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How to describe 2-component
system with interaction?
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Figure 1. The particle-number densities n*, n”) versus temperature
for the ideal TT"-T1” pion gas. The total isospin density is kept constant,
n=0.1fm>
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Figure 2. Dependence of scalar density ' /m? and 0" /m? on
temperature for ideal gas of TT*-T1" pions. Isospin density is
considered to be fixed, n, = 0.1 fm™3.
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Figure 1. Dependence of particle density n®, n”) on temperature
for ideal gas of Tr*-11” pions within the framework of the
thermodynamic mean-field approach. Isospin density is considered
to be fixed, n = 0.1 fm™.
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for ideal gas of Tr*-11” pions within the framework of the for ideal gas of TT*-T1” pions within the framework of the scalar field
thermodynamic mean-field approach. Isospin density is considered approach. Isospin density is considered to be fixed, n =01 fm™3.




Let's turn the attraction ON!




Figure 4. The particle-number densities n®*, n”) versus temperature
for the interacting TT*-TT” pion gas in the mean-field model. The total
isospin density is kept constant, n =0.1 fm™3, and the attraction
parameter is K = 0.5.
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Figure 4. The particle-number densities n®*, n”) versus temperature
for the interacting TT*-TT” pion gas in the mean-field model. The total
isospin density is kept constant, n =0.1 fm™3, and the attraction
parameter is K = 0.5.
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Figure 5. Dependence of particle density n®*, n(”) on temperature
for TT*-11" pion gas with interaction within the framework of the
scalar field approach. Isospin density is considered to be fixed,
n=0.1 fm™3, the attraction parameter K = 0.5.
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for TT*-11" pion gas with interaction within the framework of the for the interacting TT*-1T" pion gas in the mean-field model. The total
scalar field approach. Isospin density is considered to be fixed, isospin density is kept constant, n = 0.1 fm™3, and the attraction
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scalar field approach. Isospin density is considered to be fixed, isospin density is kept constant, n = 0.1 fm™3, and the attraction

n =0.1 fm™3, the attraction parameter K = 0.5. parameter is K = 0.5.




What will happen if we increase
attraction parameter x in such system?
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Figure 6. The particle density n”) versus temperature for the
interacting TT*-TT” pion gas, the attraction parameteris K = 1.
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Figure 7. The particle density n'*) versus temperature for the
interacting TT*-TT” pion gas, the attraction parameter is K = 1.
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Figure 8. The particle-number densities n*), n”) versus temperature Figure 9. The condensate particle-number densitiesn_ _, versus
for the interacting TT*-1T" pion gas. The attraction parameter is K = 1. temperature. The attraction parameter is K = 1.
[3] D. Anchishkin, V. Gnatovskyy, D. Zhuravel, V. Karpenko, I. Mishustin, H. Stoecker, Universe 2023, 9, 411 (2023).




Point-like phase transition in scalar model
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Figure 10. Dependence of particle density n®, n{”) on temperature
for TT*-11" pion gas with interaction within the framework of the
scalar field approach. Isospin density is considered to be fixed,

n =0.1 fm™3, the attraction parameter K = 1.
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To be continued...




What if « is in over-critical regime?
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Figure 11. The particle-number densities n*, n”) versus temperature
for the interacting TT*-TT” pion gas. The attraction parameter is K = 1.1.
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Figure 11. The particle-number densities n*, n”) versus temperature
for the interacting TT*-TT” pion gas. The attraction parameter is K = 1.1.
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Figure 11. The particle-number densities n*, n”) versus temperature
for the interacting TT*-TT” pion gas. The attraction parameter is K = 1.1.
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Comparison with lattice data
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Figure 12. Dependence of normalized isospin density n, /T3 on
chemical potential for TT*-TT” pions sytem within field approach
showed with blue line. Lattice data for TT-mesons configurations at

T=124 MeV from [6].
[ ] [6] B. B. Brandt, G. Endrodi, S. Schmalzbauer, EPJ Web

Conf. Volume 175 (2018).




Conclusions

The mean-field thermodynamic model and the scalar field model were used to
describe a 2-component system of interacting mesons (bosons) at high temperatures
in the presence of condensate.

A 4 types of phase transitions in the system with repulsion and attraction were
introduced: type 1 - one component single phase transition (2nd order), type 2 - one
component multiple phase transition (2nd order), type 3 - second component
point-like phase transition (2nd order), type 4 - both components phase transition
(1st order).

(A Parameters of interaction within scalar field approach were fitted to up-to-date

lattice data. Attraction parameter k in this case is close to its critical value.
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An ideal relativistic gas Thermodynamic mean-field Scalar field model
model
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Scalar field model
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