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Abstract.

The space-time characteristics of particle production are measured by the corre-
lation femtoscopy with use of quantum statistics (QS) and final state interactions
(FSI) effects. Femtoscopy at lower energy was a key of importance at AGS, SPS
and in the Beam Energy Scan (BES) physics program at RHIC.

Using femtoscopy observables we investigate possibilities to observe a differ-
ence from the first-order phase transition expected, according to some theoret-
ical predictions, at low energies and the cross over one, to be occurred at high
energies. The hybrid model vHLLE+UrQM is used as a baseline for this study.
The possibilities to use kaon femtoscopy complementary to the usually used
pion one are discussed.

1 Introduction

Femtoscopic correlations allows to reach directly the spatial and temporal scales of the ex-
tremely small and short-lived systems born in particle and nuclei collisions. The accuracy
that one may achieve is about 1 fm.

A set of existing (BM@N) and planed experiments (MPD, SPD) are situated at collider
NICA with the beam energy +/syy = 4 — 11 GeV. The high luminosity planed for NICA
operation will allow to extend the commonly used pion femtoscopic correlation program also
to the heavier particles.

The recent theoretical studies ([1]-[3]) suppose that the nuclear matter may come into the
first-order phase transition already at NICA energies. As it is proposed in Ref. [4], the first-
order phase transition leads to a stalling of the expansion speed and increase of the emission
duration, At what, in turn, results in increasing both R,y and Ry /Ryige-

Femtoscopy technique applied to the same-charge pions within BES physics program re-
veals the maximum in the excitation function of R,,:/Ryi4. at around +/syy = 20 GeV [5].
The existence of maximum may be attributed to a possible expected change of nuclear matter
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Figure 1. Pion emission times at the particlization surface (a) and the last interactions (b) in the center-
of-mass system of colliding gold nuclei at different values of /syy.

equation of state (EoS) and type of phase transition. In the contrary to the high energies,
according to theoretical predictions the nuclear matter at the NICA energy range is a baryon
dominated. Applying femtoscopy technique at NICA energy we may reveal the phase transi-
tion occured in high-baryonic density regime.
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Figure 2. Comparison of the model pion femtoscopy radii with those obtained from the BES program
at syy =7.7 (@) - (d)), 11.5 ((e) - (h)), 19.6 (B - (1)), 27 (m) - (p)), 39 (@) - (1)), 62.4 ((0) -(x)) GeV.
Open squares represent experimental data. Green and red triangles correspond to the 1PT EoS and XPT
EoS respectively.

Detailed study on the possibility to observe the phase transition and the dense matter char-
acterstics is performed with the hybrid Monte Carlo generator vHLLE+UrQMD model [6].
This model was tuned with existing experimental data to be able to reproduce quantitatively
well a set of bulk observables (yields, py and rapidity spectra). VHLLE+UrQMD model has
an option to choose between two EoSs [7, 8] and demonstrates the dependence of the average
pion creation time at the particlization surface and the last interactions on collision energy
as a function of the EoS (Fig. 1). The calculations involving the first-order phase transition
are denoted by 1PT, meanwhile those ones corresponded to the cross over EoS are denoted
by XPT. Although the dependence looks apparently weak and the hadronic cascade smears
the visible difference the model can be used for studying observables being sensitive to EoS
scenario.



EPJ Web of Conferences 222, 02004 (2019) https://doi.org/10.1051/epjcont/201922202004
QFTHEP 2019

2 Results and discussion

Continuing study on extraction of the femtoscopy radii from three-dimensional correlation
functions done in Ref. [9] we extracted the femtoscopic radii, Rous,side,iong> the difference,
Rlz,m - R?i 40> and the ratio, Ry, /Rige and compared with existing experimental data on pion
femtoscopy obtained from the BES program [5] as a function of collision energy.

The used parametrization of correlation function is a standard one described in [10, 11].

Fig. 2 demonstrates that the model reasonably describes the my-dependence of radii for
all available energies for both scenarios of the EoS. The radii demonstrate different trends
in the out, side and long directions while the Ry, is similar for both scenarios. At the same
time R,,, has a tendency to be larger for about 0.5 fm in the first order phase transition EoS. A
longer lifetime of the fluid phase in the first order phase transition EoS leads to bigger values
of Ry,ny With respect to cross over EoS.

The ratio of femtoscopic radii extracted from simulated data with the first order phase
transition EoS to radii found with cross over EoS are shown in Fig. 3. R, coincides for
both scenarios while R,,; and Ry,,, are larger for the first order phase transition EoS and
demonstrate a strong kr-dependence. That confirms that for the first order phase transition
EoS the radial flow developed in the hydro phase of collision is weaker than for the cross over
EoS and, therefore, emphasizing a strong role of radial flow effects.
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Figure 3. Ratio of femtoscopic radii calculated for the two available scenarios of EoS.
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Figure 4. Projections of three-dimensional correlation functions for pions ((a) - (c)) and
kaons ((d) - (f)) on out, side and long directions. The calculations made at /syy = 11.5 GeV.

We extend our study introducing the femtoscopy technique to kaons. One of the advan-
tages of this extension is the much less contribution from the resonances decay products in
the same-sign kaons sample.

Projections of kaon three-dimensional correlation functions on out, side and long direc-
tions are shown in Fig. 4 ((d) - (f)) in comparison with pion ones (upper row of Fig. 4).

We approximate Gaussian radii with the parametrization of correlation function proposed
in Ref. [9].

The kaon projections on all directions are more Gaussian then pion ones. Cross over
EoS scenario leads to wider projections with respect to those resulted from first order phase
transition EoS. This effect is more significant for kaons.

Figure 5 shows the mr-dependence of the extracted kaon and pion radii for two energies
in the NICA energy range and both possible scenarios of EoS. Data for pions got within BES
program are presented on the same plots. The general behaviour of the kaon and pion radii
from the model are very similar. For both cases the radii and the R,/ Rsi4. ratio corresponding
to the first order phase transition EoS are larger than those ones for the cross over EoS. At
the same time the kaon R, has a tendency to diverge for the two types of EoS with increase
of mr. It may be attributed to the weak radial flow developed in the hydro phase of collision,
but it is just an assumption since it has not been investigated yet in detail and is planned to be
done in the future.

https://doi.org/10.1051/epjconf/201922202004
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Figure 5. Comparison of the model pion and kaon femtoscopy radii for two energies +/syy = 7.7, 11.5
GeV close to the NICA energy range with pion data got from the BES program.
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