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EoS model
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DD — NLD model
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DD — NLD model

- the interaction Lagrangian is
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DD — NLD model

Density—Dependent |

- the interaction Lagrangian is
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DD — NLD model
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DD — NLD model

- Dirac equation is:

[yl.t(|a'u - Zv“) - (m - ZS)]W == )

—

* Scalar self-energy: ». =T, 0D, + ...
* Vector self-energy:

2" =T,whD, +T,2: pFD, + Iz + ...
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- Optical U...(E) =—2—3 k.5 +
potential opt (E) Mpye 2Mnuc
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DD — NLD model
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DD — NLD model

* Parameterization:
— Fit to nuclear saturation properties
— Fit to nuclei properties (binding en, radii...)

* Application:
— infinite nuclear matter (SM, NM, PM)
— NS at T =0 (to get M-R relation)

S.Anti¢ and S. Typel, Nucl. Phys. A 938 (2015) 92-108



DD — NLD model

e Parameterization:

— Fit to nuclear saturation properties
— Fit to nuclei properties (binding en, radii...)




Liquid — Gas Phase Transition

 To study LGPT :

model exstension, implement T dependence

3 1 3
ng~ | d°p — ng ~ (E_u)dp

* The finite temperature description necessary for general
astrophysical applications (i.e. in order to provide the EoS
tables for CCSN simulations)
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Liquid — Gas Phase Transition

 Two different major phase transitions for nuclear matter:

PHASE
TRANSITION TEMP DENSITY STUDY
moderate
Liquid G h b-
Iql::ansiiisoi = (up to 15- satzl:ation Core collapse SN
20 MeV)
Quark Hac#r-on high high Early U-niverse after
phase transition Big Bang

* Below saturation density and T<10 MeV:
— nuclear matter unstable to density fluctuation
— occurrence of LIQUID-GAS phase transition




Liquid — Gas Phase Transition
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Liquid — Gas Phase Transition

Stability condition (T=const, V=const):

0%F d [0F Ol;
Y \0p;0p; dp; \dpj/) 0Jp;

SPINODAL: determined by the value of T, p and y,, for which

det(?—"l-j) goes to zero

Stability condition: the two eigenvalues > 0

A_ can become < 0: system is thermodynamically unstable

Looking for solution:
A0

It happens in two points in p, vs p, space

— boundaries of the spinodal (unstable region)
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Different parameterizations

0.07 NM parametrisation *

[ NM + fitting to nuclei " ]
0.06
0.05
0.04 | |

P
=
< |
< 0.03 |+ :
0.02 :: ~ DD-NLD model
[ + with D2 function

0.01 |

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
-3
pp (M)



Comparison to previous models
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CONCLUSIONS

* The pressure increases with increasing T and proton fraction
for both (D1 and D2) models in same manner

* With increasing temperature, the envelope of the spinodals
decreases for all the models considered

* For T=14 the D2 model with energy dependent self-energies
shows the smallest spinodal compared to the other models



FUTURE WORK

..work in progress...

Further studies of sub-saturational region and the change of
spinodal

Binodal calculation (coexistence region)
Explore the parameter space?
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