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Switch function

P(T , µ) = S(T , µ)Pqg (T , µ) + [1 − S(T , µ)]Ph(T , µ) (1)
S(T , µ) = exp[−Θ(T , µ)] (2)

Θ(T , µ) =

[(
T

T0

)r

+

(
µ

µ0

)r]−1

(3)

This switching function contains two 3 parameters: r , T0 and µ0.

µ0 = 3πT0 (4)

That means in the end 2 free parameters.
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Hadronic part

mainly based on PDB 2014

Pα(T , µ) = (2sα + 1)
∫

d3p

(2π)3
1

eβ(Eα(p)−nbµα) ± 1
(5)

Simon Liebing Hybrid EOS



Hybrid EOS Hadron resonance gas
Quark part

excluded Volume

Pex(T , µ) =
PPT (T∗, µ∗)

1 − PPT (T∗, µ∗)/ϵ0
(6)

Thereby T∗ and µ∗ are not independent but related by

T

T∗
=

µ

µ∗
. (7)

Using the equations 6 and 7 it remains one equation with one
variable to determine the T∗ and µ∗ for a given pair of T and µ.

T =
T∗

1 − PPT (T∗, µ∗)/ϵ0
(8)
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Perturbative QCD
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Perturbative QCD

P =
8π2

45
T 4

[
f0 + f2

(αs

π

)
+ f3

(αs

π

) 3
2
+ f4

(αs

π

)2
+ f5

(αs

π

) 5
2
+ f6

(αs

π

)3
]
(9)
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Perturbative QCD

Pq(µ) =
3

4π2 a4

(µ
3

)4
+

3
π2∆

2
(µ

3

)2
− Beff (10)
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(nonlinear) Walecka model

At low temperatures describes protons and neutrons better than the
hadron resonance gas.

Was presented in the talk by Elena Hanu on Tuesday.
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Nambu-Jona-Lasino model

Calculation of NJL model
Fitting of µ depentdent gap
Inclusion in the pertubative QCD

Was shown by Udita Shukla on Tuesday.
Publication in preparation.
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Maxwell construction

hadronic part from DD2 + excluded Volume
quark part nonlocal NJL model with form factor
interpolation by Maxwell construction

Simon Liebing Hybrid EOS



Hybrid EOS Hadron resonance gas
Quark part

Simon Liebing Hybrid EOS



Hybrid EOS Hadron resonance gas
Quark part

Chemical freezeout
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Chemical freezeout
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Chemical freezeout
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Conclusions

improving the physics of a simple EOS leads to better
description of neutron star properties
low density part of the freezeout can be unterstood as the
direct crossover from QGP to hadron gas
at higher densities the lines follow quit close the mott lines of
light clusters
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Thank you for attention
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