for rapidity and k,,

o 1.6
>
(V]
: S 14
What will be o E
presented in this £ 1.2
analysis?
1
0.8
The k and rapidity -
dependencies of '
Rout’ Rside’ Rlong 0.4
-3
Y
k ranges: Rapidity ranges:
>
(0.15, 0.25), (0.25, 0.35), (0.35, 0.45), (-1.2,-0.6), (-0.6, 0),
(0.45, 0.55), (0.55, 0.65) GeV/ec (0, 0.6), (0.6, 1.2)
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b=0-4.8fm
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Rapidity dependence of CF of positive and negative pion pairs
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The correlation functions of identical positive and negative pions agree with each other within the uncertainties.

CF of pions have weak (if any) rapidity dependence.
e, e
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Charged pion femtoscopic radii

in rangers of pair rapidity
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Summary

e [Femtoscopic analysis of charged pions produced in Au-+Au collisions at
Vsyy = 3 GeV was performed using UrQMD

e Three-dimensional correlation functions of identical charged pions are studied
for & k,, bins, for 3 centrality bins and for 4 pair rapidity intervals

e The transverse momentum and rapidity dependence of femtoscopic radii (R
R e Rlong>

ok -dependence: radii decrease with increasing k. due to flow

out’
was estimated:

o y-dependence:
e R _.andR_, - weak (if any) rapidity dependence
R

long SEEMS to have weak rapidity dependence.
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