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Mean-field thermodynamic model

Helmholtz free energy density:

F(N,V,T) 9 %

HnT)=—"y 0 k=% ° T o

Decomposition of the free energy:

¢(n7 T) = (ﬁo(ﬂ, T) + ¢int(”7 T)
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Interaction and excess pressure

Interaction: i )= [6¢mt(”a T)} (1)
)=, .
Excess pressure:
Pex(n, T) =n [W} i — oint(n, T) . (2)
Differential relation:
) (9U(8nn, T) _ 8Pe%(:, T) . (3)
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Parametrisation

U(n) = —k Acn+ B n? (4)

U/m,
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Basics

Bose particle distribution:

-1
f(E,p) = [exp <E7—_M> - 1] (5)
E(k,n) = wx + U(n) (6)
wg = \/m27+k2 (7)
Chemical potential:
p) = =) = (8)
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In the mean-field approximation, the particle-antiparticle system
can be described by the following equations:

a3k
n o= /(%)3 [F(E(k,n), 1) + F(E(k,n),—)] (9

3
n = /(Zﬂ)ﬁ [f(E(k,n),u) — f(E(k,n),—p)] , (10)

6/19



Particle density

Particle density
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Puc. 1: k =05

e The blue solid line represents particles, the dashed - antiparticles
e The black solid line represents the total density
e The red dashed line represents the critical curve 7/19



Closer look

We have problems here:

. [eXp (\/m2_|_k2+ U(n)—u) - 1] o

— (11)

8/19



Critical curve

We assume that particles may be in a condensate, considering

U(n) — p = —m and define the critical curve as:
3
(id) B d>k
(1) = [ Gy Fle)] (12)
or (almost the same):
3
(id) d°k
- (T) = f(E(k . 1
AT = [ G fEGem)| e (9)
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EQ‘s (condensed)

Generalized equations:

d3k
(2m)3

. S
m= (D) + T — [ s (B n). ) . (15)

0 = AT )+ [ FEK ), (19)

The system can be reduced to a single equation for n{*):

pu=U(n)+m

3
) = /(ZW’); F(E(k, n),—ﬂ)‘ (16)

where E(k,n) = wi + U(2n(+) +np) .
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Particle density

Particle density
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Puc. 3: k =05

e The blue solid line represents particles, the dashed - antiparticles

e The black solid line represents the total density

e The red dashed line represents the critical curve 11/19



Condensate and chemical potential
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Puc. 5: Condenced phase density Puc. 6: Chemical potential

The marked points correspond to the critical temperature.
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The obtained results are consistent with the fact
that the Bose—Einstein condensation of an ideal gas

is a third-order phase transition.
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Phase diagrams with no attraction, k =0
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Phase diagrams with an attraction, x = 0.2
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e The possibility of Bose—Einstein condensation in a
particle—antiparticle system with fixed isospin charge density is
demonstrated

e Phase diagrams are constructed

e A generalization of Maxwell's construction rules for phase
transitions is formulated in terms of charge density dependencies
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appendix (pressure)

The pressure:

3 2
p=3 [ s o [F(ECn). ) + F(EGksm)—)] + P(n),

3/) (27m)3 wy
(17)
Where P(n) is an excess pressure from the Skyrme
parameterization:
A 2B
P(n) = =2 n* + —=n°, (18)



	

