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— relation between thermodynamic quantities (e.g. baryon
particle density n, temperature T, baryon asymmetry
§ = =" inner energy density ¢...) in an equilibrated
system. e.g.:

p=p(T,n,0)

e used for many applications in simulating Heavy lon Collisions
and modelling astrophysical objects, like neutron stars and
supernovae

— no EOS which is applicable for all scenarios
@ this work?
— is about the developement of an hybrid EoS, which contains a
hadronic and a quark EQS and constructs an appropriate
phase transition.
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Location in the QCD phasediagram
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Relativistic Mean Field approximation
DD2 Parametrisation by Stefan Typel
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Relativistic Mean Field: DD2

- Lagrangian
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— Euler-Lagrange-equations — baryon-/meson-equations
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S : mgw =TIyn; m?,p = I'pnI

m2o = Tyn
— mass-/energy-shifts
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Relativistic Mean Field: DD2

o Relativistic energy dispersion relation

ei(k) = \/Im— X(n,6, )P + K2+ Ti(n,6,T) (1)

@ With the quasiparticle energies, the chemical potentials p;
follow from solving

1 [ k2
- 772/0 W o (e —al/TI 11

(2)

n;
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Relativistic Mean Field: DD2

DD2 EOS for different asymmetriesat T =0
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Relativistic Mean Field: DD2

DD2 EOS for different temperatures for symmetric matter
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Hadronic EOS

open questions/tasks

@ antiparticles are omitted in current calculations
— need to be included for higher temperatures

@ more particles should be included (e.g. Pions, Kaons .. .)
— statistical model

@ higher density corrections for phase transition
— excluded volume or Pauli-blocking
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higher order Nambu-Jona-Lasinio (NJL) model
by Sanjin Benic
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higher order Nambu-Jona-Lasinio model

@ Grand canonical potential (-density)
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Quark EOS

higher order Nambu-Jona-Lasinio model

@ Getting mean fields from minimizing the potential

00

0= o{o,w}

@ leads to the gap equations

0= ns(Ta {/Lq}v an)
w=n"(T,{uq},o,w)=n
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higher order Nambu-Jona-Lasinio model

hNJL pressure contributions
T=0; symmetric ; with mass shift and g04 = 0.08
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open questions/tasks

@ finite temperature is included

@ no isovector mesons like § and p
— needed for asymmetric behaviour

@ gluon sector?
— modelling by bag constant

@ corrections near phase transition
— available volume, cluster formation, . ..
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Phase transitions
different approaches for constructing a hadron-quark transition




Phase transition

Phase transition

bare models

hNJL Chiral Transition
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Phase transition

including bag constant

hNJL Chiral Transition
n02 = 0.08 ; n04 = 5.0symmetric
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Phase transition

over density
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phase diagram

hNJL DD2 phase diagram with bag constants
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what to do next?

@ systematic calculation and analysis of the current eos’

@ implement all temperature effects (antiparticles, pions ... )

e develop and implement the excluded volume (for hadron) and
available volume (for quarks) models

— work out a more fundamental explanation by Pauli blocking

@ creating eos tables for hybrid eos for astrophysics and heavy
ion collisions

= still shipload of work to do!



Outlook

Cluster Virial Expansion

with medium modifications
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Describe the formation of nuclear clusters under consideration of
in-medium effects



Thank you for your attention.
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