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• Regime of high temperatures and low 
densities: Lattice QCD and heavy ions 
collisions

• Regimes of low temperatures and high 
densities: neutron stars and compact stars

• Only a few EOS are studied in both regimes 
simultaneously and with several model-
dependent parameters: a complete 
description is still challenging.
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To improve accuracy with latticeQCD data:

• Inclusion excited glueballs:

• E. Trotti, S. Jafarzade, and F. Giacosa,  Eur.Phys.J.C 83 (2023) 5, 390

• N. Cardoso and P. Bicudo, Phys. Rev. D 85, 077501 (2012).
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To improve accuracy with latticeQCD data:

• Inclusion excited glueballs;

•Modification infrared cut-of:

I =
s

T3
−

4P
T4

⇒ s/T3 ≫ 4P/T4

K̃(χ, T) =
A

1 − χ2
=

A
1 − χ̄2 − ⟨Δ2⟩ ⋅ F(T) F(T) =

Θ(T − Tc)

1 + (T − Tc

γ )2

Form factorModified infrared cut-of
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= ⟨𝒱̃⟩ −
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4
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0 −
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m*2
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T
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ln(1 − e−β(ϵ*π −μ*a
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The thermodynamical potential is
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Meson and baryon sector at finite chemical potential
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Meson and baryon sector: phase diagram
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the exploration of a wide range of temperatures and densities.

• A new numerical technique has been used to calculate thermodynamic fluctuations for the mesonic 
and baryonic sectors at finite chemical potential

22



Table of Contents
3 Meson and baryon sector

• Introduction


•Pure Gauge  sector


•Meson and baryon sector


•Summary


•Outlooks

SU(3)c

23



Outlooks

24



Outlooks
• Study the hadronic phase with strange meson and baryon degrees of freedom

24



Outlooks
• Study the hadronic phase with strange meson and baryon degrees of freedom

• Study of chiral Lagrangian which takes into account   quarks and 
implementation of a confinement scheme through the color-dieletric model

SU(3)f

24



Outlooks
• Study the hadronic phase with strange meson and baryon degrees of freedom

• Study of chiral Lagrangian which takes into account   quarks and 
implementation of a confinement scheme through the color-dieletric model

SU(3)f

• Study of the QCD phase diagram in a large range of finite temperature and densities

24



Outlooks
• Study the hadronic phase with strange meson and baryon degrees of freedom

• Study of chiral Lagrangian which takes into account   quarks and 
implementation of a confinement scheme through the color-dieletric model

SU(3)f

• Study of the QCD phase diagram in a large range of finite temperature and densities

• Investigations into high-energy astrophysical phenomena, such as the 
phenomenology of neutron star structure and cosmological trajectories (little 
inflation scenario) in the QCD epoch of the early universe
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2 conservation equation:


Total baryonic charge


Total electric charge
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∞
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Meson and baryon sector: thermal fluctuations

Pσ(z) =
1

2π⟨Δ2
σ⟩

exp (−
z2

2⟨Δ2
σ⟩ ) , Pπ(y) =

2
π ( 3

⟨Δ2
π⟩ )

(3/2)

exp (−
3y2

2⟨Δ2
π⟩ ) ,

⟨O(σ̄ + Δσ, π2)⟩ = ∫
∞

−∞
dzPσ(z)∫

∞

0
dyy2Pπ(y)O(σ̄ + z, y2) .

⟨Δ2
i ⟩ =

ni

2π2 ∫
∞

0

k2

ϵ*i

1
eβ(ϵ*i −μ*i ) − 1

dk ni = {
1 for ϕ, σ, π0, π+, and π− mesons
−3 for ωμ, b0μ, b+μ, and b−μ mesons



The thermodynamical potential in the mean field approximation

30

Ω(χ, T)
V

= ⟨𝒱(χ)⟩ − Pdil(χ, T) − Pq−free(χ, T) − Pint(χ, T) +
B0

4
−

1
2

m*2
χ ⟨Δ2

χ⟩
Where

Pdil(χ, T) =
1

6π ∫
∞

0
dk

k4

k2 + m*2
χ

1

eβ k2 + m*2
χ − 1

Pq−free(χ, T ) = − 2(N2
c − 1)T∫

d3k
(2π)3

ln (1 − e−k/T) Θ (k − K(χ))

Pint(χ, T ) = g2Nc(N2
c − 1){(−3)[∫

d3k
(2π)3

1
k

NB ( k
T ) Θ (k − K(χ))]2 + ∫

d3k1

(2π)3

d3k2

(2π)3

1
k1k2

NB ( k1

T ) NB ( k2

T )
× Θ (k1 − K(χ)) Θ (k2 − K(χ)) × [ 9

4
Θ ( |k1 + k2 | − K(χ)) −

1
4

Θ ( |k1 − k2 | − K(χ))]}

K(χ) =
A

(1 − χ)
g2(T) =

48π2

11Nc ln ( T2 + S2

Λ2 )
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Little inflation scenario

33

• Non vanishing :  μB μB/T ∼ O(1)

•  has two minimaΩ(T, V, μB)

• System stucks in false vacuum

          LITTLE INFLATION⇒

• First order phase transition: release of 
false vacuum energy causes reheating

T. Boeckel and J. Schaffner-Bielich, PRD 85, 103506 (2012)
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When the Universe expands and cools down, it follows a certain path in 
the QCD phase diagram, the so-called cosmic trajectory

Equation of State for: cosmic trajectories
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