Azimuthally-differential two-pion femtoscopy in Zr-+Zr and
Ru+Ru collisions at /syy = 200 GeV using the UrQMD model
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Correlation femtoscopy allows one to estimate the spatial and temporal characteristics of the
particle-emitting region formed in the relativistic heavy-ion collisions. Azimuthally-differential
analysis is used to study shape and orientation of the source. In this work, collisions of isobaric
nuclei Ru+Ru and Zr+Zr at \/syny = 200 GeV are calculated using the UrQMD (Ultrarelativis-
tic Quantum Molecular Dynamics) model and the azimuthally-differential two-pion femtoscopy
relative to the second- and third-order event plane are performed. The extracted characteristics
of the emission source are presented as a function of the pair transverse momentum, k7, collision
centrality and the pair emission angle. In the future, the obtained results can be compared with
the STAR experimental data.

Koppensimonnast (heMTOCKONUS MO3BOJISIET OIEHUTh ITPOCTPAHHBIE U BPEMEHHBIE TApaMEeTPhI
00J1aCTH UCIIYCKAHUsT JaCTUIl, KOTOpasi 00pa3yeTcsi B CTOJKHOBEHUSIX PEISITUBUCTCKIX TSXKEIbIX
MOHOB. AsuMmyTaIbHO-UYBCTBUTEIBHBIH  aHAN3 WCIOJb3yeTCs Jiisi U3ydeHust (hOpPMbI U
OpHEHTAIlNd UCTOYHUKA. B 3Toit paboTe crenepwpoBaHbI CTOJKHOBeHUS siyep-u3odbap Ru+Ru

u Zr+Zr npu sseprun /syy = 200 I'sB, ucnonbsys momens UrQMD (Ultrarelativistic
Quantum Molecular Dynamics), u BbIIOJHEHA a3UMYTAJbLHO-UYBCTBUTE/IbHASI (DEMTOCKOIINS
[IMOHOB OTHOCUTEJIHHO ILIOCKOCTH COOBITHSI BTOPOTO U TPETHErO IOPSIIKA. UsBaeuennble
Xa.paKTepI/ICTI/IKI/I HNCTOYHUKa I/ICHYCK&HI/I?{ IIMOHOB HpeﬂCTaBﬂeHbI KaK beHKHI/IH HOHepeLIHOFO
MMIIYJIbCA Iapbl YaCTHIl, IEHTPAJILHOCTH CTOJKHOBEHMII U a3WMyTaJbHOIO yIJia Mapbl. B
JaJbHERIEM, IOJyIeHHbIe pe3yJIbTaThl MOXKHO CPaBHUTH C 9SKCIIEPEMEHTAJbHBIMU JTaHHBIMUI
skcriepumenTa STAR.
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Introduction

The correlation femtoscopy provides information on final-state parameters of the particle-
emitting source formed in heavy ion collisions. We present the results on the azimuthally-
differential two-pion femtoscopy in Zr+Zr and Ru+Ru collisions at /syy = 200 GeV
generated using the Ultrarelativistic Quantum Molecular Dynamics (UrQMD) model [1].
The $Ru and 5Zr are isobaric nuclei with deformed shapes. In this work, we assume the
absence of deformation for both nuclei and aim to study the impact of the initial nuclear
charge on the femtoscopic parameters.

Correlation femtoscopy

The momentum correlations of two or more particles are sensitive to the spatio-temporal
characteristics of the emission source due to quantum statistics effects. Two-particle cor-
relation function is constructed as C(q) = A(q)/B(q) [2|,where A(q) and B(q) are the
relative three-momentum, g = p; — po, distribution for pairs of particles from the same
event and from different events respectively. Only the numerator of the correlation function
contains quantum statistical correlations. Since quantum statistics effects do not present in
the Monte Carlo simulations, they are taken into account by calculating correlation func-
tion by adding weight to each pion pair [3|: weight = 1+ cos(q - Azx). Here Ax = xy — 9
is the difference between particles four-coordinates and ¢ is the relative four-momentum.

The relative momentum is decomposed in three projections ¢ = (q,, qs, q1) (out, side,
long) using the Pratt-Bertsch parametrization [4,5]. The "long" and "out" directions are
pointing along the beam axis and the pair transverse momentum, kr = (pr,1 + pr,2)/2,
respectively. The "side" direction is orthogonal to the other two. In order to extract the
femtoscopic parameters, the correlation function is fitted by the following:

Cldor s @) = N - (14 A+ expl—g2RE — R — g R — 20,0, %)), 1)

where NN is the normalization factor, X is the correlation strength and R,, R,, R, are the
femtoscopic radii in the out, side and long direction respectively and R,s is the out-side
cross term (R,s = Rs,). The R, and Ry cross terms vanish due to the boost-invariance
of the source and the symmetry of the correlation function in ¢, — ¢; and ¢, — ¢; planes,
respectively [6].

In the azimuthally-differential analysis, the femtoscopic radii dependence on the az-
imuthal angle of pair momentum defined in transverse plane with respect to the event
plane angle is studied. The event plane is an estimation of the reaction plane, which is
defined by the vector of the impact parameter and the beam direction. In the UrQMD
model the event plane angle is always equal to zero. In this work, the rotation of the event
plane is performed, then second- and third-order event planes is reconstructed. The last
one is done by adopting the technique used in the STAR experiment [7].

Collision centrality determination

The centrality of an event is defined by the percentile of the reaction total cross-
section and characterized by the impact parameter, which is the distance between the
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centers of the two colliding nuclei. Experimentally, it can be estimated by the reference
multiplicity calculated as a number of charged particles within the pseudorapidity region
In| < 0.5 having the momentum p > 0.15 GeV/c. That criteria roughly correspond to the
experimental definition [8].
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Fig. 1. The impact parameter (a) and reference multiplicity (b) distributions with estimated

centrality boarders
Figures 1(a) and 1(b) show the impart parameter and reference multiplicity distribu-

tions, respectively. Each distribution shows the centrality classes corresponding to each of
these parameters.

Results and discussion

In this work, the collisions of isobaric nuclei $Ru+3Ru and §3Zr+5Zr are simulated
using the UrQMD model. Data sets of 45 million events for Ru+Ru and 40 million events
for Zr+Zr collisions are used in the study. The nuclear deformation of the ions and final-
state interactions between produced particles are ommitted.

The analysis is performed in three centrality (0-10%, 10-30%, 30-50%) classes and four
pair transverse momentum, kr, (0.15-0.25 GeV /¢, 0.25-0.35 GeV /¢, 0.35-0.45 GeV /¢, 0.45-
0.55 GeV/c) ranges. Numerator and denominator of the correlation function are formed
by pairs of pions from events of the same centrality class. In order to extract femtoscopic
parameters, Equation 1 was used to fit the correlation functions. The correlation function
and its fit are projected onto out, side and long axes and shown in Figure 2 (Top panel).

The impact of centrality determination on femtoscopic parameters is studied. Figure 2
(Bottom panel) shows the dependence of the radii on the pair transverse momentum and
centrality for different centrality estimations. The femtoscopic radii obtained with the im-
pact parameter centrality determination are systematically larger by about 1% than those
with defined using reference multiplicity. This difference is within the typical systematic
uncertainities measured in the experiment. Hence, the centrality defined using reference
multiplicity will be used as a main one in this study. The decrease of the radii with in-
creasing centrality is attributed to the geometry of the collisions — the overlapping region
of two nuclei is smaller for the peripheral collisions. The radii decrease with increasing kr
due to decrease of the homogeneity regions sizes.

The radii dependence on the pair azimuthal angle with respect to second- and third-
order event plane for kr = 0.25 — 0.35 GeV/c is presented in Figure 3. We observe a
difference of about 1% between the parameters obtained for Ru+Ru and Zr-+Zr systems.
Femtoscopic radii oscillate with azimuthal angle relative to the second-order event plane
due to the shape of the overlapping area of two incoming nuclei. The third-order oscillations
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Fig. 2. Top panel. The example of correlation function (filled circles) and its fit (solid line) for

0-10% central Ru+Ru collisions at

sNN = 200 GeV and k7 = 0.25—0.35 GeV /c. The centrality

is determined via the impact parameter. Bottom panel. The dependence of the femtoscopic radii

on the transverse momentum of the pair, k;, and collision centrality. The centrality is estimated

by the impact parameter (filled markers) and reference multiplicity (hollow markers).
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Fig. 3. The dependence of the squared femtoscopic radii and cross component R,s on the pair

emission angle relative to the second- (top panel) and third-order (bottom panel) event plane in

the k7 range from 0.25 to 0.35 GeV /c for different collision centralities.

of femtoscopic radii are absent (or weak) due to the absence of the nuclear deformation
in this study. The corrections for the finite azimuthal angle bin width and event plane
resolution should be applied to this results and may increase the radii oscillation amplitude.

Conclusions

In this analysis, the Ru+Ru and Zr-+Zr collisions at \/syy = 200 GeV were simulated
using the UrQMD model. We have studied the influence of the centrality determination
(charged particle multiplicity vs. impart parameter) on the femtoscopic parameters. The
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femtoscopic parameters for the centrality classes estimated via impact parameter are sys-
tematically larger by 1% than those obtain via charged particle multiplicity. We performed
the azimuthally-differential analysis relative to the second- and third-order event planes.
Only the second-order angular oscillations of femtoscopic radii were observed. The fem-
toscopic parameters obtained for Ru+Ru system are larger than those for Zr+Zr. The
difference between them is about 1%. In the future work, the deformation of the nuclei
will be taken into account and its impact on femtoscopic radii radii will be investigated.
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