KINR Annual Workshop (Video Conference).
Kyiv. 20 -21 January 2025
“High Energy Physics.
Theoretical and Experimental CHALLEGES”
“HEP-TEC-2025”

Four types of phase transitions in interacting meson (boson) matter at high temperatures
V. Gnatovskyy !, D. Anchishkin 123, D. Zhuravel !

! Bogolyubov Institute for Theoretical Physics
2 Faculty of Physics, Taras Shevchenko National University of Kyiv
3 Frankfurt Institute for Advanced Studies

Basic examples of processes where interacting meson matter can occur are heavy-ion
collisions and recent “TeV” collisions of protons. Processes where many particles are created after
collision are not very likely. However, they can be observed and obtained with significant statistics.
Most of these particles are pi-mesons. To understand what happens in such exotic matter, we need
theory. Our goal was to investigate the possibility and peculiarities of the formation of Bose
condensate in a pion-antipion system or any other two-component bosonic system with interaction.

We want to generalize our previous results, starting from the introduction of the
thermodynamic mean-field model [1]. Later on, in the framework of this approach the Bose-Einstein
condensate was included into consideration firstly for a zero isospin (charge) density in the system
[2], and then a system of interacting particles and antiparticles with finite isospin density [3,4]. Based
on recent results of our work, we introduce a general classification of phase transitions at high
temperatures in a two-component meson system with strong interaction and fixed isospin density. All
phase transitions can be partitioned into four groups or classified into four types of phase transitions
(it is important to note that our classification has no relation to the order of the phase transition,
which in general is a subject of the statistical thermodynamics, for example, with the Ehrenfest

classification). Every type of phase transition we specify has its order of phase transition.
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