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In this paper we present the results of the most complete systematic study of the dependence of the
anisotropic collective fluxes on the collision energy from 2.4 GeV to 11 GeV based on the available
data and discuss them using different scaling relations for the azimuthal anisotropy.
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In this topic, the discussion will focus on vorticity and acceleration of the nuclear medium created in
heavy-ion collisions at the NICA complex energies. These phenomena will be analyzed within the
framework of the Parton-Hadron-String Dynamics (PHSD) model. The vorticity field is the object of
study due to its connection to the spin polarization and also due to its intricate space-time structures,
such as vortex rings. Conversely, an acceleration in heavy-ion collisions signifies a novel direction in
the current research by the scientific community, especially due to its influence on phase transitions.
In this study, the acceleration (and the Unruh temperature) space-time distributions will be presented
and subsequently compared with the temperatures of the medium for the various phases of matter
1. Also we will discuss some results studied in our previous works [2-5].
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Study of hot and dense baryon-rich matter is a central point of the BM@N 1 and MPD 2 experi-
ments at NICA facility. Both experiments are equipped with forward detectors capable to measure
the energies of spectator nucleons and nuclear fragments representing remnants of initial nuclei
beyond their hot overlap region (fireball)  [1, 2]. The signals from the forward detectors can be used
to determine the centrality of each nucleus-nucleus collision event and its reaction plane 3. In addi-
tion, the BM@N experiment is equipped with the Highly-Granular time-of-flight Neutron Detector
(HGND) 4. Therefore, the procedure of centrality and event plane determination should be based on
a reliable model of the production of spectator protons, neutrons and nuclear fragments.
In this work, the microscopic ultra-relativistic quantum molecular dynamics (UrQMD) transport
model [5, 6] was coupled with the MST-clustering and statistical decay models previously used in
the Abrasion-Ablation Monte Carlo for Colliders model [7-9]. In this model combination, the pri-
mary evolution during the first few hundred fm/c is calculated using UrQMD. The MST-clustering
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